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Preface 

In casting about tryiog to develoo an approach to ao·exami~otion 

of some important aspects.9ftthe evolution of light water reactor~ 

safety in the United States;.' I: was inevitably drawn to .a reHanoe~ 

on that perspective I knew best. that of an ACRS membe~i: ?P~trJUy:,.·. 

because of ACRS self-imposed restrictions on ACRS~member, ift~erpr.etation 

of past ACRS actionss and partly because I decided not.~tcract asr,an 

interpreter, and hence a major filter of what information and opinion 

was to be expressed, I decided to rely heavily on extracts and even 

complete reproductions of large portions of ACRS minutes, letters and 

other documents. 

This manuscript was deliberately prepared to be fairly lengthy, 

on the assumption that a shorter version, if desired, could be pre

pared largely by deletion and coMpaction of material. Not that the 

coverage is complete, or even nearly so. 

Chapter Two is the central portion of the document. It is 

intended to provide a historical view of the development of siting 

policy and the major safety issues which interacted strongly with 

siting policy, with safety requirements, and with many major changes 

in the regulatory approach. The other chapters represent a very in

complete selection of the very many important issues and developments 

in light water reactor safety. And they are presented in much less 

depth. Coverage of the loss of coolant accident {LOCA-ECCS) has 

deliberately been abbreviated to cover only a few selected aspects. 

It would require a manuscript at. least as long as this one to do 

justice to this topic. 



This manuscript, which was completed in the spring of 1978, 
~ 

except for minor editing, does not include any personal assessment 

· · ::of.:1\2!a\.:t=.,t· safety nor does it comment on the implications of the 

Thr:ee"Mile I$land accident. Chapter.Jl ·gives several long excerpts 

from~other publications which relate" to~~ the topics of 1·ight water 

rel!tto~:safety and societai risk acceptance. These publications were 

;t>a'a~latiilte p·riar· to the spt·ing of 1978 and are intended to provide 

r.only a lim~teJ sample of opinion. 

v 
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CHAPTER I 

I • I SOM;: OPINIONS ON LWR SAFETY AND SOCIETAL RISK 

This study represents an effort to examine in some detal I the historical 
evolution of several aspects of light water reactor safety In the United 
States. The perspective Is that of one with access to the records of the 
Advisory Committee on Reactor Safeguards (which are generally aval lable 
with minor exception> but no access to the files of the Regulatory Staff, 
the nuclear utilities, the reactor vendors, the Intervenors, etc. This 
study In no way represents an assessment of the safety of light water 
reactors, nor does It represent an attempt to comment on risks from 
nuclear reactors. Furthermore, this study does not attempt to examine 
the technical facets of most of the Issues discussed, except as such an 
examination arises coincident to the historical discussion. 

To provide some admittedly Incomplete perspective on light water safety, 
the study begins with several excerpts from existing documents.* 

I. An excerpt from UCLA-ENG-7777, Final Report In an NSF-funded study 
entitled, "A General Evaluation Approach to Risk Benefit for Large 
Technological Systems and Its Application to Nuclear Power" (1977>. 

2. "The Generic Safety Issues of Pressurized Water Reactors," Health 
and Safety Executive, United Kingdom {1977). 

3. F. R. Farmer, Accident Probabl llty Criteria, Journal of the Insti
tution of Nuclear Engineers, Apri I 1975, Vol. 16. 

4. o. Okrent, Testimony before the California Legislature Assembly 
Committee on Energy and Diminishing Materials, October 29, 1975, 
and u. s. Congressional Joint Committee on Atomic Energy {94th 
Congress, Second Session, 1976>. 

Excerpt from UCLA-ENG-7777 (Okrent 1977> 

Introductory Comments on Light Water Reactor Safety 

Nuclear power plant accidents differ from those In conventional 
power plants In that they can potentially release significant 
amounts of radioactivity to the environment. While very large 
amounts of radioactivity are generated by the fission process 
In the uranium dioxide fuel In a nuclear plant, the bulk of 
this radioactivity (about 98%> remains In the fuel as long as 

*The first excerpt has been amplified, using published Information from 
WASH-1400. 
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the fuel is adequately cooled. For large amounts of radio
activity to be released from the fuel, it must be severely 
overheated and essentially melt. Based on this knowledge, 
the major types of nuclear power plant accidents that have 
the potential to cause large releases of radioactivity to 
the environment, have for some time been identified. At
tempting to prevent such accidents and to mitigate their 
potential consequences have been the primary objectives of 
nuclear power plant safety design. 

Gross heat imbalance in the fuel in the reactor core might 
occur In the following ways: 

<a> The occurrence of a loss-of-coolant event wil I allow 
the fuel to overheat (due to decay heat), unless em
ergency cooling water Is suppl led to the core. 

(b) Overheating of the fuel can result from transient 
events that cause the reactor power to increase be
yond the heat-removal capacity of the reactor cool
ing system, or the cooling rate. 

In a loss-of-coolant accident (LQCA>, the rupture would al
low the high-pressure and high-temperature cooling water to 
flash to steam and blow down Into the containment building. 
To cope with this event, a system, cal led engineered safety 
features CESF>, is provided in each plant. A number of the 
engineered safety features, as wei I as the physical proces
ses, act to reduce the amount of radioactivity released to 
the environment, should either a LOCA or a transient event 
result In a significant release of radioactivity from the 
reactor core. For instance, a containment bu ll.dl ng Is pro
vided to contain the radioactivity released from the fuel 
and to delay and reduce the magnitude of release to the en
vironment. 

In early power reactors the power level was about one-tenth 
that of today 0 s large reactors. It was thought that core 
melting in those low-power reactors would not lead to melt
through of the containment. Further, since the decay heat 
was low enough to be read! ly transferred through the steel 
containment wal Is to the outside atmosphere, it could not 
overpressurlze and fai I the containment. Thus, if a LOCA 
were to occur, and even if the core were to melt, the low
leakage containments that were provided would have permit
ted the release of only a small amount of radioactivity. 
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However, as reactors grew larger, several new considerations 
became apparent. The decay heat levels became so high that 
the heat could not be dissipated through the containment walls. 
Further, in the event of accidents, concrete shielding was re
quired around the outside of the containment to prevent over
exposure of persons In the vicinity of the plant. Finally, It 
became likely that a molten core could melt through the thick 
concrete containment base Into the ground. Thus, new sets of 
requirements came Into being. 

Emergency core cooling systems were needed to prevent core 
melting which could, in turn, cause failure of alI barriers 
to the release of radioactivity. Systems were needed to trans
fer the core decay heat from the containment to the outsld~ en
vironment, In order to prevent the heat from producing Internal 
pressures high enough to rupture the containment. Finally, 
systems were needed to remove radioactivity from the contain
ment atmosphere In ~der to reduce the amount that could leak 
into the environment. 

The major goal behind these changes was to attempt to provide 
safety features designed so that the fat lure of any single 
barrier would not be likely to cause the tal lure of any of 
the other barriers. For example, emergency cooling systems 
were installed to prevent the fuel from melting, and thereby 
prot~ct the integrity of the containment If tne reactor cool
ant system were to rupture. Other features were added, e.g., 
additional piping restraints and protective shields, to lessen 
the I lkelihood of damage that could result from pipe whip fol
lowing a large plpe:break. Knowledge that large natural for
ces, such as earthquakes and tornadoes, could cause multiple 
tal lures led to design requirements that attempted to reduce 
the likelihood of dependent fat lures from such causes. 

The net result of the addition of ESF0 s in current large re
actors was to reduce the likelihood of accidents that could 
have significant public Impact. Nevertheless, there remains 
some probabt I tty that an accident might lead to the melting 
of the core and to the subsequent release of large amounts 
of radioactivity from the containment. 

Studies prior to WASH-1400 have indicated that a core melt
down In a large reactor would likely lead to tal lure of the 
containment. 
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* WASH-1400 analyzed such relationships and found that the con-
tainment fat lure modes, their timing, and the potential radioac
tive release depend strongly on the operability of the various 
ESFs. 

WASH-1400 predicts that the core could melt through the bottom 
of the reactor vessel and the thick, lower concrete structure 
of the containment about half to one day after the accident, 
thus providing considerable time for radioactive decay, wash
out, plateout, etc., to reduce the radioactivity In the contain
ment atmosphere if containment integrity had not been previously 
violated. Furthermore, most of the gaseous and particulate 
radioactivity that might be· released would, In this case, be 
discharged into the ground, which acts as a filter, thus reduc
ing the radioactivity released to the above-ground environment. 
Accidents that would follow this path are thus characterized 
by lesser releases and consequences. In plants that have rela
tively large volume containments~ the melt-through path was 
found to represent the most likely course of the accident. 

Following this melt-through, there would be a possibi I tty of 
ground water contamination through a long-term process of 
leaching the radioactivity from the solidifying mass of fuel, 
sol I, etc. An estimate of the nature and timing of the leach
ing processes and the potential contamination levels that could 
result is presented In Appendix VII of WASH-1400. The leaching 
and contamination processes would occur over an extended period 
of time (few or many years, depending on the particular radio
active species> and hence the potential contamination levels 
should not be substantially larger than.the maximum permissible 
concentrations CMPC>. The concentrations could potentially be 
control I able to even lower levels. Therefore, the potential 
from ground water contamination has been assessed to have only 
a smal I contribution to the overal I risk. 

Containments may also fai I by overpressure, resulting from vari
ous noncondenslble gases released within the containment due to 
core melting. For smal I containments, the pressure due to the 
combinations of these gases would represent the most likely 
path to containment failure. Such failures would most likely 
occur in the above-ground portion of the containment, several 
hours from the time of core melt • 

. *U.S. Nuclear Regulatory Commission, "Reactor Safety Study, An 
Assessment of Accident Risks In the u.s. Nuclear Power Plants," 
WASH-1400 <NUREG-75/014), Washington, D.C., October 1975. 
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In the course of a potential core meltdown, there would be 
conditions which would have the potential to result In a 
steam explosion that could rupture the reactor vessel and/or 
the containment.* These conditions may occur: (I) when molten 
fuel would tal I from the core region into water at the bot
tom of the reactor vessel, or (if) when it would melt through 
the bottom of the reactor vessel and fall Into water In the 
bottom of the containment. These modes of containment failure 
were predicted to have lower probabi litles of occurrence. 

Reactor Transients 

In general, the term "reactor transient" aplles to any sig
nificant deviation of the key reactor operating parameters 
from their normal operating values. 

Transients may occ~r as the consequence of an operator error 
or due to the malfunction or failure of equipment. Many 
transients are handled by the reactor control system, which 
returns the reactor to Its normal operating condition. Others 
would be beyond the capabi llty of the reactor control system 
and require reactor shutdown by the reactor protection system 
in order to avoid damage to the reactor fuel. 

In safety analyses, the principal 3reas of Interest are: 
(I) increases in reactor core power (heat generation>, (i i) 
decreases In coo I ant flow Cheat remova I>·, and (I il > reactor 
coolant-system pressure Increases. Any of these could poten
tially result from~ malfunction or tar lure, and they repre
sent a potential for damage to the reactor core and/or the 
pressure boundary of The reactor cooling system <RCSl. 

It should be noted that the kinetics of LWRs are relatively 
sluggish; also, cores are slightly undermoderated, and any fur
ther reduction in water density (as from Increase In power 
and temperature rise> Is strongly negative In reactivity ef
fect. Further, fuel heating causes a negative Doppler effect. 
These factors all tend to reduce the vulnerabl I tty of LWRs 
to power excursion type transients, and thus make overpower 
conditions less Important than Inadequate heat removal as a 
possible cause of fuel melting. 

*The term "steam explosion" refers to a phenomenon in which the 
fuel would have to be In finely divided form and Intimately mixed 
with water, so that its thermal energy could be efficiently and 
rapidly deposited in the water, thus creating a large amount of 
steam. 
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Finally, it is noted that a light water reactor core cannot 
explode in the usual sense attributed to an atomic bomb. 

Probabil tty of Core Melt 

The WASH-1400 study was performed on two actual plants, one 
PWR and one BWR, to assess accident probabl lities. For each 
reactor, possible accident sequences were collected Into 
radioactivity-release categories and the overall probability 
of each release category was estimated. A summary of the re
sults obtained for release probabi litles is given In Table 
9. I. 

The probabi llty side of the study is based on the fault-tree/ 
event-tree methodology. The authors of the study believe that 
some of the particular characteristics of the reactor case 
<e.g., no serious risk without core melt, knowledge of engi
neering design of the reactor) make it practical to handle the 
large number of theoretically possible accident sequences and 
to cut this array down to a manageable number. Further, ac
cording to the authors, it is not essential to include alI 
accident sequences, but only to identify enough of the hlgher
probabi! ity sequences, so that the overal I probabl lity of a 
given level of release becomes insensitive to the addition 
of more low-probabl lity sequences. 

However, for the assessments of low-probability events, whe
ther one ls considering reactor core meltdown, failure of a 
specific large dam, release of hugh quantities of liquifled 
natural gas in port, or possibly catastrophic, unanticipated 
effects from biological research or some new vaccine or drug, 
uncertainties do exist. 

With regard to WASH-1400, the question remains, "Are there un
discovered accident sequences with large probabi litles?" More 
speclflcal ly, questions have been raised concerning the WASH-
1400 treatment of common-mode tal lures, reactor aging, human 
errors, fires, earthquakes, and sabotage, among others, in as
certaining the probabl I tty of core meltdown. Questions have 
also been raised concerning the quantification of the uncer
tainty In the best-estimate results, and there is a consid
erable body of opinion that the stated uncertainty range, 
plus or minus a factor of about five In the core-melt esti
mates, has not been validated and may be too smal I. 



On the other hand, while It is Impossible to demonstrate that 
the estimated occurrence frequency of core-melt of I in 20,000 
per reactor year Is correct, none of the critics has demonstra
ted that it is in error. Some reviewers have taken the point 
of view that this occurrence frequency cannot be low by more 
than a factor of ten, due to the absence of a LOCA, let alone 
a core melt, In about two thousand reactor.years of experience 
with reactors In the Navy and commercial power reactors. 

While one cannot say with absolute certainty that some, as yet 
undiscovered, accident sequence wil I not yield stl I I far 
greater core-melt frequencies, the chance of overlooking such 
a large-probability event Is smal I, according to others. 

Overal I probabi llties of the release categories are usually 
determined by a smal I number (5 to 10 In each category) of 
dominant sequences <i.e., high probabi I tty sequences), and 
many of these are single-tal lure events. Also, as the summa
tion of the event probabi litles gets large, It tends tore
duce the sensitivity of the probability calculations to un
perceived common-mode failures. 

Nevertheless, although the job was done In a workman-like way, 
many of the underlying facts, which must be known to accurately 
predict the course of an accident, are lacking. Therefore, 
the quantitative estimates of the probabl lity of the various 
accident chains must be viewed with some reservations. 

Consequences of Core Melt 

On the consequence side, the first step is to characterize the 
nature and amount of radioactivity release for each release 
category. Table I covers the essentials. The most severe 
categories for both PWRs and BWRs Involve release of about 
half of the total core Inventory. 

The next steps are transport of radioactivity through the at
mosphere with associated plume spread, meander, and depletion 
processes, and calculation of Inhalation, whole body, etc., 
doses. These transport and exposure calculations were done for 
slz hypothetical sites, for which the meteorology and demog
raphy were synthesized from the parameters of actual nuclear 
plant sites of the same type (ocean-front site, river-val ley 
site, etc.). Descriptions of the methods are given in Appen
dix VI of WASH-1400, but essentially no dose results are 
Included. Instead, the calculation Is carried forward to 
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health effects and land-contamination effects, and tnese final 
results are presented. The various probability/consequence 
plots can be shown as in Figures 9.1 and 9.2; i.e., for the 
single reactor case and with error-bands on the "average" 
curve shown. 

The consequences reported in WASH-1400 can also be summarized 
as in Tables 9.2 and 9.3 for a single reactor or as in Tables 
9.4 to 6 for 100 reactors. The estimates In the Tables have 
uncertainty ranges similar to those in Figures 9.1 and 9.2. 

Among the principal questions raised with regard to the con
sequences presented in WASH-1400 are the following: 

Is the estimate of health effects, due to low-level radiation, 
sufficiently conservative? Has the efficiency of evacuation 
and decontamination procedures been over-estimated? Should 
not the risk be given for each Individual site rather than 
some weighted average, since, for the worst accident, the 
most highly populated sites could have 100 to 1,000 times as 
many early fatalities as the remote sites? Are the potential 
effects on drinking water and other long-term dose commitment 
effects treated adquately? 

Taking a rough "weighted mean" of the various criticisms, it 
appears that the consequences might shift toward more severe 
consequences, particularly If the "linear" theory of radiation 
effects Is valid; however, the shift may not be much outside 
the present error-band on consequences. 

Addendum to discussion in UCLA ENG-7777 

WASH-1400 Included a considerable section on other risks in 
society, and some figures and tables are reproduced from the 
report, together with three figures which given the condi
tional probabl I tty of early or latent mortality as a func
tion of distance from the reactor for the largest radioactiv
ity release considered, a PWR release. 

Comments and Criticism Regarding the Reactor Safety Study WASH-1400) 

A large number of comments were made on Draft WASH-1400. Ac
cording to Appendix XI of WASH-1400, about 90 organizations 
and Individuals provided comments totaling about 1,800 pages. 
This Appendix ts entitled "Analysis of Conments on the Draft 
WASH-1400 Report," and presents the views of its authors on 
the significance of the comments and how they were dealt 
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TABLE 1.1 SUMMARY OF ACCIDENTS INVOLVING CORE 

DURATlON lf~RIUNG ELEVATION CONTAINMENT 

TIME Of' OF TIME FOR OF ENERGY 
FMCTION OF CORE INVEtm>RY RELEASED (aJ 

RELEASE I'ROB~t;-ITY RELF.J\SI RELEASE EVACUATION RELEASE 
RELEASE 

CATEGORY Jleactor-Yr: (HrJ (Hr) IHr) (Meters) 1106 
Btu/HrJ Xe-Kr Orq. r l Cs·Ph Te·Sb Ba-sr RulbJ La lei 

PWR 1 9xlo·7 
2.5 o.s 1.0 25 520141 0.9 61110-3 0.7 0.4 0.4 0,05 0.4 :hll0-3 

PlfR 2 81110_, 2,5 0.5 1.0 0 170 0.9 71110-l 0.7 0.5 0.3 0.06 0.02 41110- 3 

41110-6 6xto· 3 31110-) 
_. 

I'HR 3 5.0 1.5 2.0 0 6 0.8 0.2 o.:a 0.3 0.02 0.03 I 

51110-7 21110-l 51110-) Jxto· 3 bl0-4 
_. 

I'WR 4 2.0 ],0 2.0 0 1 0.6 0.09 0.04 0.03 ~ 

PWR 5 71110-7 
2.0 4.0 1.0 0 0.3 O.J 21110-l O.OJ 91110-J Sxlo-3 11110-J 6x10-4 7x10-s 

PWR6 61110_, 12.0 10.0 1.0 0 H/A 0.3 2xlo·3 9x1o-4 8do·4 btlo-3 91110-s 1x1o - 5 11110 -s 
P'lfR7 4llllo·5 10.0 10.0 1.0 0 N/A 61110·3 21110·5 2xlo·5 lxlO-s 21110-s l.kl0-6 bl0-6 2lll0-7 

I'NR 9 4ll10-s 0.5 0.5 H/A 0 II/A 21110-3 5xlo·6 1xto<4 5xlo·4 1xlo·6 1xl0-9 
0 0 

PNR 9 4xlo-4 0.5 o.s II/A 0 tVA 3xlo·6 7xlo·9 1x1o•7 61'110_, lxlo-9 lxlO-u 0 0 

lllfR 1 lxlo-6 
2.0 2.0 1.5 25 llO 1.0 7xlo•l 0,40 0.40 0.70 0.05 0.5 Slllllo·l 

8lfR 2 6x10-6 
30.0 3.0 2.0 0 30 1.0 71tl0-l 0.90 o.so 0.30 0.10 0,0) 41110-l 

ewa J zxto-5 30.0 3,0 2.0 25 20 1.0 71110-3 0.10 0.10 o.Jo 0.01 0.02 31110-) 

BWR 4 2~lo·6 s.o 2.0 2.0 25 N/A 0.6 71110•4 Blll0-4 Sxl0-3 41110-3 6xto-• f>alo-4 11110 •• 

• BKR 5 lxlo·• N/A 5xlo·4 2Jil0-9 6xl0-ll 4•10-9 Bxlo-12 Bxlo-14 0 0 3.5 5.0 N/A 150 

(a) A diecuee1on of the leotopea uee4 ln the atudy 11 found in Appendix VI • Baekqround on the 1eotope 9roupa and release 
mschanhms ia found in Appendlll VII. 

(b) Jncludee Mo, Rh, Te, co. 

I e) lncludea Hd, Y, Ce, Pr, La, Nb, AM, c., Pu, Np, zr. 

(d) A lOYer ener9y r:aleaee rate than thla value appllee to part of the p~rlod over which the ra~loactlvity la belnq , ........ d. 
The effect of lower ener9Y release ratea on conaequencea is fopnd in Arpendix vr. 

I 
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Table 1.2 Approximate Average Societal and Individual Risk Probabilities 
per Year from Potential Nuclear Plant Accidents(!). 

Consequence Societal Individual 

Early Fatalities(2) 3 X 10-3 2 X 10-lO 

Early Illness(2) 2 X 10-l 1 X 10-8 

Latent Cancer Fatalities(3) 7 X 10-2/yr 3 X Io-10tyr 

Thyroid Nodules(3) 7 X 10-1/yr 3 x 10-9/yr 

Genetic Effects(4) 1 X 10-2/yr 7 x 1o-11tyr 

Property Damage ($) 2 X 106 

Note: (1) Based on 100 reactors at 68 current sites.· 

(2) The individual risk value is based on the 15 million people 
living in the general vicinity of the first 100 nuclear plants. 

Chance Per 

(3) This value is the rate of occurrence per year for about a 30 
year period following a potential accident. The individual 
rate is based on the total US population. 

(4) This value is the rate of occurrence per year for the first 
generation born after a potential accident; subsequent gener
ations would experience effects at a lower rate. The indi
vidual. rate is based on the total US population. 

Table 1.3 Immediate Consequences of Reactor Accidents for Various 
Probabilities for 100 Accidents. 

Consequences · 

Total Prop- Decontamination Relocation 
Early Early erty Damage Area Area 

. 
Year Fatalities Illness $10.9 Square Miles Square Miles 

One in 200(a) <1.0 <1.0 <0.1 <0.1 
.,. 

One. in 10,000 <1.0 300 0.9 2000 

One in 1'00,000 110 300 3 3200 

One in l*ooo,ooo 900 14000 a (b) 

One in 10,000,000 3300 45000 14 (b) 

(a)This is the predicted chance per yeAr o' core melt consid~ring 100 reactors. 
(b)No change from previously listed values. 

<0.1 

130 

250 

290 

(b) 
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Table 1.4 Delayed Consequences of Reactor Accidents for Various 
Probabilities for 100 Reactors. 

Chance Consequences 
(per year} 

Latent Cancer(2) Thyroid(2) Genetic Effects(J) 
Fatalities Nodules (per year) 
(per year) (per year) 

1 in 200(l) < 1.0 < 1.0 < 1.0 

1 in 10,000 170 1,400 25 

1 in 100,000 460 3,500 60 

1 in 1,000,000 860 6,000 110 

1 in 10,000,000 1,500 8,000 170 

Normal 17,000 8,000 8,000 
Incidence 

Note: (1) This is the predicted chance per year of core melt for 100 
reactors. 

(2) This rate would occur approximately in the 10 to 40 year 
period after a potential accident. 

(3) This rate would apply to the first generation born after the 
accident. Subsequent generations would experience effects at 
decreasing rates. 
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Table 1.5 . 1S61 .._.1 MOrta1tt.Y bata for the 15 leading Causes 
· ·of DuU tft tile United States. . 

Cause of Deatfl, 1Y Nuae 
For 15 Lea.cUn1 Causes 
RU.ke4 by Nu:::t:er of . 

· O.atlls 

..... Ali causes 

Heart Diseases 

Fatal Neoplasms · · 
•. .. . 

Cerebrovascular Diseases 
..;. 

Accidents . 
~. 

·Pneumonia 

Cert~n·:.Causes; .. E~rly' Infancy 
.·,_. ~ ... #•· • • 

~ Bronchi.~1S; e~hysema, asthmi 
•. _. ~ 

.. .' CiithosJ:"i of Li v~·~' 

. :suiClde 
. " .. - • I • ~ t 

·eona~i'tfl ADomal~es : .. ~ . . . 

: Homoci'le 

'Pept~·c: th c:e:r 

JCidney Infection 
'• .. ... '• • # 

'All Ot~en 

.. 

....... · 

. ' 

1,930,000 

745,00~ 

324,000 

211 ,ooo • 

.115,~00 

.. 
66,400 

43,800 
. . 

' 
38,400 

33,600 

33,100 

· . 29,200 

21,400 .... .. 

16,800 

14,700 

·9,500 

9,400 

217,000 

· .... · ... 

.. 

. 

... . 
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TABLE 1. 6 INDIVIDUAL RISX OF EARLY FATALITY BY VARIOOS CAUSES 

(U.S. Population Average 1969) 

-· 

' 

Accident Type 

Motor Vehicle 

Falls 

Fires and Hot Substance 

Drowning· 

Poison 

Firearms 

Machinery (1968) 

·Water Transport 

Air Travel 

' Fall-ing Objects 

Electrocution 

Railway 

Lightning ..... 

Total Number 
for 1969 

55,791 

17,827 

7,451 

6,181 

4,516 

2,309 

2,054 

L743 

1, 778 

. 1, 271 

1,148 

8A4 

· · · 2'brnadoes 

HUrricanes 

160 

118 (b) 

90(c) 

All Others 

All Acc~dents (from Table 6-1) · 

Nuclear Accidents (100 reactors) 

8,695 

115,000 

(a) Bas~ on total u.s. population, except as noted~ 
(b) (1953-1971 avt;j.) 
(c) Cl9Ql-1972. avg.) 
(d) Based on a population at risk of 15 x 106. 

. .... 
------·---

Approximate 
Individual Risk 
Early Fatality 

Probability/yr(a' 

3 X 

9 X 

4 X 

3 X 

2 X 

1 X 

1 X 

9 X 

9 X 

6 X 

6 X 

.4 X 

5 X 

4 X 

4 X 

·4 X 

6 X 

2 X 

10-4 

10-5 

10-5 

10-5 

10-5 

10-5 

10-5 

10-6 

10-6 

10-6 

10-6 

10-6 

10-7 

10_, . 

10-7 

to:-5 

10-4 
. (d) 

to-10 
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with In preparation of the final report. In particular, Ap
pendix XI speclflcal ly discusses comments received from the 
Environmental Protection Agency <EPA>, The American Physical 
Society Study Group on Reactor Safety (APS>, the Atomic En
ergy Commission <now Nuclear Regulatory Commission) Regula
tory Staff, the Advisory Committee on Reactor Safeguards 
<ACRS>, the Union of Concerned Scientists (UCS>, andRe
sources for the Future (RfF). Among the other groups who 
have commented were the Department of the Interior, the 
United Kingdom Atomic Energy Authority (UKAEA>, and the 
French Commissariat a I0 Energle Atomique <CEA>. 

A principal defect In Draft WASH-1400, which was Identified 
by the APS <and others>, related to the consequence model 
employed. The final report Includes major changes in the 
consequence moael, developed In part as a result of this 
criticism. 

A much smaller number of public comments and criticisms are 
available on the final version of WASH-1400. The report of 
the Oversight Hearing before the Subcommittee on Energy and 
the Environment of the Committee on Interior and Insular Af
fairs, House of Representatives, June II, 1976* provides 
a major source of most such comments, Including those by 
R. C. Erdmann, H. Kendal I CUCS>, W. Panofsky (APS Study), 
W. D. Rowe <EPA>, F. Von Hippe!, J. Yellin, and R. Wilson. 

The principal comments of the EPA Include the following: 

I. On the average, the Reactor Safety Study <RSS> has 
underestimated latent cancer deaths by a factor of 
four; this is stated to be a judgmental decision. 
Also, EPA believes that the RSS results for acute 
radiation Injury are too low; In particular, they 
feel that the claimed benefits of supportive therapy 
have not been justified adequately. 

2. EPA also believes that their original comment con
cerning the evaluation of tal lure-probabi llty for 
the BWR anticipated transient, without scram, has 
not been resolved. 

*Oversight Hearing on Reactor Safety Study before the Subcommittee 
on Energy and the Environment of the Committee on Interior and 
Insular Affairs, House of Representatives, June II, 1976. 
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The Department of the Interior continues to express concern 
about the adequacy of treatment of the Impact or core-melt Into 
the ground on ground water or streams, which could lead to a 
later drinking (or other Ingestion) of radioactive water. 

Yellin has raised questions concerning the adequacy of treat
ment of common-mode failures and the potential disparity be
tween actual sites, having large population densities, and the 
"average site" used in tne RSS*. 

Yellin, Von Hippe! and Panofsky alI have expressed reservations 
concerning the stated uncertainties in WASH-1400. The ACRS 
has also expressed the opinion that the uncertainties may be 
larger than stated, and that additional Independent work Is 
required to ascertain the quantitative validity of the RSS. 

It should not be assumed that the limited number of public 
comments made thus far on WASH-1400 comprise the entire spec
trum of opinion or cover the specific questions that may be 
raised or re-raised in the future. 

In general, the representatives of the Nuclear Regulatory 
Commission take the position that none of the comments on the 
final version provide a basis for their changing the values in 
the final report, and that either these comments are judgmental 
and cannot be demonstrated to be valid, or that they are encom
passed within the stated uncertainty. 

Another principal criticism, that the report should. not be used 
for policy making, Is endorsed by the representatives of theRe
actor Safety Group; however, that the report affects policy 
cannot be rea I i stica lly den! ed. 

Summary on LWRs 

A detal led study of nuclear reactor risk arising from accidents 
exists only in WASH-1400, which examined one PWR and one BWR 
for core-melt probabl I tty. The risks for a faml ly of 100 reac
tors were then estimated by assuming that these two reactors 
were representatives In accident probabl llty, and averaging 
the consequence calculations over several reactor sites. If 
the point estimates of WASH-1400 are accepted, the risk either 
to an Individual or, statistically, to society, is smal I, and 
it Is smal I compared to risks arising elsewhere In the genera
tion of electricity. 

*ACRS Letter to Chairman Anders, Nuclear Regulatory Commission, Apri I 8, 
1975; ACRS Letter to Congressman M. K. Udal I, July 14, 1976, ACRS Let
ter to Congressman M. K. Udall, December 16, 1976 
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There is considerable controversy over the validity of the 
quantitative results In WASH-1400, both on probabl I tty of 
core-melt and on magnitude of consequencs. There Is a con
siderable body of opinion that the range of uncertainty is 
larger than the factor of five estimated by the authors of 
the report. 

However, there Is no evidence which demonstrates that the 
actual results lie outside the uncertainty-band. It is es
sentially imposslbl·e to prove or disprove recurrence fre
quencies as low as one in 20,000 per year without actuarial 
data. The concensus Is that the probabi llty of core-melt Is 
very unlikely to be more than a factor of ten higher than in 
WASH-1400, and the consequences are unlikely to be more than 
a factor of twenty times higher. It must be acknowledged that 
the probabt lltles may also be lower than tne best estimate of 
WASH-1400. 

The point has been made that there Is a wide disparity In the 
estimated early deaths for a remote site and a relatively 
highly populated site. This risk Is statistical, that Is, the 
risk to the Individuals Is similar and low, but the total can 
be considerable it many people are exposed. 

Whether the societal risk, Imposed by reactors In more popu
lated areas, should not be repeated in future reactors, remains 
to be judged. The risk may be large relative to a remote site, 
yet sti II be acceptably small. The risk may be smal I compared 
to many other aspects of society and the hazard may be no larger 
than that Imposed by many large dams or large chemical storage 
facllltes. 

In Germany, where a considerable number of LWRs are in opera
tion or under construction, the average site already In use re
sembles the most populated ones of the U.S. reactor sites. For 
a site which has a ten-times higher population density, the 
Germans have Imposed a large number of additional safety fea
tures whose express purpose is to reduce the probabl I tty of 
core-me It by a t actor of ten. 

Various options exist In the u.s. These Include the tot lowing: 

(a) Continue the current practice, which has reduced the ac
ceptable population density by about a factor of two 
from the highest previously used; 

" 
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(b) Require sti I I more remote siting; 

(c) Require new forms of containment against core-melt; Includ
Ing the posslbi I tty of molten-core retention, control led 
venting of fl ltered containment gases In the event of an 
excess pressure buildup, underground siting, measures to 
reduce the probabi I ity of core-melt, or some combination 
of the above, as proved desirable. Implicit In any such 
paths would be judgment that the risk from the existing 
approach was unacceptably large and/or the reduction In 
societal risk accomplished by the new steps was larger 
than might be gained by an equivalent expenditure else
where in society. 

A possible examp I e of the I atter question is introduced by the 
current requirements on routine releases of radioactivity for 
nuclear power.plants. A considerable difference of opinion 
exists as to the appropriate routine release level. It Is possi
ble that money is being spent to reduce releases which are al
ready at a level low enough, and that the same money could be 
more effective in reducing other societal risks. 

Excerpt From Health and Safety Executive (1977) 

THE GENERIC SAFETY ISSUES OF PRESSURIZED WATER REACTORS 

An account of the study carried out by the Nuclear Instal lations Inspec
torate of the Health and Safety Executive 

SUMMARY 

This report indicates only the scope and main conclusions of the 
study carried out by the Nuclear Instal lations Inspectorate on 
the Generic Safety Issues of the Pressurized Water Reactor. It 
is intended to publish a more detal led report of the work later. 

Conclusions 

I. The Inspectorate consider that there Is no fundamental rea
son for regarding safety as an obstacle to the selection of 
a Pressurized Water Reactor for commercial electricity gen
eration in Britain. 

2. Although there are some safety aspects about which present 
information and investigations are insufficient to allow 
final conclusions to be reached, and some areas where more 
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work would lead to greater confidence, the Inspectorate 
are satisfied that these Issues are not such as to preju
dice an immediate decision in principle about the suita-
bl llty of the Pressurized Water Reactor for commercial use 
In Britain. Further progress would appropriately form part 
of the more detal led review of any specific design of reac
tor put forward for licensing. 

3. More detailed conclusions, all of which are subject to Gen
eral Conclusions I and 2, are listed under the following 
headings: 

Introduction 

I. The White Paper <Cmnd 5695) published In July 1974, entitled 
"Nuclear Reactor Systems for Power Generation," stated that 
the Nuclear Instal lations Inspectorate <NI I) had been asked 
to bring to a conclusion their studies on the Generic Safety 
Issues of Light Water Reactors. 

2. Two basic concepts of Light Water Reactors are commercially 
avai table, the Boiling Water Reactor <BWR) and the Pressur
Ized Water Reactor <PWR>. The studies have concentrated on 
the latter version, that is the Pressurized Water Reactor, 
since It Is this type of reactor In which the Central Elec
tricity Generating Board <CEGB) has declared an interest. 

3. This report Is a summary of the scope and conclusions of a 
study which wil I be reported more fully later In the year 
by the Health and Safety Executive. The objectives of this 
study have been to arrive at a view of the PWR concept and 
In particular to be what health and safety conditions would 
have to be satisfied before a PWR could be considered to be 
acceptable in principle for use as a commercial nuclear power 
plant In the United Kingdom. While a particular plant was 
selected as a reference, and much of the datal led study 
based on it, the report is not Intended to be, and should 
not be regarded as, a commentary on a specific design or 
particular plant. 

THE SCOPE AND ORGANIZATION OF THE STUDY 

4. The generic safety aspects of any nuclear power plant can be 
defined as: 

(a) those safety features which can be regarded as Inherent 
Jn the concept, and 
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{b) features which, whl le not necessarl ly being strictly 
Inherent, are likely, In practice, to be common to 
any alternative options. 

5. For the purpose of the study, a substantial volume of Infor
mation was required and arrangements were made, with the aid 
of the CEGB and the National Nuclear Corporation {NNC>, for 
the supply of data relating to a reactor, known as Trojan, 
designed by Westinghouse of America, and located in Oregon. 
The reports relating to this plant, and backed by a large 
volume of supporting technical material, have formed a large 
part of the reference Information used In this review. 

6. By agreement with the Kraftwerk Union Company in West Germany, 
discussions have also taken place between them and Nl 1 dur
Ing which Information regarding their design of PWR has been 
outlined. ·rhts Information, although on a smaller scale than 
that supplied by Westinghouse, covered the same generic top
Ics and was sufficient to enable an appreciation to be made 
of the important safety differences between the two designs. 

7. Because of the International Interest in the PWR, special at
tention has been paid to developments overseas. Discussions 
have been held with groups having a similar role to the Nu
clear Instal lations Inspectorate in Germany, France· and USA. 
In the conduct of the study, the Inspectorate have been as
sisted by consultants selected, not only for their profes
sional specialism, but also, as far as possible, as Indivi
duals who could reasonably be expected to adopt an Independ
ent view. In addition, a supporting program of extramural 
work has been conducted, largely Involving theoretical analy
tical studies but also including some experimental work. 

Methodology of the study 

8. The basic method adopted In the study was to take the Westing
house safety documents and to subject them to a rigorous pro-
fessional review. This resulted In a number of detailed tech
nical questions which were addressed to Westinghouse and which 
gave rise to additional technical information. Particular at
tention was paid to any restrictions or assumptions Implicit 
In the Westinghouse approach, and the Inspectorate needed to 
satisfy themselves that any such restrictions or assumptions 
did not invalidate, or significantly limit the generality of, 
the conclusions reached by Westinghouse. As is the case In 
any datal led safety assessment of a reactor or other plant, 
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there is a substantial element of professional judgment In 
deciding, first, whether the starting point for calcula
tions and appraisals adequately represents alI the possible 
situations and, secondly, whether the method of analysis 
represents an adequate interpretation of the physical 
events. There Is no way of eliminating this dependence on 
professional judgment, and tnus of making absolute state
ments concerning the safety of complex systems. 

9. The associated work has Involved the Inspectorate in a 
total effort of about 12 man-years, and has involved a fur
ther expenditure ofJ'IOO,OOO by HSE on consultancy and as
sociated work. An additional and substantial contribution 
has been made by the staff of Westinghouse· and NNC in pro
viding Information required by the Inspectorate. 

The Intended system of reporting the details of this study 

I 0. ThIs report Is Intended to do no roore than Indicate the 
scope of the study and its principal conclusions. A more 
detal led report Is being prepared which the Health and 
Safety Commission wil I refer to Its Advisory Committee on 
the Safety of Nuclear Instal lations. The Committee wtl I 
be asked to comment, in particular, on any areas which have 
been Identified as requiring further study. 

THE BAS I S OF J UDMENT 

II. No human activity is entirely free from features that are 
potentially detrimental to health or Involve risks to life. 
The basic policy of the Health and Safety Commission is to 
eliminate these risks so far as is reasonably practicable. 
In some cases, where risks would otherwise be high, absolute 
duties and absolute requirements are Imposed. These may 
take the form of quantitative limits or specific design 
requirements but they do not remove the further statutory 
duty to achieve even safer conditions whenever this Is rea
sonably practicable. These duties and requirements do not 
eliminate risk completely. 

12. The criteria used by the Inspectorate as a basis for judging 
other reactor systems have been applied In this case. 

These criteria have been developed from more than 20 years of 
experience and practice in nuclear safety in the United King
dom. Account has also been taken of the criteria applied by 
the Nuclear Regulatory Commission <NRC> which Is the body 
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responsible for nuclear safety in the USA. Certain aspects 
of these criteria set out in the U.S. Code of Federal 
Regulations (10 CFR 50) have been used to supplement the Nl 1 
criteria where this has been judged useful and appropriate. 

13. Much of the work in this study Is concerned with particular 
fault sequences. Each of the fault sequences considered in 
the assessment is representative of a range of posslbi lltles 
and In each case there Is a very smal I but finite posslbl 1-
ity that a release of radioactive material to the environment 
might occur as a consequence. So far as Individuals and the 
population at large are concerned It Is the total probabi 1-
ity that a given consequence wll I occur that is of concern. 
To arrive at an estimate of this risk it is necessary to 
combine the magnitude of the expected releases and the 
probabi llties of those releases due to alI identifiable 
causes. The result Is a relationship between expected 
consequences and the overal I probabt lity of those consequen
ces due to alI causes. In common with most everyday exper
ience, It is found that, as the consequences become more 
severe, the probability of their occurrence becomes less. 

14. In the absence of any practical example of a reactor acci
dent having severe consequences, such as injury or death, 
beyond the confines of the reactor building, risk assess
ments have to be based on a synthesis of experience of 
separate fault conditions. The results of one such study 
are discussed in a later section of the report, Risk Assess
ment. <Para. 53) 

THE PRESSURIZED WATER REACTOR 

15. A pressurized water reactor consists In essence of a nu
clear core consisting of an array of cylindrical fuel pins 
In which enriched uranium oxide fuel Is contained in Zir
conium alloy tubes. The core Is mounted Inside a water
fl I led reactor vessel and external coolant pumps force 
the water upwards through the core, out to steam genera
tors and back to the core, thus completing the primary 
circuit. The pressure in this circuit is kept suffi
ciently high to prevent the water from boiling. In the 
steam generators, the heat from the primary coolant water 
Is transferred to a secondary circuit and the steam passed 
to the turbines for driving the electrical generators. 
The cooling systems have to operate even when the reactor 
Is shut down in order to remove the heat released by the 
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decaying fission produced. The whole of the primary cir
cuit, Including the steam generators, Is enclosed in a 
containment vessel. The arrangement is shown diagra
matical ly in Figure I. 

16. The nuclear reaction Is control led by the insertion of 
neutron-absorbing rods into the core or, on a longer 
timescale, by the addition of the neutron-absorbing 
material, boron, to the coolant. 

THE PRINCIPAL HEALTH AND SAFETY ISSUES 

17. The principal health and safety issues concerned with any 
reactor type can conveniently be grouped into three clas
ses -the radiation doses to workers in normal operation; 
the generation and management· of radioactive wastes in 
normal operation and the liKelihood and consequences of 
fault conditions. If, In normal operation, there is di
rect irradiation of members of the public from within the 
plant rather than as a result of the management radioac
tive wastes, It is convenient to deal with this at the 
same time as Irradiation of workers. 

Radiation doses in normal operations 

18. For most operations on any design of nuclear reactor, the 
problems of control ling the radiation exposure of workers 
in accordance with international recommendations and with 
the requirements of the European Community and UK regula
tions are fairly easily dealt with by appropriate design 
measures and by good standards of operational control. 
There are, however, a few operations, notably maintenance 
work, for which it Is difficult to predict radiation doses 
at the design stage, and where operational aspects become 
more important. Experience suggests that water-cooled 
reactors pose rather more problems of this kind than do 
gas-cooled reactors, but that the problems are sti I I 
tractable. On the basis of this experience, only limited 
datal led attention has been given to radiation doses in 
routine conditions In this study. 

Radioactive wastes and their management 

19. While not In Itself a waste product, the Irradiated nuclear 
fuel from a reactor contains almost alI the radioactive 
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waste material produced. The amount of radioactive waste 
In Irradiated fuel Is almost Independent of the particu
lar type of thermal reactor. Essentially all of the waste 
Is transferred to Irradiated fuel storage fact lities pend
Ing reprocessing to recover uranium and plutonium, or dis
posal If such recovery is not adopted. There are no par
ticular issues affecting the pressurized water reactors as 
such, and this type of waste Is not discussed further In 
the study. 

20. Reactor operations and maintenance work also give rise to 
the production of wastes of a variety of characteristics, 
usually of much lower activity. Some of these consist of 
gases or airborne particulates, and these are released to 
atmosphere after suitable treatment. Liquid wastes also 
arise and, after treatment, are also discharged to the 
environment. Solid wastes, including the radioactive ma
terial extracted from liquid and gaseous streams, comprise 
a wide variety of materials and, although they are not 
specific to any particular reactor type, they do vary from 
one type to another. The problems of managing these wastes 
from a PWR can be dealt with by appropriate design measure 
and by good standards of operational control. They are 
given only limited consideration in the study. 

Fault conditions 

21. In any well-designed reactor system, most fault conditions 
fall Into one of two classes- either the reactor continues 
to operate, relying, when necessary, on alternative or 
standby components, or, If this would result In too big a 
reduction In the margin of safety, the reactor automatically 
shuts down until the fault can be rectified. A futher, but 
numeri~al ly smaller, group of faults comprises those which 
are not automatically detected and which can be discovered 
only during routine Inspection and maintenance procedures. 
The most important of these latter faults In the pressurized 
water reactors are those concerning defects In the pressure 
vessel and the associated primary coolant circuit. Finally, 
there are some very Improbable combinations of fault condi
tions which are dealt with automatlcal ly by the reactor 
system, but not without some damage to the reactor and 
possibly some escape of radioactive material Into the 
reactor containment and from there, In greater or lesser 
quantities, into the environment. Public attention tends to 
be concentrated on accidents which might cause radiation 
exposure of the public and, whf le It is one of the aims of 
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design work and safety analysis to ensure that such acci
dents are very rare, much of· this work Is concerned with 
ensuring that the less serious, and less rare, fault con
ditions are successfully detected and dealt with before 
they can give rise to danger. 

22. Some of the possible fault conditions and the methods of 
dealing with them are specific to each design reactor, and 
this Is particularly true of the control systems. Never
theless, It has proved possible to review a wide range of 
fault conditions that are likely to be associated with 
most, If notal I, designs of PWR. 'In particular, a great 
deal of work has been carried out and published on the 
possible faults In the pressure vessel and the primary 
coolant circuit. 

23. This review of the PWR has therefore taken the following 
,form: 

A search for potential faults. 

II A review of the processes following a wide variety 
of the most important faults, known as limiting 
faults. 

Ill An evaluation of the various protective systems em
ployed In the design to prevent or intercept and 
control faults. 

lv An assessment of the chance of various discrete 
fault sequences occurring and the likely consequen
ces of each such sequence. 

v A judgment as to the confidence that can be attached 
to the various aspects of the analyses with respect 
to both the physical processes and the chance of 
occurrences. 

THE PRINCIPAL GENERIC ISSUES 

The range of fault conditions 

24. The principal objectives of this part of the study were: 

to judge the adequacy of the scope of the studies con
ducted by the designers: 
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and 

II to judge the adequacy of various protective features 
provided In a typical PWR. · 

25. On the first of these points, the Inspectorate have con
cluded that the scope of the studies already conducted by 
the designers is sufficiently wide for the present pur
poses, but that It Is not completely comprehensive. Ad
ditional sensitivity studies to demonstrate that the 
faults selected for study were limiting cases would be 
necessary before a specific design could be licensed. 
Some additional work on the analytical models used for 
fault analysis would also be desirable. 

26. Certain specific classes of faults were selected for more 
Intensive study partly because these were judged to con
tribute significantly to the overal I risk. Four classes 
were Identified, although there Is some overlap between 
them. The first class is the loss of coolant accidents 
in which the liquid cooling water Is lost In tne Immed
Iate vicinity of the fuel elements. The resulting steam 
Is a much less effective heat transfer medium than water, 
and this type of fault can lead to severe damage to the 
fuel elements. One cause is a sudden fat lure of part of 
the primary coolant ~ircuit. 

27. The second class comprises fault conditions which should 
cause the reactor to shut down automatIcally but which 
fat I to do so because of a further fault. 

28. The third class of faults involves a fal lure In the secon
dary cooling circuit which might, In turn, induce damaging 
temperature and pressure changes in the primary circuit. 
This class of fault could, therefore, be the cause of a 
loss of coolant accident. The fourth class, which has 
common features with the third, Is the fat lure of a plant 
component In such a way as to Interrupt the path for heat 
removal from the reactor. 

29. In the following subsections an outline Is given of the 
scope of the studies and the principal conclusions, under 
a series of headings, starting with a discussion of the 
loss of coolant accident, and then dealing with the vari
ous parts of the reactor system either because they might 
be affected by an accident or because they might contri
bute to the way In which an accident develops. 
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The loss of coolant accident 

30. Although other posslbl llties exist, the term "loss of 
coolant accident" has come to mean accidents Involving 
a breach in the primary coolant circuit. Thus, in ad
dition to the implications for cooling the fuel, one 
stage of the multi-layer containment system of there
actor has Inevitably been breached. It is therefore 
particularly important to re-establish emergency cool
ing before the core has been damaged to the point where 
It can no longer be adequately cooled. This is achieved 
by the Injection of the emergency cooling water. The 
detailed course of events Is extremely complex and wl J I 
vary widely from accident to accident. It is therefore 
not practicable to explore, either experimentally or 
theoretically, all possible atlernatives, and the nor
mal aproach Is to Identifying limiting cases. Studies 
are then carried out by computer calculation, validated as 
far as possible against experimental simulations and fun
damental scientific studies of the behavior of fluids. 
In reviewing such work It is necessary, first, to assess 
the choice of conditions to be studied and, secondly, to 
assess the likelihood that the theoretical assessment ac
curately models the situations that would occur in prac
tice. 

31. The Inspectorate have reached a number of conclusions con
cerning the loss of coolant accident: these should be read 
in the light of General Conclusion 2. 

I. The evaluation models used correspond to adequately 
extreme cases, although It would be desirable to 
include consideration of a modest breach In the 
pressure vessel below core level. 

2. The models themselves are judged adequately con
servative, although enhanced confidence In them Is 
desirable In some respects, and can be achieved In 
the future by broadening the range of some of the 
assumptions, and by extending the scope of the an
alyses In a somewhat more systematic way. Corre
lation of the results with experimental simula
tion of plant conditions is an Important part of 
validation and could provide further Information 
on scaling factors. Attention should also be paid 
to the effects of a fault involving several steam 
generator tubes. 
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3. Mechanical stresses due to the discharge of coolant 
are adequately guarded against, and the effects of 
shock on the reactor system are judged to be within 
acceptable limits. However, on this latter point 
some additional tehoretical studies are Indicated. 

4. There are some questions as to whether physical swel
ling of the fuel elements during a loss of coolant 
accident might be sufficient to prevent emergency 
cooling of parts of the core. Further experimental 
work and analysts In this area is cal led for. CSee 
also paras. 42 and 43) 

5. Some residual uncertainties In tne appraisal of the 
effectiveness of emergency coolant Injection might 
be reduced by changes In desIgn of the reactor - e.g, 
by providing for the Injection of emergency coolant 
at the top and bottom of the core. Some additional 
uncertainties might be eliminated by a smal I exten
sion In the scope of the analyses carried out. 

Other fault conditions 

32. AI I power reactor systems wl I I experience fairly frequent 
perturbations. These include, for example, the accidental 
isolation of the generating plant from the supply system, 
or failures In electronic control systems. Most of these 
will be accommodated without the reactor having to shut 
down, but some faults are sufficiently serious that the 
design response is an automatic shutdown. The combined 
consequences of an Initial fault followed by a failure to 
shut down as designed might then be serious. In general, 
at least two Independent and diverse protective systems 
are required to prevent this situation from developing. 

33. In the PWR, although there are multiple systems for Initia
ting shutdown, the shutdown system Itself Involves the use 
of neutron-absorbing rods. These, while multiple, are not 
diverse. There Is also a method of Injecting neutron
absorber boron into the coolant system, but this Is a slow 
acting system intended for long-term shutdown. 

34. The study has included reviews of the consequences of a 
typical range of faults In which the design intent of 
automatic shutdown has not been achieved. The consequen
ces of such faults may Include over-heating of the fuel 
and over-pressurizing of the primary circuit. AI I these 
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faults are essentially self-1 imiting because the reactor 
has a negative reactivity coefficient with respect to 
power and. temperature. In addition, if vapor voids 
are formed in a reactor core, there is also a negative 
effect on the reactivity of the system, so that faults 
giving rise to vapor voids also tend to be self-1 imit
ing. These features justify the use of a non-diverse 
system of rapid shutdown devices. 

35. As in the case of loss of coolant accidents, the total 
range of possibilities is very large, and representative 
extreme cases have to be considered and analyzed in de
tal I. 

36. A further class of faults considered Is typified by the 
possible break of a steam I ine between the steam gener
ator and the turbine. Such an event could transiently 
reduce both the temperature and the pressure of the pri
mary coolant. The temperature reduction may make the 
primary circuit more sensitive to existing defects and 
may give rise to thermal stresses. The pressure reduc
tion may operate the emergency core system causing re
pressurlzation of the primary circuit. Of these factors, 
the last seems to be the most important and could probably 
be avoided by a redesign of the emergency logic of the 
reactor so that the emergency cooling was not initiated 
in the absence of the primary circuit fal lure. 

37. The Inspectorate have reached the following conclusions 
on these aspects of the PWR: (see also General Conclusion 
2. 

I. The range of faults anlayzed and the detai Is of 
these analyses are sufficient for the present 
purposes, but better coverage, Including the use 
of sensitivity analyses, and better validation 
of theoretical models would be necessary to pro
vide adequate confidence for the acceptance of 
a specific plant. 

2. A review of faults which fal I to shut down the 
reactor suggests that, provided steam generator 
tube integrity is maintained, such events are 
unlikely to give rise to a hazard. However, in
creased confidence is required that the analyti
cal projections are consevative. This objective 
might be achieved by certain revisions, either to 
the design or to the operating mode of the plant. 
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3. Faults involving pressurization of the primary 
circuit, particularly at lower than normal op
erating temperatures, add to the risk of a fall
ure of the primary coolant circuit, but such 
faults might wei I be eliminated by reconsidera
tion of the operating mode or logic of the pro
tective systems. 

The integrity of the primary coolant circuit 

38. The primary coolant circuit consists essentially of the 
pressure vessel housing, the main reactor core, the 
steam generator tubes, and the connecting plpework. ·A 
fa! lure in the steam generators or plpework may produce 
a loss of coolant accident, but one which is within the 
desIgn capab II it I es of the emergency core coo I i ng system. 
This will also be true of"'some kinds of failures of the 
pressure vessel, but there may be pressure vessel tal lures 
of a kind so serious that it would not be possible to pro
vide adequate cooling of the core. The likelihood of 
failures of this last kind has to be made exceedingly 
small. 

39. To achieve the necessary integrity of the whole circuit, 
the standard of design, manufacture and operation of alI 
parts has to be very high. There Is relevant experience 
In the nuclear industry and more broadly in industry gen
erally, and this leads to substantial confidence in the 
Integrity of the circuit. Nevertheless, no complex 
welded steel structure can be made free of flaws, and 
pre-operational Inspection and testing can detect flaws 
only above some limiting size. In use, such pre-exist
Ing flaws may grow In size, and If they continue to be 
undetected, could lead to a tal lure. Post-operational 
Inspection Is therefore needed, with the aim of detecting 
with very high rellabl llty any flaws before they have 
grown to the size where they might Initiate a sudden 
failure. 

40. The Inspectorate have come to a number of conclusions: see 
also General Conclusion 2. 

I. It wll I be possible to design and construct the pri
mary circuit plpework so that It has a suitably high 
degree of resistance to spontaneous failure. In many 
cases it Is likely to leak before It tal Is, thus al
lowing remedial action. 
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2. The pressure vessel surrounding each of the steam 
generators and forming part of the secondary cir
cuit should be dealt with by measures comparable 
to those used to ensure the Integrity of the reac
tor pressure vessel. 

3. The present analyses of certain faults Is based on 
the failure under normal stresses of a single steam 
generator tube. It Is desirable to extend these 
analyses to include the failure of several tubes, 
or alternatively to strengthen the evidence put 
forward to support the argument that only one can 
be expected to tal I in practice. 

4. It wl I I be possible to design, construct and operate 
a PWR pressure vessel ·in a manner which makes the 
likelihood of sudden failure acceptably smal I. De
sign changes, such as the posslbl lity of using forged 
elements, might offer improved confidence. 

5. Conclusion 4 can be supported only if there is a 
searching and rigorous program of nondestructive 
examination both before operation and in service. 
A continuing program of work is also necessary to 
evaluate and improve the sensitivity of examination 
techniques. 

6. Additional studies are needed to improve the data 
base for the theoretical fracture mechanics used In 
the evaluation of the safety of the reactor pressure 
vessel. This work, and the additional studies on non
destructive examination techniques, need not influence 
any decision regarding the adoption of the pressurized 
water reator system, but they would add to the confi
dence in tne safety of the system and they would be
come important components In the detat led program of 
assessing a specific design for licensing purposes. 

7. The arrangements necessary to ensure a suitable degree 
of independence of approach to the Implementation of 
quality assurance is to be reviewed. This matter 
should be considered in a broader context than that of 
the reactor pressure vessel alone. 
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Fuel element behavior 

41. There Is extensive experience of the behavior of PWR fuel 
elements in normal operational conditions, and, as a re
sult of this experience, a high standard of fuel rella
bil ity has now been achieved. Any failures in normal 
operation have Implications for the exposure of workers 
on the reactor site and the generation of radioactive 
wastes. Because of the available experience, the neces
sary plans for dealing with damaged fuel can be made at 
the design stage. 

42. Examination of the likely transient conditions shows that 
for most of them, even If the reactor tal Is to shut down 
automatically the fuel In the interval between the loss 
of coolant and the reestablishment of emergency cooling 
is a critical part of the reactor accident analysis. The 
study has given rise to one area of doubt. The combina
tion of Internal pressure in the fuel elements and in
creased temperatures results in some swelling of the fuel 
cladding. This swelling could interfere with there
establishment of cooling under emergency conditions. 
Until recently, the experimental evidence has indicated 
that such swelling would be localized and not sufficiently 
serious to cause problems of tnis kind, but some limited 
experimental work In this country has now suggested that 
there may be conditions In which swelling might take place 
along an extended length of a fuel element and be of suf
ficient magnitude to prevent the reestablishment of cool
ing. Further experimental work and a reexamination of the 
analysis of transients are needed to estaollsh whether the 
experimental conditions are representative of the condi
tions actually to be expected in the reactor. 

43. The Inspectorate have reached the following conclusions: 
<see also General Conclusion 2.> 

I. The experience with PWR fuels shows that the fuel 
element defects In normal operations will not be 
a serious problem. 

2. In transient conditions short of loss of coolant, 
limiting operating conditions can be established 
to prevent serious fuel damage. 

3. In the event of a loss of coolant accident, the 
emergency cooling arrangements should be able to 
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re-establIsh cooling of the core. However, further 
experimental and analytical work Is required to es
tablish whether recent UK tests covering fuel clad
ding deformation are representative of in-reactor 
conditions during a LOCA. If it is established that 

·the tests are representative, it Is reasonable to 
expect that, following a more detailed examination 
of the technical Issues, either the effect suggested 
by the UK experiments wil I be shown to be tolerable, 
or, by appropriate adjustment to design or operating 
conditions, the problem could be avoided. 

The reactor protection system 

44. Many of the detai Is of a reactor protection system are spe
cific to the design under review, and there Is little to 
be said In a generic sense. In general, faults must be de
tected with a high rei iabi lity, and where they could lead 
to serious consequences there is need for a diversity in 
the methods of detection and in the initiation and conduct 
of the subsequent automatic action. Particular attention 
has to be paid to the avoidance of common mode tal lures 
associated, for example, with the use of the same type of 
component in systems which are otherwise apparently diverse. 

45. The Inspectorate have identified no fundamental protection 
Issues which would prejudice the adoption of the PWR, al
though there are some specific non-generic issues which 
would need further discussion if a PWR were put forward for 
II cens I ng. 

Containment 

46. Containment should be regarded as the last of a series of 
defenses in depth against the loss of radioactive material 
from the fuel elements and thence from the primary coolant 
circuit into the reactor building and onwards to the envir
onment. The containment should not be regarded only as a 
barrier of this kind, however. The maintenance of some 
pressure inside the containment following a loss of coolant 
accident Improves the performance of the emergency core 
cool lng system, but the containment may also restrict the 
space avai table for plant layout, and thus be a handicap 
In radiological protection during normal operations or 
maintenance. A containment structure also provides some 
protection against external events, such as crashing air
craft or the impact of missiles generated by the tal lure 



1-39 

of rotating machinery or explosions in nearby plants. 
Finally, even if the containment is not completely suc
cessful In retaining radioactivity, it provides a valuable 
delay during which emergency arrangements can be put Into 
effect. 

Programs of research and development on light water reactors 

47. On a world-wide basls·there exists a substantial volume of 
research and development work concerned with pressurized 
water reactors, and a substantial part of this work Is 
aimed at safety, and particularly at improving the under
standing of tne complex processes, and thus of giving en
hanced confidence In safety judgment. Some of the work 
is funded by the commercial design companies, and the re
sults are then not necessarily wioely available. However, 
other programs are established by government organizations 
and the resulting published body of knowledge is substan
tial. 

48. The Inspectorate consider It desirable for there to be a 
continuing R&D program in PWR safety In the United Kingdom 
if there is to be any significant dependence on PWR as a 
commercial source of electricity in this country. Any UK 
R&D programs should be closely linked to other countriec, 
particularly to the USA and Europe. 

MAJOR VARIANTS FOR PWR DESIGNS 

49. Although detailed differences exist between PWR designs 
marketed by various suppliers at vartours times, these 
differences are not fundamental and would not affect any 
of the generic discussions of this study. However, one 
substantial variant has been considered for possible in
stallation In a highly developed Industrial and residential 
area In the Federal Republic In Germany. The most notable 
aspect of this design was the use of a secondary concrete 
structure closely surrounding the steel primary coolant 
circuit. The aim of the design was to take some of the 
stress off the steel structure and to reduce the severity 
of a loss of coolant accident should the primary circuit, 
nevertheless, fat I. 

50. The Inspectorate have not had access to detal led safety as
sessments for this proposed plant, which was never built, 
and the proposal was not sufficiently developed to cal I for 
a formal application for licensing by the German authorities. 
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51. The Inspectorate have concluded that there may oe design 
changes which would improve the safety of the PWR, but 
that these aspects would require further study and prob
ably further engineering development work. They should 
be taken into account in any consideration of a specific 
PWR design for publication in the United Kindgom, but 
do not significantly affect the review of generic issues. 

R I SK ASSESSMENT 

52. Light water reactors, of which PWRs form a substantial 
fraction of the world's installed capacity, have been the 
subject of a very detailed analysis, the results of which 
have been published by Rasmussen*. The importance of this 
study, the most comprehensive of its kind, Is that it pro
duced two kinds of information; first, it enabled hither
to unidentified weak points in the designs to oe revealed, 
and secondly, it has enabl.ed the risk due to thermal power 
reactors to be seen in the context of the risks to health 
from other, non-nuclear human activities. The general 
conclusion reached by Rasmussen was that the risk due to 
nuclear power from water cooled reactors was significantly 
less than that due to other man-made hazards and to natural 
causes In the United States. These results, being based on 
conditions ln the USA where population density is lower on 
averagQ than in the UK, and the dangers of natural events 
higher, cannot be applied directly to this country. A 
reasonable adjustment stilI Indicates nuclear hazards to be 
below other man-made hazards. 

53. More speclfical ly, the study led to the conclusion that the 
probabi llty of a light water reactor giving rise to an ac
cident large enough to cause a substantial number of deaths 
<ten or hundr!~s) in the surrounding population was no more 
than about 10 per reactor year. When account Is taken 
of the Inevitable uncertainties In this type of appraisal, 
this figure Is probably not significantly different from 
that to be expected from other commercial reactor systems. 
However, also because of the Inevitable uncertainties, such 
comparisons should not be regarded as definitive and any 

*Reactor Safety Study. An Assessment of Accident Risk In U.S. Commer
cial Nuclear Power Plants. WASH-1400 CNUREG 75/014) aval lable from 
the National Technical Information Service, Springfield, Virginia, USA 
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consideration of licensing will depend far more on a de
tal led appraisal of the quality of the engineering Input 
to the design manufacture, operation and maintenance of 
the reactor system. 

GENERAL CONCLUSIONS 

I. The Inspectorate consider that there is no fundamental 
reason for regarding safety as an obstacle to the 
selection of a Pressurized Water Reactor for commer
cial electricity generation In Britain. 

2. Although there are some safety aspects about wnlch 
present Information and investigations are insuffi
cient to allow final conclusions to be reached, and 
some areas where more work would lead to greater con
fidence, the Inspectorate are satisfied that these 
issues are not such as to prejudice an immediate de
cision In principle about the suitability of the 
Pressurized Water Reactor for commercial use In 
Britain. Further progress would appropriately form 
part of the more aetal led review of any specific de
sign of reactor put forward for licensing. 

3. More detailed conclusions, alI of which are subject 
to General Conclusions I and 2, are listed under the 
following headings: 

Loss of coolant accident <para 32) 
Other fault conditions (para 38) 
The integrity of the primary coolant circuit <para 41) 
Fuel element behavior (para 44) 
The reactor protection system <para 46) 
Program of research and development (para. 49) and 
Major variants of PWR designs (para. 52) 
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Published in Journal of the Institution of Nuclear Engineers 
April 1975, Vol. 16 

INTRODUCTION 

ACCIDENT PROBABILITY CRITERIA 

by 

F. R. Farmer 
UKAEA Safety & Reliability 

Directorate,Culcheth,Warrington 

I shall be talking about non-nuclear as well as nuclear accidents 
and would like to introduce the subject in quite a general way. 
There are those who express the good intention of operating their 
plant in such a way as to create no ha~ard whatsoever, or others 
say that 11We must do all that is necessary to make the plant 
safe... Obviously both of these statements are related to the 
degree of perception of the speaker, the amount of time devoted 
to accident studies, and the degree of credibility that is 
embodied in the assumptions. These statements follow a maximum 
credible accident' philosophy. 

There are those who say that the basis of criteria should be 
on individual risk and we can recall a suggestion by Adams that 
the criterion might be around l0-5 per person per year, whereas 
recentlY it seems that the individual risk level miqht be as low 
as lo-T. There have been many papers quoting risks from 
normal and abnormal occurrences. some based on straight pro
babilities per year and others on probabilities per unit of 
exposure, i.e., in time,or the like. Table I is extracted from 
Rasmussen's report (WASH-1400) and shows risks ranging from 
lo-3 to lo-4 down to l0-7; the second is included in the report 
of Vinck 1973 (EUR 5001) and ranges from 10-2 to 10~7 (Table II). 

There are those who say that nuclear risks are rather special -
are they, in fact? At one time it was thought that the delayed 
action made them rather special, but we are well aware of delayed 
action in other industrial risks such as asbestosis, exposure to 
vinyl-chloride, or risks to which the public were thought to be 
exposed through lead, mercury, DDT and cyclamates. No doubt 
people who have spent their lives considering nuclear risks 
regard them as rather special, but does this justify more money 
per lives saved than other risks to which the community are 
exposed? 

HIGH RISK SITUATIONS 

I have been mainly interested in, and will be talking about, high
risk situations or, to be more precise, events which have a low 
probability of occurrence but which might well have serious con
sequences. I would like first to discuss the non-nuclear risks 
of this type and again made use of Rasmussen's work where he 
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TABLE I Individual Risk of Acute Fatality by 
Various Causes (U.S. Population Average 1969) 

Accident Type 

Motor Vehicle 
Falls 
Fires and Hot Substance 
:Drowning 
Poison 
Firearms 
Machinery (1968) 
Water Trauport 
Air Travel 
FalliDg Objects 
Electrocution 
RaUway 
Liehtning 
Tornadoes 
Hurricanes 
AU Others 

Total 
Number 
for 1969 

55,791 
I',827 
7,451 
6,181 
4,516 
2,309 
2,054 
1,743 
1, 778 
1,271 
1,148 

884 
160 
911 
932 

8,695 

Approximate 
Individual Risk 
Acute Fatality 
Probabllity /yrl 

3 X lQ-4 
9 x lo-s 
4 x to-s 
3 x 1o-s 
2 x 1o-s 
1 x 1o-s 
1 x to-s 
9 x 1o-e 
9 x to-e 
6 X to-6 
6 X lo-f 
4 X lo-6 
5 X lo-7 
4 X 1o-7 
4 X to-T 
4 x to-s 

1 Based on total U.S. population, except as noted. 
I (1953-1971 avg.) 
3 (1901-1972 avg.) · 
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TABLE n ProbabWties of indiridl:lal fatal iDjury 
(c:uualty) through conventional activities aDd causes 
&Dd tbroucb the effects of radiatiOn 

CDfanmlimral (casual• 
ties OD.ly) 

JDcll:ridual 
probabWty 
or fatal mfu.z'f 
per year 
of exposure 
(orders of 
mqnitude)l Remarks 

- all diseases 1o-2 
- motor accidents 

(~IDOblles) to-• 

- IDtal mortality riall: JQ-3 (men) 

- acctdeDts of all 
types 

-amokf.Dg 
- traffic accidents 
(tn general) 
-suicide 
-falla 
- air pollution 
- illdustrial accidents 

-drowning 
-firearms 
- electricity 
- leukemia (natural 

causes) 
- poiaoni.ng . 
-coal ud oll·fired 

power stations 
{polluiiun) 

- cancer of thyroid 
(natural causes) 

- aatural disasters 
-lllhtniae 

to-• (women) 
5 X JQ-4 

s x xo-• 

2. 5 X JQ-4 
2 X JQ-4 

JQ-4 
to-• 

to-• (all ages) 
JQ-5 (age 20) 
3 )( lQ-5 
ax 1o-5 
2 X tQ-S 

to-• 
lQ-5 

to-t 
2 X 10-fJ 
5 X JQ-7 

1 Summary of data from various sources; with slight 
ftl'latlona according to the country. 

TABLEm Risk of Natural or Man-Made D1sasters 

Tonado 10"'2 > too 
10"'3/10"'4 > 1,000 

Earthquake to-I •to, ooo 
Aircraft fatalities 
OD. cround l0-2 100 

to-• > 1,000 
•to-e 10,000 

Explosions approx 1o-1 > 100 
•t0"'2 • 1,000 

D:ams 10"'1 10 
to-2 1,000 
10"'3 10,000 

l'ln IQ-1 100 
so-a 1,000 
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considers the risk that 10, 100, or 1,000 people m~y be killed as 
a result of natural or man-made disasters. We could reduce some 
of these to individual risks and, in many cases, the number would 
be below lo-6, for example the risk of a person being killed 
through an aircraft falling upon them in the US is of the order 
of lo-7 per person per year in that the average number so killed 
per year during the last few years has been twenty peop.le 
{Jable III). 

No doubt many of the risks arising in advanced societies have 
been reduced to the present level (as assumed to exist by 
extrapolation) by increasing the standard of Building Codes, as 
in houses or dams; providing better fire resistance; better warn
ing and fire fighting; warning of tornadoes etc. It is my 
belief that action to decrease risk usually follows some severe 
event, and the accident which leads to action will depend upon 
the current background of risks endured by each society. There 
is an obvious difference in the consequential damage from earth
quakes as between, say, Afghanistan and Japan. In Japan there 
has been much greater investment in the provision of buildings 
which will withstand earthquakes. There are some activities, 
as in building, transport, or even sport, in which poor practices, 
or practices carrying some risk continue until a spectacular event 
occurs, such as the collapse of the Rowan flats, recent problems 
with high aluminua concrete b~ams, the phosphate ship explosion 
in Mexico, the collapse of crash barriers on football grounds. 
When minor catastrophes occur, new standards are introduced, but 
I do not believe that these changes occur as a result of assessing 
the individual risk of harm - in most cases this risk would fall 
well below 10-6 per person per year - but as a result of societal 
pressures indicating that these various minor disasters are, at 
that point in time, intolorable. 

Let me take another example - the transport of chlorine through 
major towns; this is only as an example of toxic material, not as 
an indication that chlorine is particularly worse than others 
which are transported. Rasmussen considers the transport of 
90 ton tankers on normal routes in the US. He extrapolates past 
experience to deduce the likelihood of collision, derailment 
etc. Some events will be very damaging; others less so. Some 
will occur in open country, some in towns. There will be other 
variables, even the change of population density within a dis
trict depending on the time of day. Note, for example, on 2 
June 1970 in Illinois, 10 tank cars of 33,000 gallon capacity 
were derailed; there was a vapour cloud explosion starting 

-fires and subsequent explosions that destroyed the business 
section of the town, but there were no fatalities. 

Additionally, the harm to people will depend upon wind direction, 
atmospheric stability etc. He concludes that in the US the 
likelihood that people might be killed as a result of trans
porting chlorine is as shown on Fig. 1. 
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If the more probable event {for transport of chemicals) were to 
occur, it would lead to casualties in the range 0 to 10 and I 
guess that there would be little change introduced into current 
practices. If the event led to casualties in the range 100 to 
1,000 then I would expect some consideration of transport re
routing or improved design of tank cars or some other risk 
reducing factor. The difficulty lies in changing from present 
status where industry is currently dependent on the continuation 
of current practices as compared with the introduction of some 
new enterprise. This is also true in the introduction of reactors 
where it is probable that if a severe accident occurred early in 
their history, then it is possible that no more of that type 
might be built or there would be significant change in construction 
or siting. If the serious accident occurs arount the year 2,000 
when there will be over 1,000 nuclear plants operating and many 
countries very strongly dependent upon them for their power 
supply, then what can be done other than to continue operation 
with some restrictions? 

Both in respect of nuclear and non-nuclear risks, it has often 
been said that risk will be maintained at a low level because 
of the amount of insurance charges or the cost of replacing 
the plant or dealing with the damage and these act as a deterrent 
ensuring that safe plant and safe practices will evolve. There 
is no evidence that this is true. There have been many expen
sive accidents in industry and many of them have few casualties. 
Consider the record of vapour explosions which are reviewed by 
various writers. There have been 108 known cases of vapour 
explosion over forth years: 

Up to 1950 Damage averaged less than $l/2M per year with the 
exception of the accident in Cleveland when an 
explosion of LNG in 1944 led to 136 dead, 77 
missing, and a cost of several million dollars. 

1950-64 Damage averaged less than $1M per year and since 
then there has been an increasing number of events 
and it would appear in recent times that the cost 
is running as high as several tens of millions of 
dollars per year. 

1967 Failure of a 10 inch valve led to the release of 
4,000 gallons of isobutylene; the vapour cloud 
explosion killed 7, with damage estimated at $35M. 

1968 Accident at Perris cost $46M 

1959 Freight car accident LPG killed 23 

1962 7,000 gallon truck led to a vapour explosion. 
Killed 10. 

1966 Propane explosion killed 17. Whereas, as reported 
earlier, 10 tank cars in Illinois caused major 
destruction but did not kill anyone. 
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My conclusion from these examples is that where an activity such 
as refining petroleum is a benefit to society, then we will 
continue to accept a fairly high frequency risk of events which 
are extremely damaging but seldom kill many people, and I presume 
that the damage is small in relation to the total value of the 
industry. I do not believe, then, that the cost of insurance 
is a general deterrent in situations which are thought to have 
a low frequency even if, in fact, frequency on a world-wide basis 
is still fairly high. 

NUCLEAR PLANT 

Turning now to nuclear plant, many of you will know of my early 
suggestions that there should be a risk criterion relating fission 
product releast to frequency of release on an inverse loq/log 
basis. In 1967 we hesitated to suggest that there might be some 
risk of a nuclear accident releasing large quantities of fission 
products and we were content to talk about the release of I-131 
and associated volatiles ranging from 10 to 10-6 curies. In later 
papers a number of people assessed the likely result of releasing · 
10% or more of the volatile fission products from a 1,000 MW( 0

) 

reactor. My assessment was that the consequences on a oopulated 
UK site could be described as: 

- a 50% chance of no casualties with wind blowinq to sea 
-a 30% chance of between 100/1,000 cases of thyroid cancer 
-a 20% chance of between 1,000/10,000 cases developing 

over the 10-20 years thereafter. 

In addition there would be a smaller number of other cancers and 
one might conclude that the average result could be around some 
200 deaths over a longish period of time. 

Many of the possible accidents to reactors will result in damage; 
some in high cost to repair and high cost in lost output, but 
many could have a low probability of causing death. Rasmussen 
assesses that only 1 in 50 of reactor melt-out accidents would 
give the sort of casualty figures I have quoted above. This 
may well be so; but this number is not material, to my present 
argument. 

I have been concerned at the views expressed in many places, 
including the US document WASH-1250 that the "worst" accident 
which can be foreseen would release only one part per million 
or thereabouts of the radioactive inventory of volatile fission 
products and that such release is a factor of 10 lower than the 
guide lines of US lOCFR Pt 100. 

An accident which releases to atmosphere 100 curies or so of 
iodine and proportunate amounts of tellurium, caesium, etc, must 
obviously cause severe disruption to the plant, but is unlikely 
to hurt anyone away from the site. I exclude site staff as the 
accident is not sufficiently well defined either as to 
its source, duration, and whether associated with fire, mechanical 
damage etc. In fact, the release of 104 curies of I-131 and 
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associated volatiles is unlikely on a statistical basis to cause 
one death in the surroundi·ng population during the next 10-20 
years. This leads me to the same conclusion as for non-nuclear 
accidents - that many can occur which may be very expensive but 
not injurious. This could lead us to the view that concern for 
these accidents should vest with those carrying financial res
ponsibility - somewhat in line with the theory that insurance 
and financial interests will adequately protect. This is not 
my view. Many accidents causing small damage or even exten
sive damage but no casualties could have developed in some 
other way, at some other time, into a more serious accident. 
Accidents have started through local blockage through wrong 
fuel loading or misoperation of the charge machine as at 
Chapelcross and Saint Laurent. Those were costly - they could 
have been worse. Several reactors have depressurised when not 
under power; there have been problems with vibration of 
rotating machinery, of fuel and of heavy neutron shields. There 
have been maloperation of valves, cracks in valves, pipes etc. 
Many of these events have been such that had they occurred at 
some other time the result could have been disastrous. 

In conclusion, then, I would not now concentrate too much on 
the target line concept, although it has limited uses. I 
am concerned with the broad objective that the chance of an 
accidental release in the range 10S to 107 curies of I-131 etc 
should be made very low - it is tempting to say as low as possible -
but should this be lo-3 per year? This is about as low as some 
of the serious non-nuclear accidents. I do not think this is 
good enough: 

(i) in view of the continued build-up of nuclear power 
stations 

{ii) in view of the inability to change or switch off 
nyclear power in the year 2,000 when we are wholly 
or substantially dependent on this power. 

As we cen expect nuclear power of the western world to accumu
late 104 reactor years based on present technology and if we 
wish to accept only a small chance of a major release, then we 
must aim to keep the chance of a serious accident as low as 
lQ-5 to 10-6 per reactor per year. 

Anyone who has spent much time seriously studying reliability 
of plant, including the interrelationship of equipment and 
people - whether manufacture, inspection, maintenance or 
operation - will seriously doubt whether we can yet achieve 
failure rates of complex composite systems aG low as would be 
necessary to meet this overall target of 10- per reactor per 
year. This is in keeping with Rasmussen 1 s conclusions about 
the two US plants he studied and, even so, he predicts the 
consequences of operating 100 nuclear plants in the US to be 
about 2 orders of magnitude less_ than several other man-made 
or natural disasters (Fig. 2). 
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I agree in general with his assessment, yet I am surprised to 
hear that there is a growing determination to try to protect 
against hazard which can be assessed on prese9t ev~dence to be 
one or two orders of magnitude lower - ie 10- /10- per reactor 
per year - such as the random crash of a commercial aircraft. 

This raises several questions: 
(a) Should we protect against any event of any low frequency 
once it has been identified (even if there are others of 
greater likelihood - as through common mode failure, oversight 
etc) to deal with what lies beyond our present competence or 
organising ability? 

(b) How much money should we pay for this -~105 ,~106 or 
~107? 

(c) Should similar protection be provided to cope with non
nuclear hazards of comparable severity?. 

(d) Should the money be better spent; not as an investment 
against low frequency-high consequence risks, as there is 
a high probability that the investment will be wasted, 
or should it be spe·nt on the less spectacular events of 
common occurrence? 

Excerpt from Testimony of D. Okrent to California Legislature (and to 

Joint Committee on Atomic Energy) 

Consequences of Accidents 

Severity of accidents vs. risks and consequences. 

I would like to conclude my testimony in this area; hence, I 
have placed it out of the original order in your agenda. Let 
me first define risk as the product obtained by multiplication 
of the magnitude of a hazard by the probability of the hazard. 

I am not a medical or biological expert. I have read with. 
interest comments from various groups concernign the treatment 
of health effects in draft WASH-1400 and am waiting to see 
what the final report says in this regard. I should note that 
I questioned the evacuation model used when I first saw the 
draft report. 

One may reasonably anticipate that after issue of the final 
report there will again be a lack of agreement concerning its 
accuracy, its completeness and the stated uncertainties. The 
problem is not deterministic with all the input parameters 
specified. Matters of judgment are involved. And, with further 
detailed examination and with more knowledge, questions on the 
data, the analysis, and the assumptions employed will arise, 
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suggesting that the risks calculated are either too small or 
too large. For purposes of discussion, let me assume that the 
overall estimates of risk will not be radically different in 
the final version of WASH-1400, and that semi-quantitative 
critiques of the new reoort by groups like the American Physical 
Study Group, the Union of Concerned Scientists, the Environmental 
Protection Agency, and the reactor designers will exhibit a 
spread in opinion not unlike that expressed earlier. 

I must now ask some questions. How quantitatively does society 
know other risks to which it is exposed? From food additives 
and drugs? From earthquakes? From the failure of dams? From 
the shipment and storage of chemicals? From the burning of 
coal? From the discharge of mercury and other non-radioactive 
industrial wastes which may remain in our world forever.* 

I must conclude that most, if not all, of the above are poorly 
quantified. And that most, if not all, pose threats to the 
public health and safety equal to or greater than nuclear power 
plants. 

Let me raise some further questions. 

What constitutes an acceptable hazard and an acceptable risk, 
either to society or to individuals who are directly exposed to 
some technological structure like a dam? What uncertainty in 
the estimates of the probabilities becomes unacceptable, whether 
the uncertainties arise from an absence of data or a difference 
in judgment among experts? Is there some number of people who 
might be killed in an improbable event which is so large as to 
be socially unacceptable? 

At UCLA we have been trying to gain some perspective on such 
questions. We studied the risk to people on the ground near Los 
Angeles (LAX) and Hollywood Burbank Airport from the crash of 
commercial airliners.** Using a similar statistical approach 
to that employed in deciding wRether a nuclear reactor requires 
protection against airplane crashes (because of exceeding the 
l0-7 guideline per cause), we calculated that the probability 
of a commercial aircraft crashing directly into the grandstand 
of Hollywood Park while it was occupied by a large crowd is 
about l0-5 per year. Postulating such a crash, we estimated the 
probable fatalities to be in the vicinity of 3,000 to 8,000; 
the maximum number of fatalities which miqht result was esti
mated to be about 30,000. Crashes into various shopping centers 
or hotels, etc. at either airport could produce lesser number 
of casualties with about the same probability. On the average 
it is estimated that about 5 people on the ground within 5 
miles of each airport would be killed every ten years from such 

**UCLA-ENG-7424 by K. Solomon, et al. 
*The tragic mercury poisoning at Miramata, Japan is a graphic 
example. 
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crashes. Presumably a similar figure exists for most busy 
airports. 

This was a statistical study. We may have no such casualties 
at either airport in the next 20 years. Or we may have more. 

We also made a brief study of the potential effects of sudden 
complete failure of 10 dams in California and made crude 
estimates of their failure probabilities.* Sudden gross failure 
of a large dam has occurred in France in recent times; the 
equivalent of failure (overtopping due to a landslide) led to 
a few thousand deaths in Italy; and there is expert opinion 
that the Van Norman Dam would have undergone gross failure in 
the 1971 earthquake, had it been more nearly full. 

The crude estimates of failure probabilities oer year obtained 
in this study are given in Table 1. The estimated effects for 
sudden complete failure of these dams when filled to capacity 
are given in Table 2. 

We think the estimated mortalities for sudden complete failure 
are fairly accurate. The probabilities of failure are clearly 
rough estimates, and could easily be wrong by a factor of more 
than 10. 

In brief, the potential mortalities range from 14,000 to 260,000. 
The estimated probabilities of failure range from roughly 1 in 
40 per year to one in 30,000 per year. 

Are such hazards acceptable? If so, with what probability? What 
uncertainties in the estimates of such probabilities are accept
able? I understand that a law has been passed with regard to 
the safety of dams in California, that some steps have already 
been taken to reduce risk, and that further studies are under
way. To my knowledge, there exists no acceptance limit on the 
maximum permissable deaths which postulated dam failure might 
cause. Nor do I know of quantitative criteria with regard to 
an acceptable probability of dam failure or uncertainites 
therein. Surely, that does not mean that the risk is zero. 

I recognize that there is a panel of highly competent experts 
advising the State Office on such matters. However, based on 
a study performed by UCLA**, as well as listening to the 
opinions of various experts on the probability of exceeding 
some specific value of seismically-induced vibratory motion, 
I know that individual opinions on probabilities can vary by 
a factor of 10,000 {e.g. lQ-2 per year versus lQ-6 per year, 
or lo-4 per year versus lo-8 per year). 

Does the California Legislature require that the opinions of 
only the most conservative seismologists and geologists be 

*UCLA-ENG-7423 by P.Ayyaswamy, et al. 
**UCLA-ENG-7515 by D. Okrent 
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'l'ASLE 1 
. 

The results of the investigatic~ c~uld be summarized as follows: 

Prediction of Earthquake in Califor::.ia by Fault Theory, Using a Computer 

Esticated Estimated Estimated . . Probability Probability Probability 
Name of l-n-l YIII of M!-1 IX of }~[X 

of Dam per Year* per Year** per Year*** 

St. Francis1 .· . . 

Van Norman 0.014 . O.OOlt9 .00003 
. 

San Andreas 0.044 0.014 .003 -. 
LoweT Crystal Springs t 

Stone Canyon 0 .. 012 0.0014 .0003 

Encino 0.012 0.0013 .0002 

San Pablo 
. 0.076 0.032 .011 

. 
Folsom1 

Shasta1 . 
• . . 

Chatsworth 0.013 0.0028 .00003 

Mulholland1 -

Upper San Leandro 0.12 0.063 .023 

Lake Chabot 0.12 0.057 .021 

* Signifcant Probability of Failure 
·. 

** Substantial Probability of Failure 

*** High Probability of Failure 
NOTE: Values for significant and.substantial probabilities indicnted in the 

above table correspond to the values at an order of ~agnit~dc hither 
as ··reflected in the computer output. Please see explAnation in Lh~ 
text. 

·tThese .nre Gr.nvity type '(concrete dams) for vbich the .failure h:ada o{ 
Reference 2 is not applicable. Gast22 has provided an est1~te o£ l0-4 
per Jear for world-vide concrete dams due to all cauae5. 

.. 
: 
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YAJLE 2 

Estimated Effr.cts of Total and Instantaneous 

~~~:· .. 
, .. 
c~ 
~:·. 

~- •. 

' .. P; 
~ ,· . 

Rame of 

.· 
Dam 

St Francis 

·van Norman 

San Andreas 

Springs} Lower Crystal 

Stone Canyon 

Encino 

Sao Pablo 

Folsom 

Claatsworth 

·Huiholland 

r 
c-. .. Vpper San Leandro l 
=~-- ·,__ ·tate Chabot j 
~·z./ .~.:· . 
; ·' ·~ · Shasta 
-}·;~ ,• ;:;, •. 
t·,.;,• . .:::. 
"' :.. 

I 

Failure of Dam Filled to CapacitY 

MORTALITIESf DAl-fAGE ASSESSED 

Day Night IN U.S. DOLLARS 

-·---Not calculated----

72,000 123,000 3 X 108 

21,000 '33,000 1.1 X 10 8 

125,000 207,000 5.3 X 10 8 

11,000 18,000 5 X l07 

24,000 36,000 7.7 X 107 

260,000 260,000 6.7 X 108 

14,000 22,000 6 X 107 

180,000 180,000 
'. 8 

7.2 X 10 

36,000 55,000 1.5 X 108 

. 
1.4 x·1o8 34,000 34,000 

l;. ,.. ' 
;. ·) :._ Ro allowance for evacuation. See Section 8 -which indicates modest 
~>>':•:, reductions for the tvo dams considered • 

.. / ·:'.:.' : -... 
-~-.· , .~· 

r?;~-
.:•. . --~ .. 
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used in assessing dam safety? If questions concerning the un
certain source mechanisms of earthquakes, such as raised by 
Prof. Clarence Allen, are applicable to nuclear reactors, are 
they not applicable to dams, of which we have many in California? 

Will the California legislature by a two thirds vote, determine 
that the safety of dams has been demonstrated by com~rehensive 
testing in actual operation substantially similar physical 
systems? How will the demonstration be done? In fact, can 
such a demonstration be done? What acceptance criteria will be 
used by the Legislature, especially for dams designed before 
soil liquefaction was a well-recoqnized phenomenon and for which 
little if any seismic design criteria existed. Will the 
legislature require complete insurance coverage or close down 
the dams? 

In passing, I might note that while Folsom Dam has Sacramento 
in its flood plain and was calculated to have the capability 
of inflicting about 250,000 deaths, UCLA is downstream of Stone 
Canyon Dam. We estimated Stone Canyon Dam has the potential for 
producing a flood height of 15 to 20 feet at Wilshire Boule
vard and between 125,000 and 200,000 deaths. 

let me briefly discuss one more example from non-nuclear tech
nology. At UCLA we tried ·unsuccessfully to obtain information 
from many of the largest chemical companies in the U.S. con
cerning the stored quantities of various chemicals having a 
considerable potential for inflicting harm on the public 
health and safety. We would have been interested in learning 
the sites of such storage and the safety criteria employed. 
We could then have done probabilistic studies of consequences. 
As I said, we received no information. I do know from informal 
discussion, however, that huge quantities of dangerous chemicals 
are stored within striking distance of population centers. 

We have recently been trying to learn how the storage of dangerous 
chemicals is regulated in California. Our preliminary infor
mation indicates that both the knowledge and control of such 
risks is limited. 

Does the legislature know? Should it be active in this matter, 
since frequently an industrial park in one city is adjacent to 
a residential area in a neighboring city? Has the legislature 
examined and found that there exists no risk to public health 
and safety from the shipment, storage, and use of chemicals 
employed in California's agricultural and food industires? 

The shipment and storage of liquified natural gas (LNG) and 
similar hydrocarbons has been receiving increasing attention 
in recent years. Estimates of the potential hazard run into 
the many thousands of deaths for some postulated accidents. 
Accidents may occur at on-shore storage facilities, to the 
ship in or near port, or by grounding or collision of a tanker 
near a populated area away from port. I have heard estimates 
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of the probability of such a collision in New York City harbor 
are about one in 50,000 per year for an LNG tanker, and one 
in 5000 per year for an LNG-laden barge. Such estimates are 
inferred and subjective, and critics can arrive at larger 
probabilities. 

I believe that the Federal Power,Commission has primary respon
sibility for the on-shore aspects of this technology, while the 
Coast Guard is responsible for the shipping aspect. I have, as 
yet, not been able to ascertain what quantitative hazard or 
risk criteria either group uses in reviewino such facilities. 
I have recently learned that in California, eight different 
agencies share the safety responsibility for energy facilities, 
and that criteria are now being developed which will address 
the issue of what is an acceptable risk to members of the 
public. 

To my knowledge, none of the currently available sources of 
electric power is risk-free. And our preliminary studies at 
UCLA indicate that if controlled fusion power is actually 
developed, it may have a radioactivity hazard potential not 
vastly different from fission reactors and have to undergo 
similar safety precautions. For example, we expect that the 
actual tritium inventories will be much larger than the numbers 
usually mentioned; and we can postulate low probability 
accidents which might rupture the containment and volatilize 
some of the highly radioactive structural materials. 

And coming from the Chicago area to Los Angeles, both with 
smog problems, I am painfully aware that essentially every 
study that I have seen, from various countries, indicates that 
the burning of coal for electricity has equal or greater over
all effects on the public health and safety than nuclear power, 
mining accidents aside. 

Why have I raised these examples? It is primarily to illus
trate only some of the problems involved in judging acceptable 
risk. I have not brought in the question of benefits, which 
are an equally complex matter when one introduces effects on 
the national and international economy, and even potential 
political upheavals or war in the long term. 

I have heard knowledgeable opinions that there are probably not 
enough resources available in the U.S. to raise the safety --
standards of existing non-nuclear technology so that it does 
not exceed either the risk from nuclear power reported in 
draft WASH-1400, or that estimated by most critics of the 
draft report. I am inclined to agree. 

The problem is not simple. And the answer should not be 
simplistic. In fact, society is not risk-free. 
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1.2 A BRIEF PERSONAL INTRODUCTION 

1 was formaly initiated into the regulatory world of nuclear power reactors 
In November 1963 when I attended the 51st meeting of the Advisory Committee 
on Reactor Safeguards (or ACRS) In Washington, D.C. as a newly appointed 
member. Some years previously I had served the ACRS as a consultant, and 
for many years during the 1950•s I had worked on problems concering the 
safety of fast reactors, particularly the EBR I I <Experimental Fast Breeder> 
reactor bui It by the Argonne National Laboratory. And I had been heavily 
Involved in developing the Atomic Energy Commission program In fast reactor 
safety during the 1950's. I considered myself knowledgeable about the reac
tor physics of most reactor types; however, the safety questions relating 
to reactors other than sodium-cooled fast reactors were only partially 
known to me, and I had little familiarity with the regulatory process or 
the matters which were receiving emphasis by regulatory groups in review
Ing the power reactors, experimental power reactors, and engineering 
test reactors then under construction, under consideration for construc
tion, or going Into operation. Besides myself, the membrs of the ACRS 
present at the 51st meeting of the statutory ACRS were the chairman, 
David Hal I, whose normal position was tnat of head of the K Division (or 
Reactor Division) at Los Alamos Scientific Laboratory; Charles Wiliams, 
Assistant Vice-President of Liberty Mutual Insurance Company in Boston; 
John Geyer, Professor of Sanitary Engineering at Johns Hopkins University; 
Herbert Kouts, an experimental reactor physicist at the Brookhaven Na
tional Laboratory; William Manly, a metallurgist from Oak Ridge National 
Laboratory who, like me, was a brave new member; Henry Newson, a 
Professor of Physics at Duke University; Kenneth Osborn, Chief Engineer 
for the General Chemical Division of AI lied Chemical Corporation; Donald 
Rogers, Manager of Project Analysis of the Central Reserach Laboratory 
of AI lied Chemical Corporation, and a man very knowledgeable In the de-
sign and behavior of large chemical-mechanical systems; Reuel Stratton, 
a consulting engineer who had formerly been with Travelers Insurance Com
pany; and T. S. (Tommy> Thompson, Director of the Massachusetts Institute 
of Technology nuclear reactor and Professor of Nuclear Engineering at 
the Massachusetts Institute of Technology. Two other ACRS members who 
were not present at the 51st meeting were Franklin Gifford, a meteorolo
gist with the U.S. Weather Bureau In Oak Ridge Tennessee, and Leslie 
Silverman, Professor of Engineering In Environmental Hygiene at the School 
of Public Health, Harvard University. 

Actually the Advisory Committee on Reactor Safeguards had its inception in 
late 1947. In June of that year, the Atomic Energy Commission discussed 
with Its General Advisory Committee the problem of evaluating the safety 
of nuclear reactors. It was concluded that a panel be established to 
advise the Commission on reactor safety matters. This was done by Invit
ing highly qualified individuals with background and appropriate scien
tific discipline to serve on a Reactor Safeguards Committee reporting to 
the AEC General Manager. Beginning In the tal I of 1947, meetings of this 
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Committee were held to consider and advise upon matters referred to it. 
In 1951 the Commission also established an Industrial Committee on Reactor 
Location Problems charged with responslbi lity of advising upon the siting 
of nuclear reactors. The Reactor Safeguards Committee and the Industrial 
Committee on Reactor Location Problems were combined by the AEC In July 
of 1953 and renamed the Advisory Committee on Reactor Safeguards. The 
September 1953 Issue of the trade journal "Nucleonics" describes the 
formation of the new Committee, lists its then members, and quotes a 
statement made to the Joint Committee on Atomic Energy by Edward Teller, 
formerly Chairman of the Reactor Safeguards Committee. 

The statement by Teller represents one of the earliest opinions concern
ing AEC philosophy on reactor safety, and Is quoted below in the excerpt 
from Nucleonics. 

EXCERPT FROM NUCLEONICS SEPTEMBER 1953 

Reactor Advisory Committees Reoroanized 

Two advisory committees to the Atomic Energy Commission--the 
reactor safeguard committee and the industrial committee on 
reactor location problems--have been combined to form a new 
group known as the advisory committee on reactor safequards. 

The new committee will have the followin~ functions: 

1. Reviewing hazards summary reports prepared by organizations 
planning to build or operate reactor facilities, includin~ 

criticality experiments. 

2. Advising the AEC re9arding the consistency of proposed 
reactor locations with accepted industrial safety standards, 
taking into account the proposed exclusion areas for reactors 
and the proximity of surrounding population and prooerty. 

Members are as follows: C. Rogers McCullough, Monsanto Chemical 
Co., chairman; ~~nson Benedict, Massachusetts Institute of 
Technology, Willard P. Conner, Jr., Hercules Power Co.; R. L. 
Doan, Phillips Petroleum Co.; Hymer Friedell, Western Reserve 
University; I. B. Johns, Monsanto Chemical Co.; Mark M. ~tills, 

North American Aviation, Inc.; K. R. Osborn, Allied Chemical 
and Dye Corp.; D. A. Rogers, Allied Chemical and Dye Corp.; 
Reuel C. Stratton, Travelers Insurance Co.; Edward Teller, 
University of California; Abel Wolman, Johns Hopkins University; 
Harry Wexler, U.S. Weather Bureau, Department of Commerce; and 
C. R. Russell, secretary, AEC. 
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Very little has been said publicly on AEC philosophy regardlng 
reactor safequards. Therefore, the following statement, 
made to the Joint Committee on Atomic Energy by Edward Teller, 
formerl~ chairman, reactor safeguard committee, is of parti
cular interest: 

"Up to the present time we have been extremely fortunate 
in that accidents in nuclear reactors have not caused anv 
fatalities. With expanding applications of nuclear reaciions 
and nuclear power, it cannot be expected that this unbroken 
record will be maintained. It must be realized that this aood 
record was achieved to a considerable extent because of safety 
measures which have necessarily retarded development. 

"The main factors which influence reactor safety are, in 
my opinion, reasonably well understood. There have been in 
the past years a few minor incidents, all of which have been 
caused by neglect of clearly formulated safety rules. Such 
occasional accidents can not be avoided. It is rather remark
able that they have occurred in such a small number of instances. 
I want to emphasize in particular that the operation of nuclear 
reactors is not mysterious and that the irregularities are no 
more unexpected than accidents which happen on account of 
disregard of traffic regulations. 

"In the popular opinion, the main danger of a nuclear pile 
is due to the possibility that it may explode. It should be 
pointed out, however, that such an explosion, although possible, 
is likely to be harmful only in the immediate surroundings 
and will probably be limited in its destructive effects to 
the operators. A much greater public hazard is due to the 
fact that nuclear plants contain radioactive poisons. In a 
nuclear accident, these poisons may be liberated into the 
atmosphere or into the water supply. In fact, the radioactive 
poisons produced i'n a powerful nuclear reactor will retain a 
dangerous concentration even after they have been carried down
wind to a distance of ten miles. Some danger might possibly 
persist to distances as great as 100 miles. · 

"It would seem appropriate that Federal regulations should 
apply to a hazard which is not confined by state boundaries. 
The various committees dealing with reactor safety have come 
to the conclusion that none of the powerful reactors built or 
suggested up to the present time are absolutely safe. Though 
the possibility of an accident seems small, a release of 
the active products in a city or densely populated area would 
lead to disastrous results. 

"It has been therefore the practice of these committees 
to recommend the observance of exclusion distances, that is, 
to exclude the public from areas around reactors, the si~e of 
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the area varying in appropriate manner with the amount of 
radioactive poison that the reactor might release. Rigid 
enforcement of such exclusion distances miaht hamper future 
development of reactors to an unreasonable .. extent. In parti
cular, the danger that a reactor might malfunction and release 
its radioactive poison differs for different kinds of reactors. 

"It is my opinion that reactors of sufficiently safe 
types might be developed in the near future. Aoart from the 
basic construction of the reactor, underaround iocation or 
particularly thoughtfully constructed safety devices miaht 
be considered. ·· 

"It is clear that no legislation will be able to stop 
future accidents and avoid completely occasional loss of life. 
It is my opinion that the unavoidable danger which will remain 
after all reasonable controls have been employed must not stand 
in the way of rapid development of nuclear power. It also 
would seem that proper legislation at the present time mioht 
make provisions for safe construction and safe operation of 
nuclear reactors. 

"It would seem reasonable to extend the AEC procedures on 
reviewing planned reactors and supervising functioning reactors 
to nuclear plants under the control of private enterprise •. To 
what extent these functions should be advisory or regulatory 
is a difficult question. I feel that ultimate responsibility 
for safe operation will have to be placed on the shoulders 
of the men and the organizations most closely connected with 
the construction and the operation of the reactor. 11 

l 

With the passage of the 1954 Atomic Energy Act, It became possible for pri
vate companies to build and operate nuclear reactor facilities under license. 
At the same time this act assigned to the Commission the responstbl lity 
through licensing procedures of protecting the health and safety of the pub
lic. Applications for license as wei I as projects of the Commlsslon°s power 
and military propuls-ion development programs were referred to the A~S for 
advice. In 1955 the Commission established within its own organization a 
full time staff for the evaluation of reactor hazards. The workload of the 
Commission, Its staff and the A~S continued to increase. 
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In July of 1956, the Joint Committee on Atomic Energy requested that the 
Atomic Energy Commission make a study of the possible effects of an un
controlled reactor accident. This resulted In the publication in March 
1957 of a study entitled "Theoretical Posslbi lities and Consequences of 
Major Accidents In Large Nuclear Power Plants" <WASH 740>. This report, 
together with the demands by industry for Indemnity, the Intervention 
by the United Auto Workers in the Power Reactor Development case (that 
is, the Fermi reactor), and the hearings held by the Joint Committee on 
Atomic Energy, formed the basis for legislative action on September 2, 
1957. By this amendment to the Atomic Energy Act, the Advisory Commit-
tee on Reactor Safeguards was established as a statutory Advisory Commit
tee to the Atomic Energy Commission to review safety studies and fact lity 
license applications referred to it, and make reports thereon; advise the 
Commission with regard to the hazards of proposed or existing reactor fa
ct lities, and the adequacy of proposed reactor standards; and to perform 
other such duties as the Commission might request. Members are appointed 
by the Commission for a term of four years each. One member is designated 
by the Committee Itself as its chairman. The law allows a maximum of 15 
members. The members are appointed from private life, and since they are 
not dependent upon the AEC for their livelihood, are free of economic pres
sure from AEC. The reports on licensed facilities made by the Committee 
to the Commission are required by law to be made a part of the record 
of the application and aval lable to the public. This last aspect of the 
law undoubtedly relates to the previous history of the construction permit 
review for the Fermi reactor, during which the non-statutory ACRS prepared 
a report which had several strong reservations concerning safety matters 
stl II to be resolved for the Fermi reactor. The Atomic Energy Commission 
Issued a construction permit for the Fermi reactor without making public 
the ACRS report. Copies of the AORS report became available to the Joint 
Committee on Atomic En~rgy and others some weeks later, however, and 
created considerable controversy. 

The manner In which the ACRS functions is of some interest. Although 
changes have occurred through the years, much has remained the same, and 
during much of the 1960's the following procedures were followed: Safety 
Analysts Reports and other documents prepared by the Applicant, describing 
in varying detal I the design of the reactor to be reviewed, are furnished 
to alI members of the ACRS wei I in advance of the Committee meeting at 
which the project wil I be considered. There Is an opportunity for indivi
dual study. A summary and evaluation of the project and its salient 
safety aspects is prepared by the permanent technical staff within the 
Atomic Energy Commission. This too Is furnished to the members of the 
Committee In advance of the meeting. The Committee may hold one or more 
subcommittee meetings prior to the meeting of the ful I Committee. At 
the subcommittee meetings ana the ful I Committee meetings, the reactor 
designed and/or reactor operator appears before the assembled Committee, 
and the designer describes his reactor, In particular Its safety features. 
There is a free technical exchange between the ACRS members and the 
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representatives of the Applicant. The Conrnlttee would then, in closed 
session, formulate its advice to the Commission. This advice Is provided 
in the form of a Committee report which Is written to the Chairman of the 
Atomic Energy Commission. This report Is signed by the Chairman of the 
Committee but is prepared by the Committee as a whole. The ACRS report 
Is almost always a concensus. An Individual member has the right to is
sue his own separate opinion as part of the report. 

It is Important to note that the statutory ACRS elects its own Chairman, 
establ lshes Its own agenda, gets its own consultants, and decides for 
itself when it Is ready to write a report. And, while the ACRS has ob-
I igations to respond to specific requests for advice from the Commission, 
It can also take up matters falling In Its general province of responst
bi lity on its own initiative. 

That this very considerable Independence of function should exist Is, in 
a sense, remarkable. That such Independence did not occur automatically 
can be ascertained from a review of the efforts from within the AEC to 
limit the freedom and scope of the pre-statutory Reactor Safeguards Com
mittee, to restrict the oeprations of the statutory ACRS in the first 
year of Its existence, and then again to try to restrict It in 1966. 

The agenda at the 51st meeting, November 7-8, 1963, covered various top
ics, Including the following. 

The Committee dlscu5~ed tne proposed dockside operation of the Nuclear 
Ship Savannah at Galveston, Texas and wrote a report to the Commission on 
this matter. The Committee heara a presentation concerning the possible 
operation of one of the "production" reactors at Savannah River for the 
production of a special isotope, Curium 244. This was a preliminary in
formation session on curium production, and the Committee did not try to 
reach any conclusions during this meeting concerning hazards associated 
with the proposed method of operation. The Committee also reviewed with 
members of the Pathfinder plant their planned organization for full power 
operation of that relatively small boiling water reactor. The Conrnittee 
prepared a letter report concerning aspects of the reactor safety re
search program, and a letter concerning aspects of design of shipment 
casKs for Irradiated fuel. In addition, there were discussions of vari
ous topics, Including the proposed Ravenswood reactor at a site in the 
heart of New York City, for which Consolidated Edison had submitted a 
preliminary proposal. And there were discussions concerning various 
other things In progress, such as the Fermi reactor, the LOFT project 
and the Dresden reactor. This alI took place during a meeting which 
I as ted two days. 

As a new member, It was for me a sudden immersion Into a host of topics, 
many of which were completely strange and for which the Committee had 
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little time to provide background. I assumed <rightly) that It was my 
principal responslbl I tty to consider the reactor physics aspects of those 
things being discussed, and to raise any questions In this area that 
seemed to be important. I tried, also, to consider matters relating to 
the kinetic behavior or reactors (during transients). And, since I had 
a background In reactor safety research, I tried to become active quickly 
In that aspect of Committee activities. Similarly, Bi II Manly, a metal
lurgist, was expected to provide Insight into materials-related aspects of 
the topics under review. 

For the large number of topics which were of a continuing nature, which 
mainly represented matters having been reviewed in previous months or even 
some years ago, new members just had to play catch-up as quickly as they 
could, and, depending on the nature of the matter, months or even years 
could be Involved before one had achieved a relatively broad perspective 
on many of the topics. Looking back some 14 years later at tnis, my first 
meeting as a member of the ACRS, I can see that It was a rather brief dis
cussion of the proposed Ravenswood reactor, and some long-since-forgotten 
paragraphs In the ACRS safety research report which were of the most long
term significance. 



CHAPTER 2 
ON REACTOR SITING 

2.1 A BRIEF OVERVIEW 

The complexity and great breadth of the field of nuclear reactor safety 
make it impossible to even attempt to review all of its history. Contri
butions to the evolutionary process have come from many countries and from 
many individuals and institutions within a country. Rather than try to do 
justice to all the participants in this process, we shall try in this semi
historical review, to look at several aspects of reactor safety from the 
particular vantage point of the U.S. Advisory Committee on Reactor Safeguards 
(ACRS). While opinion and work by the Regulatory Staff of the USAEC and 
USNRC will be referred to frequently, the files of the Staff are not generally 
available to the author to provide detailed insight into the pre-decisional 
thinking of that group. References to other groups in the U.S. and in other 
countries will be very limited; such material will be introduced, in general, 
only as it relates in a particularly strong way to ACRS action or opinion. 

Reactor siting has been the subject of several International Atomic Energy 
Agency Conferences (International Atomic Energy Agency, 1962, 1963, 1967, 
1973, 1975} and has been featured in the reactor safety discussions at the 
four United Nations "Atoms for Peace 11 Conferences held in Geneva (United 
Nations, 1956, 1958, 1965, 1972). Many countries have developed their own 
approaches to dealing with the siting of power reactors. However, we shall 
see that, in general, site criteria are far from definitive, tend to be 
comparative or relative, and are built around precedent, once some hi story 
of siting has occurred. 

This examination of reactor siting will deal primarily with demographic 
(population) considerations. We will find it convenient to divide the 
discussion loosely into several time periods: Pre-1961; 1960-1962; 
1962-late 1965; late 1965-1966; 1967-1973; and 1973-present. 

We shall see that in 1950 the first AEC Reactor Safeguards Committee 
produced a very restrictive 11 rule of thumb 11 site criterion which related 
the reactor power to the required "exclusion distance" {or lightly populated 
region surrounding the reactor, under control of the reactor operator). This ) 
site criterion assumed gross release of radioactivity from an uncontained 
reactor, and required a large exclusion radius. However, pressures were 
already building in 1950 to construct reactors at sites which strongly violated 
the "rule of thumb", and the concept of reactor containment emerged quickly. 

In addition to several test and experimental reactors, three light water 
power reactors (LWR) of substantial size, all with containment, were approved 
for construction in the mid 1950 1 s, including the one at the Indian Point 
New York site, which remains to this day the most populated site used 1n the 
U. S. for an LWR. In the late fifties several other smaller reactors, all 
with containment, were approved. However, during the same period, a few 
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small power reactors (-60 MWt) were proposed for sites within or at the 
very edge of small or medium size cities; these were rejected or forced 
to move to somewhat less populated sites, which were grudgingly accepted 
by the ACRS. 

The review of these reactors was on a case-by-case basis, a judgment 
being reached concerning acceptability of each specific reactor-site combin
ation. No AEC Reactor Site Criteria were published; and, from a review of 
the ACRS minutes and other documents, there does not appear to have been 
any single guiding philosophy. 

The Atomic Energy Commissioners themselves seem not to have exercised 
strong direction on the development of siting criteria in the period prior 
to 1960. They may, however, have exercised strong or decisive influence on 
the favorable decisions for construction of Shippingport, Dresden, and 
Indian Point. (The detailed history of these early, precedent-setting 
reactor reviews is not available to the author). In the late 1950's, the 
Commissioners appeared particularly interested in the development of written 
criteria, as specific as possible, to help avert a recurrence of awkward 
situations wherein considerable work was first expended on reactor proposals 
involving sites which were then evaluated unfavorably by the ACRS and/or 
the AEC Regulatory Staff. 

The first rather detailed expression of ACRS philosophy on power reactor 
siting came in its reports to the AEC on this subject in October and 
December of 1960. Independently, though in close association,- the AEC 
Regulatory Staff (then called the Hazards Evaluation Branch) under the 
leadership of Dr. Clifford A. Beck, was developing site criteria. And in 
1961, the AEC published for comment in the Federal Register proposed site 
criteria which included the concep~s of an exclusion area, a low-population 
(or evacuation} zone, and a population center distance, and wherein, for 
purposes of site evaluation, an accident was postulated in which the noble 
gases and half the radioiodine were released to a containment assumed to 
maintain its integrity, and guideline doses of 25 rem whole body and 300 rem 
to the thyroid were not to be exceeded under specified conditions. This 
postulated accident, whose consequences were not to be exceeded by any 
credible accident (and which was called the maximum credible accident or MCA), 
became the focus of siting evaluation. 

We shall see that the 10 CFR Part 100 Reactor Site Criteria, which were 
adopted by the AEC in 1962, led to a soemwhat stylized reactor safety review 
until 1966, during which primary emphasis was placed on containment design 
and engineered safety features which could enable the increasingly higher 
power reactors to meet the guideline doses. Reactors were receiving con
struction permits based on rather general safety criteria and sketchy design 
information. And most safety improvements which developed were related to the 
MCA. 
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We shall also see that the Part 100 Site Criteria of 1962 (which are 
reproduced at the end of this introductory section) were developed in a 
manner such that they lost the basic impact of two major philosophic 
recommendations made by the ACRS in its October, 1960 report, namely the 
integrated man-rem dose concept and, more specifically, the recommendation 
that there be no catastrophic effects to a population center from an 
uncontained accident much worse than the MCA. And we shall find the 
Regulatory Staff and the ACRS approving new reactors without direct consid
eration of these concepts during the period 1960-1965. 

Beginning in late 1965, the ACRS began to give increased emphasis to 
events that might lead to consequences far worse than the stylized MCA. And 
in 1966, there occurred a revolution in LWR reactor licensing which for the 
next twelve years was to lead primarily to greatly increased measures to 
reduce the probability of serious accidents, and to greatly increased 
attention to safety features needed to prevent core meltdown in the event 
of transients or accidents. 

The AEC, in general, opposed the metropolitan or the near-metropolitan 
siting of power reactors, even if Part 100 could be met; however, for those 
reactors it approved, the Regulatory Staff stayed rather stringently within 
the prescriptions of Part 100 and its MCA (later designated the Design Basis 
Accident), and declined to publicly discuss or examine safety aspects related 
to accidents which went beyond the MCA (e.g. in which containment integrity 

. was lost). This trend of not examining Class 9 accidents (accidents exceeding· 
Part 100 guidelines), and not evaluating measures which might ameliorate their 
impact, remained with the Regulatory Staff essentially until 1976, when limited 
formal consideration of such accidents wa~ first introduced under ACRS pressure 
into the review of the Floating Nuclear Power plant. 

The regulatory stance of the Atomic Energy Commissioners themselves during 
the period 1960-1974 seems to have depended on the role they were playing. 
When the highly populated Bolsa Island reactor was under active consideration 
in the mid 1960 1 s, the Commissioners resisted the development of detailed 
siting criteria which might pose a hurdle to this project. Similarly, when 
in 1966 the ACRS was about to formally recommend the development and imple
mentation of measures to deal with questions related to large scale core melt, 
the Commissioners proposed a Task Force to 11 Study 11 the matter, thereby delaying 
(indefinitely) such a recommendation. 

On the other hand, when required to accept a judicial role, such as that in 
connection with review of the Malibu hearing, the Commissioners supported the 
more conservative position of the Atomic Safety and Licensing Board over that 
of the Regulatory Staff. In their Malibu decision, the Commissioners, in a 
sense, provided the first quantitative guideline on acceptable risk, namely, 
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they stated that the fact that the fault in question at Malibu had not 
moved in 14,000 years did not provide adequate assurance that the plant 
need not be designed for surface displacement. 

It must be emphasized that there is little firm basis for judging that 
any approach or position adopted by individuals or groups during this 
era was "right" or "wrong". Up to the present, at least, the regulation of 
nuclear power reactors has led to much less adverse effect on the public 
health and safety than essentially any other equivalent technology. It has 
been argued by some that there has been more protection (and expense) than 
appropriate. 

From 1966 on, while there has been no significant change in the Reactor 
Siting Criteria, and while they are pursued rather legalistically by the 
Regulatory Staff (and therefore by applicants), there have been major 
changes in reactor design criteria and in the depth of safety review aimed 
at reducing the probability of an accident exceeding the guidelines of 
Part 100. However, the unwillingness to "look" at Class 9 accidents by 
either the nuclear industry or the Regulatory Staff may have led to less 
than an optimum approach with regard to overall reduction in public risk 
for the same effort and cost. This matter is now getting active attention, 
as is the matter of site criteria. It remains to be seen whether the 
approaches used in the decade 1966-76 represented a near optimum in efficacy. 
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PART 100-REACTOR SITE CRITERIA 

Pursuant to the Administrative Pro
cedures Act and the Atomic Energy Act 
of 1954, as amended. the following guide 
is published as a document subject to 
coditlcation. to be effective 30 days after 
publication in the FnllW. REarsna. 

Statement of comidel'atiom. On 
February 11, 1961, the Atomic Energy 
Commission published in the Fn:n.u. 
REGISTEtt a notiCe of proposed rule mak
ing that set forth general criteria in the 
form of guides and factors to be consid
ered in the evaluation of proposed sites 
for power and testing reactors. The 
Commission has received many com
ments from individuals and organiza
tions, inclucU.ng several from foreign 
countries, reftectmg the widespread sen
sitivity e.nd importance of the subject of 
site selection for reactors. Formal com
munications have been receiVed on the 
published guides, including a propa~;ed 
comprehensive revision of the guidu 
into an alternate form. 

In these communications, there was 
almost unanimous support of the Com
mission's proposal to issue guidance in 
some form on site selections, and ac
ceptance of the basic factors L."lcluded in 
the proposed guides, particularly 11::!. the 
proposal to issue exposure dose values 
which could be used for reference in the 
evaluation of reactor sites with respect 
to potential n!actor accidents of exceed
ingly low probability of occurrence. 

On the other hand, many features of 
the proposed guides were singled out for 
criticism by a. large proportion of the 
correspondents. This was particularly 
the case for the appendi.<t section of the 
proposed guides. in which was included 
an example calculation of envt.ronmental 
distance characteristics for a hypothet
ical reactor. In thJs appendix, speciflc 
numerical values were emploYed in the 
calculations. The choice of these 
numerical values, in some cases involv
ing slmplifyinc assumptions of highly 
complex phenomena, represent types of 
considerations presently applied in site 
calculations and result in environmental 
distance parameters in general accord 
with present sit:ing practice. Nevertbe· 
les. these particular numerical values 
and the use of a single example calcula
tion were widely objected to, basically 
on the grounds that they presented an 
aspect of inftexibillty to the guides 
which otherwise appeered to possess 
considerable :ftaibWty and tended to 
emphasize undul7 the concept or envi
ronmental isolation for reactors with 
minimum posslbWty being extended for 
eventual substitution thereof of engi
neered safeguard. 

In consequence of these many com
ments, critiel.sms and recommendations. 
the proposecli'Uides have been rewritten, 
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with incorporation of a number of SUI'
gestions for clarification and simpl!flea
tion, and elimination of the numerical 
values and example calculation formerly 
constituting the appendix to the guides. 
In lieu of the appendix, some guidance 
has been incorporated in the text itself 
to indicate the considerations that led 
to establishing the exposure values set 
forth. However, in recornttion of the 
advantage of example calcula.tions in 
proViding preliminary guidance to ap
plication of the principles set forth, the 
AEC will publish separately in the form 
of a technical information document a 
discu.ssion of these calculations. 

These guides and the technical infor
mation document are intended to reflect 
past practice and current policy of the 
Commission of keeping stationary power 
and test reactors away from densely 
populated centers. It should be equally 
understood, however, that applicants are 
free and indeed encouraged to demon
strate to the COUl.IXlission the applica
bility and sign1flcance of considerations 
other than those set forth in the guides. 

One basic objective of the criteria is to 
assure that the cumulative exposure dose 
to large numbers of people as a conse
quence of any nuclear accident should be 
low in comparison with what might be 
considered reasonable for total popula
tion dose. Further, since accidents of 
greater potential hazard than those 
commonly postulated as representing an 
upper limit are conceivable, although 
highly improbable, it was considered 
desirable to provide for protection 
against excessive exposure doses to peo
ple in large centers, where effective pro
tective measures might not be feasible. 
Neither of these objectives were readily 
achievable by a single criterion. Hence, 
the population center distance was 
added as a slte requirement when it was 
found for several projects evaluated that 
the specH!cation of such a distance re
quirement would approximately fulfill 
the desired objectives and refiect a more 
accurate guide to current siting prac
tices. In an effort to develop more 
specl.ftc guidance on the total man-dose 
concept, the Commission intends to give 
further study to the subject. Mean
while, in some cases where very large 
cities are involved, the population center 
distance m.a.y have to be greater than 
those suggested by these guides. 

A number of comments received 
pointed out that AEC siting factors 
included considerations of population 
distributions a.>d land use surrounding 
proposed sites but did not indicate how 
future population growth might atrect 
sites initially approved. To the extent 
possible, AEC review of the land use 
surrounding a proposed site includes 

considerations of potential residential 
growth. The guides tend toward reqUir
ing sumcient isolation to preclude any 
immediate problem. In the meantime, 
operating experience that will be a.c
qu.ii-ed from plants already licensed to 
operate should provide a more defi.nttive 
basis for weighlnl the effectiveness of 
engineered safeguards versus plant iso
lation as a public satesuard. 

These criteria are based upon a 
weighing of factors characteristic of 
conditions in the United States and may 
not represent the moat appropriate pro
cedure nor optimum emphasis on the 
various Interdependent factors i."lvolved 
in selection of sites for reactors in other 
countries where national needs, re
sources, policies and other factors may 
be greatly different. 
Sec. 
100.1 PUrpose. 
100.2 Scope. 
100.3 Detmittona. 

Srn: E'VAI.VA'l'.tOW PACTO!lS 

100.10 Pactors to be coatdered. when evalu
ating sites. 

100.11 Detenn1na.t1on ot e:tel•Jaton area, tow 
population zone, and population 
center dLstance. 

AvraOltlTT: iJ 100.1 to 100.11 1ssuecl under 
see. 103, 68 Sta.t. 936, sec. 104, 68 Stat. 937, 
sec. Hll, 68 St-~t. 948, see. 182. 68 Stat. 953: 
42 u.s.c. 21ss. 2134, 2201. 2232 

So'll'lla:: §§ 100.1 to 100.11 appear a.t 2'7 
P.R. 3509, Apr. 12, 19ft. 

§ 100.1 Purpose. <a) It is the pur
pose of this part to describe criteria 
which guide the Commission in its 
evaluation of the suitability of proposed 
sites for stationary power and testing 
reactors subject to Part 50 of this 
chapter. 

Cb) Insuf!icient experience has been 
accumulated to permit the writing of de
tal!ed standards that would provide a 
quantitative correlation of all factors 
signitlcant to the question of accepta
bility of reactor sites. This part is in
tended as an interim guide to identify 
a number of factors considered by the 
Commission in the evaluation of reactor 
sites and the general criteria used at 
this time as guides in approving or dis
approVing proposed sites. Any appli
cant who believes th.at :factors other than 
those set forth in the guide should be 
considered by the Commission will be 
expected to demonstrate the applica
bility and signi!l.cance of such factors. 

§ 100.2 Scope. Cal This part applies 
t.o applications filed under Part 50 and 
115 of tr.is chapter for stationary power 
and testing reactors. 

<b> The site crtteria contained in this 
part apply primarily to reactors ~f a 

• 100.2 lOD-1 
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general type and desian on which ex
perience has been developed, but can also 
be applied to other reactor types. In 

·particular, for re~rs that are novel 
in design and unproven as prototypes 
or pilot plants, it is expected that these 
basic criteria will be applied in a man~ 
ner that takes into account the lack 
or experience. In the application of 
these criteria which are deliberately fiex
ible, the safeguard.s provided-either 
site isolation or eD.Iineered features
should refiect the lack of certainty that 

· only experience can provide. 
110Q.3 Detl'l&itfoftl. As used in this 

part: 
<a> ''Exclusion area" Zl1eiJl5 that area 

surroundinl' the reactor, in which the 
reactor licensee has the authority to de
termine all activities including exclusion 
or removal of personnel and property 
from the area. This area may be trav
ersed by a highway, railroad. or water
way, provided these are not so close to 
the facWty as to interfere With normal 
aperations of the facility and provided 
appropriate and effective arrangements 
are made to control tramc on the hi.ch
wa:v. raUroad. or waterway, in case of 
emergency, to protect the public health 
and safety. Residence within the ex· 
elusion area shall normally be pro. 
hiblted. In any event. residents shall be 
subject to ready removal in case of ne
cessity. Activities unrelated to operation 
of the reactor may be permitted in an 
exclusion area under appropria.te llmita.
ttons, provided tha.t no slgn1ftcant haz
ards to the public health and safety will 
result. 

Cb> "Low population zone" means the 
area immediately surrounding the ex
clusion area which contains residents, 
the total number and density of which 
are such that there is a. reasonable prob
ability that appropriate protective 
measures could be taken in their behalf 
in the t vent of a serious aooldent. These 
ruides do not spectfy a permissible POP· 
ulation density or total population with
in this zone because the situation may 
vary from case to ease. Whether a spe
cific number of people can, for example, 
be evacuated from a specific area, or 
instructed to take shelter, on a timely 
basis wm depend on D1&1'lJ' factors such 
as location, number and size of high
ways, scope and extent of advance plan
ning. and actual distribution of residents 
within the area. 

<c> "Population center distance" 
means the distance from the reactor to· 
the nearest boundary of a densely popu
lated center conta.l.ninW more than about 
25,000 residents. 

<d> "Power reactor" mean.s a nuclear 
reactor of a type described in §50.21(b) 
or 50.22 of this chapter desill\ed to pro
duce electrical or heat en8I'117. 

<el "Testing reactor" means a "test
ing facility" as defined in I 50.2 of this 
chapter. 

Srn: EvAI.VAT.t01'f PAC'l'OIIS 

I 100.10 Fildors to lu: Considered 
•- O"'t'CC.luattftg sites. Factors cou
--..s In th~ rraluaUon ot stta Include 

. 1-....:z • 100.3 

those relating both to the proposed re
actor design and the character1stlcs 
peculiar to the site. Ii is expected. 
that reactors will reflec:t through their 
desl::n, construction and operation an 
extremely low probability for accidents 
that could result in release of alg
nlficant quantities of radioactive ftsslon 
products. In addition, the site location 
and the engineered features included as 
safeiUards against the hazardous conse
quences of an accident, should one occur, 
should insure a. low risk of public ex
posure. In. particular, the Commission 
will take the followtng factors into con
sideration in determining the accepta
bllity of a site for a power or testing 
reactor: 

<a> Characteristics of reactor design 
and proposed operation including: 

U> Intended use of the reactor includ
ing the proposed maximum power level 
and the nature and inventory of con
tained radioactive materla.Ls; 

<2> The extent to which generally 
accepted engineerm.,r standards are a.p
pUed to the design of the reactor: 

<3> The extent to which the reactor 
incorporates unique or unusual features 
having' a sign.U'lcant bearing on the 
probability or consequences of accidental 
release of radioactive materials; 

<4> The safety features that are to be 
et111neered into the facWty and those 
barriers that must be breached as a re
sult of an accident before a release of 
radioactive materlal to the environment 
can occur. 

<b> Popula.tion density and use char
acterlstics of the site environs, including 
the exclusion area, low population zone, 
and papulation center distance. 

(cl Physical characteristics of the 
site, including seismology, meteorology, 
geology and hydrology. 

<1> The design for the facility should 
conform to accepted building codes or 
standards for areas having equivalent 
earthquake histories. No facUlty should 
be located closer than one-fourth mile 
from the surface location of a known 
active earthquake fault. 

<2> Meteorological conditions at the 
site and in the surrounding area should 
be considered. 

<3> Geological and hydrological char
acteristics of the proposed site may have 
a bearing on the consequences of an 
escape of radioactive material from the 
facUlty. Special precautions should be 
planned if a reactor is to be located at 
a site where a. sii!lificant quantity of 
radioactive eftluent might accidentally 
:How into nearby streams or rivm or 
mtght find ready access to underground 
water tables. 

<d> Where unfavorable physical char
acteristics of the slte exist, the proposed 
site may nevertheless be found to be 
acceptable if the design of the facility 
includes appropriate and adequate com
pensating engtne&rtng safeguard.s. 

1100.11 Determinatio'll. ot ucl'Uiion 
arec, low POl'UZctim& 2one, end. popula
tion. center d.irta.nce. <a> As an aid in 
evaluating a proJ)Olled site, an applica:nt 

should assume a fission produce release 1 

from the core, the expected demonstra
ble leak rate from the containment and 
the meteorological conditions pertinent 
to his site to derive an exclusion area, a 
low population zone and population cen
ter distance. For the purpose of thJs 
analysis, which shall set forth the basis 
for the numerical values used, the appU
cant should determine the following: 

< 1 > An exclusion area Of such size that 
an individual located at any point on lts 
boundary for two hours Jm:m.edlately 
following onset of the postulated fission 
product release would not receive a total 
radiation dose to the whole bod:v in ex
cess of 25 rem 2 or a total radla.tlon dose 
in excess of 300 rem 2 to the thnoid from 
iodine exposure. 

<2 > A low population zone Of such size 
that an individual located at an:v point 
on its outer boundary who is exposed to 
the radioactive cloud result1J:la from. the 
postulated fission product release <dur
ing the entire period Of its passage) 
would not receive a total radiation dose 
to the whole body in excesa of Z& rem or 
a total radiation dose in excess of 300 
rem to the thyroid from iodine exposure. 

(3) A population center dJataD.ce of at 
least one and one-third timeS the dis
tance from the reactor to the outer 
boundary of the low population zontJ. 
In applying this guide, due consideration 
should be given to the populalion dis
tribution withln the population center. 
Where very large cities are Involved, a 
greater distance may be necessary be
cause of total integrated population dose 
consideration. 

(b) Fer sites for multiple reactor fa
cilities consideration should be given to 
the following: 

<1> If the reactors are independent to 
the extent that an accident in one reac
tor would not initiate an accident in an
other, the size of the exclusion area, low 
population zone and population center 
distance shall be fulfilled with respect 

1 The &sion product releue ai8UI:Il8d for 
these ca.lcUlattona shoUld. be baled upon a 
major acclcle:J.t, hypothesizecl far pu:rpot1e11 of 
site analysis or postUlated. trcm conslclera· 
tiona o! poulble accidental event&. that 
woUld. result in potential ha.z:a:rds not ex
ceeded. by those from any accident considered. 
c:redible. Such accldent:s have pnera.lly 
been assumed to result in IUbtltanttal melt· 
down of the core with subsequent rele&M of 
appreciable quantities of 1lsllon product:s. 

• Tbe whole body close of 25 rem reterre'll 
to above corresponcls numerically to the once 
in a. llfetl.me acclclenta.l or emergency dose 
tor racuation workers whlch, acc:ord.U:lg to 
NCRP recom.mendattoDS :may be dlsreprclecl 
in the determination of tl:lelr ra41.a.tton ex
posure status (see NBS Band.book at elated 
June 5, 1959). However, neither ttll use nor 
that of the 300 rem value for thyrolcl ex
posure aa set forth in these lite crtterta. 
guides are intended. to Imply that thtH 
numbers constitute acceptable 111:D1ta for 
emergency closes to the public under acclclent 
concUt!ons. Rather, this 25 rem. whole body 
value and the 300 rem thyroid 't'&lue 'lave 
been set forth in these gu.lda as reference 
values, which can be used in t12e en.luatlon 
of reactor sites wlth respect to potentlal 
reactor accidents of exceedingly loW' prob&-
blllty of occurrence, and. low r1111: of public 
ezpoaure to racllat!on . 

Jvne 1, 1962 



to each reactor individually. The en
velopes of the plan overlay of the areas 
so calculated shall then be taken as their 
respective bounda.ries. 

<2> If the reactors are interconnected 
to the extent that an accident in one 
reactor could aJfect the sa.fety of opera
tion of any other, the size of the exclu
sion area, low population zone and popu
lation center distance shall be based 
upon the assumption that all intercon
nected reactors emit their postulated 
fission product releases simultaneously. 
This requirement may be reduced in 
relation to the degree of coupling be
tween reactors, the probability of con-
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comitant accidents and the probability 
that an inclividual would not be exposed 
to the radiation effects from simultane
ous releases. The applicant would be 
expected to justify to the satisfaction of 
the AEC the basts for such a reduction 
in the source term. 

(3) The applicant is expected to show 
that the simultaneous operation of 
multiple reactors at a site will not result 
in total radioactive efftuent releases be
yond the allowable limits of applicable 
regulations. 

NOTE: Por further gulct.ance 1n de>elop
ing the exclusion area. the low population 
zone, and. the population center distance. 

re!erence 1a I:X1ade to Teebl:ltcal In!ormatton 
Document 14844, d.a.ted. Man:h 23, 1962, wbieb 
contains a procedural method. and. a sample 
cl!.!.cula.tlon that result 1n ct.t.stanees roughly 
redecttng current attt.ng practtcn ot the 
Commission. The calcUlations described. 1n 
Technical In!orma.tlon Document. 14844 may 
be used as a point ot departure for consl¢· 
erat1on of particular a1te requirements wblch 
may result :from evaluation ot the cbarac
tertsttcs o! a particUlar reactor, its purpose 
and. method of operation. 

Coplea of Tecbnicall':atormation Document 
14844 may be obtained. from the Commia
slon's PubUc DocUment Boom. 171'1 R Street 
mv.. Washington. D.c.. or by writing the 
Dil'ector. Division ot Llcenslng an<l Regula
tion, tr.S. Atomic ErletBY Commlss1on, Wo.sl:l.
ington 25, D.C. 

§ 100.11 100..3 



2-8 

2.2 REACTOR SITE CRITERIA- PRE-1961 

In 1950 the USAEC Reactor Safeguards Committee issued the report WASH-3 
{USAEC, 1950) containing the first publicly documented site guidance, in 
which it recommended an exclusion radius, R (miles) which depended on the 
reactor power, P(kw), according to the relationship 

R = 0.01 r; 
•'\J 

Assuming gross uncontrolled release from an uncontai ned accident, and a 1-
lowing in a rough way for meteorological conditions and the time require
ments for evacuation, the Reactor Safeguards Committee estimated that 
beyond this minium distance, the radiation exposure should be 300 roentgen 
or less, or that evacuation should be practical. For a 30 MWt plant, this 
so-called "rule of thumb" led to an exclusion area (with no residents) of 
radius 1. 7 miles. 

For a 3000 MWt plant of the type commonly used today for electric power, 
the exclusion radius would be 17.3 m·iles. 

In the book 11Reactor Safeguards," {C. R. Russell, 1962) who served as 
Secretary of the Reactor Safeguards Committee, reviews the early history 
of reactor siting and discusses qualitatively the reasoning which went 
into formulation of the siting "rule of thurrb 11

• Russell also includes 
as Appendices several sections of WASH-3 which give technical backup for 
the siting formula, as well as an estimate of possible energy release 
from a ~eactor undergoing a large reactivity excursion with a resultant 
large sudden increase in power. 

Russell recounts the very considerable attention given by the Reactor 
Safeguards Committee to reactor features pertaining to the potential 
for disruptive reactivity excursions, which could lead to gross core 
melting or pressure-driven disassembly. Not that the potential for core 
over-heating and melting from inadequate removal of fission product decay 
heat after shutdown of the chain reaction was ignored. But, reactivity 
excursions, and the potential for autocatalytic effects, that is, re
actor features which inherently aggravate a reactivity excursion by 
adding reactivity due to the increase in power, received great emphasis. 
Considering the background of the Co~nittee members, and the character
istics of some of the reactors then reviewed, this emphasis is not 
surprising.* 

*It is of some interest that back in 1950, the document WASH-3 called 
special attention to sabotage as a potentially important source of 
serious reactor accidents. WASH-3 was particularly concerned with 
sabotage by a knowledgeable person having access to the plant. About 
16 years later, during the construction permit review of Turkey Point 

{Continued) 
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The large exclusion distances required by the "rule of thumb" meant that 
rather few sites in the United States could qualify under this criterion 
for uncontained, large nuclear power plants. However, pressures built up 
very rapidly for the use of sites with smaller exclusion radii. Russell 
discusses the evolution of the concept of containment in connection with 
the not very high power, prototype Submarine Intermediate Reactor, event
ually constructed within a large steel sphere near West Milton, New York, 
and the relatively low power Argonne Research Reactor, CP-5, located in a 
suburb of Chicago, Illinois. 

The first "civilian" nuclear power plant was the Shippingport Atomic 
Power Station which was publically announced in October, 1953. This 
plant was desi~ned, built and owned by the government, but operated by a 
uti 1 ity (Duquesne Light Co~tpany) under the stringent guidance of the Di vi
sion of Naval Reactors of the AEC. The Pressurized Water Reactor {PWR) 
clearly would not have met the 1950 "rule of thumb" at the Shippingport, 
Pennsylvania site which was about 420 acres in area and about 20 miles from 
Pittsburgh in a region having more population than had been characteristic 
of the remote sites employed for production and engineering test reactors; 
and a containment was provided around the reactor. 

The proposal by Duquesne Electric Company to operate such a reactor on its 
grid had come in response to an invitation to utilities by the AEC in 1953 
for proposals to construct a PWR. 

The economic acceptability of the "rule of thumb" for power reactors had 
already been questioned because of the high cost of land for such large 
exclusion areas, and because of the desire or need of utilities to have 
their power plants near load centers. The decision leading to the selection 
of the Duquesne Light proposal appears to have been based in part on the 
interest in maintaining a technological program with a potential for 
application to future Naval Reactor projects and in part from the need to 
find a willing and able utility. It is not clear how matters such as 
surrounding population density entered into the decision making process on 
Shippingport. 

Soon after Shippingport, proposals were made for utility co,npanies 
for several privately owned, large power reactors and the AEC had to 

(Continued) 
3 and 4 in southern Florida, the question of attack on a reactor from 
an unfriendly country was raised by an intervenor, the AEC held that 
the Department of Defense and not the AEC was responsible for defense 
against any such aggression. 

During the 1970's, the matter of sabotage, both by an insider and by 
arned intruders, was given rwch increased emphasis by the ACRS and the 
Regulatory Staff, and a considerable augmenmentation of protective re
quirements was initiated. 
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consider these for construction permits. All were to have contain-
ment vessels, and three of them were in the general vicinity of large 
cities: the Dresden 1 boiling water reactor (BWR), 35 miles south-
west of Chicago, Illinois; the Indian Point 1 PWR, 24 miles north of 
New York City; and the Enrico Fermi fast reactor, 25 miles south of 
Detroit. Dresden 1 at 630 MWt was the largest light water reactor ap
proved prior to 1961. Indian Point 1 at 585 MWt was at the most highly 
populated site approved for a reactor of that size, and ultimately has 
represented a landw~rk case. A letter from Harold Price, Director, AEC 
Division of Reactor Licensing to Vice President J. F. Fairman of Con
solidated Edison dated May 16, 1955, states "at the meeting in New York 
on May 2, 1955, ••• it was agreed among the technical people present 
that there had not been assembled sufficient information on which to base 
an evaluation of the actual and potential hazard of operating a reactor 
of the type contemplated at the site you have chosen. Thus, while we have 
no reason to believe that such a reactor could not be operated safely at 
the chosen site, neither do we have sufficient information to allow us to 
state with reasonable assurance that it can be". 

Actually no formal design criteria or siting criteria and rather little 
preliminary design information were available in 1956 when the ACRS re
viewed the construction request. The applicant did submit five hazard re
ports dealing with the reactor site and with various design aspects in a 
conceptual fashion. The ACRS records note that there are about 16 one
family residences within a half-mile radius and about 45,000 inhabitants 
within a five-mile radius. There is no indication in the records of anY 
emphasis on demographic considerations in the review of Indian Point, nor 
is there a~ indication of what criteria were used in reaching a judgment 
on the acceptability of this reactor which represented a very major step 
in the commercialization of nuclear power, and in which the promotional 
side of the AEC had great interest. 

The ACRS report of January 6, 1956 on this project is on the following page. 
The minutes of the ACRS Subcommittee meetings held in August 29, 1955 and 
December 1~ 1955 provide no information on the basis by which the ACRS 
judged this reactor-site combination to be acceptable. Nor is a~ insight 
on this particular question to be obtained from a paper co-authored by 
three ACRS members for the 1955 U.N. "Atoms for Peace" Conference (Geneva, 
1955), although the paper does provide insight into what were then perceived 
to be the principal problems in reactor safety. 

On February 15, 1956, while construction of the Shippingport reactor was 
being completed, and shortly after ACRS review of Indian Point, u.s. 
Senator Bourke Hickenlooper wrote to the ACRS asking questions concerning 
the siting of power reactors in populated areas. His letter is reproduced 
below, together with the response, which was made not by ACRS Chairman 
McCullough but by Dr. Willard F. Libby, Acting Chairman of the Atomic 
Energy Commission. 
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ADVISORY COMMITTEE ON REACTOR SAFEGUARDS 
UNITED STATES ATOMIC ENERGY COMMISSION 

WASHINGTON, D.C. lOS.CS 

January 6, 1956 

Mr. K. E. Fields 
General Manager 
U. s. Atomic Energy Commission 
Washington, D. c. 

Dear Mr. Fields: 

SUBJECT: ConsoliJated Edison Company 

At the Sixteenth Meeting of the Advisory Committee on Reactor Safeguards 
the Consolidated Edison Company presented a review of their Nuclear 
Power Project. At this time they have calculated many of the nuclear 
characteristics and have outlined the design of the whole plant. A 
great deal of the exp~rimental work remains to be ~one to verify the 
calculations and conduct tests of the essential features of the re
actor. The Committee believes the approach is sound and sees no haz-. 
ard problems which appear to be insoluble. From the hazard point of 
view, the Committee sees no reason to withhold a construction permit 
as long as it is thoroughly understood that the fir.al design and Haz
ards Summary Report muse be reviewed before the reactor goes into 
operation. 

The Committee is favorably impressed with the competence of the staff 
and the programs being made on chis reactor and the program which is 
being set up to solve the many problems connected with a reactor of 
this new design and type using thorium. 

cc: H. L. Price, CA 
C. A. Nelson, Inspection 

Sincerely yours, 

.• 

C. Rogers McCullough 
Chairman 
Advisory Committee on 

Reactor Safeguards 

£0l.! 
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co::o~ss oF T~ UNil'!D S'!'J.'r.:.S 
JOI!l'l' CO:~Ur:::EE ON .\TO:-tlC !:n:?.iiY 

Advisory Coc=tttee on Reactor Satecuar~s 
Atomic Ener;y Co=mias~n 
Vash1c;ton 25, o. c. 

Gentlemen: 

As a me=btr ot the Joint Co=m1ttee on Atom!c Ener;~, 
alao as·a member ct the Senate an~ as a citizen, I am, 
aa4 have been, concerned about the question ot satet1 ot the 
public involved tD the location and operation ot a~om1c 
reactors. I wou~, thererore, like to ask the tollowir.; 
~ues;~ons, Whicn to ~ knowledge have not been answered 
heretotore, and I shall apprec1ate catesoric concise ar.swera • 

1. Will the o~ration ot tht Reactor prtsently ~er 
construction at Shipptn;;ort, PennsylYin!a, create &CJ 
potential daCfers or tbe poss1!:111tr ot danger t:Q tbe c1t1zens 
in that dens•~1 populated area? (This question 1ncl~es 
not onlJ the possibilitJ ot hazards uacer so-called nor:al 
o~ratton, but hazards or !nJur1 Which could co=e trom 
hUman error 1n operat1n; the Reactor or trom aatural 
oa tastrophe, aabotase or ene::ry attack.} 

2. I ask the sace question &bout the ope~ati~c ot 
aizeable co==erc1&1 type react=rs ao rar as tteJ ci;h~ be 
located in an1 other area ot avera1e or concen~~&ted dees1~1 
1D tbe United Sta~u. 

3. Is 1t aa4 will tt be, 1n the li;ht ot all present 
kaowle4ge and teat anticipated tn•tne roresee&ble future, 
.ore desirable, trom the stand;o~nt ot sarttJ to the ~bl1c 
a&a1nst actual =r possible danger or tnJurr, to locate 
such reactors 1n ar.as ot prac~1c&ll7 no 4ens1tJ or 
po;ulatton, r~ch as, tor instance, the Ar:o &r!~, rather ,-
than 1n areas or popul&t1ona ot ncral to concentrated 
denaitJ? 

-·· 
. . _..,.., 
.• ~;: . 79 

. ... : ·.Jt.'!IC· ........ . 

Yours a1ncere1J, 

1•1 Bourke B. B1ckenlooper 

Bourke a. Hickenlooper 

----

. . 
·4J'..:, • 

· .. ·:··· ~.:?·· 
. ....._._ ............. ~. 

.... .-.... 

~·-:r . 
W:f'· 
~.: ... 

~ .... z. . ,.,...,...._ 



.... 
'• .. 

.. 
,. 

0 

2-13 

. 
tniiTED STA'l'!S 

A'1'0f'..IC £;~?.0! COi·::·I:SSIC~J 

WA~l:l!:QT:N, D. C. 

Dear Senator E1clce!\lcoper: 

·March 14, 195~ 

%A your letter ot Peb1"'12rrl5, 1956, to the Ccr:::!u1on's 
Ad.v1soey Co:=.ittee on Reactc:>r Sateguar:::..S, you. asked tor cate• 
cor1c, con:1se answers to three questions d.eal1ns solely w1t.h 
the relat1or~h1P between reactor 1Jol&t1cn and poss1~le ~~rd.l 
to the putl!:. 

Regardless ot location or isolation, there is no such 
thing as L~ absolutely tate nuclear reactor -- Jus~ as there 
is no such thing as an absolutely sate chemical plant cr oil 
ret~ery. There 1S al~ays preser.t, regardless or tha remote~••• 
ot its proba~1l1t7, a t~~1te posa!b1l1t' ot tht occurre~c• ot 
an event, or series ot tv~nts, the result ot wr~ch 11 the re
lease ot Wlli&te quant:.tiu -or racUoactive materi&l to the auzo.. 
rou.~ino area. Shoul~ such a release occur, the n'IZl:ltr ot 
persons receiv!r~ excessive radioactive exposure would, ot 
coune, 'be dire.::tly relar;ed to the ~ens!'Cy ano d1.str1'bu-:ion ot 
population 1n the area surround.in; the reactor. 

It tallows that the answer to each ot the three questions 
:rou. raise 1s "111". Thus, th3re is a re:r.ote possil)!.:!.!tv ot 
ctan;er to c1t1zet".4 1n the vicinity ot the S!Up;:!r.;;::er'C reactor 
or any other siZeable reactor~ an~, 1t !s, there!ore, more . 
desirable tre~ the standpoint ot safety alone to loca~e reae~or1 
1n areas ot low, r&;her than n::lr:&l, population d.e~it7. 

Such answers, stand.ir• b' themselves can, however, )e 
lll.isleacUns an~ ce~uld result 1n lliSl.md.erstandins and m!.aconcep
Uon. Por this reason, I shoulc! like to expand I'II.Y answers to 
includ.e a discuss!on ot some ot the more toportant tactors wbich 
we muat consider ir. d.ete~ins the location ot any civen 
reactor. 

As previously stated, it consider&ticns were ;iven to 
aatet' tactcrs alone, atomic reactors should be located. 1n areas 
ot lowest possible population density, However, the crowth 
and developcent ot an atomic energy industry cannot proceed 
under cond.1t1::~ns ot isolation which are siin1t1cantly d.itterent 
trom those which have been round to be applicable to most other 
industries • 

While 1t 1s true tl-.a.t the pctenti&l d.&r~er to the public 
· trom a nuclear a<:c1:!ent 11 onl:r that ot the release ot rac:!o
active :attr!&ls and not that or an atc~c explosion, still 
the r&Ximum ccn:e1\~ble damage whic~ can be caused by such an 
accident 1s far crta~er than that wh!ch can result tro= no~l 
1n~ustr1al accidents, Therefore, 1t 1s 1ncu.::bent upon the new 
industry and the Government to alee ever/ ettort to recos,.~iz• 

80 
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ever; ;css~~le eve~~ or series or events wh!ch ceul~ result 
1n the release of ur.sa~e aco~ts et radiea:~~~e =ater~al to 
the su~=~~=!~;s a~~ to ta~e all ste;s necessary to reauee to 
a reas~r~tle cir.!:~ the ~ro:a~!l!t7 tha: s~ch eve~ts w~ll 
occur L~ a ~~er ca~~~~; ser!cus C7erax~es~e to the pucl1c. 

The l!:ens~~g ~~ev!s!er~ o! the Atc:ic ~~e:i1 Act o! 1954 
~~ve :a:e !: ~css!:le for the :e~ss!cn to esta~l!sh a re;~
lator-; ~re;ra: aes!;~e: to assure that these obJectives w!ll 
be ach!evec. Under our re-~lat1ons no license will be issued 
tor the cperat!:n of any rea:ter, re;ar:less of si:e or ~~
ta~~·~ use, ~til the scientists ana er~!r.eers who conceived 
an: des!gne~ the reactor have cade a ce=plete e7al~atio~ or 
all pctent!al ha:~~~ or the!r particular reactor, ar.~ ot the 
ade~~c7 of ~he steps the7 r~ve ta~en L~ des!;n and o~er&ting 
proce~ures to ~·-ire the proba~1l!ty or occ~~er.ce ot an 
ace!~ent wh!ch would result in the release or unsafe ~uant!
ties of raci:act!ve mater!als to the su~c~cin;s. T~s 

eval~tic::,, wh!c~ 11 repQrted !.n a deta!le:i "Hazard S•.:..-.::ary 
Report" to the Co:::-!ss1on, is 1.&Secl by the tec!".r:!:a:. exi)erts 
on the CcM!ss!er.'s ata!'f wcr!d...-:g 1::. close ce:.::.a'be!"!.t!cm w1:n 
the ex;e:ts or the Ccc:iss!on's Aav!ser7 cc:-1ttee en Reactor 
Sa!eg~r~s to clete~~~ whether or net the o~ertt!:n cf the 
rea:to~ ca.~ be ca~ie~ out in a ean.~er that g!ves ~easor~ole 
ass~ance tr~: tbe h4alth ar.d safety ot the ~~lie will net 
be er.G3.-~e:ec. 

The !ir.~~e!al t:eent!ve or the Owners ot the reactor 
to take all ste;ll! nece:sa~7 to ;rete:t t!:.a!r 1.-:ves'::::er.t, as 
well as to 4eerease their ~otent!al ~=l!: l1ab1l!ty, an~ the 
legal and co~l res~cns!~il!t!es or the Cc~~iss!on to protect 
the public tree ove~ex;osure to rac!cact!vity~ are resultir~ 
1.n a Sj"Ste::. Which is cr.ara.cter!::ed. by an att!ttlce cr caution 
an~ thorotJ.i!".ness or eva.l:.:.ation unique 1n 1..~:!~tr~.al.r.!sto:;r. 
Ever7 pr.ase ot the reac~~r cles!in ar.~ c;erat~g proce~~· is 
rev!e,.,ed se;:ara.tel:r and. as a 1=a.r: cf the wh=:~le. '!he !nhe!"t!~t 
nuclear, che::.!cal, me~all~;!cal, phys!=al a~: :ech!~ical 
ct~ra:ter!s~ics o! the tuel, cc~e:a~or, cee!an~, ne~tr~n &b• 
scr'bers ar.:! ltruc~'.:.!"&l mater!a.ls an caretall7 c::~s!l!ered !.~ 

ccnnect1:n w1~h the electrical, :eer.an!ea.:., che~cal, physical, 
metall~rgi~al and nuclear cha:acter!sti:s ot the ccntrol anc 
aa~ety S}~tecs, the heat rec~val sys;e:r, the pressure s;stt%5 1 
acd so en, to assure that the prc~acil!~:r et ar. c~erat!.~g 
aiahSp r~s b:r ad.eq~a~e d.este-n ar.~ o;erat!.-:g precautions beer. 
brc~ht to an acce;ta:ly lew level. 

Not only =ust the eval~tien show that the desi;ners 
have taken all r~asor.a~le precautions to ass~re tha~ the 
probability or a c1shap 1s sat1sfactor1l:r low, it must further 
sh~q what s~e;s r.a7e been taken t~ prote:t the putl1c 1n the 
event the hig~ly icprobable 1ne1:!ent did oec~r ana ur~a!e 
qua~t1t!es o: rae!oact!ve ~.ater!als were released rre: the re
actor itsel!. It 1s !r. this eval~t!:n ~r what is esse~tially 
a vital second 11..~e or defense ror the ~ubl!c t!".ae the relat!:n
sh1p o! the characteristics or the lccat!en of the reactor to 
the ab!l!ty of the bu1ldir.; to ccr.ta~~ rad1~act!7e ea!tr!als 
which ei;ht be released heecces an i~~ortar.! ra:t:r. It !s 
duri!l& this phase of the study th!.t the h~·~rolo;y, :z:eteorol:~:y, 

seclc;y and se1s:::oleg7 or the area; tht existir.i ar.: pctential 
populat!e~ d.e~s!t7 ar.cl d.!str!~~t!:n; the tjre o: ex!s:~s an~ 
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potential cc~iv1ty 1n the arec {1.e., ag:-1:~o:lt·.:ral, ~o=ercial, 
1ndustr!al, res1dent!al, etc.); the use of the surface ar.d 
surtaee waters tor 1n=ustr!&l or pe.rsona.l eor.su::.pt!on; and 
other tactors per!~~ent to the specit!c looat1cn, are con
Sidered L~ or:e:o to be sure tr~t the degree ot cont&!r~nt 
is adequate fer the location chosen. 

It, tor example, it is possitle to shaw that u.~der the 
most adverse set or cire~tanees which mi;~t occur, the 
atrueture or the bu!ld1ng c=ntainins the reactor would not be 
expected to allow the release ct any s1;nit1eant a:ount or 
radioactive materials L~to the aurround1ng area, such raetora 
&a the prox1 -~ty ot the reactor to densely populated areas 
would be less 1:portant t.tlan other"'l!Se. Like:fise, 1t the 
distance tr: densely popW.ated areas were so ;reat tt-..at U.'\der 
the most adverse ccnd!t!ons 1t would be reasor~~le to expect 
tr.at there would be little exposure or the public, the de;ree 
ot conta1r.ment would not be so 1.:Zlpo:rtant • .. 

I 

I~ is expec~ed t~~t power reactors, such as t~~t new 
under construction at S~.ipping~ert, Pen.~syl\·3.:"..U, w!ll rely 
mere upon the philosophy ot conta.1r~ent than isolation as a 

·means ot protecting the public againSt the consequL~~~~ ot a~ 
improbable acc11!en'C, but 1n each case there will be a reason· 
able distance between the reactor ana maJOr centers ot popula-
Hcn. · 

In s~ry, then, our satety phi!osophy ass~.es that the 
potential dar~er trcm an operat~'\i at=mic reactor 1s very creat 
and that th~. ult1=1te safety ot the public 11 deptr.dent·upon 
tb:ree tactors: 

l.Recogniz1r~ all poas1ble accidents Vhi:h could 
releaae ansate amo~ts ot radioactive materials; 

2. Des1ifl.1.~ &."\d o'erati.~g the reactor 1n such 
a way th&t trA ~rocability or such accidL~ts is re• 
duced to an acceptable ~~~; 

3. By appropriate cc:::bL"l&t!on or contc:.inl:.ent and 
isolation, protecting tbe public t'rom the consequences 
or such an acci=ent, should it occur. 

Sincerely 70Urs, 

I• I 
W. P. Libby 
Acting Chairman 

Honorable Sourke B. K1ckenlooper 
~oint Co~ttee on Atomic Enersy 
Congress or the United States 
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It is interesting that in 1956, Senator Hickenlooper raised questions 
which once again were to be found on the forefront of discussion twenty 
years later. Chairman Libby points out that there is no absolutely safe 
reactor, just _as there is no absolutely safe chemical plant. Libby dis
cusses the principle of defense in depth and states .. It is expected that 
power reactors such as that now under construction at Shippingport, Pa. 
will rely more upon the philosophy of containment than isolation as a 
means of protecting the public against the consequence of an improbable 
accident, but in each case there will be a reasonable distance between 
the reactor and maJor centers of population. 

Libby suggests, in the previous paragraph, that under the most adverse 
circumstances, containment mi~ht be expected not to allow the release 
of any significant amount into the surrounding area. But he does not 
quar~ntee its infallibility. 

In addition to the precedent setting Shippingport, Dresden, and Indian 
Point reactors, several other commercial and public power reactors 
received approval for construction in. the time period up through 1960, 
as shown in Table 1. And several test reactors were approved. 

TABLE l. COMMERCIAL AND PUBLIC POWER REACTORS 

Power Exclusion City Site 
Name 1le! (mwt} Dist.(mi.} Dist. A~12roved 

Shippingport Pressurized Water 231 .4 7.5 before '55 
Indian Point Pressurized Water 585 .3 17 .o 5/55 
Dresden 1 Boi 1 i ng Water 630 .5 14.0 7/55 
Fermi 1 - PRDC Fast Reactor 300 .75 7.5 7/55 
Yankee Pressurized Water 485 .5 21.0 7/57 
Elk River Boi 1 i ng Water 58 .23 220.0 8/58 
Piqua Organic 48 .14 27.0 l/59 
Carolinas-VA 020; Tube type 63 .50 25.0 l/59 
Hallam Sodium Graphite 240 .25 17.0 7/59 
Saxton Pressurized Water 20 • 17 20.0 9/59 
Pathfinder Boiling Water 203 .5 3.5 12/59 
Big Rock Boi 1 i ng Water 240 .5 135 3/60 
Humbo 1 dt Bay Boiling Water 202 .25 3.5 3/60 
Bonus Boi 1 i ng Water 50 .25 12.0 3/60 
Peach Bottom Gas-Cooled 115 .57 21.0 3/60 

However, not a 11 reactor proposals received approval. In the following, 
we shall examine some specific cases for such insight as may be obtained 
from the meeting minutes of the statutory ACRS and its letter reports to 
the AEC. 

At its second meeting, Nov. l-3, 1957, the ACRS wrote reports favorable 
to operation of the Shippingport PWR, to construction of the 30,MWt 
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General Electric Test Reactor*, and to construction of the 60 MWt NASA 
test reactor (Plum Brook}, 3 miles from Sa~dusky, Ohio. It is of some 
interest to note that the Plum Brook report was.the first to contain 
additional remarks by an ACRS member. The ACRS report itself noted the 
potential risks imposed by proposed experiments for defense purposes 
which would carry fuel elements to failures; and, while accepting the 
proposed site, the ACRS indicated that a less populated site would be 
preferable. In his additional remarks member Abel Wolman stated: 

While I agree with all that the Committee has stated, I 
feel that I must add some remarks for purposes of clarifying 
mY own position. In view of the prospect of future contin
uing debates as to the safety of conducting essential experi
ments at this site, I would recomnend against the site on the 
information presently available. I believe that the applicant 
should be required to consider the availability of other sites 
at which operation of the reactor would be feasible and which 
would afford a higher degree of protection to the health and 
safety of the public. 

It is unrealistic to permit operation at this site if experi
ments of importance to the national defense are likely to 
have to be curtailed because of the site. The realities of 
human behavior are such that operation of experiments, the 
hazards of which may be uncertain, are likely to be permitted 
if they are important to the national defense. 

I do not believe that we should freeze on a site in a situ-
ation like this merely because an applicant has chosen it. 

At its 4th meeting, January 9-11, 1958, the ACRS reported favorably on 
the proposed operation of the MIT test reactor. This reactor, which 
was to operate at a fairly modest power, was located in the heart of an 
urban area in Cambridge, Mass., with essentially no exclusion area. The 
estimated dose to a person standing 65 feet from the building for one 
hour, if one postulated the 11maximum credible accident 11

, and assumed a 
gross release of fission products to the containment, was 28 R whole 

• 

boqy. And the 60 day integrated internal dose to the thyroid was 1750 R 
for a person exposed one hour in the path of the cloud at a distance of 
65 feet from the reactor. Dr. Dunham and Dr. Pack of the AEC Staff in
dicated that such an exposure did not represent a serious risk for an 
individual adult, but that if the maximum credible accident were to occur, 
every effort should be made to prevent such exposures to occupants of 
the neighborhood. 

*It is also of interest to note that twenty years later, in October, 1977 
the NRC Regulatory Staff halted operation of the General Electric Test 
Reactor because recent studies had indicated the existence of a capable 
fault (a fault defined to be capable of producing permanent, relative 
displacement at the ground surface) at the reactor site. 
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At its 9th meeting, August 4-5, 1958, the ACRS reviewed the proposed 
construction of the 58 MWt Elk River boiling water reactor. In its report 
the Committee noted that, as a matter of policy, th~ considered it not 
desirable to locate a nuclear reactor of this power level so close to a 
growing community, and that, in the event of a major accident, a few people 
might be exposed to higher radiation dosage that was considered acceptable. 
(A dose of 4800 rem to the thyroid is discussed in the meeting minutes). 
The ACRS concluded, however, that, subject to the containment meeting its 
specified leak rate, the reactor would not represent an undue hazard to the 
public. 

At the same meeting the ACRS heard a presentation concerning a proposed 
organic-cooled power reactor for the city of Piqua, Ohio. The reactor 
thermal power was only 45 megawatts. However, the site was just outside 
the city limits and only a few hundred feet from a temporary residential 
area. In its report of August 5, 1958, the ACRS concluded tentatively that 
the proposed site was not a suitable one. 

The minutes of the lOth meeting, October 15-17, 1958 report considerable 
discussion about site selection criteria. It was noted that the proba
bility of the maxi;wm credible accident had not been analyzed or dis
cussed in detail. The question was raised whether radiation doses like 
4800 R to the thyroid might be acceptable if a very limited number of 
people (say 25) were involved. And there was a search for analogies 
in other aspects of industrial safety, such as release of noxious chemi
cals. ·At this meeting the ACRS passed a resolution which would require 
an exclusion radius of a quarter of a mile or more for reactors of power 
equal to 10 thermal megawatts or greater. 

The minutes of the lOth meeting also say that the ACRS Chairman "reported 
a meeting with Mr. McCone, the new Chairman of the AEC, who stated that he 
considered the ACRS over conservative and contributing to the slowdown of 
nuclear power development due to financial and safety restrictions." 

At the lOth meeting there was also further discussion of the proposed 
Piqua reactor. The reactor designer, Atomics International, stated they 
had not found an accident which could release significant quantities of 
radioactive materials and was not proposing containment. The AEC Regulatory 
Staff, on the other hand, said experience to date was inadequate to support 
this position, even if it might be true. The Regulatory Staff felt that 
containment was mandatory in a moderately populated region. Dr. Pittman, 
Acting Director of Reactor Development said that, in the future, sites for 
AEC-supported reactors would receive early review to help preclude situations 
like Piqua. 

At its 11th and 12th meetings the ACRS continued discussions of the Piqua 
reactor. A new site was proposed and an unconventional form of contain
ment was proposed. The third Piqua site was stated to have 80 people 



2-19 

within 1/4 of a mile, 450 within l/2 and about 7,000 within 1 mile of the 
reactor. The first site had 485 within l/4 mile, 3,000 within 1/2 mile, 
8,000 within 1 mile, and 20,000 within 5 miles. By way of comparison, 
Elk River was stated to have no people within 1/4 mile, 60 within 1/2 mile 
and 700 within 1 mile. At Shippingport, the PWR had 20,000 within 5 miles 
and 130,000 within 10 miles. Indian Point had no people within 1/4 mile, 
about 50 within 1/2 mile, 2,100 within l mile and 45,000 within 5 miles. 

The ACRS wrote a report in which it stated that the newer site was more 
suit able than the ori gina 1 one. However, "the Coiiillittee does not con
sider the installation at this site of a nuclear power plant of this ca
pacity of a relatively untried type to be without undue public hazard 
until the proposed unconventional type of containment is replaced by a 
more substantial and dependable system." 

As a point of interest, during many of the first dozen ACRS meetings of 
the statutory ACRS, there were reports of incidents and accidents which 
were occurring at reactors. One example was the Windscale reactor accident 
(Windscale No. l). Also during this period the ACRS was reviewing the safety 
of the rather high power production reactors, and was trying to give advice 
to the AEC concerning a more acceptable future mode of operation for these 
reactors, which were built during World War II and which posed sone major 
safety questions. 

During the 12th meeting, December 11-12, 1958, the ACRS submitted a report 
to the AEC responding to a request from the Commissioners for a comparison 
of the standards applied in evaluating the sites for the Elk River reactor, 
the Vallecitos BWR, the Sodium Reactor Experiment (SRE}, and the Shipping
port PWR. The complete letter is on the following page. 

At a meeting of the ACRS Subcolilllittee on Site Selection Criteria, November 
26, 1958, ACRS member Conner pointed out that to expect significant con
sistency among approved sites would be unwarranted, since the technique 
used was to ask the ACRS to review a proposal and comment on the safety of 
that proposal. It would be unwise for the ACRS to assert in anY given case 
that too large an exclusion area had been selected. 

Dr. Conner went on to say that the real guide should be that almost every
boqy in the vicinity should have a reasonable chance of escaping serious 
inJUr-Y in the event of a reactor accident. To assume that this is the case, 
one must, aside from estimates of possible accidents, be provided with ra
diation dosage criteria which represent acceptabe emergency doses below the 
threshold of serious injury. 

At the 13th ACRS meeting, January 8-10, 1959, a more conventional contain
ment was proposed for the Piqua reactor, and the Committee wrote a report 
favorable to the new site. 
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December 15, 1958 

Honorable John A. McCone 
Chairman, U. S. Atomic Energy Commission 
Washington 25, D. C. 

Subject: COMPARISON OF SAFETY FEATURES OF: 
GE-Vallecitos Boiling Water Reactor (VBWR) 
Sodium Graphite Reactor Experiment (SRE) 
Shippingport Pressurized Water Reactor (PWR) 
Rural Cooperative Power Association Reactor, Elk River, 

Minnesota 

Dear Mr. McCone: 

The following is in reply to your request for comparison of the 
standards applied in evaluating the Elk River site with those that 
were applied to the VBWR, SRE, and PWR sites. Pertinent data tabu
lations are attached. These were furnished by the Hazards Evaluation 
Branch. 

It need scarcely be emphasized that the question of site evaluation is 
complex. A large number of variable factors, many not strictly 
comparable from site to site, must be considered. Exact, completely 
objective, numerical site criteria are difficult to formulate, however 
convenient and desirable these might be. But the Committee attempts 
to bring a consistent philosophy to the reactor hazards problem and to 
provide a common basis for site judgments. 

Three distinct types of reactor are involved in the group in question. 
These are of the sodium graphite, pressurized water, and boiling water 
types. 

SRE, a low power (5 MW thermal) reactor of the sodium graphite type, 
operates at' atmospheric pressure in an underground location. The 
primary coolant is contained in a stainless steel shell which is in 
turn contained in a sealed concrete structure. Secondary coolant 
from primary heat exchangers located within the containment structures 
gives up its heat in external steam boilers. A rupture of the primary 
system will not cause melting of fuel or release of fission products 

-.. ,--~ .. -· .· .. '"; .. '· . 88.· .. : ... 
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Honorable John A. McCone - 2 - 12/15/58 

therefrom. For these reasons, and because tte SFE is located in a 
relatively large exclusion area (1.4 miles minimum radius), immediately 
surrounded by a sparsely populated district no containment vessel of 
the type used for pressurized reactors if employed. 

The P~~. reactor of the pressurized water type is provided with an 
exclusion distance of approximately 0.5 miles. It is fully contained 
and provided with biological shielding of the containment structures. 
It is designed to contain the vapor and energy released in the event of 
a rupture of the primary water system and one steam generator. In 
addition, the interconnected containment vessels are designed to contain 
the energy resulting from significant metal-water reactions. 

The VBWR and Elk River reactors are of the boiling water type. In the 
VBWR, the coolant is vaporized and is used for the direct drive of 
turbo-generators. In the Elk River reactor, radioactive steam is taken 
to a heat exchanger, providing a barrier. Both are provided with con
tainers designed to prevent release of vapors resulting from a break in 
the .cooling system. The VBWR has been designed to contain the results 
of a metal water reaction. The Elk River reactor containment vessel is 
provided with significant missile and biological shielding. 

In attemtping to decide for a particular reactor whether .a given 
exclusion distance provides adequate protection for public safety, the 
Co~ittee evaluates design features such as containment vessels, missile 
shields, biological shields, hydrology, meteorology, end geology, all 
of which affect reactor safety, particularly when a reactor is located 
near a populous area. Thus it was felt that the Elk River site would 
provide an acceptable degree of protection to the public, in view of 
the isolated primary system and the vapor containment provided. Like 
considerations were applied in the case of the PWR reactor. The SRE 
has somewhat less containment, but has a greater exclusion radius than 
the others mentioned. · 

Population density is of concern to the Committee. Consequently, the 
relatively low population density nearby the Elk River site was con
sidered to be a generally favorable element. On the other hand 
potential growth of the community needs also to be taken into account. 
The extent of this growth at Elk River is problematical; but the 
Committee felt it appropriate to express its consideration for the 
eventuality and to recognize dependence on engineering features for 
minimizing risk. 

• • .. '~ •' • ":•. • • I • 
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The fact that a highway and a railroad run comparatively near the Elk 
River site is not considered to increase the risk significantly, and 
conversely acceptance of these features does not imply a reduction in 
standards of population protection. Since highway and railroad 
occupancy is transient and intermittent, both the probability and the 
intensity of the risk are greatly reduced over those applying to 
stationary, permanent populations at the same distance. Moreover, 
access to a highway or railroad can be restricted in the event of an 
accident. 

cc: Alvin R. Luedecke, GM 
Harold L. Price, DLR 

Attachment 
a/s 

Dist: Orig & 
1 copy 
1 " 
1 " 

4 copies to Mr. McCone 
to Gen Luedecke 
" Harol:d L. Price 
" H. H. Plaine (blind) 

Sincerely yours, 

/s/ 
C. Rogers McCullough 
Chairman 

90 

1 
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During a discussion on site criteria~ Dr. Beck of the AEC Staff stated 
that there were three primary problems: 

(1) Determination of adequate exclusion distances; 

(2) The population distribution outside of the exclusion radius~ 
and the proximity of the site to large centers of population; 
and 

(3) The characteristics of the reactor and its effect on 1) and 
2) above. 

ACRS member Newson presented an independent approach in which site un
desirability was proportional to an integration over reactor power and 
fission product escape fraction, population density, and probability of 
fission product escape. ACRS member Conner suggested that a numeri ca 1 
evaluation would not occur in their generation. 

In the continuing discussion on site criteria at the 14th meeting, March 
12-14, 1959, ACRS member (and then Chairman) McCullough hypothesized an 
approach in which a total societal risk in terms of a total damage dose 
(20,000 Roentgens/year) would be accepted for the nuclear industr-Y, and 
a portion of this total acceptable dose would be allocated to each re
actor. It was estimated (in 1959} that this might mean 20 statistical 
deaths per year attributable to the nuclear industry, whereas the electric 
industry was estimated as experiencing a fatal accident rate of 150/year. 

At the same meeting, Or. Beck advanced the proposal of the Regulatory 
Staff that the maximum credible accident not produce more than 25 Roent
gens whole body radiation at the site boundar-Y· The Staff also proposed 
a minimum exclusion radius of 1/4 mile for reactors less than 100 MWt. Or. 
Forest Western of the AEC Division of Biology and Medicine advised against 
the inclusion of any arbitra~J radiation levels in any public regulations. 
Or. Western also stated that if an individual had accurrulated twenty Roent
gens, they would not propose evacuation, even with a probable additional 
dose of fifteen Roentgens, due to disruption of family and business activi
ties. 

At the 15th ACRS meeting, April 16-18, 1959, it was reported that at a re
cent symposium, members of the AEC Biology Division indicated that no thres
hold existed for biological damage from radiation, which tended to confirm 
previous ACRS interests in limiting integrated population dose from acci· 
dents {or routine emissions). 

In a memorandum of April 23, 1959 from McCullough to H. L. Price, Director, 
Division of Licensing and Regulation, the ACRS provided a suggested regu
lation for the AEC, the impact of which would have been to require formal 
site review as the first step in requiring a reactor license. 
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On May 23, 1959 the AEC pubHshed in the Federal Register a notice of pro
po~ed rule making concerning site criteria for comment. The comments, 
wh1ch were received largely from the nuclear industry were highly un-
favorable. • 

The ~959 draft and s~me of the comments made directly to the AEC or in 
meet1ngs of the Atom1c Industrial Forum (AIF) or Edison Electric Insti
tute (EEI) are reproduced below: 

Proposed Rule Making 

"Factors consideredin site evaluation for power and test 
reactors: 

a. General. The construction of a proposed power or 
test reactor facility at a proposed site will be approved 
if analysis of the site in relation to the hazards associated 
with the facility gives reasonable assurance that the poten
tial radioactive affluents therefrom, as a result of normal 
operation or the occurrence of any credible accident, will 
not create undue hazard to the health and safety of the 
public. 

b. Exclusion distance around ~wer and test reactors. 
Each power and test reactor shou be surrounded by an 
exclusion area under the complete control of the licensee. 
The size of this exclusion area will depend upon many 
factors including among other things reactor power level, 
design features and containment, and site characteristics. 
The power level of the reactor alone does not determine 
the size of the exclusion area. For any power or test 
reactor. a minimum radius on the order of one-quarter 
mile will usually be found necessary. For large power 
reactors a minimum exclusion radius on the order of 
one-half to three-quarter miles may be required. Test 
reactors may require a larger exclusion area than power 
reactors of the same power. 

c. Population density in surrounding areas. Power and 
test reactors should be so located that the population 
density in surrounding areas, outside the exclusion zone, 
is small. It is usually desirable that the reactor should 
be several miles distant from the nearest town or city and 
for large reactors a distance of 10 to 20 miles from large 
cities. Where there is a prevailing wind direction it is 
usually desirable to avoid locating a power or test 
reactor within several miles upwind from centers of popula
tion. Nearness of the reactor to air fields, arterial 
highways and factories is discouraged. 

d. Meteorological consideration. The site meteorology 
is important in evaluating the degree of vulnerability of 
surrounding areas to the release of air-borne radioactivity 
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to the environment. Capabilities of the atmosphere for diffusion 
and dispersion of air-borne release are considered in assessing 
the vulnerability to risk of the area surrounding the site. 
Thus a high probability of good diffusion conditions and a wind 
direction away from vulnerability areas during periods of slow 
diffusion would enhance the suitability of the site. If the 
site is in a region noted for hurricanes or tornadoes, the 
design of th~ facility must include safeguards which would pre
vent significant radioactivity releases should these events 
occur. 

e. Seismolo~ical considerations. The earthquake history of 
the area in wh1ch the reactor is to be located is important. 
The magnitude and frequency of seismic disturbances to be expected 
determine the specifications which must be met in design and cons
truction of the facility and its protective components. A site 
should not be located on a fault. 

f. Hydrologf and Teology. The hydrology and geology of a 
site should beavorab e for the management of the liquid and 
solid effluents, (including possible leaks from the process 
equipment). Deposits of relatively impermeable soils over 
ground water courses are desirable because they offer varying 
degrees of protection to the ground waters depending on the depth 
of the soils, their permeability, and their capacities for 
removing and retaining the noxious components of the effluents. 
The hydrology of the ground waters is important in assessing the 
effect that travel time may have on the contaminants which might 
accidentally reach them to the point of their nearest usage. 
Site drainage and surface water hydrology is important in 
determining the vulnerability of surface water courses to radio
active contamination. The characteristics and usage of the water 
courses indicate the degree of risk involved and determine 
safety precautions that must be observed at the facility in 
effluent control.and management. The hydrology of the surface 
water course and its physical, chemical and biological character
istics are important factors in evaluating the degree of risk 
involved. 

g. Interrelation of factors. All of the factors described 
in paragraph b through f of the section are interrelated and 
dictate iq varying degrees the engineered protective devices for 
the particular nuclear facility under consideration, and depend
ence which can be placed on such devices. It is necessary to 
analyze each of the environmental factors to ascertain the 
character of protection it might afford for operation of the 
proposed facility and of the kind of restrictions it might 
impose on the proposed design and operation. 

Dated at Germantown, Md., this 19th day of May 1959. 

A. R. Luedecke 
General Manager 
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SOME REACTIONS TO THE AEC'S PROPOSED REACTOR SITE RULE-MAKING 
1. Philih Sporn, President, American Electric Power Service 

Corp., and C airman of the AIF meeting, stated: "Any standard 
set up today, no matter how unreasonable and unnecessarily broad 
and supersafe, is going to be hard to re-do in the years to come. 

11Whatever finally comes out in lieu of this particular 
rule should b~ clearly marked as not being a rule or regulation. 
It should be broad and not get into cold statements such as setting 
distances from large cities. Regulations will be millstones around 
the neck of an industry which is just starting. This particular 
set of rules should be suspended in the interim. It has already 
been a real service by bringing out the things it was designed to 
do. 11 

2. Louis H. Roddis, Jr. President, Pennsylvania Electric Co., 
told the AEF meeting: "Anything as definitive as the issuance of 
a formal rule of the Commission is going to pose to the industry 
a problem. We do need a statement of what is needed in order to 
arrive at a balance of all these different factors, but it should 
not be formal." 

3. Titus LeClair, Manager of Research and Development, 
Commonwealth Edison Co., told the AIF: "Is Dresden a large power 
reactor? It is today, but it is pretty small when compared to a 
plant of 500 megawatt capacity. We don't know what is large or 
small. These words in a regulation lead to considerable problems." 

4. R. M. Casper, General Manager, Atomic Energy Division, 
Allis-Chalmers Manufacturing Co., wrote to the AEC: " ••• we feel 
strongly that it is too early to state quantitative rules which 
may be subject to misinterpr~tation by members of the general 
public. The wide difference between reactors, types of containment, 
etc., makes it particularly difficult to establish numerical 
rules, and we believe there will be a tendency to regard quanti
tative criteria as minimal safety requirements. 

" ••• We believe it would be most helpful if the Commission 
would issue a policy statement on site evaluation, outlining the 
information necessary and indicating when it will be required with· 
respect to the project schedule." 

5. James F. Fairman, Senior Vice President of Consolidated 
Edison and Chairman of the Technical Appraisal Task Force on Nuclear 
Power of EEl told the AEF: ''I would much prefer it if the AEC would 
come up with a general statement of principles or guides, or with 
a list of things which need to be done, rather than a set of rules. 
Rules with set numbers could be too restrictive, and hold back 
progress. The objectives of the operators of nuclear power plants 
are no different from those of government: we want reactors which 
are safe, and we don't want to be tied down to figures which may 
quickly become outdated." 

• Francis K. McCune, Vice President, General Electric Co., 
said at the AIF meeting: 11 If you don't put numbers down, you get 
into real trouble. There will not be a nuclear industry until 
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things like this are done. There is a way to say this - the 
exclusion area should be large enough to provide for one, two 
or three specific requirements." 

7. Chauncey Starr, Vice President of North American Aviation 
Inc. ano General Manager of the Atomics International Division, 
wrote to the AEC: " ••• we feel that to proceed with the hurried 
enactment of regulations such as the proposed rule could effective
ly smother th~ infant industry ••• Until such time as a logical, 
long-term power plant site plan is developed which does not hinder 
the industry's growth, the pattern of reviewing and evaluating 
each proposed reactor and its site on an individual basis whould 
be continued. 11 

B. Leonard F. C. Reichle, Nuclear Engineering Director, 
·Ebasco Services, inc.: 11ihe proposed rules emphasize only the 
characteristics of the site and environs. They virtually ignore 
the other two aspects which determine suitability, namely, the 
characteristics of the facility itself, including the state of 
knowledge and past experience, and the safeguard features which 
are incorporated in the facility. It is probably true that, with 
sufficient knowledge of the potential hazards, any facility can 
be designed with appropriate safeguards to permit operation any
where with acceptable risk. 

11 As a rule, the prospective licensee selects a site for 
economic reasons and balances the cost of safeguard provisions 
against the added cost and inconvenience of a more isolated site. 
The AEC must similarly evaluate all factors to determine whether 
the overall hazard is acceptable. Because of the complex inter
play of the many factors concerned, it is probably not practical 
to expect definitive standards. Some guide to the important fac
tors considered by AEC and, if possible, the probably relative 
weights to be applied would be welcomed by industry." 

9. Jack K. Busbt, President of Pennsylvania Power & Light 
Co., wrote to the A C: "We believe it most desireable that the 
Commission formulate and publish general site selection guides 
but, in our opinion, it is undesirable to designate minimum ex
clusion distances around power and test reactors, minimum 
distances of such reactors to the nearest town and city, and 
maximum offsite population densities. The problem is to 
establish reasonable assurance that there will be no hazards to 
the public ••• We suggest that all minimum distances and maxi
mum population densities be eliminated from the proposed regu
lation and that such factors be given consideration only in 
relation to the proposed type, design and safeguards of the 
particular reactor. 11 

10. R. D. Welch. Florida West Coast Nuclear Group, wrote 
to AEC: " ••• it would be better to avoid using distance 
measurements such as l/2, 3/4 miles exclusion radii and 10-20 
miles from cities for large power reactors. Such distances 
tend to become fixed in the public mind despite words of 
flexibility used in connection with them. 



2-28 

"The proposed regulation·does not indicate that improve
ment in reactor design and safety experience may reduce the 
distances mentioned." 

11. Robert L. Wells, of Westinghouse, quoted above, wrote 
to the AEC: 11 ••• we are quite concerned about the proposed 
rules pertaining to required exclusion areas. The safety of the 
public is a function of many factors, of which exclusion area 
is only one. Specifically, we feel that the safety of the 
public can best be maintained by proper engineering design 
consideration of all the important v~riables including reactor 
size and type, core safety cooling system, possibilities of 
release of fission products from the reactor system and 
subsequent leakage from the vapor container, exclusion area 
and meteorological conditions, to name but a few. 

"The safety of the public cannot be insured by any single 
condition such as exclusion area, but rather is the certain 
result of the optimum combination of many interrelated factors. 
To specify minimum exclusion area is neither necessary nor 
sufficient." 

12. Philip Sporn, of American Electric Power Service Corp., 
quoted above, remarked at the.AIF cofllnittee meeting: "The 
British and the French keep their power reactor sites away from 
centers of population and we are trying to build on the 
periphery or on the very outside boundaries of our cities and 
towns. But the aim should be to come as close as possible to 
the heart of cities. Of course, a power reactor quite close to, 
or in, a city may require expensive additional safety structures 
as opposed to one in a wide exclusion are.•• 

13. James F. fairman, of Consolidated Edison and Chairman 
of the Technical Appraisal Task Force on Nuclear Power of EEl, 
told the EEl: 

"Indian Point, which is 24 miles north of New York 
City and on the east bank of the Hudson, was the most remote 
location we could find in our operating area. It is not only 
extremely difficult to acquire power plant sites within the 
area of New York City and Westchester County, but also expensive. 

"In the long term Con Ed will want to put nuclear power 
plants as close to its load centers as possible, which means, 
of course, right in the city limits. The setting of any arbitrary 
exclusion area limits would place a high cost premium on power 
plants in metropolitan areas and discourage the use of engineer
ing ingenuity to find the most practical solutions to safety 
problems in built-up areas. 

11 Engineering design measures can meet safety requirements 
at a cost, for example, in the case of the Indian Point plant 
there was the problem of 'sky shine' if the containment sphere 
were filled with contaminated gases as a result of an 'incident.' 
This problem was solved by building an exterior biological shield 
to prevent atmospheric reflection of radiation emanating from the 
top of the containment vessel down on the surrounding area. 
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"Con Ed intends to build another facility adjacent to 
the Indian Point plant and wants to avoid the necessity of 
having to evacuate personnel from the site in the event of a 
nuclear incident. We believe an atomic power station can be 
designed safe enough to be located in a heavy populated area 
although such a design would increase the cost." 

14. C. T. Cheve, Chief Engineer, Nuclear Projects, Stone 
& Webster Engineering Corp., wrote to AEC: "We agree, in 
general, with the idea of making these rules, since there has 
been some chaos because of the lack of them. The only matter 
we see which might cause a serious hardship is covered in 
Paragraph (c) in which it is suggested that large reactors 
should be 10-20 miles from large cities. This may give a 
sense of security, but the point requires perhaps a little 
more careful review, because the economics of nuclear power 
are going to be adversely affected by such a rule. One of 
the advantages of nuclear power plants which might overcome 
somewhat higher generating costs than obtained from com
bustible fuel-fired plants is that the nuclear plant might 
be located closer to load centers because of its lack of 
dependence on railroad shipment of coal." 

15. Richard H. Peterson, of Pacific Gas and Electric Co., 
quoted above, to the AEC: "With regard to seismological con
siderations the proposal provides that a site should not be 
located on a fault. In the West Coast area, where earth
quakes are more common than in other parts of the country, 
the strict application of this proposal to an entire site 
area could eliminate many desirable locations. Structures 
can be built adjacent or near to earthquake faults to 
withstand severe shocks without failure. In California we 
know of no structure which has been severely damaged by an 
earthquake for which the designer and builder took earth
quake forces into consideration. For these reasons if a 
prohibition against location on a fault be included at 
all, we suggest that it be l·imited to loc.ation of the 
reactor and auxiliaries~L 

16. Patrick J. Selak, Manager, Nuclear Engineering 
Development Kaiser Eng1neers, proposed to the AEC: 11 Rather 
than establish a minimum distance from a 'large city', 
perhaps a better criterion would be to establish a maximum 
number of people who might receive an overexposure in the 
event of a 'maximum credible accident.' Then the reactor 
builder could determine, subject to AEC approval, the 
optimum combination of exclusion zone, distance from 
populated areas, containment features, and inherent 
safety features in the reactor-- which would provide 
adequate safety to the public at minimum costs." 
The proposed rule, which was quite general, included the concept of 

credible accident." A letter dated May 11, 1959 from H. L. Price, Director, 

Division of Licensing and Regulation, to Chairman McCullough of the ACRS 
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The proposed rule, which was quite general, included the concept of •cre
dible accident.• A letter dated M~ 11, 1959 from H. L. Price, Director, 
Division of Licensing and Regulation, to Chairman McCullough of the ACRS 
states that these site criteria reflect the discussions between the Regu
latory Staff and the ACRS at the 13th and 14th meetings; however, it is 
not clear from the available files to what extent the proposed rule re
flected ACRS opinion, and at least one ACRS member commented adversely to 
the AEC. It is also not clear who originated the idea of •credible• or 
maximum credible accident. 

However, in June, 1959 Dr. Clifford Beck of the Regulator.y Staff gave a 
paper entitled •safety Factors to be considered in Reactor Siting" at a 
nuclear congress in Rome, in which he discussed credible accidents (and 
other things) as follows. 

11 lt is well established by many studies that release to 
the atmosphere of the radioactivity inventory of any large 
reactor could cause death or injury to thousands of people 
over distances of many miles. Evaluation of a site for 
such reactors cannot be made, except for sites widely re
moved from populated areas, unless information is avail
able on the radioactivity inventory of the reactor and the 
likelihood of various amounts of this inventory being 
released from the facility. Thus evaluation of the suit
ability of sites for a reactor leads at once to an 
analysis of the reactor proposed for the site and to an 
evaluation of radioactivity effluents normally expected 
from the facility and of potential accidents which might 
cause the unintended release of radioactivity to the 
environment. 

"Routine radioactive effluents to the environment must 
be restricted to such levels that potential radiation 
exposures would be within established limits for more or 
less continuous exposure. When the plant is operating it 
can be easily established whether or not permissible levels 
are being exceeded and if required it should be possible 
to make facility or procedural alterations which would 
bring the activity levels in normal plant effluents to 
the desired value. Thus, advance judgments of the 
adequacy of a site-facility combination with respect to 
normally expected effluents can be verified by direct 
observation after operation is underway. 

"It is an entirely different matter to evaluate the 
adequacy of a site-reactor combination for the accidental 
release of radioactivity which potentially could occur. 
Here a difficult dilemma is encountered. If the worst 
conceivable accidents are considered no site except one 
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removed from populated areas by hundreds of miles would offer 
sufficient protection. On the other hand, if safeguards are 
included in the facility design against all possible accidents 
having unacceptable consequences, then it could be argued that 
any site, however crowded, would be satisfactory ••• assuming 
of course that the safeguards would not fail and some dangerous 
potential accidents had not been overlooked. In practice a 
compromise po~ition between these two extremes is taken. Suf
ficient reliance is placed on the protective features to remove 
most of the concern about the worst conceivable accidents, 
though there is seldomly sufficient confidence in the facility 
safeguards to be sure that all hazards have been eliminated. 
Thus, a possible reactor site is reviewed against the pos
sibility of credible accidents, and their consequences, which 
might occur despite the safeguards present. 

"it is inherently impossible to give an objective definition 
or specification for 'credible accidents' and thus the attempt 
to identify these for a given reactor entails some sense of 
futility and frustration. and, further, it is never entirely 
assured that all potential accidents have been examined. 

11 lt should be noted parenth~tically, however, that this 
systematic search for credible accidents often contributes sub
stantially to the safety of a facility. Potential accidents 
having substantial consequences and clearly credible possibility 
of occurrence may be discovered in this search. If such are 
found, safeguards against them of course are incorporated ••• 
and the evaluation then proceeds for the potential accidents 
remaining. In the plants finally approved for operation, there 
are no really credible potential accidents remaining aoainst 
which safeguards have not been provided to such extent that the 
calculated consequences to the oublic would be unacceptable. 

"In general, accidents would be considered credible if their 
occurrence might be caused by one single equipment failure or 
operational error, though clearly some consideration must be 
given to the likelihood of this failure or error. It has 
been suggested that this criterion might be extended to the 
assignment of decreasing probabilities to accidents which 
would be occasioned only by 2, 3 or more independent and simul
taneous errors or malfuctions, with the possibility that 
accidents requiring more than 3 or 4 such independent faults 
would be considered incredible. In practice, this suggestion 
has not been found useful, largely because of the difficulty of 
isolating and identifying the independent factors which have 
contributed to an accident, or more to the point, of deciding in 
advance what probability can be assigned to various combinations 
of errors or malfuctions which are worthy of consideration. 



2-32 

CREDIBLE ACCIDENTS 
In the past, it has appeared reasonable to expect that 

accidents could occur which would result in release of a 
a portion of the fission product inventory at least from the 
fuel elements into the coolant stream, if not from the suc
ceeding containment barriers. 

The likelihpod of fuel element failures by overheating or 
cladding defects is usually placed quite high. 

The interruption of primary coolant circulation is a credible 
possibility in almost every large reactor. 

In all high power density, long fuel-burnup reactors, loss 
of coolant circulation probably and loss of coolant certainly 
would lead to fuel meltdown by decay heat, even though the 
reactor had been scrammed immediately. Hence, there are 
always provided emergency cooling systems, sometimes as many 
as three or more independent systems. 

If the possibility of fuel meltdown cannot be completely ex
cluded, and if metals such as aluminum and zirconium in 
contact with water are present, then the possibility of a 
violent water-metal chemical reaction cannot be excluded. With 
uranium oxide fuel and stainless steel cladding, the likeli
hood of such a reaction is not considered credible. An if 
water is replaced by organic or sodium as coolant, the concern 
with liquid-metal reactions is removed. 

On the other hand, when organic liquid or molten sodium are 
used, the possibility of their becoming involved in serious 
chemical reactions with ambient atmospheric components or 
other materials cannot be excluded. 

Thus in every reactor, accidents having potentially serious 
consequences can be identified. Against these, safeguard 
features and precautionary measures, to the extent considered 
necessary for the serious consequences to be avoided, are 
incorporated. Despite these precautions, however, there 
always remains an uneasiness that these safety devices will 
not operate as expected or that something has been overlooked. 
After all, our cumulated reactor experience is quite small and, 
more significantly, our experience with any one type of reactor 
built to a standardized design, is a great deal smaller. Hard
ly any two reactor facilities are alike and the carry-over of 
detailed safety analysis from a component of one reactor to 
an approximately similar component in another is often surprising
ly small. Finally, the consequences of a major accidental 
release of fission products are so great that the degree of 
confidence in the safeguards must far exceed that required in 
ordinary industrial processes. 

"These factors have led in the United States to the wide
spread use of external 'vapor• containment vessels for power 
and test reactors built near populated areas. This practice 
originated in part from the characteristics of the earlier 
types of reactors which were built: pressurized water reactors 
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with large excess reactivities and metallic fuel elements 
having aluminum or zirconium cladding. But the initiation 
of this practice and its extension to other types of reactors 
also reflects a special degree of concern for the protection 
of the public from the hazards of potentially dangerous de
vices which were not very well understood or extensively proven. 

"The external containment vessel, as a barrier of last resort 
against releases of radioactivity to public areas, offers a 
unique protection, completely independent of all other safety 
devices and engineering safeguards and its dependability is 
unaffected by errors in safety analyses and judgment of the 
reactor assembly. It stands as a visually obvious and intu
itively attractive bulwark against the possible consequences 
of errors in reactor design, malfunction and misoperation which 
are admittedly present in ai'\Y human undertaking. 11 

At the 17th ACRS meeting, July 23-25, 1959, there was the beginning of what 
was to be a very long and diffcult review process concerning problems as
sociated with proposals to bring the nuclear nerchant ship Savannah into 
highly populated port areas. We shall not go into this topic because of 
its unique nature. However, one can summarize (too briefly) by saying 
there was very considerable opposition to bringing the Savannah into the 
heart of New York City or equivalent ports and depending on its engineered 
safety features to protect against the "maximum credible accident." 

At the 19th meeting, September 10-12, 1959, the ACRS put into writing re
garding the Pathfinder reactor and the Carolinas-Virginia Tube Reactor 
(CVTR) a position it had taken on several previous cases, namely that it 
lacked sufficient information with regard to certain design features to ar
rive at a conclusion concerning construction of the plants. 

The ACRS held a special meeting on March 5, 1960 to consider a request by 
A. R. Luedecke, General Manager of the AEC, for advice concerning the pos
sibility of siting some relatively large LWRs (1000 MWt) in California. 
Major excerpts follow from the ACRS letter of March 6, 1960 to AEC Chairman 
McCone: 

"In reply to the request for an advisory report from the Advisory· 
Committee on Reactor Safeguards on the feasibility and accepta
bility of locating the proposed reactors in the Los Angeles 
area and in an area within a fifty-mile radius of San Francisco 
in terms of the possible hazards associated with inversion and 
earthquake conditions, the following advice is given. 



2-34 

With respect to seismic considerations, we understand that it is 
present utility industry practice in California to locate 
generating stations at least one mile from known surface faults; 
and to design and construct these stations using local codes 
supplemented by special analyses and increased seismic design 
factors for those critical plant components necessary to 
maintain the station on the line. In addition, in the case 
of a nuclear reactor facility, special analyses and increased 
seismic design factors are needed for those reactor plant systems 
whose failure could result in a release of radioactive material. 
With these precautions, the Committee believes the reactor 
facility would be adequately protected against seismic disturbance. 
With respect to the question, raised on page 2 of the subject 
letter, concerning the specific consideration given to the inversion 
question in connection with various reactor projects, inversion 
frequency information is invariably included in hazards summary 
reports by the applicant and considered by the ACRS in addition 
to other pertinent factors affecting site selection and safety. 
The attached appendix is a tabulation of inversion frequencies 
for a number of sit~s, culled from these reoorts and United States 
Weather Bureau sources. 
Referring to the frequency of inversion conditions, the situation 
of the Southern California coastal strip (south of San Francisco) 
is essentially unique in the United States. The se~ipermanent 

Pacific high pressure area induces a slow, large-scale, persistent 
subsiding motion in the atmosphere there. Air, warmed by this 
descent, contacts the coastal water surface which is cold as a 
result of upwelling. By this mechanism an inversion is formed; and 
the air layer extending up to a few thousand feet above the surface 
becomes a trap for air pollution. 
Whereas persistent: poor dispersion {stagnation) conditions of 
meteorology, lasting several days, may be expected on the average 
once per year anywhere east fo the Rockies, the frequency of such 
episodes in the Southern California coastal strip is of the order of 
several per month. For example, during a two-year period, from 
July 1956 through June 1958, the Los Angeles weather was of the 
"smog warning" type 164 days. 
For the Southern California Edison Electric Company reactor, 
the three locations given in the letter of February 27, 1960, 
cover a very considerable area. These locations have meteorological 
conditions varying from those approaching the area east of the 
Rockies to those characteristic of the Southern California coastal 
strip. On the basis of rather meager information it appears that 
the reactors proposed in the letter can be so designed and constructed 
that suitable sites can be found within the locations given. A 
specific reactor and its site should be given a detailed review at the 
earliest opportunity. 
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In selecting a site for a high power- reactor, consideration 
should be given to an adequate exclusion radius and the pop
ulation density, not only in the immediate vicinity, five to 
ten miles, but also for greater distances. Obviously, the 
lower the population density, the better. The meteorology of 
the Southern California coastal strip is so unfavorable for 
dissipating pollutants that this area should be avoided if it 
is coupled with a high population density. In theory a reac
tor can be designed, constructed, and operated that it will 
offset the unfavorable meteorology and high population density. 
Because of the present limited experience with the operation 
of power reactors and the large power level of the proposed 
reactors, the provision of an adequate degree of safety in 
practice may require an extreme of conservative design and 
containment. 11 

Not surprisingly, the record of discussion within the ACRS itself 
indicates divided opinion as to how satisfactory the Southern California 
coastal area was for reactors of appreciable power. Some members 
believed that very good contaimnemt, together with waste retention such 
that routine releases would occur only under ideal weather conditions, 
would eliminate restrictions due to unfavorable meteorology. However, 
this did not appear to be the consensus of the Committee, which felt 
that meteorology was a principal environmental consideration for a 
reactor accident in Southern California. 

Soon after, at the 24th meeting, March 10-12, 1960, the ACRS reviewed the 
proposed 40 MWt reactor at Point Lorna (San Diego) California. It appears 
from the minutes of this meeting and of the 23rd ACRS n~eting that Dr. 
Beck of the Regulatory Staff did not feel that the Point Lama site needed 
to be rejectd, although he conceded that it was not a very good site. 
Beck appeared to feel that the unfavorable meteorology and the unfavorable 
hydrology (which related to the limited rate of ocean flow to remove rou
tine radioactivity releases) could be dealt with by appropriate contain
ment. However, the ACRS wrote a report unfavorable to the proposed reac
tor, stating: 

11The CoiTITli ttee considers Point Lorna to be a poor site because 
of unfavorable meteorology and high population density, aggra
vated by recreational and fisheries aspects, and lack of ocean 
dilution. The close proximity of the San Cabrillo Monument 
area with its numerous visitors and its proposed enlargement 
with the probability of an increased number of visitors add to 
the unfavorable features. The experimental nature of the pro
posed installation contributes to our lack of assurance. 

The Committee believes it would be unwise at the present 
time from the safety point of view to locate this reactor at 
this site." 
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At the same meeting the ACRS also wrote a report unfavorable to the pro
posed 60 MWt Jamestown, New York reactor. In this case the AEC Regula
tory Staff took the same position as the Committee. The ACRS report 
is on the following page. 

At its next meeting, the 25th, held May 5-7, 1960, the ACRS once again re
viewed the same Point Lorna reactor, but this time to be located at another 
site in California, namely Point Mugu. This time the ACRS wrote: 

"The proposed site is subject to the generally 1 i mi ted atmos
pheric dilution regimes characteristic of the Southern Cali
fornia coastal strip. However, this site appears to have af
forded the degree of atmospheric dilution comparable with the 
most favorable that can be found in this coastal area. Because 
of the isolation afforded as a result of the sjte location rel
ative to terrain features and Government-owned land, the Com
mittee believes that the indicated site is acceptable for an 
appropriately designed and operated reactor having the pro
posed general characteristics." 

There was renewed discussion of the Jamestown reactor at the Special ACRS 
Meeting, June 7, 1960 and at the 26th meeting, June 22-24, 1960. The ap
plicant advised that a larger site could be provided, and that 0.1% per 
day containment leakage rate would be the new design specification. In 
a letter to Chairman McCone dated June 30, 1960, the ACRS once again ad
vised against the small PWR at the Jamestown, New York site. In a rather 
strong policy type statement, the ACRS stated "The Committee deplores the 
tendency on the part of some of those proposing reactor sites to place 
power reactors containing large quantities of stored energy in or near 
centers of population at this time to duplicate conditions for conven
tional power plants for the sake of demonstrating how near a population 
center such a reactor can be located. We believe that the Jamestown re
actor is a case of this kind. We wish to point out that the proximity to 
a population center would require more rigid specifications of all safety 
features including containment, leakage rate, power densities, ultimate 
power, shi e 1 ding, etc. 11 The ACRS went on to say, "The Committee can find 
no serious technical fault with the reactor, the containment, and the 
safety features proposed, insofar as the partial information supplied to 
date has presented the case. The Committee emphasizes, however, that 
power reactors are relatively new and untried, and that there exists a con
siderable degree of uncertainty in our knowledge of their longterm safe 
behavior. Accordingly, the Committee doubts that the new and relatively 
untried technical features for improved safety proposed by the applicant, 
since our last report, are a satisfactory substitute for the inherent 
safety implied by a greater distance from population centers." 

In passing, it is noted that at the 26th meeting, the ACRS wrote a letter 
favorable to the construction of the Humboldt Bay Boiling Water Reactor 
after a protracted review in which the Committee insisted on having a full 
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ADVISORY COMMITTEE ON REACTOR SAFEGUARDS 
UNITED STATES ATOMIC ENERGY COMMISSION 

WASHINGTON, D.C. 

March 14, 1960 

Honorable John A. McCone 
Chairman 
U. S. Atomic Energy Coamiss ion 
Washington 25, D. C. 

Subject: SMALL SIZE PRESSURIZED WATER REACTOR, JAMESTO'WN, NEW YORK, SITE 

Dear Mr. McCone: 

At its twenty-fourth meeting, March 10·12, 1960, the Advisory Committee 
on Reactor Safeguards considered the site proposed for a Small Size 
Pressurized Water' Reactor to be located in the City of Jamestown, New 
York. The data furnished in the Site Report (referenced below) provided 
only general information on the reactor which is in the conceptual 
stage. In addition to the site report, the ACRS had the benefit of 
comments from the AEC Staff and others as well as a visit to the site 
by a Subcommittee. 

This 60 ~1 (thermal) pressurized light water moderated reactor is to 
be built and operated by the Commission on a site furnished by the 
City of Jamestown, New York, which will also provide the generating 
plant. The proposed site comprises thirty-five acres of city owned 
land located in the northwest corner of the city approxfmately 1.75 
miles fram the center. 

The ACRS believes that such factors as the small size of the site; 
proximity to the City of Jamestown with its high population density; 
unfavorable meteorology; lack of control by the City of Jamestown 
over the area contiguous to the south and west boundaries of the site, 
which is located within the limits of the town of Celeron; and the 
long periods of low flow in the Chadakoin River with consequent adverse 
effects on liquid waste disposal all indicate that this site is not 
suitable for a power reactor of this size in the present stage of 
technology. 

cc: A.R.Luedecke, GM 
W .F .Finan,OGH 
H.L.Price, DL&R 

Sincerely yours, 

/s/ 

Leslie Silverman 
Chairman 
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scale test section experiment performed on the proposed suppression pool 
containment concept. 

The final item in this section records that at the 27th meeting, July 20-
22, 1960, the ACRS reviewed a site proposed by Southern California Edison 
for location of an 1150 MWt PWR. The site was relatively remote, midway 
between the ends of Camp Pendleton Marine Reservation; the Committee, in 
approving the site, said that the design of the engineering safety features 
of the proposed reactor should take into account the leak rate of the con
tainment versus the unfavorble site meteorology, especially the poor atmos
pheric dilution. 

We shall end here this partial recounting of light water reactor siting, as 
it took place, case by case, during the 19so•s. Two decades later it is 
not straightforward to find a consistent thread, or all the factors which 
went into each decision. It is not clear that reactor-site combinations 
which were rejected would have posed greater societal risks than others 
which were accepted. Nor is it clear what level of societal risk was 
sought, except that it be less than from similar technologies. The advent 
of containment was clearly a decisive step in moving large reactors away 
from highly remote sites to populated areas. Just how much additional 
safety containment was providing was not quantified (or quantifiable) at 
that time. And rather little was known about accident probabilities, both 
those for which the containment would function and those for which. it would 
be violated. 

Natural phenomena and external events received rather little attention re
garding their influence on safety. Meteorology was a big factor in Cali
fornia; hydrology seemed not to enter in a~ important way. 

We shall next look at the development of 10 CFR Part 100, Reactor Site 
Criteria. 

2.3 1960-62 THE DEVELOPMENT OF 10 CFR PART 100 

Beginning in the spring of 1960, the reactor siting criteria, as they ap
pear in 10 CFR Part 100, began to take shape. Earlier ACRS discussions 
had included a review of published concepts from Great Britain and else
where, and an exchange of various possible u. s. approaches between the 
members. There was considerabe pressure on both the Regulatory Staff and 
the ACRS, arising from the Commissioners and from the nuclear industry, to 
provide some form of quantitative guidance by which the reactor designers 
could judge site suitability prior to Regulatory review. 

At an April 8, 1960 meeting of the ACRS Environmental Subcommittee, both 
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the Regulatory Staff and the ACRS seemed to lean toward a "maxirrum credi
ble accident" in which much or all of the fission products are released to 
a containment which is assumed to remain intact. Both considered use of 
an exclusion area and an evacuation (low population) area. There were 
differences of opinion concerning the dose limits to be specified, but 
these were not large differences. 

At the 25th ACRS meeting, May 5-7, 1960, Dr. Beck described his proposed 
philosophy (or assumptions): the probability of a major accident is rel
atively small; an upper limit of fission product release can be estimated; 
reactors are expected to be in inhabited areas; and the containment holds. 
The exclusion radius is defined as that at which not more than 25 Roentgen 
would be received in two hours. A limit of 50 Roentgen was proposed for 
the evacuation area. The city distance was set by 10 Roentgen exposure 
during the entire accident (MCA). There would be a limit of 10,000 per
sons in the evacuation radius, etc. It was noted that Indian Point 1 would 
not meet several of these criteria, while the rejected Point Lorna site was 
satisfactory. Beck stated that the basis for acceptance of Indian Point 1 
was its double containment. 

The question of pressure vessel failure as a possible consideration was 
discussed at the April 8 Subcommittee r~eti ng. However, notes by ACRS mem
ber Gifford of July 7, 1960 state that Beck's most recent draft is "tied 
to a rupture of a major pipe." No technical reasons for this decision are 
given. 

The minutes of the Environw~ntal Subcommittee meeting held on August 23, 
1960 show a continuing emphasis by Dr. Beck of the approach discussed at 
the 25th ACRS meeting. The dose limit for the evacuation area was now down 
to 25 R whole body. There would be a limit of 10 R for the entire accident 
at the edge of a substantial city {10,0000). Interestingly, the minutes of 
the Subcommittee meeting state, "The real basis, however, for this criter
ion is an uncontained 'puff' release resulting in an LD-50 (50% chance of 
death) dose at the city boundary." 

On September 21, 1960, the ACRS received a letter from w. F. Finan, the AEC 
Assistant General Manager for Regulation and Safety, as follows: 

"You will recall that in the spring of 1959 the Commission pub
lished for public comment proposed criteria for the evaluation 
of sites for power and testing reactors. Since those proposed 
criteria were published, the matter of site criteria has been 
receiving almost continuous attention from the Commission staff 
and the Advisory Committee on Reactor Safeguards. A new ap
proach to site criteria has gradually emerged and has been em
bodied in several drafts prepared by the staff and made avail
able informally to the ACRS during recent months. These drafts 
have been discussed by the staff on several ocassions with nem
bers of the Environmental Subcommittee headed by Dr. c. Rogers 
McCullough. 
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As the Chairman has publicly stated, the Commission desires to 
establish site criteria as soon as possible. In view of that 
fact we believe that the new approach to site criteria, along 
the lines of the draft attached to this letter, should be laid 
before the Commission with a view to publication for public 
comment. The General Manager has asked that I send this draft 
to you with the request that the Co1m1i ss ion be given the com
ments of the Advisory Committee on Reactor Safeguards, as soon 
as may be convenient, regarding he suitability of the draft 
for publication for public comment. 

I am sending you this draft at this time in order that it may 
be available to the Comittee during its meetings this week." 

The draft criteria forwarded by Finan were similar to those previously 
discussed and incorporated a detailed 11Sa01lle calculationn which included 
possible {worst 20%) meteorological input data and conversion factors froa1 
iodine concentration in air to thyroid dose. It was assumed that 75%, 25% 
and 1% of the noble gases, halogens ·and non-volatile fission products re
specively, were released to the containment, but the criteria permitted 
these amounts to be reduced if special engineered safety features were a
vailable. 

Instead of a fixed number of people in the evacuation area, a maximum pop
ulation density of 100/square mile was now proposed, with additional limits 
on density in an angular sector. 

A table was prepared and included in the memo, showing how well various 
reactors previously reviewed compared with the proposed criteria. The ta
ble is reproduced on the following page.* 

There was extensive discussion of these site criteria at the 28th meeting, 
September 22-24, 1960, and the ACRS prepared a long letter in which it re
viewed its philosophy on reactor siting. That letter, reproduced in its 
entirety, follows the table mentioned above. 

*Reminiscing almost twenty years later, Regulatory Staff members who had 
worked on this draft, recalled trying to find a set of paraneters and as
sumptions which would fit essentially all the previously approved reactor
site combinations, within some broader, generally acceptable framework. 



REACTOR SITE SUMMARY (CONTAINER LEAK RATE e 0.1% PER DAY 

Exclusion Distance Evacuation Area Cit,l 01stance 

Exposure Limit 300 rem 300 rem 50 rem 
Exposure Time 2 hr 0 0 
Halogen Release 25 % 25% 251 
Po~. Veloc1t,l none none .2 em/sec 

Assumed 
Leak Criteria Actual 

Mtlt Reactor Rate Criteria Actual Distance Po2. densit,l Cr1ter1a Actual 

630 Dresden 0.11 .40 .5 7.7 41.1 9.6 14 
585 Con. Ed. 0.1% .38 .3* 7.4 384 9.2 1.3* 
485 Yankee 0.1% .34 .5 6.5 31.8 8.4 21 
300 PRDC . 0.1% .25 .75 4.8 29.7 6.6 7.5 

270 PWR 0.1 .23 .4 4.4 265 6.2 7.5 
N 240 Consumers 0.1 .235 .5 4.1 32.8 5.8 135 I 

240 Hallam 0. 1 .235 ,, .25 4.1 10.7 5.8 17 .flo-..... 
203 Pathfinder 0.1 .22S · .5 3.7 26.1 5.3 3.5* 

202· PG&E 0.1 .22S .25 3.7 201 5.3 3* 
200 LCBWR 0.1% .22S .2* 3.7 81.3 5.3 10 
153 FWCNG 0.11 .21S .42 3.1 2.8 4.6 15 
115 Phil. Elec. 0.1% .20S .57 2.5 31.2 1.9 21 

60 NASA 0.11 .16S .57 1.7 33.3 3.3 3* 
60 CVTR 0.1% .165 ~ .5 1.7 6.8 3.3 25 . 60 Jamestown 0.1% .165 .3 1.7 836 3.3 0.5* 
58 Elk River 0.11 .16S .23 1. 7 20.6 3.2 20 

50 VBWR 0.1 .15S .4 1.5 22.3 2.5 15 
48 Pique 0.1% .15S .14* 1.5 1020 2.5 27 
40 Pt. Lorna 0.1% .14S .25 1.3 0 2.3 3 

*does not pass criteria 
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ADVISORY COMMITTEE ON REACTOR SAFEGUARDS 
UNITED STATES ATOMIC ENERGY COMMISSION 

WASHINGTON U. D.C. 

October 22, 196o 

Honorable John A. McCone 
Chairman 
u. s. Atomic Energy Commission 
Washington 25, D. C. 

Subject: BEACmR SITE CRITERIA 

Dear Mr. McCone: 

You have asked that we 8Uppl.7 you vi th criteria which could be 
used for Judging the adequacy of proposed sites for reactors. 
'l'be Ad\'isory Committee on 2eactor Safeguards has d.evoted. con
siderable time to this problem. A large pe.rt of our delay in 
submitting site criteria stems from the fact that we believe it 
ir premo.t'Ul·e to establish quantitative l1m1 ts on the variables 
i.~lved. in site evaluations - especially if such limits will 
Aypear in Federal regulations, or otherwise be announced as 
Commission policy. We recognize that the correctness ot the 
numbers which could be selected nov ca:mot be proved by experi• 
mental. or empirical data, and, therefore, these numbers would. 
sJ.,ve a false sense of positiveness which could not be supported 
\r,POn detailed scrutin:y. Numbe!'s chosen new v:l.JX be expected to 
change as more in:f'o:raation develops. For example, a quantitative 
calculation of do&age must 1ncl,lde some estimate of the fraction 
of the total fission product inventory which "'Dl!q be air•borne. 
1bis traction is currently under experimental examination !md the 
estimate IrJtJ.7 be subject to change. 

'l'he Committee believes that the ottici~ endorsed numbers 
could stifJ.e prc.gress toward a better selection of numbers. 'l'he 
icleas and interpretations from applicants themselves have played 
a major part in the formulation of the current bases for site 
evaluation. It would be a significant loss to stop the tlov ot 
DeW ideas from the applicants. The Committee also beUeves that 
it is possible that tbe appearance ot quantitative numbers 1D a 
Fec:leral regulation or polic7 statement v::lll .red:u.ce the continual. 
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Honorable John A. McCone October 22, 1960 

awareness of the applicant that he has assumed a responsibUity 
to be alert to end to aat on unforeseen aisadvantages of a site 
even after the site has been approved. The Committee, therefore, 
advises that a quantitative statement of site criteria not be 
included 1n Federal regulations. 

These comr.~ents do not mean that the ACRS has no bases tor judging 
the adeq~ of sites. They merely emphasize that site selection 
is still largely a ll'.atter of judgment. Inasmuch as tt.e ACRS has 
been mak.illg site end reactor evaluations, it may be hftlp...""ul. to 
review the framework on which these judgments are be:L·ag made. Xt 
is a prerequisite 1 o't course, that the reactor be carefully end 
competently designed, constructed, and operated. It should be 
inspected during all these stages in a manner to assure preserva• 
t.".on of the intended protection of the public. Also, these factors 
are ap'f?licable only to those reactors on wbich experience has been 
developed. Reactors which are novel in design, unproven as proto• 
wes, or which do not he;.re adequate theoretical end experimental 
or pilot plant experience belong at isolated sites • the degree of 
isolJ:-.tion required depending on the amount of experient:(~ whiab 
exists. 

OUr sit" evaluations stem from several concepts. !base are over• 
lapping, but not conflicting: 

l) Everyone off-site must have a reasonably good chance ot not 
beins seriously hurt i:f' en unlikely but credible reactor 
a.ccid.ent should occur. 

2) The exposure of a large segment of society in terms ot 
int~grated ~~-rems should·not be such as to cause a sig
nificant shortening of the average individual lifetime or 
a significant genetic damage or a significant increase in 
leukemia - sho,lld a credible reactor accident occur. 

3) There should. be an advantage to society resulting trom 
locating a plant at the proposed site rather than in e. 
more isolated area. 

4) Even if the most seriouS accident possible (not normally 
considered credible) should occur, the numbers of peo.le 
killed should not be catastrophic. 

Incidentally 1 the concept bas been proposed by others that the 
damage to people from reactor accidents can 1te accepted it it 
is no greater tr.an tbat experienced in other industries. We 
l'eJect this sugsestion as premature, and follow rather the con
cept that the consequences of reactor accidents must be less 
than this. The reasons for this rejection a....""e twofold: First, 

..... 

. .. -.-. 
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we do DOt have sutticient iDtormation on the probability of reactor 
accidents to malte use ot this concept in site evaluations. We d.o use, 
of course 1 the fact that the probability ot a serious accident is 'YeZ')" 
low. Second, we recognize that the atomic power business has DOt yet 
reached the status of aupplyi.Dg an econamic need in a mrmer similar 
tO that ot more mature industries; and, therefore, a.rguments tor taki:DS 
conventional risks tor the greater good ot the public are somewhat weak. 
At the same time, ve do not want to iq)ly that the restrictions placed 
on site locations· durizl& the developmental period ot atcmd.c power vill 
necessarily be carried over to the period ot maturity ot the ata:Dic 
power industry. 

'lbe reduction ot these concepts to a Judgment as to the adequacy ot 
a proposed site requires turtber logic and the introduction ot some 
numerical estimates. We believe that the searchiDg &DBJ.ysis which 
is necessary at this stage should be done independently by the owner 
ot the reactor 1 uaiDg the characteristics which are peculiar to his 
site and to his specitic reactor. !J.'his step, ve believe, is essen
tial in developiDg his contill\liDg alertness to his responsibility to 
the co .. mmity surroundi!:'g the site. Bawever., in Com:Dittee delibera
tion, ve balance his ana.J.;ysis against a generalized accident which 
ser res r.s a reference point. trom which we can better Ulldersta.Dd the 
analysis submitted by the applicant. 

OUr generalized accident analysis assumes that a serious accident 
ll!'.a occurred and predicts in rough terms the consequences ot such 
an accident. It is obvious that the generalized accident is 8.11 
arbitrary artifact subJect to change and has value ~ so far as 
it aids Judgment. As a matter of tact, tor certain reactors and. 
conditions Jut'..gment will indicate that the generalized accident is 
to~ severe. In the generalized accident, we :must make numerical 
usumptions as to the amount 1 ~ &lld rate ot radioactivity release 
(the source tem), the dispersal ot the radioactiVity in the air and 
in the ~osphere, and the ettect ot this radioactivit)' on people. 

Source 'l'erm 

An arbitrary accident is a&S'U:!IIIed to occur which results in the 
release ot fission products into the outermost buildi:DS or contain
ment shell. About 1oe>c; ot the total inventory of noble gases, ~ 
ot the halogens 1 8.lld 1~ ot the non-volatile products are assumed to 
be so released. It is then assun:ed that this mixture leaks out ot 
the outermost barrier at a rate defined by the designed 8.lld con
firmed leak rate. 'lbe reasoniDg b&clt ot this source term is admit
tedly loose. It stems primarily from a present inability to be 
convinced that coolant cannot be lost somehow from the reactor core, 
either by spontaneous fracture ~ some element in the priiiiBJ."Y' system 

.. .;.·. --.·. ~ . ~ . . . 
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a fracture caused by mal operation (instrumental or· human) ot the 
control rods. Admittedly# this assumed source term is large, but 
it thereby atfords a factor of safety. In some cases it is justi
fiable to reduce this source term. It is also tacitly assumed that 
1n this accident the outermost barrier '\Till DOt be breached. The 
logic behind this assumption is that we require aJ.l of the compo
nents restraining the pressure of the :pri.mary system to be operating 
at temperatures above their nil-ductility temperature. We are 1 
the1•efore 1 more confident 1 but not certain, that failu::-e Will occur 
by tearing rather than by brittle fracture and that th! probability 
of ejection ot missiles which penetrate the outermost barrier 1s 
low. The necessary supporting structures and Bhield1ll8 also protect 
against missile damage. 

Dispersal of the Radioactivity 

1) ~teorologz 

We assume a dilution of air-borne actiVity using atmos~beric diffusion 
parameters which reflect 'ZlCOr, re.ther than. average 1 met~rolog1cal 

conditions. Choice of specii'ic parameter values i'ollows :rrom a sur
vey of meteorological conditions expected to apply at the si~e, pri· 
marily Wind and stability distributions. To analyze the generalized 
accident, we use the standard di:f'tusion calculation methodology out-

. li!led, tor exeJ.!lPle, in AECU-3066 and lvASH·740. T".oe atlr.ospheric dif'· 
fusion phenomena is the subject of active resea:ch, and new results 
can be expected to i'irm up and imp:rove the :presen·t methods, althouah 
we do not anticipate major revisions in this e.rea. 

2) HydrolOgy 

Considerations of hydrology are·based on characteristics ot surface 
and sub-surface flow as they are related to the possible release of 
contaminated liquids to the off-site environment. Thus, the rate 
and volume of surface flow and the possible presence or absence of 
absorbing barrj.ers of soil be'!Meen the reactor complex and important 
underground aquifers should be taken into consideration. These 
tactors must be favorable for restraining the flow of' radicactive 
materials in case ot accident. Design factors, incluiing the capa
bility of providing adequate hold-up in the e'rent of adverse hydrol.• 
ogy, are also significant. 

Effect of Radioactivity on People 

The upper lil'Di t to the exposure to a member of the public in the 
generalized accident should be r.o higher than the maximum once-in
a-litetime emergency dose. Such a level has not been established 
by AEC. Ve ~ arbitrarily using a figure of about 25 r whole body 

.·,· ... ' 
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or equivalent integrated dose tor this level. 1'his figure is 
mentioned in Handbook 59 of the National Bureau of Standa%'ds, 
:pages 69-70. Since the iodine dose is otten controlling, we 
are tentatively considering a thyroid dose l1m1tat1on of 200· 
300 rads. 'nle dosace so far mentioned refers to lim:l.ts to 
people when the :people are considered as independent individ· 
uals. We believe that it is essential that the Atomic Ener17 
Commission attempt to confirm through its sta.t't or its advisors 
in this field that this suggested value of 25 r whole ~ or 
equivalent is without significant biological ettect on the 
individuals vbo might be subjected to this dose f'raD the sen• 
eralized accident. 

When large numbers of' individuals are exposed to radiation, 
mother limit also exists because of genetic effects and be
cause of the statistical nature of induced leukemia and the 
shortening ot the life span. 'lhe llmits of exposure to large 
groups of people are better expressed in terms of inteF-ted 
man-rems. We are considering using a figure of 4 x 10 man-rems 
for this limit tor the people who might be exposed to radiation 
doses falling between 1 and 25 rems. 'I'h.is figure of 4 x 1o6 
J:IBD•rem& is roughly equal. to the dose received trom natural 
back...<tro'Wld by a m1llion people during their reproductive 
l.U'etime. 

'lhe implication of these numbers is this. About a reactor site, 
there should be an exclusion radius in which no one resides. 
Surrounding this, there should be a region of low population 
density, so lov that ind..'lvidual.s can be evacuated if the need 
arises in a tim.! Which will prevent their receiv:L;zs more than 
a dose of 25 r. Beyond this evacuation area( there should be 
no cities {above 10,000 to ~,000 population) iutticient~ 
close so that the individuals in these cities migh). receive 
more than the lower of the followine;: (1) 4 x lcP man-rema 
in the generalized accident, and (2) 200 rems under the ex
tremely improbable accident in vbich the outermost barrier 
fails completely to restrain all of the radioactivity ot the· 
generalized accident. 

The Committee Wishes to emphasize again that the numbers which 
have been used in discussion of the generalized accident should 
not be formalized into regulations or Commission policy. The 
Committee Wishes to acknowledge the help it has received trom 
the Hazards Evaluation Branch in this matter and suggests that 
these individuals be encouraged to present as technical papers, 
but not as regulations, a complete description of their working 
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approach to making judgments on the adequa.cy ot proposed reactor 
sites. Such a paper, of course, would have the status of the 
opinion o! an inf'ormed technical individual, but would not imply 
Committee approval, nor would it have the rigidity ot a Commission 
policy statement. 

cc: A. R. Luedecke, GM 
w. P. Finan, AGMRS 
H. L. Price, Dir., DL&R 

Sincerely yours 1 

/ s/ Leslie SU verman 

Leslie SUverman 
Chairman 

- .. -. ··-----· --d· 
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The letter presents the basic ACRS concepts as follows: 

1. Everyone offsite 1111st have a reasonably good chance of not 
being seriously hurt if an unlikely but credible reactor 
accident should occur. 

2. The exposure to a large segment of society in tenns of inte
grated man-rems should not be such as to cause significant 
shortening of an individual lifetime, or significant genetic 
damage or significant increase in luekemia, should a credible 
reactor accident occur. 

3. There should be an advantage to society resulting from lo
cating a plant at a proposed site rather than in a more iso
lated area. 

4. Even if the most serious possible (not normally considered 
credible) accident should occur, the numbers of people 
killed should not be catastrophic. 

The ACRS was very reluctant to have the AEC establish firm numbers in its 
regulations at a time when information was still developing. But. the 
Committee did give guideline numbers that they thought provided a basis 
for consideration. The ACRS said that they had arbitrarily been using a 
figure of about 25 R whole boqy and 300 rads to the thyroid as a limiting 
dose for people in the low population zone who could be evacuated, or those 
beyond the low population zone who might stay in place during the course 

- of the accident. They suggested using a figure of 4 x 106 man-rem as a 
maximum exposure integral (to be computed by counting all exposures falling 
between 1 and 25 rems) from the generalized accident involving release to 
the intact containment. With regard to cities and the question of no ca
tastrophic effects, the Committee recommends that beyond~he evacuation 
area there should be no cities, having a population above 10 or 20 thousand, 
so close that the individuals in these cities might receive more than 200 
rems under the extremely improbable accident in which the outermost bar
rier fails completely to restrain all the radioactivity of the generalized 
accident. 

Clearly the population density outside the low population zone (i.e., the 
nearness of population centers) would also affect the chance of staying 
above or below the proposed·integrated man-rem dose. 

It is not clear from the minutes whether the ACRS looked in detail at the 
reactors then approved for construction or going into operation such as 
Indian Point 1, Dresden 1 or perhaps the Shippingport PWR, to see whether 
the criterion of not exceeding 200 rem at a large population center under 
the worst accident conditions would be met. And, it is difficult to tell 
from the minutes of previous ACRS meetings the extent to which the numer
ical guidelines presented in the letter of October 22 had actually been 
applied by the ACRS. 
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In passing. it is noted. that at its 29th meeting, Nov 3-5, 1960, the ACRS 
wrote a report favorable to either of two newly proposed sites for the 
proposed small pressurized water reactor for Jamestown, New York. The 
new sites were located east of the city and were stated to have adequate 
exclusion radii and. low population density. 

Following its letter of October 22, 1960, the ACRS received a memorandum 
dated December 7, 1960, subject "Criteria fo Judging the Adequacy of Pro
posed Sites for Reactors," from AEC Commissioner Olson. A copy of that 
memorandum follows this page. 

At its 29th meeting, December 8-10, 1960, the ACRS* prepared a reply, a 
copy of which follows the above mentioned memorandum from Commissioner 
Olson. 

There are no major changes between the ACRS positions and recommendations 
in the letter of October 22, 1960 and those in the letter of December 13, 
1960. 

On February 1, 1961, the Atomic Energy Commission issued notice of its 
proposed "Reactor Site Criteria" for public comment. The complete notice, 
including both the Statement of Considerations and the Site Criteria is 
attached following the ACRS reply to Commissioner Olson. 

The proposed criteria do include an exclusion area and a low population 
zone, with dose lirnits of 25 rem whole body and 300 rem to the thyroid, 
as proposed by both the Regulatory Staff and the ACRS. A population cen
ter distance of at least 1 l/3 times the distance from the reactor to the 
outer boundary of the low population zone is proposed, together with a rel
atively vague statement that, "When very large cities are involved, a grea
ter distance may be necessary because of total integrated population dose 
cons ide rations." __ . .. 

Not in the criteria themselves but in the Statement of Considerations is 
found the statement, 11 Even if a more serious accident (not normally con
sidered credible) should occur, the number of people killed should not be 
catastrophic." This is similar to but less restrictive than the general 
ACRS recommendation on this point. ·And there was included the correspon
ding numerical criterion of 200-300 R at the edge of a population center 
for an uncontained accident. 

The 1961 proposed Reactor Site Criteria include an Appendix which spells 
out a sample· calculation, using what the Regulatory Staff considered to 
be reasonable assumptions. The 1961 Site Criteria do not mention multiple 
reactors at one site. 

*The ACRS members at this time were the following: L. Silverman, Chairman; 
R. L. Doan, w. P. Connor, w. K. Ergen, D. A. Rogers, R. C. Stratton, T. J. 
Thompson, c. R. Williams, and A. Wolman. 
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UNITED STATES 

ATOMIC ENERGY COMMISSION 
WAMotiNGTON II. D.C. 

Deceaber 7, 19~ 

Memorandum for: Dr. Leslie Silverman, Chairman 

Subject: 

. Advisory Committee on Reactor Safeguards 

CRITERIA FOR JUDGING THE ADEQUACY OF PROPOSED 
SITES FOR REACTORS 

In the letter from the ACRS to Chairman McCone, dated October 22, 1960, 
you make the point that criteria for reactor sites cannot be given in 
precise quantitative terms. YOu also make the point that. the Committee 
believes it would be unfortunate if numbers or specific quantity were put 
out as part of regulations dealing with site criteria at this time. The 
suggestion was made that some of the quantitative aspects of site criteria 
might be discussed by members of the AEC staff in the form of technical 
papers. 

As I read the Committee letter, it actually contains site guidance but not 
clearly identified as criteria. While recognizing the difficulty of writing 
detailed criteria at an early stage of a technology, ft is in the interests 
of sound regulatory practice to have criteria to the extent possible to work 
from. In particular, the problem of the selection of suitable sites for 
nuclear reactors is and has been a troublesome point. 

It is my understanding that the Advisory Committee on Reactor Safeguards is 
holding a meeting on December 8, 9, and 10, 1960. It would be most helpful 
if the Committee would try to summarize whatever general site criteria it 
considers appropriate for the selection of reactor sites. It should be borne 
in mind that criteria should be as definitive as possible, but a clear 
expression in general terms of the concept used would be a useful step 
forward. It is my feeling that it ts ·important that we make any criteria 
we can available to the public in order to provide guidance to the extent 
possible to the public. The Commission would appreciate anything the 
Committee can do along this line. 

;J!";f:'~ 
L. K. Olson 
Commissioner 
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ADVISORY COMMITTEE ON REACTOR SAFEGUARDS 
UNITED STATES ATOMIC ENERGY COMMISSION 

WASHINGTON 25, D. C. 

December 13, 1960 

Honorable John A. McCone 
Chairman 
U. S. Atomic Energy Commission 
Washington, D. c. 

Subject : SITE CRITERIA FOR NUCLEAR REACTORS 

Dear Mr. McCone: 

Commissioner Olson has observed that in our letter of advice to you 
dated October 22, 1960, we have furnished guidance relating to the 
selection of reactor sites but have not clearly identified the 
criteria contained therein. He has suggested that the Committee 
summarize such general site criteria as may be appropriate in order 
that guidance can be provided to the public. 

While the Advisory Committee on Reactor Safeguards believes that 
it would be unwise to publish detailed quantitative site criteria 
in a regulation at this early stage of technology, we have provided 
in an attachment to this letter criteria which should be useful in 
the selection of sites for nuclear reactors. 

Sincerely yours, 
~- . 

Enclosure: 
Site Criteria for Nuclear Reactors 
dated Dec. 13, 1960 

Sgd/LESLIE SILVERMAN 

Leslie Silverman 
Chairman 
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ADVISORY COMMITTEE ON REACTOR SAFEGUARDS 
UNITED STATES ATOMIC ENERGY COMMISSION 

WASHINGTON 25 t D. C. 

December 13, 1960 

SITE CRITERIA FOR NUCLEAR REACTORS 

The following site criteria are applicable only to reactors of a 
type and design on which experience has been developed. For reactors 
which are novel in design, unproven as prototypes, or which do not 
have adequate theoretical and experimental or pilot plant experience, 
these criteria will need to be modified in the direction of specify
ing ifolated sites -- the degree of isolation required depending 
upon the lack of certainty as to the safe behavior of the reactor. 
It is a prerequisite, of course, that the reactor be carefully and 
competently designed, constructed and operated, and inspected during 
all these stages in a manner to assure preservation of the intended 
protection of the public. 

General Concepts 

1. The location must be such that everyone off-site has a reasonable 
chance of escaping serious injury if an unlikely but still credible 
accident should occur. 

2. The exposure of many persons in terms of man-rems should not be 
such as to cause significant somatic or genetic effects should 
a credible accident occur. The.somatic effects~resently 
recognized are: the occurrence of leukemia and life shortening. 
In order to be significant, the effect must be statistically 
great enough to be recognizable among the variations which 
occur without assignable cause. 

3. Even if the most serious accident possible (not normally con
sidered credible) should occur, the numbers of people killed 
should not be catastrophic. 

4. A site which has characteristics not clearly conforming to the 
foregoing criteria can only be considered if it is possible to 
show that there is an advantage to·society in locating the 
reactor at this site rather than in a more isolated area. This 
is ~ matter of degree, and no site is acceptable for a non
military reactor which imposes a foreseen risk of serious 
injury to anyone off-site. 

. .... ·.·.·.•;. ">~· .... /" ~ :··~ :*'.:"':"·~ . ..:":'"~"' 
. ·. .,. . .. ... : ·-:: ... ·: . . · .. L 



.- I •, 

2-53 

-2-

Specific Criteria 

1. The applicant must show that his particular reactor at the chosen 
site does not violate the general criteria. 

2. The demonstration must be based upon the actual barriers provided 
to contain the radioactive material, upon the means of spreading 
the radioactive material (meteorology, hydrology, etc.), and upon 
the actual distribution of population surrounding the site. 

3. There must be three or more independent physical barriers unless 
it can be shown that the particular reactor cannot break through 
a lesser number. For example, if there were a reactor type with 
no stored energy, an "incredible" possibility for a nuclear 
excursion, and either such a low specific power or such a ~eli
able cooling system that the loss of coolant accident need not 
be considered, one or two barriers might be considered acceptable. 

4. The analysis of the applicant presenting the kind of accidents 
which can happen, the provisions against such accidents, and the 
estimate of dosage to persons off-site based upon actual meteor
ology, hydrology and population distributin will be compared to 
a generalized source term for release of radioactive material. 
This will be an arbitrary release of a certain fraction of the 
fission products in the reactor into the outermost building or 
container. The maximum arbitrary value will be used unless the 
applicant can show good reason to use a lesser quantity. The 
results to the persons off-site shall not be worse than those 
set forth in the general criteria. 

5. There shall be an area surrounding the reactor, known as the 
exclusion area, which will be under the control of the applicant 
and in which no one will reside. Credit can be taken for special 
geographical characteristics such as a seaside location, the 
bank of a wide river, the bank of a•lake, etc., in reducing 
the size of the exclusion area if the actual location warrants. 
Location underground would also be considered as a means of 
reducing the exclusion area. · 

Numerical Values 

The Advisory Committee on Reactor Safeguards believes strongly that there 
has not yet been a sufficient critical review of the data available to 
set such numbers as part of a formal regulation. The ACRS recommended 
a study of the data applicable to the safety problems and the deriva
tion of criteria for all parts of the reactor systems in a letter 
dated November 16, 1959. As far as the Committee is aware, there has 
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been no such study. Data and numbers applicable to site criteria were 
suggested as a part of the proposed study. Such a study would permit 
numbers to be used in defining criteria for site selection. The fol
lowing numerical values are given as examples to aid in understanding 
the problem even though their validity is open to question until the 
study is made. 

l. Under the extreme conditions of a serious reactor accident, it 
should be reasonably possible for persons off-site to take pro
tective steps, such as evacuation end retirement to shelters, 
within a period of two hours so that within the two hours they 
will not receive more than a 25 rem whole body gamma dose or 
the inhalation of radioactive material which will give a dose 
of 300 rem to the thyroid, or 25 rem to the bones or lung. 

2. The integrated man-rem dose for all people off-site receiving 
a radiation dose above 1 rem whole body, o~ equivalent thyroid, 
bone or lung dose, shall not exceed 4 x 10 man-rems. 

3. The reactor should be located sufficiently distance from cities 
(metropolitan areas) of above 10,000 to 25,000 population so 
that no inhabitant receives more than 300 rems in the extremely 
tmprobably accident defined by a complete failure of all con
finement barriers and a source strength equal to most of the 
fission product inventory. 

-·. 
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It is of some interest to note that in his testimony at the JCAE Hearings, 
on Radiation Safety and Regulation, June 12-15, 1961, Mr. Robert 
Loewenstein, Acting Director, AEC Division of Licensing and Regulations 
specifically discussed the population center distance as follows: 

"If one could be absolutely certain that no accident greater than 
the "maxirum credible accident" would occur, then the 'exclusion 
area' and 'low population' zone would provide reasonable protec
tion to the public under all circumstances. There does exist, 
however, a theoretical possibility that substantially larger 
accidents could occur. It is believed prudent at present, when 
the practice of nuclear technology does not rest on a solid 
foundation of extended experience, to provide protection against 
the most serious consequences of such theoretically possible 
accidents. Consideration of a 'population center distance' is 
therefore prescribed: This is a distance by,which the reactor 
would be so removed from the nearest major concentration of 
people that lethal exposures would not occur in the popula-
tion center even from an accident in which the containment is 
breached." 

The AEC received a wide range of comments on the proposed site criteria. 
On July 31, 1961 a meeting was held between representatives of the Atomic 
Industrial Forum {AIF) and of the AEC, including Commissioner Graham. Mr. 
w. K. Davis made several comments in reviewing the position of the AIF: 

"1) The example given in Appendix A should be deleted 

"2) The population center distance should be deleted since 
the 1-1/3 number is without technological basi.s 

"3) If the AEC's policy is agains.t.the location of reactors 
in cities, it should be so stated as a matter of policy 
and not inferred by ca 1 cu 1 at ion.'' 

In succeeding drafts of the Reactor Site Criteria, words like catastrophic, 
evacuation, and fall-out were avoided, and the appendix was deleted, to be 
replaced by a new AEC report, TID-14844, which provided considerable detail 
on the methodology and parameters to be used in calculating accident doses 
per the requirements of the criteria. 

On April 12, 1962, the USAEC published Part 100, Reactor Site Criteria, to 
be effective one month later. The Statements of Considerations and Cri
teria, which are also given in the Section entitled "A Brief Overview" are 
repeated here for reaqy reference. 

The Statement of Considerations discusses the population center distance 
as a way to provide for protection against excessive exposure doses to 
people in large centers, where effective protective measures might not be 
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I 10 CFR Part 100 J 
IEACTOR SITE CRITERIA 

Notice of Proposed Guld" 
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QaaAL PIOYIIIIOJIS 

• 100.1 hrpoee. 
D Ia the purpose ol this part to de

ICribe the criteria which ruJde the com
llllJ&slon 1D ita evaluation of the suitabll· 
ltJ' of proposed sites for power and testinl' 
reactqrs subJect to Part 50 of this chap. 
ter. Because it Ia not possible to define 
IUCb criteria With autncient detlniteneu 
to ellm1nate the exercise of agency Judg
ment In the evaluation ol the,e sites, 

·this part Ia Intended primarily to iden· 
Ub' a number ol factors considered by 
the (!ommfsslon and the reneral criteria 
which are utilized as ruJdea in approv
ma or d1aapprovinc proposed sites. 
1100.2 Scope. 

Ca) '1bfa part appllea to appUcations 
Gled under Part 50 of this chapter for 
oonat.ructlon permits and operatinr U• 
eenaes for power and teatinl' reactors. 

Cb> The site criteria conta1Ded In thta 
part appb' pr1mar1ly to reactors of a 
pneral type and desl&'n on wbich ex
perlace baa been developed, but can 
&lao be applied With addltioual con• 
lel"9&tlam to other reactors. Por re
actors wbich are DOVel 1D desll'n. un
proven as prototypes, and do not have 
adequate. theoretical and experimental 
or pUot plant experience, these criteria 
wUl need to be applied. more conaerva
Uveb'. '1bfa conservatism wU1 result In 
more Isolated sites-the del'ree of Isola
tion required depading upon the lack 
of certainty as to the safe behavior of 
the reactor. It Ia essential, of course, 
tba.t the reactor be caretulb' and com
petently desfl'ned, ~nstructed, operated, 
and. Inspected. 

I 100.1 Defbdtiona. 
As used In this part: 
<&> "EXclusion area" means the area 
~ding the reactor, access to which 
Is uDder the full control of the reactor 
UCeoaee. This area may be traversed 
bJ' & highway, rallroad, or waterway, 
provided these are not so close to the 
facWt:v as to Interfere with normal oper
ations, and provided appropriate and 
effective arrangements are made to con
trol tramc on the hirhway, rallroad, or 
waterwa:v.m case of emergency, to pro· 
teet the public het.lth and safety. Heat· 
dace wtthJD the exclusion area shall 
DOrmalb' be prohibited. In any evat, 
residents shall be subject to reacb' re
moval In case of neceaait:v. Activities 
unrelated to operation of the reactor 
ma7 be permitted ln. an exclusion area 
under appropriate ll.m1tatlons, provided 
that DO ldgnjfteant hazards to the public 
health and safety wU1 result. 

(b) "Low pepulation zone'' means the 
area immediately surroundlDr the ex
clusion area which contains restdata 
the iotal number and density of which 
are such that there is a reasonable prob
ability that appropriate protective meas
ures could be taken in the event ol a 
letlous accident. These ruJdes do DOt 
apecUy a permissible population density 
or total population with1D thla zone be· 
cause the situation may vary from case 
to case. Whether a speciflc number of 
people can. tor example, be evacuated 
from a apeclfte area, or lnatructed to 
tate abetter, on a timeb' bu1a ww de-
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pend on ID&Dl' factors auch as location, 
number and size of b1ibwa11. scope and 
atent of advance planning, and actual 
dlatr1bution of restdata wtthln the area. 

(C) "Population cater distance .. 
means the dilltance from the reactor to 
the nearest boundary of a densel:v pop
ulated center contaiDing more than about 
25,000 residents. 

(d) "Power reactor" means a nuclear 
reactor of a type deacrtbed. In If 50.21 <b> 
or 50.22 of thla chapter destrned to pro
duce electrical or heat enerr:v. 

<e) "Testing reactor" means a "testinr 
facility" as defined 1D 150.2 of this 
chapter. 

8JH l!W&LVATIOJI PAC'I'OU 
1100.10 Faeton to J.e eoaaidered wheD 

emuatinc titetl. 
In daterm.Jnlnr the acceptabWtJ of a 

lite for a power or testing reactor, the 
commtsafon wUI take the foUowlnl fac
tors lnto consideration: 

<a> Population clensity and use char• 
acteristlca of the site environs. trtc1udlnr. 
unonr other thlnn, th-..exclusion area. 
low population zone, and population 
center distance. 

<b> Physlcal cha.racter:i.stlca of the 
aite, InCluding, amonr other tbinp, aels
molor:v, meteorolor:v, geoloQ' and h¥· 
drology. Por ex:ample: · 

m The desii'D for the facillt:v should 
conform to accepted build1Dr codes or 
standards for areas having equivalent 
earthquake histories. No fac11Jty should 
be located closer than % to liz mlle from 
the surface location of a known active 
earthquake fault. 

<2> Meteorological condiiions at the 
aite and In the surroundiDr area should 
be considered. . 

(3} Geolorical and hydro!orJcal char· 
acterist!ca of the proposed site may have 
a bear1Di on the consequences of an es
cape of radioactive material from the 
facilltJ. Unless special precautions are 
taken. reactors should not be located at 
sites where radioactive 1lquid emuents 
might ftow readlly into nearbJ' atreama 
or rivera or mJgbt 1'iad reacb' acoesa to 
underground water tables. 
Where some unfavorable phntcaJ char• 
aCterist!ca of the site exist, the proposed 
aite may nevertheless be found to be 
acceptable U the des1rD of the facWt7 
Includes appropriate and adequate COJ;D· 
pensating enrJneerine: aaferuarda. 

<c> Characteristics of the proposed 
reactor, Including proposed Dlaldmum 
power level, use of the tacWt7. the extent 
to which the destrn of the f&cWty lD· 
corporates "Well proven engineering 
standards, and the extent to which the 
reactor 1Dcorporates unique or unusual 
features having a sl&'nlftcant bearing on 
the probabWty or conaequacea of ac
Cidental releases of radioactive material. 
1100.11 Determination ol -elution 

area, low population ltOileo ... popD• 
lation ceDler cliNIIIlce. 

<a> As an atd In evaluatinr a proposed 
alte, an appltcant should aaaume a fts. 
sion product release from the core as 
Ulustratedln Appendix "A" of th1a part. 
the expected demonstrable le&t rate 
from the containment, and meteoroloP• 
cal conditions pertlneDt. to hll ~te to 

dedve an exclusion area, a low popula
Uaia zone and a population cater dis-. 
tance. Por the purpose of tb1l analysla, 
t.be . appUcant should determ1ne the 
foDowtnr: 

<1) An exclusion area of IUCb Idle 
&bat an Individual located at any point 
GD ita boundary for two hours Jmmedl
a&eb' folloWing onset of the postulated 
IIDlon product release would not receive 
a iotal radiation dose to the whole body 
Ia ex:cess of 26 rem or a total radiation 
clole In excess of 300 rem to the fibJ'roid. 
from iodine exposure. 

<2> A low population 10ne of IUch aJu 
tb.at an individual located at any point 
ctta outer boundary who ta ezpoaec~ to 
taw radioactive cloud reaultlnc from the 
postulated fission product release <dar
lag the eDtire period of ita paaaage) 
-.auld DOt receive a total radiatian dose 
to the whole body In excess of 25 rem or 
a total radiation doae lD excesa of 300 
,_ to the thyrold from iodiDe exposure. 

O> A populaiion center d.illtance of at 
least 1 Y3 times the d1stance from the 
reactor to the outer boundatT of the low 
POPUlation zone. In applying this ruJde 
due consideration abould be rtva to 
tbe population d1atrtbutlon Withln the 
population center. Where very larl'e 
eWes are Involved, a l'l'e&ter distance 
may be ncessaar:v because of total lnte
pated population dose considerations. 
'l'be whole body dose of 21 rem referre4 
t.o above correSponds to the once 1D a 
lfetime accidental or emer&'8DC7 dose for 
nd.lation workers which. accordlnl' to 
RCRP recommadationa. may be dlare· 
IUded In the determination of their • 
radiation exposure lltatua. <see Adden
dum dated April 15, 1958 to NBS Hand· 
lloot 59.) The NCRP baa Dot pUbJJ.sbed 
a aim1lar lltatemat With re5P8Ct to par
Ilona of the bodJ, 1Dcludlnr doses to 
ta.e thyroid from iodiDe exposure. Por 
ta.e purpose of estab11sbing areas and 
dis~ under the concl.liiona &IISUDled 
Ia these ruJdea. the whole body dose of 
21 rem and the· 300 rem close to the 
~1d from iodine are belleved to be 
&IODierVattve values. 

<b> m Appadlx "A" of this part 
contain.s an example of a calculation for 
bypotbetical reactors which can be used 
u an Jnltla.l eattmate of the exclusion 
-. the low popuiation zone. and the 
pOpUlation center d1atance. 

(2) The calculations descrtbecl In AP
pendix "A" of thls pan are a means of 
olttalDJnr prellm1Dar7 I'Uidance. They 
may be used as a point of departure for 
ormsideration ol particular alte require
ments which may result from evaluattona 
of the particular cbaracteristica of the 
zeactor,lta purpose, method of operation. . 
uacl site Involved. The numerical values 
*ted for the variables listed In .&:ppen· 
db: .. A" of this part represent &PPl'OSi
mattona that presentb' appear re&SOD.• 
lllle, but these numbers may need to be 
lft1aed as further experieDce and tech· 
Dlcal Information develops. 

Dated at Germantown. M'&rylancl, tbla 
- day of Pebru&r7 1861. 

Por'the Atomic IDeriJ' ~m,...;O'D, 
WOODI'VID B, McCooL. 11«#'.,.,. 
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feasible. However, the rather specific criterion of the ACRS letters of 
October and Dece~er, 1960 {namely, that of no lethal doses at the population 
center) is by no means apparent {and we shall see it was not used in 
succeeding years). 

It is of interest to note that the minutes of the 39th meeting, Februar,y 
8-10, 1962, record dissatisfaction by several members concerning the 1962 
version of 100 CRF Part 100. Member Silverman believed that the rewriting 
had eliminated some of the earlier significant ACRS ideas which had been 
previously incorporated. Member Ergen was concerned over ambiguity in the 
large city distance criterion. However, Part 100 was issued by the AEC as 
described above. 

The 1962 version of Part 100 specifically allows for sites having multiple 
reactor facilities. It asks that consideration be given to the possibil
ity that an accident in one reactor might initiate an accident in the other 
{5)*, and that the simultaneous operation of multiple reactors at a site 
not result in routine releases beyond the applicab"le· regulations. 

What is, in a sense, remarkble is that there has been very little change 
in this part of the Reactor Site Criteria since their adoption as an AEC 
Regulation in 1962. This could mean any of many things, including the 
following: 

1) That Part 100, as originally written, was so well formulated 
that it has passed the test of time and can continue to be 
used for giving rather direct and appropriate guidance in 
the choice of sites; 

2) that it was formulated in a sufficiently general fashion, or 
included enough permissible alternatives, that it permitted a 
wide range of interpretation, illough to cover all .. situations 
arising since 1962; or 

3) that it is not too meaningful in terms of our present degree 
of knowledge, but that it is difficult to find a new set of 
reactor site criteria which can be considered a defensible 
improvement. 

And there are, undoubtedly, other possible explanations for the absence of 
important changes in Part 100. . 

*In practice, this has normally been reviewed in the context of a Class 9 
accident, that is an accident whose consequen~es exceed Part 100. 
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with f.Dcorporation of a number of sq
nsttons for clantlcation and sim:pW!ca
tton, IUld et!mtna.tton of the numerical 
values IUld example calculation formfrb' 
COl'lStituttnc the appendiz to the I'Uf,dea. 
In Ueu of the appendiz, some guidance 
bu been incorporated. in the text itself 
to JDcUcate the CODiiderattona that led 
to esta.bllshtnc the uPOIUf8 values set. 
forth. However, in recoenltion of the 
advantase of example calculations in 
P1'0V1diDa prellmln&l7 I'Uic:lar.lce to aP
Pllcatton of the pr1Dc1ples set forth. the 
ABC Will publlsh separately in the form 
of a tecbn!cal information cf9cum.e11t a 
dJ.scusaion of these calculations. 

"l'bese auldes IUld the technf.calintor
mation document are intende<l to re.aect 
past practtce aDd current pollcJ' of the 
COIDD:dssion of keepinc stati01l&l7 penrer 
aDd test reactol's awQ from deDseJJ 
popuJatec:l centers. It abould. be equaUy 
understood. however, that appUcanta are 
free and indeed eri.COUflltJed to demon
strate to the Commission the appUca
blllty IUld aiinl1icance of conaiderattona 
other than those set forth in the I'Uf,des. 

One basic objective of the criteria is to 
assure that the cumulative exposure doae 
to llu'ae numben of people as a conse
quence of &Ill' nuclear accident abould. be 
low in comparison with what miaht be 
considered reasonable for total popula
tion dose. P'urther, since accidents of 
creater potential hua.rd than those 
commODb' postulated u representiq an 
upper Umit are ccmcetvable, althouch 
hl&'h17 Improbable, tt was CODS!clered 
desirable to provide for Pl'Otecttcm 
agaS.nA excesalve exposure doses to peo
ple in 1arrJe centers. where etrective ~ 
tecttve measures might a.ot be feasible. 
Neither of these objectives were read1l:J 
~e~a~ecrite~. Hen• 
the population center cUstaDce was 
added aa a site requirement when lt was 
found for several projects evaluated that 
the JP&CU!cation of sucl1 a distance re
quirement would approxtma.teb' tu1flll 
the desJred obJectives aDd re11ect a more 
accurate I'Ulde to current slttnc prac
tices. In an effort to develop more 
apecUlc auldance on the total man-dose 
concept, ·the Commissf.on intends to give 
further lltud7 to the subJect. Mean• 
while, in some cases where V&f1 larp 
clttes are involved. the population center 
distance m&7 have to be creater than 
those SURestecl ~ these au1dea. 

A number of comments received 
pointed out that AEC slttnc factors 
lncluded conalderationa of population 
dlstributions IUld land use surrouncllDg 
Pl'OPOMd. sites but did not ind1cate how 
future population growth mliht affect 
sites 1n1ttal17 approved. To the estent 
possible, AEC review of the land use 
llU'roUDdlna a proposed site 1Dcludes 

..... , ... , .. -. ~ · .. : . 

ccmstderationa ot potential residential 
groWth. The I'Uf,des tend toward requir
ing su.mctent isola.t1on to preclude any 
Immediate problem. In the meantime, 
oPerating experience that wl11 be ac
quJrecl from plants t.1ready licensed to 
operate lbould provide a mon deftl:litive 
baaJ.s for 'Wellll1D& the etrecttveness of 
engineered safeguards veraua plant iso· 
la.t1on aa a pubUc safesuarcl. · 

These criteria 8Z'8 baaed uPon a 
wef1hlnlr of factors characterfattc of 
condittona 1D the 17Dited States and may 
not represent the most ·appropriate pro
cedure nor optimum emphasis on the 
various lnterdependent factors lnvolved 
in selection of sites for nactors 1n other 
countries where natio'DaJ. needs, re
sources, poUcies and other factors may 
be creatl:v cWrerent. 

sec. 
10o.1 Pllrpole. 
10o.2 Scope. 
100.3 Dednlt.lODS. 

SID liY.U.VAftOif PACTOU 

100.10 Pactora to be coulclen4 when nalu· 
atlng sltla. 

100.11 Determlnat.lon ot exclualon area, low 
populat.lon IIOD.e, eel population 
center d!lltance. 

AVI'IIOI.IT'l': U 100.1 to 100.11 lllued. Ullder 
eec. 101. ea stat. ese, aec. 1CK, 118 stat. 937. 
111C. 181, 88 Stat. IN8, 111C. 1811, fJ8 stat. 953: 
• v.s.c. :naa. 21M. 2101, U82 

lk7Dxl:: lllOo.t to 100.11 appear at 1'1 
PJL Uot, Apr. 12. 1H2. 

I lOU Purpole. (a) It is the pur
pose of this part to describe crlterta. 
which autde the Commission tn Its 
evaluation of the IUitablUtJ of proposed 
sites for atattonar:v power and testing 
reactors subject to Part 60 of this 
chapter. 

<b> ID.su1Bclent experience hu been 
accumulated to permit the wrteing of de· 
tailed standards that would. provide a 
quantitative correlation of aU factors 
alpi:flcant to the question of aecepta
biUty of reactor sites. This part is !n
tencled. as an lnterlm auide to ldenttfy 
a number ot factors considered. ~ the 
Commission 1D the evaluation of reactor 
sites and the pneral criteria used at 
this time as guides 1D approvlnl or dis· 
approvtnsr proposed sites. An:v appU
cant who believes that factors other than 
those set forth in the auide lhould be 
considered b7 the COmmission Will be 
expected to demonstrate the appUca
bWtJ and algnfftcance of euch factors. 

110o.2 Seope. <a> 1:'hJs part appUes 
to appUcattona ftled under Part 50 and 
115 of this chapter for stattonar:v power 
and testlnc reactors. 

<b> The site criteria contained ln this 
part applJ' pl'lmarDy to reactors ~ a 

• 100.2 10G-1 
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pneral tJpe ADd dui8D on wb.lch a• tbole relating both to the proposed re-o 
per1ence baa been developed, but can also actor design 8Dd the cba:acterlsttcs 
be applled. to other reactor Ql)ea. In pecu].lar to the alte. It Ia u::pected 
partloular, for :reectora that are novel that reactors wm relleet through their 
In deslgn &Dd. \1DP1'0ftD. aa prototypes de.sign. CODStruct.ton 8Dd operation au 
or pUot pJanta. 1l Ia expected. that these u:tremel;f low probabU1t7 tor accldents 
baalc c:riterla wm be applied In a. man· that could re.sult In releue of all· 
ner that taku Into account the lack n1flcant quantities Of radioactive 1!ss1on 

. of experience. ID. tbe application Of products. ID. addition. the alte location 
these c:riterla wblch are deUberateb' 1lex• and the engineered features Included as 
lble, the -.fepards provided-either .teguarda against the bazardoua conse
llte isolation· or C!D81neered. features- • quences Of an acc:ldent, should one occur. 
lbould reflect the lack Of certal:&lt7 that should Insure a low rJik Of public ex
Glib" aperieDee can pro:ride. poaure. ID. partleular, the Commfglon 
. 1100.3 DeJl'lllti'onl. Aa ued ln. tb1s wm take the following factors Into con-

part· . atderatton ln. determ1l:lf:q the accepta-
<ai "'EEcclualoll area .. JDe&Da that area bUit)o Of a site tor a power or 'liestlq 

reactor· 
8l1nOUDdJ:r:l.l the reactor, ln. wblch the Ca> Cbaracterlstlcs Of reactor deslan 
reactor Ucenaee baa tbe authoritJ' to 4fl. 8Dd proposed OPeration lncludlnJ• 
termlne all actl'fitlee lneludlna exclusion n> Intended use of the reactor sDclud
or removal of persoJl1le1 and Pl'OP8Z't7 Ina the proposed max.lmum power level = ':; :':gh;;: ~or 'be....=: and the nature and lnven~ Of con
~ proytded theM are not so clole to tamed radJoactlTe materials, 
the 'facmw 88 to Interfere w1tb normal <2> The extent to wblcb. rrmeral.J,J 
operations of the fac.llit7 and proVided =~ =!f:::Cot ~:. ap-
approprlate and dectlve atra111ements • 
are made to control tndBc on. the b18h- (3) The extent to wblch the reactor 

_ .. __ ,. -•-- In Of Incorporates tmique or unusual features 
wa;r ... ~- or .. _ .. ...,, caae b.avma a alln1flcant bearing on the 
ellleJ'IIe!lC7. to protect the publlc health probabmtF or consequences of acc:ldental 
and sa.feQ'. Realdence within the ex- release of radioactive materials• 
elusion area sbal1 normal17 be pro- • 
blblted. In &Ill' event, residents lball be <4> The safety features that are to be 
IIUbJ• to read)' removal in cue Of ne- ~eredth_!Dto tht ebefbacU::t~d thoae 
----·- A tl ... tt ··--~-ted to ....... _... .... •• era .... mus re.......,.,. as a re
_....,. c "' es LU&OC'.Uio u...,...-on ault of au accident before a release of 
of the reactor may be permitted ln. au rad!oacti.Te material to the en'9tronmeut 
uclualon area under appropriate lfmlta- can occur 
Uons. pro1'ided that no IIIPI!Icaut haz· (b) PoPulation dens1t7 and use char
=~ the pub1tc health and aafeb' w111 acterlsttcs Of the atte enVirons, 1Dcludlna 

{b) "Low population. zone" means the the exclusion area. low population zone. 
area Immediately surroundln&' the ex- and population center distance. 
elusion area wb1cb. contains residents, <c> Physical character1stlcs of the 
the total I1UIDber and densif;)> of wblcb. site, lncluc:Ung seismolod, meteorology, 
are such that there Ia a reasoD&ble prob- geology and h7drology. 

• abJl.tt7 that • appropriate protective m The design for the tacmt;y should 
measures COtlld be taken 1n their behalf conform to accepted building codes or 
1n the event ot al8l'lolla accident. ThesiJ standarda for areas havlnl' equivalent 
pldea do not apecif7 a penrdutble pop. earthquake blstorfes. No tacWt)r should 
ulaUon densif;)> or total popu1atlcm. w:tth- be located closer t'ban one-fourth mile m tb1a zone because the lituaUon may from the surface locatio!!' Of & known 

. w.t7 from caae to caae. Whether a ape- active eartbquab fault. 
cU!c DUD1ber of people cau, for e:umple, C2> :Meteoroloefcal conditions at the 
be en.cua.ted trom a apec11lc area. or alte and In the au:rt'OUDdJ:nc area lbould 

· Instructed to tab lbelter, on a Umel7 be considered. 
baala wm depen4 em. JDa.n7 factors such <3> Geolortcal and h:74ro101ical char
as location. l11UI1ber and able Of h18h- acterfst1cs Of the proposed site may have 
W&JS. acope and extent Of adftDce pJan- a bearing' em. the consequences Of an. 
Dina. and actual dJatr!bution Of relldeDta escape Of radioactive material from the 
wl~ ~ center d1stance" facDiQ'. Speclt,l precautions should be 
me the df.stance trom the reactor to planned If a reactor Ia to be located at 

• the~ 'bomldU7 Of a densel7 pOpU• a lite where a lil!illlcant quanttQ' of 
· Jated center contem~Dc more tbau about radioactive ellluent mJcht acc1dentall7 
21 ooo residents. 1low Into nearb7 atreama or :rfvera or 

(d) "Power reactor" means a nuclear mJcht 1lDd rea.d7 acceu to .umlel'il'Ound 
motor Of a t,ype delcrtbed m 150.21Cb> water tables. 
or &0.22 of tbla ch&pter·desllned to pro- (d) Where unfavorable phJslcal char-
duce electrical or heat. eaeru'· acterJsttcs of the site exist, the proposed 

(e) ""'l'estt:nS rnctor"' means a "'test- lite may nevertbeleu. be found to be 
Inc facDit7" aa deftDed In 110.2 of tbla acceptable If the dealp Of the facDit7 
obapter. InCludes appropriate and adequate com

8JD :b&s.VAiftall P.lCI!CIIS 

1100.10 Ftldlml to k ~ 
when eva~ Jfta. Pacton con
atdered In the evaluation of altea iDclude 

1100.3 

pmsattng enctneerlna aafeguarda. 

1100.11 Determ~ ot ccltllfcm 
GreG, lorD population zone, czn4 POPUZa· 
fion center clfdGn«. <a> AI au aid in 
evaluatln8 a proposed lite. an appllcaut 

8hould as&W:Ile a 1l.ulon produce reJeaae • 
from the core. the expected demonstra
ble leak. rate from the containment and 
the meteorological condltions pertlnmt 
to hla site to derive an escluslon area, a 
low population zone and population. cen
ter dfatance. For the purpose of th!a' 
analysjs, which sball set forth the bu!a 
for the numerical values used. the appU. 
c:aut should determine the followfnc: 

<1> AD exclusion area Of aucb. size that 
an indlvtduallocated at Bll7 point on liB 
bo1Jlldar7 for two hours lmm.edlatel7 
followU:Ia' onset Of the postulated 11Afon 
product releaae would not reeelve a total 
radiation dose to the whole bod3" 1D ex
cess of 25 rem • or a total radiation dole 
In acess Of 300 rem • to the thnol4 fnml 
iodine exposure. 

<2> A low POPQlatton zone of IIUCh llle 
that all lndlv1dual located at aDJ' point 
on ita outer boundary who is apoaed to 
the radioactive cloud resqJttnr f1'0ID tbe 
postulated !luiOD product releue (dur
ing the entire period Of 1U puaage> 
would not receive a total rad1atlon dole 
to the whole bod3" In excess Of 21 rem or 
a. total radiation dose in acess of 300 
rem to the th1rold from iodine e:JtP(ISUre. 

<3> A population center dlstlmce ot at 
least one and one-third times the dis
tance from the reactor to the outer 
boundaxy of the low popul&Uon. IIODtt. 
In applJin& tb1s IUlde. due consideration 
should be rtven to the populatton. dis
tribution within the population. center. 
Where very lartre cities are lnwlftd, a 
greater distance may be necessa17 be
cause of totallntelrated poPDJatiOD dole 
consideration. 

<b> Por sites for multiple reactor fa
c111ttes consideration. ab.ould be liven to 
the followillr: 

(1) If the reactors are independent to 
the extent that an accldent In one re&e• 
tor would not Jnittate an accldent ln. an· 
other. the size of the esclwdon area. low 
population zone and popuJatlon center 
dlstance shall be ful1llled With ~ 

•Ttl• Won pradw:t rei .... ......,.. tW 
a ... calcula.UOU shoUld be liUed upm. a 
major accldent. ~tMaiMd far pw:pcw Oil 
lite &Dalyals or pottulatecl 11om ~ 
UoDII of polllble &eetdental ..-ta. ~ 
would HIIUlt Ill potential Jwlla'da J:IR •· 
ceeded 'bJ those from aar accident CODIIIdend 
credl'ble. 8uc1l ICCldenta lt&ft PA..Uf 
been uaumect to nsalt ta eubetaDtlal melt
doWD of the core wtth aubqqumt releue Oil 
apprectable qlWltttilea of a.ton proda-. 

a TJut Whole boclJ dole Oil all rem relernd 
to &bO'Ve correspond& numer.loaUJ to • CIIDOe 
ta a l!fetlme accidental or eml"''pDCJ* c1011t 
for r&dlatton worker!~ Wb1ob. ~ to 
BCRP recommend&UODII rn&J be cU.Ireprded. 
Ill the determl:latlon of tll.llr ndlatlOil ._ 
poeure lt&tua (- NBS Barldbook Cl8 dated 
.June 6. lilt). Bowe\'11', neither Ita \1M nar 
that Oil 'the 800 rem 'Value for tllJrold ._ 
poaure u Mt forth ta a... aw criMitr. 
pidu are Intended to Jmplf that a.. 
Dum.berr CODBtttute acceptable llm1a • 
•mercencr doNs to the publtc UDder socldent 
cond.IUOJ:UI. Rather, tilt. J5 rem wt:.ole boq 
ftlue and the 800 rem th1f014 ftlue Jt&w 
been IIi forth m thne suJd• u ntereaoe 
Blue~. which can be Wild Ill the tmtluat;taa 
of reactor lites With l"e8ppCt to potential 
reactor accldeDta of ezceedtaalr 1o1r proba
bUll:f of OCCWTtnce, an4 loW rid: CIC pubUo 
upoiUZ'I to rad.latloiL 

June 1, 1962 
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2.4 1961·1965 THE SITING OF LARGE LWRs 

After publication of the proposed Part 100 Reactor Site Criteria in February, 
1961, a continuing series of decisions were made concerning proposals for 
constructing increasingly large LWRs at sites which not only did not meet 
the.1950 ••rule of thumb•t, but sites which did not meet Part 100 without 
obtaining "credit" in calculating off-site doses, either for a reduction in 
the leak rate (by use of double containment, for example), or by reduction 
of the postulated fission product source available to leak out of containment 
{e.g., by the use of containment atmosphere cleanup systems, such as contain· 
ment sprays or closed-loop filter systems). And there was also considerable 
pressure from the nuclear industr,y for toe construction• of large LWR 1 S at 
sites far more populated than Indian Point, including New York City itself. 

We shall see that several high power reactors were approved for construction, 
using the MCA approach of the site criteria, with the kind of relaxation on 
exclusion area and low population zone distance mentioned above. These 
included: 

San Onofre 1 1347 MWt (1963) 

Connecticut Yankee 1824 MWt (1964) 

Oyster Creek 1930 MWt (1964-65) 

Nine Mile Point 1850 MWt {1965) 

Oesden 2 2527 MWt (1965) 

Although each passing year saw the evolution of new safety requirements 
dealing with a wide range of technical issues, the principal focus for 
construction permit review during this period appears to .. have been on the 
efficacy of the engineered safeguards tcontainment plus filters and/or 
sprays) needed to meet the dose guidelines of Part 100. Accidents exceeding 
the MCA were not considered as part of the siting or construction permit 
review. 

We shall next examine major aspects of this time period in more detail. 

The ACRS has previously reported favorably on a proposed California site in 
the middle of Camp Pendleton. At the 35th meeting, July 6-8, 1961, the ACRS 
was asked about the possibility of relocating this site northward by seven 
miles, placing it considerably closer to San Clemente, California. The ACRS 
advised the AEC that "Re-siting to a location seven miles north of the 
proposed site does not rule out its being acceptable. It might, however, 
require additional safeguards in order to properly protect the public.•• 

At its 36th meeting, September 7-9, 1961, the ACRS reviewed the request of 
the City of Los Angeles for approval of 8 proposed reactor sites. The sites 
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were in three general areas of northwestern Los Angeles couty, the San 
Francisquito CanYon area, the Green Valley area, and the Fairmont area. 

The first two of these areas are in the western Angeles National Forest and 
the third is in the southwestern Antelope Valley. The population distribu
tion at the time of review was favorable. The Committee gave attention to 
projected population growth and looked at the meteorology for these sites. 
For at least the San Franciquito Canyon site, it was stated that the mete
orology could be unfavorable and could give relatively small dilution of 
releases. The Committee reported that this area might require more engi
neering safeguards than reactors' at the other sites. However, the ACRS 
concluded that it would be possible to locate reactors at anY of these · 
sites without undue risk to the health and safety of the public. It was 
noted that the proposed concept included the eventual operation of four 
300 MWe reactors at whatever site was chosen. 

At the 38th meeting, December 7-9, 1961, the ACRS again considered reactor 
sites for the City of Los Angeles. This time two new sites were proposed. 
One of them, the H~nes Point site, was ve~ near Long Beach. The other was 
the Corral Beach site, west of Los Angeles near the ocean. The Regultor,y 
Staff were of the opinion that the H~nes Point site was unacceptable be
cause of the very large nearby population. The Regulatory Staff wished to 
discourage use of both the sites, but they did not believe it impossible to 
locate a safe reactor at the Corral Beach location. The ACRS did not com
ment on the two new proposed sites at this meeting. 

At the 40th meeting, March 29-31, 1962, there was a meeting between the Com
mittee and Commissioner Loren K. Olson. The minutes note that Commissioner 
Olson hoped that the project for reactors in the Los Angeles area could 
proceed. He asked for a positive approach by the safety review groups 
toward the recently proposed sites, and he asked if either an underground 
location or one in a hillside would b~acceptable. At the same meeting, 
member of the ACRS Staff reviewed the Congressional hearings related 
to the development of atomic energy. He reported that a representative 
of a Boston consulting engineering firm, Mr. Harold Vann, had impressed 
the Joint Committee on Atomic Energy. He advised that Vann had testi-
fied that the site criteria would deter the construction of reactors, 
and that Vann had proposed more development toward iodine removal to 
help alleviate the situation. 

At its 40th meeting, the ACRS continued its review of the proposal by 
Los Angeles Department of Water and Power for consideration of the 
H~nes Point and the Corral Beach sites. Neither site met the new 
site criteria, and Mr. Newell of the Regulatory Staff reported that 
there had to be dependence on engineered safeguards because of the 
lack of isolation. He outlined the required distances for the low 
population radius and the population center distance for a given 
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release, and for this release reduced by arbitrary factors of 50%, 
90% and 99% with engineered safeguards as yet unproved. The low 
population distances obtained in this fashion were 11 miles, 7 miles, 
2 miles and 0.5 miles, respectively. The population center dis
tances (1-1/3 as large) thus obtained, were 15 miles, 9 miles, 
3 miles and 0.7 miles, respectively. It appears from the minutes 
that Corral Beach and H~nes Point were estimated to have (either) 
population center or low population center distances of the 
order of 10 miles and 1/4 mile, respectively. 

ACRS Member Gifford was quoted as s~ing that bad meteorological conditions 
occur in Southern California more often than in the rest of the u.s., but 
there are worse conditions in the u.s. at times. And Committee member 
Osborn noted that engineering safeguards might do away with anr meteoro
logical considerations. 

c. Rogers McCullough, who had been an ACRS member and was now acting as a 
consultant, is quoted as corroborating fears expressed by Mr. DiNunno of the 
Regulatory Staff that the heat from the decay of fission products might 
breach the large amount of concrete in the General Electric reactor that was 
being proposed. 

A Westinghouse group presented information on their proposed reactor for the 
Haynes Point site. The special features which were provided to make it 
acceptable included, in particular, a double containment system with twin 
liners surrounding an annular space to be held at negative pressure. So, we 
see here the proposal that the provision of ve~ low leakage for the MCA is 
what is needed for urban (nearly metropolitan) siting, without consideration 
of the maintenance of containment integrity for severe accidents. 

General Electric proposed a 400 MWe direct cycle boiling water reactor, 
using a pressure suppression containment such as was being used at Humboldt 
Bay. Its safety objectives included law-probabilities oran uncontained 
accident, but no details are given. 

The ACRS also heard a presentation by Dr. George Hausner, a consultant to 
the Department of Water and Power, in which he expressed confidence that a 
reactor could be satisfactorily designed for seismic conditions at either 
site. 

The ACRS wrote a ~port on this meeting dated April 4, 1962, and made the 
following comments with regard to the two new sites: 

In its most recent proposal, the City of Los Angeles presented 
two coastal sites which its representative stated present ap
preciable economic advantages over the presently accepted sites. 
These two sites are a southen site now owned by the City, and a 
western site which could be obtained. 
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In regard to the two new sites proposed for reactors of the 
general concepts presented, the Committee has the following 
comments: Neither of the locations can meet the site cri
teria guidelines proposed in 10 CFR-100 for the power level 
requested. Both sites are within areas of high and increasing 
population. In this connection, it should be noted that 
power reactors of the size proposed have not yet been built 
and proved. Such reactors would contain larger fission 
product inventories than a~ licensed power reactor now 
operating or under construction. 

If the sites proposed are to be considered acceptable, then 
reliance must be placed on proved engineering safeguards as 
a means of preventing exposure of significant numbers of 
people to possible radiation injury. The Committee believes 
that it is possible with present engineering technology to 
overcome the potential danger from serious consequences of 
major earthquake. 

The Committee has the following comment concerning the 
two reactor concepts proposed, and their respective con
tainments: neither proposal provides proved assurance of 
satisfactory containment of an accident, such as a serious 
nuclear excursion, which releases radioactivity simultaneously 
with the release of pressure. The possibility of such 
an accident cannot be excluded on the basis of present 
knowledge. 

Of the two coastal sites, the western site is in an area 
of lower population density and is further removed from large 
centers of population. Neither site is suitable for either 
of the proposed reactor facilitie&4. The proposed plant 
designs might more readily be modified to a form suitable 
for the western site • 

. There is no indication how the ACRS dealt with the point by Mr. McCullough 
concerning the possibility that fission product decay heat could lead to 
a failure of the concrete containment in the G.E. design. The question of 
why the G.E. design was the one discussed is not clear in the minutes. 

At the 41st meeting, May 10 and 11, 1962, the ACRS came to grips with the 
problem of developing porting criteria for the nuclear ship Savannah. There 
was a very considerable amount of discussion on this topic at this meeting 
and at rna~ succeeding meetings. Since it was desired to bring the Savannah 
into port in or near the heart of large cities, a question of how to make 
such visits compatible with the Part 100 siting criteria faced the Commission. 
Whether mobility of the ship could be used as a safety feature complicated 
the situation. Questions relating to porting of the Savannah used much of 
the Committee time for the next several meetings. 
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At the 43rd meeting, August 23-25, 1962, the Los Angeles Department of Water 
and Power was back to speak with the ACRS concerning the possibility of a 
newly revised design of the proposed boiling water reactor for consideration 
at the Corral Beach site. The 1400 MWt reactor design now included a sup
pression system and a confinement building around the suppression system, 
which also enclosed'the refueling operations for the reactor. A funda
mental problem facing the Cornmittee was whether it was acceptable to have 
part of the primary system leave the containment, as was done in a direct 
cycle boil·i ng water reactor system. Some members felt that perhaps the 
turbine should be inside the containment. Other members pointed out that 
moving machinery is a likely place of failure which could generate large 
missiles in the containment. The applicant-designer proposed to put two 
isolation valves in the steam lines running to the turbines, so that if the 
turbines should fail, these valves could close and avoid a loss of coolant 
from the core. At the 43rd meeting, the Los Angeles Department of Water and 
Power also described a revised concept for the PWR, employing a double 
containment vessel which completely enclosed the primary system and which 
included a feature involving back-pumping and monitored leakage of a porous 
"popcorn" concrete-filled space between the containment walls. The PWR 
proposal also included holdup of routine radioactive gas release. 

The Regulatory Staff said that they had concluded that the proposed reactors 
could be built and operated safely at the Corral Beach site. It is not 
clear from anY of the meeting minutes whether consideration was given at 
this time to the general recommendation of the October, 1960 ACRS site 
criteria letter concerning the limitation that, even in the event of the 
worst possible accident, there should not be a catastrophe. The Committee 
did not take action on the proposed design at the 43rd meeting. 

It is clear from the minutes of the 44th meeting, October 4-6, and 12, 
1962, and from other meetings in that time period that, during ACRS review 
of the Corral Beach site (or possibly the Haynes Point site), strong dif
ferences of opinion developed within tne Committee {the~e is even a dis
cussion in the minutes of the existence of proposed majority and minority 
letters). However, detailed differences, as they might have appeared in 
majority or minority letters, are not available in the minutes. 

The ACRS issued a report on the reactor proposals for the Corral Beach 
site following its 44th meeting. In view of its importance to the de
velopment of future siting, the letter is reproduced on the following pages. 

The ACRS report expressed the opinion that the PWR containment system was 
adequate, but had some reservations concerning the proposed boiling water 
reactor, particularly its dependence upon the rapid closure of isolation 
valves in the event of an accident involving the rupture of the steam line 
outside the containment. However, the Committee concluded favorably toward 
either reactor-type, if it were provided with adequate containment. Thus, 
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ADVISORY COMMITTEE ON REACTOR SAFEGUARDS 
UNITED STATES ATOMIC ENERGY COMMISSION 

WASHINGTON 25, D. C. 

Honorable Glenn T. Seaborg 
Chairman 
u. s. Atomic Energy Commission 
Washington, D. c. 

October 12, 1962 

Subject: REPORT ON CITY OF LDS ANGELES WATER AND POWER DEPARTMENT 
BOILING WATER AND PRESSURIZED WATER REACTOR PROPOSALS 

Dear Dr. Seaborg: 

At its forty-third meeting August 23-25, 1962 at Idaho Falls, Idaho, 
and at its forty-fourth meeting in Washington, D. c., October 4-6, 
and 12, 1962, the Advisory Committee on Reactor Safeguards reviewed 
the proposed, approximately 1600 MW(t), boiling water and pressurized 
water reactors one o~ which may be constructed and operated by the 
Department of Water and Power of the City of Los Angeles at a site 
designated as the "western site". The Committee had the benefit of 
several subcommittee meetings, the references listed below, and dis
cussions with representatives of the Department of Water and Power 
of the City of Los Angeles, the General Electric Company, Westing
house Electric Corporation, Stone and Webster Corporation, and the 
AEC staff. 

The Committee in its reviews bas focused its attention on the ade
quacy of engineered safeguards for the contaiQment of any significant 
potential releases that might afrect the health and safety of the 
public. 

The large pressurized water reactor has, as a proposed engineered 
safeguard concept, a double containment vessel which completely 
encloses the primary system. Back pumping and monitored leakage of 
a porous "popcorn" concrete filled space between the containment walls 
and of all penetrations are 1rovided. The system depends to some 
extent on keeping the space between the membranes at negative pressure. 
Redundancy in the pumping equipment is used to insure against failure. 
The containment membranes are independent as to leakage, but depend on 
the porous concrete for strength. The reinforced concrete on the out
side augment J containment vessel strength and provides shielding. The 
proposal includes holdup of routine radioactive gaseous release. In 
the opinion of the Advisory Committee on Reactor Safeguards this con
tainment system is adequate. 
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Honorable Glenn T. Seaborg - 2 - October 12, 1962 

The proposed large boiling water reactor has a pressure suppression 
system surrounded by an additional containment of the dry well and 
suppression pool. The primary steam line extends beyond this double 
containment to the turbine building. Containment of fission product 
release from an accident thus depends upon rapid closure of isolation 
valves. In view of the stringent requirements imposed by the site, 
it is tre Committee's opinion that the containment as proposed is not 
adequate in some respects for this reactor at this site. The Committee 
also believes that holdup of routine gaseous releases will be necessary 
during unfavorable meteorological conditions. 

The Advisory Committee on Reactor Safeguards believes that either 
r~actor if provided with adequate containment of the primary system 
can be located at the western site with reasonable assurance that such 
reactor can be operated without undue risk to the health and safety of 
the public. It is believed also that this site may be adequate for 
multiple reactors assuming that suitable containment and confinement 
are provided. 

References Attached (1 page) 

--. 

Sincerely yours, 

lsi 
F. A. Gifford, Jr. 
Chairman 
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the ACRS (and the Regulatory Staff) was approving rather large reactors 
(1600 MWt) for a site not very distant from a large population center (s~ 
10 miles). The letter says that, "The Committee in its reviews has focused 
its attention on the adequa~ of engineered safeguards for the containment 
of anY significant potential releases that might affect the health and 
safety of the public." What appears to have been emphasized in the review 
was the containment system in terms of the MCA, and not engineered safety 
features which would keep the core from melting, or measures such as primar.y 
system quality control to prevent serious accidents from occurring. In a 
sense, this seems to have established a trend for the focus of regulatory 
review from this time until the middle of 1966, when a major change in the 
requirements for accident prevention and mitigation occurred. We will come 
to that point later. 

There was no further mention in the minutes of these ACRS meetings of anY 
possible adverse effects on containment reliability to be associated with 
core melt. 

At a special meeting, November 9 and 10, 1962, the Los Angeles Department 
of Water and Power was back once again to discuss additional safety features 
in the proposed General Electric design for possible use at the Corral Beach 
site. The ACRS wrote a report concluding that a boiling water reactor of 
the type proposed, with adequate engineered safety features, could be located 
at the Corral Beach site. It also noted that its review of both the pres
surized and boiling water reactors proposed had been preliminary, and that 
due to the high power level and proximity to densely populated areas, either 
the pressurized water or boiling water reactor might require improvement in 
safety design beyond those features incorporated in existing reactors. How
ever, the emphasis appears to have been that of reducing the dose at the 
site boundary or the low population zone boundar,y, assuming the generalized 
accident and thence providing cleanup systems inside the containment, as 
well as reduced containment leakage rat~s. 

The minutes of the 45th meeting, December 13-15, 1962, note that ACRS 
Chairman Gifford read both the AEC and Consolidated Edison announcements of 
plans to build a large nuclear power plant on the East River at Ravenswood 
1 n New York City by 1970. 

At the 46th meeting, January 31 - February 2, 1963, the ACRS reviewed the 
suitability of proposed sites for the Connecticut Yankee 1473 MWt pressurized 
water reactor. The proposed site did not meet the existing site criterfa 
without additional engineered safety features. The ACRS concluded that the 
site was suitable for the proposed Connecticut Yankee reactors if adequate 
containment and one or more of the engineered safeguards was provided. 

At the 48th meeting, July 11-13, 1963, the ACRS wrote a report reviewing 
the reactor safety research program. Of particular interest is that this 
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program devoted much of its attention to the nature and magnitude of fis
sion product releases and to mechanisms for removing fission products from 
containment. Mention is made of the LOFT program, which was intended to 
be an experiment in which a small PWR core would be deliberately melted, 
and the actual course of fisison products from core melt through the con
tainment building and into the environment would be measured. In other 
words, it was to be a re-enactment of the generalized accident which was 
being used for siting purposes. During the 48th meeting, the ACRS also 
began its review of the construction permit application for the Southern 

California Edison reactor proposed for the northern Camp Pendleton site. 
The Regulatory Staff noted this site could not tolerate 100% meltdown of 
the fuel and full release of the fission products to the containment. 
Credit had to be given for an emergency core cooling system, so that only 6% 
of the core was assumed to melt with reduced release of fission products to 
the containment. The ACRS completed its review of the San Onofre reactor at 
the 49th meeting, September 5 and 6, 1963. The ACRS accepted the approach 
discussed above without making a detailed review of the actual effectiveness 
of the core cooling system. Excerpts from the ACRS report of September 12, 
1963 on San Onofre Unit No. 1 follow: 

The applicants propose to contain the reactor in a spherical 
steel structure designed for a maximum leakage rate of 0.1% 
per day at pressure and with critical penetrations designed 
to permit frequent leak testing. Additional engineered 
safeguards are required for this site. Such safeguards pro
posed include a multiple, borated-water injection system to 
prevent extensive core meltdown in the unlikely event of a 
major break in the primary water system, a contanment spray 
system, and an internal air cleanup system. 

A meteorological factor favorable to the proposed reactor 
location is the fact that air mo~ement from the sit~ toward 
San Clemente occurs, at most, only·a few percent of the time. 

The ACRS has emphasized that the engineered safeguards must 
be designed and reviewed with great care for both adequacy 
and reliability. Special attention should• be directed to 
the safety injection system which must' perform as pro-
posed to validate the applicants' assumption of low re
lease of radioactivity to the containment under accident 
conditions. A halogen removal system may be required. 
Design details of the holdup system for reactor off-gases 
resulting from routine operation will also require careful 
attention. ,The ACRS has recommended stuqy of the conse
quences of rainout following an accident; the results 
of this stuqy should be taken into account in the final 
design of the engineered safeguards. 
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In view of the favorable prevailing wind direction. con
servative seismic design approach. and with engineered 
safeguards of the type proposed. it is the Committee•s 
opinion that a pressurized water reactor of the type and 
power level proposed can be designed. constructed and 
operated at the site without undue hazard to the health 
and safety of the public. 
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2.5 SOME PUBLICATIONS AND SPEECHES 

At this point, we shall interrupt the recounting of ACRS ation on specific 
site and contruction permit applications to review briefly a few publications/ 
speeches made during the time period 1962-64. 

At the 1962 IAEA (Vienna) Symposium on Reactor Safety and Hazards Evaluation 
Techniques, w. E. Johnson of Westinghouse Electric Corporation gave a paper 
entitled, "Principles and Practices in Consequences Limiting Safeguards in 
Facility Design". In this paper he reviewed the evolution of reactor con
tainment and discussed several of the new containment concepts as of 1962. 
In particular, he described an absolute containment or no-leakage concept 
developed by Stone and Webster and proposed in connection with the LAOWP 
Corral Beach reactor, we quote from Johnson as follows: 

"A second design concept is being developed by the Stone 
and Webster Engineering Corporation. This absolute contain
ment or no leakage concept is the outgrowth and refinement of 
a containment system designed by Stone and Webster for the 
Carolinas-Virginia Tube Reactor now under construction at Parr, 
South Carolina. Here the vapour container is a steel lined, 
reinforced concrete structure, cylindrical in shape, with a 
steel-and-concrete hemispherical dome and flat concrete base. 
The quarter-inch thick steel liner is shaped in the interior 
outine of the concrete outer container and is welded to 
steel inserts imbedded in the concrete. This arrangment 
ensures leaktightness of the system. 



2-71 

The new no leakafe Stone and Webster design concept 
utilizes two laYers o steel inside a reinforced concrete 
vessel. This vessel is designed to withstand the maxi
mm i nterna 1 pressure generated after rupture of the 
prima~ system. It also provides adequate biological 
shielding for plant personnel. 

The outer steel shell serves as the form for the 
reinforced concrete shell. An air gap separates the inner 
and outer shells, but the inner shell is supported against 
pressure forces by the outer shell and the reinforced con
crete. The inner shell is constructed to assure the highest 
possible degree of leaktightness. Reasonable care is ob
served in constructing the outer shell, although it need not 
be leaktight. Air in the plenum formed between the two steel 
shells can be maintained slightly below atmospheric pressure 
by means of intermittent operation of a pump which exhausts 
air from the plenum and discharges it inside the inner shell. 

All container penetrations employ double containment 
seals, with the space between the seals connected to the plenum 
chamber. All personnel access openings are of the double door 
type. During plant operation, the space between these doors is 
connected to the plenum system. These arrangements ensure that 
any vapour container leakage will be into the container and that 
there will be absolutely no uncontrolled release of radioactive 
material to the atmosphere. 

By monitoring vapour container pressure and pump air flow, 
leakage through each of the shells may be ascertained. This 
feature, together with the possi~lity of utilizing the plenum 
to pinpoint any existing leaks by conducting periodic freon gas 
leak tests, assures ability to car~ out the necessa~ main
tenance procedures, and to preserve the initial integrity of 
the containment over the entire lifetime of the plant. The 
entire structure is designed to withstand the effects of the 
worst conceivable nuclear incident (generally referred to as 
the maximum hypothetical accident) for the type of plant the 
structure is to contain. Such a ~pathetical accident might 
include core meltdown, sudden release of energy stored in the 
coolant, or sudden release of energy due to chemical reaction 
within the reactor. 

A spray system is incorporated to reduce excessive pres
sure in the containment following a hypothetical accident. 
Since the air pump continuously evacuates the plenum, any 
leakage inward through the concrete vapour container and the 
outer steel lining would result in a gradual rise in pressure 
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within the vapour container. Based upon leakage rates expected 
through a typical concrete shell without an outer steel lining, 
it would require from three to four months to elevate the con
tainer pressure to a point where it became necessary to begin 
releasing gases to the atmosphere. 

With the addition of the steel liner, leak rates less than 
0.1% volume per day may be expected. Assuming the container is 
designed for 3 atm integrity, it would require about 3000 d at 
0.1% leakage per day to reach the design pressure. Immediately 
following the accident, however, a gas circulation system could 
be placed in operation to filter out much of the radioactive 
material not alreaqy precipitated out on cold surfaces. After 
reduction of airborne activity to safe levels, it could be 
passed through a series of filters and adsorbers which would 
remove essentially all remaining activity before discharge of 
gas to the stack. The contents of the vapour container can be 
stored for considerable time, therefore stack discharges would 
be restricted to favourable weather conditions, or, if necessary, 
the waste could be bottled for off-site disposal. 

This .!lQ. leakage concept is probably the most elaborate con
sequence limiting system conceived to date. If effectively de
veloped, the concept may bring about the location of nuclear plants 
near or even within large populated areas. The concept has the 
additional advantage of being flexible enough to permit either 
above ground or underground placelll!nt of the containment." 

Of particualr interest is the use of the term 11Zero-leakage 11
, and the 

statement that the entire structure is designed to withstand the worst 
conceivable nuclear incident including core meltdown. 

At the same symposium, a paper by Kelterrnan of Germany \Kellerman, 1962) 
expresses the same concept, that an LWR containment is designed to withstand 
total melting of the core fuel. An a paper by Blasser and Wirtz of Germany 
(1962) deals with the determination of reactor location and requirements 
for the pressure shell on the basis of the MCA. 

At the IAEA (Bombay) Symposium on Siting of Reactors and Nuclear Research 
Centers in 1963, w. K. Ergen, a member of the ACRS, gave a paper entitled 
usite Criteria for Reactors with Multiple Containment 11 {Ergen, 1963). In 
this paper he discussed the u.s. practice of power-reactor-site selection 
in terms of Part 100 and described how multiple containment could drastically 
reduce the release of iodine for the postulate MCA. He mentioned the pro
posed use of this concept for the Corral Beach site and a site in the heart 
of New York City (Ravenswood). 
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On September 25, 1963, Dr. Clifford Beck, then Deputy Director of the Division 
of Licensing and Regulation, USAEC, summarized the basic elements of u.s. 
siting criteria and described trends in the Commission's siting practices. The 
basic elements were said to be: 

1. The guides serve to identify the factors which should be con
sidered in selection of reactor sites. 

2. The guides are to be used as points of departure for detailed 
evaluation of any individual case, with full recognition that 
quantitative and unique answers to required distance cannot 
be obtai ned. 

3. The guides establish the concept of the maximum credible acci
dent as the beginning point -- a concept which 1 s opposed by 
many people, or even denied as being something that doesn't 
exist. 

It derives as an inescapable outcome of two basic premises: 
(1) site selection safety does not depend on the routine 

. effluents and other hazards of normal operations; these can 
be controlled by any extent necessar.y, by extra expenditures, 
so that the reactors can be placed at any place desired. 
(Hence, for norn~l operations the choice of sites depends 
primarily on economics, not on safety); and (2) on the other 
hand, considering the essential question of accidents, there 
are virtually no sites acceptable, safetywise, if the worst 
conceivable accident must be assumed, i.e., the release of 
all the fission product inventor.y to the environment. The 
question which follows as the only recourse, is, "What is the 
maximum credible accident, the upper limit of hazard, whrch 
appears sufficiently possibl~·that it must be taken into 
account for comparison with the protective characteristics 
and capabilities of the site? 11 

4. The site guides established the concept of, and specify numerical 
values for, potential radiation exposure doses to be employed as 
measuring indices in evaluating reactor site characteristics. 
These are not permissible emergency doses; they have no relation
ship to protective actions to be taken after an accident. They 
are comparative measuring indices for use in evaluating the 
adequacy of reactor safeguards and site characteristics, i.e., 
from the estimated upper limit of hazard from a reactor plant 
having specified characteristics, and also possessing described 
safeguards in design and site. If resulting exposure doses at 
various distances beyond the site boundary would be no greater 
than those values, then this plant. with these characteristics and 
safeguards, in this location, would be considered acceptable. 
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5. The guides make explicit, and define, the concepts of popu
lation.zones around a reactor which had been observed in 
practice all along; the exclusion zone, where people are 
highly mobile and under the direction of the reactor 
operator in emergencies; the low population zone, where 
evasive or protective measures could be taken in case of 
hazardous releases from the plant, and the city distance. 

6. The guides, in defining how the magnitude of the zones are 
determined, establish the principle that safety, in case of 
accident, depends not only on distances but also on protec
tive featues of the facility: the engineered so called 
"consequences-limiting" safeguards of the facility itself. 
(Illustrative examples which were published with the cri
teria demonstrated the considerable extent to which average 
current practice, at the time the guides were written, 
placed dependence on containment and other safeguards in 
defining sites which were acceptable.) 

7. Finally, the guides explicitly articulate two important prin
ciples: (a) the existence of the facility of unique or unusual 
features having a significant beariny on the probability or 
consequences of accidental release of radioactive materials 
will be considered by the Commission in determining accept
ability of a site, and (b) where unfavorable site character
istics exist, the proposed site may nevertheless be found 
acceptable if design of the facility includes appropriate 
and adequate compensating engineered safeguards. 

The line of practic~ in this country with respect to location 
of reactors and safeguard protection on reactors began to 
change shor.tly after the site guides were published. This 
change in practice was not aTl due to the site#guides. For 
example, about this time, competitive prices for electricity 
from nuclear reactors began to come within "smelling range," 
and efforts to eliminate unnecessary costs, e.g., long trans
mission lines and large reactor sites increased." 

However, the concept of the maximum credible accident, was not accepted 
around the world. At the 1964 U.N. "Atoms for Peace" Conference in Geneva, 
F.R. Farmer of the United Kingdom gave a paper entitled, "Reactor Safety 
Analysis as Related to Reactor Siting" (Farmer, 1964) in which he pointedly 
attached the concept of the maximum credible accident, particularly in any 
comparison of different reactor types. In particular, he emphasized the 
arbitrary selection of MCA which is inevitably involved. Farmer went on to 
emphasize the importance in the future of a comprehensive safety assessment 
and not merely a stuqy of the consequences of a few selected major faults. 
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2.6 1961-1965 THE SITING OF LARGE LWR's - CONTINUED. 

We continue our examination of the reviews of the LWR construction permit 
applications in the time period 1961-65. As a brief aside, to give some 
flavor of the multiplicity of regulatory reviews on-going during this time 
period, we shall list the principal agenda items for two ACRS meetings. 

At the 49th meeting, in which action was completed on the San Onofre Unit 1 
construction permit application, the ACRS agenda also included the following: 

{1) Review and prepare a report on a proposed power increase for the 
Yankee Nuclear Power Station; 

(2) Review and prepare a report on the proposed power increase for 
Humboldt Bay Power Plant Unit No. 3; 

(3) Review and prepare a report on conversion of the provisional 
operating license for the Saxton reactor to a full term license; 

(4) Review the proposed operation of the boiling, nuclear superheater 
BONUS reactor; and 

{5) Hear a presentation on operation of the Hallam reactor. 

Thus, the ACRS {and the AEC.Regulatory Staff) were busy with a large number 
of matters. In this historical review, we are singling out items particularly 
relevant to the evolution of the siting of large LWR's. 

It is perhaps worth noting that there appears to have been little evaluation 
or emphasis placed in these siting reviews on the potential effects on public 
health and safety of radioactive contamination of water supplies due to an 
uncontained reactor accident. --. 
At the 54th meeting, April 2-4, 1964, the ACRS agenda included the following: 

(1) Review and prepare a report on proposed fuel irradiation test experiments 
in the Plum Brook reactor; 

(2) Review and prepare a report on the application by the City of Piqua, Ohio, 
to assume operating responsibility for the Piqua reactor. 

(3) Review and prepare a report on the proposed sea trials of the N. S. 
Savannah; 
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(4) Review a report on containment testing and send comments to the 
AEC; 

(5) Review and write a report concerning' a special mode of operation of 
one of the AEC's large production reactors at the Savannah River Plant, 
South Carolina, and; · 

(6) Discuss a large number of other topics with the Regulatory Staff. 

At its 50th meeting, October 10-11, 1963, the ACRS had a considerable 
discussion concerning the proposed Ravenswood reactor; this will be discussed 
in some detail later in this chapter. 

At its 53rd meeting, February 13-15, 1964, the ACRS completed its review of 
the proposal for construction of the 1473 MWt Connecticut Yankee PWR. The 
ACRS report of February 19, 1964, is on the following page. 

The Connecticut Yankee letter continues the emphasis on containment and on 
engineered safety features to reduce the fission product concentration in the 
containment following the postulated release of the MCA. 

A safety injection system (ECCS} is mentioned; however, little evaluation was 
made of its design basis or efficacy during the review. The allusion to a 
potentially large containment design pressure, if Zircaloy cladding is used 
instead of stainless steel, arises from the concept that a large fraction of 
the Zircaloy would undergo metal-water reaction in a core melt, releasing 
heat and hydrogen (which could burn, adding mor~ heat). As studies showed 
some years later, this represented a really inco •.• plete evaluation of metal
water reaction problems. 

This letter is the first to call out the requirement for study of the control 
rod ejection accident, a requirement waich led to design-changes in large 
LWR's, either to limit the reactivity worth of control rods (and hence keep 
the resulting power rise tolerable) or to add an additional mechanical restraint 
to control rod ejection, thereby making the probability acceptably low (the 
approach taken in BWR's}. 

The next ACRS review bearing directly on siting criteria and the increasing 
substitution of engineered safety features for distance came at the 56th 
meeting, July 9-11, 1964, when the Committee reported favorably on the 
proposal of the Los Angeles Department of Water and Power to construct a 
large PWR at the Malibu site (formerly called the Corral Canyon site). 
The ACRS letter of July 15, 1964 follows. 



2-77 

ADVISORY COMMITTEE ON REACTOR .SAFEGUARDS 
UNITED STATES ATOMIC ENERGY COMMISSION 

WASHINGTON 25, D. C. 

Honorable Glenn T. Seaborg 
Chairman 
U. S. Atomic Energy Commission 
Washington, D. C. 

February 19, 1964 

Subject: REPORT ON CONNECTICUT-YANKEE ATm1IC POWER COMPANY 

Dear Dr. Seaborg: 

At its fifty-third meeting, February 13-15, 1964, the Advisory 
Committee on Reactor Safeguards reviewed the general design of the 
proposed 1473 MW(t) pressurized water reactor to be constructed at 
the Haddam, Connecticut site. The Committee had the benefit of a 
subcommittee meeting on December 13, 1963 with the applicant and 
its contractors. In addition, the documents referenced below were 
provided the Committee. !he Committee had discussions with the 
applicant and representatives of Westinghouse Electric Corporation, 
Stone and Webster Corporation, and with the Regulatory Staff and its 
consultant from the U. S. Geological Survey. 

In its previous report to the Commission on February 6, 1963, the 
ACRS pointed out that the Haddam Site did not meet the present site 
distance criteria, and hence reliance must be placed upon engineered 
safeguards to reduce off-site exposures in the unlikely event of a 
serious accident. Because of otherwise favorable site location, low 
population density and meteorological characteristics, a reduction 
factor of about 6 in ad.dition to that provided by containment is 
needed to bring the potential dose from a maximum hypothetical acci-
dent to guideline limits. _. · 

The proposed design has the reinforced concrete containment described 
below. The design includes the following acditional engineered safe
guards: an internal recirculation containment spray system; a continu
ously operated air recirculation system with cooling, involving four 
independent units; and a filtration-adsorption unit on each of the 
recirculating systems which can remove halogens and other fission pro
ducts. The plant is also to be provided with a safety injection system 
having three independent pumps and a large supply of borated water. 

I ... .. . .. , 
.. ~ 

.. 
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Honorable Glenn T. Seaborg - 2 - February 19, 1964 

A reinforced concrete containment vessel with a steel inner liner 
is proposed. Containment leakage is specified to be not more than 
0.1% per day and penetration leakage rates will be monitored. The 
proposed containment is designed for the use of stainless steel clad 
fuel elements in the reactor. !f, for instance, Zircaloy cladding 
is used, it may be necessary to increase the design pressure or 
volume of the containment. 

The reactor is to be a pressurized water system of proven operating 
characteristics with cluster type control rods. The use of four 
separate steam generator loops decreases the significance of a major 
primary coolant line rupture. Details of the reactor physics behavior 
will be resolved during the design phase. The Committee believes the 
possibility and effects of control rod ejection deserve further evalu
ation and documentation. 

The Committee considers that the proposed engineered safeguards pro-
vide the necessary redundancy and reliance to assure reduction of 
releases to below guideline values in the unlikely event of a reactor 
accident. The filter-adsorber systems, while not finally selected as 
to performance characteristics, should be protected against steam and 
water releases, and may require capability for various forms of halogens. 
These factors should be reliably established before the facility operates. 

It i's the opinion of the ACRS that the proposed engineered safeguards, 
including the containment as proposed, will provide the necessary pro
tection in the unlikely event of an accident. On this basis, the ACRS 
believes that there is reasonable assurance that the general type of 
reactor proposed for the Connecticut Yankee Atomic Power Company, 
including engineered safeguards, can be constructed at the Haddam Site 
with reasonable assurance that it can be operated without undue hazard 
to the health and safety of the public. 

Dr. T. J. Thompson did not participate in this review. 

References Attached. 

Sincerely yours, 

/s/ 

Herbert Kouts 
Chairman 
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ADVISORY COMMITTEE ON REACTOR SAFEGUARDS 
UNITED STATES ATOMIC ENERGY COMMISSION 

WASHINGTON, D.C. 105<15 

Honorable Glenn T. Seaberg 
Chairman 
u. S. Atomic Energy Commission 
Washir3t~n, D. C. 

July 15, 1964 

Subject: REPORT ON CITY OF WS ANGELES - MA.LIBU NUCLEAR PLANT -
UNIT NO. 1 

Dear Dr. Seaberg: 

At its fifty-sixth meeting at Brookhaven National Laboratory on 
July 9-11, 1964, the Advisory Committee on Reactor Safeguards 
reviewed the proposal of the City of Los Angeles to construct and 
operate a 1473 MW(t) pressurized water reactor, Malibu Nuclear Plant -
Unit No. 1, at Corral Canyon, twenty-nine miles west of Los Angeles. 
The Committee had the benefit of discussions with representatives of 
the Department of Water & Power of the City of Los Angeles, Westing
house Electric Corporation, Stone & Webster Engineering Corporation, 
the AEC staff, their consultants, and of a Subcommittee meeting on 
June 18, 1964. The Committee also had the benefit of the documents 
listed below. 

The proximity of large population centers and the probable gruwth 
of population in the vicinity of the proposed reactor site require 
dependence on engineered safeguards to limit the consequences in the 
unlikely event of a major credible accident. For this reason, safe
guard provisions more extensive than those normally employed in nuclear 
power reactor plants must be provided in lieu of the distance factor to 
protect the public. --- · 

The applicant has proposed as engineered safeguards a novel containment 
structure intended to prevent any leakage to the environment, and addi
tional features consisting of: 

1. A reinforced concrete containment structure. 

2. A containment volume spray system, and 

3. An emergency borated-water injection system. 

. '· .. ;: 
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Honorable Glenn T. Seaborg - 2 - July 15, 1964 

The total containment feature of the building is to be achieved by 
providing two complete steel liners separated by a layer of porous 
concrete. The space between the liners will be maintained at a sub
atmospheric pressure by continuously pumping back air to the contain
ment volume. An air recirculating and cooling system is required to 
remove any heat that is generated within the containment volume. Power 
and water to assure operation of these systems under all conditions 
must be provided. 

Detailed design of the reactor core has not been established yet, but 
the general features will be stmilar to those of other nuclear plants 
proposed for construction by the same nuclear contractor, and expected 
to be tested in operation prior to completion of the Malibu plant. 
Nuclear reactivity coefficients are expected to be negative in this 
reactor. The probability and effects of control rod ejection require 
further evaluation. The applicant has suggested several possible means 
of limiting the consequences of such an accident, and the Committee 
believes that this question can be resolved satisfactorily during the 
design stage. 

Although stainless steel cladding is planned for the first core, it is 
anticipated that zirconium alloys may be .used in future cores. Complete 
information on the effect of a possible zirconium-water reaction on the 
course of accidents is not available. Hence, further review will be 
needed prior to use of zirconium alloy clad cores. 

The Committee was informed that the geology of the site was suitable 
for the proposed construction. It was reported that no active geologi
cal faults are present at the site. Grading of the canyon slopes is 
proposed to ensure that potential landslide motion does not present a 
hazard to the plant. It is proposed that critical structures be designed 
for a suitable response spectrum associated with an earthquake which has 
a maximum acceleration of 0.3 g. occurring when the containment is under 
the pressure associated with an ~cident. The resdlting stresses will 
not exceed 80% of the minimum yield value. Components within the building 
will be designed to withstand 0.3 g. acceleration acting simultaneously in 
horizontal and vertical plants. 

The ability of the plant to withstand the effects of a tsunami following 
a major earthquake has been discussed with the applicant. There has not 
been agreement among consultants about the height of water to be expected 
should a tsunami occur in this area. The Committee is not prepared to 
resolve the conflicting opinions, aad suggests that intensive efforts be 
made to establish rational and consistent parameters for this phenomenon. 
The applicant has stated that the containment structure will not be im- • 
paired by inundation to a height of fifty feet above mean sea level. The 
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- 3 - July 15, 1964 

integrity of emergency in-house power supplies should also be assured 
by location at a suitable height and by using water-proof techniques 
for the vital power system. The emergency power system should be sized 
to allow simultaneous operation of the containment building spray system 
and the recirculation and cooling system. Ability to remove shutdown 
core heat und~r conditions of total loss of normal electrical supply 
should be assured. If these provisions are made, the Committee believes 
that the plant will be adequately protected. 

The applicant has proposed to deny entrance to the containment while the 
reactor is operating. This mode of operation does not permit frequent 
surveillance of equipment and prompt detection of incipient defects. 
Operating experience at other power plants has demonstrated the value of 
accessibility for inspection. The Committee suggests that the applicant 
reconsider this question and explore design modifications which will allow 
entrance without violating the containment integrity. 

As the Committee has commented in its earlier letters, the hold-up of 
routine gaseous and liquid ~eleases may be necessary during unfavorable 
conditions. In this connection, it will be necessary to conduct addi
tional pre-operational meteorological and oceanographic survey programs. 

The Advisory Committee on Reactor Safeguards believes that the items 
mentioned above can be suitably dealt with during construction, and that 
the proposed Malibu Nuclear Plant can be constructed with reasonable 
assurance that it can be operated at the site without undue risk to the 
health and safety of the public. 

References Attached. 

Sincerely yours, 

Is/ 

-
7 ·Herbert Kouts 

Chairman 

r;' -~ 
f·. 
,. I .:.~ . 
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The Malibu site probably had a higher projected population density than 
any reactor of that size. previously approved. And the applicant had 
proposed use of the "zero leakage" Stone and Webster double containment 
concept described above in the IAEA Symposium paper by Johnson (1962}. 

The ACRS report again places considerable emphasis on limiting the 
consequences of the MCA. The report also calls attention to several other 
matters including the following: 

(1) Need for analysis of the control rod ejection accident and the 
implication on containment pressure of the use of zirconium clad 
fuel, as in the Connecticut Yankee letter. 

(2) Seismic design considerations, including tsunamis. 

(3) The need for emergency, in-house power supplies (at this stage in 
the evolution of safety requirements, to enable containment cooling 
and shutdown heat removal, although not for the loss-of-coolant 
accident). 

At the 57th meeting, August 24-26, 1964, the ACRS concluded its review of 
the construction permit application for a 1600 MWt BWR at Oyster Creek, 
New Jersey, a site having intermediate population density characteristics. 
The ACRS report of August 28, 1964 follows on a separate page. 

The letter makes no mention of the emergency core cooling system (ECCS} 
proposed for this reactor. However, the minutes of the meeting indicate 
that there was discussion of the fact that the reactor included a duplicate 
core spray arrangement to limit melting of the core in the event of a loss
of-coolant accident. Also, according to the minutes, Mr. Case of the 
Regulatory Staff indicated that a possible zirconium-water reaction and 
hydrogen explosion was the chief remaining problem: 

The probability is believed~aw because a maxtmum credible 
accident and failure of the safety injection system must occur 
first. Also, it is questionable if the concentration of 
hydrogen wou1d give an explosive mixture. An inert atmosphere, 
that is nitrogen in the confinement system, might tend to pre
vent this. 

ACRS member Silverman is shown as having noted that, if the meltdown pre
vention equipment operates satisfactorily, the reactor could be located 
almost anywhere; however, he reminded the Regulatory Staff that the spray 
system in the. SL-1 reactor was made 1 noperative by the accident. 

It is difficult to tell from the minutes how important the availability 
of the ECCS core spray was to the ACRS decision-making process. The minutes 
say that "because of the great dependence being placed on the core spray to 
limit fission product release~ the Committee cautioned that these sprays 
must be quite reliable." 
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ADVISORY COMMITTEE ON REACTOR SAFEGUARDS 
UNITED STATES ATOMIC ENERGY COMMISSION 

WASHINGTON. D.C. 10$11 . 
August 28, 1964 

Honorable Glenn T. Seaborg 
Chairman 
u. S. Atomic Energy Commission 
Washington, D. C. 

Subject: REPORT ON OYSTER CREEK NUCLEAR POWER PLANT 
OF JERSEY CENT1W. POWER AND LIGHT COMPANY 

Desr Dr. Seaborg: 

At its fifty-seventh meeting, on August 24-26, 1964, the Advisory 
Committee on Reactor Safeguards considered the proposal of the 
Jersey Central P~er and Light Company to construct and operate a 
nuclear power plant on Oyster Creek in New Jersey. This will be a 
1600 MR(t) boiling-water type reactor with pressure absorption con
tainment. 

The Committee had the benefit of an oral presentation by representa
tives of the applicant and consultants and contractors, advice by 
the AEC Staff, and the reports cited. A Subcommittee meeting was 
held at the site on May 1, 1964, and a further Subcommittee meeting 
was held in Washington, D. c. on August 7, 1964. 

Many details of the proposed !esign have net yef been completed. The 
applicant is continuing to study the lfmitation of maximum reactivity 
of individual control rods and the design of the reactor protection 
system. The following additional points should be given examination 
and consideration: · 

(1) Under some credible accident conditions, the 
dry well and absorption pool may require pro
visions for additional heat removal. 

(2) In the unlikely event of a melt-down accident, 
a zirconium-water reaction may produce hydro
gen. Provision should be made to prevent any 
hydrogen-oxygen reaction that would disrupt 
the containment. 

168 

.... 
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Honorable Glenn T. Seaborg - 2 - August 28, 1964 

(3) The adequacy of the reactor protection sys
. tem when operating at partial recirculation 
flow rates should be established. 

Estimates made by the applicant on halogen retention by absorption 
in water and by plate-out are based on limited data, and the con
sequences of the unlikely accident may be more severe than estimated. 
However, the Committee believes that more conservative assumptions 
would not make the proposal unacceptable. 

With due regard to the above comments, the ACRS believes that the 
proposed reactor can be constructed at the proposed location with 
reasonable assurance that it can be operated without undue risk to 
the health and safety of the public. 

References: 

Sincerely yours, 

/s/ 

Herbert Kouts 
Chairman 

1. Part B, Preliminary Safeguards Summary Report, 
Application to the United States Atomic Energy 
Commission for Construction Permit and Operating 
License, Oyster Creek Nuclear Power Plant Unit 
No. 1, Jersey Central Power and Light Company, 
undated, received April 2, 1964. 

2. Amendment No. 2, Application-Reactor Constructlon 
Permit and Operating License, Oyster Creek Nuclear 
Power Plant Unit No. 1, Jersey Central Power and 
Light Company, dated June 26, 1964, with enclosures. 

169 
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There did not exist the experimental data and analytical methodology at 
that time to really analyze the efficacy of the core spray system. And, 
we wfll find that later in the same year, when the ACRS wrote a letter 
on the use of engipeered safety features to balance against a reduction in 
distance to populated centers, the Committee was reluctant to give °Credit" 
for emergency core cooling systems. 

What is perhaps interesting is that there had by now been a succession of 
reviews of rather large LWR•s, but none of these were operating, none were 
fully designed, and none had received detailed regulatory analysis and 
evaluation. So that the actual amount of information available for the 
decision-making process in 1964 was quite limited, compared to what would 
be available in the 197o•s. 

At the 58th meeting, October 7-10, 1964, the ACRS completed its review 
and wrote a report favorable to the construction permit application for the 
1538 MWt BWR at Nine Mile Point. This reactor was at a relatively less 
populated site and was rather similar to the Oyster Creek reactor earlier 
approved. 

Several months earlier, the Atomic Energy Commission had asked the ACRS 
to put into a report the manner in which it was permitting engineered safety 
features to be substituted for distance in meeting Part 100 regulations. 
At the 59th meeting, November 12-14, 1964, the ACRS prepared a letter 
entitled 11 Report on Engineered Safeguards .. (issued November 18, 1964). 
The things which received approval were: containment and certain confine
ment systems; the pressure suppression method; containment building sprays 
to reduce containment pressure following a LOCA; heat-exchange methods of 
limiting containment pressure; containment air cleaning systems, following 
a LOCA. 

.....-. . 
It was stated that ••core spray and safety injection systems cannot be 
relied upon as the sole engineered safeguards, that they might not function 
for several reasons such as severed lines and low water supplies. Neverthe
less, prevention of core melting after an unlikely loss of primary coolant 
would greatly reduce the exposure of the public. Thus, the inclusion of a 
reactor core fission product heat removal system as an engineered safeguard 
is usually essential ... 

The body of the report notes the need for adequate emergency power sources 
for an ECCS. 

What seems to be lacking from the report is any identification of engineered • 
safety systems for residual (fission product decay) heat removal from a core 
in which the power has been shutdown, although attention is given to methods 
of removing·heat from the containment. Thus, the period from 1960 to the 
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end of 1964 represented a time during which quantitative siting criteria 
evolved and then were relaxed as the acceptance of engineered safety 
features instead of distance became part of the regulatory process. It 
was also a period in which there was a strong beginning of looking at 
other things in addition to the MCA. However, there was not a comprehen
sive, systematic look at all (or most) accidents which might, in fact, 
represent a threat to containment and have consequences far exceeding 
Part 100. The approach developed in the period up to 1964 in large part 
represents the siting approach used by the Regulatory Staff to this day. 
It is necessary to postulate the release of the bulk of the noble gases 
and iodine into the containment, and to have a combination of containment 
features and site characteristics so as to meet Part 100. This is quite 
apart from the fact that for reactors above about 300 MWt, it now appears 
likely that containment failure will occur in the event of large core melt, 
leading to release of very many fission products. 

Before going on to the review of the Dresden 2 BWR in late 1965, it is of 
interest to look in some detail at the preliminary application for con
sideration of a large LWR at the Ravenswood site, which was essentially 
in the heart of New York. We will also discuss some other aspects of the 

· metropolitan siting question which arose during this general time period. 



2-86A 

2.7 THE RAVENSWOOD REACTOR AND METROPOLITAN SITING 

On December 10, 1962, the Consolidated Edison Company submitted an appli
cation for a construction permit for two reactors to be located at the 
Ravenswood site in New York City. These two pressurized water reactors 
each were to have thermal power output of 2,030 megawatts; the estimated 
completion date was between October 1, 1969 and October 1, 1970. In the 
construction permit application the summary states that two containment 
vessels prevent the release of any radioactive material to the surrounding 
area in the event of an accident. There is to be double containment for 
each of the reactor systems and for the spent fuel storage facility. These 
containment structures consist of two steel shells completely surrounded by 
5 l/2 feet and 2 1/2 feet of concrete, respectively, with previous concrete 
occupying the annulus between the inner and outer steel membranes. This is 
like the containment described in the paper by Johnson at the IAEA Symposium 
(1962). Double containment is used so there will be no leakage of radioac
tivity even under the worst conceivable accident conditions. A research 
and development program is outlined, and it is stated that this program 
will be completed prior to January 1, 1967. The containment also includes 
a spray system to reduce the pressure within the containment vessel in 
the event of an accident, and a pump-back system by which the pressure 
between the two steel membranes is maintained slightly sub-atmospheric 
by pumping air from this region into the interior of the reactor contain
ment. A safety injection system is included, which supplies borated 
water to the reactor core following a LOCA. The design basis is stated 
to be a rupture of the largest connecting pipe to the main pipes in the 
primary system. The worst conceivable accident is defined to be caused 
by the instantaneous release of the entire contents of the primary cooling 
system into the containment with 1001 of the core melted. From this event 
the hazards to the environment are stated to be less than that of 10 CFR 
Part 20; the gaseous activity discharg~-~111 not exceed non-occupational 
air tolerance levels of 10 CFR Part 20 at the top of the stack. Relatively 
less information was stated by the Regulatory Staff to be available concer
ning the design of this reactor than for other reactors recently reviewed. 
The site, which was in the Burrough of Queens, is 8.7 acres in size, 
bounded on the west by the East River, on the north by 36th Avenue, and on 
the east by Vernon Blvd. The minimum distance from the reactor containment 
to the fence around the site boundary is approximately 90 feet. The 
population within a circle of radius one-half mile was estimated to be 
19,000 at night, 28,000 during the day; within a circle of 5 miles radius, 
it was estimated to be 3 million people at night and 5 1/2 million during 
the day. Although proposals had been made previously for the siting of 
relatively small reactors within small cities, for example, the Jamestown 
reactor and the Piqua reactor, this, by far, was the most difficult reactor 
site proposed by the Atomic Energy Commission. 
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The Regulatory Staff began to analyze the reactor and site with the in
formation that it had. In view of the fact that the site clearly would 
not meet the normal conditions of the site criteria with regard to exclu
sion distance and low population zone, or even the distance to a population 
center, the Staff decided to see whether the site could be made acceptable 
on a so-called engineered safeguards basis, this prior to looking at acci
dent analysis, etc. On August 9, 1963, the Regulatory Staff sent out a 
set of questions, 13, in total, in which it requested additional informa
tion from the Consolidated Edison Company. The bulk of these questions 
related to the design of the containment, the ability to measure leakage 
rates in the containment, the way in which penetrations through the contain
ment could be monitored, and things like filter systems which could remove 
radioactivity from the containment. The Consolidated Edison Company 
responded to these questions in a letter dated November 14, 1963. It was 
proposed to use redundant systems for the safeguards features employed in 
the Ravenswood plant; and the use of a single-failure-criterion was planned 
in order to provide adequate reliabiity. Also, mention was made of the 
need in the layout of the plant to give careful consideration to insure 
that an initiating accident would not impair operability of safety compon
ents; for example, proper separation of piping and cabling would be used, 
and it was stated that the components themselves would be designed to 
operate under the temperatures and steam-air conditions which would exist in 
the plant containment following a loss-of-coolant accident. It was not 
planned to protect against gross failure of the reactor pressure vessel, 
pressurizer, or steam generator. While there was frequent reference in 
the applicant's submittal to the containment design, and to the engineered 
safety features which would keep the dose to the public below Part 20, given 
the fission products corresponding to full scale core melt, nowhere was 
mentioned the possibility that full-scale core melt might automatically lead 
to failure of the containment. 

On September 25, 1963, the Regulatory Staff sent a report to the ACRS con
cerning the Ravenswood Reactor in which it outlined the features of the 
plant as of that time. The report described the ways in which the site 
departed greatly from what was permitted by the AEC site criteria, and dis
cussed an approach in which they (the Staff) would tr,y to see whether it 
was possible that a containment scheme could be devised which would permit 
the site to yield acceptable doses for the MCA. The Regulator,y Staff 
announced their intention first to complete an evaluation of proposed 
engineered safeguards systems, and then pursue further analysis of acci
dent consequences; and the results of this phase of the evaluation were to 
be presented for review by the ACRS in time for the December, 1963 meeting 
of the Committee. An ACRS Subcommittee meeting was held with the Consoli
dated Edison Company on September 11, 1963, concerning the Ravenswood 
reactors. It is not possible from the meeting minutes to tell what was 
in the mind of the members.· ACRS member Gifford did make a comment to the 
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applicant that "since the site is lousy, questions would center on contain
ment and engineered safeguards." At the meeting, the Consolidated Edison 
Company stated that they had specified that radiation from the proposed 
plants under any and all conditions must not exceed 10 CFR Part 20. This 
statement was not changed when ACRS member Osborn indicated that reactor 
vessel rupture was a situation for which there was no protection, or when 
ACRS member Rogers asked about the adequacy of missile shielding. 

The sources of electrical power for the plant was stated to be 4 indepen
dent outside sources. When Dr. Gifford asked whether failure of the 
steam generator was included in setting the containment design pressure 
in connectin with a LOCA, Dr. Weisemann of Westinghouse stated it was 
cheaper to support the pipes so that primary system rupture would not 
lead to a secondar,y system failure. 

The bulk of the discussion during the meeting related to the possibility 
of providing containment with the ver,y low leakage rates that Consolidated 
Edison was seeking. 

Another ACRS Subcommittee meeting was held on October 21, 1963. The 
preliminary discussion by the Subcommittee members prior to their meeting 
with the Regulatory Staff indicated that the primary emphasis was on what 
degree of assurance could be credited to the proposed zero-leak-rate design 
of the plant. It was noted that many paths exist by which a double con
tainment scheme might be bypassed, and that even a small release might be 
intolerable at this site. At least from the minutes, there does not seem 
to have been much discussion about accidents in which both core melt and 
containment rupture occur. {In 1977, Dr. H. Kouts, an ACRS member during 
the Ravenswood review period, recalled that the principal problem with 
the Ravenswood site was its vulnerability to ••small" accidents.) At · 
this meeting, Consolidated Edison noted the design basis was that no 
single component maloperation will cau~e damage to the reactor core, 
and no single component gross failure will impair the ability to contain 
fission products within the plant. Presumably the reactor pressure vessel 
and certain other components were not included in that ·list. 

ACRS member Ergen summarized his concern over location of the reactor at 
this site by stating that it is unrealitic to design and operate a plant · 
with assurance that required ver,y low leak rates can be met in the event 
of an accident. He had c31culated that the required leak rate would have 
to be of the order of 10- % per day of the contained volume, in order 
not to produce more than 300 rem to the thyroid to 4,000 people around the 
plant. It would be easy to have any number of "Achilles heels", Hke a 
minor steam generator tube leak. 
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The minutes of the 50th meeting, October 10-11, 1963, show there was 
discussion of the Ravenswood reactor and record some interesting points 
of view*. ACRS member Osborn is stated as considering this plant to 
have had a more comprehensive study at this stage than is usual; to him 
the general ideas of design, construction, and safety are good. Member 
Thompson feels that the ACRS could approve such a plant, provided it 
has all the safeguards now proposed. On the other hand, member Rogers 
would require the applicant to guarantee that no accident will affect the 
public, before ACRS approval is granted. He has doubts about the effec
tiveness of the secondary containment. 

In the discussion between the ACRS and the Regulatory Staff, Mr. Lowenstein, 
the Director of Licensing, indicated that computer studies showed that even 
if all the enginaered safeguards operate, leakage must still be limited to 
the order of 10- cu. ft./min. The Regulatory Staff sees this as impos
sible with the design proposed. Mr. Lowenstein indicated the Regulatory 
Staff would now reject the application on the basis of the proposal entail
ing too much of an advancement in reactor technology for this location. 

At the 51st meeting, November 7-8, 1963, the ACRS had some discussion 
of Ravenswood in an executive session. The bulk of the opinion seemed to 
be that the Regulatory Staff was going to reject the site. The concensus 
of the Committee seemed to be that more time should be given for review of 
the matter, but this was not unanimous. 

As an interesting aside, at the 51st meeting, the ACRS wrote a letter 
report to Mr. Leudecke, the General Manager of the Atomic Energy Commis
sion, reviewing the reactor safety research program. In this report the 
ACRS says: 

The Committee believes that it is of primary importance to 
determine to what extent engineered safeguards can be relied 
on in relaxing reactor site restrictions. 

In the light of present knowledge, it seems unlikely that 
general principles will render incredible the possibility 
that high power reactors can have large power excursions 
or that they can have substantial core meltdown. Therefore, 
it must be expected that the safety analysis for locating 
and designing nuclear reactors will continue to assume such 
accidents to be possible, even if only remotely so. 

*It must be recognized that the minutes do not represent a comprehensive 
(or necessarily even an accurate} summary. There were long delays in 
their preparation at that time and they were considered to be less than 
satisfactory by the ACRS itself. 
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The bulk of the rest of the letter relates to questions of how much of 
the fission product inventory would escape from the fuel to the reactor 
vessel to the containment, and how one could decide whether the fission 
products would plate out in the reactor containment, etc. There is also 
mention of the need for research on the probability of gross rupture of 
primary pressue vessels and other pressurized components, and that infor
mation is needed on methods to protect containment from possible missiles. 

Apparently, the ACRS felt that large scale core meltdown could not be 
ruled out at this time; however, as of the November meeting, they had 
not, as a matter of policy, recommended against the Ravenswood reactor. 
It is not clear from the minutes how the possiblity of releases ver.y 
much larger than Part 100 in the heart of a large population center was 
affecting the review. It is clear from the discussion that reactor 
vessel failure and other modes of containment failure were considered. 
It is not clear that the ACRS envisaged that core meltdown would auto
matically lead to containment failure for a reactor of the size of 
Ravenswood. 

Between the 51st and 52nd meetings, Consolidated Edison withdrew its 
applicat1on for consideration of the Ravenswood reactor.* It is not 
possible to reconstruct the overall position of Consolidated Edison with 
regard to the safety of the reactor. The minutes indicate that they 
considered that, for anything that was "credible .. , they would be pro
tected. They did not indicate any concern that building those reactors 
at that time in what was essentially the heart of New York posed an undue 
risk. It is also not clear what the basis for their judgment was. 

Although it was withdrawn, the Ravenswood application forced the regulatory 
groups to consider the question of metropolitan siting. And in a sense, 
the application was one form of pressure. on the regulato~ groups to 
see in what way, if any, metropolitan siting of reactors could be approved. 
As we shall see, the industry continued to propose sites involving large 
surrounding population, not quite like that of Ravenswood but still con
siderably beyond what had been accepted before. 

The minutes of the 52nd meeting, January 9-10, 1964, show that the 
Committee once again discussed reactors in populated areas even though 
the application to the Ravenswood reactor had been withdrawn only a few 
days before. Chairman Kouts asked if the ACRS wished to prepare a letter, 
for example a letter drafted by member Thompson, regarding the location of 

*The ACRS minutes have no record of any negative (oral) opinion concerning 
the Ravenswood site having been forwarded to Consolidated Edison. However, 
it is the author's understanding from recent discussion with a senior member 
of the Regulatory Staff that Consolidated Edison was told by the AEC that 
their application would receive an unfavorable response, if it were not 
withdrawn. 



2-91 

reactors in popu1ated areas. Briefly, this letter considered such sites 
acceptable provided there are (adequate) engineering safeguards and a 
reactor of the same type and power level has operated safely elsewhere. 
Howevers some members felt the Committee should wait, giving advice if 
and when a particular case is before the Committee. The official reason 
given for withdrawal of the application of the Ravenswood reactor by 
Con Edison was the availability of cheaper power from Labrador, 1100 
miles away. 

A very interesting sequence of events concerning reactor siting began 
in February 1965. At the special ACRS meeting held on February 6, 1965s 
Mr. Harold Price, who was Director of Regulation, reported to the ACRS 
that the Boston Edison Company had made prelimina~ studies of 6 reactor 
sites; the preferred one was near Quincy and presumably was in a rather 
highly populated area. Commission advice on siting policy regarding 
large reactors near or in big cities was desired by the utility. 

At the 62nd meeting, March 11-13, 1965, Mr. Osborn reported that he, 
together with representatives of the Regulatory Staff and the Bech~el 
Company, had visited four sites in the Los Angeles area which are pro
posed for dual purpose (desalination and power) reactors. The power 
level would be in the neighborhood of 3000 MWT. The minutes of this 
meeting also showed an executive session of the ACRS in which there 
was a discussion of a draft position by the Regulatory Staff, which 
had been formulated around the proposed Boston Edison reactor and which 
was again concerned with metropolitan locations for reactors. The con
census of the Committee seemed to be that this was a very important 
matter and that no hasty conclusions should be drawn. Siting of each 
reactor was seen as an individual case. 

Discussions ensued wfth Mr. Price in wh.ich he related the results of 
recent meetings regarding the public acceptance of large reactors. He 
said that the proposed reactor near Boston and the possible reactivation 
of the Ravenswood case, both reactors with powers of the order of 3000 
megawatts, were pressing the Regulatory Staff. 

The minutes indicate that a complex group of factors entered into the 
decision-making process, including the timing and nature of any announce
ment. 

According to Mr. Price, 

AEC approval of reactors in large cities could be argued as 
being in conflict with AEC support for the Price-Anderson 
arrangement. When the Ravenswood project was withdrawn, the 
Regulatory Staff was in the midst of a study on siting of 
large reactors. Although no such large reactors had operated, 
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the design engineers claimed that safe designs can be built. 
Or. Beck of the Regulatory Staff believed that the engineering 
ideas on engineering safeguards were quite good and will be 
proven in years, but that their reliability noW is questionable. 

ACRS members asked the Regulatory Staff for an opinion on what degree 
of redundancy in engineering safeguards would be acceptable, but received 
no answer. Or. Ooan of the Regulatory Staff* considered isolation of 
reactors from a city as allowing much more maneuverability in operations, 

i latitude in power levels, and in requirements of engineering safeguards. 
ACRS member Okrent judged that only a few miles of isolation is of little 
use following large accidents. Mr. Price believed that assuring 1001 
operability of engineering safeguards is impossible. But ACRS member 
Silverman considered certain items, e.g., the containment, the filtering 
and the air cleaning, to be quite reliable. 

The ACRS held a Subcommittee Meeting on Siting of Large Power Reactors 
in Metropolitan Centers on March 20, 1965. According to the minutes 
of this meeting, the draft Regulatory Staff paper concludes that "the pub
lic interest can best be served by continuing to exclude large cities as 
permissible locations for nuclear power plants". ACRS member Osborn noted 
that the Staff position appears to reflect a concern more with the smaller, 
more probable accidents, in iddition to the usual MCA concept (e.g., fuel 
handling or fuel shipment accidents). Also, the effects of natural dis
asters appeared to be involved in the thinking of ACRS members. 

ACRS member Etherington noted that there is no design which will eliminate 
the question of "operator error" with possible violation of containment, 
etc. Member Rogers stated that the location of a reactor (city versus 
county) make little difference if a very large accident (e.g., breached 
containment with fission product release) were to occur. "'He concluded, 
therefore, that the smaller, more probable accident is the situation 
of concern. 

Member Gifford noted that a "formal" moratorium on metropolitan siting 
would discourage a~ new developments or improvements in reactor safety 
over the designs that were then available. 

During the ensuing discussions with the Regulatory Staff, Mr. Price said 
he is trying to avoid a drawn-out, detailed design review which finally 
ends in a policy decision to turn down the application. Member Etherington 
noted t~at a strict interpretation of the Part 100 siting guide would pre
clude the siting of reactors in cities without any further action on the 

*A former ACRS member. 
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part of the AEC. Mr. Price agreed but indicated such an interpretation 
would need an endorsement from the Commission itself. 

Subcommittee members expressed a concern that a formal moratorium would 
stifle any further development in the field of engineered safeguards. 
Member Rogers noted that routine operation of reactor plants alone would 
not provide information about performance of engineered safeguards under 
accident conditions. Or. Beck pointed out that even routine operation, 
testing and maintenance of engineered safeguards were not then well 
developed, and operation for several years would help to identify and 
correct system deficiencies. 

Or. Beck confirmed that the Regulatory Staff was concerned about smaller 
accidents than the MCA, since larger accidents would have ver.y serious 
consequences no matter where the location. 

Several Subcommittee members suggested that applicants should be advised 
of appropriate criteria on the basis of a case-by-case review. Mr. Price 
maintained, however, that this would leave applicants in a state of con
fusion and uncertainty. 

Or. Beck suggested that a logical set of criteria should be developed 
before the door was opened, since industry was eager to move into cities 
with facilities of the Mualibu/Oyster Creek designs. Member Rogers agreed 
that utilities were not likely to propose any additional safeguards which 
were not required by the AEC. 

In response to a question from Or. Beck, member Osborn stated that the 
review of Ravenswood had not been completed but that there was no indi
cation that it would have been turned down on the basis of a policy 
decision. It seemed generally agreed-that the Malibu/O~ter Creek designs 
were not yet acceptable for use in densely populated areas, and that more 
stringent criteria must be developed for city reactors. 

The matter of metropolitan siting was discussed at considerable length 
in the ACRS Special Meeting, March 26-27, 1965. Most of the ideas men
tioned above entered into this discussion. Member Etherington recalled 
that no large reactors in cities were contemplated at the time of develop
ment of the Reactor Site Criteria (Part 100). Mr. Etherington observed 
that where the probability of an accident and its consequences can be 
obtained, the reactor designer can evaluate alternative approaches to limit 
the consequences or avoid the event. However, if the accident is of ex
tremely low probability and the consequences very large, no such analytical 
approach is open (to designer or Regulatory Staff). In summar,y, Etherington 
felt the problem lies with the exceedingly low probability - high conse
quence accident. 
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According to Mr. Price, the Commissioners were not inclined at this time 
to take any stand against metropolitan reactors. However, the Regulatory 
Staff needed a public posture, and had to respond formally or informally 
to recent inquiries from utilities and reactor vendors. 

Following the Special Meeting, March 26-27, 1965, the ACRS released for 
the information of the Commissioners a draft report on metropolitan sit
ing, which is quoted below. 

"REPORT ON SITING POWER REACTORS IN METROPOLITAN CENTERS 

The Advisory Committee on Reactor Safeguards has been informed 
by the Director of Regulation that representatives of the nuclear 
power industry have, in recent weeks, visited him to explore 
the possibility of locating large power reactors in metropolitan 
areas. This letter is in response to your inquiry as to the 
views of the ACRS on this subject. 

This subject was discussed with members of the AEC Regulatory 
Staff during the 62nd ACRS meeting on March 11-13, and the 
Special ACRS Meeting on March 26 and 27, 1965. In addition, 
a subcommittee met with the Regulatory Staff on March 20th. 
The ACRS offers the following comments on the question of 
locating large power reactors in metropolitan areas: 

1. The engineering of reactor safety has been a process of evolution. 
Much has been accomplished, more remains to be done. The larger 
power reactors now under construction or described in current 
license applications represent a large step in this process of 
evolution. However, considerable further improvements in safety 
are required before large power reactors may be located on sites 
close to population centers. None of the large power reactor 
facilities now under construction or described in current license 
applications are considered suitable for location in metropolitan 
areas. 

2. A flexible position with respect to locating reactors close to 
cities should be maintained. License applicants should be 
encouraged to use imagination and to employ improved provisions 
for.safety. A suitable channel for the early consideration of 
new facility concepts should continue to be available. 

3. Designers should be encouraged to develop engineered safeguards 
of extremely high reliability and with provision to assure that 
such reliability can be demonstrated at all times. 
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4. The quality of operation, maintenance and adminstrative control, 
upon which dependability of engineered safeguards relies, must 
be further improved. 

5. Guidance for designers and operators should be developed for loca
tions of reactors in cities. 

In connection with the last item the ACRS is considering the following 
tentative points: 

(1) The design goal for reactors being considered for metropolitan 
use should be the elimination of any possibility of a severe 
reactor accident. 

(2) It would seem prudent to operate in metropolitan areas only 
reactors of a proven type, which do not represent a large 
extrapolation in power, involving radical changes in reactor 
design from reactors already in service. In other words, 
reactors in metropolitan areas should closely duplicate 
reactors with demonstrable and favorable operating experience. 

(3) It must amount to a practical certainty that under no cir
cumstances will significant amounts of fission products 
reach the public. Provisions taken should include con
tainment of the refueling operation, spent fuel storage 
area, and radioactive waste. 

{4) In order to assure a reliable containment, it is necessary 
to establish in some way an upper limit to the energy re
lease in any possible accident. This energy release should 
include nuclear excursion en~gy, stored thermaH energy and 
chemical reaction energy. 

(5) The containment should be adequately protected from missiles 
both from within and without, including those arising from 
the disintegration of equipment~ 

(6) Reliance should not be placed on valves to effect isolation 
of normally operating ventilation systems. 

(7) A design goal for instrumentation and control systems including 
all electronic and mechanical devices should be that all safety 
systems are fail-safe including consideration of effects of fire, 
steam, and other possible environments. 
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(8) Improved reliability of emergency power supplies appears required. 
Or, in lieu of that, the facility should require no emergency 
electric power. 

(9) The possibility of simultaneous independent failures should not 
be neglected in evaluating engineered safeguards. 

(10) Primary reliance for safety should not be placed on procedural 
control methods." 

This draft letter was never issued; however, it was discussed in detail · 
with members of the Regulatory Staff, and with the AEC Commissioners at 
the 63rd meeting, May 13-15, 1965. At the May meeting, the Commission 
indicated a desire to avoid any interpretation which might preclude large 
reactors near large cities. The issuance of guidelines for the siting of 
such reactors seemed to be favored by the Commissioners. 

The ACRS draft stated that only reactors of proven design were suitable 
for city locations. AEC Chairman Seaborg commented that he hoped the ACRS 
meant an applicant could anticipate favorable operating experience of 
a reactor at a remote site prior to operation of a metropolitan reactor; 
this would allow construction to proceed and save time, but with the 
applicant accepting a risk. 

Some of the thoughts included in this draft letter on metropolitan siting 
were presented publicly in the testimony of the ACRS to the Joint Committee 
on Atomic Energy in the hearings on extension of Price-Anderson indemnity 
legislation, June 22, 1965. What is stated in this ACRS testimony is the 
following: 

The engineering of reactor safety~s in a process orevolution; 
much has been accomplished, more remains to be done. The 
larger power reactors now under contruction described in current 
license applications represent a large step in the process of 
evolution; however, considerable further improvements in safety . 
are required before large power reactors may be located on sites 
close to population centers. None of the large power reactors 
now under construciton or described in current license applica
tions is considered suitable for location in metropolitan areas. 
To put the matter in a different way, the devices and safeguards 
that prevent all accidents, large or small, must be made even 
more reliable than they are more fool-proof. The questions to 
be settled are complex ones, and resolution would depend on 
the nature and details of each proposal. It also appears that 
novel reactor systems, or reactors of considerably higher power 
level than previous ones, should not be operated in population 
centers. 
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Depending on how one reads the draft letter, one might or might not read 
into it a moratorium or semi-moratorium on metropolitan siting. Neverthe
less, the review of the proposed Boston Edison BWR for a relatively 
populated site continued for several months. One finds in the informa
tion submitted by the applicant, statements such as the following: 

The integrated dose 600 ft. from the reactor or any point 
beyond shall not exceed 2.5 rem to the whole boqy and 30 
rem to the thyroid in the event of the design basis, 
coolant-loss accident, coincident with 100% core melt. 

One cannot ascertain unequivocally from the specific written material 
whether the applicant thought that the containment would remain intact in 
the event of core melt and that, in fact, the doses that he was calcula
ting were valid for that event; or that core melt was being treated as a 
generalized accident in which fission products are postulated to be 
released to a containment which remains intact. However, in more than one 
place the statement is made that the containment will be designed on the 
basis that significant core melting and metal water reactions occur; so a 
logical deduction by the reader is that the applicant is proposing ~ 

containment system that can handle core melt. 

The ACRS minutes of a meeting between the Boston Edison Group and the 
AEC Division of Reactor Licensing, September 20, 1965, give further 
information on the proposed reactor. It is stated that the plant is 
basically an Oyster Creek type reactor with double pressure-suppression 
containment and several other improvements. These improvements include 
use of internal jet pumps for reactor circulation. This design provides 
a secondary shell around the core which can be reflood following a LOCA. 
Both core spray and core flooding systems will be provided. Duplicate 
spray systems will be provided for cofttainment cooling following a LOCA. 

A rod drop velocity limiter will be provided. Rod drives will be supported 
so that a rod cannot be ejected if a drive nozzle fails. Flow restrictors 
will be provided in main steam lines to limit steam flow to 200% in the 
event of a steam line break. 

The rod drop velocity limiter and the support of rod drives to prevent 
ejection were not basically new to this plant, since questions concerning 
reactivity accidents had been raised earlier in connection with review 
of Oyster Creek and some other plants. However, this appears to be the 
first mention of use of both a core spray and the core flooding system. 
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Dr. Doan, the head of the Regulatory Staff, expressed concern over basic 
questions that must be faced when the location of a reactor in heavily 
populated centers is considered {for example, do we really know that 
a collapsed core can be cooled?) There was no response given to that 
question, and it is not clear whether Dr. Doan had something more specific 
in mind. 

ACRS member Silverman agreed that several improvements had been incorpor
ated in the Boston Edison design, but noted they were based on a specified 
series of events which were defined as the maximum credible accident which 
must be considered. Mr. McEwen, however, maintained that General Electric 
considers multiple, independent failures highly improbable. He noted that 
the plant would accommodate two independent failures and suggested that the 
need for additional containment is questionable on the basis of probability. 

The ACRS minutes of a further meeting between the Division of Reactor Li
censing and the Boston Edison Company, held Januar-1 26, 1966, provide fur
ther insight into the thinking of the time. Dr. Doan said that the princi
pal problem would be how to evaluate the reliability of the proposed 
reactor and its safeguards when there had been no operating experience 
on reactors of the same power and design. He pointed out that at the 
time Part 100 was written, a different situation prevailed regading the 
siting of reactors, namely, reactors were being located at some distance 
from cities. He stated he did not know how to interpret population center 
distance for a metropolitan site. 

Dr. Doan went on to state that it did not appear that a new (safety) 
approach had been taken in the design of the proposed reactor facility 
for the Edgar Station site, and that only relatively minor safety improve
ments had been made over past designs. He said that the matter of whether 
the proposed reactor facility is sufficiently safe cou1d not be based on 
experiments to be performed at some time in the future. Dr. Doan stated 
that, in his opinion, until more information was available regarding exper
ience with engineered safeguards, there was not any chance that the Edgar 
Station site might be approved for the proposed reactor. He said he did 
not see how there could be a breakthrough of knowledge regarding safety of 
large reactors until some of the proposed large reactors had obtained op
erating experience. Dr. Doan stated that no one wanted to say that metro
politan sites are unsuitable for reactors. He said, however, that accepta
bility of metropolitan sites would come sooner if industry recognizes that 
present designs are not acceptable for metropolitan sites, and puts some 
effort into the matter. In regard to the proposed reactor design for the 
Edgar Station, Dr. Doan pointed out that the containment could not with
stand rupture of the prssure vessel. (We might note that an ACRS letter 
regarding pressure vessel failure and the possible need for designing for 
its failure, especially for more populated sites, had been issued two 
months earlier.) 
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Mr. Levine of the Regulatory Staff stated the following preliminary comments 
and conclusions regarding the propsed reactor: 

1. The actual design and the reliability of the control systems for 
the engineered safeguards will be looked at much more thoroughly 
than has been done in the past. 

2. Potential metal-water reactions during accident conditions may 
be a problem. 

3. The basis for establishing the assumed iodine removal efficiency 
during accident condition will be important. 

4. The matter of isolation of the process systems at the containment 
boundary will also be important. 

5. Tornado protection will be considered. (The Boston area was said 
to be only a factor of 2 in tornado frequency below the worst 
tornado belt in the country.) Hurricanes will also have to be 
considered. 

6. The reliability and adequacy of the emergency electrical power 
supply system to run the required safeguard systems will be 
thoroughly reviewed. 

7. DRL is concerned regarding the core spray system relative to: 

a. There is no test data regarding the cooling of a whole 
reactor core by a spray system. In particular, DRL is 
concerned that the flow of the steam generated in the 
core on actuation of the_$pray may interfere with 
further flow of a spray into the core. 

b. The core spray sparger ring might be disarranged during 
an accident. 

c. The reactor may become critical by reflooding if all the 
control rods are not in an inserted condition at the time 
of reflooding. 

d. The matter of how long containment integrity can be main
tained, if the containment spray system is not functioning, 
will be considered. 
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8. Other questions involve: 

1. -Provisions for automatic load sequencing during a loss of 
power incident. 

2. Protection against missiles. 

3. Means of monitoring and testing containment penetrations. 

4. Reliability of stack filter system. 

5. Control rod drive hydraulic lines and number of rods which 
might be affected by failures in the hydraulic system. 

Dr. Doan concluded by stating he could not base a decision regarding 
issuance of a construction permit on conceptual design and that "hard" 
information would be required. 

At some point after the Janua~ 26th meeting, the Boston Edison Company 
decided no longer to propose construction of the 600 MWe nuclear plant 
at the Edgar Station; instead of the Pilgrim reactor was proposed. 



2-101 

2.8 1965-1966: PRESSURE VESSELS, ECCS, AND THE "CHINA SYNDROME" 

Because of their importance both to future reactor siting policy and 
to a markedly changed approach to LWR safety, developments during 1965 
and 1966 with regard to questions of pressure vessel integrity and to 
the impact of core melt on containment integrity will be reviewed in 
detail, prior to proceeding with the detailed, case-by-case examination 
of siting·poli~ evolution. 

On April 15, 1965, the Commonwealth Edison Company applied for a license to 
construct and operate a 2255 MWt BWR to be located at the site of Dresden 
Nuclear Unit 1. The largest thermal power previously approved was that of 
the 1600 MWt Oyster Creek reactor; hence, Dresden 2 represented a large 
jump. While the surrounding area was relatively rural, the city of 
Joliet, Illinois was about 14 miles from the site, and the city of Chicago 
was about 40 miles from the site. Many menilers of the ACRS saw the Dresden 
2 reactor as a probable prototype for other reactors in metropolitan areas; 
for this and other reasons, Dresden 2 received extra emphasis during ACRS 
review, and the potential resolution of certain generic matters became tied 
to the case. 

The continuing pressure from industry (and, in a sense from the reactor 
development side of the AEC) for metropolitan siting was evident in a 
variety of wqys. For example, the AEC established a Steering Committee on 
Reactor Safety Research, consisting of members from both the development 
and regulatory sides of the Commission. The minutes of the 67th ACRS 
meeting, October 7-9, 1965 report. 

Dr. Beck said that the formation of the (steering) committee 
stemmed from recommendations of the Regulatory Review Panel. 
Promoting liaison between the AEC general manager's staff and 
the regulatory staff, {in regarci-to) the safety research pro
grams appeared desirable to the Commission. This research program 
is an outgrowth of the need for larger reactors, longer fuel life, 
and metropolitan location •••• Although it is doubtful that the 
steering group can arrive at all the necessary and sufficient 
safety items to allow reactors in metropolitan areas, some items 
are likely to be. identified. 

The minutes of the 68th meeting. November 10-12, and 22, 1965, report 
the ACRS Chairman, William Manly, as telling the Commonwealth Edison group 
that: 

This reactor could be considered a prototype for metropolitan 
reactors; consequently, the problems of the jet pumps (a new 
design}, pressure vessel ductility, piping failures, and missiles 
are important in a more general way. Setting of a precedent 
with this reactor is of concern to the ACRS, and resolution of 
the problems is desired. 
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During the Dresden 2 review, the ACRS heard presentations on recent experi
ments concerning the effectiveness of the core spray systems (which, in 
duplicate, were the ECCS). The ACRS raised questions concerning the possible 
effect of pipe-whip and missiles on containment integrity, and on possible 
failure modes whereby both isolation valves in a main steam line might be 
lost concurrently and thus lose containment in a LOCA • However, the most 
difficult topic discussed by the ACRS in connection with the Dresden 2 case 
was that of the possibility of pressure vessel failure. 

The matter of the importance of pressure vessel integrity to overall reactor 
safety was not a new one. The minutes of the 33rd meeting show member 
Connor raising a question concerning the need for improved inspection for 
reactor vessels. The minutes of the 36th meeting show member Osborn noting 
that pressure vessel rupture could lead to failure of the containment. In a 
report to the AEC dated September 11, 1961, the ACRS recommended the develop
ment of adequate codes and standards for the pressure vessel and other parts 
of the primary system of reactors. In a report dated May 20, 1961, the ACRS 
discussed matters related to the possible embrittlement of reactor vessels 
due to irradiation by neutrons over the lifetime of the reactor vessel. 
However, for the reactors previously reviewed, failure of the reactor pres
sure vessel was either treated as 11incredible••, or the reactor happened to 
be such that it could tolerate the failure of the vessel, perhaps because 
the pressure of the system was small and the power level was small. 

The minutes of the ACRS Dresden 2 Subcommittee meeting he 1 d on September 1, 
1965, show there was considerable discussion of pressure vessels with the 
members of the AEC staff and with the applicant. Mr. Muller of the AEC 
staff is listed as saying that pressure vessel failure was incredible. When 
asked by an ACRS member what would happen if the pressure vessel did fail, 
Mr. Bray of General Electric replied, "it would depend on the energy rate." 
He stated •the containment could withit~nd a larger breqk than the maximum 
credible accident (which was rupture of a large pipe) but not a complete 
break of the pressure vesse 1... He did not give any addi tiona 1 comment 
concerning the possibility of keeping the core cool for a rupture of the 
pressure vessel which might be larger than the so-called maximum credible 
accident. The minutes of the Subcommittee meeting show one member of the 
ACRS stating in executive session that he felt that pressure vessel failure 
was credible. Another member agreed, but suggested that the matter should 
be handled in criteria rather than with this particular applicant. 

Actually the concern about pressure vessels had been growing during the 
year 1965. In 1964 there had been a failure at a temperature near the 
nil ductility temperature of a very large heat exchanger under test by 
the Foster Wheeler Corporation. On April 23-24, 1965, the ACRS held a 
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Subcommittee meeting on pressure vessel integrity. A range of questions 
arising from the ver,y high requirement for pressure vessel integrity were 
left unanswered at that Subcommittee meeting, including adequacy of fabri
cation and inspection techniques, ability to ascertain the brittle-ductile 
transition region, and the behavior of thick-walled sections. There were 
also published in 1965, reports by Britsh research workers concerning the 
possible rapid failure of steel reactor vessels at temperatures above the 
nominal brittle-ductile transition range. 

During the November 10-12, 1975 portion of the 68th ACRS meeting, one member 
(Okrent) took the position that, while it was acceptable for the Dresden 
reactor to be constructed at the site selected, in view of the current state
of-the-art, improvements were needed in the assurance of pressure vessel 
integrity and consideration should be given to the desirability of designing 
LWRs to be protected against the remote possibility of major pressure vessel 
failure. He proposed that it would be desirable, even prudent, to.restrict 
pressurized and boiling water reactors not designed to cope with this ex
tremely unlikely accident to relatively remote sites such as that proposed for 
Dresden 2; also, that future large reactors of these types should incorporate 
appropriate protective design features if intended for sites closer to popula
tion centers. During the November 10-12 meeting, the ACRS discussed this 
matter extensively but did not arrive at a decision as to whether it wished to 
prepare a letter of approval regarding Dresden 2, with added comments by a 
member, or whether it wished to deal with the matter in some other way, for 
example, by writing a general letter concerning pressure vessel safety for 
future reactors. It was decided to continue the 68th meeting and to hold 
another Subcommittee meeting on pressure vessels as part of the extended full 
Committee meeting. 

To help the Committee in dealing with its problem, two members, Thompson 
and Palladino, each prepared rather iengthy letters to#all the other Committee 
members in which they summarized the state of knowledge as they saw it, and 
tried to pose possible points of view and possible approaches. Because these 
letters in themselves provide a good example of how difficult it is to deal 
with a problem such as possible failure of reactor pressure vessel, and also 
because they provide considerable insight into the ways in which the ACRS 
tried to develop varying points of view in approaching such a problem, the 
letters are duplicated on the next pages. 

Following the pressure vessel Subcommittee meeting of November 23~24, 1965, 
the ACRS decided to issue a letter favorable to the construction of the 
Dresden 2 reactor and at the same meeting to write a general letter to 
Dr. Seaborg concerning reactor pressure vessels. The ACRS members at the 
68th meeting were w. Manly, Chairman; H. Etherington, F. Gifford, s. Hanauer 
J. McKee, H. Newson, D. Okrent, N. J. Palladino, L. Silverman, T. Thompson, 
and c. Zabel. The pressure vessel report and the reaction of the industry 
to this letter are shown on the following pages. 
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From: 

Members ACR.S 
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The discussions which have developed on the Dresden II Reactor 

appear to me to be the culmination of a growing concern on the part 

of a number, if not all, of the Committee Members as to whether or 

not a pressure vessel an a water-cooled power reactor--either pres

surized water or boiling water--can fail in such a way as to breach 

the containment during an accident. I know of no way of stating can-

elusively that this prOblem is more serious with one type of water

cooled power reactors than the other. There may be in specific de-

signs some difference in the prObabilities of such an occurrence or 

differences in the ability of the system as designed and built to 

withstand at least the more minor incidents of this type. However, 

I do not believe that these differences are more than a fine struc-

ture on the overall prOblem. It may be that there will be differ-

ences in the cost to remedy the situation with the different kinds 

of reactors, but I have not looked into this and, again, I believe 

that it is a function of the speci~~c design of th~ system. There-

fore, in the discussion below I will assume that we are dealing here 

either with a pressurized or a boiling water reactor. 

It is clear and I believe it has been from the beginning that 

the likelihood of such an accident is extremely small. I personally 

first thought of this problem when I was first introduced into the 

field of power reactors in 1955. Since that time the general problem 

has been of concern to me and I have continued to question my more 

knowledgeable peers in metallurgy and in the pressure vessel business 

as to the likelihood of such a failure. Before coming on the Com-

.~· 



mittee and since as a member of the Committee, I have received in 

reply to my questions a steady stream of reassurances that such an 

occurrence was incredible. 

At this point it is perhaps worthwhile to digress sufficiently 

to point out that the word "incredible" differs from the word "im

possible". The dictionary defines incredibility as the state or 

quality of being unbelievable or hard to believe--an unbelievable 

thing. In my mind and I believe in most others in the nuclear indus

try the word "incredibility" has taken on a different connotation 

than "impossible". Dr. Etherington in questioning Mr. Joslin of 

Commonwealth Edison in regard to Dresden II defined "incredibility" 

as being something that would be unbelievable to a reasonable man 

and differentiated it from something that was physically impossible 

under the laws of nature. Obviously, a high pressure cannot exist 

within any confinement in such a way that it will be physically im

possible for this pressure to relieve itself into a surrounding low 

pressure. Potential energy will always tend towards the minimum 

and, therefore, the fracturing of a pressure vessel is certainly not 

impossible--even ductily. It is ~herefore certainly not impossible 

that such a rupture should occur in a way so as to break the contain

ment existing around the reactor. 

At various periodsduring the past ten years I have spent con

siderable ti~e questioning various reactor groups concerning their 

methods of selecting bolts, their methods of tightening bolts in

cluding use of bolt heaters and torsion wrenches and impact wrenches 

of various types, the care with which bolt tightening was carried 

out, and the methods of selecting and checking the performance of 

bolts. It has always seemed to me that this is the most vulnerable 
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area and I continue to believe that this is probably true. More 

knowledgeable people than I in this field have continued to assure 

me that bolt failures in such systems will normally occur and first 

be observed by a leaking in one region and that this leaking is of 

such a nature as to give a forewarning of an impending difficulty. 

It has become common practice in the reactor indu~try to provide 

open microphones in isolated areas to insure that audible means exist 

for hearing the initiation of such leaks. In at least one reactor, 

the VBWR, such a microphone was instrumental in detecting a cracked 

major primary pipe. 

Prior to the Dresden II case there had been at least one year 

during which no major reactors had been considered for construction 

permits. However, during this ensuing period several events have 

occurred which, rightly or not, have led to a grCMing concem on the 

part of the Membership of the Committee. First, there was the fail

ure at a temperature near NDT of a very large heat exchanger under 

test by the Foster Wheeler Corporation. It is quite clear that the 

failure occurred at a highly stressed weld point and, further, that 

the failure did occur at or near ~e appropriate N9T temperature. 

Further, since the NDT temperature in general is in the region from 

0 to lOOOf the stored energy in the system at that time in the re

actor is relatively small and, hence, the brittle fracture of a 

reactor vessel at temperatures below the boiling point of water at 

atmospheric pressure would normally not be expected to have suffi

cient energy to rupture the containment structures of any existing 

water-cooled reactors to date. However, when the NDT temperatures 

with appropriate safety margins began to get in the region above 

2oo0p, it is absolutely essential to insure that the vessel is well 
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above unsafe temperatures before high pressures are applied if brittle 

fracture is to be factored out. The review which the Committee held 

in March of 1965 in regard to pressure vessel and piping failures 

and to methods of measuring the nil ductility temperature was, I 

believe, disconcerting to all members who attended. For my own part, 

my most serious worries arising from that meeting concerned the 

apparent inability to determine with any kind of accuracy the exist

ing NDT in thick slabs of steel. Further, I personally am now having 

some difficulty in knowing what NDT is the limiting NDT in a slab in 

which the NDT may vary through the thickness of the slab. Is it the 

surface or quarter thickness NDT that is the correct one in trying 

to judge the possibility of brittle fracture or is it some other 

value? These concerns, brought about by the Foster Wheeler failure, 

by the meeting of the Committee in the spring, by recent experience 

with pressure vessels and piping in other reactors, the increasing 

radiation exposure on those reactors now in performanc:, have all 

tended to point to the need for a general review in this area. 

Initially, the reactor sites chosen for power reactors were 

quite relatively remote and it co~ld be argued thaJ: the likelihood 

of endangering any human lives or at most very few were involved in 

the event that the incredible happened and that somehow the pressure 

vessel were ruptured. Since the initial reactors have been built, 

however, power levels and inventories have been going up as much as 

a factor of ten or more, the sites chosen have been in more populous 

districts and even in old sites already considered populations have 

been growing rapidly in the areas surrounding these. All of the 

factors cited above point to the fact that this is a good time for 

a review of the general situation. It is unfortunate that Dresden 
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II happened to be the first particular new major power reactor to be 

considered for a construction permit since this concern has been re-

opened. It is particularly unfortunate that the final review for 

this reactor should occur at the same session when another pressure 

vessel problem had to be considered. I am confident that the exist-

ence of one such problem in an operating reactor will not sway the 

judgments of the Committee in regard to the case of Dresden II. 

It seems to me that there are a number of fundamental questions 

which should be asked before we reach a solution to the problem now 

facing us. These include: 

1. Has the evidence developed in the last few months or year 
shown that we have under-estimated the likelihood that a 
failure of a pressure vessel may occur in a catastrophic 
way such as to rupture the containment? 

2. Even though we may not be able to make a better estimate 
of the likelihood and, hence 11 cannot make an adequate 
judgment of one, we must ask whether the present or future 
site locations, the increasing fission product inventories, 
and other factors are sufficiently different from the 
situations considered in the earlier reactors that we 
should require complete protection from all missiles in
cluding the pressure vessel itself of the containment? 

3. Should this containment be required of Dresden II? 

Concerning question No. 1, I do nQ1:. have a definite position. There 

are two facets to this problem, it seems to me. First of all, we 

may have been under-estimating the likelihood of this type of acci

dent from the very beginning. In any case, i1: is clear that the 

likelihood of such an accident is very small indeed. Since there 

appear to be no reported cases of this type from major pressure 

vessels in the industry, the likelihood must be small, although 

clearly not zero. The second facet of the problem concerns the 

changes in technology which have occurred since the first reactors 

were reported on. Clearly, the understanding available in the 
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field of metallurgy has increased greatly during the past few years. 

It is also clear that the techniques and the facilities available 

for vessel fabrication and for vessel cladding have improved greatly. 

New codes have been prepared and these codes provide better defini

tions and require more careful analysis than the older codes. At 

the same time, the reactor vessels have become larger and the wall 

thicknesses have became greater. The discussions we heard last 

spring would indicate that the NDT temperature is a function of the 

point at which the sample was taken through the thickness of the 

plate. While Section 3 of the code is indeed more stringent in its 

requirements on stress analysis, at the same time it has reduced 

the factor of safety from four to three. Improvements in the under

standing of metals and in the methods of fabrication and in specify

ing and inspecting such vessels have clearly been made. The problem 

that I have is in determining what fraction of these improvements 

have gone into increased safety and what fraction have gone into 

helping the economics, as for instance by reducing the required 

thickness of pressure vessel walls and hence reducing costs. I have 

no way of knowing what this split may be, but I am under the general 

impression that the pressures during the past few years have been 

primarily those of economics since there have been no serious fail

ures within the pressure vessel industry or reactors to indicate 

that the codes then in existence or now in existence are not suffi

ciently conservativeo It is for this reason that I made the state

ment at the last meeting that I would have to judge on the basis of 

my limited knowledge that a pressure vessel or a reactor to be fab

ricated in the near future might be considered to be in general as 

safe as some of those fabricated for earlier power reactors. I was 
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discussing this matter on Wednesday, November 10, with one knowledge

able member of the Committee who stated that he was not sure what a 

factor of three or four in safety really meant in regard to the 

safety of the vessel. For instance, as I understand it~ the factor 

of safety in design on many key components in aircraft is two. A 

factor of safety of three or four might very well mean that no air

plane could fly. On the other hand, it might be that a system with 

a factor of safety of say 1.5 or even less might be operated forever 

with complete safety. Much depends upon the method of use of the 

system, the likelihood of over-stressing and many other factors. 

Thus~ when I said that it seemed to me that it was likely that the 

old vessels might be as safe as the new ones so long as both were 

operated properly within their known bounds of capability and per

formance, I was saying that the new vessel designed under Section 3 

of the code with its reduced factor of safety might indeed be either 

more or less safe than an old vessel designed under a less stringent 

code but with a factor of four for safety and that the likelihood 

of one being a factor of two safer than the other is probably quite 

small. 

I have stated these things in order to delineate my position 

as an admitted non-expert in the field. While I am neither a 

metallurgist nor a mechanical design expert, I have been forced 

through the years by pressure of circumstances as a reactor designer 

as well as a Member of this Committee to learn something about these 

fields. I would be particularly interested to have the comments of 

Bill Manly, Harold Etherington, and Joe Palladino on these points. 

All of these gentlemen are much more competent than I in these areas 

and could give definitive comments. Specifically, I would ask, "Do 
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you feel that we can safely take credit for increased safety of the 

new vessels which will be fabricated in the near future over the 

earlier fabricated vessels, assuming that both the new and the old 

vessels are operated appropriately at the proper temperatures and 

pressures?n If such a factor of increased safety exists, it should 

certainly be taken into account in considering Dresden II and I would 

be most happy if my more knowledgeable colleagues can assure me that 

indeed it does. 

It may also be that the meeting which we will attend on November 

23rd and 24th will throw further light on this topic. 

If the decision of the Comffiittee is that we have indeed under-

estimated the likelihood of the accident being considered, it would 

seem prudent to review all of the power reactors presently existing 

with the following three objectives in mind: 

1. Are there feasible ways in which the possibility of a 
containment rupture could be made physically impossible? 

2. Are the consequences of a rupture of the containment during 
an accident such that, coupled with the incredibility of such 
an accident, they do not "constitute an undue hazard to the 
health and safety of the general public"? 

3. Is it possible to assure adequate core cooling in event of 
such an accident by the existing means or should other 
additional means be introduced? 

4. Is it possible that certain reactors should be shut down? 

If it is indeed concluded by the Committee that we have under-

estimated the likelihood of this accident, then it seems to me that 

the Committee must at the same time take the position that Dresden 

II should have protection against this accident. 

In considering principal question No. 2, if we conclude that 

there is no reason for changing our past views on the subject, we 

must still decide that point at which the likelihood of this acci-
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dent, even though it be deemed incredible, combined with the popula

tion density existing or predicted fission product inventories, and 

the continued growing population lead us to believe that the situa

tion is intole~able. It may be that on a ~areful review of this 

part of the subject we may indeed find that we have already passed 

the point where we are now comfortable and may find it necessary to 

go back and place additional requirements on already approved cases. 

It may also be that we can foresee ahead a developing intolerable 

situation and that a warning letter of the type written by Dave 

Okrent will be most appropriate. I believe all of us hope that the 

latter will be the case. However, at the last meeting I did not be

lieve that there were sufficient facts before us concerning past and 

future cases in order to see whether or not we would be able to back 

up the arguments advanced by Dr. Okrent in his letter that the 

Dresden II site was a "remote site". 

I am hopeful that we will find an important difference between 

the sites of the general type occupied by Dresden II and those being 

considered fer the future, so that we can provide by a letter such 

as that written by Dr. Okrent an adequate and sufficient warning 

to all reactor fabricators and owners that such provisions will be 

necessary at some point. Perhaps, in that letter we can even pro

vide a logical basis for the line of demarcation. Obviously, this 

will be extremely difficult since we have drifted from rather good 

sites to rather bad sites by easy stages. 

It is my own personal belief that unless the tone of the letter 

is made very strong potential applicants will continue to let con

tracts and make agreements with fabricators and designs will con

tinue to be started on the basis very much resembling the present 
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basis before they are brought before the AEC. While we have not had 

a chance to discuss this within the Committee, Dr. Etherington and 

I attended an Indian Point meeting at Bethesda on November 2. There, 

in a rather poor way, I tried to indicate that the Westinghouse 

Corporation, the company involved with Indian Point, should try to 

use more imagination in their use of containment in ~rder to provide 

more surety against very serious accidents and that this could 

hopefully be done without greatly increased costs and perhaps at a 

saving over present designs. 

With these thoughts in mind I believe that we should: (a) be 

certain that we do have a demonstrable basis for drawing a line at 

some definite point. If that point is in the future beyond Dresden, 

I recommend that a letter even stronger than Dave Okrent's be written 

to insure that there can be no question about our views concerning 

the subject. I \..UUld like to suggest that Frank Gifford consider carefully 

the meteorology and. population distributions and. fission product inventories 

for those reactors \\Je have reviewed in the recent past or will review in the 

near future so that they may give us the benefit of their special knowledge 

in these areas at the next meeti.n:J. 

In regard to question No. 3, I do not have my mind made up in 

either direction. I do not know whether Dresden II should be re

quired to provide protection for this incredible accident or not 

at the present time. The information which I lack is discussed 

above and I believe that that coupled with the pressure vessel 

meeting will provide sufficient input so that we can all arrive at 

a well-considered and judicious opinion. 
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Additional Note 

Ten years ago at the time the first water-cooled commercial 

power plants were beginning to be designed and constructed, the 

question was very much could any power plant be designed and built. 

There was a great deal of enthusiasm after the declassification of 

existing reactor information and because of the thrust of the Eisen

hower Atoms for Peace program. The emphasis on safety was certainly 

as strong then as it is now and people wanted first to insure that 

these early plants would be safe. There were worries about the 

stability which might exist in boiling and the response of various 

types of plants to load changes; and many other problems which we 

now consider solved or not too important. People were trying to 

design the perfect control rod mechanism and they are still trying 

to design the perfect control rod mechanism. The number of unknowns 

and the lack of knowledge caused everyone to be very conservative 

in establishing their performance limits and in carrying out their 

initial operations. It was recognized that plants were probably 

over-conservative and as years have gone by and as knowledge has 

improved some of this over-conservatism has relaxed. The power dis

tribution within the core has been flattened, multiregion cores are 

being used, fuel elements have much longer lives than were predicted 

in those days, and burnout safety factors have been continually 

lowered. All of these factors tend to reduce the margin of conser

vatism. It is our duty to insure that this margin of conservatism 

is relaxed appropriately as new knowledge comes in that provides 

sufficient insurance that there continues to exist an adequate 111Elrgin 

of safety. This continual review and updating is a dynamic process 

and the reactor designer is responsive to the pressures which are 
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applied. During the past few years the economic factors have re-

ceived the most emphasis. Even five years ago it was not clear 

whether coal or oil or nuclear power would in the long run be more 

economic. Now, I believe, it is quite clear that nuclear power can 

hold its own end of the economic race with more conventional fuels. 

The economic pressures now are those of an extremely competitive 

market both between reactor fabricators and between public and pri

vate power. These pressures tend always to reduce the margin of 

safety conservatism. 

No reactor fabricator and no reactor owner will purposely de

sign, construct; or operate a reactor in an uns~fe manner if they 

in their own conscience believe this to be the case. On the other 

hand, all of these organizations receive considerable assurance 

from the AEC--both the Staff and the Committee--in the fact that 

these reactors are continuing to be approved and that therefore the 

Government shares this responsibility. In fact, as the regulatory 

process has become more detailed and its methods more refined, the 

utility user, especially the inexperienced ones, tend to believe 

that the problems of reactors are routine and so long as the reactor 

is approved by the Atomic Energy Commission it is by definition 

safe. This view is either consciously or unconsciously aided and 

abetted by the fabricators anxious to sell reactors. At the same 

time it should again be indicated that the fabricators of reactors 

in a conscientious way are doing their best as they see it to insure 

that reactors are safe. It must be recognized, however, that they 

are under strong economic pressures to respond to a keenly competi

tive situation. Therefore, personally, I would have great diffi

culty in arriving at the conclusion that reactors today are per se 
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safer than they were say five years ago. It is obvious that we have 

caught a number of weak points in our earlier reactor designs, per-

haps a good example is the 17-4pH problem. On the other hand, as we 

reduce the margins of conservatism other problems will arise and 

some of these have already been p~edicted. Some of the new problems 

may indeed be much more serious than those which we have faced to 

date. As yet~ it has not been necessary to shut down any major 

power reactors for reasons of safety. It is still conceivable that 

this situation may arise, even with a completely new plant. If this 

situation should arise, it is clear that the embarrassment to the 

industry and the anguished gnashing of teeth from the economic view-

point will be awesome to behold. 

Additional Note 

Another point that should be considered is the effect on the 

general public and on the industry of the public introduction of 

another concern regarding this incredible, but still possible, 

accident. If the final Committee decision is that existing reactors 

or future reactors at same definite level of population or other 

criterion must have such provisions, care must be given to the 

phrasing with which such a letter is written. It is necessary that 

the letter be crystal clear in its intent to the industry. 
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ADVISORY COM Mil I EE ON REACTOR SAFEGUARDS 
UNITED SfATES ATOMIC ENERGY COMMISSION 

WAIIHINCITON. D.C. IONS 

November 16, 1965 

MEMORANDUM 

To 

From 

ACRS Members _4 
R. F. Frale~~;ecutive Secretary 
ACRS 

Subject: DRAFT STATEMENT BY N. J. P.ALLA.DINO REGARDING REACTOR 
PRESSURE VESSEL FAILURES 

Mr. Palladino has prepared the attached draft statement regarding 
reactor pressure vessel failures for discussion at the ACRS meeting 
on November 22, 1965. 

Attachment: 
Draft Statement by N. J. Palladino 

CC: D. Duffey 

/ 
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Dear Bill: 

DRAFT - NJP 
11/15/65 

As agreed at our last meeting, I have attempted to summarize herewith my 

current thoughts on the Dresden-2 reactor vessel. 

Since our meeting, I have spent considerable amount of t~e reading up 

on pressure vessels. However, I must say that, except for the references 

quoted below, I was not able to find much new information to help me in 

clarifying my thoughts. The following paragraphs indicate some of the ques-

tions which we ought to discuss. 

I agree with the other members of the Committee that the probability of 

a sudden large-scale failure of a properly built and operated pressure vessel 

is very low. This appears to be particularly true in .,the case of the Dresden-2 

reactor vessel which, as reported by the General Electric Company and the Common-

wealth Edison Company, is to be designed and built with great care and pressur-

ized only when its temperature is above the nil-ductility temperature of the 

vessel material. However, because of the significant increase in the size of 

the vessel, in the power level of the reactor, and in the potential inventory 

of fission products in Dresden-2 over Dresden-! and other previously approved 

reactors, it is prudent to reexamine the bases for assuming that catastrophic 

failures of the pressure vessel are incredible. 

The safety record of pressure vessels in the United States has been very 

good during the past thirty years. C. R. McCullough(!) 

feels that one can ascribe the good safety record of pressure vessels in the 

United States to the existence of an excellent pressure vessel code to which 

practically all such vessels adhere. He goes on however to point out another 

reason for this excellent record. 
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"There is another reason for the excellent record of pressure 

vessels; they have been subjected to periodic inspections. It is 

not uncommon to find flaws in these vessels after they have been 

in operation for a certain period of ttme. It is common practice 

to repair these flaws and to continue to use the vessels. In 

most cases, flaws have not resulted in any leakage of the contents 

of the vessel. Unfortunately, in the case of nuclear vessels, up 

to now at least, there is no such inspection made. In addition, 

nuclear vessels are pushing design limits with their thicker walls 

promoting the possibility of more rapid thermal transients. They 

also are of unusual designs and frequently are using new materials. 

II 

C. K. Beck(2) points to several instances where incipient equipment fail

ures in nuclear power plants could have Jed to more serious accidents if com

plete failure had occurred. Included among these have been the cracking of 

pressure-vessel-closure stud bolts. Having stated, that the safety record 

in reactor op~ration is indeed reassuring, Dr. Beck makes the following ob

servations. (Underscoring is mine) 

"On the other hand, as in all systems of complex machinery, 

mishaps of many kinds have occurred. At every reactor facility a 

long list of operating abnormalities accumulates over a period of 

time, and a complete tabulation for all reactors would include 

thousands of such incidents. Breakdown of machinery, malfunction 

of instruments, deviations from established procedures and operator's 

- 2 -
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errors, would be among the incidents included in this tabulation. 

--
Most of such abnormalities would result in no undesirable effects 

or physical damages, though in a typical facility, a number of 

instances would lead to shutdown of the reactor and even in a 

few cases, some possible damages might be involved. But we are 

referring here to minor events which would not merit an "accident" 

label. 

"Such experiences, which certainly occur to greater or less 

extent in all reactor facilities, give rise simultaneously to 

both reassurance and to uncertainty in the level of safety of 

reactors. Reassurance arises from realization that the margins 

of safety surely must be large for this number of mishaps to have 

resulted in so few significant events and no events of magnitude 

to have caused damage to the public. On the other hand, totally 

unexpected abnormal situations do occur, and it is the case that 

relatively minor events in themselves in combination with other 

abnormalities can turn an insignificant incident situatioe into a 

major accident. 

"Further, there have been discovered in reactor systems a few 

incipient failures which, had complete failure occurred, would 

have resulted in more serious accidents than any thus far experienced. 

As examples, in three reactors, two or three of the stud bolts on 

the head closure of the main pressure vessel or at crucial locations 

within the pressure vessel were badly cracked or broken. In another 

reactor two main control rod shafts were found to be cracked from 

- 3 -
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stress corrosion. In two reactors significant cracks were found 

in the piping of the main primary coolant system. Small, easily 

visualizable extensions of these situations could have led to 

serious accidents though by no means necessarily to major public 

hazards, for additional protective safeguards would still have 

remained. 11 

It appears, therefore,that the good safety record of pressure vessels 

is, at least in part, due to the practice of subjecting such vessels to 

periodic inspection. It would seem that more effort should be expended in 

the development of means for such periodic inspections. (rhis could be 

done on Dresden-2 while it was being built). C. R. McCullough supports the 

need for such work in reference (2): 

"A way must be found to inspect the primary system throughout 

the life of the reactor. It may be that a scheme can be found 

which can be used with the reactor operating but, if necessary, 

the reactor can be shutdown for a short ttme while this inspection 

is made. Work is underway on this as part of the safety research 

program using ultrasonic and perhaps other techniques. Such a 

continued inspection system would detect small flaws before they 

become large enough to be catastrophic. In the long run, with 

such a system, we might be able to relax our concern with major 

loss of coolant accident which is currently receiving so much 

attention." 

- 4 -
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He also states that 

·~e containment systems must be designed with sufficiently 

low leakage. At certain sites, double containment or an equally 

effective system may be required. These systems must be moni

tored, perhaps on a continual basis. The containment must be 

protected against possible missiles which would impair its 

integrity and it must be given pressure tests sufficient to 

promote confidence that it will function as needed under the 

accident conditions." 

- 5 -
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Another point which seems to require study with regard to large 

reactor vessels is the exploration of the influence of size on the integrity 

of reactor vessels. Initial scaling-up of other equipment such as ships and 

planes, I believe, has led to unforeseen stability problems. In a large 

reactor vessel, for example, might large-amplitude wall vibrations be ex

perienced which could lead to unforeseen failure? Can the unforeseen bell

mout~ing of large reactors lead to serious trouble; can bell-mouthing of 

such vessels lead to unanticipatedbendingmoments on bolts? Do not larger 

vessels also provide more opportunity for defectsZ These questions are 

meant only to be examples of the types of questions with regard to size for 

which data appear lacking. I believe that more work should be done to deter

mine the effect of size on probability of failure. 

An importan~ item of concern is the possibility of failure of 

closure bolts and blow-off of the head. Failure of even a few bolts on a 

head could so change the nature of the loading o~ the remaining bolts and 

possibly lead ~o their failure. It was just this sort of situation which 

led to failure of wheel bolts on a number of tank-transporting trucks dur

ing World War II. Load redistribution (due to bell-mouthing) led to fail

ure of a head clos~re on an autocla~e at Bettis. 

Perhaps, on some bases such as initiation of studies indicated 

above, I ca~ bring myself to go along with the other members of the committee 

on Dresden-2. In view of the fact that we have approved reactors such as 

the Jersey Central reactor, I do not believe that we would have a tenable 

position if we did not tie our need for further work to size rather than 

to location alone. Both the Dresden and the Jersey Central sites would be 
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unsuitable for the proposed reactors if the pressure vessel failures were 

deemed credible. Therefore, I believe that we will have to shift the em-

phasis whit:!'\ Dave presented in his suggested d':-aft. 

A~ the Committee is confronted with new and larger reactor power 

plar.~ de~igr.ss we may have to give thought to a different procedure for 

r~view. Such a procedure may have to involve detailed review of the reac-

tor ve~sel and closure by the _Pressure Vessel Subcommittee and perhaps by 

appropriate consul~ants. 

-7-
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UNITED STATES 

NUCLEAR REGULATORY COMMISSION 
ADVISORY COMMITTEE ON REACTOR SAFEGUARDS 

WASHINGTON, D. C. 20155 

Honorable Glenn T. Seaborg 
Chairman 

November 24, 1965 

U. S. Atomic Energy Commission 
Washington, D. C. 

Subject: REACTOR PRESSURE VESSELS 

Dear Dr. Seaborg: 

: • . 

The design of pressurized and boiling water nuclear power plants has 
undergone many improvements with regard to safety, improvements which 
markedly reduce the risk of significant radiation exposure to the 
public in the unlikely event of certain accidents or system failures 
in such reactors. 

There is a facet of current pressurized and boiling water reactor 
design practice which should be recognized, however. Containment 
design is generally predicated on the basis that a sudden, large
scale rupture of the reactor pressure vessel or its closure is in
credible. Reactor designers have supported this view by detailing 
the extreme care to be taken in design, fabrication, and inspection 
of a vessel, and by specifying pressurization only at temperatures 
above the nil ductility transition temperature. They further cite 
the excellent record for large pressure vessels which comply with 
the ASME Boiler and Pressure Vessel Code. 

The Committee believes, with the industry, that the probability of 
a sudden major pressure vessel failure leading to breaching the con
tainment is very low. Nevertheless, it seems desirable and possible 
to make some provisions in future designs against this very unlikely 
accident. 

1. To reduce further the already small probability of pressure 
vessel failure, the Committee suggests that the industry and the AEC 
give still further attention to methods and details of stress analy
sis, to the development and implementation of improved methods of 
inspection during fabrication and vessel service life, and to the 
improvement of means for evaluating the factors that may affect the 
nil ductility transition temperature and the propagation of flaws 
during vessel life. 

r: . i; ~ !; ;;::.I d I 

~~u u 
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Honorable Glenn T. Seaborg - 2 - November 24, 1965 

2. The ACRS also recommends that means be developed to ameliorate 
the consequences of a major pressure vessel rupture. Some possible 
approaches include: 

(a) Design to cope with pressure buildup in the contain
ment and to assure that no internally generated missile 
can breach the containment. 

(b) Provide adequate core cooling or flooding which will 
function reliably in spite of vessel movement and rupture. 

(c) If breaching the containment cannot be precluded, pro
vide other means of preventing uncontrolled release of large 
quantities of radioactivity to the atmosphere. 

In view of the very small probability of pressure vessel rupture, the 
Committee reconfirms its belief that no undue hazard to the health and 
safety of the public exists, but suggests that the orderly growth of 
the industry, with concomitant increase in number, size, power level, 
and proximity of nuclear power reactors to large population centers 
will in the future make desirable, even prudent, incorporating in many 
reactors the design approaches whose development is recommended above. 

. '. ' ·"'~ ' :-· ...... 

Sincerely yours, 

Is/ 

w. D. Manly 
Chairman 
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2. The ACRS also recommends that means be developed to ameliorate 
the consequences of a major pressure vessel rupture. Some possible 
approaches include: 

(a) Design to cope with pressure buildup in the contain
ment and to assure that no internally generated missil~ 
can breach the containment. 

(b) Provide adequate core cooling or flooding which will 
function reliably in spite of vessel movement and rupture. 

(c) If breaching the containment cannot be precluded, pro
vide other means of preventing uncontrolled release of large 
quantities of radioactivity to the atmosphere. 

In view of the very small probability of pressure vessel rupture, the 
Committee reconfirms its belief that no undue hazard to the health and 
safety of the public exists, but suggests that the orderly growth of 
the industry. with concomitant increase in number. size, power level, 
and proximity of nuclear power reactors to large population centers 
will in the future make desirable, even prudent, incorporating in many 
reactors the design approaches whose development is recommended above. 

..... •, 

Sincerely yours. 

/s/ 

W. D. Manly 
Chairman 
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NUCLEONICS NEWS OF THE MON'l,H 

ACRS Qualms on Possible Vessel f.ailure Startle Industry 
Tho community of power-reactor designers. suppliers and operators 

was taken aback last month by a terse six-paragraph letter from the 
:\dvisory Committee on Reactor Safeguards to AEC, bearing recom
mendations quite unexpected at this time, and whose effect on the 

isn't coming to a ridiculous point. 
You could analyze i£ the reactor oper· 
ator should ever step out in the 
stret>t: something might happen to 
him and he might not be able to come 
to work.• nudea.r industry may tale wet:ks to 

evaluate. The recommendations, in 
a nutshell, are 1. that sudden, cata.s· 
trophiC' failure of a pressure vessel
sin~ the start of the power reJctor 
program classified as an incredible 
accident, one that need not be t:tken 
into account in reactor safety and.l).>es, 
be redassi£ied as a possible accident; 
and 2. that future nuclear power 
station plans design against the pos
sib!e consequences of such an accident 
(see box). 

l!.:dustry reaction was sharp and 
distnayed. It ranged hom resigna
tion to protestations tl•at the desired 
levels of quality control, stress analysis 
etc., were already being met, to com
ments that it's "almost impossible 
to design against complete sep:nation 
of the vessel," as ACRS asks, nor is 
it necessary, and that "clll.s kind of 
thing, done this way, borders on the 
~-:-e.:;:::onsible ... 

One of thE' aspc..:ts of the matter 
that tmubled industry was that ACRS 
app:uently acted without prior con
sultation '>lith the technical safety 
expe:ts on AEC's regulatory staff, and 
indeed gave AEC only the most cur
sory infonnal advance notice. If 
AI:C felt at all uncomfortable :lbout 
the ACRS letter, it did not di-:pel 
such Pn impression when it took the 
unprecedE:nted step of attaching a 
covering statement to the AGUS re
port. ln this, AEC called attention 
to the positive ACRS comments on 
safety of water reactors; pointed cut 
that ACRS was recommending "that 
additional work be done, .. and recalled 
that AEC had alreadv launched au 

· •a•1g;nented alld reoriented,. safety 
progcam which would inc-lude work 
on the ACRS suggestion. 

The blow was all the sharper be
cause only rn·o weeks earlier A.EC had 
iss'Jed 2. set of design criteria for 
power reactors as guides to applican~ 
for constru~o.1:ion permits ( t-:U Wk. 25 
Nov '65, l; text in AEC press release 
H-2.!)2). An immediate fa\·orab!e re-
5ponse from industry met issuance of 
the criteria, hailed as a gocd s!ep, a 
step in tl1e right direction (NU Wk, 
2 Dec '65, 1). Two week.~ !ater, 
publication of the ACRS report 
brought wry comments from industry 
that every st~p forward on the li<;:~ns-

ing front seems to be accompanied by 
two steps bad..'Ward. 

Commented one industry official: 
"If you assume ductile metals can fail 
catastrophically from brittle failure, 
you must also assume the properties 
and .behavior of ductile metals are not 
what we have W~Sumed over the 
years, and that you cannot design 
anything: why do you assume a 
bridge will stay up? . • • The srune 
thing applies to the possibility of a 
guillotine break in a pipeline: there 
.bas never been one in history; ductile 
materials don't fail in that way. 
Should we assume concrete will no 
longer support a building, or that 
glass will no longer insulate?" 

Observed another: '"You cm't 
argue against beefing up quality con· 
trol. stress analysis, etc.-we go along 
with that. But that's quite different 
from saying you should design for a 
failure.'" 

At Burns & Roe an official said, 
"We've studied this and concluded 
that it's not possibie: we could see no 
conceivable possibility of a full vessel 
rupture. Now you ~et to the num
bers 'ame-vou cant say it's zero. 
but its so ~ that it's not a postt
lated accident as far l!ls we're con
cerned." 

Said another: "All the pressure ves
sels for any water reactor operate in 
the ductile range and therefore 
couldn't fail in a brittle manner • • • 
I think it's wise that we look at every
thing, that ACRS recognize its re
sponsibility for safety and not pemtit 
anyone to build anything that isn't 
safe. The question is-you c::m 
analyze things forever and never get 
anything built . • • I wonder i£ it 

And at General Electric there was 
open talk about attempting to get the 
report's recommendatin."ls reversed by 
AEC, and about the e;astt.•g sj·stem 
[never used yet by a nuclear industry 
member] of review by the courts, in 
case AEC did not act rzsponsively. 

Veuel Fabricator· s 2eadion 

At Babcock ~-~ Wilcox. one of the 
only two U. S. finr.s th:lt f.::.brlc:!te the 
huge reactor pre.~e vessPls, an 
offiCial said, "'' believe the possibility 

Text of ACRS letter to AEC 
Dear Dr. Stabcq: 

The desien of Pl'aS$Urind and boilln£ wattt nudur powtt plants 11M •~~~·~· many i!"lll·-ts 
Will! !46:•1'11 tc safety, improvements which markedly reduct tilt .risk of "'"'llca~l racuato011 ~0$11fl 
to tile public in the vnlikely event of cenain aceidents or sptem latium 1n suen re•ctors. 
There It 1 fleet of current pmsurized tnd boiline ntw ructor desi&" or·actice wllich lhoulc! t .. 
rec:o~:nized, h-r. Conblinment desia~ it itnerally prldiclt'!"' !"" tne ~~tSI• that a su<!'len. lart• 
scale rupture of tilt ruetor pres~urt _,, or its clos•u• IS. on.,edtblt. Reactor d~S•cners have 
supported this lliew by datlilinr tbe extrema ca111 to be liken tn dftt&n, falmcahon, •.~~~ tnS;leCf!on 
of a Vll>$11, and by specifying pressuriDtion only at tempmtures above tile nol ductutty traruntoon 
ttmpera!ure. They further cite tile exte!!ant R:Ord lot tarat PteiiiOUrt ¥aSCII which complr Wttll 
tl!t ASME Boiler a~d Pressu111 VISSIII Code. 
Tht Committee believes. with tht illdustry, tlllt the ~~robiiM11ty of 1 audd•~ m•iot Pnsst~nt -ar 
flilur~ leadin& to breachinr the containment Is ~I'Y 1~. tlntr.nti'IIS, .'t seems dtsl!Ult •nd 
PQSaible to mekll some provisions ill Mu111 dll$i&ns against !1111 vti*J ::nhkaly ~«idlr.1t. . 
1. To reduct furthw tile already Slftall problb11lly cf prusure _., fail11111, C.~ Con~mlttM suratSts 
tllat the indu~l 'Y and the AEC aive still furtber attention to metll~s tnd. detltls. of ltft!!S ~~~~~:. 
to the develop,..ant and implementation cf improved metllocis of ms~~«:toon dut1nr fabncat.on ~n• 
W$Sel se.-.ica lite and to the llt'PrOV<tment of means for eva!uatir.g th" flle!o" tllat ll'llf affect tile 
nil ductility transiti:;n temperatu111 ~tnd tilt orOIJllgation of fi- durin& van! lifa. 
2. Til" ACRS also -.commends tllat muns be developed to amtlioratt tile COIIMQ.IIftCII of I major 
pres•ure vessel rupture. Soma possi~le approaches include: 

(a) Oesi;n to eo!M with pressure buildup In tilt containmlllt and to lllllnt thlt no illmn~U1 
eenereted missile can breacll tile conblinment. 
(!I) Provida a~equate core coolin& or !loodint which wUI l'llnct!O!! ntllabiJ 111 spit• of -' m-· 
~oent a .• d rupture. 
{e) If :..~chint tilt containment cannot be PI'IICiuclld. IQI:IIridt othtt mat1a of ,._tinl PCOII· 
trolled release of lar111 quantities of ndiotctiviiJ to !111 atmosphere. 

In view of t"• very small problbility of PrMSU111 -1 "'ptu111, tilt Cornmiltt~t rc~~nl!nns ill Mlief 
tllat no undue hazard to the health and safety of lh'> po~l,:;c u!~ts. but sugPJtl l~rt Ill•. ~~•r:J 
rrowth of the industry, with concomit1nt increase in n.umber, silt. ~er 1-i, ar.J llft)Xhnt ~ 
~-.c!ear power reactors to laree pop~l~lton cente:s will on th" fu!urt or:a•• desorabte. even ~N tnt. 
lncorporatinr ill mtnJ ructora tne d .. ,,n IP~~t~~t~:~~• wt.osa 4-l.o~me.,, ti 1111:0mmendfd tbcvt. 

$illcently Jllllll. 
1a1 w. o. litillr 

1'1 
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of massi\·e failure of reactor v~t-ls 
has been reduced to zero-aTJd the 
more we build, the better they will 
be. .In time we: will reduce the possi
bility of failure to nil to the si.nh 
power • . • As for ACRS' three 
points: we are alre•dy doing this, in
creasingly and constantly." 

Combustion Engineering, in a more 
fonnal statement, said: "The m.l
terials, the design criteria and meth
ods, the inspection techniques and 
testing of nuclear components result 
in quality that vastly exceeds that 
which was pre\iously obtainable for 
presrure vessels. Tbe design spe<:i
fications have and do take into con· 
sideration the l:nown effects on the 
material exposed to radiation environ
ments . . . We are certain that 
evaluation of present and past prac
tice will show that the pressure
containing components of t!11~ primary 
system are quite adequate for the 
operating condih,ms for which tlle 
unit wllS designed: 

Industry spokesmen did not fail to 
point out that tlJe recent report of the 
Mitchell Pantl on streamlining AEC 
reactor-lict!nsing procedures had 
urg"'d elimination of public dis
agreements betweoen AEC licen!;ing 
bOOieott by tlle making of .. every effort 
to ;.econcile diiferenccs .. in joint meet
ing,;. But it appeared that ACRS not 
onJy had not done so, but had in fact 
given AEC onl}' the barest advance 
notice of its Jetter report. One in
dustry official f'!'lt tllat in matters of 
th!s nature ACRS should have gone 
even further in ~he oppo!>itt: direction: 
not only consulted with AEC in ad
vance, but put out a draft versi<m of 
jt,; report for industry comment-as 
AEC did with the design cri
t~ria-prior to .issuance in final form. 

Three Principal Issues 
There were three principal issues 

contained in the ACRS rE'port to 
wh1ch industry reacted. ODe was 
ACRS' concern ovE'r tlle possihilitv of 
vessel cr:ld:ing and failure due to 
changt"S in the nil ductility transition 
tem~rature. A 5ei..'Ond was ACRS' 
feeling th&t ea(;h future 1-eactor 
should design against the possibility 
of trross vessel failure. Thirdlv. it is 
understood, one of tlle Com~1i~tt"e's 
concerns is the possibility of vesst-1 
head bolts shearing olf and beroming 
missiles that might bff'..at:h tlw con
tainment. 

Tht" first, no new issue, is tlle effE'Ct 
of ramation on the nil ductility trans
ition temperature, that is, the tE'mf'E'r· 
ature at Which a change to brittle be-
havior oceun in a ductile metal. 
This temperature normaDy is in tlle 
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rangP. of JQ-40 F ~ sb;:els S'Jch as 
tllose used in reactor \'Cssels, or safe!y 
bell)w opernting tem?er:1turcs. Bl!t 
under irra<!btion t'te tE'm~rature at 
whid1 the pl.e.;omenor. C.."'C.uis may 
increase w1til it can apprvach-or s.J 

ACRS fears-the 300-400 F range of 
vessel Of>"!r:ttion. 

S:.id ~ne industry ·affichl with long 
familiarity with vessl!l fabrication: 
"Based on all data we have vet seen, 
as the nil ductility transitio!'l' tempt>r· 
ature shifts, tlle r;,etal yield strength 
aiso increases, sn th::t.t I'm not sure 
that we don't E'!ld up with a vessel 
that's safer." Another recallt>d that 
considerable invrsth:ation had been 
done on this at Argonne a few years 
ago, witll no pr~l!ral changu re
sulting. 

Declared anoth..:r: Wif aftf"r 10 
years of opeoration you had a crack, 
your vessel might con<:'E'i\'ably break 
under hydrostatic test; whlle this 
would be embarr:ll>sing as hell, it 
would not be a catastrophe since it 
would be inside containment, and the 
safety of tlle public simply would not 
be involved ... 

Imprn..-ed materials o£ today were 
stressed. "Matelials [for reactor ves· 
sels] are undergoing much better in
spection than for a power boiler. 
We know reallv that the materials 
that w .. nt into' power-boiler steam 
drums 40 yean age Wt"!e nothing like 
the qualitv we now ha,·e, yet we have 
had no power-boiler drum fa1Jures in 
aD tllat time." AnJ: "We Ale build
ing vessels of better stet>l than ever 
before, doin!J bettt>r strPSs analysu 
than e,·er betore, using br.tter inspec· 
tion metllods thaa ever before :a1d us
ing them more extt'nsh·ely than e\'er 
before . • • It is awfully late in the 
game to be coming •Jp witll this kind 
of judgment." AuJ. again: Mit's a!· 
most preposterous to posrul~te a gross 
vessel failure, as opposed to peorbaps 
a nozzle crack. • 

Secondly, on designing asainst f::Jl
ure, tllert: were mutually self
contradictory views opposing ACRS 
from opposite f'.'{tremes. On one 
hand, it was said, "We now have to 
dE'sign against iuJ~tmtaneous sever
ance of a major recirculation loop in 
a BWR or of a major primary coola:1t 
loop in a PWR, aud complete loss of 
all fluid [in either case 1. l fs difficult 
for me to reali7.t: tiJ:lt allvlhing wing 
out of a small crat·k or flilw in a pr~
sure vessel would f'.'{Ct'ed that require
ment. \Ve arc now designing to 
haudle the complete Joss oi fluid and 
fission products from tlle reactor.• 

On the other hand were those who 
said, "'nus is an intolerable require
ment-we can't Jive with a•; or "'' 

doubt ~rsnnally tJ,ar it is credible to 
comp!etcly de1>ign, at lea::t eco
ttomkal!r, for this massive failure o£ 
a pressu~e vessel. You just keep pil· 
ing things one on allother and you get 
to the point where you can't do it. 
If th& pressure \'es!el can bil, the 
containment can fail; if you contain 
tllat containment, that can fail, and 
so forth . . . . Back of this has been 
a steady increase and pyTamiding of 
the nwnber and severitv of accident 
mode~ we are supposed to t&ke into 
consideration. It would seem that 
these things are changing as the 
makeup of ACJtS changes: I have the 
impression that membership of ACRS 
is mo\ing more and more toward an 
academic, a col!ege·physks·professor, 
typ.:. of person. • 

Academic Trend? 
The feeling tllat ACRS' require

ments are trending toward tlle aca
demic wa! fairly wid~spread. Said 
another experienced industry man: 
"This [requ1r<>ment] clearly says. "Six 
months, bud, on top of any completion 
date you got.' Like Rid..over, tlley 
say 'prove it.' So you do, 'and tltey 
say, 'prove tllat'-and you can gu on 
d~.>ing arithmetic forever . • . Theoy 
should have to prvve tlle justi6cation 
of tlleir question. We always have 
to prove-they can ju.:>1 think, ~ine. 
Maybe they should be asked 'wnerer 
'whE'!I?' 'whv7 • 

Finally, a$ tr. the possibility oi mis
siles bre.:~dung containment. one in
dustrv man countered: ""\Ve have :\ 
very ·good story or.. tllis. bet:~use we 
do actually stress each bolt with a 
bolt tensionf'r, so we know the actual 
stress on each bolt as we close it, and 
the l-?lt is easv to examine." 

As to designing containment 
aglrin.st i1ltern:l11y-gt nerated missiles, 
one architect-engineer commented, 
"The question is bow big a missile 
and how much force? COntainments 
a."'e now designed to take rupture of 
a primary pipe and the hydn1ulic 
ht ad if a pipe breaks. Now tbry 
a<ik, suppose a boJt flies off. Suppose 
tlle head 5ies oH? I don't know what 
tlle inter.t is. Supose you say the 
bottom head comes olf? How far 
ca'l you push these tllings? U you 
conti.uue, the design problems will be
come virtually iusurmountable. • ~ • 
We Jon't knr:w how to design :t struc
ture against tlle kinetic energy oi a 
100-ton vesst>l trying to blast its way 
through. • • • Is this just thinking 
up other things to protect against? 
U so, where is it going to stop? Why 
bring it up now? Do they bow 
something we don't know? I ques
tioo it. .. 
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The recent committee letter on pressure vessels was discussed. Mr. 
Manly said that the letter was an outgrowth of the desire for large reactors 
in metropolitan areas. Dr. Newson considered the Malibu Reactor, which was 
the subject of several site changes some years ago, as being the earliest 
reactor to bring attention to the problem; the Jersey Central Reactor which 
was approved, reactivated the metropolitan reactor issue and lately the 
Dresden II Reactor, because of its large size and marginal site charac
teristics, more directly led to the pressure vessel letter. Dr. Thompson 
referred to the document, WASH 740, which pointed to the serious effects 
from accidents ·with very large reactors; some of the information on the 
catastrophic consequences could be very alarming if improperly presented 
to the public. 

It was pointed out to the Commission that the problem is· not really 
new: it has been mentioned in Committee letters of the past. Dr. Okrent 
noted the extended licenses of reactors, e.g., forty years, which may make 
more important the slow, but progressive, changes in the nil ductility 
temperature (NOT) of metals. Dr. Okrent feared that reactors are not 
satisfactorily protected against catastrophic pressure vessel failures. 
No vessels made with the new pressure vessel code have operated for any 
length of time; hence, little experience is available on which to base 
confidence in the sufficiency of the present fabrication methods. 

One intent of the pressure vessel letter, the Commissioners were told, 
was to encourage improvement in the quality of the workmanship and in the 
extent of inspection and to promote better surveillance throughout the 
reactor life. The excellent record of industrial pressure vessels pro
bably rests on the careful inspection during fabrication; nevertheless, 
only a limited number of vessels have been operated under nuclear reactor 
conditions. A second issue of the letter was towards design changes to 
handle the consequences of an unlikely, but catastrophic, pressure vessel 
failure. Possible implementation measures for the letter by the AEC 
might be collecting the information on the pressure vessel technology and 
formulation of a technical information document, review of past and 
present reactors experience, including the results af surveillance pre
dictions on vessel life; finally an incentive method, perhaps financial, 
might encourage ingenuity to improve the capability of the vessels as 
well as reactor designs to limit accident consequences. The strongest 
incentive would be the possibility of acceptance at a metropolitan site. 
Mr. Manly identified steps taken by the Committee toward this problem, e.g., 
attendance at the meeting on pressure vessels at which reactor manufacturers 
and pressure vessel fabricators were present. 

Review of reactor pressure vessels at frequent intervals was suggested 
by Dr. Thompson. Mr. Manly commented on the quality of pressure vessels 
and the consequences of an accident. The variations in fabrication might 
lead to a factor of ten between predictions and experience in pressure 
vessel behavior; consequently, the Committee specifying measures which 
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would change the reliability by a small factor might be criticized by the 
industry as being meaningless. Much expense is involved, and the industry 
will have to be forced to take steps towards precautions against catastrophic 
failure of vessels. 

In response to Chairman Seaborg•s questions on pending reactor cases, 
Mr. Manly recalled that the pressure vessel letter said each reactor should 
be considered separately, as at present; this reflects the continued dis
cussions of the problem within the Committee. Although the Committee 
hasn't explicit instructions, efforts towards better pressure vessels are 
desired and steps to encourage the nuclear industry towards this end 
seems needed; Mr. Manly felt that such efforts could be made without 
changing the present reactor schedules appreciably. Some of the Committee 
believes that improved designs might be easier to arrive at than does 
the industry. 

Chairman Seaberg asked for comments on the Nucleonics article regard
ing the Committee's vessel letter. The Committee said that some of the 
comments seemed carefully considered by industrial groups while others, 
some anonymous, were not well developed, e.g., the statement about going 
to court to object. The feeling of incredibility of failure of pressure 
vessels by the industry was noted; Mr. Palladino expected such an 
industrial reaction. 
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PRESSURE VESSELS 

Executive Session 

Reference was made to the recent letter on pressure vessels and imple
mentation was discussed. The lack of a clear path of implementation of the 
letter was noted by Dr. Silverman. Dr. Hanauer considered the letter aimed 
primarily at future reactors; nevertheless, reactors under design may be 
required to take reasonable steps to protect against pressure vessel 
rupture. The consensus was that reactors for which applications have been 
filed e.g., Millstone and Indian Point II Reactors, would not be particularly 
affected but later reactors, e.g., the Brookwood Reactor, would probably 
receive more attention in accord with the letter. Dr. Thomspon finds it 
difficult to decide on which reactors,pressure vessel precautions are 
required. 

Dr. Thomspon saw the ACRS as having indicated a need for a steady 
betterment of pressure vessel reliability and not a step increase in 
requirements; nevertheless, if the Committee feels strongly about the 
needs for changes, then past reactors would probably have to be reviewed. 
Dr. Okrent believes the RS has unofficial limits on reactor locations 
which permi~s large reactors at some sites but excludes others. Appli
cants whose cases are pending are probably intentionally overlooking the 
problem, e.g., the Millstone Reactor group is believed to have no inten
tion to take any steps. The General Electric Co. (GE) was reported to feel 
that future pressure vessel restrictions do not apply to the Dresden II 
Reactor and probably not to the other GE reactors; but the RS has warned 
the group of a need for future compliance. 

Plots of the population against distance for several reactors were 
reviewed. The definition of a metropolitan site could hinge, according 
to Dr. Hanauer, on the location at which catastrophic pressure vessel 
failure would be important. Dr. Thomspon said that sites must be considered 
individually; to him, the Boston Edison site would clearly be a metropolitan 
one. 

The consequences of a breacbed containment accident were discussed. 
Mr. Etherington said that within ten miles of the Brookwood Reactor, about 
which a decision is needed soon, the consequences of an accident would be 
less severe than at other reactors, e.g., the Millstone Reactor; but 
beyond this, the Brookwood situation was probably not as good. His 
general feeling was that the pressure vessel letter does not apply to the 
Brookwood plant. Nevertheless, the possibility of many individuals being 
killed makes implementation of the letter imperative; in addition to 
fatalities to the surrounding population other damage, e.g., genetic effects, 
must be considered. 

To Mr. Palladino, any accidents with a pressure vessel might be 
considered to parallel the experience with ordinary boilers; leaks in 
faulty boilers have indicated failure and allowed time for safety measures. 
Mr. Palladino sees inspections of pressure vessels as a further step to 
prevent the failure of the vessels or the surrounding confinement. 

Dr. Hanauer believed that although the letter may have avoided identi
fying a threshold in population damage at which the precautions for pressure 
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vessel failure would be required, some such figure does exist, e.g., the 
death of ten thousand people might require very positive steps; inclusion 
in the Part 100 Regulation of a threshold figure was suggested. Never
theless, Dr. Thompson noted difficulty in identifying a loss of life 
threshold criteria. Dr. Hanauer said that the safety inherent in pressure 
vessels probably exceeds that assured by engineering safeguards of a reactor. 
Although there is now much attention to the uncertainties in the behavior 
of pressure vessels, Mr. Manly postulated that other features of reactors, 
e.g., the electronics, might have similar uncertainties, but the consequen
ces of failure are probably not as serious. 

Perhaps more than a hundred reactors are involved in any decision 
regarding pressure vessel failures. Ten to twenty large projects are 
expected .to come to the AEC as applications in a year or so, and many of 
these will be metropolitan sites; attention to this problem, with probable 
expenditures by the applicants is, therefore, mandatory. Project.s such as 
the Brookwood reactor might be stopped if the measures forced by the ACRS 
are very expensive. This might be considered to conflict with the 
Committee's mission; the basic mission is safety, but it might be considered 
to be indirectly, promotional because of the relationship to the AEC. 

Dr. Thompson prefers imaginative steps at this time of transition to 
more restrictions on reactor design because of the size of reactors and 
the proximity to cities. Guaranteed means of heat removal from the contain
ment following the release of a large amount of fission products after a 
loss of coolant accident, even with no missile damage to the containment, 
is required. This would preclude hazards from fission products passing 
the successive barriers. Reactor designs to assure no nuclear transient 
and hence a sequential release of fission products following a loss of 
coolant accident may be feasible; in this case, only shell cooling is 
required. However, the Committee has, in the past, lacked enthusiasm for 
the safety features of sequential release. Ingenuity is needed soon; the 
Indian Point II Reactor, according to Dr. Thompson, might be the first 
application requiring serious attention to new pressure vessel measures. 
The Commonwealth Edison Group has recently mentioned a Dresden III Reactor 
and a site for a fourth facility. Mr. Etherington suggested applying 
the letter in a major way with the next metropolitan reactor. 

Because of the competition between fossil fuel and nuclear plants, 
which results in much efforts to decrease costs, any additional expenses 
against pressure vessel failure will probably be resisted by the industry. 
Dr. Palladino sees that ACRS rejection of any industry proposals towards 
this protection will be followed by a request for advice on satisfactory 
measures; this would put the Committee in the position of designing 
reactors. But Mr. Manly saw no need for the Committee to be unduly con
cerned over this. Dr. Gifford and Mr. Palladino believe exciting the 
applicants to further action is the principle aim of the letter. 

Dr. Thompson said that the Consolidated Edison Co. might connect the 
containments of the new and the old reactor to provide more volume for 
fission product retention. Mr. Etherington believes that any accident 
which would remove a vessel head would probably remove the core and make 
cooling of the core components very difficult. The general problem of 
missiles and large exposures to the public were not resolved by the 
Committee with the Dresden case. Dr. Okrent advised the subcommittee to 
include this in its consideration. 
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Sometimes efforts to strengthen systems, e.g., pressure vessels, can 
create weaknesses. Information on the rejection of steel plates for 
pressure vessels and the consequences of acceptance of an inferior plate 
is desired by the Committee. Mr. Manly suggested that the AEC support 
efforts towards development of these proposed precautions. More infor
mation on the effects of these fission products which become more important 
with very large reactors, e.g., the long lived fission products, is needed. 
Dr. Okrent hopes for an early assessment of the problems and ways to 
ameliorate the hazards; when ava-ilable, vendors can be advised and some 
action might be possible with the current group of reactors. Dr. Zabel 
postulated that approving the present reactors and delaying a decision on 
pressure vessel failure precautions might make the problem more difficult 
to solve; to him, the dilemma is the serious consequences of an accident 
as considered against the industrial tendencies towards lower costs because 
of economic pressure. Mr. Manly predicted that the companies will meet 
requirements on this pressure vessel problem in order to compete. 

Dr. Thompson said that since the letter had been written, the Commit
tee must follow through with advice towards metropolitan reactors. Immediate 
staps might be inquiries to the AEC regarding expenditures towards pressure 
vessel integrity, resolution of the nil ductility temperature (NOT) problem 
and better inspection techniques. However, construction uncertainties, 
such as draping a ·vessel during installation and unaccessable damage, as 
with the Hallam vessel or the San Onofre heat exchanger, complicate the 
picture. 

Mr. Manly saw the issue of pressure vessels as not new but one 
generated some time ago and commented upon in the Committee letters towards 
research and development and in the draft on the Committee policy towards 
metropolitan reactors. To him, urging for AEC efforts towards more basic 
knuwledge of pressure vessel failures and better techniques of inspection 
is a first step; another is, of course, to design reactors to accomodate 
a large failure. Dr. Hanauer advised that the Committee make clear what 
is desired of the RS. Mr. Palladino proposed that the RS assemble the 
evidence that pressure vessels will not fail, e.g., statistics on past 
experience and on the very careful inspections; if this evidence is not 
convincing, then the applicants, on whom the burden of proof rests, should 
be made to take appropriate precautions. Much time may be required to 
make such a summary; but pending cases, according to Dr. Bush, will require 
early attention. 

Information leading to the rejection of pressure vessels for the 
Navy program would be helpful. Mr. Manly recalled occasions where vendors 
successfully pursued claims against the AEC for manufacturing requirements 
beyond the state of the art. A company with a large piping contract was 
put in severe financial straits by being held closely to specifications. 
Frustration over the Navy's contention that inspection has eliminated any 
possibility of pressure vessel failure with Naval reactors was expressed 
by Dr. Thompson; this may encourage the industry to develop specious evi
dence against possible failure. Although quality improvement is a way to 
limit the hazards of pressure vessel failure, it may not be a very secure 

-- ------------ --·------· 
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basis; continued improvements probably have a limit, but Dr. Newson sugges
ted that new concepts which increase safety will probably be developed. 
Dr. Bush, based on research to date, believed that a monitoring system of 
materials placed inside the pressure vessel might not be a particularly 
expensive way to provide assurance against vessel failure; a feasible 
scheme is available, but development, costing perhaps a half million 
dollars, would be required to ma'ke it practical. 

Although better inspection is probably not difficult, acceptance of 
new design ideas by the fabricators of vessels may be less easy because 
economics tend to color technical judgement. According to Mr. Manly, 
available tests for the integrity of plate, e.g., ultrasonic methods, are 
not used by manufacturers, e.g., Lukens Steel Co., because of the expense. 
Consequently, applicants may have to be coerced to better inspection and 
to design precautions to resist vessel failure; a document outlining the 
state of the art ney be needed to obtain compliance of reactor vendors. 
Dr. Silverman sensed a lack of realization of the RS regarding these economic 
factors. Although Mr. Etherington doubted if improvements in pressure 
vessel precautions will develop with current projects, the agitation will 
probably lead to manufacturers including a sizable contingency in their 
design estimates. 

Comments on possible industrial standards for pressure vessels were 
made. Mr. Manly said that industrial codes reflect the consensus of the 
manufacturers, the construction contractors, and the users. Dr. Bush 
recalled an effort towards standards for tubes which required about five 
years, but the standards were not accepted because of economics. 

A policy statement, perhaps oral, regarding large reactors near 
cities, and perhaps clarification by means of the Brookwood case, was 
discussed. Although Dr. Okrent favored a statement now, Dr. Hanauer was 
inclined against a firm position until the present reactors have a more 
thorough review. Dr. Zabel was inclined to stand by the original letter, 
since further comments might only confuse the issue. To Dr. Silverman, 
the Indian Point II Reactor is definitely in the metropolitan category 
which means the issue must be faced almost immediately. The Malibu and 
Dresden II Reactors, which the ACRS approved, could be a basis for review 
of the future metropolitan reactors; five more applications for large 
reactors are expected by the RS in February and a similar number in March. 
Dr. Newson saw the ACRS position as one of more leniency towards those large 
reactors whose applications are already before the RS; discouragement of 
some future metropolitan reactor applicants may be in order. Mr. Etherington 
noted that operators and manufacturers must give careful consideration to 
the pressure vessel recommendations and indicate the steps taken to comply. 
Underground locations as protection against catastrophic failure of 
metropolitan reactors was again mentioned by Dr. McKee. Subcommittee 
attention will be given to the steps being taken on the current group of 
proposed reactors, e.g., the Brookwood Reactor and the Indian Point II 
Reactor, towards pressure vessel precautions against f~ilure. 

Regulatory Staff (RS) 

Dr. Kavanaugh, Mr. Shaw, and Mr. Rosenthal of the Safety Research 
Steering Committee were present for this session as well as Mr. Price, 
Drs. Beck and Mann, and many other RS Members. 
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The history leading to the letters on the Dresden II Reactor and on 
pressure vessels was related by Dr. Newson. Some years ago a boiling 
water reactor for the Malibu site aright be considered to have been 
rejected indirectly by the Committee-s comments. As a parallel, reactors 
with the present pressure vessel designs are probably satisfactory for 
sites such as Dresden but not at more metropolitan locations. Mr. Manly 
recalled comments stemming from the interest of the Joint Committee on 
Atomic Energy (JCAE) on improvements to reactors needed for metropolitan 
sites. Both Dr. Beck and Mr. Price felt that insufficient time was being 
spent jointly by the Committee and the RS on this important problem; 
divided opinion exists within the RS as to the reliability of pressure 
vessels. The Nucleonics comments on the recent pressure vessel letter 
were interpreted by Mr. Manly to imply a difference of opinion between the 
RS and the Committee on pressure vessels. 

Mr. Price expressed serious concern over any failure of a pressure 
vessel of a major reactor anywhere, not necessarily one near cities, 
that an appreciable number of individuals might be injured; although a 
million individuals might be involved in an accident in the New York 
area, sizable numbers could be involved at more remote sites. Dr. Beck 
was much inclined against any implication that possible failures are and 
important only at certain distances from cities. 

Mr. Price said that although the probability of pressure vessel 
failure or head loss is low, it is still not zero. Mr. Manly seemed not 
seriously concerned over the possibilities of a catastrophic pressure vessel 
failure; to him the letter urges steps towards more research and development 
by the AEC and industry. Mr. Shaw complained that if this was the intent 
of the letter, prior discussions should have been held with the appropriate 
AEC groups; he interpreted the letter to apply to only current and future 
reactors. The question in Mr. Beck's mind is a definition of the work 
future; orderly improvement is desired, but who exercises the leadership 
is not clear to him. 

Dr. Hanauer sees tontinued efforts towards safety of pressure vessels 
reaching a limit where additional expense on the vessel is not justified· 
then redundancy in equipment may be the answer. The positive nature of the 
pressure vessel letter was emphasized by Dr. Thompson, e.g., negative state
ments which might limit location of reactors was avoided; the problem is the 
large accident with serious consequences but of low probability. 

A need !or statements from the experts at Oak Ridge, Hanford, and other 
AEC laborator1es on the state of the art with pressure vessels was seen by 
Mr. ~~nly as a first step to identify information that is lacking. Finally, 
measures to protect ~he public even if there is a severe rupture of a pressure 
vessel would be cons1dered. Dr. Beck observed that major changes in reactor 
design, e.g., abandonment of the pressure suppression concept might result. 

Dr. Thompson pointed to the uncertainties in pressure vessel design 
and behavior as related to the prevention of a large scale accident, as 
mentioned in the report WASH 740. Mr. Shaw commented on excessive pre
cautions against failure of equipment; measures to limit damage from a 
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defective head failure might be ineffective, and his preference would be a 
better vessel head or more bolts instead of compounding precautions to 
limit motion of a released head. Dr. Kavanaugh doubted if the AEC could 
now identify a research and development program to allow reactors in 
populated areas in two years. 

The AEC Safety Research Steering Committee recognizes the problems 
of qua11ty control and the need for research or improved inspection tech
niques of pressure vessels; more research and development into mechanisms 
for failure and the nil ductility temperature (NDI) shift is needed. The 
program towards understanding embrittlement of metals might be pointed 
more towards pressure vessels; the propagation of cracks in metal may need 
more study and or re-orientation. Dr. Beck can now establish some criteria 
for inspection and design, which might be added to the design criteria being 
formulated; means are already available to improve the quality of pressure 
vessels. The AEC promoting improved vessel quality and reactor design 
approaches to protect against the consequences of vessel failure was 
recommended by Dr. Okrent, e.g., vendors might be given AEC contracts. 
Planning of such research and development by the AEC might lead to quicker 
results because of the economic limitations on industry; Mr. Shaw mentioned 
a million dollars a year for such efforts, but wondered what one would tell 
an applicant. The AEC can finance such as the LOFT and the Advanced Fast 
Reactor (AEC), but commercial reactors are a different problem. Mr. Shaw 
doubts if the industry will be willing to use higher standards unless 
required by the AEC. 

Mr. Kavanaugh asked when the ACRS desired attention by the industry to 
the pressure vessel problem; Mr. Manly pointed to the statement in the letter 
that reviews of cases would continue on an individual basis. The RS 
considers itself in a delemma; if the requirements to prevent or constrain 
a pressure vessel failure are not strict, economics would result in little 
industrial effort to comply with the letters intent, and the same old 
reactor designs will be submitted. 

Dr. Bush reported cases where cod~ standards exist without methods 
of inspection to assure compliance are lacking. All vessels are specified 
to the same code. Pressure vessels made to the same code may be more 
expensive for some purchasers because of stricter inspection and increased 
rejection rate; costs with the Pressurized Water Reactor may have been 
fifteen to thirty percent more because of firmer fabrication standards 
and more extensive inspection. To Mr. Manly, any action which would result 
in a moratorium on reactors must be avoided; progress is desired. 

Multiple standards for reactors at the Idaho test site was indicated 
by Mr. Shaw, e.g., the standards for the Navy and the commercial type 
reactors differ. He emphasized that the nuclear industry may find itself 
in difficulty if care is not taken in defining criteria on pressure vessels. 
Mr. Etherington commented on the failure of pressure vessels; if the failure 
is from improper fabrication, quality control can improve the vessels but 
if the vessel is overstressed, then quality control does nothing to prevent 
failure. Dr. Palladino said that occasionally problems which are deemed 
by some as insoluble are found, ~th continued effort, to have answers 
and savings have often resulted; therefore, study of the quality of pressure 
vessels and design efforts as related to consequences of a large accident 
must be continued. 
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Dr. Kavanaugh was complimentary of the Committee letter on pressure 
vessels and saw it as generating needed safety features of reactors; he 
regretted the concern of the industry. Dr. Kavanaugh, Mr. Shaw, and Mr. 
Rosenthal then left the meeting. 

Dr. Doan asked for the Committee position on the long range problems 
with the pressure vessel of the Yankee Reactor; Dr. Okrent saw no comment 
soon. Dr. Okrent asked for information on the surveillance program planned 
by the various design groups regarding the NOT shift and is the RS satisfied. 
Mr. DiNunno is collecting data on progress. Mr. Manly reported that recently 
an industrial man refrained from giving NOT information publicly because 
of industrial competition. However, Dr. Bush recalled slow, but successful, 
efforts in assembling information on ductility changes. 

Mr. Price asked for guidance to the RS on pressure vessel measures 
in view of the Committee letter and the discussion with Mr. Shaw's group; 
Mr. Price understands that there is a need to collect information for 
improved inspection and to develop novel reactor designs to prevent failure 
or to handle the consequences. The Committee was reluctant to recommend 
steps; too much detail might hamper the industry and lead to.less effort 
to understand the problem. Nevertheless Dr. Hanauer advised conclusions 
soon because of the large size and number of reactors planned for metro
politan areas. 

Some interpretation of Mr. Shaw's comments was given by the Committee 
members. Mr. Manly understood Mr. Shaw to feel that the RS can force re
actor designers and builders to take appropriate pressure vessel measures. 
More inquiry by the RS into the efforts of reactor designers was suggested 
by Dr. Okrent. Mr. Manly stated that Mr. Shaw would rely on strict rules 
of fabrication and operation, e.g., as with the Naval Reactors, to 
prevent failure of pressure vessels. 

Dr. Beck was uncertain as to RS action and is against any abrupt change 
in policy. Improvements in pressure vessel technology are appearing, and 
new criteria on vessel fabrication and inspection may be desirable. He 
was in doubt over the need for requiring protection against the consequences 
of major failure. Mr. Levine reported that Mr. Shaw had estimated a half 
a million dollars expense for a blast shield for a pressure vessel. Although 
Congress desires no more AEC expenditures towards water reactors, because 
of the intense industrial activity, Mr. Price said that safety might be 
1n a different category. . 

Dr •. Zabel told Mr. Price of his recommendation of no . alteration in 
the pressure vessel letter. The Committee's inclination to apply the letter 
in a gradual way was Ervidenced. The Boston Edison Reactor may soon provide 
a situation where full precautions against vessel failure may be required. 
Later Mr. Price indicated that the Edgar site for the Boston Edison Reactor 
might not be satisfactory even if all the pressure vessel failure precautions 
now considered are taken. Dr. Okrent stated that the pressure vessel 
letter will be applied gradually to reactors with current applications. 
An increased number of ACRS questions urging continued improvements 1n 
pressure vessel quaHty and precautions against failure should be expected. 
Nevertheless, each reactor will be given individual attention by the 
Conrittee. Dr. Beck interpreted the ACRS statement to mean more probing 
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into the cases filed, particularly as to the inspection and surveillance 
of pressure vessels; with new cases, more definite steps in design would 
be required. Or. Bush told the RS of his belief that existing methods 
can allow reasonable pressure vessel surveillance for large reactors but 
not within a matter of months. However, space might be left available in 
the reactor system to accommodate these measures. 

Reactors near cities will be given pressure vessel attention by the 
ACRS earlier and to a greater extent. According to Mr. Price, if any 
applicant is forced to protect against pressure vessel failure, all other 
commercial reactors must comply regardless of location. Mr. Case asked 
for the Committee feeling of the acceptability of protecting against the 
pressure of a sudden rupture, but maybe not the missiles. No Committee 
opinion was offered, except the observation that requirements might vary 
at different sites. Mr. Case would view any response by industry to 
further pressure vessel requirements as a commitment which leaves him less 
inclined to accept compliance now. 

Mr. Price presumed that military reactors, and those already built, 
would be exempted from future requirements of pressure vessel protection. 
Mr. Price hopes that the studies will show reasonable methods can be devel
oped to protect against the pressure vessel failure; if not, the RS will 
have difficulty because of the incentive to lower cost reactors and the 
desire of the Commissioners to promote the nuclear industry. 

Mr. Price ended the session by reporting that he had again talked to 
the Commission and to the Steering group after their sessions with the 
Committee regarding the pressure vessel letter and possible RS steps to 
comply. 
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At its next meeting, the 69th, January 6-8, 1966, the ACRS had to give nuch 
attention to the question of how to implement the recent letter on pressure 
vessels. Was it to be applied to succeeding reactors in terms of improved 
quality? W'as it to be applied after a suitable time interval to all reactors 
in terms of protection against certain vessel failure modes? Was it to be 
applied in terms of certain vessel failure modes only for reactors of very 
high power at relatively highly populated sites? The Committee met with the 
Regulatory Staff, with members of the Division of Reactor Development, and 
with the Commissioners. Several sections of the minutes of the 69th rreeting 
are reproduced on the next pages for the insight they give into the though 
processes involved. 

Review of the Brookwood and Millstone Point reactors was facing the ACRS, 
and it was decided to pursue with these two groups various aspects of the 
pressure vessel question, including a discussion of the consequences of 
various failure modes and the probabilities of these types of failures, as 
well as a discussion of the types of things that could be done to improve 
the quality of reactor pressure vessels. 

It was with some anguish that the utilities discussed on the record and in 
writing questions concerning pressure vessel failure. It was a topic not 
dealt with in this manner previously; it was a topic relating to accidents 
for which the reactor was not protected. 

The minutes of the 7lst ACRS meeting, March 10-12, 1966, show that 
Mr. Roger Coe, a representative of the Yankee organization appearing on 
behalf of the Millstone Point reactor, joined the Committee in executive 
session and read a statement regarding the trend of written questions in 
regulatory groups to applicants regarding the seriousness of postulated 
accidents. Mr. Coe stated that the correspondence becomes a public docu
ment and, in one case, for example, the Brookwood reactor (later renamed 
the Ginna reactor), this correspondence was quickly collected and aired by 
the press. (See excerpt from Nucleonics Week, February 17, 1966 quoted 
below.) 

ACRS IS PRESSING ITS CONCERN OVER PRESSURE-VESSEL FAILURE IN 
REVIEWING BROOKWOOD, the first reactor project to come up for 
a construction permit since the Advisory Committee for Reactor 
Safeguards in December first postulated as a serious possibility 
of a large-scale vessel rupture (NU Wk, 9 Dec '65, 1). The 450-
Mwe Brookwood station is to be built for Rochester Gas & Elec
tric by Westinghouse. In a letter to RG&E earlier this month, 
AEC's reactor-licensing chief, R. L. Doan, submitted two series 
of questions, one on behalf of the licensing staff, the other on 
behalf of ACRS. The ACRS questions bearing on the pressure
vessel-rupture issue include the following: 
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If one postulates the rapid propagation of a crack circumfer
ednt i ally, with the contained energy of the system, what wou 1 d 
happen to the upper section of the vessel including shearing 
the primary pipes, etc? 

Can you visualize any problem from the propagation of a crack 
from top to bottom of the vessel but not through the head? 

Do your calculations confirm that the steam-generator tube 
sheet will withstand shock loading by abrupt loss of prinary 
coolant, or will the head go instead? 

• Are you considering procedures for detecting the propagation 
of cracks within the pressure vesel wall, i.e., acoustic 
emission? 

• 

• 

Define the pressure vessel flaw size ana type that is accepted 
in the specifications. What flaws larger in size or of special 
significance might not be detected, particularly in zones of 
irregular geometry? 

What flaw size is accepted in the studs of the pressure vessel? 
What frequencies of study, inspection or replacement is planned? 
How many studs can fail without threatening the integrity of the 
closure? 

Please describe requirements concerning the support structure 
for the pressure vessel, including the degree of levelness over 
reactor life, which are needed to insure no problems due to local 
overstressing of the pressure vessel. 

Describe how small leaks in the pressure vessel would be detected, 
and the action to be taken should such occur. How is adequate re
sponse assured in the event of a previous existence of small leaks 
in other parts of the system? 

In addition to these, ACRS asked five questions on nil ductility, including 
validity of neutron flux dose predictions for the pressure vessel, weld re
gions and heat-affected zones. The AEC staff questions submitted by Doan 
were largely answered orally by RG&E and Westinghouse at a meeting Jan. 
26-28, but the staff wanted a "written response ••• to confinn the oral in
fonnation. 
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Mr. Coe referred to private discussions in the past with applicants where 
the presentation of information was on a very candid basis. He predicts 
that this public method of communication will lead to less frankness and 
perhaps to intervention by the opponents of nuclear power in order to delay 
private nuclear development. Mr. Coe was quoted as desiring an arrangement 
by which such questions could be raised without the public being informed. 
Verbal requests and informal replies are a possible way to do this. 

These comments by Mr. Coe were triggered by the written questions, trans
mitted by the Regulatory Staff on behalf of the ACRS, to the applicants for 
the Brookwood and the Millstone Point reactors, concerning possible modes 
of pressure vessel failure and possible means to deal with pressure vessel 
failures, as well as the probability of differing types of failure. 

Questions of this type had not been asked in writing frequently in the 
past, although discussion of such questions certainly did occur from time 
to time during the meetings between the ACRS and the Regulatory Staff, or 
the ACRS and the various applicants. We shall see that the question of 
Class 9 accidents (accidents exceeding the consequence limits of Part 100) 
was again to arise in a few months and would introduce, in a public way, the 
likelihood that a loss of containment integrity would be associated with 
accidents involving gross melting of the core. 

It is clear from the minutes of the 7lst meeting, March 10-12, 1966, as 
well as the minutes of the previous two meetings of the ACRS, that the 
Committee had decided in the cases of the Brookwood and Millstone Point 
reactors, that additional design measures to protect the public against 
postulated pressure vessel failure would not be recommended. Instead, 
improved quality control during fabrication of the vessel and improved 
surveillance methods during operation were going to be pursued. 

Indian Point Unit 2 posed a somewhat more complicated problem. This was 
the highest power PWR to be reviewed to date. There was already a smaller 
reactor at the site (which was the most populated site approved for a 
reactor having a power of several hundred megawatts). To sone, Indian 
Point represented a nearly metropolitan site, because New York City was 
less than 30 miles away and there was a considerable population density 
between the reactor and New York City. To others, Indian Point represented 
a better location than the Edgar site recently proposed by Boston Edison; 
it was very much better than the Ravenswood site in New York City. The 
application for Indian Point was submitted in December 1965, and it was 
hoped by the applicant and the AEC to get completion of Regulatory Staff 
and ACRS action by about June 1966, a rather remarkable pace. 
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The reactor had a minirrum exclusion distance of only 0.3 miles; the nearest 
boundary of Peakskill, the closest population center, was 0.87 miles. In 
view of the short distances involved in this case, it was evident to the 
AEC Regulatory Staff that the specifics of Part 100 were not too meaningful. 
They elected to evaluate off-site doses for an exclusion distance and low 
population zone (l.p.z.) of 0.32 miles and 0.67 miles, respectively, to see 
if the expected leakage rate and the proposed measures to remove radioac
tivity from the containment {sprays and/or filters) would enable a meeting 
of the dose guidelines. They were following the traditional approach of 
Part 100, but with a very small low population zone. If it passed this 
test, it appeared that they would approve the reactor. 

To the members of the ACRS, Indian Point looked like a site much worse than 
the others they had been considering. A major question facing the ACRS 
members was, "Should measures to cope with pressure vessel failure be applied 
in some way for Indian Point 2? 11 Also considered seriously was whether other, 
additional safety requirements were desirable or needed for this facility. 
Opinion among the Comnittee members on these difficult questions was 
clearly quite diverse. 

A partial illustration of the complexity of the problem and a discussion 
of some of the general considerations involved can be obtained from the 
quest1ons on the following page written by member Thompson to the other 
ACRS members during the Indian Point review. 

In May of 1968, Morton Libarkin, an ACRS Staff Engineer, prepared a brief 
summary of ACRS actions during the construction permit review of Indian 
Point 2, two years earlier. The following excerpt from this memorandum 
covers the period March 30, 1966 to June 11, 1966. 

3/30/66 - Indian Point-2 Subcommittee Meeting 

The question of the adequacy of a "pipe break" 1'1CA as opposed 
to consideration of a catastrophic pressure vessel failure 
was raised due to the high power level and population density. 
(Project Status Report dated 4/l/66, with meeting summary.) 

4/4/66 - 72nd ACRS Meeting 

Westinghouse described the pressure-time history in the 
Indian Point-2 containment, assuming no safety injection 
following a LOCA. A rise in pressure when the core n~lted 
and dropped into the water in the bottom of the vesse 1 
and a second increase when the core melted through into 
the vessel cavity were described. 
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I. Detailed Considerations: 

1. What provisions appear acceptable to prevent loss of 
coolant accidents? 

2. What reactivity anomalies can be envisioned and might be 
acceptable without causing concern in regard to nuclear 
transients? 

3. Can acceptable provisions be made to ameliorate the con
sequences of an accident: 

(a) Concerning decay heat removal following an accident 
to prevent subsequent over-pressurization of the 
containment? 

(b) Concerning leakage from the containment? 

(c) Concerning pressure vessel rupture? 

4. Can steps be taken to add assurance in regard to the 
acceptability of sites by: 

(a) 

(b) 

(c) 

More monitoring and local disaster alarms? 

Flooding possibilities by lowering the reactor? 

Evacuation of the local population? (Items (a) and 
{b) have very difficult public relation aspects) 

II. Is there reasonable assurance that this reactor can be built 
without undue hazard to the health and safety of the public. 

If the answer to II is "yes", then the Coo:mittee has no problem. 
If the answer to II is "no", then what one or more features· of I 
above (or others not listed) would have to be improved and bow 
much before you would accept it? 
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Several members expressed the opinion that, for the Indian 
Point site, the applicant should show that any failure of 
the pressure vessel can be withstood. 

5/3/66 - Indian Point-2 Subcommittee Meeting 

The vessel head rise due to stud and circumferential failures 
and the consequences of longitudinal splits in the vessel 
were discussed. A suggestion was 1nade that Westinghouse 
consider putting some of the post-accident heat removal 
equipment inside the containment. 

The applicant was asked to discuss means of amelioratiny 
the consequences of pressure vessel failure with the full 
Convni ttee. 

5/5-7/66 - 73rd ACRS Meeting 

The Committee was divided with respect to the requirement 
for protection against containment failure due to large 
{pressure) vessel accidents at the Indian Point-2 facility. 

Westinghouse described mechanical effects of various types 
of vessel splits. In was noted that duplicate core cool
ing equipment within containment was being considered. 
Analyses indicated that a molten core would penetrate 
the containment 4500 seconds after a pipe break.* 

Con Ed was informed that the Committee was still con
sidering the requitement of protection against vessel 
failures. 

6/8-11/66 - 74th ACRS Meeting 

The Committee again raised the question of the accept
ability of the Indian Point-2 safeguards equipment. 
Some members felt that the penetration of the con
tainment by the vessel head was a serious enough 
problem to justify retention measures. Also, if 
the vessel failed, a relocated, molten core would 
probably violate the containment liner, etc. 

The Committee agreed, by a soft vote, to require 
protection against the effects of a longitudinal 
vessel split. 

*West1nghouse may have actually said that the pressure vessel would be 
penetrated 4500 seconds after a pipe break. 
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The position taken at the June, 1966 meeting remained the position of the 
Committee for Indian Point 2, and, in fact, represented the continuing 
position of the Committee for the Indian Point 3 reactor, the Zion 1 and 2 
reactors, which were at a site having a surrounding population density 
similar to that of Indian Point, and also for the Midland reactor, which 
had a relatively large nearby population. 

The integrity of the reactor vessel cavity was to be maintained in the 
unlikely event of a longitudinal vessel split, but there was no accom
panying requirement that the core be kept from melting in connection with 
this unlikely event. In part, the ACRS recommendation that protection be 
provided against the forces involved with longitudinal vessel split appears 
to be related partly to the higher probability of this type of failure, 
compared to failure of all the studs, or a circumferential vessel failure. 
Partly, it appeared to be more practical to design against this particular 
set of forces. And perhaps, partly, it was a way of initiating what might 
later be more comprehensive protection against vessel failure for still 
more highly populated sites. 

A more detailed look at the minutes of the 72nd meeting in April, 1966, 
shows that there was considerable discussion concerning pressure vessel 
quality and failure modes with the representatives of the applicant for 
Indian Point 2. It was stated by Westinghouse that the reactor design 
could probably withstand a longitudinal failure of the pressure vessel, 
but was not clear as to whether a circumferential break or head loss could 
be also handled. 

In Executive Session, ACRS member Palladino was inclined to require the 
Indian Point group to show that any pressure vessel failure could be 
withstood. Member Etherington saw the biggest question as "What reactor 
design the Committee is willing to accept for a metropolitan site; the 
measures for the much higher hazards of this site are not clear." Member 
Bush sensed that the engineered safeguards were either insufficient for 
this site or overdesigned for some other sites. 

Similar discussions ensued at the May and June, 1966 ACRS meetings, and 
at the Subcommittee meetings on Indian Point. In addition, a much roore 
intensive examination was given to the adequacy and reliability of engi
neered safeguards for Indian Point 2 by the ACRS than had been the case 
for previous reactors. 
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Concurrent with the review of Indian Point 2, the ACRS held further Subcom
mittee meetings (May 4, 1966 and June 3, 1966) on the matter of metropolitan 
siting. The minutes of the Subcommittee meetings are duplicated on the 
next pages, essentially in their entirety, for their very considerable 
insight into the thought process and the problems involved. Discussion 
papers prepared by Subcommittee Chairman Etherington for the May 4th 
meeting are also duplicated, for the insight they provide and to help 
make the meeting minutes more readily. understood. 

These minutes report discussions held with Dr. Beck and rrembers of the 
staff of Brookhaven National Laboratory on their redo of WASH-740 (1957). 
Following the May 4, 1966 Subcommittee ireeting, the full Committee heard a 
similar discussion. The minutes of this discussion, which are also dupli
cated on the following pages, indicate a reluctance of Dr. Beck to dissem
inate any quantitative results from the study. The Subcommittee meeting 
held on June 3, 1966 was the result of considerable pressure by the ACRS on 
Dr. Beck to make available some representative results to the ACRS. 

One specific item of interest in the BNL work was the expectation that Li.e 
intestinal dose, rather than the whole body or iodine dose, would have the 
most important health effects for uncontrolled release of the bulk of the 
radioactivity. 

An item of special interest in the minutes of the June 3, 1966 Subcorrunittee 
is that Dr. Wensch and Dr. Beck reported that core melt in a 3200 MWt re
actor would not only lead to melt-through of the reactor vessel but that 
calculations indicated the core would melt through the concrete of the 
containment floor into the earth* until enough material was involved to 
dissipate its heat. 

*The term nchina Syndrome" was quickly coined to characterize a core 
melting its way into the earth (on its way to China from the u.s.). 
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ADVISORY COMMI1TEE ON REACTOR SAFEGUARDS 
UNITED STATES ATOMIC ENERGY COMMISSION 

WASHINGTON. D.C. lOS.CS 

April 29, 1966 

Discussion Outline for 
Subcommittee Meeting on Reactor Design and Operating Criteria 

May 4, 1966 

1. Revieu of previous DRL and ACRS positions. In general DRL has been con
cerned over small reasonably probable accidents and has been inclined to 
declare a moratorium on large city locations as a matter of policy. ACRS 
has favored an open attitude and a case-by-case review; the Committee has 
aenerally expressed a belief that engineered safesuards should permit 
aiting of reactors closer to cities, but believes that improved safeguards 
are required, including protection against pressure vessel failure. 

2. Are major accidents in city locations wor5e than in some locations already 
approved? 

3. Can criteria for city locations be established? Discussion to be based 
on H. Etherington memorandum (distributed by R. F. Fraley memo dtd. April 14, 
1966) or on some other basis. 

4. Should a position be taken on the Boston Edison Weymouth plant location: 

(a) on the basis of interim criteria, or 
(b) aa an interim policy decision. 

5. Should the staff be :invited to discuss the Committee position or to 
implement its recommended actions? 

6. Should the Committee make a determined erfort to develop at least an· 
interim position? 

. ......,. ·-. 
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EVALUATION OF REACTOR SAFETY FOR CITY LOCATION~ 

The purpose of the May 4 subcommittee meeting is to develop a suggested 
£ramework for discussion at the Full Committee May meeting. This memorandu~ 
is suggested to the subcommittee as a possible starting point for its own 
discussions. 

I. The Problem 

Evaluation of 'Teasonable" hazard requires: 

1. Appratsal of the maximum and probable consequences of 
various accidents. 

2. Appraisal of the probability of various accidents. 

3. Selection of a fo~~la for combining consequences with 
probabilities to express acceptable haz~rd. 

Consequences. The immediate conseque~~es of a particular accident can 
be estimated on a reasonable set of assumptions, both for the worst environ
mental and meteorologic&! conditions, and for some defined mean of all pos
sible conditions. 

Probability. There is no available means of evaluating the probability 
o~ accidents that have happened only occasionally or not at all. 

Combination of Consequences with Probability. There is no agreed method 
of combining consequences with probabilities. For example, it is not estab· 
lished whether a 10-fold increase in the severity of consequences is properly 
compensated for by reducing the probability by a factor of 10. 

It. Consequences of Accident 

Evaluation of the consequences of an.accident to a pa~ticular reactor 
depends on: 

1. The nature of the assumed accident. 

2. The criteria for accident evaluation. 

3. Tne surr~unding population. 

4. The assumed environmental and meteorological conditions. 

5. The exposure duration. 
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Assumed Accident. The accidents that appear most pertinent to pre~ent 
considerations are: 

(a) 

(b) 

(c) 

(d) 

The MCA with full .functioning of engineered safeguards. 

The MCA with partial functioning of engineered safeguards. 

The MCA with complete failure of all engineered safeguards 
except the containment. 

The ''Extreme Accident", assuming 100 percent core meltdown 
·-a~d complete loss of containment. 

Case (a) is presumed to have no consequences beyond Part 100. It is suggested 
that initially cnly the Extreme Accident be considered. 

Criteria for Accident Evaluation. Consequences could be evahuated in 
many ways, for example: 

1. ?lumber of fatalities. 
, 

2. Number of persons receiving over 250 r whole•body dose. 

3. Number of persons receiving over 25 r whole-body dose. 

4. Number of persons receiving over 300 rem iodine dose. 

5. Total man-rem dose to the population. 

6. Number of pe.:>ple receiving over 600 rem, 600-500, .500-400, etc. 

Some weighted average .~f such criteria should be used, but for initial dis
cussi~n it is suggested that the number of fatalities be used as the criterion. 

T.~e Surrcu~ding Populatio~. The existing pcpulation density and dis· 
tribution are k .. o¥.'tl f~r a particular site'. Future population is also impor· 
tant, bet it is s~ggested that initial study be limited to the existing 
populstic-xt. 

Assumed Enviro~e~tal a~d Meteorological Conditions. The severity of 
consequences a~d the probability of a particular weather regime are both 
tmporta~t. ?ossible assumptions include: 

(a) The consequences from the worst possible combination of 
population distribution and weather regime. 

I 

(b) ~~e TID 14844·assumptions applied in a direction that 
affects the greatest nu~ber of people. 

(c) Average c~nsequenees around the compass based on 
TID 14844 assumptions and pop~lation distrib~tion. 

·2-

- -~-- - ~- ... ·~ 
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(d) Averqe. couee.ruences arouud the compass based ou p.opul&"t.ion 
. diatributiou, and on ..weather•regime probability as dete:rm.i.ned 
lty lllate.orolO&ical records for the. iU.te. • 

. 
These altern.a~ive asswqptions are in order of decreasing severity. Probably 
some weighted.combination of assumptions (a) and (d) is most meaningful, 
i.e., a combination of worst possible and the average conditions. However, 
lor tbe present purpose it is auggested that assumptions (b) and (c) be used 
(~ 14844 for ¥erst direction, and for average of all directions). 

l 
I 

Exposure Duration. The anlysis could be based on planned evacuation or 
on continued exposure. \Two•hour evacuation may be impractical but a general 
exodus may be expected after a major accident. The probable exposure duration 
should be studied, but for the present it is a~ggeated that calculations be 
baaed on no exclusion area and continuing expoeure. 

Large Reactors under Review. To focus the di~cussion, the criteria 
should be applied to large reactors currently under review. The criteria 
are summarized as 100 per cent meltdown, complete loss of containment, 
TID 14844 fission•product release, long time exposure, TID 14844 meteorology . 
(both f9r worst direction and average for all d~rections), and number of 
fatalities. The following table should be developed correctly and extended 
to other assumed criteria of consequences. ~ 

Fatalities in Extreme Accident* 

TID 14844. worst direcHo:1 

Brookwood 
Millstone Point 
t~ia::'l Point 
Boston Ediaot'l 

s.ooo 
5,000 

13,000 
70,000 

17» 14844, average direction 

1,500 
2,500 
5,000 

15,000 

* 'l'heee numbers are not to be taken aerio.,ualy. They are aueaaed 
from a cursory insp.ction of a tabulation '7otential Consequences 
of Breached Containment" received December 28, 1965 from the D~ 
ltaff. The numbers should be reduced by aome factor for ahielding 
by but ldill&& • . 

. 
-::-· ~--.-~--..::.-::-:· 
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III. Probability of Extreme Accident 

On:y the Extreme Accident (complete meltdown and complete loss of 
conta.i:mtent) .is co!lsidered in this exploratory discussion. To appraise the 
probability of the Extreme Accident and to review methods of reducing the 
probability, it is necessary to consider: 

1. Initiating accidents or chains of accidents. 

2. The relative probability of each link in the accident cnain. 
t 

3. Meas~res that can reasonably be taken to reduce the likelihood 
of the accident. 

I~itiati~g Accidents. Some po&sible initiating accidents are: 

(a) The MCA with failure of engineered safeguards (including 
containment). 

. 
(b) Reactor vessel ru~ture and con~ainment penetration. 

(c) Sustained power failure couplea with emergency power failure 
and fail~re to find a last-ditch remedy. 

(d) Earthquake or other natural phenomenon. 

Absolute Probability of Initiating Accidents. If it can be reasonably 
I 

ass~d that the prcbability of one initiating cause is much greater than 
all the oth~rs, then cnly that cause need be considered. If, however, two or 
more ca~sas have pr~babili~ies of the same order of magnitude, there is little 
j~stification for co;:tcentTating on one cause while ig:loring the other. 

It is almost useless at present to suggest absolute probabilities, but 
in order to sense the feeling of the Committee on relative probabilities, 
the following c~ay figeons are offered: 

(s} MCA lo-4 ~ver the reactor life •. Cont£inmeut failure following 
MeA (by lesksge, valv~ failures, rupture from overpressure or 
local overstressJ improper maintenance, etc.) 10·2. Over-all· 
probcbility 10·b. 

(b) 7essel rupture during its life (mateTial, design, and fabricating 
inadequacy; overpressu~e from Teactivity insertion; or failure to 
keep safely above NDT) 10·6. Missile penetration of containment 
with nv holddcwn 1. Over-all prfbability 10·6. . 

(e) Sustained poweT fail~re during life (once in 400 years) 1 10·1. 
Failure of diesel to start up (if essential) 10·2. Failure of 
operat~r to take extraordinary actiGd (e.g., make a field con· 
~ecti'n to some other souTce of coolant) 10·2. Over•all prob· 
ability 1o·S. A second diesel of adequate capacity would reduce 
tbis to lo-7. 

-4-
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(d) The prohability.of a destructive earthquake is high in some 
areas. This probability must be multiplied by the probabilities 
that the earthquake would cause a particular series of\events 
(e.g., loss of power or coolant). 

IV. Combining Ccnseguences with Probabilities 

A determination of how consequences and probabilities should be combined 
would do much to clarify the problem ~f appraising reasonable hazard as a 
function of reactor location. 

Si~ple Product. The most obvious treatment is to require that a product 
of conseq·.h~nce (fatalities) multiplied by probability have a prescribed con
stant maximum value, i.e. Fp = C. Suppose one fatality in the 40-year life 
of the plant were c·~sidered a tolerable industrial hazard and suppose the 
average weather conditi~s produces one tenth of the TID 14844 number for 
average wind direction. If the extreme accident for average wind direction 
would cause 1,000 fatalities, the probability of the accident in 40 years 
must not exceed to-2; for 10,000 fatalities, to·3; and 100,000 fatalities 
lo-4. For the Boston Edis~~ reactor we would then have to decide whether 
the probability of vessel rupture (or of other cause of extreme accident) 
was less than 1.8 x to·3 or 1 in 444. The probabili~y must, however, be 
reduced ~fay by a factor of 10) to allow for non-fatal injury, giving 
1.8 X 10 . ' 

Weighted Product. The simple product appears to be a valid measure 
of hazard if operatio~s are extended over an infinite time, with statistically 
even spacing of events. 

Tne simple product does not take into account the difference in p~blic 
reaction to numer~as sm~ll incide~ts a~d~to rare catastrophic events. 
Certainly, freq·.:.ent smdl incidents would provoke a needling type of criti· 
cism; but 6 major catsstrophy early in the industry could cause every reactor 
in the co~ntry to be shut down. T.~e problem here is not the frequency of l 

occurrence, but the u~certainty as to when the first accident of this cate• 
gory might occur -- if s~ch an accide~t occurred for the first time hundreds 
of years from now, it might be accepted ih proper perspective. Some higher• 
power weighting in recognitio~ of the magnitude of the extreme accident 
therefore appears necessary. 
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Suggested Procedure. It is suggested that some kind of tentative 
formula be developed to compare reactors and sites. Some possible approaches 
are discussed. 

(a) Accept the Brookwood plant and location as a reference model. 
Decide· which is the most probable way by which the Extreme 
Accident could occur. For proposed reactors involving a more 
severe Extreme Accident, require that the probability be reduced 
by: 

(Ccnsequences at proposed site/Brookwood consequences) 2 
l_ 

For Boston Edison this would require (based on fatalities for 
w~rst wind directio~) some engineered safeguard that would reduce 
the probability by a factor of 196, or, in orders of magnitude, 
100. If vessel failure is the most probable cause and is con
sidered sufficiently probable, it seems unlikely that added in
spection or surveillance would give so large a factor, and on~ 
this basis some degree of hold-down would be indicated. If, 
however, failure of an engineered safeguard were the most prob
able cause, a backup system might supply the additiQnal safety 
required. • 

(b) Use the Brookwood plant and location as a reference, but first 
decide whether the probability of the Extreme Accident is much 
less than 1.8 x lo-4 or 1 in 4,000. Make an adjus~ment and proceed 
as before. 

(c) Use a less drastic formula than the square of the consequences. 

V. Pressure Vessel Reauirements 

The vessel failure risk that may reasonably be taken should be reviewed and 
its status re~ppraised on the basis of c~clusions that may be drawn from the 
foreg~ing considerations. 

Westinghouse and GE requirements in excess of Sec. III of the ASME Code 
should be tabulated and reviewed. 

·6-

-------·---·--·--.-------

H. Etherington 
April 9, 1966 
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MEETING OF 

REACTOR DESIGN & OPERATING CRITERIA SUBCOMMITTEE 

WASHINGTON, D, C. 

MAY 4, 1966 

This was a half-day executive session to discuss the siting of reactors 
near large cities. 

Attendees: 

H. Etherington 
s. B. Hanauer 
D. Okrent 
s. B. Bush 
J. E. McKee 

•• J • Palladino 
R. F. Fraley1 Staff 
R. H. Wilcox, Staff 

Mr. Etherington stated the purpose of the meeting and proposed an agenda 
to be followed. Additional topics were suggested by the ACRS members 
present. 

1. Review of previous DRL and ACRS positions. In general DRL has been 
concerned ovar small reasonably probable accidents and has been in
clined to declare a moratorium on large city locations ·as a matter 
of policy. ACRS has favored an open attitude and a case-by-case 
review; the Committee has generally expressed a belief that engineered 
safeguards should permit siting of reactors closer to cities, but be
lieves that improved safeguards are required, including protection 
against pressure vessel failure. 

A recent reporting of a speech by Dr. Beck in "Nuclear Industry" 
appeared to imply that the Regulatory Staff opposed construction of 
reactors in cities for the present. A "Nucleonics Week" article, on 
the other hand, quoted a DRL official as saying that DRL had an open 
mind, would review anything proposed, and encouraged imaginative ap
proaches. 

Dr. Hanauer noted that the ACRS 1964 letter on engineered safeguards 
was related to the metropolitan siting question. !he Regulatory 

·Staff's proposed .. moratorium" on siting of reactors in large cities 
was effectively blocked by. the Commission based upon advice from the 
ACRS. The General Manager's side of the AEC reportedly agreed with 
the ACRS in this case. Out of this grew the "augmented safety research 
program!' and the present nsteering Coamittee" for safety research. 
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It was agreed to ask the Regulatory Staff what its~present feeling 
was at the full Committee meeting the next day. 

2. Are major accidents in city locations worse than in some locations 
already approved? 

It was believed that Dr. Gifford might have some thoughts on this and 
also that the meeting the next day with Brookhaven representatives 
would be helpful. 

Dr. Hanauer was concerned not only with the uncontained accident, 
but with the MeA. He was not sure how many people should be given 
25 r (whole body) and 300 rem (thyroid). 

Dr. Okrent noted that a man-rem approach might be used, and that 10 
rems to 106 people might be unacceptable. Dr. Hanauer pointed out 
that Con Ed claims only a SO mr site boundary dose for Indian Point 
2, thus it. depends on who calculates the man-rems. Applicants usual-
ly assume.all safeguards work. ~ 

' Mr. Fr~ley noted that applicants are now claiming they can meet Part 
20 in an MCA. Dr. Hanauer feels that it is a criteria question, 
namely what are they allowed to take credit for. Mr. Palladino did 
not think it wrong to have several "levels of safety", e.g. , Part 20 
if everything works, Part 100 for other conditions, etc. Mr. Fraley 
noted some feeling within AEC that Part 20 was not good enough. It 
was pointed out that many fossil-fuel plants put out more radio
activity than nuclear plants, and some may exceed Part 20. The ques
tion of whether Part 20 needed improvement for cities was referred to 
the Environmental Subcommittee by Dr. Okrent via Dr. McKee. 

Dr. Bush was concerned that the usual meteorological assumptions were 
not always as pessimistic as they could be. He recalled instances 
where particulates released from a stack all came to the ground at 
one small spot. Mr. Palladino had obser:ved similar situations.· Dr. 
Okrent felt that rainout in a city could present a problem. Mr.· 
Etherington noted that there were worse conditions than used in TID-
14844, but these were of low probability. 

There was some speculation that an accident 30 miles from a city could 
be worse than one in a city. Dr. Okrent noted that BNL had calculated, 
for an uncontained accident, that a reactor 5 or 10 miles from a city 
could, with good meteorology, have a wide enough plume to give the 
whole city a lethal dose. If the reactor was in the city, only half 
the populace might be so exposed. The BNL people had figured that the 
lethality would be due to the exposure of the intestinal tract. BNL 
has not been allowed to write this up in a manner that is readily in
telligible. The techniques, such as the meteorological analysis, are 
being written up. The high cost of the accident was reportedly a 
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principal deterrent to any public release. It was noted. however, 
that expensive accidents could result from a chlorine plant or 
from another Chicago fire, yet neither chlorine usage nor fire are 
prohibited. 

Dr. Hanauer felt the ACRS should ask for the BNL data. Dr. Okrent 
had previously tried as a member of the Steering Committee to ob
tain such a document, but without success. He noted that the melt
down of a large reactor would produce temperatures much higher than 
in LOFT. Burnup, specific power, and size were ~portant factors. 
Dr. Bush noted that a release fraction above 1% had serious conse
quences, even f~r shipping casks. 

Mr. Etherington and Dr. Okr~nt took some comfort in probabilities 
that the wind will not be blowing toward densely populated areas. 
A ten mile lethal distance would affect large cities at Brookwood 
and Malibu and would affect Joliet for Dresden. Since inversions 
generally occur every night, they clearly must be considered. It 
was noted that the wind from Brookwood does not normally blow 
toward Rochester. 

II· 

Mr. Palladino pointed out that lesser accidents with higher proba
bility are more tolerable outside the city than within it. Dr. 
Okrent cited as an example an MCA with 1%/day containment leak rate 
instead of 0.1%/day. Dr. Hanauer also cited the NRU refueling 
accident. 

Dr. Bush noted that present stack releases at Humboldt Bay might be 
too nlgh. Dr. Hanauer noted that BONUS operators were donning air 
breathing apparatus within the containment. Allowable releases in 
a city was suggested for further consideration, as was the accepta
bility of portions of the prtmary system outside of containment. 

3. can criteria for city locations be established? Discussion based on 
H. Etherington memorandum (distributed b:y R. F. Fraley memo dated 
April 14, 1966) or on some other basis. 

Mr. Etherington explained his evaluation presented in the above 
memorandum. He noted that minor accidents should be added to the 
list of "Assumed Accidents" on page 2. 

There was some discussion of uncontained accidents. Dr. Okrent 
noted that a containment with a door open was like no containment 
at all. He also noted that all containments are purposely painted 
on the inside with a paiut that doesn't pick up fission products. 

As a criterion for extreme accidents, Mr. Etherington suggested the 
number of fatalities. Dr. Hanauer felt that man-rem considerations 
had to be included. Mr. Etheringtor. felt that the number of expos
ures above 100 or 20C rem was also important, since it would hit the 
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newspapers more than man-rems. Dr. Hanauer suggested that the ratio 
of deaths to man-rems might provide a definition of what is a city. 
Mr. Etherington agreed that more than fatalities should be considered. 

On population, Mr. Etherington suggested that existing, rather than 
future, population be considered. 

On meteorology, Mr. Etherington felt that probability and severity 
were both important. While various assumptions are possible, Mr. 
Etherington suggests using (a) TID-14844 assumptions in a direction 
that affects the most people and (b) TID-14844 assumptions averaged 
around the compass with the existing population distribution. 

Mr. Etherington suggested that infinite exposure be considered for 
the present. His table of fatalities (page 3 of his memo) was only 
a "guesstimate", but it shows Boston Edison as an order of magnitude 
worse than Brookwood or Millstone Pt. 

There was some discussion of Mr. Etherington's estimates of proba
bilities of extreme accidents. There was general agreement that the 
probability of vessel rupture was higher than lo-6. Dr. Hanauer felt 
that the sustained power failure probability was more like once in 
40 years than once in 400 years. Dr. Hanauer did not agree that addi
tion of a second diesel would reduce the accident probability by a 
factor of 100, since he doubted that two diesels would be really in
dependent. 

~ combining consequences with probabilities, a simple product was a 
possibility. Mr. Etherington pointed out, however, that the timing 
of the first big accident is quite important. If it does not occur 
for SOO years, this is one thing. If it happens in the next 10 years, 
however (or even 50), it might shut down all reactors permanently 
and tightly. Mr. Etherington therefore suggested that the consequences 
be squared. Thus, if the fatalities were ten times as high, the proba
bility would have to be one-hundredth as much. If Boston Edison is 
14 times worse, the probability would have to be 1/196th as mucll. Be 
felt such a reduction in probability depended on the accident, e.g., 
another di~sel migh~ reduce the power failure probability this much, 
but, for vessel failure, holddJWn might be required. (Improved in
spection would not be expected to add this mu~h confidence.) 

Dr. McKee suggested that curves of log (man-MW) vs. distance (as have 
been distributed to ACRS members by R. H. Wilcox in the past) be cor
rected by multiplying by two factors. One factor, E, would be an 
environmental factor, to be given a number from one (best site) to 
five (worst site) based upon the judgement of the ACRS as to meteor~ · 
ology, earthquake, tsunami, etc. The other factor, D, would be a de
sign factor, which would give credit for double containment, engineered 
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safeguards, etc., and also be applied as a judgement factor between 
1. and 5. Dr. McKee proposed that the ACRS draw a line on the· re
sulting graph defining regions (to the left) which would not be 
acceptable, and regions (to the right} which would be acceptable. 

The approach was discussed briefly, and Dr. McKee agreed that the 
1 to 5 numbers might be improved upon. 

Dr. Okrent suggested that large reactors be required to protect 
against accidents differently depending on location. He was not 
necessarily proposing this, but felt the Committee had been: tend
ing in this direction. The following table is illustrative of 
this approach: 

Reactor 
Location 

City 

Suburban 

&ural 

Remote 

Protection Against 
Pressure Vessel 
Failure Modes 

All 

Longitudinal 

High Quality 

Containment 
Design 

Double 

.. 

Single, but 
specially 
conservative 
& testable 

Engineered Chemical 
Safeguards Reactions 

Extra diesel Zr-R2o 
up to 
Zr02 
melting 
temp. 

Dr. Okrent noted that ~all ship reactors in cities could be provided 
for in such an approach. 

There was some discussion of what is city, suburban, etc. Dr. Okrent 
regarded Indian Point as suburban. A suburban reactor with a poor 
environmental factor could be" shifted. ther.by to. the . city ··catego'l:'y. 

Dr. Okrent felt that the ACRS could recommend such an approach as 
being "prudent" and so tell the nuclear community. There was general 
agreement that new ideas should not be precluded by any such criteria. 

For city reactors, the plant would have to meet the most stringent 
criteria in each category •. Protection against ~11 accidents would 
constitute an additional column. 

- s -
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Dr. Hanauer asked about use in cities of safeguards equipment never 
built before. He felt that the learning must be dane by putting these 
things on reactors not in cities. Dr. Okrent agreed and felt that the 
novel aspects should be resolved and the workability of the engineered 

• safeguards demonstrated prior to the city reactor construction permit. 

Dr. Okrent pointed out one avenue as being AEC support to build a city 
reactor not in a city. Dr. Hanauer felt that a utility such as Con 
Ed should support this. Mr. Fraley noted that some utilities think 
they have been doing this with the engineered safeguards on plants 
now being built. Since plants rarely fail and give the safeguards 
a chance to prove themselves, however, the safeguards must be tested 
in a safety research program. Little of this is now being done. 
(CSE will do some of it.) · 

Mr. Fraley suggested that a site be considered rural if no evacuation 
is required; suburban if evacuation is counted on; and city if it is 
impossible to evacuate. Dr. Okrent felt that Joli~t and La Grange, 
Illinois had to be considered cities. 

There was brief dis~ussion of the dollarrcost of an extreme accident. 
The $500,million Price-Anderson coverage would cover 10,000 fatalities 
at $50,000 per death. Dr. Okrent felt, however, that with land clean
up costs, etc., 1000 deaths would exceed $500 million. 

4. Should a position be taken on the Boston Edison Weymouth plant loca
tion (Edgar Station): 

(a) on the basis of interim criteria, or 
(b) as an interim policy decision. 

A new containment design will probably be proposed, but the reactor 
vessel head blowing :off will still go through the roof. Mr. Ethering
ton wondered if the ACRS couldn't now say that the head had to be held 
down. Other problems noted were the turbine outside containment and 
off-gas stack releases. Dr. Hanauer also suggested that there comes 
a point when there are too many safeguards that have to work (e.g., 
Indian Point has 3 or 4; clearly 10 is too many). Mr. Palladino was 
inclined to vote no for the Boston Edison proposal at that location, 
while not ruling out the site for a design with real good containment, 
missile protection, etc. External missiles were also suggested as a 
problem, but Dr. Okrent felt that enough concrete might be provided 
to protect against an airplane crashing in. 

5. Should the Staff be invited to discuss the Committee position or to 
implement its recommended actions? 

It was agreed to ask the Staff for its present position on metropoli
tan siting. 
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' Should the Committee make a determined effort to develop at least an 
interim position? 

It was pointed out that the ACRS now has no city reactor case before 
• it, but also that Boston Edison was coming in and that the California 

Department of Water Resources Oxnard site (300,000 pop. in 10 miles) 
would be in for ACRS comment in June. Dr. Okrent felt that implementa
tion of the ACRS pressure vessel letter was involved. He also thought 
that the ACRS should develop its own standards on what it will expect 
of suburban and city reactors. He did not want to wait for Boston 
Edison to start thinking about this, although he believed it might 
not be resolved until then. 

It was agreed that Mr. Etherington's memorandum should be distributed 
to the full ACRS. For discussion with the full Committee the next 
day, both man-rem and number of fatalities approaches were suggested. 
The approaches suggested by Dr. McKee and Dr. Okrent were to be 
summarized and disc~ssed with the full Committee. 

, 

***** 
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DR.AFT MINUTES 
OF 

REACTOR DESIGN AND OPERATING CRITERIA 
SUBCOMMITTEE MEETING 

ON JUNE 3, 1966 

Purpose: 

This meeting was to discuss the development of guides or criteria for the 
siting of metropolitan reactors. 

Attendees: 

H. E .. berington 
D. Okrent 
S. H. Bush 
s. H. Hanauer 
H. 0. Mor.son 
W. K. Ergen, Consultant 
R. F. Fraley, Staff 

Discussion: 

Division of Reactor Development and Tech. 

G. Wensch 

.. 
Regulatory Staff 

C. K. Beck 
P. Morris 

Mr. Etherington noted that several documents related to this meeting have 
been di$tributed by the ACRS Office. 
These are as follows: 

(a) WASH-3 (Rev.) Summary Report of Reactor Safeguards Committee, 
dated March 30, 1960 (distributed to ACRS Members by R. F. 
Fraley Memo dated May 20, 1966). 

(b) Draft notes prepared for site criteria Sub-committee meeting • 
F. Gifford, February 16, 1959 (distributed to all ACRS Members 
by R. F. Fraley Memo dated May 31, 1966). 

(c) BNL-10137 Site Selection in Relation to Engineered Safe-
guards. An American View (H. Kout& paper distributed by 
R. F. Fraley Memo dated May 19, 1966). 
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BNL-10138 - Research for Reactor Safety in the United States 
(H. Kouts paper distributed by R. F. Fraley Memo dated May 19, 
1966) • 

Memo to File of DRL Meeting with General Electric on May 22, 1963, 
Concerning Accident Evaluation Methods (distributed by R. F. Fraley 
Memo dated May 24, 1966). 

(f) Agenda for June 3, 1966 meeting on Metropolitan Locations for 
Power Reactors by H. Etherington (distributed by R. F. Fraley 
Memo dated May 19, 1966). 

(g) Memo from J. E. MCKee to Harold Etherington, dated May 7, 1966, 
Subject: Qualification of Criteria for Reactors near Big Cities 
(distributed by R. F. Fraley Memo dated May 19, 1966). 

(h) R. H. Wilcox Site Comparison Curves for major U. s. Power Reactors 
(distri~uted by R. H. Wilcox Memo dated May 18, 1966). 

(i) Summary of discussions at the 73rd ACRs Meeting on Criteria for 
Location of Reactors in Cities (distributed by R. H. Wilcox Memo 
dated May 13, 1966). 

The discussion at this meeting followed the outline of Item (f) above. 

The attached comments, provided by Dr. W. K. Ergen, were distributed. 

I. Normal Effluents and Releases uo to the MCA 

Mr. Etherington noted that a question has been raised as to whether 
or not Part 20 limits are restrictive enough when very large numbers 
of people are exposed to the routine reteases involved. 

Dr. Ergen explained that the recommendations of the International 
Commisoion on Radiation Protection (ICRP) allowed higher doses to 
"neighbors" of reactors and to the "group most affected!' than the 
population at large. A definition of these groups and/or the 
limiting number of people involved in these groups is not specified 
however. 

Dr. Okrent suggested that an additional question is whether or not 
a plant should be permitted to design up to the limits of lOCFR 
Part 20 for normal operation. It appears that the ICRP intended 
that lower figures be used as the design basis for normal operation. 
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DT. Hanauer also noted that a set of limits might be considered for 
the class of abnormal situations between normal operations and the 
MCA (e.g., accident situations which have a much higher probability 
than the MCA). Be noted that it is now only necessary for a~ 

• applicant to demonstrate that the Tesulting doses are less than the 
MCA. Dr. Ergen suggested that these smaller accidents are the 
financial responsibility of the operators and prevention should, 
therefore, be left to them. He proposed that the ACBS might concen
tTate on those accidents with consequences greater than $74 million 
dollars since these ·are the financial responsibilities of the Govern
ment. 

Dr. Okrent noted, however, that in its draft report of MaTch 1965 on 
metropolitan sitir.g of reactors the Committee expressed its concern 
regarding the small as well as the large accident for city sites. 

Conclusion: 

It was agreed that additional clarification should be sought of the num· 
ber of people to which ICRP standards apply. the Subcommittee concluded 
that this should be an assignment for the Environmental Subcommittee. 

Dr. Okrent proposed that no action be taken to establish dose ltmits for 
the intermediate-size, more probable accidents but that the Committee 
should continue to give attention to this class of accidents on a case
by-case basis and be more restrictive for those reactors located close 
to population centers. This sug~estion was endorsed by the Subcommittee. 

II. Examination of the Extreme Acci.dei'I.t and Its Consequences 

Mr. Etherington noted that very bad reactor accidents (e.g., uncon
tained acc.idents of the WASH-740 type) can result in higher doses 
than lCGFR Part 100 limits. He suggested that the ACBS should 
establish an acceptable limit for the consequences of this type 
ae·:ident. ten thousanti (10,000) fatalities was discussed as a 
po.is ible limit. 

Dr. Ergen suggested that the reactor industry has come of age and 
the hazards should be considered in light of the hazards represented 
by other competing industries. For example, if one becomes too 
restrictive in safeguards requirements for reactors it vill force 
ccnstruction of other types of power producers such as dams. Since 
dams do fail occasionally with resulting casualties one has accom
plished little in overall safety. 

Subcommittee members questioned that reactors have come of age, how
ever, and proposed a study to determine what public reaction might 
be from a major reactor accident. 
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Dr. Bush noted that the timing of this accident would have a major 
effect on the public reaction. For example, an accident in the 
first year would have a much more serious effect than the same acci· 
dent if it occurred inthe l,OOOth year. There was also discussion 
of the effects that Irequency vs. consequences might have. It seemed 
generally agreed that infrequent but serious accidents would have a 
more adverse.effect than frequent but less serious accidents. 

There was considerable discussion of the consequences (e.g., no. of 
fatalities, man-rem) which the ACRS should consider acceptable vs. 
the probability of such an accident. It was also suggested that 
additional information is needed concerning the effect of the site 
location on the con:;equences of an accident of tnis type. For 
example, does a metropolitan site really make a difference for an 
accident of this magnitude. It has been proposed on several 
occasions that the site, especially when city distances of 20-30 
mil~s, are involved,makes little difference in the consequences of 
a severe accident; although the probabilities may be changed some
what by the wind rose, etc. Dr. Okrent suggested that some thought 
should be given to the development of a nation-wide evacuation plan 
fer reactors similiar to tha4 and perha?s associated with the plan, 
for civil defense. 

Dr. Okrent described the British system wherein the engineers 
assign appropriate probabilities to the various accidents considered 
and the hazards evaluators then decide if these probabilities and 
the related consequences are acceptable from a national risk stand
point. 

Dr. Ergen suggested, however, that there is a lower l~it which can 
be assigned to a catastrophic a~cident •hich would preclude reactors 
from cities unless one were willing to a:cept some serious consequences 
or the possibility of evacuation. This lower l~it on probability 
would be determined by the lack of 1001 assurance that engineered safe
guards would function as designed when.needed. Dr. Okrent maintained 
that credit must be gi~en for the operating experience of proven reactor 
d£signi and for proven engineered safeguards. If this is not done and 
one postulatea enough pess~istic assumptions ff!lery major reactor in the 
in the country would kill mo~e than 10,000 people if a serious accident 
occurred. Dr. Okre:nt suggested that the ACRS should insist on improved 
component quality, better evacuation plans, etc. as reactors move closer 
an3 closer to cities. 

Cone 1 us ion: 

The Subcommittee was unable to reach a decision on the number of fatalities 
which can be accepted from a serious reactor accident and how this might be 
adjusted for the frequen~y of accidents vs. the consequences. 
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It was agreed that this is a very basic. question whi~h must be resolved 
by the Full Committee. 

Dr. Ergen was to develop additional information concerning the·ability to 
~evacuate heavily populated areas. 

II.l. Tentative Model for Estimating Consequences 

It was noted that a model is needed for evaluating the consequences 
of a serious reactor accident. For instance, recent BNL work 
indicated that it is the intestinal dose that is l~iting rather 
than the thyroid or whole body doses when lethal effects are con
sidered. Dr. Ergen also suggested that evacuation can be used to 
counteract the effects of poor diffusion conditions if one is 
willing to take credit for it. 

Conclusion: 

It was agreed that Dr. Ergen should work up an appropriate model for use 
by the ACRS . ~ 

II.3. Possible Causes of the Extreme Accident 

Sabotage, plant deterioration and/or sloppy operation and exposure of 
components to conditions beyond design limits were suggested as possi
ble causes in addition to those listed in Item (f). 

Presentation by Representatives of ~r, Staff 

G. Wensch and C. Beck described some of the recent BNL work related to 
re-examination of the consequences of a serious reactor accident. 

BNL studies were based on a 3,200 MW(th) reactor of a type s~iliar to a 
typical water power reactor. A Loss-of Coolant Accident was assumed to 
occur and no credit was given for engineered safeguards or phenomena unless 
there is information available to prove they will function. The plant blows 
down and all water is boiled off in about 6 hours. No metal-water reaction 
was considered. The core then melts and fission products are released from 
the fuel. The· core will melt through the pressure vessel and became molten 
in about 10 hours. Calculations indicate that the core from a 3,200 MW(th) 
reactor would melt through the pressure vessel, the concrete of the contain
ment floor and the containment vessel into the earth until enough material 
was involved to dissipate its heat. For a 1,000 MW(th) re4ctor the core 
may actually solidify before it melts through the containment if enough 
foreign material is incorporated to increase its heat transfer character
istics. 
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' I In any event, fission products will es:ape from the molten mass until all of 

the significant isotopes are released (10-12 boura). 

The rare earths and alkaline earths are released slowly but the volatile 
ox~des (ruthenium, molybdenum, and·techn£tium), cesium and the other more 
volatile isotopes are evolved more rapialy. 

All isotopes were considered by BNL except for the very short and long 
lived isotopes and the very low yield fission products. A table of the 
isotopes considered is included in the attached handout (Attachment 4). The 
release rates were based on experimental data from irradiated uranium oxide 
fuel which was melted in a steam-air atmosphere. A reduction factor might 
exist for relea$e rates from a large mass of molten material but since no 
data exists other than for small samples these data were used. 

Plating-out of fission products may occur inside the biological shield 
but since the fission product heat would probably revaporize it, no 
reduction fa=tor was taken for plate-out. Once the fission gases pass out 
into the larger cooler air mass of the containment they ·are transformed to 
aerosals by cooling and agglomeration so that plate-out would not occur in 
this area either. II 

Doses to the intestine, whole body and lung we~e then calculated based on 
the assumption that all of the fission products released inside the con
tainment were breathed by an individual with no credit for atmospheric 
diffusion, decay in transit, fall-out~ etc. 

Dr. Okrent noted that some work had also been done by BNL to take into 
account the effects of diffusion, etc. on a recipient some distance from 
the reactor. Dr. Wensch agreed that some preliminary work had been done 
by BNL in this area and a@reed to che'k to deter-mine what information is 
available for use by the Committee. Dr. Beck suggested that if the ACRS 
desires that a report be prepared on this topic, the Committee should . 
request it formally from the Commission since BNL is not committed to do 
any additional work on this subject. He noted that the conclusions from 
the BNL study are contained in letters from CHairman Seaborg to Represent
ative C. E~lif.ield and from Commissioner Palfrey to Mr. David E. Pesonen. 
Copies were distributed ~d are attached. 

Biological effects are based on the chemical forms which would exist as 
the fission products woulJ evolve from U02 fuel in a steam-air atmosphere. 
Distribution in the body ia based on inhalation with no ingestion except 
as coughed up from the lung and swallowed. Strontium is not a significant 
contributor since it is not vaporized from the molten fuel to any degree. 
Plutonium was included as an isotope which would be produced in a low 
enrichment uranium fuel. 
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It was noted that a lethal dose to the intestine was ~onsidered to be 
1,200 rem by BNL. The lethal dose to the lung is 3,000~4,000 rem. 

A .copy of the draft BNL report which describes the fission produ~t release 
model, etc. was distributed and is attached (Attachment 4). 

Dr. Wensch noted that additional data might be developed as part of the 
safety research program to better define the release of fission products 
from large masses of molten fuel, agglomeration behavior of fission pro
ducts after release from the fuel. 

Executh·e Ses;!ion: 

Dr. Okrent noted that much of the work outlined at this meeting would 
take considerable time to develop and suggested that the Committee needs 
to continue work on a set of guides that can be applied in the ~ future 
to the evaluation of reactor proposals. lie proposed that continued effort 
be direct.ed to the de..velopment of a table similiar to that discussed at 
the 73rd meeting which wvuld identify the design and safeguard requirements 
for reactors at different sites. 

Dr. Hanauer noted that the ACRS has yet to decide what is a metropolitan 
site. 

Dr. Okrent also noted that visits of nuclear merchant ships to heavily 
populated ports is a problem that will have to be evaluated in the near 
future. 

Attachments: 

l. ACRS Subcommittee en Reactor Design and Operating Criteria, June 3, 
1966 Meeti.ng on ME:tropolitan Locations for Power Reactors, Comments 
by W. K. Ergen on the Points on H. Etherington Agenda. 

2. Letter from Chairman G. T. Seaborg to P~~crable Chet Holifield, 
dated June 18, 196.5. 

3. Letter from Commis$ioner John G. Palfrey to Mr. Da~id E. Pesonen, 
dated October 8, 19n5. 

4. Draft report entitled Exposure Potentials an~ Criteria for Estimat· 
ing the Cost of Major Reactor Accidents by A. J. Court. F. P. Cowan, 
K. Downes, J. B. H. Kuper. 

* * * 
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May S-7, 1966- 73rd ACRS Meeting- Large Accident Hazards 

Mr. Downes and Miss Court, Brookhaven National Laboratory (BNL), 
joined the Committee to comment on the report entitled "Exposure 
Potential and Criteria for Estimating the Cost of Major Reactor 
Accidents 11

• Mr. Price, Dr. Morris and Dr. Beck also joined 
this session. The study was originally motivated by an 
interest in economics for insurance purposes. Extensive com
puter codes were arranged to assess the hazards from the many 
isotopes (55 fission products were assumed) which might be 
re 1 eased from a very 1 a rge rE,actor accident. Both vo 1 at i 1 e 
and non-volatile fission products were considered. Many 
parameters, e.g., meteorology, population, biological effects, 
were factored into the code. 

The radiation exposure to the lower large intestine, perhaps 
a 1000 rem, from ingested fission products was found to be con
trolling as far as fatalities were concerned. The external 
dose, e.g., from a cloud, might be only 100 rerns and hence 
less important. Iodine was not considered controlling for 
such a large accident, because thyroid loss can be compensated 
for by medicines or surgery. Dr. Bush said that any alpha 
emitter would have no effect in the intestinal tract unless 
there were bleeding ulcers. 

The reactor accident of the study was somewhat different than 
what the Committee normally assumes; the containment was assumed 
to have a large (few square meters) leak. Of course, if the 
reactor containment holds, there is no hazard to the public. 
Even with a sizeable fission product release, enough nor.
volatile materials, such as strontium and the rare earths, 
would be left to keep the fuel molten; with no core cooling, 
melting through the bottom of the reactor appears likely if the 
power level is as high as 100-1000 MW(e}. If fuel is beyond 
a few montns in age, the fission product content doesn't 
change very much, and fuel a few years old was assumed. Fission 
products from such large power reactors was shown by the model 
to spread widely in an accident. A Gaussian probability dis
tribution of the fission products in the plume and a uniform 
population was assumed to vary exponentially radially. With 
a two mile per hour wind, fatalities might extend to thirty 
miles. 

Dr. Beck considered the BNL accident analysis techniques as 
needing much more editing before publication is possible. He 
doesn't wcmt the cone 1 us ions written down. A paper on the 
meteorology aspects of the codes is now ready for a journal; 
these have already been used for a Savannah River plant analysis. 
The staff time of the BNL group is limited, and the AEC has 
not asked for a concluding report. The BNL group does not 
wish the chore of preparing a final report; the effort appears 
to be a large one and is not considered as fruitful as other 
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BNL projects, e.g., building reactors. Only two BNL individuals 
have had much contact with this accident study. 

Dr. Hanauer and Dr. Okrent expressed a desire for conclusions, 
but Dr. Beck would promise only to have a methods report 
pr~pared. Dr. Beck said that this accident study information 
is being transmitted to the Joint Committee on Atomic Energy 
(JCAE); the Regulatory Staff will further explore the results 
of the study. 

This appears to be the first unequivocal statement by the Regulatory Staff to 
the effect that containment failure was inexorably associated with core melt 
in large LWR's, although possible allusions to this important conclusion are 
to be found in the minutes of the May 4 Subcommittee meeting. 
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2.9 THE CHINA SYNDROME - Part 1 

It is clear from the records that at its 74th meeting, June 8-11, 1966, 
the ACRS first arrived at the conclusion that full scale core melting 
must be correlated with a loss of containment integrity; also, that 
the reactor as proposed for Dresden 3 was not acceptable, and that the 
same would apply to Indian Point 2. Just when the fact that contain-
ment failure would be a consequence of the full meltdown of the core of 
a large light water reactor became evident to various individuals or 
groups is not so clear. In 1963, when large reactors such as the 
Ravenswood reactor, the San Onofre reactor, the Connecticut Yankee re
actor, and the possible reactor in the County of Los Angeles were all 
being proposed, there was no mention in any of the available review 
material for these reactors of the possible· connection between full scale 
core meltdown and a loss of containment integrity. This was despite the 
fact that the generalized accident (or maximum credible accident), which 
served as the basis for evaluating the acceptability of containment de
sign and of engineered safety features intended to limit the release of 
fission products, assumed full scale core melt and the release of the bulk 
of the volatile and gaseous fission products to the containment building. 

In 1963, the LOFT experimental program was initiated by the AEC. In this 
safety research program it was proposed to build a 50 MWt reactor at the 
National Reactor Testing Station in Idaho, run it at power for a period 
of time sufficient to build up a sizeable fission product invento~, and 
then deliberately incur a loss of coolant accident which wc~ld lead to 
full scale melting of the core, in order to provide a large scale experi
mental basis for describing the course of migration of fission products 
from the fuel to the containment building, and from the containment build
ing out into the environment. 

At its November, 1963 meeting, the ACRS wrote a letter concerning the AEC 
safety research program in which it said: 

The Committee believes it is of primary importance to detennine 
to what extent engineered safeguards can be relied on in relax
ing reactor site restrictions. In the light of present knowledge, 
it seems unlikely that general principles will render incredible 
the possibility that high power nuclear reactors can have large 
power excursions, or that they can have substantial core melt
down. Therefore, it must be expected that the safety analysis 
for locating and designing nuclear reactors will continue to 
assume such accidents to be possible, even if only remotely so. 

The letter went on to rule out accidents resembling nuclear weapons, and 
to emphasize that primary attention will have to be given to potential re
lease of fission products to the environment, e.g., from the fuel to the 
reactor vessel to the containment, and finally release to the environment. 
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In this letter the ACRS supported a program on fission product release and 
transport, but gave only lukewarm support to the large scale test in LOFT 
since it was .. not expected to contribute significantly to basic understand
ing of the phenomena mentioned above ... 

In any event, this letter supports a supposition that in November, 1963 
the ACRS did not correlate large scale core melt directly with a loss in 
containment integrity for the LwR•s then under review. 

Similarly, the minutes of the construction permit review for the San Onofre 1 
reactor in 1963 discuss the applicant•s proposal to assume an assumption that 
only 6% of the core melts, thereby reducing the assumed fission product re
lease to the containment, and enabling Part 100 to be met at the site boun
dary with the assumed containment leak rate. The assumption of 6% core melt 
was not made because large scale melting of the core would, in fact, lead 
to a loss of containment integrity, nor was the actual course of events as
sociated with 6% core melt examined at all. 

With the advent of the use of zirconium cladding, instead of stainless steel 
cladding, concern arose for possible zirconium-water reactions in light 
water reactors as a consequence of the postulated core meltdown. At that 
time it seemed plausible that differences in containment design might be 
required, because of the probability of a more complete chemical reaction 
and much more heat being associated with the zirconium-water reaction than 
with the stainless steel-water reaction. 

The AEC Regulatory Staff held a symposium (AEC, 1965) on possible zirconium
water reactions in water reactors, chaired by Clifford Beck, Deputy Director 
of Regulation, in Germantown, Maryland on April 29, 1965. In his introduc
tory remarks at the symposium, Dr. Beck pointed out that, as part of the 
licensing process, the Regulatory Staff had analyzed and evaluated the safety 
aspects of water reactors containing substantial amounts of zirconium in 
the core. But now the Staff was faced with the possibility of having to re
view a large number of water reactors whose fuel would be clad with zirconium. 
This would increase the possibility of a zirconium-water reaction with, as 
its consequence, a substantial release of energy and hydrogen, which could 
burn or explode. The Regulatory Staff had to decide if safeguard systems 
must be designed for the above situation. The first speaker, J. Waage, des
cribed the LOFT program in which a core was to be deliberately melted, and 
discussed how the use of zirconium cladding instead of stainless steel clad
ding might affect the course of the experiment. The second speaker, L. Baker, 
discussed various experiments including several intended to measure the rate 
at which zircaloy would interact with a steam environment at temperatures up 
to and including the melting temperature. The speaker for the Westinghouse 
Atomic Power Division, R. Wiesemann, concluded that, if engineering safeguard 
systems worked properly, there would be essentially no Zircaloy-water chemi
cal reaction. He went on to discuss the effects of large scale zirconium
steam reactions, the resultant hydrogen generation, and the potential effects 
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on pressure in the containment. He. arrived at the conclusion that contain
ment integrity could be maintained in the face of substantial zirconium 
water reactions, without alluding to the difficulties that would be associ
ated with any situation wherein the temperatures of the core were so high 
that such large scale Zircaloy-water reaction occurred, namely, that it 
would then be very difficult to assume that the core did not become molten. 
L. Epstein of General Electric gave a talk in which he discussed the 
possible course of events if one assumed a loss of coolant accident with 
no emergency coolant, and concluded that the range of metal-water reaction 
would be limited to about 15 to 20 percent of the total Zircaloy in the 
core. This analysis assumed that the Zircaloy is quenched when it falls 
into cool water below the core melting and subsequent effects including 
more metal-water reaction and containment failure. 

R. L. Doan, then-Director of the AEC Division of Reactor Licensing, com
mented on the problems faced by the Regulato~ Staff with regard to metal
water reactions. The magnitude of the reaction depended upon where the 
break was. There was a great deal of variability in what could happen, 
and he asked the audience what was a reasonable amount of metal-water 
reaction to assume for design of containment. He also asked, was there 
a basis for accepting such a figure, and could the figure be determined by 
analysis or should it be assumed~ Doan expressed the hope that the metal
water reaction experts at the symposium would resolve these problems and 
questions, and advise exactly what conditions containment should be designed 
to withstand. Again, implicit in this discussion is the assumption that the 
core will grossly overheat and yet containment integrity will be maintained. 

Dr. Beck asked the representatives of Westinghouse and General Electric if 
they had considered the situation wherein a loss of coolant accident occur
red, the coolant left the core, no metal-water reaction occurred, and then 
the core spray system functioned late, supplying water to a core which was 
not very hot from decay heat. Beck wondered if this wasn't a more danger
ous situation than if water had not been added by the core spray system at 
all. The reactor operator had the dilemma of letting the core melt by de
cay heat, or due to adding the water and getting a metal-water reaction. 
Levy of General Electric responded that the answer was to design a good 
core cooling system; the best way to prevent the metal-water reaction was 
to keep the fuel rods cool. This meant that one had to design an injection 
system that did the job in all instances. The Wetinghouse representative, 
Wiese1nann, agreed about design to prevent the metal-water reaction; however, 
he stated that the containment design had to be such that even if safe
guards failed, the metal-water reaction could be handled by the contain
ment system. 

For several of the reactors that were reviewed in the period of time before, 
around, or after the April 29, 1965 meeting on metal-water reactions, the 
Regulatory Staff used a figure of 25% of the clad as being involved in 
metal-water reactions, and assumed that the containment had to be designed 
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to accept the energy generated from the reaction itself and the combustion 
of the hydrogen {as it was formed). In a report by the so-called Study 
Group on Metal-Water Reactors in Nuclear Reactors, {Phase 1 report, 1966), 
the summary and conclusions include the following: 11 In the case of large 
power reactors, i.e., of the order of 1,000 MWt, suffcient fission product 
decay heat will be available to not only melt a large percentage of the 
active core but also to melt through a pressure vessel. Such conditions 
are possible whether a metal-water reaction occurs or not, provided ade
quate heat removal systems are not available in the case of a major nuclear 
reactor accident to remove decay heat. (No mention is made of the possible 
continuing downward motion of the molten fuel through the foundation of the 
containment and the loss of containment integrity due to this cause). 

In another conclusion, the Study Group stated that u;n the case of zircon~ 
ium clad cores, the safeguard system to remove heat from the core may be 
effective in limiting the metal-water reaction initiated at the start of 
the accident or within 5 to 10 minutes later. 11 And in another conclusion 
the Study Group states that 11 if one assumes the safeguards systems do not 
function in such a manner as to prevent or limit the possible metal~water 
reactions, such reactions could encompass most of the metal available in 
the core and also produce adequate quantities of hydrogen to result in an 
explosive hydrogen-air mixture in the containment or confinement system.u 
This last conclusion suggests a possible containment failure mode due to 
large scale overheating of the core; however, it is not clear if the Regu
latory Staff ever evaluated this in their licensing review of PWR's at 
that time. There appeared to be no consideration of a corresponding change 
in the approach to containment design. At least, for the PWR's reviewed 
for construction permits in the few months following February 1, 1966, 
namely the Brookwood reactor and Indian Point 2, the Regulatory Staff did 
not assume 100% metal-water reaction. Nor did the ACRS. 

Another source of insight into the timing of the development of thinking 
concerning the relationship between full scale melting of the core of a 
large light water reactor and a correlated loss of containment can be ob
tained from a review of the records of the work performed by Brookhaven 
National Laboratories on a possible revision of WASH-740 {1957). This 
work was initiated by the Atomic Energy Commission at Brookhaven National 
Laboratory in 1964 and was performed under the guidance of a Steering Com
mittee chaired by Dr. Beck of the AEC, and which included in its members, 
w. D. Claus, R. L. Doan, A. P. Kenneke, w. J. McCool, J. McLaughlin, 
u. M. Staebler and F. Western, all of the AEC, and F. Gifford of the 
Weather Bureau and D. Okrent of Argonne National Laboratory. WE shall 
not herein try to examine the details of how decisions were taken on 
what to report concerning the work performed by Brookhaven National 
Laboratory, nor of the controversy which has arisen concerning whether or 
not the Atomic Energy Commission should have released more information in 
1965 when it chose to publish only a very brief summary of the result of 
this work. Rather, we shall look at selected pages in some of the minutes 
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and reports prepared in connection with this work for insight into the 
technical knowledge which was available or at least was portrayed in writ
ing. 

On January 22, 1965, Dr. Beck wrote to the members of the Atomic Industrial 
Forum Safety Committee and sent them a working draft of Chapters 1 and 2 of 
the proposed re-examination of WASH-740 {Theoretical Possibilities and Con
sequences of Major Accidents in Large Nuclear Power Plants). We first quote 
from Page 8 of draft Chapter 2, Mloss of Coolant with Containment.'' 

The Emergency Core Cooling System cannot be made foolproof. It 
must be turned on and must have an adequate water supply in order 
to operate effectively. ·rhus, if one of the major coolant pipes 
fails and the emergency core cooling system also does not per
form adequately, then the fuel element temperature would rise, 
the elements would melt and the fission products would be 
released from the fuel matrix. An aerosol of fission products 
could be swept out of the vessel and into the containment shell 
by convection currents. 

If the containment is effective, that is, if the leakage rate 
is less than or equal to the design leak rate, then the fission 
product aerosol will deposit within the containment shell at the 
rate of 50% per day and will leak out of the system at a very low 
rate. The design criteria for maximum leak rate from the con
tainment system is that the le~kage of fission products result
ing from an accident of this nature will not subject anyone 
beyond the reactor site boundary to more than 25 R to the thyroid.* 
Personnel exposure levels in this region produce essentially no 
damage. Thus, if the containment system is effective, a loss of 
coolant accident in which the emergency core cooling system also 
fails, would result in essentially no damage to the public. 

This statement can be interpreted to mean either that the writer expected it 
was possible that one could melt the core of a large reactor and maintain the 
containment system effective, or that they were treating this as a hYpothetical 
case. However, there is no suggestion in the report that the writers at this 
time expected a correlation between melting of a large core and loss of con
tainment integrity. Again on Page 13 of the same draft, Chapter 2, prepared 
by Brookhaven and forwarded to the Atomic Industrial Forum by Dr. Beck, we 
have, 

If there were an unimpeded path for convection of the air in and 
out of the vessel, then most of the fission product aerosol would 
be dragged out of the vessel. Calculations have shown that the 

*This seems o be an error; 300 R was probably intended. 
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particle size of the aerosol under such conditions would probably 
not exceed 1 micron. At the end of 4 hours the molten fuel will 
have melted its way through the bottom of the pressure vessel 
and quickly will have gotten to a concrete floor. Fission pro
duct afterheat contained within the molten fuel would spa11 the 
concrete until such time that a large enough area for conduction 
of heat to the ground has formed and the fuel solidifies, thus 
terminating any further fission product release. The fission 
product aerosol which was dragged out of the pressure vessel by 
convection currents would enter the containment shell and would 
begin to deposit in the shell at the rate of 50% per day. Since 
the majority of surfaces available for deposition are painted 
surfaces, no one fission product group would be preferentially 
deposited within the shell. 

Here we see mention of attack of the concrete floor of the containment by 
the molten fuel; however, there is no direct implication that the loss of 
containment is expected. And on Page 14 of the same draft report we find 
the following statement. 

Release from Containment 

At this time we would normally expect the containment shell to 
be intact; and the containment spray and/or filter system to be 
effective and to trap most, if not all, of the fission product 
aerosol. 

The containment shell itself is the last of the present day 
safeguards. If the containment system does work, that is, its 
leakage rate is as designated in the hazard summary report, then, 
as has been shown, very small damage to the public will ensue. 
There remains, however, the small but finite probability that 
the containment will be breached by an open door or other 
mechanism. Thus, we must assume that the containment is not 
complete and depend only on the natural deposition mechanisms 
for depletion of fission products from the air. An opening the 
size of a door will have an exhaust time due to wind action 
which is short compared to the fission product deposition time. 
Under these conditions most of the fission products would be 
released to the atmosphere. 

Again there is no direct suggestion that the melting of the core would lead 
to a breach of containment. 
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Another example can be derived from a letter from Dr. Beck to members of 
the Steering Committee, May 14, 1965, which forwarded some possible drafts 
of a report on the new Brookhaven work. Included for consideration was a 
memorandum by K. Downes and A. Court of BNL entitled "Theoretical Conse
quences of Hypothetical Accidents in Large Nuclear Power Plants," dated 
May 5, 1965. On Page 3 of this memorandum it says: 

However, to achieve the purpose of the present study, which 
involves identifying the point at which damages and public 
injury would occur, it is necessary to suppose that all the 
means of assuring safety have failed to function. For instance, 
the emergency cooling system is simply supposed not to operate 
as it should. In addition it must be assumed that some large 
penetration in the reactor containment building is open at the 
time of the accident or that the containment building is 
damaged by a missile from the accident, so that containment is 
violated. At this point, the hypothetical accident would become 
a hazard, and its consequences would be severe. In order to 
identify the point in the spectrum of hypothetical reactor acci
dents where public injury and financial damage would begin, it 
has been necessary to assume that a very improbable event is 
followed by a failure of a complete set of safeguards that are 
engineered to prevent hazards to the public or to reduce these 
hazards. 

Another bit of evidence on the thinking at the time comes from a packet sent 
by Dr. Beck to the members of the Steering Committee on April 21, 1965. The 
packet included a possible draft letter to Representative Holifield, Chairman 
of the Joint Committee on Atomic Energy, which was to review the results of 
Brookhaven's re-evaluation of WASH-740. On Page 3 of the draft letter it 
states: 

The preliminary results of Brookhaven's re-evaluation can be 
summarized by noting that in the first two cases postulated, 
i.e., where the emergency cooling system and/or the containment 
system function as designed and tested, a loss of coolant acci
dent, irrespective of the degree of fuel melting, will not 
result in substantial injury to the public or damage to off
site property. It is only in the highly improbable instance 
where these and all other engineered safeguards failed simul
taneously that a loss of coolant accident could result in a 
public hazard. 

It seems fair to assume that in the spring of 1965, if there were groups or 
individuals who made a direct connection between large scale core melting and 
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a loss of containment integrity, it was not a widely held piece of knowl
edge; it was not a part of the thinking process undergone in the re-review of 
WASH-740; and it was not a part of the information presented to the Atomic 
Energy Commissioners or to the Joint Committee on Atomic Energy in 1965. 

The minutes of a meeting held November 2, 1965 between the Regulatory Staff 
and Consolidated Edison concerning Indian Point 2, reaffirm that contain
ment was considered an independent safeguard at that time. The excerpt 
which follows quotes Or. Ooan, Director of the AEC, Division of Reactor 
Licensing, and Mr. R.A. Wiesemann of Westinghouse. 

Or. Doan indicated that ORL and ACRS would look at the reactor 
system itself to see that meltdown is prevented for all includ
ing the biggest rupture. Then, the containment is out around it 
in order that there be protection even if the otherS fail, and 
metal-water reactions occur. 

Or. Doan indicated that it was no more credible that safeguards 
in the containment work than those in the primary system, but he 
believed that the containment had to be designed to contain 
something. 

Mr. Wiesemann stated that this had been done; that the contain
ment was satisfactory if the safety injection system does not 
work at all. A low head pump will be available with high relia
bility, but this is not being depended on for containment 
integrity. 

In May and June 1966, however, we find statements to the effect that core 
melt in a large light water reactor would indeed lead to a loss of contain
ment integrity. In the mintues of the 73rd ACRS meeting May 5-7, 1966, the 
section on Indian Point 2 says, "Melt through of the containment vessel by 
the molten core might be at 4500 seconds after a loss of coolant accident.• 
There is no further discussion of this point, and the possibility exists 
that it was the pressure vessel which was really referred to. 

Also, in the minutes of the 73rd meeting, Mr. Downes of Brookhaven is quoted 
as pointing out that, "if engineered safeguards don•t work, the containment 
would rupture." The mintues go on: 

•sNL considered a 1000 MWe plant and followed the decay heat, 
which remains near 30 MW for a long period of time. The molten 
U02core would eat its way right through the pressure vessel • 

. ThTs was not so for 100 MW(e) reactor, but there is a cross
over near 200 MWe.• 



The minutes do not indicate any extensive discussion in May, either with 
the Indian Point group or with the Brookhaven group, concerning the possi
ble failure of containment due to core melt. However, such discussion may 
have occurred. 

The minutes of the June 3, 1966 meeting of the ACRS Subcommittee on Reactor 
Design and Operating Criteria, which are completely duplicated at the end 
of the previous section, unequivocally relate core melt to containment fail
ure as part of the description given by Dr. Beck and Dr. Wensch of the re
cent BNL work related to re-examination of the consequences of a serious 
reactor accident. 

So, sometime between the spring of 1965 and June of 1966, both Brookhaven 
and Dr. Beck had reached the conclusion that for the large water reactors, 
full scale core melt would be associated with the loss of containment in
tegrity, at least by melting through the bottom of the containment. Never
theless, there had been no change in the Regulatory Staff approach to the 
acceptance of reactors based on this knowledge, nor was it mentioned as 
part of the safety evaluation issued by the Regulatory Staff for any of 
the reactors reviewed during that time period, namely Dresden 2, Brookwood, 
Millstone Point, Indian Point 2, and Dresden 3. However, Mr. Price and Dr. 
Beck did take a rather negative attitude toward the possibility of reactors 
being constructed at metropolitan sites during this time period. (Indian 
Point was not categorized as such a site by the Staff). 

The minutes of the 73rd ACRS meeting, May 5-7, 1966, also indicate a con
siderable reluctance on the part of Dr. Beck to make available to the ACRS 
detailed results from the Brookhaven work, and it was only under some con
siderable pressure that the presentation was made at the Subcommittee meeting 
held on June 3, 1966. It•s not clear from the minutes why Dr. Beck was re
luctant to have the results of the Brookhaven study made available to the 
ACRS. The overall consequence of a large release of radioactivity, as ob
tained by BNL, were not dissimilar from results that the ACRS was receiving 
from its own studies and from other sources. However, some of the detailed 
information was different, particularly the estimate that the dose to the 
gastro-intestinal tract was lethal when the whole body dose was only 100 
r~. 

The question of core melt and its adverse effect on containment integrity 
finally came to a head as part of the licensing process at the 74th ACRS 
meeting, June 8-11, 1966. The mintues show that there was considerable dis
cussion among the ACRS members concerning the possible ultimate fate of this 
large amount of molten fuel. There were varied opinions ranging from the 
possibility that there was insufficient information available to portend a 
serious safety probl~ to the point of view that fuel melting was an un
analyzed safety probem (which required resolution before proceeding). 
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According to the summary of this meeting prepared on May 27, 1968 by M. 
Libarkin, · 

Several members felt that an important question had been identi
fied regarding the melt-through accident. Others thought that 
a general letter might be appropriate, since the problem was ap
plicable to many plants. Several thought it would not be appro
priate to raise the question on Dresden 3 in view of the Commit
tee•s action in accepting Dresden 2. 

The matter was discussed in detail with Commonwealth Edison, who were apply
ing for a construction permit for the Dresden 3 reactor, and they were ad
vised of the ACRS concern. At the request of Commonwealth Edison, the ACRS 
met with them again on Saturday (which was not usual); at this session Gen
eral Electric presented a preliminary analysis of what might happen in the 
core melt situation for a boiling water reactor. The minutes indicate that 
Commonwealth Edison and General Electric were suggesting that possibly the fuel 
might be retained in the concrete base of the containment, if there were suf
ficient water above the molten fuel to remove a large amount of the heat from 
the fuel by radiation. At the conclusion of the 74th meeting, the ACRS de
cided that more infonnation was needed on the subject of core melt as part 
of the Dresden 3 and Indian Point reviews. 

When we next review what transpired during the summer of 1966, beginning 
in June and ending in October, we shall see that during the first two months 
there was intensive examination by the ACRS, and by Westinghouse and General 
[1ectric, of the possibility of providing engineered safeguards which would 
maintain containment integrity in the presence of large scale core melt for 
the large reactors being considered. We shall see that, of its own, the ACRS 
arrived at the conclusion that it was very difficult at that time to provide 
a solution for coping with core melt for the Indian Point 2 PWR which had a 
large dry containment; and that it was relatively impossible, or nearly so, 
for the Dresden 3 reactor design with its smaller, pressure-suppression-type 
containment. We shall see that the Dresden 3 applicant and its reactor vendor, 
General Electric, presented infonnation in support of the thesis that maintain
ing containment integrity in the face of core meltdown was not feasible for 
their design. 

They did not propose to try to design to cope with core melt; they also be
lieved that their existing emergency core cooling system was adequate to 
prevent core melt in the face of a LOCA. We shall see that Cnsolidated Edi
son and their reactor vendor, Westinghouse, proposed that they could supply 
a structure below the reactor vessel which should be able to hold the molten 
core and keep containment integrity intact. We shall see that the Regulatory 
Staff took the position that each reactor design, as proposed prior to the 
June ACRS meeting, was acceptable, although they acknowledged that some fur
ther study was warranted on both the question of emergency cooling systems 
and on problems associated with core melt. We shall see that a wide range 
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of op1n1ons existed among the members of the ACRS, which eventually arrived 
at a consensus that they could write letters favorable to the construction 
of the Indian Point 2 reactor and the Dresden 3 reactor on the basis of 
greatly improved emergency core cooling systems and much greater emphasis on 
primary system integrity to reduce the probability of a LOCA. We shall see 
that the pressures on the ACRS were indeed very great, and that in the midst 
of this extremely complex discussion, evaluation and review, the AEC publicly 
noticed the beginning of hearings on the Indian Point 2 reactor by the Atomic 
Safety and Licensing Board, despite the fact that the ACRS had previously re
quested that the AEC refrain from doing this before the Committee had com
pleted its review. 

We shall see that the ACRS decision on these two reactors also included the 
writi"ng of a general letter in which the ACRS was to make strong recommenda
tions concerning the rapid development and future implementation of further 
engineered safety features to cope with problems associated with core melt; 
and that this was the basis by which several members agreed to the issuance 
of letters favorable to the construction of Indian Point 2 and Dresden 3. 
Such a letter was prepared by the Committee and submitted for comment to 
the Regulatory Staff who submitted it to the Commissioners themselves. We 
shall see that, at the September, 1966 meeting of the ACRS, the Commissioners 
urged that the Committee, rather than send such a letter, await the report of 
a Task Force that the Commission would establish to study and quickly report 
on problems associated with core melt. And we shall see that the majority 
Committee opinion was to go along with this proposal by the Commissioners 
regarding the recommendation for safeguards to deal with core melt. And 
we shall see that the ACRS did write a safety research letter in October, 
1966, recommending that the safety research program of the Atomic Energy 
Commission strongly emphasize problems associated with phenomena related to 
large scale core melting as well as to improvements in ECCS (but did not 
recommend that new safeguards be developed for possible implementation in, 
say, two years}. 

Under a separate heading we will later discuss the report of the Ergen Task 
Force (or Task Force on Emergency Core Cooling), ACRS reaction to the report, 
and the action, or lack thereof, by the AEC and the industry on the general 
problem of core meltdown in the ensuing months and years. 

It must be recognized that during this same period, there were many other 
reactors being reviewed by the Regulate~ Staff and by the ACRS, and that for 
Indian Point 2 and Dresden 3, there were many other technical questions under 
review in addition to core melt. For example, the acceptability of a posi
tive moderator coefficient and its possible consequences on the postulated 
reactivity accident that could result from ejection of a control rod was dis
cussed for Indian Point 2. Questions were raised concerning the adequacy of 
fire protection at Indian Point 2, and the adequacy of the reliability of 
various systems like the emergency power suplies, etc. 
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Looking back a decade 1 ater, one may we 11 ask, 11 Why was the review proce
dure pushed at so rapid a pace with so serious a question involved?.. And 
11 Why was resolution accepted based on partial information and on general 
criteria?.. It's clear that there was considerable pressure from the in
dustry not to impose further delays on beginning construction of these 
plants, and that in the particular time period, 1965-1966, the AEC Regula
tory Staff was very sensitive to the question of delays arising from the 
regulatory process. Curiously, this was the period during which the time 
between application for a construction permit and issuance of a construc
tion permit was perhaps the shortest it has ever been. 

Also, looking back with the hindsight of another 10 years or so, it is 
clear that the loss of coolant accident was uppermost in the minds of the 
ACRS and the Regulatory Staff as the most probable source of core meltdown. 
They were not ignoring other accident sources, and as time passed, because 
of the clear relation between core melt and the loss of containment integ
rity, all possible sources of core melt began to be searched out, to be 
evaluated, and to be modified, as possible, to reduce the probability that 
any particular source would be an important contributor. ··Nevertheless, the 
emphasis during that period was on the loss of coolant accident, the ade
quacy of the emergency core cooling system, and on means to reduce very 
much the probability of LOCA. 

Now we return to a relatively detailed history of events following the June, 
1966 ACRS meeting. One June 14, 1966 the Regulatory Staff contacted the 
ACRS office to ascertain if the Committee desired that written information 
be submitted by the applicants for Dresden 3 and Indian Point 2 regarding 
the course of a core meltdown accident and the reliability of emergency cool
ing systems. The Regulatory Staff then advised the applicant for each re
actor that neither the ACRS nor the Regulatory Staff was requesting written 
information in regard to the above items. Commonwealth Edison indicated 
that no written information would be submitted regarding Dresden 3. Con
solidated Edison stated that they might provide a limited amount of infor
mation in their third supplement, which was in the process of preparation 
for submission. An Indian Point 2 Subcommittee meeting was held on June 7, 
1966. The mintues of the Subcommittee meeting note that an ACRS member 
called attention to the last paragraph of the 3rd supplement to the Prelim
inary Safety Analysis Report which had recently been filed by the appli
cant. This paragraph states that the cavity below the Indian Point 2 reac
tor pressure vessel will have the capability of preventing breaching of the 
containment by the molten core through the use of the water in the cavity. 

The minutes of the Subcommittee meeting also show that the question of 
whether reactivity transients resulting from the postulated ejection of con
trol rods had been adequately treated and whether the positive moderator 
coefficient proposed for the Indian Point 2 reactor during part of its 
lifetime would lead to an unacceptable effect for reactivity transients. 
(With hindsight, one sees that it is fortunate that this positive moder-
ator coefficient was designed away by Westinghouse, for reasons other than 
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the reactivity transient. When the matter of anticipated transients 
without scram came up some years later, Westinghouse•s detailed analysis 
showed that it needed a negative moderator coefficient in order to cal
culate tolerable consequences). 

The major discussion during the meeting related to consequences of pres
sure vessel failure and to the question of core melt. Mr. Boyd of the 
Regulatory Staff stated that the Staff presently believed that the proposed 
Indian Point 2 plant is an acceptable one. They considered Indian Point 2 
11 to be a suburban reactor. 11 The Staff indicated they did not believe there 
was a significant difference between Indian Point 2 and Dresden 3 regarding 
the consequences of a core meltdown accident and the ultimate fate of the 
molten fuel. Mr. Boyd said he recognized the inconsistency of the Staff•s 
present position that the core will melt, leading to fission product re
lease and metal-water reaction considerations, but that core melt will 
not cause a problem from a loss of containment integrity. 

Westinghouse made a presentation of the heat transfer calculations they had 
made concerning the ability of the reactor vessel itself to hold molten 
fuel; they had concluded that rather large fractions of core (as much as 
60%} could be held in the vessel itself. They went on to present the heat 
transfer analysis of the refractory lined, water-cooled, stainless steel 
core catcher device which they proposed to place below the vessel, in case 
the core melted through the vessel. Westinghouse indicated they believed 
that, if the core melted through the pressure vessel, when the molten fuel 
hit the water located below, there would be rapid chilling and formation of 
solidified uranium oxide. 

The Indian Point 2 Subcommittee emphasized the need to provide adequate in
formation to the full ACRS regarding the core melt-through accident. 

The Westinghouse presentation on their core catcher device did not include 
considerations of the possible generation of large amounts of hydrogen and 
its effect on containment integrity, the possibility of a steam explosion, 
or several other phenomena relevant to the reliability or the effectiveness 
of such a system. 

The Westinghouse presentation on the ability of the containment to withstand 
several modes of gross pressure ~essel failure, including longitudinal split
ting or circumferential rupture of the vessel below the flange, was relatively 
optimistic concerning ability to withstand such failures. Westinghouse also 
classified any such failure modes as being of extremely low probability. 

A Subcommittee meeting on Dresden 3 was held July 7, 1966. Prior to this 
meeting, on June 25, 1966, ACRS member Etherington provided a memorandum to 
other ACRS members giving the results of a very quick and crude analysis he 
had performed on core melt. The insight shown and the long-term validity of 
the general conclusions are a tribute to his ability. The memo is on the 
following pages. 
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ADVISORY COMMit I EE ON REACTOR SAFEGUARDS 
UNITED STATES ATOMIC ENERGY COMMISSION 

WASHINGTON, D.C. 10$15 

June 25, 1966 

ACRS Members .• /) 
/?.'7/.&j.j~ L_.,.... 

R. F. Fraley, Executive SecretarJl"' 
Advisory Committee on Reactor Safeguards 

Subject: BACKGROUND INFORMATION ON DRESDEN 3 
PROVIDED BY H. ETHERINGTON 

' 

The attached.comments have been provided by Mr. Etherington 
as background material for consideration in connection with 
the Dresden 3 emergency core cooling questions raised at 
the 74th ACRS Meeting. 

The applicant will be prepared to discuss the information 
that has been developed at the ACRS Subcommittee meeting on 
July 7. 1966. 

Attached: 

Background information by H. Etherington on Consequences of 
Meltdown, dated 6/22/66. 

~: 

Dr. Dick Duffey 
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CONSEQUENCES OF COMPLEtE MELTDOWN 

The following ball-park numbers and conclusions may serve as background for 
appraisal of the expected analysis of the meltdown accident by the applicant. 

SUMMARY 

The molten fuel will penetrate the bottom of the building and will form a 
liquid pool that will grow for many months by fusion of concrete and earth. 
The "Simplified Spherical Model" gives liquid-pool diameters of 32 ft., 54 ft., 
80 ft. after one day, one week, and one month, respectively. Loss of building 
containment will probably occur both by collapse of parts of the building into 
the pool and by escape through the hole melted in the containment liner. The 
liquid pool may not contribute greatly to the tmmediate airborne activity, but 
the mass would remain as a long-term problem. 

'J:able 1. Decay Heat .. Fraction of Operatina Pqwer CQntermxer-Weills Forprula) 

Time After Shutdown 

Operating 
Time l sec. 1 min. 1 hr. 1 day 1 week 1 mo. 1 yr. s 

1 year 0.0582 0.0390 0.0157 0.0066 0.0033 0.0016 0.00018 

yr. 

2 years 0.0584 0.0393 0.0159 0.0068 0.0035 0.0018 0.00026 0.00003 

Infinite 0.0589 0.0397 0.0164 0.0073 0.0040 0.0023 0.00067 0.00035 

Table 2. ~cay l!lt 'OE Two-Iear i!ROgure at 2600 MWt 
(8.87 x lOg Btu/h~) 

Time After Shutdown 1 sec. 1 hr. 1 dai 1 week 1 mo. 1 !X• 

Beat rate, 106 Btu/hr. 519 141 60 31 

Table 3. Thermal Properties of Materials 

Sensible heat of slag at 3000 F 693(earthy constituents at 2600F) 
+ 180 latent heat+ 120 superheat • 993 (say lOOO)Btu/lb (heats of 
decomposition assumed to equal heat of formation of slag) 

16 

Mean specific heat of earthy mixtures (70 to 2600 F): c-<l.275 Btu/lb 

2.3 

Mean conductivity of compacted earth (70 to 2600 F): k•l.S Btu/ft.-hr.°F (con
servatively high) 
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Table 3 continued 

Density of compacted earth: 3 

Mean diffusivity: 
96 lb./ft. 2 

1.5/(96 x 0.275) • 0.057 ft. /hr. 

SIMPLIFIED SPHERICAL MODEL 

The Model. A spherical homogeneous molten source at 3,000 F is surrounded by 
earth. The source grows by fusion of surrounding material and incorporation of 
the melted material into the source. ' 

Summary of Conclusions. The molten source grows, rapidly at first and then more 
slowly (Lines 1 and 4 of Table 4) -- a diameter of 54 ft. is reached in one week. 
Growth continues for many months until conduction into the earth stops further 
melting and the sphere starts to freeze very slowly as the decay heat diminishes. 

Source Growth Assuming No Heat Removal by Conduction. Assume infinite exposure 
in the reactor, and adapt the Way-Wigner formula: 

Decay fraction • 0.0622 t-0.2 
• 0.0121 t•0.2 

Rate of decay heat generation: 

• 0.0121 X 8.87 X 109 t-0.2 • 107 X 106 
dr 

107 X 106 t•0 •2 • 4 1T r 2 dt S e 
where r • radius of melted source 

(t in seconds) 
(t in hours) 

S • sensible heat of fused earth at 3,000 F • 1,000 Btu/lb. 

(' • density of packed earth • 96 lb./ft. 3 

Integrating: r3 • 334 t0.8 + C 

The constant C should be determined from analysis of the meltdown and melt-through. 
This analysis has been evaded by assuming a point source at shutdown, i.e., C • 0. 
After the first day or so the starting condition probably becomes unimportant. 

r • 6.94 t0.267 

Table 4 gives the radius r and the rate of growth dr/dt as a function of time 
(Lines 2 and 3) . 

Beat Conduction Into the Ground, Steady State Condition. 

8' • -k 4 7T p2 # 
where: p • radius of any shell in unmelted ground, ft. 

• total heat flow at radius p, Btu/hr. 
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k • conductivity, 1.5 Btu/ft.•hr.·Of ·· 

Boundary conditions: At p• &!:> , 8 • 0; at p • r, 9 • 3,000 F 

q' • 0.0565 x 106 r Btu/hr. 

Aa shown on Line 4 of Table 4, heat conduction is negligible when the source 
is small, but eventually becomes equal to the heat source and prevents further 
melting. 

8eat Stored In Ground. Melting is retarded by beat absorbed in raising the 
temperature of the ground. For a sphere at 3,000 F suddenly buried in cold 
packed earth, the average beat penetration for the first six hours has been 
calculated by the Schmidt graphical method to be 7,500 Btu/ft2 hr. The aver
age heat absorption ~· for the source over the first six hours is given in 
Line 5 of Table 4. 

These numbers are not to be compared directly with the heat source strength, 
because: 

2 

3 

4 

5 

Note: 

(1) new sources are not repeatedly inserted, 

(2) the rate of heat penetration decreases asymptotically 
with time to the steady state conduction rate, and 

(3) part of the beat is recovered in melting. The numbers are, 
however, large enough to suggest that the source radius will 
grow more slowly than indicated in Line 2. 

Table 4. The Spherical MOdel 

Time - l2 hr. li ,U 1 wk. 1 mo • 3 mo • .!....u:.· 
Rate of heat generation, 65 53 49 38 29 23 17 x l06atu/hr. 

Sphere radius, r 13.5 16 19.5 27 40 56 78 ft. 

Growth rate, dr/dt .30 .18 .11 .043 .015 .006 • 0024 ft./hr . 

Rate of heat conduction, .76 .92 l.l 1.5 2.3 3.2 4.4 x 106 Btu/hr 

llate of heate storage, 17 25 36 70 153 294 577 x 106 Btu/hr 

(1) The Way-Wigner formula gives much higher values (Line 1} than the Unter-
myer-Weills formula for times over one week. 

(2) 1 month • 30 days. 
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llADIATION MODEL 

The Model. The fuel melts down into the 20 ft. diameter well under the pressure 
vessel. The fuel is retained in the well and all of the decay heat is radiated 
to the water cooled cavity above. For 724 assemblies, each containing 492.7 lb., 
the pool depth is 1.82 ft. 

Summary of Conclusions. From the·analysis and considerations under the heading 
''Probable Behavior", it is concluded that radiation cannot be relied on as a 
dominant factor in heat removal. 

Radiating Capacity of Surface. Table 5 and Line 1 of Table 4 show that, if 
the surface remained clear, the pool could, with a reasonable combination of 
emissivity and geometry, radiate all the decay heat at a temperature around 
4,000 F. The model is, however, shown under the heading 1'Probable Condition" 
to be unrealistic in other respects and should be discarded as a mechanism for 
complete heat removal. 

Table 5. Radiation From Pool Surface 

Temperature 3000 F 4000 F 5000 F 

Black-body radiation per sq. ft. 0.245 0.66 1.52 x 106 Btu/ft2-hr. 

Black-body radiation from 20 ft. diam. pool 77 207 
6 • 

478 x 10 Btu/hr. 

Condition of Pool. The high rate of heat transfer requires that the surface remain 
clear and free from solid surface crusts o~ substantial thickness. For example, at 
the 1~ hr. rate of heat release of 65 x 10 Btu/hr. (Table 4), a surface temperature 
of 4000 F, a source melting point of 4500 F, and a crust conductivity of 10 Btu/ft.· 
hr~F, the crust thickness is given by 

A - lt.At/(q/A),- 0.025 ft. 

The pool must therefore remain molten, except that a very thin surface skin will 
form when the melting point is above 4000 F. 

The rapid convection that is characteristic of high-temperature liquid pools will 
probably be effective in transferring heat from the source interior to the surface. 
On the other hand, layers of slag or iron on the surface will strongly reduce heat 
flow by resistance to conduction and interface convection. 

PROBABLE BEHAVIOR 

The spherical model is modified by geometric asymmetry in the vertical axis and the 
behavior of a molten material in a non-refractory hearth. 
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lrosiop and Melting of Foupdations and Barth. Compacted earth baa negligible 
cohesive strength and the melting point is low, e.g., 2500 r. the condition of a 
higher temperature liquid resting on a hearth of such material is highly ~table. 
Not only is the hearth melted progressively by contact with the hot material, but 
it is also disintegrated by intrusion of the melt into fissures, with consequent 
detachment of large lumps which float to the surface of the pqol. If the hearth 
material contains moisture or combined water, generation of steam will make the 
process violent. Concrete and clay-soils both contain combined water (kaolin, 
Al20J· 2Si02 · 2H20, contains 14 per cent water by weight). 

Character of the Melt. It is assumed that the fused uranium oxide will combine 
with the melted earthy materials to form a slag of progressively lower density 
and lower melting point no attempt has been made to verify this assumption 
from phase diagrams. 

Upper Surface of the Melt. The radiation model shows that, initially, the melt 
would have to remain at a very high temperature to permit radiation to be an 
tmportant factor in heat removal. Radiation, therefore, cannot cool the melt 
sufficiently to inhibit hearth disintegration, and temperatures will adjust until 
the heat flow is properly distributed between the two heat sinks. 

Under probable actual conditions, the role of radiation will be further reduced by 
unfavorable surface conditions. The surface would contain floating islands of cool 
material from the bottom and sides of the pool and debris from collapsing super
structures. In the early stages, the heat flow might also be inhibited by a three-
layer condition of the pool liquid fuel at the bottom, floating iron above, and 
zirconium oxide and slag on top; the iron would insolate the slag from the heat 
source until the melt became sufficiently dilute to permit the iron to sink and col
lect in pockets. At tias the pool might be partly bridged over. 

Shape of Pool. the shape of the pool will probably be between the extremes of a 
shallow open pool and a deep pit-like sump. the shallow pool would become an 
effective heat radiator as the diameter increased, but it would also increase the 
probability of building collapse. 

the deep•pit condition is promoted by gravity effects on soil erosion. The deep-
pit condition appears mora probable and less damaging the condition might be 
encour.ged l:f providing a deep wall under the building. 

IILEASI OF FISSION PRODUCTS 

The onus is clearly on the applicant, if this accident is considered feasible, to 
show that containment will be preserved and that there will be no intolerable 
release of fission products from the melt. CQntainment may be breached by one or 
both of two processes partial collapse of the building and escape through 
the foundations or surrounding soil. 



2 .. 192 

Building Collapse. Unless the building ~an retain its integrity with only the 
outer walls supported on foundations, settlement and collapse into the pool of 
interior portions and failure of cooiing systems can be expected within a day 
or two. Release of fission products stored in the primary containment must then 
be assumed. 

Escape Through Foundations. If the pool level were high enough to seal openings 
created by fusion, it could be argued that containment would be maintained. How
ever, there will surely be destruction of the lining just above the liquid level 
and the integrity of the containment would, at best, be questionable. 

The possibility of sealing by fusion is made more remote by shrinkage of earth 
as it melts. The assumed density of the compacted earth is 96 lb./ft.3, whereas 
the density of fused silica and light glasses is 140 lb./ft~. If the latter 
density applies to slag, the porosity of the earth will, therefore, cause a 31.5 
per cent volume contraction on melting more if there is release of combined 
water or carbon dioxide. A cylindrical pool, having the same volume and radius 
as the one-week pool in the spherical model, would be 36 ft. deep based on fusion 
of earth, but (ignoring frothing) the surface would be 11 ft. down from the top 
of the hole. 

Release of Fission Products from the Melt. The hearth will tend to be self-sealing 
by fusion, but high pressure from gas or steam, or from the primary containment, 
might open fissures through which material would be forced to the surface. How
ever, airborne fusion products from the melt have presumably already been allowed 
for in the TID 14844 criteria. 

Slow leaching of fission products by ground water, after the mass has frozen, 
and the feasibility of isolating the mass, remain to be investigated. 
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Among the other sources of information which helped the ACRS to form opin
ions concerning the likelihood of being able to deal in a feasible fashion 
with core meltdown, assuming the current reactor design approach, was a 
set of brief memoranda prepared by Messrs. Hesson, Ivins, Tevebaugh and 
Wilson of Argonne National Laboratory. In these memoranda they discussed 
problems related to steam explosions, hydrogen generation, and the size of 
a core retention structure that might be needed in order to provide suffi
cient heat transfer surface that one would have a rather high likelihood 
of the molten fuel freezing and staying frozen, assuming it fell through 
a hole in the reactor vessel onto s~me kind of special retention structure. 

At the July 7, 1966 Subcommittee meeting on Dresden 3, General Electric pre
sented a detailed analysis of the course of full scale core-melt; containment 
failure was the consequence. Various potential design modifications intended 
to enable the containment to maintain its integrity were discussed. These 
included a fire brick lining; cooling coils in the concrete; a thick, cooled 
steel plate; increased containment volume, etc. General Electric felt that 
none of these could be adequately engineered; they saw the answer in preven
tion of melting rather than holding the molten material. 

In executive session, several ACRS members were pessimistic about the possi
bility of containing a core melt. Some members apparently felt that the ACRS 
should proceed with Dresden 3 on the basis that melt-through is not credible. 
Some felt that improving core cooling was a proper solution, and other mem
bers felt that more study might produce workable ideas of containing the 
molten core. General Electric was asked to give further consideration to 
ways of containing a melted core even if design changes were involved beyond 
those being suggested in Dresden 3. 

On July 7, 1966, the Regulatory Staff issued Report No. 3 to the ACRS on Indian 
Point 2. At the beginning of this report the Staff notes that Indian Point 2 
has special siting considerations and that the applicant has proposed a con
tainment and engineered safeguard system which the Staff believes to be 
superior to that provided at facilities in less populated areas. The special 
features noted by the Staff are as follows: 

a) The containment is designed to have negligible leakage under the postu
lated maximum credible accident conditions. 

b) Even though negligible leakage is anticipated, two independent means of 
iodine removal within the containment have been provided. These are an 
air filtration system and a containment spray system. 

c) The recirculating water system that is required to provide long-term 
cooling of the core is located inside the containment. This arrange
ment is provided so that it will not be necessary to pump radioactive 
liquids outside the containment after the maximum credible accident 
unless both internal pumps fail. 
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d) Three dies~l generator~ ~re proposed for onsite power; two are required 
for operat1?n of the m1n1mum safeguards required to preclude containment 
overpressur1zat1on and core meltdown after an MCA. 

On ~age 41 of the Staff report, just before the conclusion the Staff has a 
top1c called9 •rtems Requiring Futher Study .. which is repr~duced below to-
gether with the conclusions. ' 

Items Requiring Further Study 

Specifically as a result of our review of this facility and 
generally because of our continuing review of pressurized water 
reactors, a number of problem areas have been identified. Many 
of these have been mentioned in the body of this report. We 
intend to keep the items listed below in mind as we continue our 
review of the Indian Point II facility and of pressurized water 
reactors submitted for subsequent licensing action. 

1. Adequacy of diesel generator capacity. 
2. Design of seal water system. 
3. Consequenc~s and causes of reactor vessel rupture. 
4. Melting of core through reactor vessel. 
5. Stresses in containment liner. 
6. Applicability of RCC ejection point kinetics model. 
7. Adequacy of air recirculation system. 

a. Flow rates under accident conditions. 
b. Back flow. 
c. Demister. 
d. Design of filters and charcoal beds. 

8. Behavior of hydrogen after an MCA. 

a. Imperfect burning as released. 
b. Subsequent burning potential. 

9. Control rod worth limiter. 

Conclusion 

On the basis of the foregoing safety evaluation of Indian Point 
Unit No. II, we have concluded that there is reasonable assurance 
that the facility can be built and operated at the proposed 
location without undue risk to the health and safety of the 
public. The Staff believes that the resolution of potential 
adverse effects of reactivity transients can be deferred to the 
operating license stage of review. As indicated, the control · 
rod worth and moderator temperature coefficient can be appropi
ately limited if final design of the first core indicates that 
such limitations are necessary. 
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It is not clear how the Regulatory Staff planned to deal with questions 
such as melting of the core through the reactor vessel, or consequences of 
reactor vessel rupture, as part of the continuing review of Indian Point 2. 
Nor is the basis clear in the Staff report for the Staff judgment that a 
construction permit could be issued for Indian Point 2 as then proposed. 

At the 75th meeting, July 13-15, 1966, the ACRS met with both the Dresden 
3 and the Indian Point 2 applicants. A brief summary of these two meetings 
is available from the May 27, 1968 memorandum of Mr. Libarkin. 

Indian Point 2 

Some members felt that the proposal to retain melted core in a 
water-cooled refractory-lined structure in the lower part of 
the pressure vessel cavity was a step in the direction of 
safety. The Committee, however, did not see this as a guarantee 
of retention. It was also noted that Westinghouse's view that 
a molten core could· be retained by cooling the vessel was not 
consistant with G. E.'s view that melt-through was inevitable. 
The Regulatory Staff was noted as preferring steps to retain 
the core in the vessel to a means of holding a molten mass 
underneath. Consolidated Edison proposed three high-head and 
two low-head pumps outside of the containment shell, and two 
additional low-head pumps inside. The proposal for a water
cooled refractory basin below the vessel was repeated. Westing
house pointed out the lack of data in support of·this design 
and added that they were not proposing an experimental program 
to validate it. Primary reliance was being put on core cooling. 

Dresden 3 

Several members favored no more action with respect to protection 
for core melting until consideration of future cases. Action 
on Dresden 3 should not be delayed because of this problem. The 
Committee agreed not to ask for provisions similar to the Indian 
Point 2 core catcher (by a soft vote - 4 in favor of such a 
request, 5 against, 3 abstentions). Although they were not 
opposed to the Consolidated Edison proposal, one member suggested 
that Westinghouse had proposed a core catcher only to get Com-
mittee approval. The Regulatory Staff felt that the low probability 
of core melt-down and a melt-through was so small as to be acceptable. 
General E~ectric described the results of studies made and several 
designs to retain a molten core. They had investigated flooding 
the containment vessel, installing a steel pan with refractory 
liner and cooling coils, a water tank with 1 million cubic gas 
volume, a ceramic pebble bed with the water fluidizing the medium 
for the molten mass and the air cooling. All of the above would 
require major structural changes. General Electric had concluded 
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that the then current containment design could not handle the 
consequences of a melt-down and that all of the concepts proposed 
would fall short of the engineering needs. The basis of design 
must therefore be the prevention of core melting by emergency 
cooling. An ECCS design modification was then proposed by 
General Electric. Either two core spray systems or a core spray 
and a high volume flooding system with redundant components 
would be installed. 

Mr. Libarkin noted that the Committee asked for additional oral information 
on both the cooling and the melt-through accident at the end of the meeting 
with Dresden 3. 

Again to provide insight into the discussion that went on at the July, 1966 
75th meeting, long excerpts from the Committee minutes are given on the 
following pages.* 

*It must be recognized that the minutes do not represent a comprehensive 
{or even an accurate) summary. There were long delays in their preparation 
at that time and they were considered to be less than satisfactory by the 
ACRS .itself. 
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INDIAN POINT II REACTOR 

Executive Session 

75th Meeting 
July 13-15, 1966 

Dr. Palladino reported for the Subcommittee. Improvements in the 
isolation valve system are planned. Over pressurization of the primary 
system might release the pressure vessel head which could impact with the 
crane; steps to resist a longitudinal failure of the pressure vessel were 
recommended by the Subcommittee. However, measures needed to resist such 
failure are uncertain; perhaps locating the vessel so that water would fill 
the surrounding concrete structure following a longitudinal failure and in
directly cool the core would be useful. Much discussion of the core melt
ing accident was had. The Indian Point group is more relaxed over the 
consequences of a molten core. Some of the group believed that the core 
decay heat could be removed by cooling the pressure vessel walls; neverthe
less, this view with a concentrated reactor core is inconsistent with the 
General Electric (GE) assumption that a hole would be melted in the bottom 
of the pressure vessel of the larger core boiling water system. 

Dr. Ergen considered the summary by the ACRS staff of the reactors 
broken down into city, suburban, rural and remote reactors as indicating 
a need for protection against longitudinal failure of pressure vessels for 
metropolitan sites. Dr. Bush recalled that under pneumatic conditions, 
vessels have occasionaly failed in a brittle fashion even when above the 
Nil Ductility Temperature (NOT) if cracks are present; both the Naval 
Research Laboratory (NRL) the British metallurgy groups agree on this. 
According to Mr. Etherington, the late reactors, which are bigger and 
nearer to cities, probably will all have accompaning improved safety 
measures. 

The extension of the performance ·of reactor systems, e.g., higher 
heat transfer rates, and relaxation on acceptable flaw size in vessels, was 
predicted by Dr. Okrent because of economic pressure. The proliferation 
of reactors will probably be accompanied by a standardization in designs, 
according to Dr. O'Kelly. Dr. Hanauer noted that the next reactor at 
Indian Point might be a GE design; he recommended a consistent committee 
position on pressure vessel failure for the General Electric (GE) and 
Westinghouse reactors. The extreme reliability need for the engineered 
safeguards was noted by Dr. Hanauer. 

Dr. Ergen suggested that the controlled release of the hydrogen from 
a core melting accident with the accompanying noble gases would result in 
casualties, but this would prevent a pressure rise which might endanger the 
containment; nevertheless, the applicant would probably not accept this 
fatality hazard. Not much has been done towards the emergency plans for 
this reactor. The position of the Regulatory Staff (RS) regarding a reac
tivity transients is not clear; the consequences of a fire in the control 
room have not been studied. For RS was reported satisfied with the 
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planned containment testing at 47 pst, with a claim that it would be 
satisfactory at 70 psi. 

The proposed arrangement to retain the melted core in a water cooled 
refractory lined structure in the lower part of the pressure vessel cavity 
was viewed as a step in the direction of safety; but the Committee saw this 
as no guarantee of retention. Dr. Monson predicted that a melted core 
would slowly pass through the pressure vessel wall rather than in a large 
mass, but others saw the possibility of a larger portion falling through 
into water underneath. A demonstration of such an arrangement was seen as 
desirable by Dr. Mangelsdorf; nevertheless, any analysis of the results of 
any demonstration would be lengthy. The retention of the molten core in 
the proposed refractory basin was considered by Dr. Ergen as not much 
different than any retention in the soil underneath. The need for studying 
other large reactors with respect to this melting accident was observed by 
Dr. Newson, Dr. Hanauer believed that accident studies by Oak Ridge groups 
indicate that the containments are of less service for accidents with very 
large reactors. 

Regulatory Staff {RS) 

Mr. Case said the plant is an improvement over the Brookwood design. 
Originally the Westinghouse group claimed that adding water to the molten 
core of this reactor would prevent any melting through the vessel. Al
though the containment for this reactor can probably withstand more metal 
water reaction then other designs, the RS considers this probably not 
good enough; to the RS, the core melting accident needs more study. The 
reactivity transient analysis by Westinghouse showed that slightly less 
reactivity additions are acceptable than do the GE analytical models. 
Control rod worths are to be limited by procedures and by devices; calcul
ations on transients are necessary to establish the control rod requirements. 
The possibility of reactor pressure vessel rupture must be faced now. The 
RS is satisfied that the high head safety injection system will limit core 
melting. The RS has recommended improvements for the low head core flood
ing system. Mr. Case commented on the reliability of emergency equipment 
under accident conditions, e.g., in a steam environment. 

Many operator actions are required during any emergencies; loss of 
off site power and fires could lead to such conditions. The circuitry has 
been examined by the RS with respect to fire hazards; no deficiencies have 
yet been found. Fires have occurred in reactor control rooms but no case 
of serious consequence is known. Nevertheless, Dr. Okrent recommended care
ful examination of the circuitry to see that effects of fires would not be 
serious. 

Mr. Case prefers steps to retain any molten core material in the pres
sure vessel rather than rely on other measures to handle the released 
core, e.g., the collection basin for molten fuel underneath the reactor. 
A portion of the wall or pipe of the primary circuit of this reactor 
designed to break at a lower pressure than would the pressure vessel; this 
is to provide a safety release and help assure pressure vessel integrity 
and, hence more assurance of successful core cooling. However, this 
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release scneroe roig~t not protect from a pressure pulse in the vessel itself. 

The possibility of pieces from a disintegrated turbine damaging the 
reactor has not been of much concern to the RS. Mr. Case observed that tur
bine locations are a matter of economics; most are parallel to a tangent to 
the circular containment which might favor turbine parts impacting on the 
containment. Multiple reactors at one site complicates this problem of 
turbine orientation. 

Indian Point II Group 
The redundancy in emergency equipment was described. Three high head 

injection pumps outside the containment have four connections to the reactor 
system. Two low head pumps are inside the container; these are backed by 
two other low head pumps for residual heat. These residual pumps are out
side the containment and have four connections to the primary system. A 
sump in the containment allows these residual pumps to circulate water on 
a long term basis. Automatic activation of the emergency cooling system is 
by three pressure transducers and three liquid level signals; coincidence 
of two out of three of the low pressure or the low level sy~tems is required. 
A primary water charging pump is normally operating, and a second will star 
on a low pressurizer level signal. In addition to this automatic activation, 
manual starting of the system and the components can be done from the control 
room. 

For a pipe severance with a four square foot cross section opening, the 
three high head pumps would provide 1450 gallons per minute with a 10 second 
delay and the two residual head pumps or the two recirculation pumps could 
provide 4800 gallons per minute with the same delay. Under one percent 
zirconium water reaction was assumed to occur for this case. For partial 
power to the emergency system, i.e. the diesel power, one of the high head 
pumps at 650 gallons per minute with a 50 second delay and one residual heat 
pump with 4000 gallons per minute with a 20 second delay would be available. 

The sequence for diesel operation is for loss of power at the 480 volt 
buss; the diesels start automatically and if one should fail its buss, auto
matically connects to that buss which is energized. The emergency equipment 
which can operate from the diesels are two residual heat pumps, two 
recirculation pumps, two container spray pumps, two service water pumps, 
five fans, and two motor control centers. After the level in the refueling 
storage tank is withdrawn from 350,000 gallons to about 30,000 gallons, the 
operator may decide on recirculation and manually terminate the safety in
jection signal; later he would start the one component cooling pump, and 
the third service water pump to add service water to the cooling heat ex
changer. The addition of the 320,000 gallons of water and collection in and 
around the vessel would raise the level to about 4.7 feet over the bottom 
of the core. The top of the sump below the core is about 1 foot above the 
core structure bottom; this should fill soon from the spray to the contain
ment. 

The coolant flow in the core during a loss of coolant accident from a 
break of the hot coolant line was described. Any vapor in the core can 
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move inward and rise. A consultant from the University of Pittsburgh has 
been relied upon for heat transfer correlations to analyze such a two phase 
flow cooling during an accident. The decay energy was considered as that 
following an infinite irradiation time. Appreciable radiative heat trans
fer would occur from the fuel rods to the steam. If a hundred pounds per 
second of steam flows through the core ( which is a fifth of the capacity 
of the low head system) the amount of fuel melting and dropping to the 
bottom of the vessel is predicted to be not more than 20%. Nevertheless, 
Mr. Etherington doubted if the fuel pellets would have much lateral sup
ports from the oxide of the fuel cladding; therefore, collapse of more 
fuel and falling to the vessel bottom seems likely. Some of the steam may 
go into the formation of oxide from the cladding, which would reduce that 
available for core cooling. 

The consequences of a rupture of the cold coolant line to the reactor 
was also given. Sixteen seconds for loss of coolant is estimated with 
addition of emergency water from the high head and the low head systems in 
about 10 seconds, Most of this initial addition of water would be to the 
hot coolant line. About 95 seconds is estimated to fill the vessel to the 
bottom of the core with the steam supplying the water for the zirconium 
reaction. The vessel would be expected to fill to about 2/3 of the height, 
at which time a 3 psi b~ck pressure would react somewhat against the high 
head coolant addition flow. Later the core should cover with no fuel melt
ing and only one percent zirconium water reaction. Recent Harwell data was 
mentioned to indicate that even with temperatures of 500° F. initially, 
water would still flow down the rods with the steam flowing up. 

The control rods of this reactor are in thimbles. The thimble design 
has not been examined with respect to possible forces following loss of 
coolant or blowdown of the system; local voids are believed sufficient to 
shut down the reactor in perhaps 3 ·seconds even with the rods removed. 
The flooding of the core would be with water containing three thousand 
parts per million of boron; about two thousand are required for shutdown. 
If the molten core should accumulate in the botton of the vessel, decay 
heating would tend to impair the integrity of the bottom. A possible 
eutectic is molten at 2400° F., which is not much different than the melt
ing point of steel. To protect the system against molten fuel falling 
through the vessel wall, a water cooled refractory basin underneath is 
proposed. The molten fuel would fall through water and to this basin. 
The 220 thousand pounds of uranium dioxide in the core material with about 
fifty thousand poinds of zirconium, and some of the pressure vessel bottom, 
would provide the molten mass for this basin. The experience in steel mills 
and at Batelle Northwest Laboratories indicates that dispersal of this 
molten material in fragments would occur in the water. 

The analytical model for the basins thermal behavior is based on a 
square shaped stainless steel container lined with magnesia fire brick 
several inches thick; inside of which would be solid uranium dioxide, then 
a molten mass of liquid uranium dioxide with some zirconium, and steel, 
and finally a vapor phase. Solid uranium dioxide is expected on the top 
of this fused material with water and steam then on the outside of this. 
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An analog computer was used tQ 'study th.e heat transfer through this 
basin of molten fuel wtth tf\ickness layer of soltd uranium dioxide on the 
top of the melt as a variable. A plot of the temperature of different 
sections of this basin against time was shown. Temperatures went to 
about 6,000° F., the boiling point of uranium dioxide, and time to about 
5,000 seconds, mass transfer of the vaporized materials and circulation 
in the melt was assumed for the heat transfer to the water above. 

If the metal of the bottom of the pressure vessel, 30 tons, and all 
the zirconium, reacted with the water a large amount of hydrogen would 
be produced; bubbling through the water should cool it, but burning is a 
possibility. If the site were on limestone and the molten material 
penetrated into this region, then the carbon dioxide formed might add 
to the pressure in the container and a downward path might be available 
for release of fission products to the atmosphere. The Westinghouse 
group considered this basin a satisfactory device to retain the molten 
material from the core, but no data is available as support. Limited ex
periments may be possible, but none is proposed yet. Nevertheless 
cooling of the core is being relied upon by Westinghouse to retain fis
sion products in the pressure vassel. 

Little lateral pressure is seen in the core, and the fuel rods are 
predicted to stand in place. No problem of buckling of the core support 
structure is expected during an accident. The mechanical forces on the 
internals from a coolant line break are believed insufficient to cause 
significant core damage. Careful supporting of the heat exchangers, the 
pumps, and the manifolding lead to group to expect no serious pipe 
whipping e~fects. Because the designers feel that a jet aircraft would 
not be able to penetrate the container, it seems unlikely to them that 
a missile from a turbine is a hazard. 

The worth of an ejected control rod might be as much as .6% multipli
cation constant (k) which would be, perhaps, only .3% at full power. The 
boron needed for the Selni Reactor was over predicted by 100 parts per 
million (ppm) when cold and 60 ppm when hot; at power with equilibrium 
poisons, the predictions was under by 25 ppm. The moderator reactivity 
temoerature coefficient was originally under estimated and is now .1 x 
10-~ more positive. This amounts to about a 5% inaccuracy in the boron 
worth. 

The fuel lattice for this system is under moderated. Hence loss of 
the core structure would cause a positive reactivity change; if one fuel 
assembly were spead over the space normally occupied by two, the increase 
in k might be as much as .3%. Recent calculations on possible dispersal 
of the fuel laterally in the water show the k reduced by 10%; with fuel 
slumping, a 4% increase in k might result. 

In conclusion, the Consolidated Edison group were told that probably 
no letter would be issued at this meeting; the group replied that the 
time schedule is becoming short. 
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. DRESDEN . I I I 'REACTOR 

Executive Session 

Mr. Etherington reported for the subcommittee with the help of the 
minutes of the meeting of 7 July 1966. Possible melting of the core was 
given particular attention at the meeting. Many other high power level 
reactors present this same problem; the only clear solution is cooling to 
prevent melting, but now cooling is not considered a design criteria for 
this plant. Melting would probably result in pressure vessel failure, 
over pressurizing of the containment, and in deterioration of the concrete 
underneath. Concern in the design of the cooling system is evidenced by 
the core sprays to be relied upon by the applicant to prevent containment 
over pressure. The group has reported it incredible that no water would 
reach the core to limit melting hazards; Nevertheless, Dr. Ergen recalled 
that the core sprays of the SL-1 reactor were considered inoperable be
cause of the violent vibration when water was added to this spray r1_ng. 
Partial submergence of the core should result in the steam cooling the 
upper parts. Recommendations of the subcommittee included: no shared 
emergency coolant systems, precautions against missiles from a turbine 
failure penetrating the containment, and appropriate steps to resist 
seismic forces. 

The comments of Congressman Hollifield and Aspinall were referred to 
by Dr. Okrent to indicate a desire for much conservatism in reactor designs, 
but, nevertheless, a request for streamlining the safety review procedures 
was included. Emotional sabotage, e.g., the acts of unstable individuals, 
was feared by Dr. Bush as a reactor hazard. Dr. Okrent believed that the 
General Electric Company {GE) sees no way now to guarantee retention of a 
molten core; however, if no economic restrictions were placed on the de
sign, prevention of melting would probably be possible. The GE group con
siders any AEC approved reactor as a proven design even though it has not 
operated. Dr. Newson recalled that although GE assumed cooling of the core 
was possible, the build-up of hydrogen and possible recombination with the 
oxygen would be a serious problem; more containment to hold the volume of 
materials would be a solution. The Canadians were reported planning to 
vent the possible exhaust of six reactors to one containment. Dr. Palladino 
stated that Westinghouse proposes cooling the bottom of the containment of 
the pressure vessel to prevent any vessel failure from core melting. 

The uncertainty in the succession of operations which are needed to 
assure the effectiveness of the engineered safeguards was pointed out by 
Dr. Hanauer. But Dr. O'Kelly said this reactor is in the design stage 
where not all features have been identified; he favored the combination of 
core spray and core flooding to prevent core melting, but the design was 
seen as incomplete. More reliability in flooding arrangement is desirable. 
Dr. O'Kelly stated that equipment may deteriorate more when not used because 
of the lack of maintenance. Dr. Ergen observed that since heat must be 
removed from the containment vessel following a large accident, an active 
component is needed to assure this heat exchange. The GE group is depend
ing on the reliability of core sprays. 
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Dr. McKee ~ugge~ted thi\t yolcanologtS.ts. mi.gh.t b.aye knowledge bearing 
on tfte benavi'or of tfte -molten 11Mltertal fY"om a core as ft penetrated 
tfte contatnment and entered tfte unaerlytng earth. Dr. Monson postulated 
that although such experts might predict retentton of a melted core by 
the underlying rocks, other possiole hazards, e.g., a steam explosion, 
to violate the containment, still exists; past reactors have the same 
problem. Dr. Ergen told the Dresden group that Dr. McCullough, in a 
American Nuclear Society (ANS) paper, stated that a molten core would 
penetrate the primary system of the Selni Reactor in a matter of minutes 
unfortunately, no further speculation was included on the fate of the 
melting material. Core melting has been considered to be a problem with 
fast reactors. Originally, the Fermi Reactor included a graphite crucible 

·underneath to catch a molten core; later this was removed when graphite 
changes were made. 

Dr. Okrent listed the ACRS alternatives: approval in the same way 
as Dresden II; approval with core sprays; approval but with reservations 
on the design of the core sprays; precautions to handle any molten core; 
and finally the reactor could be rejected. Dr. Palladino considered that 
approval of Dresden II implicity included acceptance of unit III. How
ever, Dr. Hanauer stated that the Committee must be receptive to new 
information which may allow acceptance of risks with past plants but 
changes may be needed for future reactors. Little effectiveness of the 
containment sprays is seen by Dr. Okrent should the core sprays fail. 
Any failure of the pressure vessel would tend to complicate the cooling 
of the core. 

A memorandum of Mr. Fraleys of 11 July 1966 titled "Metropolitan 
Siting Criteria - Tabular Hardward Approach 11 was reviewed; reactors were 
categorized according to city, suburban, rural, and remote locations; 
e.g., city reactors included the proposed Edgar Station of the Boston 
Edison Co., the Ravenswood reactor and the Palo Seco plant. Dresden 
III was a rural reactor, the underlying basis was that city reactors must 
be protected against all accidents. Suburban reactors must be protected 
against a large accident. Rural reactors need containment with only one 
method of preventing core melting. While remote reactors need one method 
of accident prevention. 

Mr. Etherington suggested a plot of the logarithm of the conse
quences of a reactor accident as the ordinate against the logarithm of 
the probability of an accident as the abscissa. A lower line for perhaps 
loss of a thousand lives with a probability of one in a million might 
be acceptable while a consequence beyond this might not be. The dif
ficulty of defining a acceptable relation was noted. Other serious 
hazards for big reactors beyond the melting accident can probably be 
postulated. If a vessel suddenly ruptured or the top portion separated 
from the bottom, Dr. Bush predicted vertical motion or jumping of the 
vessel. Dr. Bush said he could find no difference between the inspec
tion and fabrication methods of pressure vessels of the General Electric 
and the Westinghouse groups. 

The early ACRS letters asking for further experiments on the pressure 
suppression system were recalled by Dr. Okrent; after satisfactory demon
strations, Committee approval was given. To him, the core sprays arrangement 
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is a p~rallel case needing development and demonstrat1on~ Dr. Monson did 
not favor any conclusions on precauti·ons against the core melt down acci
dent now; consideration with future cases should assist in establishing an 
ACRS position. As new information becomes available, Dr. Okrent forecast 
further restrictions in the design of future large reactors; further steps 
towards precautions against a melt down accident are favored by him now. 

Dr. Mangelsdorf said that established systems can be extended some
what by calculations; however, this meltdown accident is much different. 
The many uncertainties require much information and he was against setting 
a t·ime at which a protective system would be available. The effectiveness 
of the systems to contain the melted material from a core is not clear, and 
hazards may be worse than proposed. Dr. Mangelsdorf recommended further 
search for measures against this melting accident. 

Leaving some uncertainties in the design of the plant at this construc
tion permit stage seemed necessary to Mr. Etherington, as was done for the 
Brookwood Reactor containment. Dr. Palladino was comforted by the additional 
redundancy planned for the Dresden III plant. Dr. Monson predicts no solu
tion to this core melting problem for many months; he desires no negative 
responce which would mean considerable delay in other reactor cases. 
Several considered that a reasonable measures might be taken now to limit 
the hazards from such an accident with research and development to con
tinue. 

Dr. McKee noted the common source of water for the emergency systems, 
namely the suppression pool, which makes the emergency reactor systems not 
completely independent. To Dr. Palladino accident prevention rather than 
amelioration, e.g., collection basin for a molten core, is preferred. A 
separate lett~i regarding core melting rather than including recommenda
tions in the Dresden II letter, was proposed by Dr. Hanauer. The consensus 
was to delay a letter on this reactor but it was decided to start formula
tion of preliminary drafts. A delay in release of any general letter on 
the core melting problem was seen by Dr. Ergen. 

Dr. Mangelsdorf reiterated that any prevention of core melting must 
be by the primary system; he has little confidence in the Westinghouse 
proposal for the Indian Point Reactor towards collection of any melted 
core, and he doubted that the Westinghouse group really considered the 
collection proposal anything more than a method to obtain ACRS approval. 
The GE group was seen by Dr. Palladino as proposing no solution to the core 
melting problem because of the higher costs for such precautions for their 
boiling water reactors. Dr. Ergen said that allowing some release of radio
active materials at Dresden but with appropriate evacuation procedures might 
be a way to rationalize any Dresden III reactor approval. Because of this 
lack of assurance of the reliability of a basin to collect molten material, 
as is proposed for the Indian Point reactor, the Committee agreed not to ask 
for such core melting provisions for the Dresden III Reactor; nevertheless, 
the Co11111ittee was not against such efforts for the Indian Point II Reactor. 
Dr. Newson believed that degassing the molten material from the core and 
collection of these effluents might leave the residue with little fission 
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product heat frOJIJ an¥ mel ti,ng i.nto tb.e earth., Tb.ere was d1yided opinion 
as to the need of documentatton for tnese proposed provtstons to retain a 
molten core from the Indian Point II Reactor. Dr. Ol<rent plans a special 
meeting to continue the dis~ussions. 

Regulatory Staff (RS) 
The Dresden I Reactor is undergoing maintanance. Mr. Case said the 

safety analysis already presented is still the RS position. 

Additional information on vibration damping is being obtained to sat
isfy Dr. Newmarks questions; the problems appear resolvable. Now two 
separate core containment spray systems for each reactor are planned in
stead of the shared system. The RS recalled requests from other reactors 
to rely on only one emergency pump. 

The RS has decided to require complete redundancy for the Dresden III 
facility with the exception of some items, such as emergency diesels, which 
have outside power as an alternate. 

The reactor structure is designed to resist 300 miles per hour winds; 
tornados causing an accident is not believed likely since the reactor can 
be shutdown on receiving a tornado warning$. The upper limit of the speed 
of objects in a tornado is probably that of sound; Mr. levine said that the 
Southwest Experimental Fast Oxide Reactor (SEFOR) had also used a figure 
if 300 miles per hour wind speed for the design. The possibility of large 
objects, e.g., automobiles, falling on the containment during a tornado 
was admitted by the Dresden group which appeared to Mr. Case to be a separ
ate missile problem for that of turbines on primary system parts. 

With respect to the tornadoes, Mr. Waterfield stated that although no 
reinforced concrete building had failed in a tornado, windows have broken 
to release the pressure; no answer was given to the question of Dr. Bush 
about the experience with grain elevators in tornados. Mr. Case, saw the 
containment as possibly violated by a tornado. 

The refueling accident is not considered serious for this reactor, but 
the GE group will continue to analyze, since. the reactivity affects are not 
yet clear. ThP GE conclusion that no steps to retain molten core material 
are feasible is taken by Mr. Case as evidence of GE conservatism. The two 
core spray systems planned for the reactor may have some weak points; both 
must discharge into the core barrel arrangement to be effective. GE. 
has suggested a second system of a different design, e.g., flooding, but 
with the same cooling objective. 

Although Dr. Beck said that the RS considers a meltdown accident as 
presenting a difficult situation, the low probability of the safeguards 
failing at the same time leads the RS to accept this melttng hazard. Dr. 
Doan considered any conclusions on core melting for Dresden III as also 
applying to Dresden II; although important, he sees no reason why this 
possible accident should delay these reactors. Dr. Doan recalled no 
consideration of core melting of the Dresden I Reactor. Although coolant 



loss a,nd core melti,n!?J ~s constdered D.y- th.e. fennt aroup, 'Mr. Levtne se.i'd 
that coolant would always 6e adequate to assure no me1ti'ng. Tne melttng 
problem is a long range one, and tfi.e RS is not prepared to recommend 
measures now. Dr. Beck reported tfi.e RS is now focusing sl\arply on the 
effectiveness and reliability of safeguards sytems. The RS believes that 
the amount of design, research, and development now done leaves it in a 
better position to assure public safety from reactor accidents tf'lan in the 
past. · 
Dresden Group 

The reactor is inside a surrounding supporting shield twenty feet in 
diameter; containment sprays and circulation pumps are inside the dry well. 
Fabrication of the pressure vessel is well along. Mr. Bray commented for 
the General Electric Group (GE) on the proposed meltdown accident and 
possible measures. The separate phases of such a postulated accident in· 
eluded; melting of the core, vessel bottom failure, structural heating, 
accumulation of the core melt in the sump, and finally tfi.e effects on the 
containment of the molten material. The decay heat of tne core might be 
70 ~~ initially. which would decrease to about 20 MW in a matter of hours. 
The fuel temperature would rise rapidly on coolant loss and be perhaps 
4,000° F. at 400 seconds; studies have been made of the amount of cladding 
which would be above such temperatures. 

The liquid core would melt through the rod structure underneath this 
boiling water system and collect in the sump on top of the thick layer of 
concrete lining the dry well. About 1200 square feet of area is available 
at the bottom to receive this molten material. The GE group presented a 
plot showing the temperature through the concrete at the bottom of the 
dry well, the dehydrated concrete above, the molten metal and solid 
uranium oxide mixture, otiter fused material floating on the surface, and 
the water steam blanket at the top. 

The estimated heat fluxes for different surface temperatures were 
given with the thickness of oxide on the top as a parameter. About half 
of the heat transfer from the molten mass would be by radiation. The 
uranium dioxide is not assumed to melt by GE, but others have predicted 
melting. Probably not much metal water reaction occurs below a temperature 
of 2500° F. The containment pressure as a function of percent metal water 
reaction was given for both an inert containment and for the reaction with 
oxygen; this approached perhaps 200 psi for 100 reaction. A steam explo
sion in the pressure vessel might yield about 0.6 million foot pounds of 
energy, which is about l/3 of that needed to break the pressure vessel. 

Studies have been made of flooding the containment region, e.g., cool~ 
ing the bottom of the pressure vessel with water. The vessel wall would 
be at about 4,000° F. on the inside of 250°·F. on the outside. Perhaps 
six feet of molten material would be in the vessel, which would probably 
not retain this material. A steel pan with a refractory liner, e.g., 
aluminum oxide, with cooling coils underneath to catch a released molten 
core was proposed. A forty-eight foot diameter pan would be needed. The 
uranium dioxide as a solid might collect in the pan to cause over heating 
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and failure of the cooling cotls. Pos~d'bly th.e center of tne pan could be 
rai·sed to allow a di'stributi'on of thts fused material. Tne GE conclusions 
on this collection crucible approach are; a feastble design may be possible, 
the hydrogen producti-on would ha·ve to 6e limtted, major design changes would 
be needed to accomodate the system, the vessel supports would probably 
have to be insulated and cooled, heaptng of the molten mass would be a pro
blem. Dr. Newson paralleled the situation of such a molten core with that 
of open-hearth furnances which undergo continued heating with their inte ... 
grity maintained. 

Another possible approach is to have below the core a water tank 
into which the melt would fall. A gas collector of about a million cubic 
feet at 62 psi would be needed; about 300,000 cubic feet. of volume is 
available in the present dry well and suppression system. This water 
collection approach was considered technically feasible if the dry well 
walls are protected; hydrogen production requires a larger gas volume and 
changes in the structure below the pressure vessel would be required. The 
heat transfer characteristics through any molten mass is uncertain. Whether 
the molten core would fragment on passing through tne water underneath is 
questionable. 

Another GE approach. to handle a molten core was a ceramic pebble sieve 
support in a sleeve; the molten material would be fluidized above the sieve 
with water, perhaps 20,000 horsepower of pumps would be required. The metal 
water reaction would be limited. Retention of the fluid bed would be diffi
cult. Cross changes in the structure of the containment would be needed. 
Air cooling the core is another possibility. To prevent core melting, a 
large air flow rate would be required, and assuring air flow would be 
difficult. The feasibility of this atr scheme seemed doubtful to the GE 
group. 

In summary, the GE group said that the current containment can not 
handle the consequences of such a core meltdown and the proposed design 
methods to ameliorate such an accident fall snort of satisfying the engt~ 
neering need. Much research development would be needed towards any melting 
accident precautions and this would vary with the approach. The basis for 
the present reactor design must be prevention of core melting by emergency 
cooling. 

Mr. Levy presented information on the core cooling arrangements. Two 
core sprays are supplied from the suppression system. Potential improve
ments in the plant design might be provisions for loss of coolant but with 
slow depressurization. The core spray system, with redundancy of the active 
components such as two pumps or a high volume flooding system, again with 
redundant active components, might be used. Two core sprays each with 
redundancy are another possibility. 

The recirculation system is proposed to add water to the reactor core 
on coolant loss; this is believed capable of handling the slow depressuriza
tion accident and provide core cooling during any loss of power. Steam 
generated in an accident might be used to operate a turbine to pump water 
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from th.e suppressi-on chamller, Tne s-team condensate of tfie turotne waul d 
go to ttte suppression chamber. · Th.e pressure of ttte system was shown 
against time with or without the reci-rCtJlation system, the ;·niti.al pres .. 
sure of about a thousand psi reduced to about 400 psi' at something over a 
1000 seconds, and with no recirculation cooli-ng arrangement an tncrease 
followed. 

The design assumptions for the present core spray systems are to assure 
core cooling, structural integrity, quality control of the material, and 
continued surveillance and testing of this core spray. Tests on the spray 
effect have been made with rods heated as high as 1400° F. at the start 
with a peak temperature of 1925° F. Tests performed on the quench ring or 
core sprays has been with the ring cold. The effect of a heated ring was 
not predicted by the GE group; substantial distortion is believed allow
able in the core spray system with no impairment of reliability. Wetting 
of the fuel is not taken as a heat transfer credit for the effectiveness 
of th~ core cooling; although some of the spaces tn the core might be 
blocked on cooling loss, substantial flow stoppage is believed incredible. 

The predicted temperature of the .fuel for a 30 second delay 'in opera
tion of the core sprays after an accident was shown, with the reaction of 
the fuel at the different temperatures as a parameter. All the fuel would 
be above about 500° F. with none above perhaps 1500° F.; similar curves 
were shown for a 60 second delay. The pressure load in psi for the design 
value, the capability, at steam line severance, and for recirculation line 
severance was given for; the spray sparger and internal pipe, the upper 
shroud, the lower shroud, and at the shroud support. For the spray sparger 
and internal pipe, these were 250, 1000, 16, and 8 psi, respectively; the 
normal pressure for the spray sparger and for the internal pipe regions 
are 8 and 107 psi, respectively. For the shroud support, the normal 
pressure is 22 psi; the other pressures would be 100, roo, 54, and 22, 
respectively. 

The quality of the core sprays is believed by the GE group to be 
equivalent to that of the pressure vessel. Surveillance on core spray 
reliability will be by pressure measurements and measuring the level in 
the suppression chamber. The total system will undergo thorough pre
operation tests. During a hot standby condition for the reactor, loop 
tests will be done, and the total system will be visually inspected dur
ing refueling. Extensive inspections of the Dresden I Reactor are 
underway; fine cracks in the vessel metal have been detected, but these 
have not enlarged. Dr. Bush said that he had lost some confidence in the 
reliability of type 304 stainless steel, e.g., because of intergranular 
failure; the GE group was admonished to be careful in the fabrication 
and use of this material. 

On loss of power, one isolation condenser and one oversized core 
isolation cooling system would be in service. For loss of coolant and slow 
depressurization, reactor isolation and operator blowdown would occur. 
On loss of coolant and rapid depressurization, one core spray wtth redun
dant active components and one core flooding system would be available. 
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Th.e core flQodi,ng i,s to t"k.e. l(~ter from the pressure .suppression 
ct'tAnJfler ~n ~ level of the presSt~re -ves-sel 1'eacftes 150 psi. The ntgfter 
rate of tile core spraywftould allow very·raptd additi'on. Although toe core 
flood'i'ng arr-angement ts not fully destgned, a reliable system is seen as 
feasible. The pressures of the core floodtng elements for; normal operation, 
ASME design value, ASME capabiHty, line service steam, and line service 
of the recirculation system were given at the core plate region, the guide 
tubes, and the jet pumps. At the core plate these would 14, 45, 53, 38, 
and 14, respectively, and 22, 70, 600, 54, and 22, respectively at the jet 
pumps. The flooding system can operate from emergency power, e.g., diesel 
engine. Test of the flooding ring would be at 5ooe F. and 1000 psi. The 
GE group is confident that the flooding water will enter the system; Dr. 
Ergen recommended tests to see if transients might give vibrations to 
violate the system. 

Ihe GE group was non-commital about any variation of engineering safe
guards requirements for the reactors with sites; the best available safe
guards are used regardless of location. The principal aim is to avoid core 
melting. No practical solution for withstanding the core melting accident 
is seen by the GE group, and GE plans no development towards this end. 
Although practical emergency core coolant arrangements can be made for 
operation at higher pressures, e.g., a 1000 psi, this would be expensive; 
in addition, the hazards to the reactor from false activation of such a 
unit, with related reactivity changes from void effects and thermal stress 
problems, weigh against its use. Mr. Levy said the emergency cooling sys
tems need to operate for a day or so after the accident; after flooding 
of the core, cleaning devices on the water would be used to allow opening 
the reactor vessel and fuel removal from the core region. Some heat re
moval capability would be needed for an indefinite time. More information 
on the reliability of the core cooling system should be available in Sep
tember; however, it will be months before significant data on the possible 
core melting precautions can be developed. Any firm proposal on prevention 
of a core melting through the pressure vessel is perhaps a year away; all 
proposals lack information and understanding of the processes and a demon
stration is needed. Mr. Joslyn said that the core melting problem involves 
many reactors beyond the Dresden III design; the effort already expended 
for the STEP and the LOFT projects indicates the extent of research and 
development. 

The plant is believed to have had a thorough analysts for tornado 
damage, e.g., external missiles and the critical parts are believed pro
tected by the concrete structures. A tornado with winds from of 300 to 
500 miles per hour would probably remove a part of the reactor building, 
but all the key equipment of the plant, e.g., the diesel generator and 
the reactor, is below ground level and should not be damaged. Nevertheless, 
the outside electrical sources might be damaged by such a violent storm, 
Mr. Ergen said that a tornado after a reactor accident might lead to a 
more serious release of fission products. Dr. Ergen postulated a million 
curies of noble gases and a 100,000 curies of halogens released from the 
core; filters decontaminate by a factor of a 100 and dilution reduces 
concentration another 50 to 500 factor. 
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It is rather clear from the minutes of the 75th meeting that the ACRS was 
fairly well convinced that means of coping with a fully molten core within 
the framework of the General Electric suppression pool design, and probably 
within the framework of the Indian Point 2 design, were not readily avail
able and would be difficult to demonstrate on a short time scale. What is 
less clear is what direction the Committee thought the review of these two 
construction permit applications should take. There was a considerable 
divergence of opinion on the Committee. · 

In the days which followed, members tried to develop possible points of 
view that either the Committee might use in its continuing evaluation, or 
that might express the point of view of the individual member at that point 
in time. On July 16, 1966, member Newson submitted the following memornadum 
to his fellow Committee members: 

REPORT ON DRESDEN III 

The applicant and the General Electric Company have informed the Committee 
that no provision had been made to maintain containment in the unlikely event 
of a core melt-down following loss-of-coolant. 

Under these circumstances, the applicant must design for one of the 
following criteria to be applied at the time of issuance of an operating 
license. 

1. The licensed operating power of the reactor must be reduced to the 
point where a molten core may be cooled efficiently enough to prevent 
melt-through of the bottom of the containment vessel or 

2. An emergency cooling system, far more reliable than any which now 
exists, must be designed and installed with sufficient precautions 
to convince the AEC Staff and this Committee that after a loss-of
coolant accident at design power, there is as much assurance that 
core melt-down can be prevented as the reliability of conventional 
containment for relatively low-power reactors. 

At the present time, neither an efficient cooling system for a melted core nor 
a highly reliable emergency cooling system have been invented so that it is 
impossible for the Committee to advise that Dresden III reactor may be built and 
operated at the proposed site and power level without undue risk to the health 
and safety of the public. If a construction permit is issued before the 
development of these novel engineered safeguards, the safe operating power 
can only be determined after their construction and the demonstration of their 
capabilities. 
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This was followed by the preparation of first drafts of possible 

ACRS reports on Dresden 3 and Indian Point 2. 

On July 28, 1966, member Hanauer circulated the following memo

randum to other ACRS members: 



\ 
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THE UNIVERSITY OF TENNESSEE 
KNOXVILLE 

DEPARTMENT 01" NUCLEAR ENGINEERING 

July 28, 1966 

ACRS Members 

S. H. Hanauer 

SUBJECT: Tentative position on fuel meltdown 

The following thoughts have been stimulated by the recent Okrent 
draft on "Primary System rupture11 and by the Wilcox memo of July 25 stating 
that Dresden Subcommittee members would be asked on the telephone for an 
"opinion on the acceptability of the emergency core cooling systems now 
proposed for Dresden 3." 

1. The primary system rupture is one of the design-basis accidents 
for hazards analysis for Dresden 3, Indian Point 2, and lots of other 
reactors. In discus·sing its consequences,, therefore, or the adequacy of 
safeguards to cope with this accident, it seems to me that adversion to the 
improbability of the accident is out of order. vTe should indeed require 
steps to be taken to reduce the probability, but that is a separate subject. 

2. In view of the potentially serious consequences of the primary
system rupture, it is my present view that each reactor should have two 
defenses against this design-basis accident. One of these defenses might 
be a well-engineered, redundant system to put water onto or into the core. 
However, because of the many uncertainties regarding the functional adequacy 
of pouring water (emergency core coolant pipe rupture as a result of the 
accident, fuel melt~ng in spite of success in getting water to core, loss of 
cladding strength leading to blockage of coolant channels or dropping fuel 
to the bottom of the vessel, steam explosions, steam blanketing, etc.), a 
second defense of a different species should be provided. Item 5 of the 
Okrent draft seems to require this. 

3. The "crucible-catcher" approach, currently touted by Westinghouse 
and downgraded by General. EJ.ectric, seems to be the only 11 second defensen 
seriously proposed thus far. I have discussed some aspects of this problem 
with colleagues who design nozzles for fluids at 8-9000° F. Their successful 
approach has been to use thin wall.s of high-conductivity metal. cooled so 
fast on the back side ~hat only a small gradient can exist in the metals even 
for heat flux ">J 6 x 10 btu/hr - sq. ft. , and that the gradient is then 
forced into the boundary layer of the flowing fluid. Although they have made 
no calculations, they suggest that pool boiling is almost surely inadequate 
to cool the metal, but that good forced cooling might be successful in our 
situation as well as theirs. Of course problems remain such as hydrogen 
(burning, pressure, explosion), cooling reliability, ultimate heat sink, 
local burnout, chemistry and possible attack on the metal, and so forth. 
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4. Alternatively, one might abandon this accident as a design basis. 
(The ATR safety analysis is based on the incredibility of gross primary
system rupture.) For power reactors, our pressure-vessel discussions over 
the past year make the acceptability of this approach doubtful. 

5. Regarding the forthcoming telephone call, I don't know what 
emergency core cooling system is now proposed for Dresden 3 (or Indian Point 2, 
for that matter), and we have no agreed-on basis for any opinions on its 
acceptability. 

What I really think we have to have is a good core cooling complex 
with an analysis which shows that if it works the vessel won't fail, plus 
some other complex with an analysis that shows a reasonable probability of 
averting danger to the health and safety of the public if the core cooling 
does riot provide the expected protection. 

cc: R. F. Fraley 
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On August 16, 1966 the Committee sent out two reports, one on Dresden 
Nuclear Power Station, Unit 3 and another on Indian Point Nuclear Generat
ing Unit No. 2. These letters are reproduced on the following pages. 
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ADVISORY COMMITTEE ON REACTOR SAFEGUARDS 
UNITED STATES ATOMIC ENERGY COMMISSION 

WASHINGTON, D.C. Z054S 

Honorable Glenn T. Seaborg 
Chairman 
U. S. Ato~ic Energy Commission 
Washington, D. C. 

August 16,1966 

Subject: REPORT ON DRESDEN NUCLEAR POWER STATION - UNIT 3 

Dear Dr. Seaborg: 

At its seventy-fourth meeting, on June 8-11, seventy-fifth meeting, on 
July 14-16, a special meeting on August 4-5, and its seventy-sixth meeting 
on August 11-13, 1966, the Advisory Committee on Reactor Safeguards reviewed 
the proposal of the Commonwealth Edison Company to construct a third nuclear 
power plant at the Dresden site, near Morris, Illinois. Unit 3 will include 
a boiling water reactor to be operated at 2255 MW(t) power level with pres
sure suppression containment. Unit 3 would be similar to Unit 2. The Corr
~ittee had the benefit of discussions with representatives of the applicant, 
the General Electric Company, Sargent & Lundy, the Babcock & Wilcox Company, 
and the AEC Staff, and of the documents listed. A Subcommittee of the ACRS 
met to review this project at the Dresden site on June 2, 1966, and in 
Washington on July 7, 1966. 

In its report on Dresden Unit 2, dated November 24, 1965, the Committee rec
ommended that the AEC Staff follow development work by GE to resolve parti
cular design problems. The Committee recommends that the Staff continue to 
follow the development work in connection with both Units 2 and 3, particu
larly with respect to operation with jet pumps, testing of emergency cooling 
methods, and studies of reactivity transients to assure no im~airment of 
emergency cooling effectiveness as a consequence thereof. 

The Committee also urged that the designers pay particular attention to the 
design of the pressure vessel, and of the high pressure steam lines with 
their isolation valves and fittings. The Committee reiterates its opinion 
on this matter in connection with Unit 3. 

The Committee notes that the applicant has made improvements in the require
ments for pressure vessel inspection during fabrication and urges that the 
applicant pursue vigorously the implementation of adequate in-service in
spection techniques. 

'• .... 
.. .. ··"':. ·. . ... 
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The effectiveness of emergency core cooling systems is a matter of 
particular importance in the unlikely event of a pipe rupture i~ the 
pri~ary system. The applicant proposes the following improved complex 
of emergency cooling systems: 

1. a high pressure coolant injection (I~C!) system, 

2. a high-volume flooding system to permit rapid injec
tion of water into the reactor vessel following blow
down to a low pressure, 

3. two core spray systems, 

4. a system that will make river water available to the 
feedwater pump for emergency cooling. 

The applicant advised the Committee that equivalent changes in the emer
gency core cooling systems of the Dresden 2 unit would be made. Three 
diesel-driven generators will be installed to serve Units 2 and 3. 

The Committee concurs that the proposed systems should increase the re
liability and effectiveness of emergency core cooling. Complete details 
of the systems are not available, but the Committee believes that these 
matters can be resolved during construction of this facility. The Com
mittee believes that the Regulatory Staff and the Committee should review 
details of design, fabrication procedures, plans for in-service inspection 
and the analyses pertaining to the emergency core cooling systems, as soon 
as this information is available and prior to irrevocable construction 
commitments pertaining thereto. 

Careful examination of the forces during blowdown on various structural 
and functional members within the pressure vessel is necessary to assure 
sufficient conservatism in the design. The Committee recommends that the 
AEC Staff satisfy itself fully in this respect. 

The Committee believes that the combination of emergency cooling systems 
has a high probability of guarding against core meltdown in the unlikely 
accident involving rupture of a primary system pipe. In view of the pres
ent state of development of such emergency cooling systems, however, and 
since the cooling systems may be subject to certain low-probability inter
related modes of failure, the Committee believes that the already small 
probability of primary system rupture should be still further reduced by 
taking additional measures as noted below. The Committee would like to 
review the results of studies by the applicant in this connection, and 
the consequent proposals, as soon as these are available. 

I 



Honorable Glenn T. Seaberg - 3 - August 16, 1966 

1. Design and fabrication techniques for the entire primary 
system should be reviewed thoroughly to assure adequate 
conservatism throughout and to make full use of practical, 
existing inspection techniques which can provide still 
greater assurance of highest quality. 

2. Great attention should be given to design for in-service 
inspection possibilities and the detection of incipient 
problems in the entire primary system during reactor 
operation. Methods of leak detection should be employed 
which provide a maximum of protection against serious in
cidents. 

The Advisory Committee on Reactor Safeguards believes that the various 
items mentioned can be resolved during construction an.i that the proposed 
reactor can be constructed at the Dresden site with reasonable .• assurance 
that it can be operated without undue risk to the health and safety of 
the public. 

References Attached. 

Sincerely yours, 

Is/ 
David Okrent 
Chairman 
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References (Dresden 3) 

1. -Dresden Nuclear Power Station, Unit 3, Plant Design and Analysis 
Report, Volumes I and II, Commonwealth Edison Company, undated, 
received February 14, 1966. 

2. Letter dated May 3, 1966 from L. F. Lischer, Commonwealth Edison, 
to Dr. R. L. Doan, AEC, transmitting Amendment No. 1, Answers to 
AEC Questions, including replacement and additional pages to Plant 
Design and Analysis Report. 

3. Amendment No. 2, Answers to AEC Questions, undated, received May 20, 
1966. 

4. Letter dated May 26, 1966 from Murray Joslin, Commonwealth Edison, 
to Dr. R. L. Doan, AEC, transmitting Amendment No. 3, Answers to 
AEC Questions, including replacement pages to Plant Design and 
Analysis Report. 

5. Supplement to Construction Permit Application, Reactor Vessel Non
Destructive Testing of Plate, dated June 10, 1966. 

6. Letter dated July 8, 1966 from Murray Joslin, Commonwealth Edison, 
to Dr. R. L. Doan, AEC, with attachments. 

7. Letter dated July 26, 1966 from F. A. Hollenbach, General Electric, 
to ~I. E. Case, AEC, with attachment. 

8. Letter dated July 29, 1966 from Murray Joslin, Commonwealth Edison, 
to Mr. Edson Case, AEC. 

9. Letter dated August 10, 1966 from W. D. Gilbert, General Electric, 
to Mr. E. Case, AEC, with attachment. 

10. Letter dated August 12, 1966 from M. Joslin, Commonwealth Edison, 
to Dr. Richard L. Doan, AEC. 
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ADVISORY COMMITTEE ON REACTOR SAFEGUARDS 
UNITED STATES ATOMIC ENERGY COMMISSION 

wAsHINGToN 25, o.c. 

Honorable Glenn T. Seaborg 
Chairman 
u. S. Atomic Energy Commission 
Washington, D. c. 

August 16, 1966 

Subject : REPORT ON INDIAN POINT NUCLEAR GENERATING UNIT NO. 2 

Dear Dr. Seaborg: 

At its seventy-fifth meeting, July 14-16, 1966, and its special meeting 
on August 4-5, 1966, the Advisory Committee on Reactor Safeguards com
pleted its review o~ the application of Consolidated Edison Company 
of New York, Inc. for authorization to construct Indian Point Nuclear 
Generating Unit No. 2. This project had previously been considered 
at the seventy-second and seventy-third meetings of the Committee, and 
at Subcommittee meetings on March 30, May 3, and June 23, 1966. During 
its review, the Committee had the benefit of discussions with represen
tatives of the Consolidated Edison Company and their contractors and 
consultants and with representatives of the AEC Regulatory Staff and 
their consultants. The Committee also had the benefit of the documents 
listed. 

The Indian Point 2 plant is to be a pressurized water reactor system 
utilizing a core fue1ed with slightly enriched uranium dioxide pellets 
contained in Zircaloy fuel rods; it is to be controlled by a combination 
of rod cluster-type control rods and boron dissolved in the primary 
coolant system. The plant is rated at 2758 MW(t); the gross electrical 
output is estimated to be 916 MW(e). Although the turbine has an ad
ditional calculated gross capacity of about 1~, the applicant has 
stated that there are no plans for power stretch in this plant. 

The Indian Point 2 facility is the largest reactor that has been con
sidered for licensing to date. Furthermore, it will be located in a 
region of relatively high population density. For these reasons, 
particular attention has been given to improving and supplementing the 
protective features previously provided in other plants of this type. 

The proposed design has a reinforeed concrete containment with an in
ternal steel liner which is provided with facilities for pressurization 
of weld areas to reduce the possibility of leakage in these areas. 
The containment design also includes an internal recirculation 
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containment spray system and an air recirculation system consisting 
of five air handling units to provide long-term cooling of the con
tainment without having to pump radioactive liquids outside the 
containment in the event of an accident. Even though the applicant 
antici~ates negligible leakage from the containment, two i~dependent 
means of iodine removal within the containment have been provided. 
These are an air filtration system using activated charcoal filters, 
and a containment spray system which uses sodium thiosulfate in the 
spray water as a reagent to aid removal of elemental iodine. 

The reactor vessel and various other components of the system are 
surrounded by concrete shielding which provides protection to the 
containment against missiles that might be generated if structural 
failure of such components were to occur during operation at pressure. 
This includes missile protection against the highly unlikely failure 
of the reactor vessel by longitudinal splitting or by various modes 
of circumferential cracking. The Committee favors such protection 
for large reactors in regions of relatively high population density. 

The Indian Point 2 plant is provided with two safety injection systems 
for flooding the core with borated water in the event of a pipe 
rupture in the primary system. The emergency core cooling systems 
are of particular importance, and the ACRS believes that an increase 
in the flow capacity of these systems is needed; improvements of 
other characteristics such as pump discharge pressure may be ap-

~ propriate. The forces imposed on various structural members within 
the pressure vessel during blowdown in a loss-of-coolant accident 
should be reviewed to assure adequate design conservatism. The 
Committee believes that these matters can be resolved during con
struction of these facilities. However, it believes that the AEC 
Regulatory Staff and the Committee should review the final design 

•: z· 
'· 

of the emergency core cooling systems and the pertinent structural 
members within the pressure vessel, prior to irrevocable commitments 
relative to construction of these items. 

The applicant stated that, even if a significant fraction of the core 
were to melt during a loss-of-coolant accident, the melted portion 
would not penetrate the bottom of the reactor pressure vessel owing 
to contact of the vessel with water in the sump beneath it. 

The applicant also proposes to install a backup to the emergency core 
cooling systems, in the form of a water-cooled refractory-lined 
stainless steel tank beneath the reactor pressure vessel. The Com
mittee would like to be advised of design details and their theo
retical and experimental bases when the design is completed. 
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In order to reduce still further the low probability of primary 
system~upture, the applicant should take the additional measures 
noted below. The Committee would like to review the results of 
studies made by the applicant in this connection, and consequent 
proposals, as soon as these are available. 

1! Design and fabrication techniques for the entire primary 
system should be reviewed thoroughly to assure adequate 
conservatism throughout and to make full use of practical, 
existing inspection techniques which can provide still 
greater assurance of highest quality. 

2. Great attention should be placed in design on in-service 
inspection possibilities and the detection of incipient 
trouble in the entire primary system during reactor 
operation. Methods of leak detection should be employed 
which provide a maximum of protection against serious 
incidents. 

Attention should also be given to quality control aspects, as well 
as stress analysis evaluation, of the containment and its liner. 
The Committee recommends that these items be resolved between the 
AEC Regulatory Staff and the applicant as adequate information is 
developed. 

The applicant has made studies of reactivity excursions resulting 
from the improbable event that structural failure leads to expulsion 
of a control rod from the core. Such transients should be limited 
by design and operation so that they cannot result in gross primary
system rupture or disruption of the core, which could impair the 
effectiveness of emergency core cooling. The reactivity transient 
problem is complicated by the existence of sizeable positive re
activity effects associated with voiding the borated coolant water, 
particularly early in core life. In addition, the course of the 
transients is sensitive to various parameters, some of ~hich remain 
to be fixed during the final design. Westinghouse representatives 
reported that the magnitude of such reactivity transients could be 
reduced by installation of solid burnable poisons in the core to 
permit reduction of the soluble boron content of the moderator, there
by reducing the positive moderator coefficient. The Committee agrees 
with the applicant's plans to be prepared to install the burnable 
poison if necessar,. The Committee wishes to review the question of 
reactivity transients as soon as the core design is set. 
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Honorable Glenn T. Seaborg - 4 - August 16, 1966 

The Advisory Committee on Reactor Safeguards believes that the 
various items mentioned can be resolved during construction and 
that ~he proposed reactor can be constructed at the Indian Point 
site with reasonable assurance that it can be operated without 
undue risk to the health and safety of the public. 

Sincerely yours, 

Is/ 
David Okrent 
Chairman 

References: 

1. Consolidated Edison Company of New York, Inc., Indian Point 
Nuclear Generating Unit No. 2, Preliminary Safety Analysis 
Report, Volume 1, and Volume 2, Parts A & B, received 
December 7, 1965. 

2. 

3. 

4. 

5. 

6. 

7. 

First Supplement to Preliminary Safety Analysis Report, dated 
March 31, 1966. 
Second Supplement to Preliminary Safety Analysis Report, 
received June 2, 1966. 
Errata Sheets for Preliminary Safety Analysis Report and First 
Supplement thereto, received June 13, 1966. 
Third Supplement to Preliminary Safety Analysis Report, re
ceived June 22, 1966. 
Fcarth Supplement to Preliminary Safety Analysis Report, re
ceived July 28, 1966. 
Fifth Supplement to Prelimb!lry Safety Analysis Report, re
ceived July 28, 1966. · 
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ADVISORY COMMI I I EE ON REACTOR SAF!GUARDS 
UNITED aTATD ATOMIC DU!RGY COMMISSION 

W~INCITQN. D.C. _.. 

July 30, 1966 

MEMORANDUM 

To ACR.S Members 

From 
..ptv>~ 

David Okren t, ACRS Chairman 

Subject: DRAFT 3 OF INDIAN POINT 2 REPORT 

Attached is a suggested draft 3 of N as N......,OO for Indian Point 2. 

It is built around draft 2 of N. J. Palladino. It assumes there 

will be a general letter. 

Attachment: 
Draft 3 of Indian Point 2 Report. 
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Subject: REPORT ON INDIAN POINT NUCLEAR GENERATING UNIT NO. 2 

Dear Dr. Seaberg: 

At its seventy-fifth meeting, July 14-16, 1966,and its special meeting on 

August 4-5, 1966, the Advisory Committee on Reactor Safeguards completed its 

review of the application of Consolidated Edison Company of New York, Inc. for 

authorization to construct Indian Point Nuclear Generating Unit No. 2. This 

project had previously been considered at the seventy-second and seventy-third 

meetings of the Committee, and at Subcommittee meetings on March 30, May 3, and 

June 23, 1966. During its review, the Committee had the benefit of discussions 

with representatives of the Consolidated Edison Company and their contractors 

and consultants and with representatives of the AEC Regulatory Staff and their 

consultants. The Committee also had the benefit of the documents listed. 

The Indian Point 2 plant is to be a pressurized water reactor system utilizing 

a core fueled with slightly enriched uranium dioxide pellets contained in Zircaloy 

fuel rods; it is to be controlled by a combination of rod cluster-type control 

rods and boron dissolved in the primary coolant system. The plant is rated at 
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2758 MW(t); the estimated gross electrical output is estimated to be 916 MW(e). 

Although the turbine has an additional calculated gross capacity of about 10%, 

the applicant has orally stated that there is no planned power stretch in this 

plant. 

The Indian Point 2 facility is the largest reactor that has been con-

sidered for licensing to date. Furthermore, it will be located in a region of 

relatively high population density. Por these reasons, particular attention 

has been given to improving and supplementing the protective features previously 

provided in other plants of this type. 

The proposed design has a reinforced concrete containment with an internal 

steel liner which is provided with facilities for pressurization of weld areas 

to reduce the possibility of leakage in these areas. The contaiumen~ design 

also includes an internal recirculation contaiument spray system and an air re-

circulation system consisting of five air handling units to provide long-term 

cooling of the containment without having to pump radioactive liquids outside 

the containment in the event of an accident. Even though negligible leakage is 

anticipated by the applicant, two independent means of iodine removal within the 
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containment have been provided. These are an air filtration system using acti-

vated charcoal filters and a containment spray system which uses sodium thio-

sulfate in the spray water as a reagent to aid removal of elemental forms of 

iodine. 

The reactor vessel and other components of the system are surrounded by 

heavy concrete shielding which protects the containment against missiles that 

might be generated if structural failure of components were to occur during 

operation at pressure. This includes missile protection against the highly 

unlikely failure of the reactor vessel by longitudinal splitting or by circum-

ferential cracking in the vicinity of the inlet and outlet nozzles. The Com-

mittee believes 'that protection against such modes of failure is particularly 

desirable for large reactors in regions of relatively high population density. 

It is the policy of the Committee to encourage applicants to seek and 

develop designs that will enhance the safety of the public. The effectiveness 

of emergency core cooling systems becomes a matter of particular concern in 

the unlikely event of a pipe rupture in the primary system. The Indian Point 2 
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plant, as proposed, is provided with two safety injection systems for cooling 

the core with borated water in such an emergency. Further attention should be 

given to the capacity of the systems, as well as to evaluation of the forces 

imposed on pressure vessel internals during a primary system blowdown and the 

ability of the components to withstand the forces involved so that impairment 

of the effectiveness of safety injection flow by failure of this equipment can 

be avoided. 

The Committee believes that these matters can be resolved during the con-

struction stage of the Indian Point 2 station. However, it believes that the 

Regulatory Staff and the Committee should review details of design, fabrica-

tion procedures and the backup analysis for the safety injection system and 

significant structural members within the pressure vessel, prior to irrevocable 

construction commitments pertaining thereto. 

Subject to the above comments, the Committee believes that the combina-

tion of two safety injection systems may be considered as providing an acceptable 

engineered safeguard against the unlikely accident ~olving rupture of a primary 

system pipe. In view of the present state of development of and experience with · 
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such emergency cooling systems, and since both safety injection systems are 

subject to certain simultaneous modes of failure, the Committee believes it 

prudent to pursue additional steps to enhance the public safety. 

The applicant has proposed to install a backup to the safety injection 

systems, in the form of a water-cooled refractory-lined stainless-steel tank 

beneath the reactor vessel. This tank is intended to receive portions of 

the core, were they to melt through the vessel into the water-filled cavity 

below the vessel in the very unlikely event that all other means for cooling 

the core failed to function. 

The above system appears to have promise as a backup system, and the 

Committee feels that careful attention should be given to its design and that 

some experimental evidence should be developed to establish its performance 

characteristics. Attention should also be given to any problems that might 

arise as a result of gas evolution if the system is called upon to perform. 

The Committee would like to review the design details and the theoretical and 

experimental bases for the design upon completion of the design. 
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The Committee believes it would also be prudent for the applicant to 

review the design and fabrication techniques for. the entire primary system 

to assure adequate conservatism throughout and to make use of practical exist-

ing inspection techniques which can provide still greater assurance of highest 

quality. For example, ultrasonic inspection techniques should be used to 

implement radiographic inspection of pressure vessel welds subject to meaning-

ful ultrasonic inspection. In addition, greater attention should be placed 

on in-service inspection and the detection of incipient trouble in the primary 

system. The Committee would like to be advised of the results of such a re-

view and the proposals emanating therefrom. 

Special attention should be given to the reliability of the service water 

system during accident conditions, particularly the possibility that the in-

ternal pressure of the containment may exceed the pressure of the water in 

the cooling coils of the air recirculation system. Attention should also be 

given to quality control aspects as well as stress analysis evaluation of the 

containment and its liner. The Committee recommends that the applicant further 

examine the possibility that missiles might penetrate the reactor building as 
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a result of turbine rotor failure. If necessary, the turbine should be re-

located to eliminate any serious radiological hazard to the public from this 

unlikely failure. The Committee recommends that these items be resolved be-

tween the AEC Staff and the applicant as adequate information is developed. 

The applicant has made studies of the course of reactivity excursion re-

sulting in the unlikely event that structural failure leads to expulsion of 

a control rod from the core. The problem is complicated by the existence of 

sizeable positive reactivity effects associated with voiding the borated cool-

ant water, particularly early in core life. In addition, the course of the 

transients is sensitive to various parameters, some of which remain to be 

fixed during the final design. In particular, the possible reactivity worth 

of an ejected control rod and the magnitude of positive reactivity associated 

with core voiding must be reviewed and evaluated. 

Westinghouse representatives reported that such reactivity transients 

could be mitigated, if found necessary early during core life, by insertion 

of solid burnable poisons into the core to permit reduction of the positive 

moderator coefficient by reduction of the soluble boron content of the 
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moderator. This could be done just before operation if appropriately planned 

for. The Committee feels that the applicant should be in a position to in-

stall the burnable poison at that time if found necessary, and that a review 

of reactivity transients should be made as soon as the core design is set. 

With due regard given to the foregoing considerations, the Advisory 
• 

Committee on Reactor Safeguards believes that the various problems mentioned 

can be resolved durip.g construction and that the proposed reactor can be con-

structed at the Indian Point site with reasonable assurance that it can be 

operated without undue risk to the health and safety of the public. 

Sincerely yours, 

David Okrent 
Chairman 
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Thus, during the month of July, 1966, there was evolving the potential 
approach that the ACRS would approve construction permits for Dresden 3 
and Indian Point 2 on the basis of greatly improved emergency core cooling 
systems and of measures to improve the quality of primary systems and in 
other ways to reduce the probability of a LOCA, all this coupled with a 
general letter which recommended development of a backup safeguard of some 
kind. This approach was similar to that adopted in connection with the 
review of Dresden 2, at which time pressure vessel integrity was the cen
tral problem, and which was resolved by the issuance of a general pressure 
vessel letter together with a letter favorable to construction of Dresden 2. 

The ACRS scheduled a special meeting, August 4-5, 1966, in order to pursue 
its review of Indian Point 2 and Dresden 3. It is noted parenthetically 
that this meeting occurred during an airplane strike in parts of the United 
States, and at least one member drove the order of 1,000 miles each way in 
order to attend the meeting. The summary by Mr. Libarkin says the following 
about this special meeting. 

Several members expressed the opinion that the demonstration of 
a workable arrangement for the retention of a molten core was 
impossible. They felt that core cooling offered the best chance 
for a solution. Others thought that since a core catcher had 
been proposed for Indian Point 2, the Committee had no choice 
but to require such a device on Dresden 3. The Regulatory· Staff 
felt that the best way around the melt-through problem was to 
pre~ent core_melting. Th: core cooling systems could be adequately 
des1gned dur1ng construct1on and they intended to give no weight 
to the inclusion of a core catcher. 

(It is noted that, at the beginning of the special August meeting of the ACRS, 
the Regulatory Staff was still proposing to accept the core cooling systems as 
proposed originnally by Dresden 3 and Indian Point 2). 

Mr. Libarkin's summary continued: 

For Indian Point 2, Consolidated Edison repeated the point that 
the retention basin was intended as a reserve safeguard only. 
Core cooling was the primary safety mechanism. It was noted . 
that for the double ended pipe break, 25 to 30% of the cladding 
might melt, with a 12 to 15% metal water reaction. The Indian 
Point 2 applicant was told at the conclusion of the August 4-5 
meeting, that the Committee thought it could write a letter and 
that the list of points that would be mentioned in the letter 
would include a review of orovisions for coping with the results 
of core cooling system faiiure. On Dresden 3, there seemed 
agreement that the core spray proposal was not satisfactory by 
itself. Flooding might prove to be a sufficiently independent 
cooling scheme to be acceptable to the Committee. G. E. pro-
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posed to increase the capacity of the core spray systems to allow 
reflooding the core for a larger spectrum of pipe breaks. Both 
G.E. and Commonwealth Edison rejected the idea of a molten core 
retention basin. A plant requiring such a scheme would not be 
acceptable to Commonwealth and would not be marketed by G.E. 

Again, to provide detail on the complex decision-making processes involved, 
a long excerpt from the minutes of the special August, 1966 bmeeting is on 
the following pages. 
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EXECUTIVE SESSION 

A proposed letter to Mr. Farmer, of the British reactor safety group, 
was reviewed by the Committee. The attempt by the Committee to make private 
arrangements with the British safety groups has disturbed Dr. Beck; he sees 
a possibility of the ACRS opinions expressed being contrary to the AEC 
po1icy. He prefers that any such arrangements be made through the Regula
tory Staff (RS). This view recalled early conflicts between the ACRS and 
the RS, which was at that time under the General Manager, e.g., the ACRS 
having consultants was not favored by the RS, and the RS was against Execu
tive Sessions for the Committee. A complilation, dated 29 July 1966, of 
Mr. Fraley gave a history of the ACRS operations. 

Mr. Plaine believed that the Committee's request for meeting with the 
British was a reasonable one, and he saw no loss of ACRS prerogative if 
this were done through the RS. The RS has always been quite willing to 
arrange meetings for the Committee. Mr. Fraley believed that the AEC might 
be concerned over problems of confidential industrial information of U. s. 
Companies being transmitted to foreign groups. A more dignified meeting 
with any foreign group, than just subcommittee attention, was recommended 
by Dr. Hanauer. 

At a recent Commission meeting, Dr. Okrent was asked about Committee 
measures to handle the increasing work load; apparently, this reflects 
comments from applicants, e.g., the Dresden group, on delays. Dr. Okrent 
replied that he was attempting to keep the ACRS at full strength and hopes 
for an increase in RS responsibility. He made comments to the Commission 
on the core melting accident. 
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INDIAN POINT II 

AND 

DRESDEN Ill REACTOR 

Dr. Thompson was reported by Mr. Fraley to have said that if the con
tainment were lost for the Indian Point II reactor, the consequences to the 
public would be the same as for a Dresden Ill accident. Dr. Okrent saw 
this conclusion being extended to state that Dresden III presented the same 
hazards as the proposed Ravenswood Reactor, which he doubts. Dr. Ergen 
stated that, for intermediate size reactors, sites offer differences in 
hazards, but for very large reactor accidents, there is probably little 
difference in consequences. 

Dr. Thompson was also reported to believe that any demonstration of 
the retention of a molten reactor core by a structure underneath a reactor 
would be next to impossible; the long effort towards such an arrangement 
for the Fermi Reactor with no results was recalled. The Fermi group 
finally resorted to an additional coolant system with sodium, which para
llels the proposed reliance on core sprays inwater reactors. A fast deluge 
flooding system for reactors has been mentioned by Dr. Thompson. 

~ased on studies underway, Dr. Ergen sees a reasonable solution to the 
core melting problem; although the seriousness of the problem has been 
recognized by both Oak Ridge National Laboratory (ORNL) and Brookhaven 
National Laboratory (BNL), it has not been publicized. The fusion of 
fission products in soil is the subject of studies relating to the re-entry 
of satellite materials; projecting these results indicate that although 
the fission products in sand, or in limestone as under the Dresden site, 
would melt downward, the molten mass might be channeled so as not to vio
late any confinement seriously. Drilling holes below a reactor might 
assist in channeling; a venting and air cleaning system would make leak 
tightness of the confinement of less concern. Pressure resulting from 
such a molten mass would have to be relieved. 

A difficulty in primary circuit integrity and fission product confine
ment is the tendency for future applicants to continue approved designs. 
Dr. McKee considers it very necessary for the ACRS to raise new safety 
issues; however, doing this in a separate letter, rather than in associa
tion with a particular reactor appears desirable, e.g., as with the pres
sure vessel problem. Standarization is probably the trend with reactors, 
which leaves the General Electric Co. (GE) and the Westinghouse Co. engi
neers in a quandry as new problems are raised with their accepted designs. 
The reluctance of the auto industry to respond to the smog control measures 
in California was recalled by Dr. McKee; complaints have been made for 
years but the 1968 models automobiles will be the first required to have 
appropriate exhaust provisions. 
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The slowness in response to the pressure vessel letter, e.g., by the 
Dresden Group, was observed by Dr. Hanauer as evidence of the reluctance of 
the industry to take steps on new safety problems. The rapidly moving tech
nology of the nuclear industry may reveal other serious safety problems, 
according to Dr. Zabel; consequently, much judgment will be involved in 
safety assessments. A proper balance between safety and nuclear power needs 
is preferred by ~4r. Etherington; to him alsolute safety is impossible. 
Dr. Okrent reported Commissioner Palfrey had commented against any steps to 
neglect safety because of the pressure of economic competition. 

Difficulty in demonstrating the usefulness of a molten core collecting 
facility was predicted by Dr. Mangelsdorf; any requirement for a demonstra
tion could stop the construction of large reactors. To him disproving the 
usefulness of proposed core melting arrangements would probably be easier. 
Nevertheless, Dr. Okrent predicted that within two years a design of a 
reactor facility to retain any melted core should be possible. The GE 
statement that the core melting problem is industry wide was recalled by 
Dr. Mangelsdorf; pursuit of a solution through the AEC might be the quickest 
route, but until this is accomplished, the best technology available, e.g., 
core cooling arrangements, would have to be accepted. The differences in 
opinion of the GE and Westinghouse groups on the usefulness of a molten core 
retainer was noted by Dr. Hanauer. Some believe that the Indian Point II 
reactor plans for a device to collect any molten core necessitates the same 
improvement in the Dresden II Reactor. Gas collection tanks might also be 
re4uired for the Dresden II facility. If no such core melting requirements 
are set for the Dresden III Reactor, the Committee may find it difficult 
to enforce such steps on any future facility. Dr. Mangelsdorf desired to 
avoid any present ACRS conclusion on core melting which wouid implicitly 
affect existing reactors. 

A threshold, e.g., 750 or a 1000 MW (e), for reactors with acceptable 
core retention arrangements was suggested by Dr. Zabel. The Committee 
approval of the Dresden II Reactor without a core collecting arrangement 
was given by Dr. Ergen as the excuse for GE not proposing such facilities 
for the Dresden III design; however, others noted that the volume of gas 
to be handled might be too much for the Dresden III facility. The large 
volume available in the Westinghouse design for Indian Point II reactor 
which could accomodate released gases, appeared to Mr. Etherington to lead 
to the reliance on a core melting arrangement, while the GE group, with 
a lack of such volume with Dresden III, claims no solution is possible now. 

Problems arising from a primary system rupture were reviewed by 
Dr. Okrent; multiple safeguards of the same type and near a reactor's core 
might all fail, and, according to him, credit should be given for only one 
system. On this basis, additional safeguards in an entirely different 
location and of different type would be required. 

Dr. Palladino reported on the subcommittee meeting regarding the 
Indian Point II reactor, for which the Public Hearing will be on August 
31; the subcommittee agreed with the RS that the calculations on the core 
retaining basin are on a tenuous basis. Nevertheless, Dr. Palladino sees 
the basin approach as promising. Substantial core cooling arrangement 
changes are now proposed for this Indian Point II Reactor. 
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Possible hydrogen explosion hazards for the Indian Point II Reactor are 
seen as serious by Dr. Mangelsdorf; controlled burning may be required. A 
maxim in the petroleum industry is that, if an explosive mixture can collect, 
an explosion will occur. In petroleum reformers, hydrogen is made contin
uously and steam is present, but the rapid flow and careful control of con
centrations avoid explosive situations. Dr. Monson predicted no solution 
to the probl~1 of maintaining the containment if the core should melt with 
a subsequent hydrogen explosion; hence, any approval of the Indian Point II 
Reactor must depend on the assurance of core cooling. 

Comments of Dr. Thompson dated 4 August 1966 on the Indian Point II 
reactor core melting problem were reviewed; no ACRS recommendations on the 
hazards of melting appeared to him warranted now. Dr. Zabel summarized the 
ACRS view; since no solution seems possible, only core cooling should be 
stressed. 

After a later session with the applicant, on the Indian Point II 
Reactor, Dr. Palladino said he was more relaxed on the hazards. Avoiding 
melting of the core did not seem so difficult to Dr. Monson; more water and 
a larger supply of emergency diesel power might assure cooling. The use 
of solid reactivity control materials containing boron, rather than water 
solutions, was seen by Dr. Monson as always maintaining a negative moderator 
temperature reactivity coefficient. Proposed drafts of a letter on this 
reactor were reviewed by Dr. Okrent. 

The old criterion that containment, which is a static engineering safe
guard, is more reliable than active measures such as core cooling was re
called by Dr. Okrent; to him, the proposals for reliable core cooling con
tradict this accepted point of view. On many occasions equipment has not 
operated satisfactory even after passing periodic tests. Nevertheless, 
Dr. Monson said that a high probability of service when needed must be an 
acceptable feature for engineered safeguards. Dr. Zabel agreed with 
Dr. Thompson's letter that the Dresden III and the Indian Point II Reactors 
are closely related and the letters on each should be considered together. 
Since any conclusion on the Dresden III Reactor may reflect back on the 
approved Dresden II Reactor Dr. Mangelsdorf also advised much caution in 
the letters. A letter on the Indian Point II Reactor at the next meeting 
was favored by the group. 

Drafts of proposed letters on the Dresden Ill Reactor were reviewed 
by Dr. Okrent; one included an implicit requirement that modifications be 
made into regions below the reactor vessel to reduce the consequences of 
any melting of the core and possible damage to the containment. Either 
more engineered safeguards or a denial of construction was seen as a 
requirement of any letter on this Dresden III Reactor. 

Engineering decisions in the core cooling procedures require much 
judgment, according to Dr. Okrent; improved quality control of the primary 
system is desired by him. Mr. Etherington preferred accepting the best 
available arrangements against core melting. Dr. Monson has more concern 
over a satisfactory system ultimately rather than relying on present pro
posals for retaining a molten core. 
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Dr. Ergen reiterated that assuming core melting with violation of the 
containment, but with a clean up system available, would result in only 
limited damage to the public does not have a firm basis. Possible reasons 
for requiring no measures against a core which has melted through the reactor 
vessel were summarized by Dr. Ergen to be: lack of such requirements on 
past reactors, the low probability, and acceptable consequences. Dr. Ergen 
saw it as impractical to stop the construction of reactors on the basis of 
no solution now to the core melting problem; he said that the worst time 
for an accident is when winds are low, but such occasions allow more time 
for evacuation measures, e.g., of the Chicago area near the Dresden site. 
The consensus was that the retention of the core in the pressure vessel must 
be the primary aim. Lesser returns from additional steps to cool the core 
cooling system must be sought. Nevertheless, identifying a design goal for 
cooling appeared difficult to Dr. Monson, and this is needed for the appli
cant before he can satisfy a Committee request. Another diesel engine 
appeared to Dr. O'Kelly as needed for the Dresden· III design to give further 
reliability of the core cooling system •. The large reactors proposed for the 
Quad cities and the Browns Ferry locations were observed by Dr. Hanauer as 
presenting even worse.~ore melting problems; lesser mention of the pressure 
vessel problem of late was noted. 

Dr. Palladino recalled evidence against the effectiveness of core 
spray systems, e.g., the SL-1 core spray did not operate in a test as plan
ned and pipes to this reactor were sheared during the accident; in addition, 
a failure of the core spray system occurred with the Senn Reactor. The 
failure of small pipes, such as used in the core sprays, from normal con
struction operations or maintenance, e.g., workmen stepping on them, has 
often occurred. 

The engineering safeguard arrangements for the Dresden III Reactor 
were considered by Dr. Mangelsdorf to be equivalent to the Indian Point II 
design; he noted that the GE proposal is to spray coolant on the top of the 
core, which might be more effective than the plan of Westinghouse to fill 
the core from the bottom. Unpredicted vibrations have given problems with 
other Westinghouse Reactors, e.g., the Yankee system. The failure of core 
emergency devices at the Senn Reactor was discovered inadvertently by 
pieces found elsewhere in the system. 

Dr. Mangelsdorf sees much to be learned from a prototype of the core 
spray system. He doubts if a practical flooding system is yet available 
and he has little hope for a successful core retention basin arrangement. 
The Indian Point II Reactor, with no nozzles below the core, provides a 
different situation than Dresden III from a flooding point of view. 
Mr. Etherington observed that the desire for flooding is based on distrust 
of the spray system; to him a very rugged and reliable system could be 
designed. Therefore, strict requirements on this internal design would 
seem to assure the reliability. 

The use of large tanks of water with rupture disks to allow reactor 
flooding in emergencies is proposed for the Boston Edison Reactor at the 
Edgar site, according to Dr. Okrent; perhaps, this massive flooding might 
be desirable for the Dresden III and the Dresden II designs. 

- " ---------- --
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Some felt that the detailed attention by the Westinghouse group 
to the questions of the Comnittee on engineered safeguards was taken 
by the Committee as too much of a credit for the Indian Point II de
sign; in addition, the Dresden site is probably better than the Ind
ian Point location. Mr. Etherington said that the Price Anderson act 
recognized the maximum credible accident; he sees little difference 
between the Indian Point II and the Dresden III designs, and will 
take no position on the Quad Cities Reactor. 

The inclination of the RS not to require steps against a core 
melting accident, surprised Dr. Hanauer; to him ACRS disapproval of 
the effectiveness of a core retaining basin could be a basis for 
stopping construction. Because there is much evidence that no water 
might be available for core cooling with the present designs during 
an accident, Dr. Hanauer prefers careful attention to avoid this. 
The consensus of the Committee was that core sprays are probably not 
good enough now. Flooding of the system might be independent enough 
to result in Committee acceptability. 

Mr. Case joined the Committee briefly near the end of the sess
ion on the Dresden III unit and said that after listening to the 
Dresden III applicant, the RS recognizes additional safety measures 
are needed for this reactor, e.g., more capacity for the core spray, 
with redundancy. 

Regulatory Staff (RS) 

Mr. Case said that the RS considers proposed core cooling sy
stems reliable enough to prevent core melting and, therefore, melt
ing of a core through a reactor vessel. The RS is giving no credit 
for the core retaining basin underneath the Indian Point II Reactor, 
because the concept has so many uncertainties. An RS analysis 
assumes that 25% of a core could melt to the bottom of the vessel 
without penetration, if cooling from the vessel outside were main
tained. Dr. Hanauer predicted that a churning of a molten core mix
ture would remove any solid uranium dioxide layer which might melt 
the reactor vessel. Above a six-inch opening in the primary system, 
a high head pump would be needed to cool the Dresden III Reactor. 
Although the Indian Point II group has revealed in the public re
cords the proposed core retention basin, by its filing of a license 
application amendment, the RS is not ready to make this a safety 
issue yet, e.g., by discussion at the Public Hearing. 

The Dresden group has been told that unless both the Dresden 
II and the Dresden III Reactors are shutdown, should a shared safe
guards system fail, redundancy in the equipment would be required; 
lately the Dresden group has agreed to provide independent safe
guard equipment. This redundancy in emergency equipment to prevent 
core melting can be extended to other items, e.g., valves and in
struments; some such equipment need operate only once, e.g., iso
lation valves. The earlier refusal of the RS to accept certain 
engineered safeguards now proposed for the Indian Point II and 
Dresden III design was noted by Dr. Okrent. 
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A RS analysis of the possible retention of a molten core in a 
pressure vessel such as with Indian Point II was described. This 
assumed the outside of the steel pressure vessel at 300 F. with the 
inside at 2000 F.; at this temperature the contacting uranium dioxide 
(U02) would be solid. Above this solid U02, a liquid phase would be 
at between ~000 to 5000 F. with boiling U02 on above. Transfer of 
heat downward determines the vessel temperature. If 50,000 BTU per 
hour per square foot downward is assumed, then the tolerable thick
nesses of uranium dioxide solid for 4, 2, and 1% of the core power 
as decay heat are 3, 6, and 12 inches, respectively. The amount of 
uranium dioxide in the Indian Point II Reactor is 400 cubic feet; 
this would cover the bottom of the vessel to a depth of about 2 feet. 

Mr. Case read a letter from Mr. Joslyn dated 29 July 1966 which 
agreed to providing two independent core cooling systems for Dresden 
II and for Dresden III; a review of the Dresden I Reactor in view of 
present licensing situation was promised. A summary of the system 
which protects the containment integrity for the Dresden III Reactor 
from core melting through loss of coolant accidents was reviewed by 
Mr. Case. This showed the size of break in the primary cooling cir
cuit which could be accommodated by the several emergency systems. 
For example, the high pressure cooling injection system and core 
sprays could withstand the loss of coolant from a 5.5 square foot 
hole; mechanical reliability has been considered. The suppression 
pool is the source of spray water for the high pressure core injec
tion system of the Dresden III reactor. Since two sets of core 
sprays inside the vessel must operate, these must not be damaged in 
any accident. With 9100 gallons per minute of coolant added, and 
an assumed 4% metal water reaction, ten per cent of the cladding 
might fail and one per cent of the fuel might melt. In response to 
Dr. Monson's question, 4500 gallons per minute would definitely 
flood the core. The diesels, which have other loads to accommodate, 
can supply 2000 gallons per minute. The Commonwealth Edison Co. was 
reported by Mr. Case to be concerned about the possibility of any 
new safety measures added to the Dresden III Reactor being required 
for the other nuclear plants; the continued addition of safety re
quirements is vexing GE and Westinghouse engineers because of eco
nomic competition. The RS is uncertain as to who in the GE group 
can corrmit the Company to further design changes. 

Since no effort has been made by the Dresden III Group to ana
lyze the consequences of a melted core, the emergency core coolant 
systems must be extremely reliable; nevertheless, Mr. Case did not 
see this system any different in dependability than that proposed 
for the Indian Point II reactor. A series of mistakes of accidents 
might lead to some uncertainity in the reliability of the diesel 
power for the Dresden III plant. At the Indian Point II reactor, 
three diesel engines are planned, and two are needed for the emer
gency system; the Dresden III plant now plans to rely on only one 
diesel and the outside electrical power for emergencies. 

The French rely on operating steam boilers for emergency power. 
Electrical power loss has occurred at the Yankee Reactor and three 
times at the Carolina Virginia Reactor. Standards for emergency 
diesel engines and outside electrical power are being formulated by 
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INDIAN POINT II REACTOR 

The contents of supplements No. ~ and 5 to the license applica
tion were reviewed. New calculations have been done by a computer 
code towards metal water reactions and fuel melting. The nuclear 
design indicates chemical poisoning as a reactivity control is satis
factory; solid control materials, e.g., boron carbide in the core as 
fixed Wlits, may be used. 

The capability of the vessel and tlE core structure to retain 
any slumped fuel during a loss of cooling accident was reviewed. 
The cracks in solid uranium dioxide, when above 2500 C., tends to · 
close; because of this, little fuel fragmentation and loss is pre
dicted following cladding failure. Water flooding of the reactor 
pit would penetrate the insulation around the pressure vessel, and 
a temperature of 300 F. is assumed at the outside of the vessel. 
Holes in the insulation under the pressure vessel are expected to 
assure passage of water and a steam phase around the vessel bottom. 
If 10% of the heat goes to the bottom of the vessel with the remain
der flowing upward and recirculating in the covering water, the tem
peratures should be such as to leave 2~ inches of the pressure ves
sel steel wall undamaged. With this assumed 300 F. at the outside, 
other temperatures would be 2~00 F. at the inside of the pressure 
vessel steel, 5000 F. at the top of a solid half inch layer of Uran
ium dioxide (U02), and over 8000 F. above a 3~ inch liquid layer of 
U02. The 2~00 F. level is the temperature of the eutectic of the 
U02 and iron oxide mixture. The conductivies of materials have been 
varied in the analysis by a factor of two and the temperatures given 
are for the more conservative values. With more favorable heat con
duction about five inches, or nearly all the thickness of the steel 
vessel, would be left. 

The uo2 molten mass should be retained in the vessel, according 
to this coo~ing model. If a molten chunk of fuel fell to the bottom 
of the vessel, it should be chilled by the wall to solid uranium 
dioxide with liquid on the top, Uranium dioxide, U02, gas would be 
formed which would tend to take the heat upward; about 20 cubic 
feet of U02 gas would produce about ~0 cubic feet of steam. This 
steam should go through the hole which led to coolant loss and into 
the containment. A steam flow rate of about 30 to ~0 feet per 
second has been assumed in the annular region between the insulation 
and the vessel wall; no possibility of stagnant. steam around the 
vessel bottom is seen. 

The core basin retaining arrangement underneath is seen as a 
reserve safeguard by the Westinghouse group; the pressure vessel, 
if it fell, could drop only 2% feet because of concrete steps. 
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Dr. Hanauer postulated that fission products might be scrubbed 

from the melt by the steam and collect on the vessel head with sub
sequent decay heating; no analysis has been done for no core cooling 
and no heat transfer through the vessel top. Presumably the uranium 
dioxide and fission products could boil and collect above. The hydro
gen following an accident could collect in the vessel container to 
give a large amount of explosive gas; the rate of hydrogen production 
has not yet been studied. Recombination of the oxygen and hydrogen 
has been considered, but no analysis done. Adding an inert atmosphere 
could limit the explosive hazard. Iodine removal by both sodium 
thiosulfate sprays and by charcoal is planned as redundant systems; 
the spray would be less effective for methyl iodide. 

Accident conditions for a coolant line break assumed a negative 
moderator coefficient and only one low head pump of four operable. 
Shutdown by voids would occur in one second with the rods inserted 
in five seconds. Liquid would reach the top of the core in 5.~ 
seconds with the core uncovered in 7.3 seconds. The low head pump 
would start within 20 seconds with a deluge of water into the bottom 
reaching the lower core plate in 280 seconds; with two pumps opera
ting, half the time would be required, and covering of the core 
should occur in 600 seconds. Only steam cooling was considered for 
the system, with no credit for.any water flowing through the core. 
The parabolic rate law for the zirconium water reaction was assumed. 
With 12 to 15% of zirconium water reaction, which would not be too 
much different for either one or two pumps operating, 25 to 30% of 
the fuel would be exposed by clad melting. A spray to the top of the 
core would reduce this fuel exposure; no detailed analysis of the 
consequences has been done. With all four low head pumps operating, 
the total flow would be about twice; for a smaller break cooling 
conditions wou~d be improved. 

Acquisition of emergency equipment and installation requires 
about two years; consequently, space must be planned for such items 
early. The sensitivity to delay in starting the one low head pump 
has been also studied for delays of fifteen and forty seconds; 
these were found not to change the accident situation markedly. 
Siphon breakers in the coolant lines are believed to preclude any 
loss of water faster than it is being added. 

For a ~ inch pipe rutpre with only one high head pump operating 
the rods would insert in two seconds, safety injection would begin 
in SO seconds, the top of the core would be uncovered in 675 se
conds. Uncovering of the core to five feet below the top would be 
in 850 seconds with recovery of coolant in 950 seconds. No cladding 
should melt for this situation, and the zirconium water reaction 
would be less than one percent. 

Study of the literature indicates that failure of a turbine 
in a massive way would not give missiles which could penetrate the 
Indian Point II containment. Reference was made to a Commonwealth 
Edison accident which gave four large turbine pieces; two landed 
in the condenser and two were 150 yards apart and in opposite di
rections. These p·i e.ces were probably going at ~50 feet per second 
when the turbine broke and 150 feet per second after penetrating 
the turbine casing. Ninety percent of the energy prObably went 
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into the casing of the turbine and the remainder into the kinetic 
energy of the metal peices. In view of this experience with the 
Commonwealth Edison failure, a twenty percent figure for kinetic 
energy of a turbine fragments was assumed with no credit for building 
retention. Reports of two turbines failing by over speeding when 
valves did not close were found, and failure is usually at 70 to 100% 
of over speed; both failures were early in turbine life. Foreign 
particles left in.valves during installations and from inferior oil 
were the cause. No failure of a Westinghouse built turbine has been 
experienced. 

The core structure contains about 220,000 pounds of U02 and 
~~,000 pounds of zirconium. The U02 volume, ~00 cubic feet, could 
fill the vessel bottom part way; water would be around the vessel 
to a level of several feet above. Water inside the vessel would be 
20 feet above the core at the bottom. Any crust on the molten uran
ium dioxide should be broken by vapor pressure. Dr. Zabel observed 
that solids in the circulating water of the emergency cooling arrange
ment would contain abrasive materials which might lead to difficul
ties during the ~00 days of operation required following any accident. 

The failure of radiographic methods to detect flaws in thick 
metal sections, which ultrasonic methods did locate, was mentioned 
by Dr. Okrent. The shear wave ultrasonic technique of testing is 
to be used for this reactor vessel; the forged stainless steel pipe 
will be tested ultrasonicly. During manufacture, the inspection 
of the vessel is to be over and above that required by S:ection 3 
of the ASME code; careful inspection of the plates will be done. 
Pump casings will also be radiographed; the grain size on the pump 
casings preclude ult-t"asonic testing. Any welds found developing 
graphite will be removed and repaired. Much preventive maintenance 
is planned for this reactor plant. Careful surveillance and inspec
tion of the pressure vessel on reactor shut down is planned; com
plete inspection o! the vessel inside will be possible. The pre
sent program towards surveillance of pressure vessels by the Babcock 
& Wilsax Co. (B&W) is being sponsored by the Ensada group. 

Release of steam through a relief valve of the pressurizer 
would amount to a leak of perhaps a quarter million pounds per hour. 
Dr. Monson explored the possibility of additional cooling with all 
the diesel power and the two low head and three high head pumps in 
operation to keep the core from melting; approximately 9100 gallons 
a minute of coolant would be supplied and t~ percent of the clad 
melting was predicted by the Westinghouse group. If there were a 
negative reactivity temperature coefficient and 9500 gallons per 
minute were added, the group still expected five percent melting. 
The moderator temperature coefficient would be positive only in 
the first of a fuel cycle. 

Dr. Monson proposed more capability for emergency cooling and assur
ance of a negative temperature coefficient to prevent melting or limit 
melting to a very small amount. The accident situation with two emergency 
diesels operating was predicted by the Indian Point group not to be much 
different than discussed above; however, no available diesel would result 
in a very serious situation. If no melting of the fuel is a goal, then 
the Westinghouse group believed that other measures than excessive cool-
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ing would be required, e.g., better distribution of the coolant. 

The Indian Point group considers that the outside power is quite reli
able for emergencies; nevertheless, the power loss of the Northeast of last 
fall did indicate otherwise. Four outside systems provide five power lines, 
and the other power unit at the site is a possible emergency source; this 
is considered better than at more isolated locations where perhaps only one 
long line may offer the emergency connections. 

The tubes of the heat exchangers are to be ultransonically tested and 
welded into the tube sheet. Service water is used directly in the fan 
coolers. Pressure in the fan coolers tubes is to be five to ten psi; 
hydrostatic testing is done for 300 psi. Although the 40 psi integral 
leak test of the containment indirectly tests the fan coolers; individual 
leak testing on these coolers will be done. In addition, monitoring of 
the coils for radioactivity release would be a further leakage check. 
Severance of a fan cooler lines would lead to a leakage from the contain
ment of 20% of the volume per day, 50 times the design valve, which could 
cause a 25 rem exposure at the site boundary in a half an hour. Fan 
coolers could be isolated remotely if need be. 

If thirty percent of the fuel melted, the pressure vessel should 
hold, but the Indian Point II group was non-committal about retention of 
larger amounts. Fifty percent of the core gamma radiation was assumed to 
be absorbed in water to release hydrogen; in several weeks, the hydrogen 
concentration might be in the percent range in the containment. If the 
UO remained in one mass, more of the gamma rays would be absorbed in it, 
with only perhaps a twenty-fifth as much available for water decomposition; 
then many months would be required to reach explosive levels of hydrogen 
in the containment. Much hydrogen might be dissolved in the water and be 
released later. The most favorable solubility data to promote an accident 
was assumed; the water was estimated at 180° F. 

Dr. Okrent concluded that more emergency core cooling assurance 
seemed advisable, the role of the positive moderator coefficient will 
need more Committee consideration, and improvement in the quality of the 
primary system may be in order; a letter on this reactor is probable next 
week. 

DRESDEN III REACTOR 

Dresden III Group 

A flow chart showed the core spray circuits, the high pressure cool
ant injection system (HPCI), the isolation condenser arrangement, and 
the containment cooling circuits. 

Mr. Bray said that the design basis for the emergency core cooling 
arrangements is for no core melting, all breaks dual protected, no ex
ternal power sources available, and testing of the equipment possible. 
The proposed systems include the two core sprays, the HPCI system, feed 
water flow, core flooding, and operator depressurization. A bar chart 
showed size of break {log arithm scale) for which the different emergency 
cooling systems would be effective. Bars for core sprays, feed water 
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availability, HPCI, and operator depressurization were tncluded. T~is was 
for a break below the water line with liquid flow from the primary system 
and for the other case of a break above the water line with a steam flow. 
The size of break went from about .02 square feet to 5 square feet. For 
the liquid flow situation, core sprays one and two were effective down to 
about 1.5 square feet or a six inch diameter pipe opening. While for a 
steam flow break, these were effective down to about .3 square foot. For 
the liquid flow loss, only the core sprays could satisfy the needs for a 
large break. The feedwater system, the HPCI and the operator activation 
of depressurization would be capable of handling a small break; these three 
cover a longer range for the steam loss accident. The two loops for the 
core sprays are to be completely redundant. The isolation condenser 
system is also a high pressure arrangement. 

A chart showed the pressure of the system against time following loss 
of coolant. A steady drop from about a thousand psi to about 600 psi 
would occur with a more rapid drop following. This was for a break of .15 
square feet with no feed water introduction. The core would be uncovered 
for about 500 seconds, with core sprays starting at about 600 seconds. The 
situations for intermediate size breaks of .01, .03, and .06 square feet 
were given. Percent of feed water flow varied from 3 to 50. The time to 
reach the high dry well pressure changed from 55 to 5 seconds. The time 
to uncover the core went up to six minutes. 

The GE group has been conscious for some time of the serious problems 
of cooling of very large reactor cores. Many relative tests dating back 
some years have been reviewed. Increasing the capacity of the cooling sy
stem has been considered. Uncertainties in the behavior of molten mater
ials in water exist. A continuing program to simulate blowdown accidents 
and develop reliability data is underway; steam binding tests are also 
to be done. 

Core cooling is believed assured by a physical separation and mechani
cal protection of the components, component redundancy, quality control, 
mechanical integrity, control instrument logic, design for surveillance, 
and a very reliable design and operating analysis. All lines of the core 
cooling systems are to be adequately designed for expansion requirements. 
A six inch movement of the pressure vessel is believed possible before any 
line breaks, holes in the concrete structure, rather than pipe elasticity, 
determine this. 

The core spray water would drain through a line break, into 
the dry well and then to the pressure suppression system; little 
chance for escape is seen. The possibility of vibrations deacti
vating a spray system as has occurred with other reactors was sug
gested by Dr. Hanauer. Perhaps spray tests, e.g., with the Jersey 
Central Reactor, could throw light on reliability. The Big Rock 
Reactor had vibrations which might have interferred with a core 
spray arrangement. Nevertheless, early tests with a new plan are 
believed by the GE group to capable of revealing such difficulties. 
Designs of the current GE plants are similar; but careful analyses 
and tests are used to include possible improvements towards safety. 
The General Electric (GE) group stated that all steps towards a 
safe plant are taken with each new design; evolution in research 
and development and plant experience provide improvements. 
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The use of one diesel for the Dresden III plant was considered 
by Dr. Hanauer as inconsistent with the duplication of other parts 
of the spray arrangement. Nevertheless, the GE group considers the 
diesel very reliable and sees outside power availability providing 
redundancy. Dr. Palladino indicated that the one diesel might need 
maintenance, which could require shutdown of the plant at other than 
refuelings. the emergency cooling system is considered by the GE 
engineers to be adequately powered. Simplicity is desired so as not 
to complicate the spray arrangement, e.g., care is to be taken to 
see that no loose bolts or other pieces can enter the system. 

Recently a tornado did disrupt all of several outside power 
lines to the Dresden I facility; the diesel emergency unit did 
operate. Now additional lines of emergency power are from the south. 
Mr. Joslyn could not recall a case where a power plant accident re
sulted in the loss of outside power; with a turbine failure, there 
was still no outside power loss. Later, he recalled three shutdowns 
of plants from internal incidents with no loss of outside power; 
switch yard errors have resulted in such loss. 

Post accident cooling of perhaps a month was mentioned; this 
would be the required time for a decision as to whether to unload 
the fuel of the plant. No estimate was given by GE as to how long 
the plant might have to be cooled if the fuel was not unloaded from 
the core. 

Mr. Joslyn said that the conventional plants of the Commonwealth 
Edison system, as well as a nuclear plant, can be shutdown at any 
time the operator in charge deems advisable. The Dresden I experi
ence with the tornado showed good operator action in an emergency. 
The Dresden I plant has been shutdown rapidly and safely with no 
plant damage. Flanged connections might lead to problems during 
fast shutdown. The Dresden III plant is designed for a drop of 
545 F. to 307 F. in 10 minutes and then at a 100 F. per hour to a 
100 F.; the ASME codes are the guide. If there were a more severe 
drop in temperature, e.g., the 545 to 350 F. in five minutes; the 
ASME code would not be met. Nevertheless, the fatigue criteria 
would probably allow ten such eycles. Data from thermcouples would 
be analyzed in these metallurgical predictions. Inspection would 
be performed particularly in the Flange areas, which would be 
accessible. Mr. DiNunno said that heating and cooling rates may 
be determined by a variety of components. 

Feed water failure would trip the isolation condenser arrange
ment with a 15 second delay. The condenser capacity can take all 
the heat except that from a transient. Safety valves have a capa
city of 40% of the reactors steam flow. Maximum pressure expected 
in a reactor is 1100 psi. The high pressure injection system is 
to back up this condenser arrangement. With no outside heat re
moval ability, there is a 25 megawatt-day heat sink in the pressure 
suppression system with use of the core sprays, which might be a 
five day supply. 

If the control rod worth the most in .reactivity were dropped 
from the reactor, a 4000 megawatt second transient might occur, 
only a one to 2 psi peak pressure is forseen in the vessel because 
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of the cushioning of the steam above; somewhat le•ss conservative 
assumptions might give 5 psi. 

A test with a hot spray pipe about 20 feet long and in a pressure 
vessel has been made. Depressurization was carried out and water 
was supplied by a pump. Pressure traces of recorders against time 
were shown for the pump head, the vessel pressure, and the sparger 
spray pressure. Variation in the slope of the change in pressure 
of the sprays may be from boiling in the sparger. Although no 
actual blowdawn test on any reactor has been done, many loops have 
been tested. The intent is for a full scale test of the spray sy
stem and higher temperature tests are planned. 

The system proposed is believed adequate by GE to keep the core 
from melting; advanced concepts are under study, but the GE group 
is not inclined to speculate an any other schemes, e.g., use of 
massive flooding of the facility. Complete core flooding has been 
considered, but there are associated problems. Flooding systems 
encounter difficulties in predicting the flow passages. Water 
flooding yields steam from the bottom, and, when only two thirds 
of the core heighth is covered, sufficient cooling from both the 
steam and the water should be available; over the range tested, 
large variations in flow have not affected temperature much. 
Core flooding is not seen by the GE group as effective for cooling 
as is a spray. However, Dr. Okrent told the group that the present 
core cooling arrangements are probably insufficient; flooding might 
be an adequate addition. 

Later the GE group said that the plan would be to us.e the core 
sprays for flooding; this would be either more sprays or minimizing 
the leaks, and perhaps some cladding melting would accompany this. 
Mr. Joslyn doubted if those changes in design could be done before 
the meeting of next week; however, he hoped that the flooding con
cept might be sufficient to allow Committee approval. Neither GE 
nor the Commonwealth Edison Group want a basin for retention of 
molten core; a plant that would require such measures would not 
be considered suitable by the utility. Core melting in the vessel. 
but no penetration, would be acceptable. 
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As an interesting historical asidet it is noted that the very first section 
of the minutes of the Special August meeting mentions that Dr. Beck was 
disturbed by an attempt by the ACRS to make private arrangements with Brit
ish safety groups. It also mentions a meeting between ACRS Chairman Okrent 
and the AEC Commissioners. What became known much later, from a brief 
history of the ACRS prepared by the AEC Chief Historian, R. G. Hewlett, 
in 1974, was that during this very difficult period in which a course of 
action was sought by the ACRS concerning loss of cooling accidents and 
the "China Syndrome," Dr. Beck was interceding· with the AEC Commissioners 
concering what he considered inappropriate activities by the ACRS. We 
quote from Hewlett as follows: 

With the rapid expansion of projects utilizing nuclear energy, 
the role of the ACRS became increasingly amorphous and expansive. 
This trend prompted a letter from Dr. Clifford Beck, Deputy 
Director of Regulation, dated July 19, 1966, to the files 
entitled "Current Trends in ACRS Activities. 11 Beck argued that 
the present trend was similar to the situation in the late 
1950's when the ACRS was heading toward a role independent 
of the AEC, with its own expanding staff, a proliferation of 
consultants, and direct lines of communication with applicants 
and others outside the agency. 

In particular, Beck attributed to these tendencies a lack of 
common basis of technical understanding between staff and 
the ACRS because of differing consultant sources, a need
lessly increasing ACRS staff, and an increase in ACRS involve
ment, and compliance activities. Among other recommendations, 
Beck requested an ad hoc task force, similar to that estab
lished in 1954, maae up of AEC and ACRS personnel, to examine 
the present and future relationships of the two organizations. 

Subsequently the Commission met with Dr. David Okrent 
(Chairman of the ACRS) on August 3, 1966 to discuss these 
11CUrrent trends." No solutions were proposed to the 
problems Beck had enumerated in his letter of July, 1966*, 
but the statutory guidelines on ACRS activities were under 
continua 1 review. In Nove!Pber of 1967 an anendment to §182b 
of the Atomic Energy Act was circulated by the Director of 
Regulation, proposing a modification of the requirements for 
mandatory reviews and reports by the ACRS. The Chairman of 
the AEC, Glenn T. Seaberg, sent a final legislative package 
to the Bureau of the Budget on December 20, 1968. The expressed 
purpose of the new legislation was to make the statute flexible 
enough to permit the ACRS to omit its review if the Commission 
and the Committee agreed. This amendment would assist the 
ACRS in its deliberations as the standardization of designs 
increased. 

*The existence of Beck's letter was not disclosed to Okrent nor 
were Beck's concerns. . 
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Dr. Zabel's* appointment as Chairman of the ACRS in 1968 
seemed to herald a new era of cooperation between the AEC 
and the ACRS. Mutually satisfactory liaison procedures 
were established between the two bodies. In January, 1969 
it was decided by the Commission that the Director of 
Regulation was to be responsible for resolving serious defi
ciencies in the Quality Assurance programs of applicants, 
not the ACRS.** This decision was part and parcel of the 
move to free the ACRS of responsibility for routine 
matters. 

Also, of some interest is a Project Status Report (on the following page) 
prepared by an ACRS Staff engineer prior to the Special August, 1966 meet-
; ng. This report notes that the Regulatory Staff had already given not ice of 
a construction permit held on August 31, 1966 despite the complex new issues 
raised by the 11 China Syndrome," despite lack of resolution of the matter as 
of August 3, 1966, and despite previous requests by the ACRS that the 

''Regulatory Staff not notice such hearings until completion of the ACRS 
portion of the review. 

At its 76th meeting, August 11-13, 1966, the ACRS completed action on both 
the Indian Point 2 and Dresden 3 construction permit reviews.*** As an inte
gral part of this action, the Committee also decided to write and completed 
preparation of a general letter concerning problems of primary system integ
rity, the loss of coolant accident, and the possible consequences of failure 
to cool the core. 

At the August meeting, General Electric had proposed for Dresden 3, and for 
Dresden 2 as well, two core spray systems and a flooding system, any of which 
would meet a no-clad melting criterion, and each of which was operable with 
emergency on-site power. The ACRS agreed that a letter could be written on 
Dresden 3 although the final design of the emergency cooling system would 
require additional review. 

The ACRS reports dated August 16, 1966 on Dresden 3 and Indian Point 2 are 
duplicated on the following pages, as well as the draft general letter agreed 
to at the August meeting. 

* Chairman are selected by the ACRS members themselves, and not appointed. 

**As a later chapter will discuss, inspection and quality assurance proved 
to be rather deficient during the next two years. 

***The ACRS members present at the July meeting were D. Okrent, Chairman, s. 
Bush, H. Etherington, F. Gifford, s. Hanauer, H. Mangelsdorf, J. McKee, 
H. o. Monson, H. Newson, A. O'Kelly and N. J. Palladino. c. Zabel parti
cipated in the August meetings; H. Newson did not attend. Members H. 
Kouts and T. Thompson missed all the July and August meetings. 
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MCG - 8/3/66 

Project: Indian Point 2 

Status : Construction Permit Review - Letter Requested 

Background: On December 6, 1965, Con Ed submitted the Preliminary Safety 
Analysis Report for Indian Point Nuclear Generating Unit No. 2 along with 
the application for a construction permit for the facility. Since that time, 
five supplements to the Preliminary Safety Analysis Report have been sub
mitted. Subcommittee meetings regarding the project were held on March 30, 
May 3, and June 23, 1966, and the project was considered at the April, May 
and July ACRS meetings. 

DRL Analysis: DRL Report No. 3, which was issued prior to the July ACRS 
Meeting, concluded that the Indian Point 2 facility could be built and 
operated without undue risk to the health and safety of the public. Report 
No. 4 has now been issued by DRL. In this Report, DRL concludes that the 
proposed emergency core cooling system for Indian Point 2 provides suffi
cient capacity, redundancy and reliability to preclude significant core 
damage and to protect containment integrity in the event of credible loss
of-coolant accidents. DRL also states they believe the reactor pit crucible 
should be considered as only a backup to the emergency core cooling system 
and that sufficient evidence has not been presented by the applicant to 
demonstrate its effectiveness under assumed accident conditions. 

Questions: 

1. In their Fourth Supplement, Con Ed has presented additional information 
concerning radiolytic decomposition of water following a primary system 
piping failure. This matter was first raised by Dr. Parker of ORNL. DRL 
is in the process of obtaining Dr. Parker's opinion concerning the infor
mation presented by Con Ed. DRL might be asked their conclusion concerning 
the significance of the possible radiolytic decomposition of water follow
ing a loss of primary system integrity. 

2. The Fourth Supplement conta·ins information regarding the modified iso-
lation valve seal water system. Conspicuously absent from this information 
is a discussion of the operating experience with the type of valves pro
posed for installation. Con Ed might be asked concerning this matter. 

3. On page 6 of DRL Report No. 4, DRL indicates that they are willing to 
consider that two independent systems have been provided to prevent core 
melting following a small piping break -- the high-head and the low-head 
safety injection systems. It appears questionable that the low-head sy
stem alone would prevent core melting in the event of the worst size small 
pipe break. DRL states that Con Ed will be prepared to discuss this item 
at the Committee meeting. 

4. DRL has already given public notice that the hearing to consider the 
issuance of a construction permit will be held on August 31, 1966. It is 
quite unusual for DRL to give such a notice prior to issuance of the ACRS 
letter. The Committee has previously asked the Regulatory Staff to ter
minate such practice, and they indicated that they would do so. DRL might 
be asked the reason for the notice being issued prior to the ACRS letter. 



2-251 

ADVISORY COMMITTEE ON REACTOR SAFEGUARDS 
UNITED STATES ATOMIC ENERGY COMMISSION 

WASHINGTON. O.C. 2.0545 

Honorable Glenn T. Seaborg 
Chairman 
U. S. Ato~ic Energy Commission 
Washington, D. C. 

August 16,1966 

Subject: REPORT ON DRESDEN NUCLEAR POWER STATION - UNIT 3 

Dear Dr. Seaborg: 

At its seventy-fourth meeting, on June 8-11, seventy-fifth meeting, on 
July 14-16, a special meeting on August 4-S, and its seventy-sixth meeting 
on August 11-13, 1966, the Advisory Committee on Reactor Safeguards reviewed 
the proposal of the Commonwealth Edison Company to construct a third nuclear 
power plant at the Dresden site, near Morris, Illinois. Unit 3 will include 
a boiling water reactor to be operated at 2255 MW(t) power level with pres
sure suppression containment. Unit 3 would be similar to Unit 2. The Cor
nittee had the benefit of discussions with representatives of the applicant, 
the General Electric Company, Sargent & Lundy, the Babcock & Wilcox Company, 
and the AEC Staff, and of the documents listed. A Subcommittee of the ACRS 
met to review this project at the Dresden site on June 2, 1966, and in 
Washington on July 7, 1966. 

In its report on Dresden Unit 2, dated November 24, 1965, the Committee rec
ommended that the AEC Staff follow development work by GE to resolve parti
cular design problems. The Committee recommends that the Staff continue to 
follow the development work in connection with both Units 2 and 3, particu
larly with respect to operation with jet pumps, testing of emergency cooling 
methods, and studies of reactivity transients to assure no impairment of 
emergency cooling effectiveness as a consequence thereof. 

The Committee also urged that the designers pay particular attention to the 
design of the pressure vessel, and of the high pressure steam lines with 
their isolation valves and fittings. The Committee reiterates.its opinion 
on this matter in connection with Unit 3. 

The Committee notes that the applicant has made improvements in the require
ments for pressure vessel inspection during fabrication and urges that the 
applicant pursue vigorously the implementation of adequate in-service in-
spection techniques. " 

~·.4:. -. t~· ~ 
t' • •• · 

,; : ,· .. 'i .. 
• ~ ",.-!, ! " F • 
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The effectiveness of emergency core cooling systems is a matter of 
p~rticular importance in the unlikely event of a pipe rupr.ure ir. the 
'frimary system. The applicant proposes the following improved complex 
of emergency cooling systems: 

1. a high pressure coolant injection (IWCI) system, 

2. a high-volume flooding system to permit rapid injec
tion of water into the reactor vessel following blo,·:
down to a lo'tv pressure, 

3. two core spray systems, 

4. a system that will make river water available to the 
feedwater pump for emergency cooling. 

The applicant advised the Committee that equivalent changes in the emer
gency core cooling systems of the Dresden 2 unit would be made. Three 
diesel-driven generators will be installed to serve Units 2 and 3. 

The Committee concurs that the proposed systems should increase the re
liability and effectiveness of emergency core cooling. Complete details 
of the systems are not available, but the Committee believes that these 

r; matters can be resolved during construction of this facility. The·Com
mittee believes that the Regulatory Staff and the Committee should review 
details of design, fabrication procedures, plans for in-service inspection 
and the analyses pertaining to the emergency core cooling systems, as soon 
as this information is available and prior to irrevocable construction 
commitments pertaining thereto. 

Careful examination of the forces during blowdown on various structural 
and functional members within the pressure vessel is necessary to assure 
sufficient conservatism in the design. The Committee recommends that the 
AEC Staff satisfy itself fully in this respect. 

The Committee believes that the combination of emergency cooling systems 
has a high probability of guarding against core meltdown in the unlikely 
accident involving rupture of a primary system pipe. In view bf the pres
ent state of development of such emergency cooling systems, however, and 
since the·cooling systems may be subject to certain low-probability inter
related modes of failure, the Committee believes that the already small 
probability of primary system rupture should be still further reduced by 
taking additional measures as noted below. The Committee would like to 
review the results of studies by the applicant in this connection, and 
the consequent proposals, as soon as these are available. 
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1. Design and fabrication techniques for the entire primary 
system should be reviewed thoroughly to assure adequate 
conservatism throughout and to make full use of practical, 
existing inspection techniques which can provide still 
greater assurance of highest quality. 

2. Great attention should be given to design for in-service 
inspection possibilities and the detection of incipient 
problems in the entire primary system during reactor 
operation. Methods of leak detection should be employed 
which provide a maximum of protection against serious in
cidents. 

The Advisory Committee on Reactor Safeguards believes that the various 
items mentioned can be resolved during construction an.i that the proposed 
reactor can be constructed at the Dresden site with reasonable assurance 
that it can be operated without undue risk to the health and safety of 
the public. 

References Attached. 

... •...: . . . ~:..~·"':. - ' 

Sincerely yours, 

/s/ 

David Okrent 
Chainr.an 

·· .. 
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References (Dresden 3) 

1. Dresden Nuclear Power Station, Unit 3, Plant Design and Analysis 
Report, Volumes I and II, Commonwealth Edison Company, undated, 
received February 14, 1966. 

2. Letter dated Hay 3, 1966 from L. F. Lischer, Commonwealth Edison, 
to Dr. R. L. Doan, AEC, transmitting Amendment No. 1, Answers to 
AEC Questions, including replacement and additional pages to Plant 
Design and Analysis Report. 

3. Amendment No. 2, Answers to AEC Questions, undated, received May 20, 
1966. 

4. Letter dated May 26, 1966 from Murray Joslin, Commonwealth Edison, 
to Dr. R. L. Dean, AEC, transmitting Amendment No. 3, Answers to 
AEC Questions, including replacement pages to Plant Design and 
Analysis Report. 

5. Supplement to Construction Permit Application, Reactor Vessel Non
Destructive Testing of Plate, dated June 10, 1966. 

6. Letter dated July 8, 1966 from Murray Joslin, Commonwealth Edison, 
to Dr. R. L. Doan, AEC, with attachments. 

7. Letter dated July 26, 1966 from F. A. Hollenbach, General Electric, 
to Mr. E. Case, AEC, with attachment. 

8. Letter dated July 29, 1966 from Murray Joslin, Commonwealth Edison, 
to Mr. Edson Case, AEC. 

9. Letter dated August 10, 1966·from W. D. Gilbert, General Electric, 
to Mr. E. Case, AEC, with attachment. 

10. Letter dated August 12, 1966 from M. Joslin, Commonwealth Edison, 
to Dr. Richard L. Doan, AEC. 

ACRS OFFICE COPIES ONLY 
1. Ltr dtd S/12/66 from DRL to Commonwealth Edison Co. 
2. DRL Staff Analysis dtd 5/26/66 (OUO). 
3. N. M. Newmark and W. J. Hall comments dtd June 1966. 
4. N. M. Newmark and W. J. Hall comments dtd July 1966. 
5. DRL Staff Analysis "Report No. 211 dtd 8/3/66. 
6. DRL - Dresden Unit 3 - "Systems which Protect Containment Integrity 

from Core Melt through Due to Loss of Coolant Accidents", received 
8/5/66. 
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ADVISORY COMMITTEE ON REACTOR SAFEGUARDS 
UNITED STATES ATOMIC ENERGY COMMISSION 

WASHINGTON 25, D.C. 

Honorable Glenn T. Seaborg 
Chairman 
u. S. Atomic Energy Commission 
Washington, D. c. 

August 16, 1966 

Subject: REPORT ON INDIAN POINT NUCLEAR GENERATING UNIT NO. 2 

Dear Dr. Seaborg: 

At its seventy-fifth meeting, July 14-16, 1966, and its special meeting 
on August 4-5, 1966, the Advisory Committee on Reactor Safeguards com
pleted its review of.the application of Consolidated Edison Company 
of New York, Inc. for authorization to construct Indian Point Nuclear 
Generating Unit No. 2. This project had previously been considered 
at the seventy-second and seventy-third meetings of the Committee, and 
at Subcommittee meetings on March 30, May 3, and June 23, 1966. During 
its review, the Committee had the benefit of discussions with represen
tatives of the Consolidated Edison Company and their contractors and 
consultants and with representatives of the AEC Regulatory Staff and 
their consultants. The Committee also had the benefit of the documents 
listed • 

. ·The Indian Point 2 plant is to be a pressurized water reactor system 
utilizing a core fueled with slightly enriched uranium dioxide pellets 
contained in Zircaloy fuel rods; it is to be controlled by a combination 
of rod cluster-type control rods and boron dissolved in the primary 
coolant system.· The plant is rated at 2758 MW(t); the gross electrical 
output is estimated to be 916 MW(e). Although the turbine has an ad
ditional calculated gross capacity of about 10%, the applicant has 
seated that there are no plans for power stretCh in this plant. 

The Indian Point 2 facility is the largest reactor that has been con
sidered for licensing to date. Furthermore, it will be located in a 
region of relatively high population density. For these reasons, 
particular attention has been given to improving and supplementing the 
protective features previously provided in other plants of this type. 

The proposed design has a reinforc~ concrete containment with an in
ternal steel liner which is provided with facilities for pressurization 
of weld areas to reduce the possibility of leakage in these areas. 
The containment design also includes an internal recirculation 
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,· 

( 

( containment spray system and an air recirculation system consisting 
of five air handling units to provide long-term cooling of the con
tainment without having to pump radioactive liquids outside the 
containment in the event of an accident. Even though the applicant 
anticipates negligible leakage from the containment, two i~dependent 
means of iodine removal within the containment have been provided. 
These are an air filtration system using activated charcoal filters, 
and a containment spray system which uses sodium thiosulfate in the 
spray water as a reagent to aid removal of elemental iodine. 

. ( 

The reactor vessel and various other components of the system are 
surrounded by concrete shielding which provides protection to the 
containment against missiles that might be generated if structural 
failure of such components were to occur during operation at pressure. 
This includes missile proteetion against the highly unlikely failure 
of the reactor vessel by longitudinal splitting or by various modes 
of circumferential cracking. The Committee favors such protection 
for large reactors in regions o.f relatively high population density • 

. , 
The Indian Point 2 plant is provided with two safety injection systems 
for flooding the core with borated water in the event of a pipe 
rupture in the primary system. The emergency core cooling systems 
are of particular importance, and the ACRS believes that an increase 
in the flow capacity of these systems is needed; improvements of 
other characteristics such as pump discharge pressure may be ap
propriate. The forces imposed on various structural members within 
the pressure vessel during blowdown in a loss-of-coolant accident 
should be reviewed to assure adequate design conservatism. The 
Committee believes that these matters can be resolved during con
struction of these facilities. However, it believes that the AEC 
Regulatory Staff and the Committee should review the final design 
of the emergency core cooling systems and the pertinent structural 
members within the pressure vessel, prior to irrevocable commitments 
relative to construction of these items. 

The applicant stated that, even if a significant fraction of the core 
were to melt during a loss-of-coolant accident, the melted portion 
would not penetrate the bottom of the reactor pressure vessel owing 
to contact of the vessel with water in the SUMp beneath it • 

. The applicant also proposes to install a backup to the emergency core 
cooling systems, in the form of a water-cooled refractory-lined 
stainless steel tank beneath the reactor pressure vessel. The Com
mittee would like to be advised of design details and their theo
retical and experimental bases when the design is completed • 

. -.. 
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In order to reduce still further the low probability of primary 
system rupture, the applicant should take the additional measures 
noted below. The Committee would like to review the results of 
studies made by the applicant in this connection, and consequent 
proposals, as soon as these are available. 

1. Design and fabrication techniques for the entire primary 
system shoula be reviewed thoroughly to assure adequate 
conservatism throughout and to make full use of practical, 
existing inspection techniques which can provide still 
greater assurance of highest quality. 

2. Great attention should be placed in design on in-service 
inspection possibilities and the detection of incipient 
trouble in the entire primary system during reactor 
operation. ~~thods of leak detection should be employed 
which provide a maximum of protection against serious 
incidents. 

Attention should also be given to quality control aspects, as well 
as stress analysis evaluation, of the containment and its liner. 
The Committee recommends that these items be resolved between the 
AEC Regulatory Staff and the applicant as adequate information is 
developed. 

The applicant has made studies of reactivity excursions resulting 
from the improbable event that structural failure leads to expulsion 
of a control rod from the core. Such transients should be limited 

.by design and operation so that they cannot result in gross primary
system rupture or disruption of the core, which could impair the 
effectiveness of emergency core cooling. The reactivity transient 
problem is complicated by the existence of sizeable positive re-

.activity effects associated with voiding the borated coolant water, 
particularly early in core life. In addition, the course of the 
transients is sensitive to various parameters, some of vhich remain 
to be fixed during the final design. Westinghouse representatives 
reported that the magnitude of such reactivity transients could be 
reduced by installation of solid burnable poisons in the core to 
permit reduction of the soluble boron content of the moderator, there
by reducing the positive moderator coefficient. The Committee agrees 
with the applicant's plans to be prepared to install the burnable 
poison if necessary. The Committee wishes to review the question of 
reactivity transients as soon as the core design is set. 
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The Advisory Committee on Reactor Safeguards believes that the 
various items mentioned can be resolved during construction and 
that the proposed reactor can be constructed at the Indian Point 
site with reasonable assurance that it can be operated without 
undue risk to the health and safety of the public. 

Sincerely yours, 

Is/ 
David Okrent 
Chairman 

References: 

1. Consolidated Edison Company of New York, Inc., Indian Point 
Nuclear Generating Unit No. 2, Preliminary Safety Analysis 
.Report, Volume 1, and Volume 2, Parts A & B, received 
December 7, 1965. 

2. 

3. 

4. 

5. 

6. 

7. 

First Supplement to Preliminary Safety Analysis Report, dated 
March 31, 1966. 
Second Supplement to Preliminary Safety Analysis Report, 
received June 2, 1966. 
Errata ffi1eets for Preliminary Safety Analysis R~~ort and First 
Supplement thereto, received June 13, 1966. 
Third Supplement to Preliminary Safety Analysis Report, re
ceived June 22, 1966. 
Fc·urth Supplement to Preliminary Safety Analysis Report, re
ceived July 28, 1966. 
Fifth Supplemedt to Prelimin~ry Safety Analysis Report, re
ceived July 28, 1966 • 
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S incc::c.ly you:s, 

D.:tVicl C!;r~ne 
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In its reports on Indian Point 2 and Dresden 3 the ACRS empahsized the 
need for additional measures to reduce the probability of a loss of cool
ant accident and the need for improved emergency core cooling systems.· 
With regard to the ECCS, the ACRS took the unusual step of recommending 
that 11 the Regulatory Staff and the Committee should review details of 
design, fabrication procedures, plans for inservice inspection and the 
analyses pertaining to the emergency core cooling systems, as soon as 
this information is available and prior to irrevocable* construction com
mitments pertaining thereto.~~ Prior to that t1me, construction permit 
approvals had been based largely on a commitment to meet rather general 
criteria, and the plant, as built, might or might not prove satisfactory 
to the regulatory groups. The requirement imposed by recommending ACRS 
review before irrevocable commitments were made, was, in a sense, the 
forerunner of requiring an increased knowledge of most design aspects at 
the construction permit stage. 

The draft general letter, after recommending further measures to help pre
vent a LOCA and a very conservative approach to the design of ECCS, dis
cussed the potential for large scale core melt. It went on to make a con
troversial recommendation as follows: 

.•..... because experience with emergency core cooling systems is 
limited, and because systems using current concepts necessarily 
are subject to certain low-probability modes of failure related 
to primary system rupture, the Committee believes it prudent 
to provide still greater protection of the public by some 
independent means, particularly for reactor sites nearer to 
population centers. Progress toward this objective will require 
an evolutionary process of design and a vigorous program of 
research, both of which should begin immediately and be aimed 
at reaching a high state of development in approximately two 
years. Future reactors relying solely on currently employed 
types of emergency core cooling systems to cope with the 
unlikely accident involving primary system rup~ure will be 
considered suitable only for rural or remote s1tes. 

In connection with the issuance of the general letter on pressure vessels, 
the ACRS has received rather adverse comments from the Atomic Energy Commis
sion to the effect that the AEC had not been consulted in advance and not 
been notified that the Committee planned to issue such a general letter. 
Hence, this time the Committee decided to forward the general letter to 
Mr. Price and to the Commissioners so that they could see it and comment 
prior to its formal issuance by the ACRS. 

*emphasis added 
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The general letter was a way of asking that, as rapidly as possible, some 
alternate method, over and above adequate emergency core cooling systems 
of the general type being used or proposed, be developed, so that the prob
lem of the "China Syndrome" would be attacked in depth with diverse ap
proaches. And the plan to issue such a report was part of the overall 
package agreed to by the ACRS at its August, 1966 meeting. In fact, the 
basis by which some members agreed to the issuance of letters favorable 
to the construction permits of Dresden 3 and Indian Point 2 was that 
there would be such a general letter.· 

As was then the custom, all the discussions taking place between the ACRS 
and the Regulatory Staff, or with Commonwealth Edison and with Consolidated 
Edison, had been in closed session. The only thing on the public record 
which indicated that some ·new provision for full-scale core melt had been 
considered in any way was the amendment to the Preliminary Safety Analysis 
Report submitted for Indian Point 2 in late June. In that amendment they 
proposed to put a core retention structure under the reactor vessel. It's 
interesting to take a look at the Public Safety Evaluation published for 
Dresden Nuclear Power Station Unit 3 on August 31, 1966 by the Regulatory 
Staff. There is no hint anywhere in this report that the "China Syndrome" 
and the inability of the containment to withstand core melt had been a major 
issue. It is stated that the ACRS met with the Applicant on June lOth to 
discuss the overall design of the station and particular features of safety 
significance, that the ACRS met with the Applicant and the Regulatory Staff 
on August 5 and August 12 for further discussion on the emergency core cool
ing systems for the proposed plant, and that following this meeting, the 
ACRS reported its views by a letter report dated August 16, 1966. 

Depending on one's point of view, one might consider this a less than candid 
review of what had transpired. One might equally well say that the ACRS let
ter was not completely candid, since it did not directly address the inter
relationship between core meltdown and the containment failure in Dresden 3 
report. However, that was a point which was to be made explicit in the general 
letter on Problems Arising from Primary System Rupture, which report was never 
issued, as we shall now discuss. 

The 77th meeting of the ACRS was held on September 8-10, 1966. Members Thomp
son and Kouts, who had not attended the July and August meeting, were present 
at this meeting, as was a new member, J. Hendrie. The minutes show that there 
was a meeting between the Committee and the fu 11 Atomic Energy Commission, 
which included Chairman Seaberg and Commissioners Johnson, Nabrit, Ramey, and 
Tape. 
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Chairman Seaborg referred to the proposed letter on primary 
system failure. He said that the impacts on the industry 
might be serious, and he felt that any letter should await more 
study. To Dr. Seaborg, the letter failed to recognize the 
current efforts to meet this problem with large reactors. Mr. 
Price said that the core melting problem is one for the industry 
to pursue rather than for the Regulatory Staff. Dr. Kavanaugh, 
the Assistant General Manager for Reactors in the AEC, objected 
to the tone of the letter and, in particular, to its lack of 
recognition of the efforts under way. He saw the close relation 
of the time schedule for reactor designs and the site problems 
as a difficulty with any steps toward protection against primary 
system failure. Making public such a letter without the much 
related correspondence might lead to misunderstanding by the 
public. Commissioner Johnson noted that parts of the proposed 
letter might be considered decision-making, which is the preroga
tive of the Commissioners~ 

To Commissioner Johnson, more facts are needed before outlining 
measures to avoid or cope with this primary system hazard. · 
Assemblying a task force group of experts from the AEC laboratory 
to assist the ACRS with this problem has been considered by Dr. 
Kavanaugh; no AEC conclusion on such an approach had been reached. 
After more discussion, a task force to develop the problem of 
primary system failure was again suggested by Chairman Seaborg, 
prior to any such letter from the Committee. Mr. Shaw of the 
AEC reported being impressed by the response of applicants to 
suggestions of the Committee and the Regulatory Staff; consequently 
he preferred no letter now. 

After its discussions with the Commission and the members of the AEC staff, 
the Committee discussed at length in executive session the draft letter of 
August 16, 1966 concerning primary system rupture. Where agreement had 
existed in August, divided opinion was now present, and the presence of 
several members who had not been there in August added to the division of 
opinion. 

Although several members felt that they had agreed to the letters issued on 
Indian Point 2 and Dresden 3 only on the basis that a general letter of the 
type under discussion would also be issued and, in fact, this exact state
ment is attributed to one member in the minutes, the final conclusion of the 
Committee was not to send the general letter, but rather to endorse the 
recommendation of the Atomic Energy Commission that a task force be estab
lished. And a possible major change in safety for light water reactors, 
namely the conscious development and provision of steps to mitigate core 
meltdown, was not undertaken. 

The complexity of the problem is well illustrated by the minutes of the ACRS 
Executive Session on this matter, which follow: 



EXecutive Session 

A 
":::1 

-10-

PR.D'v\ R.( S"CSrn.f RIJP'TURE 

.. 
~ A draft of 16 August 1966 concerning prL":lary system l:""..lpture was re-

ferred to by nr-. Palladino who cautioned the Ccrn.mi ttee that any rneasul"'eS 
required should l:e consistant ;..'ith past ACRS action. Ir. Hanauer noted that 
the Indian Point II ?~actor probably did not moet the require~ents of the 
proposed lett.-:r. Tl:'.e letter ;..-as considered tr.r :nr. Ergen to te too inclusive: 
~ore attention to tbe knoh~ problems, e.g., core ~elting and possible ~dro
gen explosions, and defiT'.iT'.g the proble:::s rdght b9 more productive. Ho~ever, . 
~. zabel cor~idared current reactors ~s .forcing the Co~~ittee to face the 
issue. 

Dr'. P'..al"..auer observed that emer&ency precautions must include equiP-
.lilent which will not .faU during the exterded operation req;u.ired .folJ owin~ 
an accident. The Cor.~ittee's position apf~ared to be that the past erner• 
gency r.easures ~;re satisfactory .for rural reactors, but s~ething addi
tional is needed .for the suburban locations. Dr. Blsh ~~onished the 
Co:n.d ttee to use much care in identii'Jing e::;:ergency .syste::.s as separate 
types. Dr'- Hor.son b:lieves that the indeper:dency of en~ineering safeguards 
required by the Co~ittee means physical independence rather than different 
types of syste:'!s. Si..r.rultar.eous fa.il.ure of emereency equipnent, e.g., ot 
both core sprays and ths flooding arrangements, apJ;ears possible to Dr. 
Okrent; this w'Ould decrease the degree of indep:ndence of such systems. 
Although Or. Kouts pre~ed that any advise of the Co~~dttee to~rds this 
pr:ima.ry system problen would be made public; t::r. Okrent believes s~cial. 
requests to the A!!:C r.-ould l:e necessary to assure this. 

According to Dt'. Hanauer, research is still needed to see if the core 
would melt through the base o£ the reactor structure. Although one can 
assw:1e a heat source and predict core mel tiri.g, 11 ttle is probably knoim 
ot the conse~~ences. ~. Zabel considered t .... ~ years as probably a short 
tioe tor ar~ an~wers to these ques~ions. nr.·okrent senses that Dr. 
Xavannaugh plans no special efforts towards the core melting problem now. 
'l'tt.e necessity for all the considered measure.s of ecergency action, e.g. • 
multiple cethods of core coolin~, is not clear to :or. za.l:el; hence he 
advised the Committee to hedge on stating any primary system requirements. 
~. Palladino recalled that the o~ core spray tested in a reactor. in the 
SL-1, did not work as designed, and the onlY spray inspected carefUlly ~~s 
shown to have broken; since the basis of approval for several recent re
actors has been reliable cora sprays. he seas a need to collect more in.for-. 
mation before proceeding. 

tr. Kouts ooliaved that if any ona engir.eering safeguard -was con
sidered by the Co:~.'=li.ttee as o.fferinc complete protection, then the industry 
would sieze on this and contend that no other safeguard is needed. Eecause 
progres~ towards nora safety in reactors has been made ~J the industry in 
the past following Committee cor:-.:nents1 Dr. zabel believes that a. letter may 
not be needed. The measures by th~ Indian Point group towards flooding the 
reactor, after o.ffering some reluctance to such steps earlier, vere seen by 
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tr. Palladino as evidence o£ the resourcefulness o£ ~he industry and a 
ter.dency to take safety steps following info mal co::-.ments ot the Committee. 
~~vertheless, Dr. ~~nauer saw the pressure vessel letter of last fall as 
a parallel case which r~d been qUite productive of industrial reactor 
ufety efforts. St-eciflc request for research b,y the ind-ustry rather than 
vague_co~~ents seeoed desirable • 

. 
Dr'. Thc~pson, saw little in the p~posed letter on pri.J:lary system taU

ure except the requireme11t o£ two independent safeguards; the problems of 
core ~elting are believed to have been know~ b.Y the industry tor eieht to 
ten years, ar~ no solution has been forthcoming. Dr. Thompson advised a 
clear letter, i.f aey. Dr. F..andz:ie bel1.eved tt>..at i.f' the Co~ttee has a 
position then the problem is only one of expression. 1):'. Gifford advised 
the Co!l':!itt.::e th..:tt it rezu,la'f:.,gd reactors ar:.d docs 1~ot design them; ho"to.-ever, 
~. Eernrie believed designers must have s~~e specific information ot ACRS 
requ.ire::ents ot.he.r.dse satisfying the Comrl.ttee will be impossible. B:-ing
ing the pmar.r system problem to the attention of the A:SC infonnaly aP
pears desirable. Dr. Ok.rent said that the draf't had l:een show-n to the 
Co.::nission and discussed with them, ~.ich &:'l.OU!'lts to infernal advice. There 
t.-as divided opil"'.ion in tr.e Com:"..ittee regarding• the advisability ot having 
sho;.m the letter draft to the CO!i:.l:'lissioners; n:-. I-ra.n.gelsdorf and Dr. Kouts 
considered this a mistake. Several of the Co=cdttee ~~re against pre
senting any fl'rther drai"ts ot the letters to the Cor.:mission .for a review; 
onJ..y a final letter to the A'2X: seemed desirable, with only a invitation 
to the RS for editorial CO::tr.lent. 

After the session with the Commissioners, Dr. Ergen observed.that 
ef'.forts tot.-ards complying 'With the proposed letter were underway; therefore 
the letter may not be ~eded. Hr. Plaine said that discussions to\tards such 

- safety items need 111ore e.xactness; be related that the methods of co::ununica
tion to the Co~ssionors are letters, advice to the applicants, and dr~tts 
vhich are not fomerly issued. To hiM, all these avenues must t:e retained 
l::ecause of possible use ;d. th other issues. 

Dr. liangelsdori' cor..sidered any action U.f the Committee now towards 
prl:ca.ry systeos to t:e in ignorance; the AEC task force e£.fort appeared a 
desirable path, and action of the Coxr.:nittee should await this. Dr. ·Thompson 
agreed to this point o£ viev; the principle .fabricators ot pressure vessels 
and reactors are aware of the problem and response has teen evident. Arry 
&eneral letter now appeared to Dr. ·Tho~pson to offer a path tor interver.ers 
in reactor cases. Hol·rever several doubted if the industry would respond 

· lr1.thout any letter. Dr. l!ewson recalled the reluctance ot the applicants 
to tlake char.ges for the Dresden II and In reactors and the Indian Point II . 
systec; to him this indicated a letter would be useful. :or. }le-..rson b!lieved 
that complete 1"lo0ding 'll'licht be considered as a replacement for contaiment 
in view of the claiM that this was an assurred method to prevent fission 
product release. Dr. Newson recalled that he had agreed to the letters on 
the Indian Foint n. the tresden n, a.nd Dresden ni Reactors on the basis 
that a general letter re~arding primary circuit faUure would follow. 

)tany ideas on core retention are avaUabl.e, but Mr. Etherincton sa.v 
man,r uncertainties in the proposed scheme, e.g. • the behavior of very hot 
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r.aterials in water. zr. Thompson recalled the problem ot core melting 
arose with the Fermi Reactor perhaps ten years ago; no.solution·~~s forth
eo!:ling. This history indicates to him that the Co::rr:nittee should be ·ca,.!tious 
in reco-:r.:mending any action which !:'.ight interfere with the steps proposed 
UJ the AEC over the next few rr:onths. Perhaps the COr.~ttee should estab
lish a task force itself. according to Or. Okrent, rut he recognized thilt 
the ACRS is not an operatir.g orc;anization. n:-. Uewson said that a task 
force for ~~ch technical studies can be chosen so as the conclusion is 
predete~ned. Or. zabel said that a task force approach could be arranged 
to reli~ve th~ Co.~ttee fro~ any d~cision; th~ propo~cd off shore isl~nd 
location of a reactor, which -..-as 'handled in this way, was seen b-.f him as a 
paraJ.J.el. 

Dr. P.'a.t"'laner proposed th~t since the Co:-..::1ittee does not seem to have 
a unified t:osi tion, acting no~v r.d~ht te unwise and· delay progress towards 
solution of this primary circuit hazard. Dr. Th01npson sug8ested that a 
p.o si tion was needed before any letter could be prepared; perhaps the lack · 
of conservati~ in reactor designs should be recognized. ·An analysis might 
indicate where failures are possible and then criteria could be developed 
to l:L""l..it the ccnseq:.1ences of circuit failure. Dr. Gifford sc:n-1 the problem 
as centering on large reactors in population centers; this pressure from 
the F~blic fo~ces the eo~~ttee attention. rr. F~nauer agreed that the 
issue was one that must be faced soon. 

Although there was SO'iTle feeling towards tabling the problem, this Wa.s 
not favored because of the departure of n-. T'nonpson, Dr. 1-!ewson, and Dr •. 
Kouts at this meeting. Eecause of the econ~~c co~~tition to sell nuclear 
reactors, Dr. Th<>."'lpson saw the only tme to speak on such an issue was with 
individual cases rather than through a general letter; he recalled that 
eompleto measures to retain any presSll.!"e vessel failure 1.;ould !lave probably 
been taken for the Indian Point II Reactor if there had been a O>.~uittee 

request. A reF~tation of capriciousness, or resistance to reactor construc
tion, by the Cor;nittee i.."3.S predicted ~J Dr. !-!angelsdorf, if prudent action 
is not taken; the Co:::!;.littee1 s position and rept,t.tation ;.-lith the industry 
could be undermined. nz.. Kouts l::elieved that if the Committee lost its 
tech.r..ical respect then t!--.e use!'ulness of the review procedure would be 
gone. ~. ~~ngelsdorf considers the co~ttee to have lost ground by its 
actions with t:r.e·proposed letter. 

The severe cocpetetion in the field, now aoout 2 billion dollars of 
reactors are on order, means that the reactor producers are risking much in 
projections on perfo~ance; any feature ot a reactor which bas had a safety 
review is assw::.ed by the reactor builders to be satisfactory for future 
reactors. D:'. '!ho:npson believed that the industry has 'been confused by the · 
Co~ttee actions, in particular by the pressure vessel letter and tr~ 
subsequent approval of the Indian Point n facility. To h.1r.1. the industry 
is seriously interested in maki~ reactors sate and are taking steps 'beyond 
what the RS has required in the past. Dr. Tho:npson recalled that one or 
two or the Commissioners had expressed a desire for reactors to be in cities; 
now, seems to hiM, to be a time for consistency of the Committee's actions •. 
Dr. Tnompson believed the ComMittee has a good reputation 'Which it· should 

. be very care.t.Ul to retain. 
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Dr. t·:angelsdor£ saw no accusation of Col'U:littee capriciousness yet, 

b~t be sav this as developing i.f the Committee was not careful; those un-
. f.:lvorable to the Com.'nittee are well organized. z:r. !:rgen recalled that 
the Qak RidGe group considered the Committee's actions on the Hi6h }1ux Is
otape P.eactor as being difficult to understand; basic princ..:iplcs seemed to 
have teen char:.ged during the safety review. ~velop;ent of .an atmosphere 
of resistance to Co~~ttea pressure miGht result from the propo~~d letters; 
r~•ertr~less ~everal ad~tted that ACRS critici~ must be expected from 
any agitatich of the '.Irdustry. Dr". Tho::pson said hs hacl ooen told by the 
A..EX: staff tl:::tt U· _ _, Co::-_.,itt•~e 1 s rece:1t .:1ctions on pr:t..,a.ry circuit failure 
h<''le not b::"ln .,.:11 i"'cu.r.ded. IT'3 h.!lieved the indust:r'J had b-::!en lert1 in a 
quanc2.r"J by the ~-csd·:m II letter and the p:-e!:isure vessel lett~r; the chain 
of Cor:::-.ittaa .'lotions did r;ot :.:;eem to be consistent. Dr. T:··o~p;:;on recalled 
that the Cc::-'"~.ittce r:ight '00 considered to have forced the ·/hstinghouse sroup 
to prcv:t.de a cere retr.:ntion b'1sin undar the Indian Point II reactor, and 
t~n to have as~~d for proof of o;~lation. 

!}..... Giffo:rd fore ~a;.r continuing new safety proble::ts wi. th reactors, and 
criticisn from tr.e industry and the AEC staff is to l::e expected~ He saw 
a danger ~~th the Conqittee spending so much tL~e on introspection follo~~ng 
presS'.J.I'e by the industry 1.·ather than applying its efforts to\o.':lrds safety. 
~. Bush c~lieved several ~onths delay would be necess~ry to fo~alize ~~ 
Cor.::;;:d ttee thoughts on this problet1; he considers the r.eu develofT.lents and 
Corn:nittce requests as lea.ving the industry uncertain as to \·:hat is needed, 
w}-l..ich necessitates a consistent co ..... .rnittee position. l·!r. Etherington te ... 
lieves that some are willing to accept the ~all risk of serious consequ
ences .f.roi!l a large accident, while others are umd.lling to compromise in 
this way. 1-!r. Etherington expressed a need for guidance as to responsib
ility of ·the Conr::dttee, particularly as to any distinction bet••een a fata
lity a day over a long period of time as contrasted to an equivalent loss 
fr~ one accident. Re considers the primar.y circuit issue clear to the 
applicants. To hi.r.t, mar~rquestions raised are un."lecessarJ' and their avoid
ance 'W'O\ll.d save ti:ne. Nevertheless, Dr. Okrent recor..nended more firm 
Committee procedures l."i.th a position to avoid a repetition of any unsafe 
designs. Dr. Okrent considered the past pressure vessel letter and the 
comments to'\,-ards the core eel ting accident as having markedly affected the 
safety or reactors. 

Dr. zatel desired more ~d'scussion towards the list of required equip- · 
Jnent £or reactors (lia.rd~·rare ·~ble) oo£ore such a letter; z:r. Thoz:tpson rec
co~ended no general letter £or at least six months. An earlier co~~ittee· 
letter which \:as a;;ainst reactors in the cities without many more sai'ety 
precautions 'h'a.S recalled by rr. Okrent; but rr. ThO:lpson l::elieved these 
CO!l'.ments \.-ere towards reactors truly in cities, e.g., the P.avensrrood or the 

· .Ebston Edison Reactor. and not tol.r.lrds suburban sites. Past efforts by 
the co~~ttee regarding reactors in cities ,;as recounted qy Dr. Kouts; a 
particular difficulty was defining a metropolitan area. An ansrrer to the 
question ot the threshold nwilbor ot individuals which might be killed before 
special precauti~ns are needed is desired b.y ~. Qiftord. 

Fbllo'Wil\l a .motion by Dr. Kouts and Dr. Palladino, it was agreed to 

.... _ ....... 

.. 
' 
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draft a letter to the C-enar3.l Hanager or the Cor:li!Iissior.~rs recomr.1enctlng a 
task force ~f.fort on the probleMs connected 'iw1. th the primary circuit fail
ure accident, e.g., t'ro:n melting of the core. Perhaps thQ Ge!leral Hanaeer 
route tdght avoid SO!!'le publiclty, but l·!r. Platne saw the Coir;.:llissioners as 
probably a better chanro..sl. !):'. 1-:anselsdorf favored verbal ccrr.:nunication · 
to acco::;:plish the safety Ineasures toi-r.lrds the pr:ir.lar:r ·circuit failure only. 
!he Quad Cities reactors aprears to be the next large system to corns b?fore 
the Ccr.:::-:-1 ttee, which is a few 1:1onths away; Dr. l·~·m.gelzdorf saw this allowing 
task force action, and a l13tter r.'Vuld not hasten the matter. ~foHcver 1 tr. 
f;In.:.uer doubted if a ta.sk force could te effective v."i thin t'hat time. 0:". 
Kouts noted the eight drafts vrl.th indecision, which is evidence of the lack 
or COmmittee opinion and indicates that the problems need more en~ine:- ring 
infomation 't:.cfore an intelligent ans..rer can oo develop::::d. tr. Tho:npson . 
se.:w continu~d discussion as prci!loting a rc~.sonable conclusion; to him. the 
nuclear industry is nora pJrsistent now ~n pursuing safer d~signs because 
of the hl.!{:;e investment. nr. Thc:npson reiterated his preference for 
including safety advice on primary circuits into letter;s on a specific . 
cases; this should p:rc;';lote use of the latest inforeation on safety available. 

Dr .• i·::ewson believed a· fool ;proof core cooling system could l::e designed. 
1-!r. Fraley saw q_uali ty control as the main concern to the RS. tJe~-r coolir.g 
arrangenents are of concern to both the RS and the safety ~search group 
but core melting is mainly the concern or the latter. Hr • .Fraley sees the 
Co~~ssioners as confused over this distria~tion of interest and efforts 
against pr.L~a~ circuit failure. 

nr. zaool cautioned against unenforceable rules, e.g., the identifi
cation of sites, as surburban and rural sites, is difficult; items needing 
fUrther study are the heating tro~ fission products and the reactions be
tlor-een l!letals, orldes, and ltater. Dr. Hanauer sees 111uch difference l::etl-reen 

· the surburban and ths rural sites. :or. Zabel considers the informal ac
tions of the cor.nnittee as much more iinportant to-vrards safe reactors t~an the 
written items. 1)". Ne;;son reiterated that perhaps on ·core melting, the · 
containment w~uld be of no value. EUt Dr. rcompson believed that contain
Jnel:{4nt Jo."'uld alw-ays be needed because of possible fuel .raUure with rapid 
no gas release. . . · · · . . . . 

" .. ' ~ . . . 

nr. Palladino and Hr. ~herington agreed on the need .for criteria 
tor constr..1ction pemi ts. :or. J.Zonson suggested restricting this to cur
rent itens, e.g., acceptable core cooling arrange~ents. nr. Bush and 
tr. ~1angelsdor.f favored a table or emergency sarecuards equipnent for 
reactors, which, if used consistently, w~uld assist the safety of the 
designs. !·Ir. Etherington ooliaved that 1£ a reactor, e.g., the Dresden 
III facility. is given Co~~ittee approval for construction without pre-

. cautions against a core melting accident, this ~hould not be raised ~gain 
at the operating stage. To :or. Thol!lpson, this recalled the old problem of · 
construction permits and operating permits which was considered by the 
Mitchell panel. Hr. Fraley said that the difficulty is being assurred of 
the applicant's follotdng through with the proposed construction plans. 

. . 
1):'. Hanauer judged that, since the .Rtrmi ease, once a construction 

permit is granted the A3C is ultir.tately obliced to issue an operating 
license. Y.r. Plaine said :tb.lt the A~ had al'h"3.ys recognized lack ot com
Plete information on a reactor design at the construction permit stage; 
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the AS: st.atute states that pendts may be issued on. the 'basis that sa tis-· 
£actor,y design will be developed. This has led to provisional construction 
rermits and the precedent is \iell established. nr. He~~rie also considered 
as establlsh~d this internal policy for the Cc;•:.lission of acceptine items 
at the construction permit staee, but 'With pos~·ibllity of ch.2nges later. 
r:r. Kouts recalled rr. Ka.vannauc;h cons ide rl ng the core ~el ting problem as 
one for reactor safety res~arch, but other problems, e.g., the core cooling 
a~rar~enents, ~as ~ore one of d~sign. 

Tf-.12 reactor desien c(rteria subco:-~-::i t.t;ee has been a~:ked t~ ·report· on 
the t."~.bJ.c of equip.~.':::nt requi~d £or emer;ency protection of prima:r.r cir
cuits. 0:'. Hon::on reported on a. subcO!.'l:nittee lufheon r::.;eting at ~hich a. 
pz-ali::-..i:-:a:-.;: list1!"4 of areas requirir.~ criteria \:as pre:pa...-ed; these in
c:tl~ded t!:~ cooling s-.tstem, turbine orientatl,on, pressure vessel fnbrica
t:t.vn o:c· .• 'h'::·:::~nts, prestressed concrete ~tructuras. Dr. T'nor-.pson ooliev·ed 
that t}'l..e 1:-.dustr-.r fears the reCitlire:.1ent to ::..lter old designs on the b:!sis 
o£ late Cc~~ttee dena~ds; the basis is the abrupt change in reactvr re
quire~ents ~plicit in the pressure vessel letter. 

A.:tter being sho;..n the proposed letter m prinaey circuit failure, 
}~. P~~ce join~d the Co::-~~ttee bl~cfly to s~y that, althouGh he had no . 
f.::.ult '\:itlt the letter, te l>:;lieved Uv~ Co:-:zdssioners had already prcmise.d 
the task fcrce arranceoent to stu~ o£ the problem; therefore, inclusion 
o£ ACRS cc:.::.:c.ents in the su..r."u";lar;y letter :recogniz.ing the task force appeared 
more appropri:~.te. This Sll.r.".:nary letter route -w"'uld avoid public attention 
to the problc:n. !·rr. Price i·Tas apprehensive over the p-u.blic reaction to 
such an ACP~ letter. ~. !no~pson ~otion that the co~~ittee 1 s cor~ents 

on prkacy circuit failure be handled in tf..is S'U.r."".r:;ary letter fashion t-r.ls 
passed. rr. Kouts referred to a 1962 S\l!i'.mary letter, as r.-ell as others, 
as a precedent tor this mode o£ COI:".n".ittee advice 'Odth no public attention. -
R~gulator-t starr ( RS) 

,... 
With Dr. Kavan:-..augh present, ~-:r. Price said tP..at Dt'". 1-:orris was 

relieving Ir. roan,· who will stay tdth the as tor a while as a consultant. 
l~. Price had no ~rti~ilar eo~ents on the proposed draft or the primary 
circuit letter at the tine; his questions concerred requirements for 
approved reactors and sites and additional req~re~ents for future suburban 
and city sites. !-!r. Price noted that few rural or rernote reactors are 
bdng pro?Jsed. i-!r. Price desires any latter to mako it clear as to what 
is a rural or a re::~ote site. 

tt:o. tpan said that the Virginia :!lectrlc Pow-ar CO!'Il?'ll"({ Reactor will 
haye about three l'liles of relative isolation, but perhaps 50,000 people . 
'Will be at a so.wewhat further distance; this is an exa.~ple of the difi'icUlty 
in idantifyin!t a site as reMote or rural. !{r. Price sugt;ested circulating 
the proposed info~ation on prL~ar,y circuit requirements, and related other 
ACRS letters such as on pressure vessels and encineering safeguards, to 
the industzy as a f;Uide. To :·:r. Price, two years is a short tir.le for any 
research development pro~r~ t~~rds'the~ d1ff1culties. 

• 

···- -------------~------ -··-
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We shall see in a succeeding section that there was an insignificant 
effort expended by the AEC (and NRC) in the decade following 1966 on 
safety research and development on core melt or on measures intended 
to ameliorate the consequences of core melt. 

However, a major program on LOCA-ECCS and on primary system integrity 
was initiated as a result of the ACRS action in 1966. A new regulatory 
approach of great emphasis on preventing core melt, from any cause, 
rapidly evolved. And the MCA lost much of its meaning, although the 
prescription of Part 100 continued to be used in site evaluation. 

The next month, at the October 1966 meeting, the ACRS wrote a safety re
search letter, in which it palced great emphasis on studying phenomena 
related to large molten core masses, and on an improved ECCS. However, 
the letter did not include a specific-recommendation that some new en
gineered safety feature be developed for use a few years hence in light 
water reactors. About a year later the task force came out with a re
port the end result of which was to provide a mechanism whereby any 
further work aimed toward the development of a means to reduce the ef
fects of core meltdown could be put aside as unnecessary by those who 
wished to argue against such efforts. 
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2.10 REAcroR SITI:t-G: 1966-68 

Had the pressure vessel issue not arisen in 1965, it is likely that the 
Dresden 2, Brookwood, and Millstone 1 construction permit reviews would 
have adhered to emphasis on Part 100 in the manner previously developed 
in 1963-64, namely the substitution of engineered safeguards for distance. 
As a result of the pressure vessel letter on November 24, 1965, the ques
tion of how to implement the letter became part of the Brookwood and 
Millstone Point 1 reviews. 

A difference in philosophic approach between the Regulatory Staff and 
the ACRS clearly emerged during the 69th ACRS meeting, January 6-8, 1966, 
when Harold Price, the Director of Regulation, said that if any applicant 
is forced to protect against pressure vessel failure, all other commercial 
reactors must comply, regardless of location. Clearly, the ACRS thinking 
differentiated among sites with regard to the possible requirements for 
such protection or other additional safety features (besides those dictated 
by the ritual of meeting Part 100}. Then, the emergency of the "China 
Syndrome" problem and its resolution produced a revolutionary change in 
regulatory review practices, with an ever-increasing emphasis on measures 
to prevent core melt. As we shall see, it also made much less likely a 
favorable recommendation for a large LWR at a site substantially more 
populated than Indian Point. And, within ACRS, it built up an increasing 
emphasis on still greater measures to prevent core melt for reactors at 
"borderline" sites, like Indian Point, although the Indian Point 2 reactor 
itself was accepted. Indian Point 2 never seemed to be a strong candidate 
for rejection based on considerations of site characteristics, despite its 
relatively large surrounding population density and the fact it was about 
25 miles from New York City. 

From bits and pieces of discussion in the minutes of various ACRS meetings, 
one can deduce that the like!~hood of a serious accident was estimated to 
be in the neighborhood of 10 per reactor year. In fact, ACRS member 
Etherington, back around 1965 or 1966, est!wated the possibility of pressure 
vessel failure to be in the vicinity of 10 per vessel year, an estimate 
which was remarkably close to that published after considerable study some 
eight years later. In any event the thinking was that the probability of 
a serious accident was likely to be small. 

The comparison of rural versus suburban versus metropolitan sites with 
regard to the risk imposed on society was complex. For relatively smaller 
radioactivity releases, the rural or remote site clearly had large 
advantages. For the postulated accident involving very large releases 
of radioactivity outside the containment, there was a considerable body 
of thinking (though not unanimous) that there might not be that big a 
difference between a rural site and a relatively more urban site, 
at least in terms of the total effects, even if the early mortalities 
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were larger for the urban site. This thinking was without the benefit 
of the more elegant studies done six or eight years later for the 
Reactor Safety Study, but had the benefit of studies like those done 
by the Brookhaven group for WASH-740. 

When faced with the clear identification that core melt would lead to 
containment failue for the Dresden 3 and Indian Point 2 reactors, the 
Regulatory Staff proposed to continue with approval of those two reactor 
designs on the basis originally advanced by the applicant. The ACRS on 
the other hand, chose to look very intensively at what improvements in 
engineered safeguards were possible, and sought to establish whether 
they could find improvements that would make these two reactors accept
able. 

Looking back at the situation some dozen years later, it's not obvious 
why more time wasn't taken in trying to fully develop the new regulatory 
approach. Nevertheless, an approach was developed during the summer of 
1966 which, in essence, created a major change in the engineered safety 
requirements for light water reactors, and really set light water reactor 
safety on a new path. It had become important to make the probability of 
core melt truch lower than it was, whatever it had been; and the first 
two major steps, which were taken in connection with Indian Point 2 and 
Dresden 3, were: 1) to require much improved quality in the primary system, 
much more inspection and rcuch more leak detection in order to reduce the 
probability of a loss of coolant accident; and 2) to require a much im
proved emergency core cooling system in order to reduce the probability 
that a LOCA would lead to core melting. This was the beginning of a 
continuing series of efforts, looking in ever-expanding directions for 
possible causes of initiating events that could lead to core melt, and 
seeking out measures to reduce the probability of such events. Pressure 
vessel failure had become one of many possible sources of containment 
failure, and it had to take its place with other possible sources of 
large radioactivity release. 

During the months following the August 1966 decisions on Dresden 3 and 
Indian Point 2, the ACRS devoted considerable effort to reactor siting. 
At the 77th meeting in September 19661 the ACRS requested one of its 
subcommittees to prepare a draft of possible design requirement criteria 
for use in future construction permit reviews, and a first draft was 
discussed at the 78th meeting, OCtober 6-8, 1966. At the same meeting 
the CoiTmittee also discussed at some length the matter of emergency 
evacuation capabilities in the event of a serious nuclear accident. 

As member Joseph Hendrie put it in the discussion on design criteria, 
the ACRS was fundamentally enlarging the scope of credible accidents. 
And this was to show clearly in the next reviews. During the next few 
months Turkey Point Units 3 and 4, Quad Cities Units 1 and 2, and the 
Palisades reactor were all reviewed for construction permits. In 
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addition to examinaing an improved ECCS, a ruch broader and deeper 
look at possible accident sources other than the LOCA was undertaken. 

A special ACRS meeting was held December 2-3, 1966, particularly to 
provide time for discussion of reactor design criteria and similar 
matters. At this meeting the Committee adopted the following motion: 

That it be recognized that there are differences in reactor 
sites which justified differences in safeguards provisions. 
In view of this, for the Commdttees' use in delineating re
actor sites, three types should be recognized: 

City - roughly characterized by Edgar and Ravenswood; 

Rural - roughly characterized by Dresden and San Onofre; 

Intermediate - roughly characterized by Indian Point and 
Millstone. 

The Committee decided to try to develop design requirements as a function 
of site type for several safety concerns, including emergency power, 
tornado and hurricane protection, earthquake protection, decay heat 
removal, reactor scram, turbine orientation, primary system integrity, 
instrumentation, emergency core cooling systems, and containment require
ments. Although the Cornmittee never issued a report in which it recom
mended differences in design and engineered safeguards as a function 
of site types, the existence of this effort is, in itself, interesting. 
And the act of working on such possible requirements generated ideas 
as to different levels of safety, and led to a deeper examdnation of 
the adequacy of previously accepted measures. 

At the special meeting in December 1966, the ACRS also discussed the 
slow pace at which improvements in pressure vessel qual! ty were being 
initiated by industry code groups and adopted the following motion: 

The ACRS Olairman shall ask Mr. Price and Mr. Shaw whether 
members of their groups can and will work with one or more 
ACRS members to develop additional requirements for 
Section III prssure vessels; these are to be considered 
by the ACRS within two or three months. 

The ACRS discussed pressure vessel inspectabili ty* at the special 
December meeting and at the 80th meeting, December 8-10, 1966. At 
the latter meeting, the Commdtee adopted the following position: 

*Access for inspectability was a particularly awkward problem for BWR's. 
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With regard to the inspectability of reactor pressure vessels 
for pressurized and boiling water reactors, the following is 
the position of the ACRS. 

1. The interior of the vessel, including the bottom head, 
should be accessible for general visual observation on a 
scheduled periodic basis. Such observation has as its 
objective detection of mechanical damage or structural 
failure of reactor internals. 

2. Practical means of access should be provided to essentially 
100% of a reactor pressure vessel surface, either from the 
inside or outside or a combination thereof; the purpose 
of this access fs to pernrlt thorough inspection of the 
vessel at appropriate intervals by visual means and ultra
sonic or other suitable methods. 

· 3. The ACRS realizes that it may take time to achieve these 
aims, but expects to see them fully achieved in plants for 
which construction permit applications are filed more than 
one year after announcement of this position. 

4. The foregoing should be announced formally to the nuclear 
·industry within the next several months. The target data 
for the announcement should be selected at the February, 
1967 ACRS Meeting. 

The two positions adopted on pressure vessels represented one aspect of 
the new emphasis on accident prevention. 

On December 13, 1966 the Public Service Electric and Gas Company of 
New Jersey submitted an application for a construction permit and 
operating license for its proposed Burlington Nuclear Generating Station 
Unit tl. The proposed site was located on the east bank of the Delaware 
River estuary, adjacent to the city of Burlington, approximately 17 
miles northeast of downtown Philadelphia and 11 miles southwest of Trenton, 
New Jersey. The population surrounding the Burlington site represented 
a significant increase compared to previously licensed sites for reactors. 
It was proposed to b.lild a 3083 MWt PWR, 'Which represented an increase 
of 12% over the Indian Point 2 reactor. The containment system and 
engineered safety systems were proposed to be basically those of Indian 
Point 2. The following table compares the surrounding population distri
bution for several reactor sites. 
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Distance in Miles Burlington Indian Point 2 Jurkey Point .Oyster Creek 

0-1 4,700 1.080 -0- 200 

0-2 18,600 10,800 -0- 1,600 

0-5 119,400 53,000 -0- 4,600 

0-10 536,200 155,500 42,000 32,800 

0-20 3,904,000 232,000 136,000 

0-25 4,502,000 1,393,000 

The application for the Burlington reactor site, coupled with the knowledge 
that plans were under way for proposing a reactor for the Bolsa Island site 
off a heavily populated coastal area of California, made it clear that the 
pressure was still on from the industry and from the developmental side of 
the Atomic Energy Commission to move reactors into more populated areas. 

At the 8lst meeting, January 12-14, 1967, the ACRS held its first meeting 
on the proposed Browns Ferry BWR 's, which at 3300 MWt had a power 46% 
higher than Quad Cities, and about five times larger than arrt operating 
BWR. So, the trend t~ard still larger reactors was continuing. And, 
while the Browns Ferry site was one having a low surrounding population 
density, experience told one that similar reactors would soon be proposed 
for ruc:h mre heavily populated sites. -

The Browns Ferry Review occupied a major portion of the 82nd meeting held 
February 8-11, 1967, a special meeting held February 28, 1967, and the 83rd 
meeting held March 9-11, 1967. At the March meeting, the ACRS finally 
arrived at a decision and wrote a letter report to Chairman Seaborg which 
included many Committee reservations* and dissenting remarks by ACRS member 
Hanauer. The Browns Ferry letter is reproduced on the following pages. 

*The Browns Ferry report represented the birth of the so-called •asterisked 
items•, later to become the ACRS generic items. 
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ADVISORY COMMJTTEE ON REACTOR SAFEGUARDS 
UNITED STATES ATOMIC ENERGY COMMISSION 

WASHINGTON. D.C. 

Honorable Glenn T. Seaborg 
Chairman 
U. S. Atomic Energy Co~mission 
l.Jashington, D. C. 

Harch 14, 1967 

Subject: REPORT ON BROHNS FERRY NUCLEAR PO>;..t:R STATION 

Dear Dr. Seaborg: 

At its eighty-third meeting, March 9-11, 1967, the Advisory Co~~ittee 
on Reactor Safeguards completed its review of the application of the 
Tennessee Valley Authority for authorization to construct Browns Fer.ry 
Nuclear Power Station Vnits No. 1 and No. 2. This project was previ
ously considered at the eighty-first and eighty-'second meetings of the 
Committee, January 12-14, 1967 and February 9-11, 1967, respectively, 
at a special meeting on February 28, 1967, and at subcommittee meetings 
on November 26, 1966, January 4-5, and January 28, 1967. Representa
tives of the Committee visited the site on February 27, 1967. During 
its review, the Committee had the benefit of discussions with represent
atives of the Tennessee Valley Authority, General Electric Company, and 
the AEC Regulatory Staff. The Committee also had the benefit of the 
docu~ents listed. 

The Brotvns Ferry Units are to'l:;e located in Limestone County, Alabama, 
on the shore of h~eeler Lake approximately 30 miles west of Huntsville. 
Each Unit includes a boiling water reactor to be operated at a maximum 
power level of 3293 MWt, the highest power level ·for any reactor 
reviewed for a construction permit to date. The average core power 
density is about 40 percent higher than for the previously reviewed 
Quad-Cities boiling water reactors. The increase is achieved by 
flattening the power density distribution and employing an approxi
mately.20 percent higher fuel element maximum linear heat rate. The 
margins between thermal operating limits and fuel element dama&e limits 
are thereby reduced. In relation to margin on critical heat ~l~x, the 
applicant uses new heat transfer correlations developed from recent 
experimental data. 

.. 
The complex of emergency core cooling systems for Browns Ferry is 
similar to that proposed for the Quad-Cities reactors. Each reactor 
is provided with a high pressure coolant injection system; a low 
pressure coolant injection, or flooding, system; and two core spray 
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Honorable Glenn T. Seaberg - 2 - !-!ar 14, 1967 

systems. Because of the higher core power density and power level, 
substantial increases have been made in the flooding system and core 
spray syst~m capacities. The Co~~ittee feels that the emergency core 
cooling systems proposed have a high probability of preventing core 
~eltdo>m in the unlikely event of a loss-of-coolant accident. It notes, 
however, that although calculated peak fuel tereperatures in such an 
accident are similar to those for the Quad-Cities reactors, the calcu
lated number of fuel .elements reaching undesirably high temperatures 
is greater. Also, the time rr.argin available for actuation of the 
systems is less. Because of these factors and the importance of the 
effective functioning of e~ergency core cooling systems, the Committee 
believes the adequacy of these systems should be further corroborated 
by the following two measures: 

1. Analysis indicates that a large fraction of the reactor fuel 
elements may be expected to fail in certain loss-of-coolant 
accidents. The applicant states that the principal mode of 
failure is expected to be by localized perforation of the 
clad, and that damage within the fuel assembly of such nature 
or extent as to interfere with heat renoval sufficiently to 
cause clad melting would not occur. The Co~nittee believes 
that additional evidence, both analytical and experimental, 
is needed and should be obtnined to ·demonstrate -that this 
model is adequately conservative for the power density and 
fuel burnup proposed.* 

2. In a loss-of-coolant ~ccident, the core spray systems are 
required to function effectively under circumstances in which 
some areas of fuel clad cay have attained temperatures consid
erably higher' than the maximum at which such sprays have been 
tested experimentally to date. The Co~~ittee understands that 
the applicant is conducting additional experiments, and urges 
that these be extended to temperatures as high as practicable. 
Use of stainless steel in these tests for simulation of the 
Zircaloy clad appears suitable, but some corroborating tests 
employing Zircaloy should be included. 

The applicant stated that the control systems for emergency power will 
be designed and tested in accordance with standards for reactor protec
tion systems. ·Also, he will explore further possibilities for improve
ment, particularly by diversification, of the instrumentation that 
initiates emergency core cooling, to provide additional assurance 
against delay of this vital function. 

•·. 

Steam line isolation valves are provided which constitute an important 
safeguard in the event of failure of a steam line external to the contain
ment. One or more valves identical to these will be tested under simulated 
accident conditions prior to a request for an operating license. 



2-282 

Honorable Glenn T. Seaberg - 3 - l-1ar 14, 1967 

Operation with a fuel assembly having an improper angular orientation 
could result in local thermal conditions that exceed by a substantial 
margin the design thei'Tilal operating limits. The applicant stated that 
he is continuing to investigate more positive means for precluding 
possible misorientation of fuel assemblies. 

The applicant considers the possibility of melting and subsequent 
disintegration of a portion of a fuel assembly by inlet coolant ori
fice blockc::ge or by other means, to be remote. Ho~·.:~:ver, the resulting 
effects in terms of fission product release, local high pressure 
production, and possible initiation of failure in adjacent fuel 
elements are not well kno~~. Information ~hould be developed to show 
that such an incident will not lead to unacceptable conditions.* 

A linear heat generation rate of 28 K\·1/ft is used by the applicant 
as a fuel ele~ent darr.age limit. Experimental verification of this 
criterion is incomplete, and the applicant plans to conduct addi-. 
tional tests. The Committee recommends that such tests include 
heat generation rates in excess of those calculated for the worst 
anticipated transient and fuel burnups comparable to the maximum 
expected in the reactor.* 

The Rod Block :t-tonitor system should be designed so that if bypassing 
is employed for purposes other than brief testing no single failure 
will :impair the safety function. 

The diesel-generator sets for emergency power appear to be fully 
loaded with little or no margin (on the design basis of one of three 
failing to start). They are required to start, synchronize, and carry 
load within less than thirty seconds. The applicant stated that tests 
will be conducted by the diesel manufacturer to demonstrate capability 
of meeting these requirements. Any previously untried features. such 
as the method of synchronization, will be included in the tests. The 
results should be evaluated carefully by the AEC Regulatory Staff. In 
addition, the installed emergency generating system should be tested 
thoroughly under simulated emergency conditions prior to a request for 
an operating license. 

The Committee continues to emphasize the importance of quality assuran~e 
in fabrication.of the primary system and of inspection during service 
life. Because of the higher power level and advanced thermal conditions 
in the Browns Ferry ~nits, these matters assume ev~ greater importance. 
The Committee recommends that the applicant implement those improve
ments in primary system quality which are practical with current 
technology.* . 
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Honorable Glenn T. Se3borg - 4 - Mar 14, 1967 

The Bro~~s Ferry Units have been designed to provide the same accessibility 
for inspection of the primary system as for the Quad-Cities plants. A 
detailed inspection program has not yet been formulated by the applicant. 
The Co~mittee will wish to review the detailed in-service inspection 
program at the time of request for an operating license. 

Considerable information should be available from operation of previously 
revie~ed large boiling water reactors prior to operation of the Browns 
Ferry reactors. Ho~ever, because the Bro~~s Ferry Units are to operate 
at substantially higher power level and po~er density than those on 
which such experience wi11 be obtained, an especially extensive and 
careful start-up program will be required. If the start-up program 
or the additional information on fuel behavior referred to earlier 
should fail to confirm adequately the designer's expectations, system 
modifications or restrictions on operation may be appropriate. 

The Advisory Committee on Reactor Safeguards believe that the items 
mentioned above can be resolved during construction of the reactors. 
On the basis of the foregoing conrnents, and in view of the favorable. 
characteristics of the proposed site, the Committee believes that the 
proposed reactors can be constructed at the Bro~~s Ferry site with 
reasonable assurance that they can be operated without undue risk to 
the health and safety of the public. 

The following are additional re~arks by Dr. Stephen H. Hanauer. "It 
is my belief that the substantial increase in power and power density 
of the Browns Ferry reactors over boiling water reactors previously 
approved should be accompanied by increased safeguard system margins 
for the unexpected. The emergency core·cooling system proposed should 
in my opinion be redesigned to provide additional time margin and to 
reduce the severe requirements for starting of large equipment in a 
few seconds. The dependence on immediate availability of a large 
amount of emergency electrical power, using diesel generators operating 
fully loaded in a previously untried starting mode, is of special concern, 
as are the high temperatures and numerous fuel-element failures pre
dicted even for successful operation of the emergency core cooling 
system in a large loss-of-coolant accident." 

• 

Sincerely yours, 

/s/ N. J. Palladino 

N. J. Palladino 
Chairman 

* The Committee believes that these matters are of significance for all 
large water-cooled power reactors, and warrant careful attention. 

References Attached 

. . 
• 
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During the very intense discussions on Browns Ferry, at least two other 
ACRS members besides Hanauer had serious reservations about the review. 
The minutes of the special February meeting record the following: 

Acceptability of the Browns Ferry Proposal 

Mr. Palladino observed, with respect to Or. Zabel's comments, 
that he had been assuming that the Committee would approve the 
proposal, with appropriate reservations. At Dr. Hendrie's 
suggestion, he called for a soft vote on the feasibility of the 
proposal. 

Nine members felt the proposal could be approved, four abstained 
from voting and two did not feel they were able to approve the 
proposal, even with reservations. 

The Committee voted to ask Dr. Hanauer and Dr. Zabel to discuss 
their conclusion that the facility should not be built. 

Dr. Zabel pointed out that there has been a ~radul,e_escalation 
in reactor systems and that his feeling was that there was some 
point beyond which it would not be prudent to go. There were 
many questions about this proposal for which there will not be 
answers for a long time, even assuming an extensive research 
program. He could also forsesee other systems of the same type 
being proposed at much worse sites. 

Dr. Zabel felt that at times the Committee has been willing to 
accept some uncertainty on the basis that enough leeway had 
been provided, but he had the uncomfortable feeling that such 

.was not the case for this particular machine. In addition, 
attempts at alleviating the situation have only made it worse 
by forcing the use of unproven systems such as the large diesel
generators. Simply stated, Dr. Zabel felt that this was the 
place at which he would like to call a halt. 

Dr. Hanauer told the Committee that his feelings about the pro-
posal were largely related to his experience with the ACRS with
in the past year. First, on Dresden 3 and Indian Point 2 the 
Committee wrote letters approving construction and had intended 
to write a general letter on core cooling. Instead the Task 
Force was convened. The Committee is now treating these as 
proven types and others of the general class get approval with 
little difficulty. Dr. Hanauer objected that he finds himself 
•stuck" with such systems regardless of the prudence of the 
initial approvals. 



2-285 

Secondly, the first of the bigger power reactors are presently 
being reviewed for operating licenses. In none of these are 
the problems which were of concern during the construction 
permit review even close to being solved. Dr. Hanauer has, 
therefore, concluded that it is no longer appropriate to assume 
that serious problems can be resolved between the construction 
and operating license reviews. 

Finally, the nuclear industry has grown to the point where the 
Committee is not only concerned with Browns Ferry, but with 
many similar systems, and Dr. Hanauer felt that future similar 
proposals would be approved, based on experience with Dresden 3. 
He also commented that an industry with a two billion dollar 
backlog of profitable business has different responsibilities 
for demonstrating the adequacy of its hardware than does one 
existing on an AEC dole. 

., 

In view of the continued lack of resolution of problems identi
fied on Dresden 3, in view of the departure represented by the 
proposal, and in view of the apparent reluctance of the ACRS to 
put teeth into its construction permit recommendations at the 
operating license stage, Dr. Hanauer did not feel that he could 
approve of the Browns Ferry proposal on the basis of existing 
technology. 

Later in the meeting, Dr. Zabel stated that while he did not 
feel able to approve of the Browns Ferry proposal, he would 
not dissent to a Committee letter with appropriate reservations. 
Dr. Hanauer, however, indicated that he would dissent and 
agreed to put this dissent in writing. 

The Committee agreed to tell TVA, through the Regulatory Staff, 
that the Committee would like to inform them of its reservations. 
The Committee also agreed that the applicant would be allowed 
time to caucus following the discussion. The Committee would 
also caucus, discuss its reservations with the Staff in order 
to attempt resolution of any disagreement, and finally inform 
the applicant of its decision. 

T~e minutes of the March 1966 meeting record a tentative dissent of a 
d1fferent nature, as follows: 

Acceptability of the Double-Ended PiP! Break MCA 

During the discussion on the Browns Ferry letter, Dr. Bush 
submitted the following paragraph for the Committee's considera
tion and suggested that it •fght form the basis of a dissent 
to the letter, on his part. 

-
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Dr. S. H. Bush expresses a general concern that the acceptance 
of a double-ended pipe break, common to all water reactors, 
aay lead to inherently less safe Emergency Core Cooling Systems. 
Such a pipe break is an admittedly incredible event in large 
austenitic stainless steel piping when the normal failure is 
by limited circumferential or longitudinal cracking. The 
acceptance of the double-ended pipe break determines the time 
of blowdown and the sizing of pumps, valves and, more signifi
cantly, the diesel-driven emergency power generators. This 
break leads to severe requirements for short startup times of 
very large diesel-generators, representing a yet-undeveloped 
technology. A more realistic failure model, based on smaller 
break sizes, should permit a more rational sizing of ECCS 
equipment. 

The Committee decided to study the matter of the double-ended pipe break 
on a generic basis, and member Bush did not attach the remarks to the 
Browns Ferry report. 

The minutes of the 83rd meeting also record that the ACRS discussed the 
matter of emergency plans with the AEC Commissioners. 

Mr. Palladino observed that, at present, emergency plans were 
usually geared to the individual needs of existing facilities 
and were not adequate for wide application. Several factors 
have brought this to the Commission's attention, including the 
recent trend of power reactors toward population centers, the 
tendency toward multi-reactor siting, the recent large increases 
in design power, the increase in the handling of radioactive 
material which will result from the growth of the nuclear 
industry, and actions with. local officials because of the possi
bility of public relations problems. Mr. Palladino concluded by 
saying that the Committee was not suggesting that off-site 
drills be held, but rather that the situation be studied; the 
study perhaps going beyond evacuation capabilities to include 
the need for development of a wide-range stack monitor, cloud 
tracing techniques, training programs for local fire and police 
departments and the development of widespread hospital capability 
.for treating irradiated patients. The Committee•s feeling is 
that in some sense evacuation is being depended upon and the 
AEC should-be made aware that a study might be indicated. 
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At the 84th meeting, April 6-8, 1967, and the 85th meeting, May 11-13, 1967, 
the ACRS again discussed metropolitan siting. It was proposed that a limit 
on acceptable population density for the next five years be recommended to 
the AEC which, in effect, closely enveloped the existing sites for LWR's. At 
the 85th meeting, the ACRS agreed to tell Mr. Price, the Director of Regulation, 
that the Committee was considering such a limit in the form 

PTOT(R) i 4000(R2) using current population 

~ SOOO(R2) using population projected 25 years hence 

5 < R < 25 in miles - -
where Pror(R)is the total population within a distance R miles of the 
reactor. 

The minutes of the Subcommittee meeting on Metropolitan Siting of Reactors held 
May 30, 1967 indicate that both the Subcommittee members and the Regulatory 
Staff were favorable toward proposing some such interim criterion, to be 
applicable for about five years, by which time some operating experience should 
be ava'ilable with the larger reactors under construction. Also, this would have 
provided time for safety research and the development of improved safety systems. 
Appropriate population limits would also apply for distances less bhan 5 miles, 
and consideration was given to rejection of the site if any 22 1/2 sector 
exceeded the average limit significantly. 

The minutes of the 86th meeting, June 8-10, 1967, state that ACRS Chairman 
Palladino reported to the Committee on a discussion which he had held with 
Chairman Seaborg of the Atomic Energy Commission concerning the issue of 
metropolitan siting. Chairman Seaborg expressed concern over the use of a 
simple formula to establish a criterion for siting of reactors for several 
reasons, one of which was apparently its effect on the proposed Metropolitan 
Water District reactor on Balsa Island. Dr. Glenn Seaborg had raised several 
pertinent questions such as how one handles a large population very close to 
a site. He indicated that one must consider situations in which a site has 
particularly favorable meteorology or a relatively large, unpopulated area 
close to the site with a large population center further out. Dr. Seaborg 
felt that such situations should be covered by any criterion established. 

In short, Dr. Seaborg had encouraged the Committee to proceed slowly and be 
kept informed. The minutes indicate that the Committee discussed the matter 
considerably in the executive session without arriving at any agreement. 
It then met with Mr. Price and senior members of the Regulatory Staff. Mr. 
Price reported that he had met with the Commissioners and had gotten the 
idea that they were generally unhappy with the idea of a fixed threshold 



2-288 

limit line and with an arbitrary formula. They would prefer a more 
flexible approach and were influenced by several considerations. First of 
course, the Metropolitan Water District site at Balsa Island was beyond 
any of the threshold limits considered. There had already been a great 
deal of publicity given this project in obtaining Congressional approval. 
In addition, the proposed criterion did not credit sites that were very 
good within less than 5 miles. Mr. Price felt that, based on these 
meetings, it would be difficult to convince the Commissioners to promulgate 
such a criterion any time soon. 

Following Mr. Price's report, there ensued considerable discussion between 
the ACRS and the Regulatory Staff. The meeting finally terminated with 
the position of continuing to proceed, as before, on a case-by-case basis. 
During the discussion one point which was made was that recent testimony 
before the Joint Committee on Atomic Energy (JCAE) had, in effect, imposed 
a moratorium on metropolitan siting. 

In fact, in the ACRS testimony presented by Palladino and Okrent to the 
JCAE in April 1967, the Committee stated: 

The ACRS believes that placing large nuclear reactors close 
to population centers will require considerable further improve
ments in safety, and that none of the large power reactors now 
under construction is considered suitable for location in 
metropolitan areas. The Committee believes that, in addition 
to favorable experience with reactor construction and with 
operation of r~actor systems, components and safeguards in 
these reactors now under construction, further improvements in 
design are required to make accidents, large and small, still 
more unlikely; and the consequences limiting safeguards·must 
be made more fool-proof, and provide protection from the conse
quences of accidents of still lower probability. 

Testimony by the AEC at the JCAE hearings also indicated that the time was 
not ripe for metropolitan siting. But, no quantitative definition was 
given of a metropolitan site. 

In July 1967, the ACRS actively began reviewing the proposed Burlington 
site. The minutes of the 87th meeting, July 6-8, 1967 give some insight 
into the course of events. 
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87th Meetin~, July 6-8, 1967 
lurlfngtontatfon/Metrooolitan Siting 

Mr. Palladino reported on a conversation with Mr. Price. There 
has been a great deal of interest in the Burlington project. 
including a letter to Chairman Seaborg from the governor of 
New Jersey asking why the ACRS had not yet reviewed the project. 
Mr. Price asked that the Committee make every effort to have 
the project on its August, 1967 agenda. He noted, however, that 
Mr. Price·would be reluctant to have the Regulatory Staff's 
conclusions in writing since such documents have been difficult 
to keep private. It could prove embarrassing if a controversy 
should arise between the ACRS and the Staff. 

Dr. Monson observed that Mr. Price had made similar statements 
to the Committee's staff. He noted that, as Subcommittee 
Chairman, he had several points to raise with the Committee. 
Firstly, this Will not be a normal review since the Committee 
has been asked to perform a site review after submission of 
a complete application. Also, the question being put to the 
ACRS is actually one of the acceptability of the site on the 
basis of population distribution, alone. 

Mr. Palladino and Dr. Hanauer thought that a complete site 
review had been requested. Dr. McKee noted that there are 
many site-related questions, e.g., the supply of Delaware 
River oysters and the Philadelphia municipal water supply. 

Dr. Monson observed, however, that the only reason for a review 
of the site at this time is the population distribution, which 
is the only thing of significance in the kind of partial review 
which is being considered. If a complete site review were to 
be done, the entire facility would have to be considered. 
Dr. Monson posed two questions: 

. 
1. Is a Subcommittee meeting necessa~ or is this properly 

a question for the full Committee? 

2. Should there be a site visit? 

Dr. Hanauer thought that if all sites such as Burlington were 
to be ruled out, a Subcommittee meeting was not needed; if 
more information is required about Burlington, then the Sub
committee should meet. 
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Dr. Monson thought there was no point to a site visit if only 
the population question was of importance. Mr. Mangelsdorf felt 
that the Committee would be criticized for reporting unfavor
ably on a site it had not visited, if the application were to 
be rejected. Dr. Hendrie and Mr. Palladino agreed. 

Dr. Monson posed a third question. If the Subcommittee meets, 
should the Staff be asked for a prior report with a statement 
of position. Dr. Monson thought that the reasons forwarded by 
Mr. Price for not doing this applied equally well to all projects. 
At present, the Committee has only a descriptive report which 
says that, while the questions raised by the high population 
density nearby should be resolved, the Regulatory Staff has 
not decided to consider the Burlington site a metropolitan area. 
Under these conditions, it seemed clear to Dr. Monson that 
it will be an ACRS decision which puts a moratorium on sites 
in high population-density areas. 

Dr. Hendrie felt he could understand the Staff's quandary, 
however, Mr. Palladino recalled that the Committee and the 
Regulatory Staff had agreed to discuss differences before 
issuing formal statements. 

Dr. Okrent moved the following: 

The Burlington Subcommittee hold a meeting at the site to 
determine the validity of the population distribution 
figures which have been presented and such other site 
information as is appropriate. The Regulato~ Staff 
need not have a written position concerning the 
Burlington site prior to the August 1967 ACRS meeting, 
although the Committee would like an oral statement of 
position from the Regulatory Staff at that meeting. 

Dr. Isbin seconded the motion and it was passed without disse~t. 

Dr. Monson then proceded with his statement. The Burlington 
site is located on the Delaware River, in New Jersey. It 
is 17 miles from the Philadelphia-Camden area with about 2 
million people. There are 16 communities of more than 25,000 
people each within less than 25 miles. Trenton, New Jersey, 
containing-about 125,000 people is 12 miles away. The appli
cant has stated that due to the cost of transmission, there are 
no other suitable sites. In addition, air pollution problems 
have ruled out the construction of a fossile-fuel plant at the 
Burlington site. 
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Or. Monson then quoted from a series of newspaper articles and 
public statements by Commissioner Ramey, Chairman Seaborg, etc., 
which indicated that the Bolsa Island project was very highly 
favored. In Dr. Monson's view the Bolsa Island site, which 
essentially duplicates Burlington with respect to total popula
tion density, is even worse than Burlington because of the 
concentration of people to the landward side and the continuous, 
daytime on-shore winds. Since the wind direction frequency is 
more randomly distributed with respect to the people at the 
Burlington site, it has a lower effective population density. 

Or. Monson also recalled for the Committee many recent state
ments by the Director of Regulation and the Chairman to the 
effect that AEC policy is to not site power reactors in metro
politan areas and not to allow them to encroach on such areas 
until there have been significant offsetting improvements in 
reactor technology. Or. Monson thought that the inconsistency 
of this statement with the apparent predetermined approval of 
the Bolsa Island site made it difficult to reject the Burlington 
site on a population basis. He suggested that this matter be 
discussed with the Commissioners. 

Dr. !sbin felt that there were significant differences between 
the two projects. The Burlington proposal includes conventional 
reactors under private ownership. Since the Bolsa Island 
facility will be heavily supported by the AEC, it might be a 
good starting point for establishing requirements which will 
allow the use of high population density sites. 

Dr. Okrent thought.that the ACRS should formulate its opinions 
on the Burlington project before any discussion with the 
Commission. Since the Bolsa Island design has not been completed 

. there may be some willingness to go quite far on other features 
to allow the use of the site. Dr. Okrent did not agree with 
the conclusion that since a decision has already been made 
on Bolsa Island, if indeed it has, then the Committee must 
accept it and therefore accept the equally undesirable 
Burlington site. 

Dr. Hendrie agreed that the Committee should decide its position 
on Burlington before any discussions with the AEC. Or. O'Kelly 
thought the same. 

Mr. Palladino obtained agreement that the general opinion was 
not to discuss the question w1ta the Commission during the 
August meeting. 
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Mr. J. E. McKee did not participate in the discussion concerning the 
Bolsa Island project. 

As noted in the meeting minutes, a letter dated July 3, 1967 was 
written by the Governor of New Jersey to Chairman Seaborg of the 
AEC, expressing concern about the prolonged schedule for the 
regualatory review of Burlington 1. The Governor in his letter 
pointed out the need for power in his state from this facility and 
that this had a bearing on the public health and safety. He 
endorsed construction of nuclear plants as opposed to fossil fuel 
burning plants as a solution step to the problem of the air pollu
tion in the area. 

The ACRS Subcornrrdttee on Burlington visited the site and held a 
meeting on August 9, 1967. The topics discussed included population 
distribution and evacuation capability. Public Service of New Jersey 
stated that they had no site better than Burlington, that no sites 
with, say, half the population density of Burlington existed except 
in the pine woods of central New Jersey where no cooling water was 
available. Public Service also stated they were proposing no special 
design or operating features to compensate for the high population 
density. 

Tr•e Regultory Staff had submitted a report to the ACRS in late July 
which estimated parametrically the off-site doses in terms of the 
classical Part 100 recipe, namely 100% of the noble gases and SO% 
of the iodine released to an intact containment, with various assump
tions on iodine removal within the containment, etc. The report said 
that unless significant removal of radioiodine is achieved in the 
containment, doses could exceed Part 100 guidelines within a matter 
of a few hours for several thousand people. But the report contained 
no conclusions concerning the acceptability of the site. 

However, at the 88th meeting, August lD-12,-1967, Mr. Price told 
the ACRS that the Regulatory Staff thought Burlington was a poor 
site. 

The minutes of this discussion follow: 

Regulatory Staff 

The Committee was joined by Mr. Price, Drs. Beck and Mann, Mr. 
case and Dr. Morris. Mr. case noted that there was agreement 
among all those present from the Regulatory Staff as to the 
position which he would report to the Committee on the Burling
ton proposal. 
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Generally, the Staff thinks that the proposed site is a bad one. 
If it is not in fact a metropolitan site it is so close as to 
be indistinguishable. In view of the Committee's statements, 
both written and in testimony before the JCAE over the past 
two years, and in view of positions taken bv the AEC during 
the same period, the industry generally should have been 
aware that the Burlington site represented a poor choice. 

Mr. Price felt that the applicant will say that no other sites 
are available within their service area. There is a need for 
power and in particular for nuclear power. Mr. Price noted, 
however, that in February· 1966 Public Service Company officials 
talked with Dr. Mann concerning siting of nuclear power reactors. 
Two sites were discussed, one at Burlington and an alternate 
site in Delaware. At that time they were told plainly that 
the Burlington site was bad and indications were that the 
decision would be to apply for a permit to construct a power 
reactor at the site in Delaware. In December of 1966, and 
without further discussion, the company publicly announced its 
intent to construct a reactor on the Burlington site and 
followed this announcement with a formal application. 

In February 1967, Mr. Price met with Mr. Baker and Mr. Smith, 
the Vice President and General Manager, respectively, of Public 
Service Company. Drs. Beck, Mann and Morris were present. 
While an attempt was made not to prejudge the case, Mr. Price 
did what he could at that time to inform them that the site 
would probably be considered a poor choice. Mr. Price urged 
that if the Committee reaches a different conclusion this 
matter be discussed until either the Committee or the Staff 
have been convinced of the other's view. 

Mr. Price also noted that he had had a telephone call from 
Mr. Ramey. Mr. Ramey was concerned as to how the application 
had found itself in this condition and why the situation had 
not been handled in the same way as the Boston Edison appli
cation with respect to the Edgar Site. Mr. Price informed 
the Commissioner that the situation had arisen because the 
company elected not to follow the approach taken by Boston Edison. 

Mr. Beck a~ed that in the view of the Regulatory Staff it seems 
as though, during the past three years, there has been substan
tial progress in improving the safety of large reactors, at 
least so far as paper studies are concerned. The Public Service 
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Company is, in addition, proposing something which may improve 
the situation still further. 

However, their proposal represents a long step without substan
tial operating experience in any of the larger power reactors. 
This represents a considerable jump beyond the Indian Point site 
and Dr. Beck concluded this site should not be approved. Mr. 
Price made one last point with respect to the argument that 
no appropriate sites are available within the Public Service 
Company service area. He pointed out that there is nothing 
preventing them from building outside their service area. 
While efficiency might be hurt by such an approach, only conven
tional engineering and money would be involved. He pointed out 
as an example that the site in Delaware originally proposed as 
an alternate and on which the Peach Bottom reactor has been 
constructed is not in the Public Service Company's service area. 
They are involved in Peach Bottom in conjunction with several 
other utilities. 

Or. Isbin asked, with respect to the lack of operating experience, 
if negative results come in during the next four years on some 
of the items identified as potential problems in recent Committee 
letters, are not the companies who have engaged in the projects 
taking the risk. Dr. Morris replied that they are taking the 
risk but predicted that considerable pressure will be put on 
the AEC to approve plants in any case. Mr. Price added that 
after 15, 20 or 30 such large power reactors come into operation 
the country would be heavily dependent on their power production 
capability. 

Dr. Beck felt that there should be some reasonable assurance in 
each case that the project can go forward as proposed. 

Or. O'Kelly asked if the Staff's conclusion had been based on 
the type of reactor proposed for Burlington. Mr. Price replied 
that any reactor in an area of similar population density would 
probably not be suitable. Those things which the ACRS, Commis
sioner Ramey, he himself and others have been saying repeatedly 
were necessary to construction close to metropolitan areas have 
not yet been done. 

Mr. Mangelsdorf asked if this case bore any relation to the 
Bolsa Island project. Mr. Price replied that at least the 
Bolsa Island site is a good one for approximately 1-1/2 miles 
from the reactor. The Burlington site is bad after 500 feet. 
He noted also that the present schedule proposed for the Bolsa 
Island project is absolutely i~ssible and that some additional 
time will be available. 
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Dr. Zabel observed that no opinion was expressed in the Staff 
evaluation. Mr. Price replied that that had been deliberate. 
The Staff's opinion had just been presented orally to the 
Comnittee. 

Or. Monson noted that the schedule for the Burlington plant 
called for power generation by May, 1971. He asked if any large 
power reactors other than Turkey Point 3 and 4, Indian Point 2 
and Palisades would be in operation, particularly PWR's. Dr. 
Beck thought there would not be others which had been opera
tional for a long enough period by May of 1971 to assist in 
reaching any conclusions on the Burlington proposal. 

Dr. Beck felt that the applicant was amenable to thinking in 
other terms. Mr. Price agreed and had suggested that only an 
amendment for a new site would be necessary if this site proved 
unsuitable. This would mean that all of the time so far expended 
in the review of the Burlington proposal would not have been 
wasted. 

Mr. Palladino stated that the Committee had agreed that the 
applicant should be told at this time that the site is not 
considered appropriate. Mr. Price agreed with this position 
but suggested that some consideration be given to how answers 
which would be necessary to future public inquiries. He 
suggested that it would be preferable not to have to say in 
the future that the applicant had been flatly turned down. He 
did note that both the ACRS and the Regulatory Staff have decided 
the site is no good and that someone must tell the applicant. 
He suggested, however, that he would be in a more "livable•• 
position if the applicant was told that the Advisory Committee 
on Reactor Safeguards sees no way that the proposed site could 
be approved. He pointed out that he was thinking in terms of 
future public announcements. 

After discussion with the applicant, the ACRS* met in executive session and 
adopted the following position: 

*The ACRS .embers at the 88th meeting were the following: N. J. Palladino, 
Chairman, S. H. Bush, H. Etherington, W. L.Faith, F. A. Gifford, S. H. 
Hanauer, J. M. Hendrie, H. S. Isbfn, H. G. Mangelsdorf, H. 0. Monson, 
A. A. O'Kelly, D. Okrent, W. R. Stratton and C. w. Zabel. 
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The Committee believes that it has now received essentially all 
of the information necessary to evaluate the Burlington site 
and has given careful consideration to this information. It is 
the unanimous opinion of the Committee that it does not see 
how the site can be approved. 

The Committee met with the applicant and advised the applicant orally 
of its position. Mr. Price noted that a public response from the ACRS 
and the Regulatory Staff could be avoided. Mr. Bake of Public Service 
replied he perferred that there be no letter and noted that the company 
would have to reconsider its position. 

The ACRS recorded its position, as stated to Public Service of N.J., in 
its monthly summary letter to the Chairman of the AEC. At that time, 
the summary letters were not routinely made public by the AEC. However, 
the fact that the Burlington site had been rejected became generally known. 

Public Service withdrew its application for the Burlington site. The 
Balsa Island site, which was similar to Burlington regarding population 
distribution, except for the first 1 1/2 to 2 miles, still remained for 
consideration soon. Interestingly, in the testimony by AEC Commissioner 
Ramey to the JCAE on April 4, 1967, and in the testimony by Mr. Price 
and Dr. Beck, no mention was made of Balsa Island as a site which presented 
problems arising from the large surrounding population density, although 
the seism1c design aspects of the proposed project were discussed. The one 
exception arises in a comment by Congressman Hosmer. 

Back in my mind I have the question of the Bolsa Island reactors, 
two reactors, wh1ch will be in the same general location (the 
Los Angeles basin).· I would believe that every effort would 
be made to make these compatible with their intended locality. 

To~hich Mr. Price replied •that is right." 

At the same hearings, Congressman Hosmer asked "Do you think you could 
really justify building reactors with lower safety standards in remote 
areas thap wold be required in metropolitan areas anyway?" To which 
Dr. Beck replied, 

We are not, in fact, suggesting that reactors be built to any 
different standards at one place or another. We are building 
reactors to the best standards we know, at any location. We 
say that there are still some residual uncertainties in reactors. 
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The actual experience with reactors in general is still quite 
limited and with large reactors of the type. now being considered. 
it is non-existant. Therefore. because there would be a large 
number of people close by and because of lack of experience, 
it is not a matter of difference of standards; it is a matter 
of judgment and prudence at present to locate reactors where 
the protection of distance will be present. 

During part 2 of the 1967 hearings by the JCAE on Licensing and Regulation 
of Nuclear Reactors (September 12-14, 1967}, statements supporting metro
politan siting of reactors were made by several representatives of the 
nuclear industry. Mr. Jack Horton, speaking on behalf of the Edison 
Electric Institute testified, 

The siting of nuclear power plants in metropolitan areas is 
important to the.electric utility industry and the public 
which it serves. Utn ities serv.ing metropolitan areas must 
have their sources of generation close to the load they serve 
if they are to continue giving reliable service. Therefore, 
siting of nuclear power plants in metropolitan areas must be 
a key factor in the design of our future electric power systems. 
We believe the AEC is moving toward this goal. 

A. E. SchubeTt of General Electric responded, 

We agree that requirements for metropolitan siting need to be 
defined. To this end, we believe it would be helpful for the 
AEC to establish a government-industry task force. which would 
include appropriate ACRS and Regulatory Staff membership, to 
make recommendations for metropolitan siting criteria. 

And J. C. Rengel of Westinghouse testified, 

. We believe that a change is called for in AEC policy on siting 
of nuclear power reactors in or near metropolitan areas. We 
believe that utility groups can make an economic case for such 
locations and plants can be designed which can be constructed 

·and operated safely in metropolitan areas. 

When asked by Congressman Hosmer, "Are you talking about, say, Queens, in 
New York City"? Mr. Stern of Westinghouse said "We are talking Queens." 
Mr. Stern went on to discuss "tne importance of eliminating the possibility 
of out-leakage beyond the boundary of the containment itself" for metro
politan sites, but did not discuss the potential for accidents which could 
lead to containment failure. 
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The year or so following the 88th Aa:tS meeting in August 1967 involved 
a variety of complex matters relating to the siting of reactors in 
populated areas. The ACRS attempted to provide guidance on what mdght 
make sites more populated than Indian Point acceptable for reactors; 
and also, an effort was made to develop some relatively simple basis 
for comparative site evaluation, particularly with regard to surrounding 
population. The probable need to review the Bolsa Island site was always 
present. Construction of the Zion reactors north of Chicago had been 
proposed. And Consolidated Edison had proposed for consideration three 
somewhat more populated sites than the Indian Point 2 site, as possible 
locations for large boiling water reactors. 

Further down the road would be Newbold Island site which Public Service 
of New Jersey would propose as its alternate to Burlington. 

At the 89th meeting, September 7-9, 1967 the ACRS decided that the 
Metropolitan Siting Subcommittee should continue its efforts toward 
the development of criteria for more populated sites. At the 90th 
meeting, October 5-7, 1967, Mr. Price, Director of Regulation, informed 
the ACRS that the Jersey Central Power and Light Company had proposed 
the location of a reactor at its Union Beach site. Jersey Central was 
so ItUch in favor of this that they had suggested approaches such as 
double containment, etc. They had also requested some informal reaction 
from the Regulatory Staff. Mr. Price observed that Union Beach seemed 
to be a better site than Burlington for the first few miles out, but 
then it becomes ItUch worse. Later during the 90th meeting the ACRS voted 
to have its Chairman inform Mr. Price that "if the proposed Union Beach 
facility is simdlar in design to those now being reviewed, the Conmittee 
would have great difficulty reaching a favorable conclusion,• as was the 
case with the original Burlington proposal. The adopted motion also 
expressed the Committee's willingness to consider new departures, in 
connection with densely populated reactor sites. 

The minutes of the 90th ACRS meeting take note that in testimony before 
the Joint Committee on Atomic Energy representatives of the nuclear in
dustry had suggested that a panel be established to determdne metropolitan 
siting criteria. 

At the 94th meeting February 8-10, 1968, the ACRS decided that, in view 
of the negative attitude of the Commissioners, further efforts to try to 
develop quantitative population limits on site acceptability would be 
de-emphasized and that the Metropolitan Siting Subcommittee would be 
asked to develop for full Collllli ttee consideration means, methods and 
techniques for studying the entire metropolitan siting question. The 
effort to set up a "hardware table" which defined greater safety require
ments for more densely populated sites was discontinued at that time. 
And the Subcommittee concentrated first on a method of comparing sites. 
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At the 95th meeting, March 7-9, 1968, the ACRS discussed with Consolidated 
Edison certain aspects of the Indian Point 2 reactor, including the core 
catcher, which the Applicant had proposed in the mdddle of the construction 
permdt review and which the ACRS had not accepted as being adequate, but 
which had been left in the design. The question implicit in the discussion 
during this particular meeting with the ACRS was whether the Applicant could 
remove the core catcher. We will come back to this controversial and frequently 
emotional matter in considerable detail in the Section "China Syndrome, Part 2." 
What is important is that there had been no further technical development ~ 
Westinghouse of a core catcher system, and there was no roore assurance in 
1968 than there had been in 1966 that the design proposed could cope with 
core melt and prevent containment failure. In effect, it was a take-it or 
leave-it kind of core catcher that was still in the construction permit 
application. 

At the 96th meeting, April 4-6, 1968, the ACRS again reviewed the question 
of the core catcher for Indian Point 2; and it began its review of ti1e 
application for two large PWR's at Zion, a site having roughly similar 
population characteristics to the Indian Point site. In his discussions 
with the A~S, Mr. Price took the approach that, if a core catcher was 
going to be required, or to be left, in Indian Point 2, then it would be 
required for Zion 1 and 2. This difficult subject was discussed in con
siderable detail during the 96th meeting. The ACRS decided to defer 
making a decision on Indian Point 2, until after the Committee had further 
benefit of a report from the Metropolitan Siting Subcommittee which was 
to provide a comparison of the Zion and Indian Point 2 sites. 

As if life were not already complicated enough, during the winter and spring 
of 1968, the A~ was completing a long, very difficult and controversial 
(within the A~) review of the first, large, high-temperature gas-cooled 
reactor (HTGR), the Fort St. Vrain reactor, which was at a relatively remote 
site. The Committee did not reach a unanimous position, and the A~ 
letter to Chairman Seaborg dated May 15, 1968 on Fort St. Vrain included 
a dissent ~ member Hendrie, who did not approve of this reactor without a 
containment building, and additional remarks ~ member Okrent not opposing 
contruction of this reactor b.lt expressing concern for the construction 
of large reactors of the Fort St. Vrain type at more populated sites without 
additional features to cope with major accidents including various modes 
of failure of the reactor vessel. 

The ACRS report on Fort St. Vrain is included for persepctive. 
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ADVISORY COMMITTEE ON REACTOR SAFEGUARDS 
UNITED STATES ATOMIC ENERGY COMMISSION 

WASHINGTON, C.C. :tOSA5 

Honorable Glenn T. Seaberg 
Chairman 
U. S. Atomic Energy Co~ission 
Washington, D. C. 20545 

May 15, 1968 

Subject: FORT ST. VRAIN NUCLEAR GENERATING STATION 

Dear Dr. Seaberg: 

At its ninety-seventh meeting, May 9-11, 1968, the Advisory Committee 
on Reactor Safeguards completed a review of the application by the 
Public Service Company of Colorado (PSC) to construct a nuclear unit 
at its Fort St. Vrain site in Weld County, Colorado. Previous consid
eration had been given to this project during the Committee's eighty
seventh meeting, July 6-8, 1967, eighty-ninth meeting, September 7-9, 
1967, ninety-first meeting, November 2-4, 1967, ninety-fifth meeting, 
~~rch 7-9, 1968, ninety-sixth meeting, April 4-6, 1968, and special 
meeting, April 27, 1968. Subcommittee meetings were held ¥~y 25, 1967 
at the site, June 12, 1967 at La Jolla, California to review General 
Atomic's research and development prosra~, and August e, 1967, Septem
ber 6, 1967, November 1, 1967, December 6, 1967, and March 6, 1968. 
During its review, the Committee had the benefit of discussions with 
representatives of the Public Service Company of Colorado, General 
Atomic Division of Gulf Oil Corporation (GGA), and the AEC Regulatory 
Staff and their consultants. The Committee also reviewed the documents 
listed. 

The Forst St. Vrain unit will be located about 35 miles north of Denver, 
Colorado between the South Platte River and St. Vrain Creek. It is a 
High Temperature Gas-cooled Reactor (HTGR) cooled with helium and designed 
to produce 842 MWt (330 MWe) with an ultimate capacity of 879 MWt. The 
prestressed concrete reactor vessel {PCRV) proposed for this plant is 
the first in the United States. This PCRV is to contain not only the 
core, but the.entire primary coolant system. The plant utilizes a con
finement building equipped with ventilation filters for removing partic
ulates and iodine from the building exhaust. 

The PCRV has inside dimensions of about 31 feet in diameter and 75 feet 
in height with walls ranging from 8 to 18 feet in thickness. A 3/4 inch 
thick carbon steel liner is to provide a leak tight barrier. This liner 
is covered with a thermal insulation which, in combination with water 
cooled coils behind the liner, limits the temperature in the concrete. 
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This vessel contains the 740° F to 1470° F, 700 psi helium coolant. The 
pressures are contained by the PCRV which is strengthened by reinforcing 
bars and a series of axial and circumferential prestressing tendons. The 
penetrations in bottom and top heads each contain two steel closures 
designed to Section III of the ASME Code. A system of strong-backs is 
designed to prevent the possibility of a blowout of the closures on the 
larger penetrations. 

Since this is a first-of-a-kind reactor, the Committee believes that 
particular attention must be paid to final design, construction, and 
quality control. Specifically, the Committee believes the following 
are critical: 

(1) Careful attention to good construction procedures is 
essential during construction of the PCRV in light of 
its vital function in this plant. 

(2) There should be quality control groups representing PSC 
and GGA. These groups should be staffed with well quali
fied persor~el not responsible to the construction organi
zation. Clear channels of authority should exist that 
will insure continuing attention to meeting rigorous 
quality standards. 

There are several items of safety oriented research and development that 
the applicant has underway that are critical to the safety of this system: 

(1) It is essential that the integrity of the prestressing 
tendon system be maintained throughout the life of the 
plant • The Committee reco'tDIIlends that the AEC Regulatory 
Staff follow research and development programs on corro
sion protection for this system and evaluate the proposed 
method prior to installation. Before the beginning of 
operation, a systematic program of surveillance should 
be developed appropriate to the method of corrosion 
protection used. 

(2) Since forced circulation is essential in cooling the 
HTGR, the gas circulators perform a vital function. 
Assurance must be obtained through appropriate research, 
development, and analytic studies that these circulators 
will perform satisfactorily. 

(3) The applicant has indicated that additional information 
is to be developed on the thermal insulation as a function 
of time, temperature, fluence, vibration, and impurity 
levels. 

·~ t;':i ~; ... ,' ., 
' ~ !· i i •. ·.' 

~-· ! ' J 
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(4) The steam generators are made up of modular units, placed 
within the PCRV. Leakage in conventional steam generators 
is not uncommon. In the Fort St. Vrain steam generators, 
leakage oight have the undesirable effect of introducing 
water into the reactor; therefore, the design, testing 
and construction programs necessary to establish the 
reliability of these units require increased and special 
attention. 

In certain low probability accidents leading to injection of water into 
the PCRV, there is a possibility of a substantial increase in PCRV pres
sure. The Committee recognizes that the steam generator dump systems and 
the.proposed pressure relief valve both serve to control this overpres
surization. However, the Committee believes that a second pressure relief 
valve is required. 

A system of instrumentation is to be installed ln the concrete walls to 
monitor the response of the PCRV during operation. The Committee cor.curs 
¥~th this approach and suggests that suitable attention be given to loca
tion and redundancy of instruments to insure continued monitoring of all 
critical regions throughout the life of the PCRV. 

Because of the nature of the liner and thermal insulation design, the 
liner is not accessible for inspection after startup. The Committee 
believes particular attention must be paid to the inspection of the 
liner during construction, and that the applicant should continue to 
investigate possible methods of detecting incipient failure of the 
liner. 

The Advisory Committee on Reactor Safeguards believes that the above 
items can be resolved by the applicant and the AEC Regulatory Staff 
during construction. The Fort St. Vrain site provides an acceptable 
degree of isolation when considered in relation to the proposed high 
integrity PCRV. Based on these factors, the Committee concludes that 
the Fort St. Vrain unit can be constructed at this site with reasonable 
assurance that it can be operated without undue risk to the nealth and 
safety of the public. · 

Additional remarks of Drs. Okrent and Hendrie are attached. 

Sincerely yours, 

/s/ 
Carroll W. Zabel 
Chairman 
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Dr. David Okrent makes the following additional remarks: 

!-lay 15' 1968 

"The Fort St. Vrain Station will have the first prestressed 
concrete reactor vessel designed and constructed in the United 
States, although such vessels have been built abroad. However, 
even abroad, only limited experience exists with these vessels. 
Not all of that experience has been favorable, and none of the 
existing experience covers more than a fraction of the opera
tional life of the vessels. Only a limited amount of safety 
research work has beer. done in connection with various failure 
modes of these vessels, or on the effects of anomalies and 
errors in design, construction, or operation. History teaches 
us that errors and misjudgements have been and will be made 
in the design and construction of vital components. The chance 
of such errors is increased when a long experience with design, 
construction, and operation is not avail~le. At this time, 
it is not clear to me that significant faults in a PCRV would 
necessar:\..ly be cletected prior to the loss of integrity of the 
vessel. The inaccessibility of the vessel liner, cooling tubes, 
and thermal insulation compound this difficulty. 

"From the standpoint of reactor safety, the Fort St. Vrain design 
is especially vulnerable to vessel failure because a single struc
ture serves as both reactor vessel and secondary containment. I 
believe it acceptable to construct the Fort St. Vrain station, in 
view of the remote character of the site, the moderate power of 
the reactor, the apparent great conservatism in the design of 
the reactor vessel, and the fact that only one unit is involved. 
However, I believe that it would not be prudent at this time to 
construct larger reactors of the Fort St. Vrain type at more 
populated sites without additional safety features to cope with 
major accidents involving various modes of failure of the reactor 
vessel." 

Dr. Joseph Hendrie makes the following additional remarks: 

"I believe the Fort St. Vrain reactor should be contained in 
a building of such design pressure and leakage characteristics 
as to protect the public in the event of a major failure of 
the reactor vessel. I do not agree with the applicant's argu
ment that the present design of the reactor vessel provides 
both primary and secondary containment of the reactor in an 
adequate manner. The great merit of the traditional secondary 
containment building is that it is a separate and independent 
barrier to protect the public from the effects of failures of 
the primary system. In the Fort St. Vrain design, this essen
tial separation is lost, and the safety of the public depends 
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upon the integrity of a single structure. The applicant 
concludes that a significant loss of integrity of the 
reactor vessel is impossible, due to the reinforced, pre
stressed concrete construction. This may be a correct 
conclusion, but in a matter as important as the public 
safety I believe it should be supported by a substantial 
amount of favorable experience in the construction and 
operation of high-temperature, gas-cooled reactors with 
concrete vessels. In the absence of such experience, I 
believe the Fort St. Vrain reactor, and any similar units 
that might be proposed in the near future should have 
secondary containment buildings." 
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It is of interest also to note that in meetings between the ACRS and 
the AEC Commissioners in March, 1968, Chairman Seaberg expressed his 
concern over the costs and economics of safety. He cautioned against 
going to extremes without consideration of costs. It was noted 
that some utilities had said they did not dare to discuss cost features 
with the ACRS. Dr. Seaborg expressed his concern about piling one 
safeguard on to back up another. He referred to the core catcher 
crucible at Indian Point 2. And the Commissioners suggested an improved 
dialogue between industry, the Regulatory Staff and the ACRS, and that 
it would be helpful if general problems could be solved on a non-case-by
case basis. 

Actually, a rather considerable number of light water reactors had received 
favorable construction permit reviews in 1967 and early 1968, including 
H. B. Robinson 2, Browns Ferry 1 and 2, Monticello, Point Beach Unit No. 1, 
Vermont Yankee, Peach Bottom 2 and 3, Three Mile Island Unit 1, Fort Calhoun 
Unit No. 1, and Oconee Units 1, 2 and 3, among others. All of these had 
sites with surrounding population densities far smaller than Zion or 
Indian Point. 
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2.11 ZION 

In the summer of 1967 Commonwealth Edison filed an application for 
construction of two 3250 MWt PWR's at Zion, Illinois, (population 14,000) 
between Chicago and Milwaukee, six miles north-northwest of Waukegan, 
Illinois (population 55,719 at the time). The preliminary report on Zion 
by the Regulatory Staff to the ACRS, dated September 13, 1967, notes "Our 
review of the site will emphasize population distribution in the vicinity. 
A preliminary comparison reveals a definite similarity to the distribution 
around the Indian Point site." The Regulatory Staff basically completed 
its review of Zion and issued a report to the ACRS, dated March 18, 1968, 
which was favorable to construction with a few {typical) minor reserva
tions, including one requiring charcoal filters in the containment to 
further reduce the idoine inventory during an MCA. Although the first 
ACRS Subcommittee meeting on Zion was not held until March 21, 1968, the 
proposed reactors were the focus of discussion within the Committee prior 
to that time. For example, at the 93rd meeting, January 11-13, 1968 the 
ACRS discussd in executive session the progress (or lact thereof) in 
resolution of the growing list of asterisked items, initiated with the 
Browns Ferry review, a year earlier. Member Okrent urged Committee ac
tion to obtain resolution of these items and moved that their resolution 
be accomplished {if possible) prior to completion of review of the next 
site like Indian Point 2, that is, Zion. Member Mangelsdorf moved that a 
Subcommittee be set up to review the progress of the asterisked items, 
and this compromise position was adopted, including urging that resolu
tion be pursued. 

At the first meeting of the Zion Subcommittee, a major interest of 
the ACRS members related to what addtional measures they might recommend 
for the Zion reactors which were essentially a replica of the recently 
approved Diablo Canyon reactor, the latter being at a very remote site. 
Various potential topics for improvement were identified, including part
ial protection against pressure vessel failure, improved protection 
against sabotage, increased margins in engineered safeguards, pressure 
vessel cavity flooding (to cope with the recently identified potential 
for reactor vessel failure from the thermal stresses (at low pressure) 
due to injection of cold water following a LOCA). It was questioned by 
member Hanauer whether it was appropriate to use Part 100 as a basis for 
designing such a plant. 

According to the analysis of the Regulatory Staff, there was no 
meaningful difference in population distribution between Zion and Indian 
Point. Zion was on a lakefront and its average population distribution 
was similar to Indian Point 2; however, in some directions it had signi
ficantly higher population densities (4 times) e.g., if one considered 
the sector which encompassed Waukegan. The ACRS asked its Metropolitan 
Siting Subcommittee to provide an independent assessment of the relative 
population characteristics of the Zion and Indian Point sites. 

Zion recieved an initial hearing by the full ACRS at the 96th 
meeting, April 4-6, 1968. Excerpts from the minutes provide some insight 
into the thinking. 



2-307 

Member O'Kelly asked if the Committee's philosophy would be some
thing like this: that the Zion site is about the same as the Indian 
Point site and therefore should be approved. Member Joseph Hendrie said he 
felt that if the Zion site was acceptable for some undefined reactor, then 
the Committee should determine what additions must be made to the Diablo 
Canyon reactor to make it acceptable at the Zion site. 

Although the ACRS was still waiting for a report from its siting 
subcommittee, the general consensus seemed to be along the lines of the 
comments by O'Kelly and Hendrie. However, the seemingly strong trend 
toward improvements in safety for Zion was undercut by frequent references 
by some members to .the core-catcher proposal made for Indian Point 2 by 
the applicant (which had not been accepted by the ACRS as an adequate 
means, as proposed, to cope with a large LOCA followed by core melt). 
These members stated that the Committee's desire for .. something more" 
might force the Applicant into something which was ill-considered.* This 
entire matter was somewhat of a sore point within the Committee, since 
other members felt "let-down" by the ACRS decision to accept the Task 
Force recommended by the AEC, instead of issuing a general letter back 
in September, 1966. Now this feeling was reinforced by the Task Force 
report which came out in early 1978, and 1) endorsed the existing approach 
to safety as adequate, and 2) weakly supported any research and development 
on means to cope with core melt. 

Chairman Zabel advised the Regulatory Staff that the present ACRS 
feeling was that the Diablo Canyon reactor at the Zion site was not adequate, 
and it would not be approved without additional safeguards. The ACRS 
identified several areas of interest to be discussed at the next Zion 
Subcommittee meeting. 

During March, April, and May, 1968, the Metropolitan Siting Subcommit
tee, chaired by Dr. Monson, held three meetings during which the primary 
emphasis was on the development of a basis for comparing the population 
characteristics of sites, and the determination of the relative population 
characteristics of Zion and Indian Point 2, although Bolsa Island ws also 
a recurring consideration. The bases considered did not place much 
emphasis on the MCA. Rather, more serious accidents involving lethal 
doses beyond the site boundary were postulated, and alternative methodo
logies for estimating the integrated consequences considered. 

There were a wide range of approaches considered and a wide range of 
opinions expressed. For example, at the meeting on March 29, 1968, member 
Hendrie pointed out that the concern regarding metropolitan siting was the 
subjecting of a large number of persons to a small probability of a severe 
accident. He believed that this concern leads to the need to consider 
the population distribution in angular sections. It was his opinion that 
a site with a certain population density per square mile equally gistr·ibuted 
around the site is not significantly different from one with a 45 sector 
with the same population density per square mile and few or no persons 
located in the other 315° sector. On the other hand, Dr. Monson thought 

*See appendix for additional discussion 
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the site with persons located only in a 45° sector would be eight times 
better than a site with the same population density all around the site. 

There was considerable discussion on whether to include meteorology 
into the comparative site evaluation, and the consensus was not to. 

The minutes of the Subcommittee meeting on April 18, 1968, show a 
difference of opinion between consultant Ergen and member Monson. Ergen 
saw litt1e difference between the more populated Burlington site and 
Indian Point, if one postulated a massive release of radioactivity. Monson 
thought there would be a definite difference in this regard. 

When comparisons were made of Indian Point and Zion, on an integrated 
population basis, Zion appeared to be slightly better. If only the worst 
sector was used, Zion was 11 better 11 than Indian Point from l to 4 miles, but 
worse between 4 to 20 miles. 

By the May 8 1968 Subcommittee meeting, a methodology which weighted 
persons close in more importantly, and looked at both sectors and inte
grated population, had been chosen for interim purposes. The Subcom
mittee concluded that Zion was slightly better than Indian Point from the 
population point-of-view (and hence acceptable}. 

The strong precedent set by the original acceptance of Indian Point 1 
in 1956 and Indian Point 2 in 1966 was clear. Only now and then do the 
minutes record an opinion by a member expressing unhappiness with the 
earlier acceptance of Indian Point 2. And rarely does there appear the 
opinion that there should be a re-examination of the acceptability of the 
Zion site, even if it is equivalent to or 11 better 11 than Indian Point 2. 

Although major accidents were postulated for use in making compari
sons of different sites, no quantitative estimate of the probability of 
such large accidents or of the risk {a summation of the product of prob
ability and consequences over all accidents) was available. Nor did 
there exist a quantitative risk acceptance criterion (except that 
indirect one that might be derived from the AEC Commissioners opinion on 
Malibu, that even though a fault had not moved in the last 14,000 years, 
displacement along the fault should be considered in the design of that 
proposed reactor). 

At the 98th meeting, June 5-8, 1968, the Siting Subcommittee 
reported its findings to the full Committee, and the ACRS concluded that 
the Zion site ws comparable to Indian Point and acceptable. Consider
able discussion was held with the Applicant concerning various safety 
matters, with emphasis on the possible need for a system to cope with 
vessel failure from thermal shock. The Applicant agreed to include 
provisions in the design which would make it feasible, at a later date, 
to add a slow flooding capability for the vessel cavity. Whether Zion 
included substantive additional safety features compared to Diablo 
Canyon is difficult to ascertain. 
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The ACRS agreed at the June 1968 meeting that it would prepare a letter 
favorable to construction of the Zion Station, with one member indicating he 
would have additional remarks which were aimed primarily at future reactors 
proposed for populated sites similar to or worse than Zion. 

Extensive and controversial discussion ensured within the Committee, 
including a) the propriety of adding remarks concerning future reactors and 
b) the possibility that the Committee would adopt a position similar to the 
remarks with regard to more populated sites than Zion-Indian Point, and write 
a general letter on the subject. 

Discussion of the matter was carried over to the 99th meeting, July 11, 
12, 13, and 21, 1968, at which time the Committee decided to agree on issuing 
only a report on the Zion reactor, which is duplicated on the following pages. 
Also duplicated on the following pages is a personal letter from member Hendrie 
to member Okrent. 
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ADVISORY COMMITTEE ON REACTOR SAFEGUARDS 
UNITED STATES ATOMIC ENERGY COMMISSION 

WASHINGTON, D.C. 205·45 

Honorable Glenn T. Seaborg 
Chairman 

July 24, 1968 

u. s. Atomic Energy Commission 
Washington, D. c. 20545 

Subject: REPORT ON ZION STATION UNITS 1 AND 2 

Dear Dr. Sea borg:-

At its ninety-ninth meeting, July 11-13 and 21, 1968, the Advisory 
Committee on Reactor Safeguards completed its review of the appli
cation by the Commonwealth Edison Company for authorization to con
struct nuclear generating Units 1 and 2 at its Zion Station in Zion, 
Illinois. This application was considered also at the ninety-sixth, 
ninety-seventh, and ninety-eighth meetings, on April 4-6, 1968, 
May 9-11, 1968, and June 5-8, 1968, respectively. Members of the ACRS 
visited the site on June 6, 1967, and Subcommittee meetings were held 
at the Argonne National Laboratory on March 21, 1968, and in Washing
ton, D. c., on April 17 and May 29, 1968. During its review, the Com
mittee had the benefit of discussions with representatives of the Com
monwealth Edison Company and their consultants, with the Westinghouse · 
Electric Corporation, and with the AEC Regulatory Staff and their con
sultants. The Committee also had the benefit of the documents refer
enced in this report. 

The Zion Station is located on the west shore of Lake Michigan in Zion, 
Illinois. Zion has a population of 14,000, and Waukegan, Illinois, with 
a population of 65,000, has its nearest boundary 3.6 miles from the site. 
The site comprises 250 acres. 

Each of the two 3250 MWt pressurized water reactors is similar in design 
to the Diablo Canyon reactor. The containment for each reactor is a 
prestressed concrete vessel similar to previously approved designs (e.g., 
Turkey Point, Palisades, and Point Beach). The reactors to be built at 
the Zion Station are the largest reactors reviewed to date for construc
tion in a region of relatively high population density. 

' .. ~. ··~ .. ', .. , .. '• 
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The applicant has considered the possibility of reactor vessel failure 
as a-result of thermal shock caused by emergency core cooling system 
action in the unlikely event of a loss-of-coolant accident during the 
later portions of vessel life. He has conducted engineering studies 
which have established the feasibility of a cavity flooding system that 
could flood to a level above the top of the ·core and thereby provide ad
ditional protection in the event of such failure. He stated that this 
system would be installed at a future time if studies now under way in
dicated that vessel failure as a result of thermal shock could occur. 
The present design provides for reactor cavity flooding to about two feet 
above the bottom of the core. Additionally, the reactor cavity has been 
designed, as at Indian Point 2, to limit vessel movement in the highly un
likely event of failure of the reactor vessel by longitudinal splitting 
during operation. The Committee continues to favor such protection for 
large reactors in regions of relatively high population density. 

The applicant has proposed using signals from the protection system for 
control and override purposes. The Committee reiterates its belief that 
control and protection instrumentation should be as nearly independent 
of common failure modes as possible, so that the protection will not be 
impaired by the same fault that initiates a transient requiring protec
tion. The applicant and the AEC Regulatory Staff should review the pro
posed design for common failure modes, taking into account the possi
bility of systematic, non-random, concurrent failures of redundant de
vices, not considered in the single-failure criterion. In cases where 
hypothesized control or override failure could lead to the need for ac
tion by interconnected protection instrumentation, separate protection 
instrumentation channels should be provided or some other design approach 
be used to provide equivalent safety. 

The applicant described programs for development and utilization of instru
mentation for prompt detection of gross fuel failure and for detection of 
primary coolant leakage. 

The Committee continues to emphasize the need for quality in the manufac
ture, storage, and installation of the reactor and primary system compo
nents. The applicant described the quality assurance program that he and 
his contractors intend to carry out for this purpose. In this connection, 
the applicant described the testing program for engineered safety features, 
including a full flow test of the emergency core cooling system delivering 
water to the reactor vessel. The Committee recommends that the applicant 
give further consideration to testing the containment spray systems with 
full flow to the spray nozzles at least once at an appropriate time during. 
construction. 
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The applicant described his emergency plans for the Zion Station, which 
are based partly on experience acquired in developing plans for the 
Dresden Nuclear Station. 

The Committee continues to call attention to matters that warrant care
ful consideration with regard to reactors of high power density and 
other matters of significance for all large, water-cooled power reactors. 
In addition, attention is called to safety-related questions specifically 
identified for the Diablo Canyon reactor class. The applicant reviewed 
his research and development program designed to resolve safety-related 
problems and stated that he expects resolution of these problems before 
operation of the reactors. System modifications or restrictions on 
operation may be appropriate if the startup program, additional opera
ting experience, or the research and development should fail to confirm 
adequately the proposed safety margins. 

The Committee believes that the items mentioned can be resolved during 
construction and that, if due consideration is given to the foregoing, 
the nuclear Units 1 and 2 proposed for the Zion Station can be con
structed with reasonable assurance that they can be operated without un
due risk to the health and safety of the public. 

Additional remarks by Dr. David Okrent are appended. The matters dis
cussed by him were considered by the Committee during its meetings. The 
Committee believes that the status of these matters, as they pertain to 
the Zion units, is satisfactory. 

Attachments: 
1. References 
2. Additional Remarks of 

Member David Okrent 

Sincerely yours, 

/s/ 
Carroll W. Zabel 
Chairman 

-
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1. Letter from Commonwealth Edison Company, dated July 12, 1967; 
Application for Construction Permit and Operating License; 
Volumes I and II of Prelfminary Safety Analysis Report, Zion 
Station 

2. Letter from Commonwealth Edison Company, dated August 15, 1967; 
Amendment No. 1 to Application 

3. Letter from Commonwealth Edison Company, dated November 28, 1967; 
Amendment ~· 2 to Application; Volumes III and IV of PSAR 

4. Letter from Commonwealth Edison Company, dated December 20, 1967; 
Amendment No. 3 to Application. 

5. Letter from Commonwealth Edison Company, dated January 29, 1968; 
Amendment No. 4 to Application; Volume V of PSAR 

6. Letter from Commonwealth Edison Company, dated March 1, 1968; 
Amendment No. 5 to Application 

7. Letter from Commonwealth Edison Company, dated April 4, 1968; 
Amendment No. 6 to Application 

8. Letter from Commonwealth Edison Company, dated April 17, 1968; 
Amendment No. 7 to Application 

9. Letter from Commonwealth Edison Company, dated May 3, 1968; 
Amendment No. 8 to Application 

10. Letter from Commonwealth Edison Company, dated June 6, 1968; 
Amendment No. 9 to Application 

11. Letter from Commonwealth Edison Company, dated June 27, 1968; 
Amendment No. 10 to Application 

-
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Additional Remarks of Member David Okrent 

While; am not objecting to a construction permit for the Zion reactors,· 
I am suggesting that in connection with its issuance there are certain 
matters that warrant consideration and resolution before construction is 
completed. 

In its report of November 24, 1965, on reactor pressure vessels, the ACRS 
recommended that further attention be given "to methods and details of 
stress analysis, to the development and implementation of improved methods 
of inspection during fabrication and vessel. service life, and to the im
provement of means for evaluating the factors that may affect the nil 
ductility transition temperature and the propagation of flaws during vessel 
life". The ACRS also recommended that "means be developed to ameliorate the 
consequences of a major pressure vessel rupture" and suggested as a possible 
approach the provision of "adequate core cooling or flooding which will func
tion reliably in spite of vessel movement and rupture". The ACRS went on to 
state that "the orderly growth of the industry, with concomitant increase in 
number, size, power level and proximity of nuclear power reactors to large 
population centers will in the future make desirable, even prudent, incor
porating in many reactors the design approaches whose development is rec
ormnended above". 

Since November, 1965, considerable additional emphasis has been placed by 
the nuclear industry and the AEC on providing still greater quality in 
pressure vessel fabrication. An important research program is under way 
by the AEC to provide a better understanding of the behavior of thick
walled, steel pressure vessels. Our reactor vessel operating experience, 
although limited, has been good. 

On the other hand, some questions have arisen in connection with specific 
design and fabrication aspects of pressure vessels. Resolution is required 
concerning the potentially adverse effect on vessel integrity of thermal 
shock arising from operation of the emergency core cooling system in the 
unlikely event of a sizable primary system leak, and questions exist with 
regard to the behavior of highly irradiated, thick section, pressure vessel 
walls in the presence-of flaws and at significant vessel pressure. 

Increasing attention has been given to the development of in-service inspec
tion techniques and to the provision during reactor design of the necessary 
accessibility for thorough in-service inspection. Both industry and AEC 
regulatory groups are currently working on access and periodic inspection 
requirements for water reactor primary systems, including the pressure vessel. 
Means of remote, volumetric inspection of pressure vessels in service are / 
under development by the nuclear industry, as are other flaw detection devices. 

fa •• ·" • :"" ~· • • ' .. • • • ,- •• - • 
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I believe that, with regard to water reactors of current design to be 
sited in less populated areas, the efforts under way to provide improved 
vessel_quality and adequate, thorough, in-service inspection, in conjunc-· 
tion with satisfactory resolution of the thermal shock matter, with accept
able results from safety research programs on irradiation effects, sub
critical flaw growth, etc., in thick-walled vessels, and with deliberate 
conservatism and thoroughness in pressure vessel design and fabrication 
practice, should provide an acceptable basis for dealing with safety ques
tions arising from pressure vessel integrity. 

The Zion site has a relatively large surrounding population density. For 
large water reactors proposed for such a site, I believe that, in addition 
to the above steps, careful consideration should be given in the initial 
engineering design to provision of the capability to cope with a loss in 
primary system integrity arising from a leak or split.in the pressure vessel 
wall. Such provisions should include necessary steps to maintain the con
tainment integrity. It appears likely that means to maintain the general 
core geometry and to provide the necessary emergency cooling water would be 
required. It is important that such provisions, if they are to be imple
mented, provide a significant degree of additional protection, albeit not 
perfect or complete, and that they should not, of themselves, provide a 
means of detracting from the integrity of the pressure vessel. It is to be 
expected that the development of means to deal with a loss of primary system 
integrity arising with the pressure vessel will be a process of evolution. 
Careful and thorough study should lead to a definition of those potential 
areas of degradation in pressure vessel integrity for which protective meausres 
are practical and appropriate. In view of the very low probability of a pres
sure vessel rupture, the design of these protective features could be based 
on fairly realistic rather than highly conservative analyses. A reliance on 
off-site power sources in connection with these protective features may be 
acceptable, if the capability of the external power system to withstand sudden, 
unexpected shutdown of the reactor can be clearly demonstrated and periodically 
verified. 

For the Zion reactors, where the engineering design is now well along and 
could not be readily modified without major delays and significant additional 
costs, I believe that the applicant should study what provisions could be 
made, within the limitations of the existing design, to provide further pro
tection against a loss in primary system integrity arising from a limited 
size leak or split in the pressure vessel wall, particularly in the region 
that receives the highest neutron irradiation dose during reactor lifetime. 

I also believe that, at this time, additional conservatism in design, con
struction and operation is desirable for the Zion reactors, as compared to 
similar reactors at less populated sites. To be most effective, this addi- • 
tional conservatism should be part of the applicant's basic philosophic 
approach. The following aspects might be included: 
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1. Both for the primary coolant system and for other features of 
vital importance to the protection of the health and safety 
of the public, additional conservatism in design and further 
steps to assure quality of construction and continued integrity 
and reliability during operation should be used, where practical. 

2. Safety issues remaining to be resolved between the start of con
struction and the initiation of operation at power should be 
minimized; well-defined research and development programs, ade
quate to clearly resolve the issues in ttmely fashion, should be 
committed. Where questions remain to be resolved, and where com
plete resolution may not be accomplished by the time of reactor 
operation, the reactor design should proceed on the basis of in
corporating the appropriate safety provisions. 

3. Since it is highly unlikely that a clear demonstration of the 
efficacy of the several engineered safety systems and other pro
tective features under representative accident conditions will 
occur as a consequence of actual accident experience in the reason
ably near future, it is desirable that extra margins be provided 
in the design of the usual engineered safety systems, particularly 
those for which some degree of uncertainty or some problem requiring 
resolution remains. 

4. Additional, detailed examination of potential accidents leading to 
moderate releases of radioactivity to the environment (small acci
dents) should be made, and steps be taken to reduce still further 
the probability of occurrence of such accidents. 

In my opinion, additional steps such as these, which are taken to protect the 
health and safety of the public with regard to reactors to be sited close to 
population centers, need not necessarily be applied to reactors in less popu
lated sites. 

-
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BROOKHAVEN NATIONAL LABORATORY 
ASSOCIATED UNIVERSITIES. INC. 

Dr. David Okrent 
Senior Physicist 

UPTON. L. 1 .• N.Y. 11973 

TEL.. AREA CODE !516 YAPHANK 4·62.62 

July 16, 1968 

Laboratory Director's Office 
Argonne National Laboratory 
9700 South cass Avenue 
Argonne, Illinois 60439 

Dear Dave: 

REFER: 

Since everybody else is giving you advice on the Zion 
matter, I don't see why you should be spared my two cent's 
worth. I've been trying to answer, for myself, three questions 
about your additional remarks on Zion. I think I have, and 
the answers may be of interest to you. 

I ask myself: 

a) Do I now approve of, or object to your additional 
remarks? 

b) What is the reason for the answer to a), and why, 
since I strongly support your position in general, 
do I refuse to join you in these additional remarks? 

c) What position do I take on Zabel's move to prevent 
your {and Mangeldorf's) additional remarks from 
being attached to the Zion letter? 

The answer to a) is that I object, in a very mild way, 
to your additional remarks as they now stand. The answer to 
b), the reasons for objecting, and for not joining you in 
the remarks go as follows. First of all, the remarks as 
written seem to have a very limited applicability to the Zion 
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application itself. I know you don't agree, and the fact 
that we differ on this matter is a principal reason for this 
lengthy discourse. 

As I read the additional remarks, they say for Zion, 

1) do what is practicable (and reasonable?) within 
the limits of the existing design to deal with 
vessel leaks and ruptures, and 

2) take the steps #1 through #5 listed on pages 6-7 
of Draft 2 (attached to letter Draft 7). 

But since you do ~ oppose the Zion application, which your 
first paragraph specifically says, and since the application 
does not now include these items, I must conclude that these 
items do not really apply to Zion in your view. (As a side 
note, the steps 1-5 you list are only inferred to be appro
priate for Zion through the reference, middle of page 6, to 
sites with population densities equal to, etc., ?.ion. I 
think some, maybe most, people would conclude the steps 1-5 
do not apply specifically to Zion.) 

Now I know the syllogism above will be offensive to 
you (note Webster's alternate definition of syllogism as a 
n ••• specious or crafty argument."), but it is a difficulty 
for me, and for others too, I am sure. From my standpoint, 
the additional remarks would be much clearer and would 
squarely meet the test of applicability to Zion if they 
said something like: 

.. I believe that the applicant should, in addition to 
the matters cited in the ACRS report, 1) do what is practi
cable within the limits of the existing design to deal with 
pressure vessel leaks and ruptures, (etc.}, 2) take the steps 
enumerated below (steps 1-5, etc.)." 

In this form the additional remarks would be a clear 
dissent on the Zion application approval. They might be 
tempered by a remark that these matters are resolvable 
during construct~on, in your view. 
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I know the above introduces an .. applicability" criterion 
for additional remarks with which you may disagree. But I 
do think some of the Committee reaction to your remarks is 
brought on by such feelings about applicability. (Later on, 
in discussing the answer to my third question, I will tell 
you what I think of such a criterion.) 

There remains the question of how to treat the matters 
in your additional remarks pertaining to future reactors, 
and this raises the second reason for my objection to the 
remarks as they now stand. Basically this is that you are 
preempting the Committee in two important areas: first in 
the area of requiring protection against vessel failure, and 
second, in the area of Metropolitan Siting, where you suggest 
that steps along the lines you suggest might open the way to 
sites in high population areas. I don't think I am being 
completely rational with this objection, because you have 
given the Committee ample time to consider your point of 
view, and if they will not agree with it, you have a right 
and a duty to express it individually. But I am frustrated 
by a) agreeing with you, b) being personally unwilling to 
join in these remarks on the~ letter, and therefore, 
c) being unable to participate in the expression of views on 
vessel failure protection. So, rational or not, I wish you 
were not going to put the "non-Zion" sections of your remarks 
into the additional remarks on Zion. (I think Palladino and 
some others share this feeling.) Furthermore, I have the 
feeling that the presenc~ of these remarks, appended to the 
Zion letter over the protests of many Committee members, may 
really hamper future acceptance by the majority of the posi
tion that protection against vessel failure should be pro
vided at poor sites. 

If you were to ask what I suggest doing (obviously I 
am going to tell you whether you want to know or not), it is 
as follows: 

A) Confine additional remarks for the Zion letter to 
those areas listed as 1) and 2) abovef and consider 
whether they should not have the more direct dissent 
form suggested above. 
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B) Work with the committee toward incorporating the 
"non-Zion" portions of the present remarks in a 
general letter. Since this is unlikely to pro
duce the desired general letter in the near future, 
I suggest it only as a prelude to an individual 
letter to Seaberg on vessel failure in which I 
would join you, and in which some others might 
join, notably Palladino. Your current drafts of 
such a letter would suit me just fine, and we 
could allow the rest of the Committee to make 
"additional remarks" if they wanted to. 

Now as to the answer to my third question to myself, 
about Zabel's attempt to deny your additional remarks a 
place -with the Zion letter. I have been trying to think of 
a reasonable basis for limiting the scope of individual re
marks on ~ letters. I conclude there is none. Even the 
test of applicability of the remarks to the case at hand, 
which I do apply for myself and which is the central reason 
I do not join with you on the Zion remarks, I would not want 
as a general rule for the Committee. The problem with such 
a general rule, or any general rules related to individual 
remarks, is that the majority will have to decide how to 
apply the rule in each specific case, and the nature of the 
situation is that the majority is automatically prejudiced 
against the individual remarks. So I am against Zabel's 
move, and I will try hard to prevent anything along that line. 

I have tried to think what I might do, if I were in 
your position and were denied the Zion letter as a vehicle 
for my individual views. Being unfortunately inclined to 
emotional outbursts when frustrated, I expect I would resign 
with a fiery letter to Seaberg, and would subsequently regret 
it. I judge you to be considerably more self-possessed than 
I am, and if Sunday's meeting goes badly, I will count on you 
to fall back on the general letter approach and on a joint 
individual letter on the vessel failure subject if necessary. 

JMH:ecd 

Best regards, 

~ 
Joseph M. Hendrie 
Associate Bead, Engineering Division 
Nuclear Engineering Department 
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APPENDIX 

On the Removal of the Core-Catcher from Indian Point 2 

A very detailed description of the difficult and very controversial 
discussion within the ACRS concerning core-catchers in general, and their 
potential applicability to Indian Point 2 and Zion 1 and 2, in particular, 
can be found in the minutes of the 95th meeting, March 7-9; 1969, 96th 
meeting, April 4-6, 1968; 97th meeting, May 9-11, 1968; and 98th meeting, 
June 5-8, 1968. 

At the 95th meeting, AEC Chairman Seaborg expressed his concern to 
the ACRS about piling one safeguard on to back up another, referring to 
the core crucible at Indian Point 2. At the same meeting, Consolidated 
Edison came to see the Committee, nominally to report on its ECCS in 
accordance with the August 16, 1966 ACRS letter, but more specifically 
to get ACRS approval of removal of the core catcher which was formally 
included in the plant in June-July, 1966. 

A very complex discussion ~nsued. The applicant stated they had 
done only one to two man years of work on the core-catcher, and some 
members expressed disappointment that so little effort had been made to 
examine its possibilities, despite the admittedly difficult problems 
involved. Some members felt that a decision on the core-cathcer should 
be related to how effective the new ECCS really was, a matter not yet 
evaluated. Others were· in favor of dropping the core catcher as having 
no value, independent of other considerations. 

The applicant first said he planned to drop the core-catcher, but 
then said it was not his intent at that time to request ACRS approval 
for such action. 

The Regulatory Staff basically treated the core-catcher as if it 
did not exist, even on paper. 

The ACRS finally took no action at the March meeting. 

At the April meeting, both Zion and Indian Point 2 were discussed. 
Mr. Price said that the Regulatory Staff did not know how to design a 
core-catcher and so he did not see any need for it. Dr. Morris of the 
Staff stated the Zion site was acceptable without a core-catcher; 
however, if a core-catcher ws required for Indian Point 2, then it 
would have to be included for Zion. 

In preliminary vote in Executive Session, one member favored a 
core-catcher for Zion, eight did not, while six abstained. 

At the same meeting, Mr. Price reported that he had received a 
phone call from Consolidated Edison Company reporting that they had 
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decided to include a core-catcher for Indian Point 2. The reasons for 
the decision were complex. Apparently, the applicant was reluctant to 
initiate a formal request for its removal. Some ACRS members thought 
that the tone of the questions in the March meeting may have suggested 
an ACRS position in favor of the proposed device. 

The discussion and arguments over a core-catcher for Zion and 
Indian Point occupied much of the May meeting. Three members felt so 
strongly about the issue that they implied they would write their own 
letters that month against a core-catcher for Indian Point 2, if the 
Full Committee failed to act. The deadline for action was later with
drawn when it was agreed that the matter would be given priority at the 
June meeting and resolved for both Indian Point and Zion. 

At the June meeting, the issues discussed on Zion were not related 
to a core-catcher, which the ACRS agreed they would not recommend, but 
on the measures included in the design to enable a later addition of a 
cavity flooding device intended to assist in keeping the core cool, 
should thermal shock lead to a reactor vessel leak following a LOCA, 
and on additional remarks by one member dealing with other matters. In 
effect, the Applicant, by provision of the capability for cavity flood
ing, had added a special site-related safety feature, albeit nothing 
approaching a core-catcher in its objective. 

With regard to Indian Point 2, the ACRS reached the position (with 
one negative vote) that "the core-catcher was not an essential engineered 
safety feature for this rector", but did not request that it be removed 
from the design. The Regulatory Staff and Applicant were advised orally 
of this decision. The Applicant indicated that construction of the core 
catcher would be terminated and that it did not need a letter report from 
the ACRS on the matters discussed. 

During the series of meetings, there had been indications to the 
Applicant that, were the ACRS to write a report, it might have to include 
consideration of the asterisked (or generic) items which had arisen since 
its August, 1966 report on Indian Point 2. Hence, for this and other 
reasons, the Applicant's final decision to ask that no ACRS letter be 
written at that time was understandable. 

The ACRS asked that the Final Safety Analysis Report be submitted 
as soon as possible, so that the Applicant's final decision to remove 
the core-catcher would be made public as soon as possible, since there 
was to be no letter on the matter, and at that time ACRS meetings were 
not public. 
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At the June, 1968 meeting in which the ACRS reached a consensus on 
the accepability of Zion, the Committee also decided it would advise 
Consolidated Edison that the ACRS saw no need for the core-catcher to 
be kept in the Indian Point 2 reactor design (and, implicitly, was there
fore avoiding the Regulatory Staff requiring it for Zion). This rather 
difficult decision was clearly based on different reasons for the various 
Committee members. Some felt it was unnecessary. Some would have liked 
a core-catcher (or some other means to maintain containment integrity 
or mitigate the effects of core melt), if they had thought that a practical 
design was available. However, the applicant had done essentially no 
further analysis or development beyond the very modest amount performed 
in 1966, and the AEC had not pursued an independent R&D program. 

At the same June, 1968 meeting the ACRS heard a first presentation 
by Consolidated Edison for some proposed sites for 2 large BWR•s, the 
sites being somewhat more densely populated than Indian Point •• 

At the 99th meeting, July 11-13,· 21, 1968, there was some discussion 
between the ACRS and Mr. Price concerning the Balsa Island review. In 
addition to population density questions, seismic design was a major 
question for this proposed facility, and the Balsa Island Project had 
taken the somewhat unusual step of appointing a "blue ribbon panel" to 
make recommendations as to what constituted adequate seismic design. 

During the same time period the Regulatory Staff and the ACRS had 
worked on the development of seismic and geological siting criteria, and 
a draft had been agreed to by the ACRS some months earlier. Its release 
in the Federal Register for public comment had been held up by Mr. Price, 
however, while awaiting comments from Mr. Milton Shaw, Director of the 
Division of Reactor Development, AEC. 

At the 99th meeting, Mr. Price was asked if the seismic criteria 
would be put out for public comment in the near future. Member Okrent 
pointed out that these criteria may be connected with Balsa Island, 
although the review could probably be carried out without them. Mr. 
Price felt that it would not be wise to judge this or any other 
facility on the basis of criteria which had not yet been issued. He 
stated frankly that the delay in issuing the criteria was partly due 
to the fact he wanted to know whether or not they would rule out the 
Bolsa Island site. 

The Regulatory Staff had submitted a non-commital report on Balsa 
Island to the ACRS dated July 8, 1968 just before the 99th meeting. 
It suiTIIlarized the recomendations of the "Blue Ribbon Panel .. and gave 
some population comparisons with Indian Point, Zion and Burlington. 

There was no discussion of this report at the July, 1968 ACRS 
meeting. At the lOOth meeting, August 8-10, 1968, ACRS Chairman Carroll 
Zabel advised the Committee that Mr. Price had called him to advise 
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the Committee that the Balsa Island project had been terminated 
because of rising project costs. 

Interestingly, a year earlier, Dr. Donald Hornig, the Science Assis
tant to the President, had sent the following letter on the next page 
to Chairman Seaberg of the AEC, and received the response indicated. 

However, no request was made by the AEC to the ACRS for an early 
recommendation concerning the suitability of the Balsa Island site, 
although the population information existed. And the Regulatory Staff 
refrained from completing any position on its suitability in this 
regard. 

At the lOOth meeting, August 8-10, 1968, the ACRS reviewed Consoli
dated Edison's proposed Trap Rock, Montrose, and Bowline sites, all in 
the general vicinity of Indian Point but each having its own demographic 
characteristics. The Metropolitan Siting Subcommittee had reviewed 
the three sites for population considerations at a meeting held August 7, 
1968 and, using a comparative approach based on estimating off-site 
casualties and latent cancer effects on an average, rather than worst 
sector basis, concluded that the Trap Rock site was fairly similar to 
Indian Point. The Subcommittee recommended to the full Committee that 
the Trap Rock site was not unacceptable on the basis of population alone, 
and that the ACRS not take a position on Montrose or Bowline which were 
both less desirable than Trap Rock. 

Consolidated Edison had proposed a secondary containment having a 
design pressure of 10 or 15 psi, instead of the normal, "no-strength" 
containment building placed around the pressure suppression contain
ment system of a BWR. A cryogenic off-gas system to trap and store 
noble gas fission products normally released from routine effluents 
was also proposed. 

In its report to the ACRS of May 31, 1968, the Regulatory Staff 
stated "These sites are somewhat worse demographically than Indian 
Point 2; however, we believe they are in the Indian Point 2 class of 
sites. We do not consider them in the Burlington class of sites.n 
The Staff went on to say, "we anticipate the app 1 i cant wou 1 d need to 
put more emphasis on design and performance adequacy of the containment 
and engineered safety features than, for example, was required at Peach 
Bottom.u Presumably, this Staff emphasis was in terms of meeting the 
guidelines of Part 100 for the MCA and other 11 design basis accidents ... 

The Committee discussion at the 100th meeting shows a very con
siderable divergence of opinion. Some members felt the three sites 
were relatively indistinguishable, in contrast to the Subcommittee 
conclusion. Some felt all might be acceptable for a PWR like Indian 
Point 2, although there was concern for a BWR with the primary system 
extending outside containment. At least one member stated that he 
did not like the Indian Point 2 site, felt· he had been taken in when 
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he approved it, and felt the ACRS should be more demanding now. 

The C~~ittee had available to it a long list of safety matters 
related to BWR's and these rather than the site characteristics, served 
as the principal focus for the discussion with the Applicant. 

From the minutes of the Committee caucus, it is not clear that all 
members agreed that the Trap Rock site was acceptable. However, a Com
mittee position was adopted, and subsequent to the Committee caucus, the 
ACRS Chairman read the following statement to the representatives of Con
solidated Edison. 

The ACRS feels that the Trap Rock site is not unacceptable on 
the basis of population alone for a reactor of the approximate 
size proposed. The Montrose and Bowline sites seem less desir
able than Trap Rock, but the Committee makes no statement now 
as to their acceptability. The Committee feels that consider
able attention should be given to emergency plans, including 
evacuation, particularly in view of the high close-in 
population. With regard to the reactor design matters discussed 
thus far, the Committee continues to be concerned with the fact 
that a part of the primary system is outside containment, and 
will watch the detailing of the steam line break accident and 
associated matters with great interest. The Committee empha
sizes the importance of in-service primary system inspections 
and of the provisions for adequate access for such inspections. 

The Committee feels that at difficult sites such as these, more 
careful study and evaluation of the problems associated with 
possible reactor vessel splitting are needed. Other items 
noted in previous Committee letters will be of even greater 
interest in this case, in view of the difficulties of the 
site. The Committee feels that a more conservative approach 
on the part of the applicant, leading to fewer items to be 
resolved after the construction permit stage, is appropriate 
for a plant at this kind of site. The Committee believes 
that the double containment and the off-gas systems are useful 
approaches. 

Not too long after the lOOth ACRS meeting, Consolidated Edison 
advised the Regulatory Staff that their schedule for these two proposed 
BWR's had become somewhat indefinite, and, in fact, a construction permit 
review was never completed. 

However, at Trap Rock, as at Indian Point and Zion before, the ACRS 
was continuing its emphasis on trying to get a higher level of safety at 
poor sites, either by decreasing the probability of accidents or by improv
ing the measures to deal with accidents. This was in contrast with the 
Regulatory Staff which continued to make adherence to Part 100 the only 
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aspect of safety which was dependent on population density for an accepted 
site. 

As it turned out, by its lOOth meeting the ACRS had dealt with all 
but one of the most populated sites it would review through the end of 1977. 
namely Newbold Island, although Midland and Limerick would als.o pose some 
population-density-related questions. 

In the months following the site review of the Trap Rock, Bowline 
and Montrose sites for Consolidated Edison in August, 1968~ the ACRS 
Metropolitan Siting-Site Evaluation Subcommittee continued to work on an 
improved comparative site population index and on possible criteria for 
reactors at sites worse than Indian Point - Zion. At a meeting on 
December 4, 1968, the Site Evaluation Subcommittee heard a presentation 
by representatives of the Atomic Industrial Forum (AIF) concerning their 
viewpoint that there was a need for metropolitan sites for nuclear 
reactors. In particular, the AIF representatives emphasized the very 
high cost of transmission lines. 

With regard to the development and choice of a site population 
index, the Subcommittee examined a host of potential approaches and 
finally adopted a relatively simple, arbitrary method of comparing 
other sites to a synthetic site having the average characteristics of 
Indian Point and Zion; and the ACRS used the method to provide itself 
with a rough comparative population index for all sites. 

The site population index {SPI) changed somewhat over the period of 
time it was used. A later version was described by ACRS consultant (and 
former member) w. Ergen in a memorandum to file, as follows: 

The Site Population (or SPI) index considers the number of 
people who have to be evacuated as a consequence of the postulated 
accidents~ and the exposures resulting from these accidents. It 
is understood that other protective measures might be substituted 
for evacuation. An individual is assumed to have to be evacuated 
if he otherwise would receive more than 25 R. In counting the 
man.rem of exposure, the index does not include the man.rem 
that would be received by evacuees and the doses below 1 R 
per person. 

The smallest accident considered causes 25 Rat 0.5 miles~ the 
largest a~cident considered 25 R at 6 miles. Between these two 
limiting accidents, there is a continuance of accidents, the 
probability of an accident being independent of the size of 
the release. The dose decreases proportionally to r-l.Sm where 
r is the distance from the reactor. In the 1argest accident 
considered, the dose at 50 miles is 25·(50/6)-1.5 = 1.039 R. 
This was chosen as the cut-off point, see above, so that people 
outside the 50 mile circle do not have to be considered. 
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The reference site has a population density, which is, at 
every point, equal to the arithmetic mean of the population 
densities at the corresponsing points of the Indian Point and 
Zion sites. 

For each accident considered, the number of evacuees is found 
for the site under study, and for the reference site. The 
ratio of these two numbers is averaged over all accidents 
considered. Likewise, for each of these accidents, the exposures 
are found for the site under study and the reference site, and 
the ratio between these two numbers are averaged. The arith
metic mean of the two averages is 1 if the reference site is 
taken as the site under study. For any other site, the devia
tion of the mean from 1 is a measure of the population distri
bution; a number much less than unity would correspond to a 
relatively low population density. 

The index originally postulated 500 R at 1 mile and successive 
distances up to 6 miles; this was changed to the 25 R limit 
in Part 100 by introducing a scaling factor of 20. 

The method uses average rather than worst sectors and 
leads to the following relative weighting factors: 

Distance from Reactor, miles 

0.75 
0.75-1 
1-2 
3-4 
5-7 

.1 0-15 
20-25 
30-35 
40-45 

WPighting Factor 

4600 
2400 
1250 
535 
100 

24 
7 
2.3 
0.6 

Compared with recent studies by the Reactor Safety Study Group {WASH-
1400, 1974} the SPI weighting factor described in the Ergen memo falls off 
very rapidly at large distances. and possibly places more emphasis on near
by population. 

The Site Evaluation Subcommittee also continued to work on a possible 
set of general criteria or requirements for reactors to be considered for 
sites having population densities somewhat greater than Indian Point - Zion. 
At the lllth meeting, July 10-12, 1969, the full Committee decided to 
forward a proposed ACRS report on this subject to Mr. Price and the AEC 
Commissioners. The draft report, which included additional remarks by 
ACRS member Hanauer and was never formally sent to the AEC, is reproduced 
on the following page. 
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ADVISORY COMMITTEE ON REACTOR SAFEGUARDS 
UNITED STATES ATOMIC ENERGY COMMISSION 

WASHINGTON, D.e. 2.05.C5 

Honorable Glenn T. Seaborg 
Chairman 
U. s. Atomic Energy Commission 
Washington, D. C. 20545 

Subject: LOCATION OF POWER REA.CTORS AT SITES OF POPUlATION DENSITY 
GREA.TER THAN INDIAN POINT-ZION 

Dear Dr. Seaborg: 

As the use of nuclear power has grown, water-cooled power reactors 
of progressively larger size and reactor sites of increasingly 
higher population density have come to be employed. Simultaneously, 
progress has been made in improving the design and construction of 
such reactors so as to reduce the already low probability of occur
rence of accidents and mitigate further any potential accident con
sequences. Although this progress has been reasonably commensurate 
with the increases in reactor size and population density, the 
Advisory Committee on Reactor Safeguards believes that additional 
steps are necessary to justify the use of sites more densely 
populated than the Indian Point-Zion type of site. The Committee 
believes that operation of large water-cooled power reactors at 
sites of somewhat greater population density may be appropriate if: 

(a) Prior to the time of receiving a construction permit, 
at least one year of satisfactory operating experience 
has been obtained with a reactor of generally similar 
design, power density, and power rating; 

(b) Prior to the ttme of starting power operation, at least 
ten reactor-years of satisfactory operating experience 
have been obtained with reactors of essentially the same 
design, power density, and power rating; 

and if the measures described below, additional to those required 
for the Indian Point-Zion type of site, are adequately effected. 

"·.· 

-
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Ron. Glenn T. Seaborg - 2 -

1. The containment system should be designed to reduce to 
substantially lower levels the off-site radiation doses 
in the unlikely event of a major reactor accident, and 
~hould be capable of maintaining this level of protection 
even with substantial degradation of the system. These 
more stringent requirements for the containment system are 
appropriate for higher population density sites, because 
the present guidelines assume that in an emergency members 
of the public in the low population zone can be evacuated 
or otherwise protected in timely fashion. For sites of 
higher population density, evacuation or other effective 
protective measures for the close-in population are less 
certain to be achieved in the short times required, and it 
is necessary that the containment system provide a greater 
degree of protection. 

2. Increased emphasis should be placed on detailed consideration 
of possible accidents leading to small or moderate releases 
of radioactivity to the environment, and means should be 
provided to reduce still further the probability of occurrence 
of, and the consequences of, such accidents. In particular, 
increased attention should be given to potential radwaste 
accidents. Similarly, current practices relsted fo fuel han
dling, storage, and shipping should be re-evaluated and changes 
implemented wherever found appropriate to increased safety. 

3. Further reduction in the already small releases of radioactiv
ity from routine plant operation should be effected. 

4. The number of safety issues remaining to be resolved between 
the start of construction and initiation of operation at power 
should be minimized. Where it appears that resolution of a 
safety issue may not be accomplished by the time of start of 
reactor operation, the plant design should incorporate whatever 
alternative features are necessary to provide adequate protection • 
An example of such a feature is the provision of permanent in-core 
instrumentation for use in the event that out-of-core instrumenta
tion should not prove adequate. 

5. Because of the small likelihood that proof of the efficacy of 
engineered safety systems under accident conditions will be 
obtained as a consequence of actual accident experience, extra 
margtn should be provided in the design of these systems wherever 

-
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Hon. Glenn T. Seaberg - 3 -

such provision is practical and will clearly improve safety. 
As an example of extra margin, additional emergency core 
flooding capability might be appropriate. 

6. Steps should be taken during the design of the reactor plant 
to provide further protection in areas related to possible 
degradation of reactor vessel integrity, such as leaks and 
vessel wall ruptures. The protective features provided should 
be of such design as to preclude their jeopardizing vessel 
integrity. 

7. Additional consideration should be given in the design of the 
plant to protection against damage by missiles. 

8. Greater assurance of maintenance of integrity of any portions 
of the primary system outside the containment, and appropriate 
additional means for coping with possible loss of their 
integrity, should be proviqed. 

The ACRS emphasizes again the vital importance of quality assurance, 
and the necessity for adequate consideration of diverse and indepen
dent means of protection against common failure modes in safety systems. 

The Committee believes that realization of item (a) and demonstration 
of reasonable assurance of realization of item (b), together with 
adequate implementation of items 1 - 8, could provide a basis for 
considering applications for construction permits for large water
cooled power reactors at sites of somewhat greater population density 
than that of the Indian Point-Zion type of site (e.g., approximating 
that of the Burlington site). The Committee also believes that the 
additional protective features eventually resulting from these 
measures need not necessarily be incorporated in reactor plants either 
existing or yet to be constructed at sites of population density_ equal 
to or less than that of Indian Point-Zion. 

Additional remarks of Dr. Stephen H. Hanauer are attached. 

Sincerely yours, 

Is/ 
Joseph M. Hendrie 
Acting Chairman 
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ADDITIONAL REMARKS BY DR. STEPHEN H. HANAUER 

In my op1n1on, approval of sites more densely populated than 
Indian Point-Zion for large water-cooled reactors should be 
based on verified facts, rather than reasonable assurance 
regarding the outcome of work not yet completed, as is appro
priate for present sites, where evacuation of the surrounding 
population is feasible in an unforeseen emergency. For this 
reason, I cannot agree with the conclusion of this report, 
even though I concur with many of its recommendations. I do 
not believe that the necessary knowledge and experience are 
now available to support such a conclusion. It is my hope and 
expectation that the needed knowledge and experience will be 
obtained; that would be the appropriate time to consider the use 
of more densely populated sites, and suitable criteria for such 
use • 

454 

-
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The draft letter was discussed with Mr. Price at the 112th meeting, 
August 7-9, 1969 and both with Mr. Price and the AEC Commissioners at the 
113th meeting, September 4-6, 1969. 

The summary minutes of these discussions follow below. 

Summary, 112th ACRS Meeting 
Meeting with The Director of Regulation 

ACRS Report on Siting of Reactors at Population Densities 
Greater than Indian Point - Zion - Mr. Price stated that he 
would not be in a position to provide considered comments until 
the September ACRS meeting since he has not had an opportunity 
to discuss the subject with the Commissioners. 

Some informal comments on the report were: 

a. The report implies that the approval of reactor sites will 
b~ by increments rather than a step function until the 
Burlington type site is reached. 

b. Mr. Price believes that the requirement for ten years of 
satisfactory operation associated with the.issuance of an 
operating license will be difficult to implement if opera
tion is not completely satisfactory but a large number of 
reactors are already built. Perhaps ten years of operation 
should be required for a construction permit. 

c. Mr. Price stated the AEC will have to consider reducing 
routine release limits, a current hot issue; the AEC is 
vulnerable if the release limit is handled on a case-by
case basis. Since the Part 20 values are already very low, 
based on the best technical judgment, and the industry is 
already keeping releases below 1% of the permissible limit, 
the Regulatory Staff is considering possible alternatives. 
One alternative is for the plants to reduce release limits 
on their own, and another is to impose some design or 
operational restrictions on individual plants, leaving 
Part 20 at its current, biologically established values. 
It becomes complicated by the involvement of other govern
ment agencies. 

d. Mr. Price believes the additional requirements for engineering 
safety features for metropolitan sites should not leave the 
impression that the safeguards for presently approved 
reactors are not safe. This impression could create a diffi
cult public relations problem. 

Dr. Hanauer noted that there does appear to be a difference 
of philosophy between the ACRS and the AEC Staff with respect 
to the requirements for engineered safety features vs site 
features. 
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e. Mr. Case noted the ACRS repcrt identified 11 gadgets" required 
but not much on operation and nothing on R & D. He believes 
that several significant safety research tests should be 
completed before approval of construction permits at more 
densely populated sites. 

f. Dr. Morris added that industry will ask for the eight items 
identified in the report to be quantitative in nature rather 
than qualitative. 

Summary, 113th ACRS Meeting Sept. 4-6, 1969 
Meeting with the Director of Regulation 

Proposed ACRS Report on Siting of Reactors at Population Densities 
Greater "rhan Indian Point - Zion - Mr. Price reported the status 
of discussion with the Commissioners on this ACRS Report. Both 
the Staff and the Commissioners support the intent of the letter. 
In fact, there is strong support for some of the requirements 
mentioned in the Report, and it has been suggested that the 
ACRS work with the Staff and nuclear industry to achieve the 
improvements required in these areas. 

Some comments on the Report are: 

a. Mr. Price believes the Report should not be issued at this 
time. He thinks that releasing such a report at this time 
would aggravate and worsen the public relations problem. 
He does not object to the contents of the Report as advice 
but does not feel it should be made public. Mr. Price 
does not feel that industry is placing any great pressure 
on the AEC to approve more densely populated sites, e.g., 
he does not consider the Newbold Island site as being 
worse than the Indian Point - Zion sites. 

b. ·rhe public relations, as well as polit.ical, problem is one 
of convincing people near the presently approved sites that 
the nuclear units are adequately safe, as compared to those 
which could be approved at more densely populated sites if 
more engineering safety features, etc., are provided. 

Or. Hanauer noted there seemed to be an apparent incon
sistency in this point of view. He noted that, if industry 
comes forward with improved designs for more populous sites 
and it is required to backfit these requirements to presently 
approved sites, the industry will shy away from coming forth 
with improvements. 

Dr. Okrent noted that the principle of greater safeguards 
for heavily populated areas has been accepted in the location 
of ABM sites. Mr. Price replied that he does accept this 
principle, but noted that it is difficult to explain to 
the public. 
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c. The Regulatory Staff prefers meetings with the nuclear 
industry to have intensive discussions of the subjects 
which need resolution before more densely populated sites 
can be used for nuclear plants. From these discussions 
AEC criteria can be formulated for publication and public 
input. 

Mr. Price stated, when asked, that he believes the emphasis 
of the meetings between AEC and industry should be on 
industry's input and participation to arrive at the level 
of design mentioned in the ACRS Report rather than on develop
ing additional AEC criteria. Such meetings might be able 
to start in one month's time and would probably require a 
year's effort. Mr. Price stated that he felt the ACRS 
Report could be written after these meetings were held. 
The Committee decided to establish a working group to 
formulate a plan for the series of meetings with industry 
suggested by Mr. Price. (Dr. Hanauer has assigned this 
task to the Subcommittee on Siting Evaluation.} 

d. Some Staff members believe the Report does not require 
enough operating experience and does not require any 
safety research programs {e.g., LOFT) to be completed before 
more populous sites are approved. 

e. Some staff members have difficulties with the requirements 
attached to transportation of spent fuel elements. This 
is believed to be a separate issue from the Report. 

f. Mr. Price stated that there is some difficulty related to 
requiring lower radioactivity levels for routine releases. 
The AEC is now considering this issue. Mr. Price noted he 
is being prodded by the Commission to develop possible alter
nate solutions for consideration. He added it is difficult 
to reduce the release limits which are already considered 
by ICRP and MCRP to be extremely low levels. One possible 
solution is to require certain hardware systems which 
provide better means to keep the releases at the present 
low levels without actually reducing Part 20 limits. Mr. 
Price is not sure if the Commission is willing to accept 
this approach as a solution. 

g. Mr. Price commented that he is not sure how to resolve the 
Committee's statements in the Report where it mentions 
that "more" must be done in specific areas. He is not 

- sure the Staff can tel 1 when the "more" has been accom
plished. This is an 11open-ended 11 statement. He added 
~t would be difficult to tell the public when industry has 
done enough to meet the added requirements for the more 
densely populated sites. 
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Meeting with Commissioners 

Attendance was limited to the Commissioners (Seaborg, Ramey, 
Johnson, Thompson, and Larson), Mr. Price and ACRS Members 
(R. F. Fraley and W. B. McCool attended as observers.) The 
following items were discussed: 

Proposed ACRS Retort on Location of Power Reactors at 
Sites of Populat on Density Greater Than Indian POTnf- Zion -
The Commissioners indicated that they would prefer not to 
receive this report at this time. Individual Commissioners 
noted that most of the items mentioned are already under 
active consideration by the Commission and/or the Staff 
and suggested that several, particularly those relating 
to radwaste release levels and the increased level of 
safety required for "city11 reactors, could create difficult 
public relations problems. 

Individual ACRS Members suggested that the Report was 
intended to: 

a. provide guidance as requested by the AEC, JCAE, and 
the nuclear industry with respect to the requirements 
for siting reactors in more populous areas; 

b. indicate that the ACRS and the regulatory procedures 
are not inflexible with respect to siting; 

c. indicate that 11backfitting 11 will not be required at 
11 good sites" of the devices developed for "poorer sites". 
This would encourage development of improved safety 
devices that is now inhibited by the industry•s 
concern of "backfitting" of new features to plants at 
all sites. 

It was suggested that Committee representatives work with 
the nuclear industry and the Staff in establishing an 
acceptable level of safety for those 1tems mentioned in 
the draft report as requiring improvement. 

The minutes of these meetings and the November 5, 1969 meeting of the 
Siting Evaluation Subcommittee show that the draft letter receive~ ~ess 
than an enthusiastic response. Comments were received that the t1m1ng of 
the letter was unfortunate, and that some elements of the letter would 
create more of a problem now than they would have a year ago. The situa
tion regarding timing was not likely to improve in the near future, how
ever. There were also comments that the provisions ofthe letter were 
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too general~ and that too little operating experience was required. 

The Commissioners indicated strongly that they would prefer not to 
receive the letter, and inquired whether the ACRS could accomplish the 
desired purpose of the letter by other means. It was still the Com
mittee's option to send the letter, if it so wished. However, as noted 
in the minutes of the 114th meeting, October 9-11, 1969, and the November 
5, 1969 Siting Subcommittee meeting, the ACRS decided to accept the 
suggestion of the Commissioners to set up joint meetings of the Regula
tory Staff and ACRS with representatives of industry. 

A brief excerpt from the minutes of the November 5, 1969 Subcom
mittee meeting illustrates some of the considerations involved. 

Dr. Monson stated that, if the Committee wishes to develop 
criteria,there is a question as to how the criteria would be 
made public and used. Dr. Hanauer said that the Committee had 
undertaken to draft a letter to provide guidance. He stated 
that the Committee wished to inform the nuclear industry that 
considerably better designs and considerable operating 
experience will be required before worse sites are approved. 
Dr. Kaufman inquired as to whether the Committee had qone on 
record as being opposed to construction of present type reactors 
at sites worse than Indian Point and Zion. Dr. Hanauer replied 
that it had at a JCAE Hearing. The Committee said that none 
of the reactors presently proposed is suitable for urban 
siting. Dr. Hanauar indicated that industry representatives 
have stated that the Indian Point and Zion sites are the worst 
sites that are likely to be approved for some time. Dr. Bush 
commented that th1s was on the basis of the withdrawal of the 
Burlington Application. 

Mr. Mangelsdorf thought it might be useful to meet with industry 
representatives regarding the Committee's letter. If the letter 
is issued, it might be a better letter as a result. Also, industry 
could feel that it had a part in the writing of the letter. 
Mr. Mangelsdorf said that industry has stated that the AEC does 
not listen to its comments. 

Dr. Hanauer said that, from industry point of view, it would be 
desirable to have a document which sets forth what has to be 
done at ~orse sites. Dr. Bush thought that criteria might bring 
forth a negative response from industry. Dr. Hanauer stated 
that at least one manufacturer, GE has already taken the 
position that their present day reactors are what they developed 
for locating at sites involving higher population densities. 
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Dr. Monson indicated that he would feel uncomfortable if ACRS 
representatives achieved an understanding with industry regard
ing siting in more densely populated areas without having 
informed the public regarding this matter. Dr. Hanauer stated 
that it was his understanding that the Committee was to qet 
industry input so that whatever is necessary can be published. 
He indicated, however, that if the Committee should develop a 
negative position it is not clear what should be done to 
publish the fact. 

Dr. Monson said that industry cooperation was dependent upon 
the ACRS not requiring backfitting. Or. Kaufman stated that 
he did not see how the Committee could guarantee this. Dr. 
Monson said that the Committee's draft letter stated that 
backfitting would not necessarily be required. Or. Bush 
thought that, if the Committee cannot say this, it should 
not hold the meetings with industry representatives. Or. Bush 
stated that history shows that the Regulatory Staff requires 
improvements in safety features to be added to all plants. 
The question was raised regarding how one can explain provid
ing better protection for persons located near reactors in more 
densely populated areas. Dr. Hanauer indicated that one reason 
that can be given is because of evacuability. Dr. Monson 
thought that it is logical and appropriate to protect a large 
number of people better than a small number. 

Dr. Hanauer suggested that industry might be asked: 

(l) Do they really want to locate reactors closer to 
large metropolitan centers. 

(2) What industry believes is required before reactors 
can be located at such sites. 

(3) Are any of the items suggested in response to (2} not 
appropriate for reactors in less densely populated 
areas. 

During the discussions with the Regulatory Staff at the November 5, 
1969 Subcommittee meeting, it was decided that Mr. Price would issue 
letters of invitation to various representatives of the nuclear industry 
to present their views on a range of matters related to metropolitan 
siting (the details of the letter to be mutually agreeable to the ACRS 
and the Regulatory Staff). This was done, and on March 4, 1970, the Site 
Evaluation Subcommittee and the Regulatory Staff met with representatives 
of the Atomic Industrial Forum and 10 utilities in the first of several 
such meetings. In his letter of invitation Mr. Price said 
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th~ Commission believes that before the sitinq of power reactors 
in closer proximity to metropolitan centers can be favorably 
considered further advances are needed in reactor plant design 
and the capability of safety systems and engineered safety 
features, in adapting critical component~ ~nd syste~s to 
accomodate reactor inspection and testab1l1ty, and 1n the 
practical demonstration of dependability of performance of 
vital systems. 

And a list of specific items for discussion was included. 

At the March 4 meeting, Dr. Monson of the ACRS said that he would 
like to secure the opinions of the industry representatives present, rela
tive to what R & D and improvements they believe could be made in order 
to use worse sites. He stated that the ACRS was not interested in promot
ing nuclear power, but was interested in assuring adequate safety for 
whatever sites were used. He indicated that the Committee was under the 
impression that new techniques could be proposed, but may not be because 
of fear that the Regulatory Staff and the ACRS could require that any 
new improvements be incorporated for reactors, no matter what site was 
involved. ACRS member Monson said that, judging on a technical basis, 
developments for reactors to be located at worse sites need not neces
sarily be required for reactors at better sites. He thought, however, 
that a public policy question arises relative to whether it is advisable 
to provide a greater level cf safety at one site than at another solely 
because of population density differences. An associated question was 
whether improvements developed for more populated sites would then be 
required for remote sites. 

Mr. Brush of the Nuclear Reactor Safety Committee of the AIF pre
sented a statement in which he said that there are at least two large 
utilities, one on the East coast and one on the West coast, where there 
is a pressing need to use worse sites than Indian Point - Zion. He 
stated that the use of metropolitan sites would alleviate the problem 
of obtaining right of ways for overhead transmission lines, might miti
gate problems with environmentalists arising from ·industrial plants in 
non-urban areas, and would provide additional taxes in metropolitan 
areas where such money is badly needed. Brush said that a record of 
trouble-free operation over the short term would have little or no 
relevancy to reactor safety, per se. ·Brush went on to say that, 
although his group would readily agree that a number of outstanding 
issues should be resolved, there was little evidence at hand to suggest 
that urban siting Jlllst await the result-s of further research and develop
ment. Rather, he said that what they believe is needed is more compre
hensive review and analysis of the data already on hand, and assessment 
and app 1i cation of the data to revising and updating the outmoded 
assumptions used in such criteria as TID-14844, and a meaningful inter
pretation of how the AEC will permit the data to be applied to licensing 
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problems. When Mr. Case of the Regulatory Staff asked Mr. Brush what he 
considered to be an acceptable level of safety, Brush replied that many 
in a nuclear industry believe that present plants have an acceptable risk 
for urban siting. 

Mr. Wascher, another AIF spokesman, was quoted as stating that he 
felt that the industry should not find that there are new research and 
development requirements, after the appropriate operating experience is 
secured. He believed that the ACRS and the Regulatory Staff should 
determine what research and development is needed and undertake to obtain 
the necessary data. 

Mr. Cahill of Consolidated Edison stated that there was a precedent 
for additional safety features for reactors in more densely populated 
areas. He pointed out that Consolidated Edison reactor sites, which 
involved higher population densities than others, had required the use 
of additional safeguards. Mr. Cahill said that he thought that plants 
could be adequately designed for a site like Ravenswood. He stated that 
industry did not design plants in terms of probability, and that the 
reliability of equipment was not known. Mr. Cahill said that industry 
could design for accidents which were considered credible, and that it 
was ultimately the responsibility of the Regulatory groups to make a 
judgment as to what is credible. 

When members of the ACRS and the Regulatory Staff pointed out that 
there was a value of operating experience that could be obtained from the 
unfavorable aspects, the lessons that could be learned, and the mistakes 
that would be rectified in the next reactors, the general response from 
the industry representatives was that operation of large power reactors 
during the next two years would not be meaningful witn regard to safety 
evaluation and design. 

In summary, two utilities expressed a need to use worse sites than 
Indian Point - Zion, Consolidated Edison and Southern California Edison. 
Consolidated Edison wanted to use sites having population densities 
equivalent to or not far different from Ravenswood, while Southern 
California Edison desired to use sites like Balsa Island or Burlington. 

The positions of the various industry representatives present varied 
widely regarding the protective features which would be necessary at 
various types of sites. Some believed it would be difficult not to make 
the same safety provisions for reactors located in the country as were 
provided at urban locations. Mr. Case concluded that the industry rep
resentatives seemed to be asking what was needed in order to locate 
reactors in more densely populated areas. 

In the next months similar meetings were held with each of the light 
water reactor vendors, Babcock and Wilcox, Combustion Engineering, 
General Electric and Westinghouse. Only Mr. J. M. West of Combustion 
Engineering made specific recommendations for engineered safety improvements 
that he thought would be appropriate in connection with metropolitan siting. 
Some excerpts from the statement by West at the meeting of May 5, 1970 follow: 
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- A fracture of the reactor pressure vessel or any other part of 
the primary system must be accommodated. 

- An additional zero leakage barrier must be imposed to prevent 
the escape of fission products from the containment building. 
This leakage barrier must be effective over long periods of time 
without operator attention and without power. 

- Containment building leakage must be continuously monitored. 

- Discharges of radioactive materials to the atmosphere or to 
waterways must be further reduced. 

- A large heat sink must be provided such that residual and 
decay heat can be accommodated for many hours without a source 
of electrical power and without any operator action. 

- The plant must be designed against any credible natural forces 
such as earthquakes and hurricanes, and against external 
missiles such as aircraft. 

None of the safety criteria which I visualize for a metro
politan nuclear power plant appear to be impossible to satisfy. 
A fracture of the reactor pressure vessel could be accommodated 
by having a double pressure vessel or by having a restraining 
envelope outside the reactor pressure vessel. This would cost 
several million dollars. We have a canceptual design of a 
Passive Reactor Containment System {and associated auxiliaries) 
which would go a long way toward eliminating concern about 
leakage of radioactivity to the environs following an accident. 
This would also cost several million dollars. Even the 
"China Syndrome" could probably be accommodated at a finite cost. 
Radioactive discharges during normal operation could be reduced 
by a large factor at additional cost. · 

No problem has occurred to me which could not be handled, if it 
must be, in order to locate a nuclear plant in a populated area. 
The cost of safety features to handle these problems would be 
high. Utilities could not afford the cost of these features 
added to the already high cost disadvantage of transmission lines 
from remote sites. However, we must remember that several tens 
of millions of dollars can be spent, if necessary, on safety 
items in order to qualify a 1000 Mwe nuclear plant for a highly 
populated zone. There is at least a fair chance that safety 
requirements can be met at a cost which is tolerable. I 
recommend that we attempt to identify what will be required, 
develop these designs to the point where cost estimates can be 
made, and assess whether metropolitan siting appears to be 
economically and technologically feasible. If so, a strong 
Government industry program should be initiated. 
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To make any substantial progress in resolving the dilemma which 
now exists, we must make a clear distinction between the safety 
requirements for nuclear plants in metropolitan areas versus the 
requirements for rural locations. These requirements cannot 
be the same. I do not believe for one minute that after a reason
able amount of satisfactory operating experience is obtained on 
the present generation of light water reactors, an identical 
reactor will be licensed for a site in the heart of New York 
City or Los Angeles. If that were to occur I would feel that 
the safety requirements for non-populated sites had been too 
stringent. 

Starting with satisfactory operating experience from essen
tially identical reactors, what additional requirements are 
likely to be imposed for metropolitan siting? In my opinion 
the answer does not lie in further ratcheting toward the items 
listed under Item D of this agenda {increased attention to 
quality assurance, further protection against common failure 
modes, increased margins, etc.). Instead I believe there 
should be a fresh look at the whole safety matter with an 
objective of defining what is desired and then attempting 
to meet the criteria for metropolitan nuclear plants by 
radical changes in design if necessary. Let's face it--
we arrived where we are today on safety requirements for 
non-metropolitan plants by a torturous path which in retrospect 
does not appear too logical. Rather than add safety pins to 
the belt and suspenders already required to support the trousers, 
perhaps we should change the basic garment to something which 
is inherently more suitable--say coveralls. 

One utility company has recently estimated that just in the 
past five years the cost of an 800 MWe nuclear power plant has 
increased by 20 to 30 million dollars solely due to additional 
licensing requirements. Even so, nobody would conclude that 
the plants licensed five years ago are unsafe--nor conversely 
that the present plants are necessarily overdesigned. We still 
assume, as we did then, that the fuel melts, major fractions 
of the fission products mix with air and steam in the containment 
building, that some of these fission products leak out under 
adverse meteorological conditions, etc • 

. 
What is a metropolitan nuclear.plant likely to need that a 
rural plant does not have? To catalyze discussion I will 
mention the following things which have occurred to me: 

- Engineered safeguards must be much less dependent upon correct 
sequential operation of ''active" devices such as detectors, 
switches, valves and motors. Our safeguards systems should 
be passive to the maximum practical extent. 



Mr. Storrs of Combustion Engineering discussed a core-catcher, but 
Mr. West stated that the core meltthrough accident was not on his list of 
items requiring resolution· for metropolitan siting, and stated that he 
hoped it was not on the ACRS list. This was almost the only mention of 
the 11 China Syndrome 11 problem throughout the meetings with the representa
tives of industry. 

Two conclusions drawn by the ACRS and Regulatory Staff from the 
series of meetings were that, except for 2 or 3 utilities, there was 
generally no urgent need for sites in densely populated areas and that, 
with the exception of Combustion Engineering, the industry had contr-ib
uted no suggestions for specific design criteria for poorer sites. 

In a subsequent series of Subcommittee meetings and full Committee 
discussions, the ACRS decided it would prepare a written report to the 
Atomic Energy Commission concerning the outcome of the meetings which 
had been held with members of industry that would review the opinions 
of the ACRS concerning the possible use of sites worse than Indian 
Point and Zion. A tentative final letter was adopted by the Committee 
at its 127th meeting, November 12-14, 1970 with the provision that the 
Comittee talk to the Commission at the December, 1970 ACRS meeting prior 
to transmission of the letter. There was the understanding in the Com
mittee that the letter could be revised after the discussion, if the Com
mittee so chose. The subject was discussed between the ACRS and the 
Commissioners at the 128th meeting, December 10-12, 1970. The ACRS 
approved the draft report after this discussion, but then, at the 
request of the Commission, the Committee agreed to rlefer dispatch of the 
letter pending further discussion with the Commissioners at the 129th 
meeting, January 7-9, 1971. After this second discussion, the Committee 
concluded it would not send the letter which it had adopted at the 128th 
meeting. A copy of the letter, which was never formally sent, is repro
duced on the following page, together with the minutes of discussion 
on the subject at the 128th and 129th meetings. 
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U. S. Atomic Energy Commission 
Washington, D. c. 20545 

Final 
BQ-1/ka 
11/.13/70 

Subject:. REPORT ON USE OF WATER-COOLED PO'k"ER REACTORS AT SITES liORE 
DENSELY POPULATED THAN THOSE EMPLOYED TO DATE 

Dear Dr. Seaborg: 

A series of meetings has been held to consider the general subject 

of location of water-cooled power reactors at sites more densely populated 

than those employed to date. The meetings ~~ere conducted jointly by 

representatives of the Advisory Committee on Reactor Safeguards and the 

AEC Regulatory Staff. Six meetings ~ere held: one ~ith representatives 

of the Atomic Industrial Forum, ten utilities,"'and eight architect-

engineers; one each with Babcock and Wilcox, Combustion Engineering, 

General Electric Company, and Westinghouse Electric Company; and, 

one with the AEC Division of Reactor Development and Technology. 

The principal items of discussion were the same for all meetings. 

These included: the extent of the need for use of sites of higher 

population density; the potential significance of operating experience 

to be acquired before locating po~~er reactors at such sites; and, the 

-areas of improvements, principally new or improved reactor plant design 

features, appropriate to the use of such sites • 

--The meetings have been concluded, and the Committee wishes to 

make the following comments: 

) 
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1. Based on discussion at the meetings, it appears that, except 

in the case of a small number of utilities, a critical need for the use 

of sites having a significantly greater population density than those 

-- approved to date is not expected to develop before the late 1970s or -
~: ":.. early 1980s • A few utilities indicated critical need for earlier use 

·--,:":" of such sites. 

" -
-. :"., 

' .. ',... <.... 

l" ~ ,' ,.:_t_ 
I'' 

2. The participants expressed a wide range of views as to the 

necessity for obtaining extensive operating experience with a given 

type of plant before locating such a plant at a more densely populated 

site. Some felt such experience to be of major benefit. Others 

"' questioned the relevance of operating experience to safety. It 

remains the Committee's opinion that valuable experience is being 

accumulated with operating plants, and that this experience is lead-

ing to improved reliability and greater safety. The Committee 

continues to believe that reactor power plants as currently designed 

should not be employed at sites more densely populated than those 

approved to date until substantial further evidence of satisfactory 

operation has been obtained. 

3. There were noted and discussed with the participants a number 

of general areas in which safety provisions might potentially be improved. 

These are listed below. 

a. More thorough implementation of quality assurance in 
. _(. 

design, construction, test, operation, and maintenance. 

-........ 
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b.'· Additional improvement in containment design to effect further .. 
reduction in potential off-site doses in the unlikely event of 

a major reactor accident. 

c. Further reduction in the already low probability of occurrence 

and the consequences of smaller accidental releases. 

d. Additional protection against damage by missiles generated . 
~lthin.the plant. 

e. Additional protection against common failure modes in safety 

systems. 

f. Increase in design margins of engineered safety features. 

g. Minimization of the number of potentially significant safety 

issue& left for resolution between start;._ of construction and 
... 

start of po\..rer operation • 

b. Reduction in probability of occurrence and consequences of loss 

of integrity of the primary coolant system outside the containment. 

1. Additional protection in areas related to possible degradation of 

reactor vessel integrity. 

The Committee-believes that these are the principal general areas in 

Which improvements are required for use of sites having population densities 
. 

between those of sites for which construction permits have been issued and 

that of the Burlington site. 

4. More specific requirements related to the improvements needed in the 

general areas listed have not been identified, and little new information 

was brought· to light during the subject meetings wh~ch would aid appreciably 

in the establishment of such specific requirements. 
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: :' .. 
S. The Committee believes tbat the AEC should continue to pursue the 

delineation of specific requirements for improvements in water-cooled 

·power reactors appropriate to the use of more densely populated sites 

on a time scale commensurate with the national needs for power. The 

Committee also believes that applications for construction·permits 

for more densely populated sites should continue to be considered 
.. ... 

on a case-by-case basis, and anticipates that the information 

developed in this process will be of considerable importance in the 

eventual establishment of specific requirements. 

Sincerely yol.lrs, 

Joseph M. Hendrie 
Chairman ~o,. 
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128th ACRS Meeting Summary - Dec. 1G-12, 1970 
Meeting with the Commissioners 
Commissioners Seaborg, Johnson, and Larson participated. 

1. Use of LWRs at Sites with More Dense Population- The Commis
sioners were provided a draft report by the·committee on 
Use of Water Cooled Power Reactors at Sites More Densely 
Populated Than Those Employed to Date. Dr. Monson reviewed 
the results of meetings held between the ACRS/Regulatory 
Staff and representatives of the nuclear industry. (The 
meetings were held as a result of a suggestion by the 
Commission.) He noted that the ACRS has undertaken the 
use of a population index for site evaluation. This index 
is to be made available to the Regulatory Staff and the 
nuclear Industry. Dr. Monson added that industry was con
cerned that two design standards would be developed - one 
for presently acceptable sites and one for worse sites. 

Commissioner Johnson agreed with this industry concern. 
He was interested as to how the Committee arrived at 
practical design standards for highly populated areas, e.g., 
what should the requirement be for prevention of pressure 
vessel failure. 

Dr. Hendrie pointed out that the Committee had asked for 
improvement of means to mitigate the effects of reactor 
vessel failure at Indian Point 3, e.g., improved vessel 
cavity de~ign to withstand certain failures. He expressed 
his personal belief that for presently acceptable sites, 
in which evacuation of the populace would have a reasonable 
possibility of success in an emergency combined with the 
low probability of vessel rupture, the requirements are 
acceptable. As more densely populated sites are selected, 
more consideration should be given to pressure vessel failure 
and its ,effects. 

Dr. Okrent added that he is on record as recommending that 
careful consideration be given to make provision for coping 
with a leak or split in the pressure vessel wall of the 
Zion units. He noted that a probability of vessel failure 
has been identified by the Britis·h as being in the l0-4 to 
lQ-5 range. 

Commissioner Larsen was informed that Con Ed has stated 
that they are desirous of locating nuclear facilities in 
very highly populated areas in the relatively near future, 
e.g., David's Island which has eight times the Indian Point 
population at close-in-to-site locations. 

Or. Beck indicated that he saw no reason why the Committee 
report should not be received by the AEC. He noted that 
parts of the last paragraph were unclear regarding review 
on a case basis. Dr. Hendrie commented that the intent was 
to have the Regulatory body consider the cases. (This 
section was reworded in Executive Session.) Commissioner 
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Johnson suggested that review of a specific case might be 
encouraged to provide explicit direction to the industry. 
He also questioned the need for including the list of 
areas which need improvement without a more specific 
indication of what is desired. 

The Committee approved the draft report following the 
discussion with the Commissioners. 

{Note: Following this meeting the Commission requested 
that the ACRS defer this report until it could be 
discussed further. The Committee agreed to this 
request. Discussion of this item during the 
January ACRS Meeting has been tentatively scheduled.) 

Summary, 129th ACRS Meeting, Wash. D.C. January 7-9, 1971 
Meeting with the Commissioners 
Commissioners Ramey, Larson, and Johnson participated. 

Siting Letter - Commissioner Ramey stated that there was some 
doubt in the AEC's mind if the Committee letter on the use of 
reactors at more densely populated sites than employed to 
date would serve any useful purpose at this time, e.g., the 
same matters are covered in the Newbold Island letter. 

Commissioner Johnson added that the letter would hurt in that 
it would provide information to strengthen intervention regard
ing nuclear plants at currently acceptable sites. He saw no 
difficulty imposing specific requirements mentioned in the 
siting letter for a specific case. 

Commissioner Ramey noted that it would probably be possible to 
prepare a transmittal letter which tells the public that the 
AEC/ACRS have had discussions with industry about siting of 
plants near dense populations. 

Mr. Mangelsdorf suggested that, even though members of the 
ACRS have met with industry, the impact of ideas expressed 
by Committee members does not have the same weight as would 
be the case if the Committee wrote the AEC a letter. (In 
Executive Session the Committee decided to "file" the siting 
report it had drafted.) 

Executive Session 

Siting Re~ort - The Committee decided to "file" the report 
on 11 Use o Water-Cooled Power Reactors at Sites More Densely 
Populated Than Those Employed to Date." This was based primarily 
on the desire of the Commission not to receive such a report. 
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This was the last effort by the ACRS to write a "general" letter on 
safety requirements for the use of sites more populated than Indian Point
Zion. The upcoming Newbold Island construction permit review first 
opened the door toward the use of a somewhat more populated site, and 
then, with the Regulatory Staff decision that, under NEPA considerations, 
a less populated site should be used by the applicant, a rather firm line 
was drawn, at least for the interim, at Indian Point-Zion. 



2-353 

2.13 THE CHINA SYNDROME- PART 2 

.As discussed in the section ''China Syndrome- Part 111 , at.its 77th 
meet1ng~ September 8-10, 1966, the ACRS met with the AEC Commissioners 
concerm ng the proposed ACRS report on "problems Arising from Primary 
System Rupture." The Commission proposed delay of any report· they pro
posed rathe~ that the Commission would establish a task force'to study 
and report 1n a few tn<?nths on questions arising from the "China Syndrome" 
matter: The A~RS re~1ewed the AEC recommendation during a ve~ difficult 
exe~u~1ve sess1?n wh1ch left the Committee ve~ much divided. The 
pos1t1?n tak~n.1n August had been that a general letter would be written, 
and th~s pos~~1on was part of the Committee treaty by which the letters 
?n Ind1an Po11nt 2 and Dresden 3 were agreed to. This position changed 
1n September when it was decided to accept the AEC suggestion of a task 
force. 

~xcerpt from Summary Letter September 14, 1966 

The Committee met·with the Commission and discussed several 
items related to ACRS activities. The Committee devoted 
considerable attention during this meeting to problems associated 
with the low probability accidents involving primary system 
rupture followed by functional failure of the emergency core 
cooling system. During the.discussion between the Committee 
and the Commission and members of the Commission staff on this 
subject, the Commission suggested that a technically competent 
task force, including personnel from the AEC staff, Commission 
laboratories, industry, universities, etc., be formed to 
gather pertinent information. 

The Committee endorsed this suggestion, urged rapid convening 
of such a task force, and recommended that the topics to be 
assigned to the task force include the following: 

The degree to which core cooling systems could.be augmented 
for additional assurance that substantial meltdown does not 
take place; the potential history of large molten masses 
of fuel following a hypothetical accident; the engineering 
problems associated with possible "core catcher" systems; 
and the build-up of excessive pressure or an explosive 
atmosphere in the containment. 

At the meeting, the Commission SU.ggested to the Committee that a 
review of existing information bearing on these problems might be 
available within approximately two months. The Committee has 
stated that early completion of such a review would be of consider
able use in connection with current license applications. The 
Committee also suggested that the task force propose a course of 
action to assure development of any additional information needed. 
The Committee has expressed its willingness to cooperate with this 
task force. 
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Failure of the Committee to maintain the agreement taken in August 
remained a sore point within the ACRS for many, many months. Several 
members felt let down because they had agreed to the position taken in 
August strictly as a package. More importantly, it probably delayed 
development of useful and even desirable safety improvements. 

Chronologically, the next development related to the "China Syndrome" 
came with preparation of a report on Reactor Safety Research by the ACRS 
at the 78th meeting, October 6-8, 1966. In its report of October 12, 
1966 the ACRS attached special imprtance to several safety research areas, 
and identified others as also having significance. First on the Com
mittee's list was the following: 

1) A vigorous research program sh?uld be initi~ted promptly 
on the potential modes of interact1on between s1~eable.masses 
of molten mixtures of fuel, clad and other mater1als.w1th water 
and steam particularly with respect to steam explos1ons, 
hydrogen generation and possible explosive atmospheres. Work 
should be directed to understanding the mechanisms ?f heat 
transfer connected with such molten masses of mater1al, the 
kinds of layers formed at coaled surfaces, the nature and con
sequences of any boiling of the fuel, and the manne~ and forms 
in which fission products escape from molten fuel m1xtures. 
Further studies should be initiated by industry to develop nuclear 
reactor design concepts with additional i~h:rent s~fety f:atures 
of new safeguards to deal with low probab1l1ty.acc1den~s 1nvalv
ing primary system rupture fallowed by a funct1onal fa1lure of 
the emergency core cooling system. 

Second on the ACRS list of emphasis was increased work on emergency 
core cooling systems. Third was the development of practical methods for 
extensive periodic inspection of pressure vessels. And fourth was a 
strong program on the behavior of thick walled pressure vessels, includ
ing a thorough study of potential failure modes under pneumatic loading 
and the significance of neutron irradiation on pressure vessel integrity. 

The Atomic Energy Commission announced establishment of a Task Force 
on October 27, 1966, per the press release on the following page. 

Of the task force members, six came. directly from the nuclear 
industry while five worked at national laboratories or non-profit research 
institutions unper contract to the AEC. 

Actually, the Task Force had its first meeting October 14, 1966. 
Member Louis Baker wrote a memorandum on this meeting dated October 17, 
1966 to R. C. Vogel, his Division Director at Argonne. The letter from 
the AEC confirming Baker's willingness to serve on the task force first 
notes that the ACRS reports on Dresden 3 and Indian Point 2 contain the 
suggestion that the Staff and the ACRS should review the design, fabri-
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FOR IMMEDIATE RELEASE 
(Thursday, October 27, 1966) 

AEC ESTABLISHES TASK FORCE TO STUDY 
FUEL COOLING SYSTEMS OF NUCLEAR POWER PLANTS 

The Atomic Energy Commission has established a task force 
of persons from the nuclear industry and the AEC's national 
laboratories to review power reactor emergency core cooling 
systems and the phenomena associated with core meltdown. Rep
resentatives of the Commission's Regulatory Staff and the 
AEC's Division of Reactor Development and Technology will par
ticipate in task force meetings. The Advisory Committee on 
Reactor Safeguards has participated in discussions with the 
Commission leading to the establishment of the task force. 

The task force will consider the following topics: 

1. The degree to which core cooling systems could be 
augmented, by way of design modifications and/or new design 
concepts, for additional assurance that a substantial melt
down is prevented. 

2. The potential history of large molten masses of fuel 
following a hypothetical accident. 

J. The possible interactions of molten fuel with mate
rials or atmospheres in containments, and phenomena· associated 
with such interactions. 

4. The design and development problems associated with 
systems whose objective is to cope with large molten masses 
of fuel. 

Members of the task force are: 

Dr. Louis Baker, Jr., Argonne National Laboratory, 
Argonne, Illinois; 

1~. Eric Stephen Beckjord, Westinghouse Electric Corpora
tion, Pittsburgh, Pennsylvania; 

(more) 
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Mr. A. Philip Bray, General Electric Company, San Jose, 
California; 

Dr. William Krasny Ergen, Oak Ridge National Laboratory, 
Oak Ridge, Tennessee; 

Dr. Salomon Levy, General Electric Company, San Jose, 
California; 

Mr. I. Harry Mandil, MPR Associates, Washington, D. C.; 

Mr. David L. Morrison, Battelle Memorial Institute, 
Columbus, Ohio; 

Mr. Warren E. Nyer, Phillips Petroleum Company, Idaho 
Falls, Idaho; · 

Mr. Michael F. Valerino ,. Combustion Engineering, Inc·., 
Windsor, Connecticut; 

Mr. Robert E. Wascher, Babcock and Wilcox, Lynchburg, 
Virginia, and 

Mr. T. R. Wilson, Phillips Petroleum Company, Idaho 
Falls, Idaho. 

Dr. Ergen will serve as chairman of the task force. 

# 

10/27/66 
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cation procedures, plans for in-service inspection and analyses pertain
ing to the ECCS "prior to irrevocable construction commitments pertaining 
thereto." The letter then gives the task force charter. Baker notes 
that, at the first meeting, work on ECCS was identified as the major 
subject for consideration, rather than possible means to cope with core 
meltdown. The task force members set up problem areas and appointed 
leaders, with the industry members working on LOCA prevention or the LOCA
ECCS area, not core melt. 

Baker also notes that the Task Force report was to be an appraisal 
of the situation and a recommended course of action. The document would 
not state "how to design" or "how to license." 

Another document of some interest is a memorandum by w. K. Ergen to 
the ACRS office {received September 16, 1966). Ergen, a former ACRS 
member, had been serving as an ACRS consultant during the Dresden 3 and 
Indian Point 2 reviews. The memorandum is duplicated below (the last page 
appears to be missing). 

Enclosed is a copy of the notes I wrote at the recent ACRS 
meeting representing what I believe to be the ACRS oresent 
~osition on primary-system rupture. No attempt has been made 
1n the notes to edit them for general publication, and for this 
reason they may be more concise and easier to understand than 
the draft letter. Of course we can't be sure that they represent 
the Committee correctly unless the Committee had a chance to 
review them. Use them as you see fit. 

1} With the increase in total power, power density and fuel 
exposure, the afterheat has become so large that it will violate 
the containment in the event that normal and emergency cooling 
be lost. 

2) Such violation may occur 
a) by overheating, cladding or other metal to the point of 

the containment by hydrogen generated and heating of 
the gases inside the containment. 

b) short over-pressurization by steam or hydrogen explosions. 
c) melting of the afterheat-generatinq remains of the core 

through the bottom of the containment. This violation 
will occur with certainty in the above postulated event 
in presently designed reactors because the afterheat is 
not removed sufficiently prior to such a meltthrough. 
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3) There are three lines of defense against this violation of 
the containment, which are listed below with their inherent 
difficulties: 

a) Extreme care in design, fabrication, inspection and 
operation of the primary system and all components 
the failure of which might lead to a loss of the normal 
cooling. 

Difficulty: There are limits on how far one can go in 
this direction in a price-competitive industry. Also, 
the possibilities of inspection are limited and the 
effect of the radiation is unknown. 

b) The same care with respect to the emergency cooling 
system. The same difficulties apply here. In addition, 
the presently designed emergency cooling systems have 
the following problems: 

(1) There is only a short time interval between the 
moment in which emergency coolant can be injected 
against the pressure in the core, and the moment 
when the emergency cooling has to operate. 

(2) Essential parts of the emergency cooling system 
have to be close to the core, which is postulated 
to have undergone the violent accident of loss of 
normal coolant. It is difficult to insure that 
the same accident won't impair the emergency 
cooling system, even if this system is redundant. 

{3) The emergency cooling system is complex, as it has 
to handle high-pressure, low-flow situations as 
well as low-pressure, high flow situations; and 
as the heat is removed from the core to the inside 
of the containment and from there, in a second step, 
to the containment outside. 

{4) The condition or even location of the core-remains 
after the loss of normal cooling are somewhat 
uncertain. 

(5) The test of emergency cooling systems under operating 
conditions and inspection of such systems in operating 
power reactors have not been reassuring. 

c) Attempt to cope with the consequences of the event postu
lated above. The long and short time over-pressurization 
might be handled by strengthening the containment or 
increase in its volume or possibly filtered release to 
the outside. Whether the afterheat generating remains of 
the core could be caught short of melting through the con
tainment is not known. 
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4) In the face of the above facts, the Committee has a short
term policy, to which it intends to adhere during a transi
tion period, and a long term policy to which it intends to 
adhere after this period. The length of the transition 
period is estimated at two years, but it will be adjusted 
to fit developments. The short-term policy is less stringent 
than the long-term policy. This is admittedly inconsistent. 
However, it is preferable to either of the two other alter
natives. One of these alternatives is to impose the conditions 
of the long-term policy right away. The exact details of the 
measures required to meet these conditions are not known at 
present and hence this alternative would be, in effect, 
a moratorium on reactors. The other alternative would be to 
disregard for all future time the risk inherent in the event 
postulated above, in spite of the fact that means to cope 
with the event could be developed. 

The number of reactorsto be brought before the Committee in 
the transition period is low compared to the number to 
appear later, and the Committee believes that the short 
term policy offers adequate protection for this relatively 
low number of reactors. 

5) The short-term policy consists in 

a) approving reactors of the "present boiling water design .. 
only for rural, or more remote, sites. A reactor of 
the "present boiling-water design" is typified by 
Dresden 3, and a 11 rura1 site" is typified by the Dresden 
site. 

At the special ACRS meeting, December 2-3, 1966, Ergen presented a 
brief review of the status of the effort of the effort of the Task Force. 
Some excerpts from the minutes of this meeting are included for their 
insight into the way matters were developing. 
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One·of Task Force Members, Mr. Mandil, has been urging a parti
cular approach which has some merit, although it is not clear 
that it falls within the original objectives of the group. 
Mr. Mandil feels that, if the quality assurance requirements 
imposed on the pressure vessel are met by the other primary 
system components, their failure probabilities should be 
assumed to be equally low. Mr. Mandil has undertaken to 
draft primary system requirements which, if met, would allow 
this approach. He has opposed the use of high-pressure 
accumulators as passive emergency core cooling systems on the 
grounds that they are designed only to protect the core in the 
event of an extremely unlikely accident and themselves 
represent a hazard. Mr. Mandil is of the opinion that the 
required assurance can be achieved by upgradinq the primary 
system. 

Dr. Ergen, on the other hand, along with most Task Force 
members, feels that piping failures can not be completely ruled 
out and that the accumulators do not represent a significant 
hazard. It is not clear what the outcome will be as far as 
the Task Force is concerned. 

The Task Force has reached the following tentative conclusions: 

During blowdown, the core heats up rapidly to about 2200°F at 
which point metal-water reaction rates become rapid and energy 
is being released at a rate which makes the successful injection 
of sufficient water to recover the core doubtful. 

Approximately one minute. is available until this point is 
reached. Accumulators and other high-speed systems operate in 
about 20 sees., providing a safety factor of three. If water 
can not be injected before rapid and extensive metal-water 
reactions occur, it is uncertain if core cooling will be 
effective. 

It is fairly clear that containment integrity can be assured 
up to the point at which the molten mass of fuel and structural 
material melts through the pressure vessel. After this, however, 
the uncertainties are so significant that the containment can 
not be considered a barrier. The oossibility exists of violent 
steam explosions resulting from the blowdown. Water trapped 
beneath the molten material would produce a relatively minor 
steam explosion resultinq in the dispersal of the mass through
out the water and a subsequent rapid heat input into the water, 
causing a second, violent steam explosion. 

The Task Force will not provide answers to all of the problems. 
Some potential solutions have suggested themselves, however, 
and seem to be worth investigating. For example, venting the 
containment through filters or after spray-cleaning the air, 
could result in a much reduced accident when the containment 
finally is breached. 



2-361 

Based on the Task Force meetings so far, there is no agreement 
concerning the containment response or its requirement. It is 
not at all clear that anything will be said about containment 
in the final report of the Task Force. Most members are agreed 
that containment is required in the event of lesser accidents. 
However, there is a body of opinion within the Task Force which 
says that the containment design pressure should be reduced to 
rerlect the reduction in probability of major accidents due to 
recent improvements in cooling system design. If a major 
accident should occur, the containment will not offer protec
tion anyway. 

A second group within the Task Force is of the opinion that, 
since containment can not be considered sure protection against 
very large accidents, one need not be concerned with assuring 
the very low leak rates required following such accidents . 

. 
Dr. Ergen remarked that he had been concerned that the conclusions 
of the Task Force might be overly influenced by its more opti
mistic members. He has urged that the Task Force not necessarily 
reach agreement in every area. If differences of opinion or 
major uncertainties exist, these should be made explicit in 
the final report. 

Dr. Okrent commented that , if the Task Force were to make 
judgements concerning the suitability of present design approaches, 
the effect would be that of the industry judging itself. 

Dr. Ergen replied that at the last Task Force meeting, there 
were some signs that such conclusions might be attempted in the 
final report. He felt that some effort would be required to 
keep such conclusions from appearing under the aegis of the 
Task Force. 

On February 8, 1967 there was a meeting of the Engineered Safeguards/ 
Primary System Subcommittee of the ACRS with the AEC Task Force on Emer
gency Core Cooling Systems. In the executive ~ession, on~ of the ACRS 
staff engineers noted that the task force was 1ndustry or1ented and had 
taken the approach that reliance can be placed on a good emergency core 
cooling system. Several excerpts from the minutes of ~his meeting follow 
to give an idea of the points ofview that were develop1ng among task 
force members and some of the technical opinions that they were adopting. 
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Meeting with Task Force 

Dr. Ergen stated that large reactors are capable of generating 
afterheat such that, if normal and emergency core cooling systems 
are both· violated, it is almost certain that containment will 
be violated, most likely by melting through the containment at 
the bottom. He indicated that there is not much hope of 
guaranteeing the integrity of containment, should meltdown 
occur. 

In addition to behavior of the large molten fuel mass, Dr. 
Ergen noted that two additional problems were not well understood: 

1. A steam explosion from the molten mass plus water could 
break the containment. 

2. If the UO heats to the melting point, a substantial frac
tion of t~e core might redistr·ibute, vaporize, and lead to 
an indeterminate situation. 

The Task Force therefore gave up guaranteeing that the contain
ment will not be violated. It looked instead at two barriers: 
primary system integrity and the emergency core cooling system. 

The Task Force confined its studies to reactors of present 
designs and locations. A large failure of the pressure vessel 
was deemed to be sufficiently unlikely that it represented an 
acceptable risk. · 

The Task For~e did not propose giving up considering the con
sequences of a meltdown. It believes that it is probable that 
containment breakage can be delayed for about one hour or maybe 
longer. If cleanup systems can be devised to take advantage of 
this hour, this could be a deserving effort. Although contain
ment integrity beyond one hour cannot be guaranteed, the Task 
Force does recommend a small and deliberate effort on seeing 
what happens in the event of a meltdown. This is not to be a 
"crash-like" effort, however. 

Mr. Mandil stated his belief that the first line of defense 
should be the integrity of the primary system. He indicated 
that much has been done already, but the large number of plants 
to be built makes it prudent that even greater assurance can 
be provided for here on. 

T. R. Wilson discussed the ability to predict the loss of coolant 
accident and stated that current technology was sufficient to enable pre
diction with reasonable assurance, although further experiments and 
analyses were required. 

A. Phi 1 i p Bray i ndi catged that the curren~ i n~erpreta~ ion of "no 
clad melt 11 in the core during a LOCA was to ma1nta1n a def1nable geometry 
and to maintain flow paths. All melting was not to be precluded. Bray 
believed that emergency core cooling systems could be practical. The 
technology was known or could be bounded. 
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In a Subcommittee caucus, ACRS member Harry Monson read the charter 
of the Task Force, then observed that the ACRS had presented the problem 
but the Task Force had restated it. There was discussion about the need 
for a harder look at those topics the Task Force was supposed to examine. 

When the Subcommittee reconvened with the Task Force, there was 
discussion on the degree of augmenting the ECCS by new design 
concepts. Aside from accumulators (there was disagreement 
about the timing and place of their origin). Dr. Ergen said 
the Task Force had come up with no new ideas on this and hadn't 
given it much attention. He indicated that, by choice of a 
majority of the Task Force and "their bosses", the Task Force 
·assignment was escalated to considerations of emergency core 
cooling systems, the primary system and judqement. Mr. 
Beckjord commented that, after a meltdown accident, the Task 
Force had looked and found it couldn't be sure of maintaining 
containment integrity. Instead of charging in many directions, 
it elected to try to do something about primary system integrity 
and ECCS. 

Member Hanauer observed that people had thought they under
stood things like reactivity excursions before and there were 
some surprises. He wondered where the acknowledgement was 
that there may be some things we haven't thought about for real 
loss of coolant accidents in real, large power reactors. Mr. 
Handil stated that you can always postulate things from "blue 
heaven" and attach a lot of safety features which are not 
really helpful. Dr. Hanauer expressed his personal dissent 
that all the problems have been identified. 

The work of the Task Force took considerably longer than the two 
months originally proposed by the Atomic Energy Commission. In late 1977 
an un-numbered report became available under the auspices of the u. s. 
Atomic Energy Commission entitled "Report of the Advisory Task Force on 
Power Reactor Emergency Cooling.n The Task Force report included 12 
principal conclusions and began with a summary of the conclusions which 
is duplicated below, together with the conclusions themselves. 

Conclusions 

Within the context of the above Introduction and Scope, the 
results of the Task Force deliberations are presented as a set 
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of conclusions followed.by supporting discussions. Additional 
information, where appropriate, is given in appendices. 

These conclusions are quite specific in some instances and neces
sarily broad in others; application in all cases requires judgment. 

The principal findings can be summarized as follows: 

a. Core Cooling. The Task Force has concluded that within the 
framework of existing types of syst~ms, sufficient reliance can 
be placed on emergency core cooling following the loss-of-coolant 
and additional steps can be taken to provide "additional 
assurance that substantial meltdown is prevented." 

The Task Force reached the above conclusion on the basis of the 
findings in the report that the events associated with blowdown 
and core heatup are definable within existing technology (Con
clusion 1); that core structural response can be evaluated 
within conservative bounds (Conclusion 2); that appropriate 
requirements can be placed on core-cooling system design (Con
clusion 3); and that the phenomena associated with the currently 
incorporated concepts represent satisfactory approaches to 
emergency core cooling (Conclusion 4}. 

The effectiveness and adequacy of cooling systems requires 
that the core be maintained in place and essentially intact. 
Failure to preserve heat transfer area and coolant flow geometry, 
results in a major increase in the uncertainty of prediction of 
core behavior. Recommendations are made with respect to general 
design conditions thaL must be met to maintain this geometry. 
Additional assurance as to the adequacy of the techniques 
employed can be obtained by carrying out certain recommended 
tests. 

A systematized approach to emergency core-cooling system design 
and evaluation (Conclusion 5) would provide further assurance 
that these systems will be capable of performing their intended 
function. The Task Force offers some suggestions for imple
menting such an approach. The use of reliability techniques 
(Conclusion 6) could well be a part of this effort. 

Any assessment of emergency core cooling and core meltdown 
problems requires consideration of primary system integrity. 
The reliability of the system is a key point in our judgment 

. of the overall reactor safety against loss-of-coolant accidents. 
In line with the framework of safety design and evaluation, 
referred to above, we consider that further improven~nts in 
primary system integrity can be achieved by upgrading components 
of the primary system to the same level as that of the reactor 
vessel (Conclusion 7). Improvements are recommended which serve 
to decrease the likelihood of failure in the primary systems 
as well as in emergency cooling systems and which provide 
additional assurance that these systems will function properly 
(Conclusions 7 and 8). 
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The above conclusions and recommendations relative to emergency 
core-cooling systems follow the practice of assuming the initiat
ing event in the loss-of-coolant accident to be a rupture in 
the primary system. 

b. Core Meltdown. The Task Force reviewed the potential history 
of large molten masses· of fuel following a hypothetical accident 
in which all emergency coolinq was assumed to have failed .. The 
role of containment in such an accident was also considered. 

It was concluded that the description of the events that could 
take place subsequent to a postulated meltdown of large 
portions of a core is at present indeterminate and quite specula
tive (Conclusion 10). Reliable and practical methods of contain
ing the large molten masses of fuel that would probably result 
from such a meltdown do not exist today {Conclusion 12}. 
Accordingly, it is not considered possible to assure the 
integrity of the containment if meltdown of large portions of 
the core were to occur. Thus, the containment with resoect 
to its objective and relation to other safeguards should not 
be viewed as an independent barrier, but it still represents a 
substantial safeguard system (Conclusions 9 and 10). 

While with present technology the integrity of the containment 
cannot be assured in the event of a postulated core meltdown, 
there is likelihood that a length of time will elapse before 
breachment of the containment miaht occur. It may be possible 
to develop preventive measures which are effective during this 
period and which could significantly reduce the hazards result
ing from subsequent failure of the containment (Conclusion 11). 

The desirability of utilizing such systems and the merits of 
requiring containments to be designed to assure such time 
availability should be evaluated after the effectiveness of 
these syste~s has been established through necessary development 
work. The use of such safeguards will depend on weighing 
their merits with those of other safety features to obtain 
the desired objectives in overall reactor safety. 

The Task Force considered also the design and development 
problems associated with systems whose objective is to cope 
with the consequences of core meltdown, such as large molten 
masses of fuel, and releases of energy and fission products. 

We recommend for the near future a small-scale, tempered effort 
on these problems. The reason for this are as follows: 

(a) if such systems could be developed and their reliability 
established, they would have certain advantages. They would 
probably not have to be connected to the primary system. In 
that case, the likelihood that they would be incapacitated 
coincident with the primary-system break would be still smaller. 
Any increase in confidence obtained from these systems could be 
used to reduce emphasis on other safety related features. 
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(b) to produce effective designs, if indeed feasible, might 
require both considerable fundamental research and practical 
engineering application. Both laboratory investigations and 
large-scale meltdown tests might be required, as scale-model 
tests or single-fuel-assembly tests might not be adequate. Core 
meltdown tests would require a large expenditure of funds, 
manpower, and an extended schedule to complete the design, 
fabrication, testing and evaluation. Important aspects which 
could be included in the scope of such a basic development 
program are discussed in this report, but before any large 
effort is started, the necessary contents of the program would 
have to be defined. 

(c) for the time being, assurance can be placed on existing 
types of reactor safeguards, principally emergency core-cooling. 

The purpose of the small-scale effort would be an improved 
understanding of the related phenomena and possibly a defini
tion of the content of a larger program. A larger program should 
be undertaken only if it can be shown to have adequate prospect 
of success. 

CONCLUSION 1 - PHENOMENA ASSOCIATED WITH LOSS-OF-COOLANT 

Current technology is sufficient to enable predicting with 
reasonable assurance the key phenomena associated with the loss
of-coolant; for quantitative understanding of the accident, 
the analysis of such an event requires that the core be main
tained in place and essentially intact to preserve the heat
transfer area and coolant-flow geometry. Without preservation 
of heat-transfer area and coolant-flow geometry, fuel-element 
melting and core disassembly would be expected. With the 
start of core disassembly there would be a major increase in 
the uncertainty of prediction of core behavior, and degenera
tion of the core to a meltdown situation could not be ruled out. 

Although basic analytical·techniques are available to adequately 
predict the complex behavior characteristics of a loss-of-coolant, 
further assurance of the understanding of the event would result 
from additional experimental and analytical information. Hence, 
experiments in geometries representative of reactor coolant 
systems should be conducted, and more precise, analytical 
representations should also be developed. 

CONCLUSION 2 - STRUCTURAL RESPONSE REQUIREMENTS TO SLOWDOWN 

The mechanical or structural response to blowdown of key primary
system components must be such that the extent of deformations 
which could occur do not interfere with effective cooling of 
the core, do not preclude reactor shutdown, and do not cause 
further consequential primary system damage. The structural 
integrity of emergency core-cooling systems themselves must 
also be such that emergency core cooling can be accomplished. 

As discussed in Conclusion 1, it is within the state of tech
nology to predict, within conservative bounds, the hydraulic 
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forces associated with blowdown. Methods are available for pre
dicting the structural response to these forces, includin~ 

prediction in the region of limited plastic deformation 1
, • 

The magnitude of these forces is within the range that can be 
handled with practicable engineering design. Designs involv
ing more extensive plastic deformation should not a priori be 
excluded, but the extend of deformation is currently difficult 
to predict. 

CONCLUSION 3 - REQUIREMENTS OF EMERGENCY CORE-COOLING SYSTEM 

The design requirements for the emergency core-cooling system 
must be: 

a. First, to terminate in a loss-of-coolant accident core
temperature transients which could otherwise result in 
the loss of a definable core heat-transfer and coolant
flow geometry; 

b. Then, to reduce the core to emergency core-coolant 
temoeratures; and, 

c. Finally, to maintain the core in this condition until full 
recovery from the loss-of-coolant accident is achieved. 

It is important to recognize that fulfillment of the first 
requirement necessitates the prevention of bulk melting of the 
clad. At the present time and in the context of present 
peaking factors, a conservative interpretation of this require
ment would be that the emergency core-cooling system be designed 
to prevent clad melt. Cur~ently, the accepted procedure for 
fulfillment of the above requirement is to analytically demon
strate by means of a conservatively bounded evaluation that 
the core cladding in its normal geometry does not melt. 
This procedure is considered to be sufficient. However, it 
must be emphasized that this interpretation of 11no clad melt" 
is not a requirement in itself since it may be possible to 
demonstrate that temperature transients can still be terminated 
in the presence of some clad melting; and that therefore, the 
overall objective for emergency core cooling would be satisfied. 

CONCLUSION 4 - TECHNOLOGY OF EMERGENCY CORE COOLING 

Sufficient test data are available to indicate that the phenomena 
of spray cooling and flooding represent satisfactory approaches 
to emergency core cooling. The implementation of these phenomena 
as cooling techniques is amenable to experimental verification. 
While there has been considerable effort exoended in such experi
mental verification of core-cooling techniques, further testing 
at higher temperatures and degenerated conditions as well as 
general evaluations should be conducted. These are identified 
in the following discussion. 

CONCLUSION 5 - PRACTICABILITY OF EMERGENCY CORE-COOLING SYSTEMS 

The requirements for emergency core cooling are such that it is 
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practical to design adequate emergency core-cooling systems 
within the current engineering technology. · 

The determination that the emergency core-cooling system used 
on a particular plant will be adequate required detailed systems 
engineering evaluation. It is suggested that the elements of 
this evaluation be developed into a standardized procedure to 
insure that the evaluation is complete in all cases. 

CONCLUSION 6 - RELIABILITY ANALYSIS 

The concept of reliability analysis has proven a useful and 
effective tool for systems evaluation in other industries. 
It is concluded that this concept can likewise be used to 
similar advantage in the assessment of emergency core-cooling 

·systems. It would be of particular use in the relative comparison 
of systems and would also serve to aid in the identification of 
areas within a system network which are critical to its relia
bility. It is, therefore, recommended that the necessary 
reliability discipline and techniques be established within the 
nuclear industry and that this be placed on a formal basis to 
facilitate its implementation. 

CONCLUSION 7 - PRIMARY SYSTEM INTEGRITY 

A main line of defense against the possibility of a core melt
down is the integrity of the primary system boundary. Much has 
been done already to assure an acceptable level of integrity; 
however, the large number of plants now being constructed and 
planned for the future makes it prudent that even greater 
assurance be provided henceforth. Accordingly, we recommend 
that improvements, of the types suggested below, be made both 
from a short-range and long-range standpoint. 

Short Range 

a. As a minimum, those parts of the primary ·system whose failure 
could lead to large breaks should be designed, manufactured, 
and inspected to the high degree of reliability comparable 
to that presently used for reactor vessels, and to the 
additional requirements enumerated below. The present 
efforts on preparation of nuclear piping and nuclear valve 
and pump codes should be expedited and these codes put 
into effect without delay to reflect these high standards. 
These standards should also be applied to those components 
critical to emergency core cooling. Thorough reviews of 
the design of each component and subsystem making up the 
entire primary coolant system should be made by a qualified 
group separate from the one that has responsibility for the 
design. This separate group could be within or without the 
same organization. These design reviews should also 
include systems and components other than the primary 
system which are critical to the problem of core cooling. 
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b. Adequate allowance should be made in the design and operation 
of components and systems for the effects on materials 
resulting from neutron irradiation, such as the shifts which 
occur in the nil-ductility transition temperature1 • In 
addition, reactor vessel material, weldment, and heat
affected zone samples, should be included in the reactor 
vessel for periodically monitoring changes in reactor
vessel-material and weldment properties during the life of 
the vessel. These considerations should be included in an 
appropriate standard or code. It should be noted that 
safety limits and conditions to assure that a plant is 
operated within approved design limits have to be specified 
in Plant Technical Specifications as required for obtaining 
AEC operating licenses. 

c. Further emphasis should be placed on using overlapping inspec
tion techniques, on greater quality control, and on the train
ing of inspectors and test personnel. Areas suggested for 
consideration include: 

(1) Apply more than one nondestructive-test method in order 
to increase the assurance of flaw detection where special 
considerations such as geometry, accessibility, or varia
tion in test technique warrant. This overlapping in 
inspection could include, for example, the ultrasonic 
testing of weld joints as well as their radiography. 
In this connection it is urged that standards and pro
cedures be established to further the use of ultrasonic 
testing in the inspection of primary components. 

(2) Establish qualification standards for all nondestructive
test inspectors and test personnel. (It is understood 
that the ASME Boiler and Pressure Vessel Committee is 
presently working on establishing such standards.) 
Such personnel should be required to formally pass 
these standards before they can be used to inspect any 
primary coolant component or system. Further, the . 
personnel should be re-examined periodically (every 
two years) to assure that they are fully knowledgeable 
and up-to-date with all latest testing techniques and 
requirements. 

{3) Have a formal quality-assurance plan, prepared by the 
primary-component manufacturer and approved by the organi
zation responsible for the plant design, which delineates 
the quality control that will be used in the manufacture 
of the component. 

(4) Establish a separate monitoring system to assure that 
all phases of the quality-assurance program for the 
manufacture of each component are fully implemented. 
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d. Review and upgrading of Section III of the ASME Code, other 
appropriate codes, and inspection standards should be performed 
frequently to keep pace with improvements in technology, design 
techniques, inspection methods, and test equipment. Require 
that such codes and standards be used by all fabricators of 
primary coolant components and systems. (Ultrasonic testing of 
plates and forgings is an example where the development of 
tighter inspection standards is underway.) 

e. Prepare and keep on file accurate manufacturing and inspection 
records of primary system components signed by a responsible 
company representative. 

f. Require a leak detection system (such as air-activity detectors) 
external to the primary system and not connected to it so as to 
provide early warning if a leak develops in the primary system. 
(Experience as summarized in Appendix 3 indicates that leaks 
occurring in the primary systems are small and any propagation 
would be very gradual.) 

Long Range 

In addition to the relatively short-range action outlined 
above, effort should proceed toward the development of reliable 
and repeatable in-service techniques and associated standards 
for detecting flaws in primary system components, especially 
reactor vessels, during plant shutdowns. It should be noted 
that effective utilization of such shutdown inspections will 
require a reference inspection before the component is placed 
in service. The purpose of the periodic inspections is to 
determine whether any change has occurred since the previous 
inspection. It is understood that a program on this subject is 
being initiated by the Pressure Vessel Research Committee 
together with fundamental work on pressure vessel materials. 
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CONCLUSION 8 - BREAK SIZE FOR EMERGENCY CORE COOLING DESIGN 

a. We consider it unnecessary to assume that large and rapid 
failures will occur in any component or system which is 
designed, manufactured, inspected, protected against 
missiles, and operated in accordance with the requirements 
given in Conclusion 7 or their equivalent. 

b. Because the record of conventional as well as nuclear plant 
performance to date clearly indicates that small leaks from 
a pressurized system can occur, we consider it necessary 
that back-up means be provided for introducin~ water into 
the primary system to assure continued core cooling. 

c. In addition to a. and b., the emergency core-cooling 
system should also be capable of handling a large and rapid 
failure of those components and systems which are not 
designed, fabricated, inspected, protected against missiles, 
and operated in accordance wtih Conclusion 7 or its equivalent. 

d. We expect that, as recommend herein, more and more elements 
of the primary system will be designed, manufactured, and 
inspected to the same degree of high standards as required 
by Section III of the ASME Code, its revisions in process, 
and additional requirements such as those recommended in 
this report, to give the same reliability as reactor vessels. 
This evolution, which will further assure primary system 
integrity, should make it possible to design emergency 
core-coolin~ systems for reduced break sizes, because 
large and rapid failure of components meeting the recommended 
standards will not have to be considered. Eventually, a 
minimum in the reduced break size would still have to be 
specified as an acceptable basis for designing emergency 
core-cooling systems. In establishing such a minimum, a 
prudent safety factor based on engineering experience and 

-judgment should be used. We consider that even with this 
safety factor the minimum acceptable break size eventually 
will be considerably smaller than the current design basis. 

CONCLUSION 9 - SAFEGUARDS ROLE OF CONTAINMENT 

The present concepts of containment, with their cooling systems, 
can provide an adequate barrier to the release of fission products 
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to the environs when emergency core-cooling syst~ms fulfill their 
design objectives. Both energy release and fission product 
release can be effectively contained. 

Since the performance of the containment as a safeguard system 
is related to the performance of the other safeguard systems, 
we recommend that its design basis be chosen accordingly. 
Containment design should be based upon the energy released by 
the coolant, decay heat, and metal-water reactions consistent 
with functioning of emergency core-cooling systems and a prudent 
safety margin. 

CONCLUSION 10 - CORE MELTDOWN 

If emergency core-cooling systems do not function and meltdown 
of a substantial part of an irradiated core occurs, the current 
state of knowledge regarding the sequence of events and the 
consequences of the meltdown is insufficient to conclude with 
certainty that integrity of containments of present designs, 
with their cooling systems, will be maintained. 

CONCLUSION 11 - COUNTERMEASURES PRIOR TO LOSS OF CONTAINMENT 
INTEGRITY 

Although containment integrity cannot be assured in the event 
of a postulated core meltdown, a significant period of time may 
elapse before breachment of the containment occurs. It may 
be possible to develop preventive measures which are effective 
during this period and which could reduce the hazards result
ing from subsequent failure of the containment. The desira
bility of utilizing such systems and the merits of requiring 
containments to be designed to assure such time availability 
should be evaluated after the effectiveness of these systems 
has been established through necessary development work. The 
use of such safeguards will depend on weighing their merits with 
those of other safety features to obtain the desired objectives 
in overall reactor safety. 

CONCLUSION 12 - HANDLING OF LARGE MOLTEN MASSES 

Reliable and practical methods of handling large molten masses 
of fuel for long periods of time do not exist today. The 
desirability of seeking such methods in order to improve the 
independence of the containment as an engineered safeguard 
should be considered in the light of primary system integrity 
and emergency core cooling effectiveness. ·It should be recog
nized that effective means of holding the molten core are not 
in themselves adequate to prevent containment violation from 
overpressure. 

A report dated December 4, 1967 from the Regulatory Staff to the 

ACRS provided the Staff conclusions concerning the Task Force report. 

Reproduced below is the summary from the Regulatory Staff report. 
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SUMMARY OF REGULATORY STAFF CONCLUSIONS CONCERNING ADVISORY TASK 
FORCE REPORT ON EMERGENCY CORE COOLING 

Conclusions 1-6 - Emeraency Core Cooling 

We are in general agreement with the Task Force conclusions on 
the technology and practicability of presently designed emergency 
core cooling systems. We are, however, encoura9ina efforts 
directed to developing improved concepts for these systems. We 
believe that the present R&D effort and rate of development of 
analytical techniques are generally adequate to resolve the 
questions remaining in this area. We will continue workin~ with 
R&D and industry to insure that the safety research projects 
continually reflect our needs in this respect. 

The Task Force recommendation on design requirements of emer
gency core cooling in general terms spells out a reasonable 
set of object1ves for these systems. We believe, however, that 
an additional requirement should be to reduce the core temperature 
quickly enough to prevent excessive metal-water reactions. We 
further believe the concept of providing a greater margin for 
smaller, higher probability breaks should be included in the 
requirements of these systems. 

We agree that the use of reliability analysis techniques, in 
conjunction with engineering judgment, may prove to be a useful 
tool in the design and evaluation process. We have supported 
effort under the AEC's safety research and development program 
to develop data and techniques applicable to these methods and 
are working within the staff to increase our understanding of 
this approach. We believe, however, that at the present time 
the development of these techniques and the availability of 
necessary input data is inadequate to rely solely upon this 
approach. 

Conclusion 7 and 8 - System Integrity 

We believe that the recommendations made by the Task Force to 
improve reactor coolant and emergency core system integrity 
are worthwhile. For the most part these recommendations 
have been incorporated in existing codes by way of revisions 
or are at advanced levels of consideration by code committees 
for future revisions; or either have been developed by the 
regulatory staff or are under preparation by the regulatory 
staff in the form of supplementary criteria. 

Th~ Task Force concluded that it should not be necessary to 
design emergency core cooling systems with the capability to 
handle large and rapid failures of those reactor coolant 
system components which meet the requirements to achieve 
increased integrity recommended by the Task Force. Hence, 
the Task Force argues that it will be possible in the future 
to design emergency core cooling systems for a reduced reactor 
coolant system break size. In considering the arguments 
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presented with this conclusion, we note that (1) the recommen
dations for upgrading reactor coolant system components presented 
in the Report do not represent a major difference from that 
already proposed or planned; in short, there are no suggestions 
which are expected to have a major unexpected impact upon the 
integrity of these systems, and (2) the logic presented in 
support of a reduced break size is based upon the assumption 
that piping, pumps, and valves and other equipment of primary 
systems can achieve the same level of integrity of pressure 
vessels by applying similar methods of design, manufacture and 
inspection. Actually, from certain postulated external causes, 
as, for example, seismic loads, it may be that the less massive 
piping systems are inherently more vulnerable to dama9e than the 
reactor vessel. Our conclusion, therefore, is that although it 
may eventually be possible for piping systems to achieve equi
valent levels of integrity as that of the reactor vessel, until 
substantial operating and testing experience and the results 
of in-service inspection have been accrued, the des·ign basis 
for the emergency core cooling system should continue to be 
the same as now, even at the upgraded integrity levels for 
the reactor coolant system . 

. , 
The Task Force recommended a design basis for containment 
which would be based upon the energy released by the coolant, 
decay heat, and metal-water reactions consistent with function
ing of emergency core cooling systems and a "prudent" safety 
margin. The present staff approach to containment design 
includes theelements suggested in the Task Force Report but 
adds (in what might be considered a safety margin) an energy and 
mass input at a prescribed rate and for a prescribed time. These 
inputs can be related to metal-water reactions (assuming·no 
emergency core cooling) or to other sources as, for example, a 
steam generator break. The staff feels that the basis for 
containment design should continue to reflect the need for 
accommodation of large energy and mass inputs, in addition to 
those recommended by the Task Force, until the time that 
experience can verify the confidence reflected in the Report 
that a loss-of-coolant accident will not progress to the point 
at which these allowances would be needed. 

Conclusions 9-12- Containment 

In connection with core meltdown problem, the Task Force 
recommends that although a long-range basic research effort 
should be considered, the level and scope should be defined 
only after a more detailed study of the applicable research 
techniques. The Report lists several phenomena recommended for 
study. We agree that the suggested phenomena are worthy of 
some exploration and are planning to discuss with ROT personnel, 
the initiation of new projects within the safety research 
program to incorporate the topics suggested. We believe, 
however, that such experiments would be better directed and 
more productive if conducted in parallel with a design study 
effort aimed at developing, in concept at least, reliable 
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and practical methods of containing large heat generating molten 
masses. We are not as pessimistic as the Task Force with 
regard to the possibilities of developing such methods, since 
this problem has not yet received careful and considered 
study. 

In another approach to this problem, the Task Force notes 
that, since the radioactive fission products and not the 
molten mass constitute the hazard, it might be possible, in 
the time expected to be available prior to a melt-through 
situation, to remove fission products from the molten mass 
and thereby reduce the hazards resulting from the subsequent 
failure of the containment. Some of the preventative methods 
suggested with this recommendation may be usefully applied 
in conjunction with developing methods for handling large 
molten masses. It is our opinion, however, that this approach 
does not constitute a satisfactory substitute for developing 
methods for handling large molten masses and should be 
resorted to as a primary effort only if the development of 
such methods is not successful. 
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At the 94th meeting, February 8-10, 1968, the ACRS completed a 
letter report to the AEC Chairman Seaberg on the report of the Task 
Force; the letter is also duplicated on the following page. 

Of particular interest from the point of view of the 11 China Syndrome" 
are the last three paragraphs of the ACRS report, in which the Committee 
strongly recommends that a positive approach be adopted towards studying 
the workability of protective measures to cope with core meltdown. In 
the next to the last paragraph, the Committee notes that, while the Task 
Force report presents considerable information on phenomena associated 
with large scale core meltdown, there is little examination or discus
sion of the degree to which the efficacy of core cooling systems might 
be augmented by way of design modifications, and similarly the report 
does not provide recommendations on design approaches to cope with large 
molten masses of fuel, or on the particular research and development 
problems related to these approaches. And, finally, the Committee rec
ommends that additional design and development effort be aimed at means 
of providing protection against the extremely low probability type of 
loss-of-coolant accident in which emergency core cooling systems of 
current design may not be effective. 

To be more blunt, the ACRS was saying that the Task Force had not 
provided any answers to the issue of ameliorating the effects of core 
meltdown or coping with core meltdown. Also the Task Force had not 
defined a research and development program which could provide answers 
in this regard, and the Committee was reiterating its previous stated 
recommendations that this be done. 

In effect, eighteen months had passed with no new effort toward 
coping with core meltdown; and, in effect, there had been a negation of 
the recommendation in the draft ACRS letter of August/September, 1966, 
namely 

that still greater protection of the public by some independent 
means be provided, particularly for reactor sites near the popula
tion centers--that progress for this objective would require an 
evolutionary process of design and a vigorous program of 
research, both of which should begin immediately and should 
be aimed at reaching a high state of development in approxi
mately 2 years. 

What is perhaps unfortunate is that lack of study of the problem 
left the nuclear industry, the regulatory groups, and society in general, 
in a poor position to judge whether significant improvements in safety 
were feasible, and hence, in no position to make an educated decision 
on whether such additional measures should be considered. On the other 
hand, there was considerable school of thought that LWR's were already 
adequately safe, if not more safe than necessary when compared to other 
existing societal risks. 
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AOV1SORY COMMITTEE ON REACTOR SAFEGUARDS 
UNITED STATES ATOMIC ENERGY COMMISSION 

WASHINGTON. D.C. 205"5 

Honorable Glenn T. Seaborg 
Chairman 
U. s. Atomic Energy Commission 
Washington, D. C. 

February 26, 1968 

Subject: REPORT OF ADVISORY TA$K FORCE ON POWER REACTOR EMERGENCY COOLING 

Dear Dr. Seaborg: 

The Advisory Committee on Reactor Safeguards offers the following comments 
on the recently issued Report of the Advisory Task Force on Power Reactor 
Emergency Cooling • 

The Committee believes that the Task Force has performed a valuable service 
by assembling in a single document discussions covering many of the problems 
associated with postulated loss-of-coolant accidents and the phenomena impor-:-'· 1 

tant to proper functioning of emergency core cooling systems. Also, the · 
Task Force has reviewed in a useful manner the many phenomena involved in 
the course of a postulated large-scale core meltdown. 

Certain of the report's conclusions and recommendations appear to consti
tute expressions ~f judgment as to the adequacy or sufficiency of particular 
reactor safety provisions in respect to their capability for providing 
assurance against undue risk to the health and safety of the public. No 
attempt is made to comment on these. There are, however, a number of other 
conclusions in the report concerning which the Committee wishes to recommend 
emphasis, supplementation, or a differing viewpoint. Comments on these are 
given below. 

In Conclusion 1, the report states in connection with the loss-of-coolant 
accident: ". • • for quantitative understanding of the accident, the analysis · 
of such an event requires that the core be maintained in place and essen
tially intact to preserve the heat-transfer area and coolant-flow geometry. 
Without preservation of heat-transfer area and coolant-flow geometry, fuel
element melting and core disassembly would be expected. With the start of 
core disassembly there would be a major increase in the uncertainty of 
prediction of core behavior, and degeneration of the core to a meltdown '* 

situation could not be ruled out." !he ACRS is in substantial agreement 
with this observation. 
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Honorable Glen T. Seaborg - 2 - February 26, 1968 

With respect to assuring that the core remains essentially intact during 
a loss-of-coolant accident, the report emphasizes the importance of prop
erly assessing and designing for the hydraulic effects incurred, and lists 
several important specific aspects of the problem that must be recognized 
and dealt with in designing to cope with such effects. The ACRS agrees 
with this emphasis. 

The possibility of fuel element failure from high internal pressure and 
high clad temperature during a loss-of-coolant accident is mentioned. 
In this connection, the Committee notes that present license applications 
show that a large fraction of fuel rods may fail in such accidents even 
though the emergency core cooling system works as designed. The Committee 
believes that, in addition to the work proposed by the Task Force, further 
research is needed to ascertain the modes of fuel rod failure and to deter
mine that failures will not propagate or tend to block coolant flow exces
sively. 

Conclusion 2 discusses further the importance of controlled and acceptable 
structural deformation during reactor blowdown in a loss-of-coolant acci
dent. The ACRS agrees with this and calls attention to the need for con
sidering deterioration during the life of the reactor and the role that 
periodic inspection could play in alleviating this potential difficulty. 
Also, more conservatism in design and fabrication may be needed where 
structural member response to accident-induced hydraulic forces is not 
testable. Further, the Committee continues to be concerned with the 
possibility of thermal shock effects on the pressure vessel, or other 
parts of the primary system, as a consequence of the rapid introduction 
of emergency cooling water in the unlikely event of a large primary 
system rupture. 

The Committee endorses Conclusion 4 which recommends further testing of 
emergency core cooling at higher temperatures and for degenerated condi
tions such as core distortion. 

The systematized approach to the design and evaluation of emergency core 
cooling systems described in Conclusion 5 appears potentially useful. 
However, deliberate allowance should be made for the possibility of aggra
vated accident conditions introducea by possible design errors, by weak
nesses common to redundant components, or by other unexpected conditions, 
and full attention should be given to the potential advantage of diverse 
approaches to the design of emergency core cooling subsystems. It should 
be recognized, also, that new design features may introduce new potential ·
safety issues in specific reactor designs. 
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- 3 - February 26, 1968 

The Committee endorses the recommendation of Conclusion 7 for improvements 
in primary system integrity to reduce still further the already low proba
bi~ity of primary system boundary failure. 

The ACRS agrees with the statement of Conclusion 10 that: "If emergency 
core-cooling systems do not function ••• the current state of knowledge 
regarding the sequence of events and the consequences of the meltdown is 
insufficient to conclude with certainty that integrity of containments 
of present designs, with their cooling systems, will be maintained." 
Recognizing that absolute certainty cannot exist concerning any facet of 
safety, the Committee strongly recommends that a positive approach be 
adopted toward studying the workability of protective measures to cope 
with core meltdown. Basic safety research experiments would provide 
valuable insight and, possibly, direct attention to potentially profitable 
avenues of design which eventually could lead to substantial additional 
protection in this area. The proposal in Conclusion 11 for study of preven
tive measures to be made effective prior to loss of containment integrity 
to minimize the ultimate hazard is a helpful step in this direction. 

In summary, the Task Force Report presents considerable information of 
interest on primary system integrity, key phenomena effective during loss 
of coolant and core heatup, functional considerations for emergency core 
cooling systems, and phenomena and effects associated with large-scale 
core meltdown. However, there is provided little examination or discus
sion of the degree to which the efficacy of core cooling systems might be 
augmented by way of design modifications or new design concepts. Similarly, 
the report does not provide recommendations on design approaches to cope 
with large molten masses of fuel, or on the particular research and develop
ment problems related to these appraoches. 

The ACRS endorses the Task Force recommendations for improvement in primary 
system boundary integrity and for additional research and development work 
on emergency core cooling systems. The Committee further recommends, as 
it did in ita 1966 report on safety research, that a vigorous program be 
aimed at gaining better understanding of the phenomena and mechanisms 
important to the course of large-scale core meltdown. It also recommends 
that additional design and development effort be aimed at means for providing 
protection against the extremely low probability type of loss-of-coolant 
accident in which emergency core cooling systems of current design may not 
be effective. The ACRS urges that these matters be pursued vigorously by 
manufacturers of nuclear equipment, the electric utilities, and the AEC, 
as appropriate. 

Sincerely yours, 

Is/ 

·-
@WrW: Carroll W. Zabel 

• r 

Chairman 
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The report by the Task Force on Power Reactor ~me~gency ~ooling was 
used for policy decisions by the At?mic Energ~ Comm:ss1on durlng.the en
suing years in that the AEC place~ 1ts emphas1s on 1mpr?vements 1n * 
quality control and improvements 1n emergency core cool1ng systems, both 
of which had been recommended by the ACRS in its letters of August 16, 
1966 on Dresden 3 and Indian Point 2. 

That the judgments reached by the task force were subject to tech
nical flaws ws already clear by early 1968. For example, the Task Force 
had missed the fact that the clad might embrittle at temperatures far 
belO\'J its melting point, thus requiring peak clad temperatures far below 
the melting point. With time other flaws developed. For example, 
consider Task Force conclusion 1 which states that current technology 
is sufficient to enable predicting with rea.sonable ass~rance th~ ke~ 
phenomena associated with the loss of coolant, to prov1de quant1tat1ve 
understanding of the accident, etc. Actually, our knowledge ?f LOCA~ 
ECCS in 1967 did not include the very impo~tant effect~ assoc1ated.w1~h 
steam binding and ECCS water bypass. in PWR s, and had 1mportant om1 ss1 ons 

*On April 24, 1968, in a memorandum from Beck to Shaw the Regulatory Staff 
re-iterated strong support (perhaps for the last time) of an R&D program 
on means of handling large masses of molten fuel. The relevant paraaraoh 
is excerpted below. ¥ 

As a parallel effort, we again recommend that the handling of 
molten fuel be investigated. As indicated by the Emergency Core 
Cooling Task Force Report, methods are not currently available 
for handling the large masses of molten fuel which ~iqht resul+ 
from an extensive core meltdown; however, we believe that with 
careful study and a vigorous engineering approach such methods 
can be developed. As we indicated in our report to the ACRS 
on this subject,* in view of the gaps that still exist in 
verifying the effectiveness of emergency core cooling systems 
and the absolute dependence currently placed on these systems, 
we believe work to develop such methods should be initiated. 
We also· note that the ACRS in its letter on the Advisory Task 
Force Report** stated the Committee strongly recommends that 
a positive approach be adopted toward studying the workability 
of protective measures to cope with core meltdown. We are 
most willing to work with you closely on this matter, includ
ing providing additional information and assisting you in 
developing your study effort and any associated safety research 
programs. 

On the other hand, in a report from the Director of Regulation, 
Mr. Price to the Commissioners dated February 20, 1969, it is soecifically 
noted "there are no current plans to study events following large-scale 
core meltdown 11

• 
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with regard to the behavior of ECCS for BWR's. Similarly, problems with 
dynamic forces, both in PWR sub-compartments and in pressure suppression 
systems for BWR's were not foreseen by the Task Force. Nevertheless, this 
report was called on to support policy decisions which led to little or 
no work on the examination of possible measures for ameliorating or 
coping with core meltdown, from whatever cause. 

In various ways, .over the next few years the ACRS attempted to get 
additional information developed on the phenomena associated with large 
scale meltdown and the possible design measures that could be taken to 
ameliorate large core meltdown. For example~ in a letter dated April 
14, 1967 to Mr. Milton Shaw of the AEC from ACRS Chairman Palladino 
concerning the water reactor safety program summary description, the 
Committee says 

It is not clear that substantial early effort will be devoted to 
gaining an understanding of the various mechanisms of ootential 
importance in describing the course of events following large
scale core melting, including steam explosions and hydrogen 
generation. Information should be gained which would provide 
a better foundation for assessing the possibilities of coping 
with large-scale core melting. 

In a report dated March 20, 1969 from Acting Chairman Hendrie to AEC 
Chairman Seaberg, the Committee forwarded comments on the water reactor 
safety research program. On page 6 of these comments, which were also 
sent to AEC General Manager Hollingsworth, the ACRS says 

With regard to containment of molten cores, no AEC work is 
currently planned. Interest in this work continues, however, 
and the problem may be a more critical concern for larger 
reactors and much more populated locations than are used at 
present. Some work in this area in the nature of seeping 
studies and possible solutions is appropriate. Also, research 
aimed at providing a better understanding of the more important 
phenomena involved should be undertaken. 

In a letter dated November 12, 1969, from ACRS Chairman Hendrie to 
AEC Chairman Seaberg, the Committee reiterates its statement made in the 
previous letter of March 20, 1969, and notes that the ACRS had strongly 
recommended safety research of this kind several times during the last 
3 years. The Regulatory Staff had also strongly supported such work, 
however, only smaller modest efforts had been initiated at that point. 
The ACRS goes on in the letter of November 12, 1969 to say 
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The Committee further recommends in its comments ,of March 20. 
1969 that consideration be given to research and development 
specifically aimed to improving the potential for siting of 
large water reactors in more populated areas than currently 
being utilized. For example. studies should be undertaken to 
develop reactor design concepts providing additional inherent 
safety or possibly new safety features to deal with very low 
probability accidents involving primary system rupture followed 
by a functional failure of the emergency core cooling system. 
It appears that because of funding limitations and for other 
reasons the recommendations of the ACRS will not be implemented 
at this time. 

In 1970 a draft report, concerning the various phenomena important 
in consideration of core meltdown and the possible design of features to 
prevent loss of containment integrity in the presence of core meltdown, 
was prepared by Battelle Memorial Institute, Columbus, under the auspices 
of the Atomic Energy Commission. This report represented a very good 
collection ofthe information available up to that time. It did not in
clude much in the way of design approaches, although there were some 
considerations of that sort. Shortly after this draft became available, 
the ACRS arranged, through the AEC Division of Production. to have a 
short study done on its behalf by members of the Savannah River Research 
Laboratory, which was operated by the du Pont Company. On September 16, 
1970, a presentation entitled 11Concepts for Mitigation of Postulated 
Power Reactor Core Meldown Accident," was given by representatives of du 
Pont at a meeting of the Reactor Research Safety Subcommittee of the 
ACRS. The summary of this meeting says that 

Dupont believes it is feasible to control the situation in
volving molten uranium. All of the tentative concepts du Pont 
has devised depend upon active components and require both power 
and a cooling water supply. One system considered by du Pont 
includes the possible use of steel troughs having a 4" width, 
a depth of 2', and a length of 4'; the troughs will be under 
water and provide a large heat transfer area. 

The summary goes on to say 

du Pont believes that further design studies would require an 
intimate knowledge of modern power reactors. Because of this 
and a reduction in engineering staff, du Pont appeared reluctant 
to perform additional studies themselves but recommended that 
as the next (or second) step, three years of research and 
development be carried on l) properties and molten material, 
2) reaction of molten material with water and 3) methods of 
dose reduction with vented gases. Du Pont believes that these 
studies would cost one to two million dollars. They recommend 
that, if a third step were to be carried out later, it should 
be an engineering effort to provide a specific design concept 
for a specific reactor. They believe that this would cost a 
factor of ten more than the above research and development 
effort. 
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It's not completely clear whether, by the performance of this study, 
friction was generated within the Atomic Energy Commission. The Director 
of the Division of Reactor Development and Technology, Milton Shaw, was 
positively against any such efforts; and this, in effect had been a short 
end run around his position. In any event there was great difficulty in 
getting any such further work performed in this way for the ACRS. 

The ACRS met with Shaw and members of his staff, and with represen
tatives of the Battelle Memorial Institute and du Pont during the 129th 
meeting, January 7-9, 1971, to discuss the matter of postulated core 
meltdown accidents. Following this meeting, in a memorandum from R. F. 
Fraley, the ACRS Executive Secretary, to Shaw, dated January 11, 1971, 
the ACRS presented its recommendations. The memorandum is duplicated 
on the following page. 

In summary, the ACRS found that both Battelle and du Pont had 
separately concluded that it appears technically feasible to mitigate 
the consequences of a core meltdown accident. The Committee stated that 
it believes that even though a core retention system may not be effective 
for all causes and modes of core meltdown, it could, as an independent 
backup, decrease the probability of an untenable fission product release 
to the environment by at least an order of magnitude, a result that 
becomes increasingly difficult to achieve by refinement of systems de
signed to preserve core integrity within the reactor vessel. 

Shaw responded a year later in a letter dated February 3, 1972 to 
Fraley. He effectively refused to follow the recommendations of the 
ACRS with regard to studies concerning core meltdown. A copy of this 
rather lengthy letter is included, since it rather clearly indicates 
another point of view concerning this situation. And perhaps it gives 
some insight into why it was essentially impossible to get any effort 
by the AEC on this problem over a number of years. 

The ACRS chose not to respond directly to this letter from Mr. Shaw, 
but in a letter dated February 10, 1972 from ACRS Chairman Seiss to AEC 
Chairman James Schlesinger, the Committee notes that .. although the ACRS 
has recommended that research and design studies be undertaken on systems 
which might be capable of coping with a largely molten core, little such 
work appears to be underway." There appears to have been no change in 
the reactor safety program with regard to this matter under AEC Chairman 
Schlesinger. 
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ADVISORY COMMITTE=: ON REACTOR SAFEGUARDS 
UNiiEO STATES ATOMIC ENERGY COMMISSION 

WASHINGTON, D:C. 20545 

Janunry ll, 1971 

Milton Sha~, Director 
Division of Reactor Development 

and Technology 

ACRS CO=·lMENTS O!i A CORE RETE!'.'TION SYSTEM TO :tH!IGATE THE CONSEQUENCES 
OF A CORE HELTDmJN 

The Advisory Committee on Reactor Safeguards appreciates the meeting 
with yo~, m~mb~rs of your staff, and representatives of Battelle 
Memorial Institute and E. I. du Pont de Nemours and Company, on 
January 8, 1971, to discuss the matter of postulated core meltdown 
accidents. As you know the Com~ittee has had a continuing interest 
in this matter. 

Following its meeting with you, the ACRS further reviewed the use
fulness and feasibility of a core retention system to mitigate the 
consequences of a cere meltdown. The Committee agrees with you that 
quality assurance, including assur3nce of proper functional perfor
mance, of present systems having snfety functions is of primary 
importance. The Committee believes that the probability of meltdown 
with present systems is very low, and that more stringent application 
of principles of quality assurance will make the probability still 
lower. However, improvements to systems and system quality cannot 
lead to continued significant increase of safety without limit; 
external phenomena, unforeseen events of very low probability, 
common mode failures, and human error will set a practical limit 
to system reliability. 

The Committee believes that even though a core retention system may 
not be effective for all causes and modes of core meltdown, it could, 
as an independent backup, decrease the probability of an untenable 
fission-product release to the environment by at least an order cf 
magnitude, a result that becomes increasingly difficult to achieve by 
refinement of systems designed to preserve core integrity within the 
reactor vessel. 

The Committee has found the work by Battelle and du Pont to be v~ry 
helpful in its considerations. Both groups have ser3rately concluded 
that it appears technic~lly feasible to miti~3te the consequences of 
a core> meltdoun ace ident. Both groups have recommended th:~ t, if t.>~ork 
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Milton Shclw - 2 - January 11, 1971 

in this area i~ to ~e continu0d, the l~gical next step i~ to choose 
ont or possibly two u('si~n app:·c>arhe:s which appc3r to have the: best 
potential of success, to evaluate this desirn in greater depth, and 
to pursue an associated research and dcvclop~ent program organized 
so as to obtain information vital tc the succcs~ cr failure of the 
particular dcsign approach. The ACRS believes that the results of 
the: studies thus far arc enco~raeinr. 

The Committee recognizes that physical and physicochemical properties 
of tb(' molt('n fuel and structural matcri~ls w::-uld be required before 
a g~od conceptucll design could be made, but it is believed that present 
kn:;:lcdge of these pr0pcrties may be sufficient to establish basic 
fe~sibility. However, there appear tc be other major uncertAinties 
that do affect basic feasibility. For c~amrlP, sudden admission of 
a strc~m of molten fuel intc ~ater (even hot water), especially in 
a ~anner that can trap water under the fuel, as in steel retaining 
ch~nncls, could lend to a steam explosion of such violence as to make 
the· entire scheme impracticDl. The Committee: belicvee that, early in 
thC' program, such problems si.ould be c>:plorcc qualitatively; for 
exacplc, with material that can be readily melted in conv~ntional 
fur~aces, but using q~antities that are large en~ugh to give confidence 
in the results. 

The Co~mittee believes that a progra~ of conceptual design studies 
and analyses fer a core retention system, coupled with the kind of 
ex?loratory experiments cited above, should be undertaken. One to 
two million dollars over a period of two to three years might be a 
reasonable estimate of the effort and time scale to accomplish this 
step. The Committee reco~~ends that a program of this ty~e be under
taken with a completion goal of 1973-1974 for this phase. The 
Committee believes it important that the group undertaking the task 
have considerable background anu resources in practical engineering 
and metallurgy, as well as a strong res~arch and development capability. 

Executive Secretary 

c::c: R. -E. Hollingsworth, G1 
H. L. Price, Director, REG 
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A-iorv'IIC CNERGY COMMISSION ..... 
WASHINGTON. D.C. Z05A!:o 

I•.,. .... ,..B 3 .... 

/'.dviso::~· Cc~itt4"'~ ::>::! Reactor 5nfeguar~s 
te the U. S. A~c;:::ic Energy Conl:!ission 

W'<:.shin~toi.!, D. c. 2:154::; 

Dear H-r. Fraley : 

t'e ap!J::·e.:'.ate the Cl'):"'!l1'1ents and recor.:nencbt'ions of the Advisory C'om.-ni.rtee 
on Re.::ctc!"' £:sfe~uard.s contei··H~d in yout> letter of ,'c:r•uary ll~ 1971 on 
Ct:Y!"E ~~~~r-:5 o~ ~~-'~~::~·-~ to rni"ti!!cr:~ -the ~·!:::cc;~e'!l:.:;~ ~;_: a CO!'e rclt~a·m. 
\·1e also a~;rf:cii!tC!C. the o~portt:r:.ity to ciscuss our -rhoughts em this mat
te:- \o7ith the Co-::-.r:it.o:ce. As ..-e incicated, this renh· is intence~ to 
Sl.mt::-.c::T'ize C:tl.!' con'.r.:€.:r'.:s durincr tho!';e discus~ions an~ in subseouer.t discus
=5c:::- ~·ith t!'le Sa:"~'t:r Resear:::h £ubco'!':':::.itt:a. Thc::;e cHscuss.io:1s have heer. 
i.clpfu). cd I rcfre-r tbP.t we hnve been 5o late in N:!llyiny; officielly to 
you:- ltt't..::r. 

W'= a;:.!'ce "':: t~ the C'~~.1ittee that occuY'r"'=nc~~ which ~-.i ("'1"1t be miti;ratee by 
ar-. ac·iii:ional er~:.::!~e!'·cd safc!ty feature. cuc:h as a core catcher, are cf 
very lot·~ prcbc.biE .... -y. We ~lso tend to c;~ree Tr:'ith -;he Co:!!!'!littE'e 's :=urther 
ob!Ser-Ic·ti-on ti1ac there is a nr•actical l:irnit on how :i·nr it is fJ~JF:~ible 'to 
!'" in r!·c·d.:3.in:, !'!"::-:ection a~nir.st very ::er!.cus anC: ttnlikely le:'f.;e scala 
accidents, but note that this a~eement -perteins p!'hal"'ily to S:Dec!al 
adrl-on s<=ifet:r SJ'St<"7:!s to: cover various ~·;;e.:~ of poztulated ev~nts, and 
r:.'::!t llen:::s~rily to c-::-,.:r means of pro,·iC:in~ r.aa:tin;-.ful protection such e.s 
'hy bc:sic ?lant des if.': chanro:c:; ~ s1:ren(:thcnin:;- stand:,:r·:is and crl4.:P-ria and 
t!'.eir b:p~ .. e!!lo:nt ;.:"ti ~~~, alonE; \Ti th stronr administrati vc prcceC.ur·es to pro
'' ide Zl1diticn:::J.l c::~"':i1T'CJ!lces o! cbt'a.inin:; the full b{;nc;fits of pl"act.lces 
lmposed by LevE'ls t':!t' ar!d 'lVo* de:dpn c:nd !.;a.ie't'y m:-r-.sures. Thus, to~e 

cannot CC'tt:luG.e tha-;; such a limit has necessarily b~'.!n reached in 'the 

'*In pl."~".'i?us disC'J"'!'dons with the Committ~e and ott,e:-s, Three Levels of 
safety hAYe ber::1 c~~H.ned; th{s and subsequ~?nt refe'!~.mces are consistent 
With the def~itionG cf thes~ previous ciseussions. 
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light water raactor industry, based on the current record of design, constl~c
ticrJ and early oper?.tion of light ~ater reacto~ r~rer plants, on the c~~nt 
and po':enti<.l types of errors, fle·.:::.. discrepanci~s and other problems and 
con::crns, and on the positive st~rc: th"t cat'! .!:'~ tak'!n to !r.:prove such p'rote·
tio~ if an u~desirable limit is being reached. ~~~eover, if conce~s er 
evid~nce availuL~e to tr.e Committee indiccte that an urJdesirable limit is 
being reaeh$ed !or any S?ac!fie plant or g!'(:IU!'J c-.f T~lants ~ Wt.? urge th'-t thr.:= 
C~ittee w~ke such detailed information kno~ a:d also that the Co~!ttee, 
in that event~ r:::otmr.end more strinre!lt desir;r., tast, or i:d:ninistrative 
r·equi:r."men~s 1·~ plaeed c.::l t:;?eeific ;.?nlica!l:r:s se. as to reduce furthC!r· the 
J..rob?:.bi li 'ty c;f a stt:rie~ "'f event~ c:mtri.l-utir;:- te:' the po~tt~l atP.d la;orr•-~cele 
i!:eid~r.ts of cc-~··cl!rn. l!ost spcci:5eally. we cznrt{"t a~ec with the Ct.._.:~:-:.ittce':: 

belief that thir. concern can be cc.·:·~?P.ns'!:ted fct'!"- ~ nor th:lt nr·otection t:.c:.n bf! 
sh:n!.ficc:.ntly increasr.ds by the At.C. ·~ unde:rt&ldm: a rescnrch pro~tralT' on molter: 
cort: reten~ic~. C~r vi~ws in SU?pv~t of the&e ~~sitions are still ~~sen~ially 
those that wcra discussed with the Cor···mittee previously and aroe sur.i!fia.ri~ed 

belo~:. 

The: l:":'gen Task rorce e::1 l:."rnc.·r-gency Cot-e Cooli nr, c.: _.eluded thz. t the first 1 ine 
of d!!:fonse a!':nl!"4l:t rnajol' t·ccident~ in water r.. .... ~c-~= ... ~ is the reliabilit-': atld 
i:.t(.:f''!"ity of the plant ~~ i:r.ary sy~t~r;: ~ achie'\•P.rl t~:rot.•?.h e-ssurance of hi~h 
quali&:y ira desi~r:, cer1~truction and o'[)eratio!l. rc agree t.:>ith this eor.-:lu
t:.ion c:nd not,.. th-~t relcrth~ to J.e~~l Three ded r:;. and surv~illance 
t'.r,eertainties or.d diffic-~l~i.es it i:::: s'tro.iszr.tfn!'l:=rd to assure prov!sions 

• f~-"!' s:tste!!" int<.' gr.ity 1roo"1itcring and fs.ilure d~'?"~·-:7; on end to reo,uiro effec
t-tv.._,. cor!'c~ti·:C" ae::cr;.S "7~:f:n clefee•.:c. cr.:cur. Ir: :::.ct, rot:tir.e opereti.:m of 
tLe J)ri:n~· ~j·s'tf;:'l with eo-:1eurrent ~~sessment of !.;·.rteprity by direct ot· 
ir:stru~:tente~ CJbSt!r-..re.tions ';;f leal<s i-.: c: ti:ne-tcste-d method of a:;surane~ of 
the int~~rity cf syste!r.::. of the sp~cific· hirh pr~:·9ure cot.:~lant type 'dth 
which we are deoling. Furtr.el'·~ th~ ea•Jses an~ f'f~ects of prir.:~r~· sy:rtem 
boundary fa5.l\;.l"'!::to ; .. bile !;till unde!' study., are f-!'irly well ur:U.erstoo'i~ 
prn~t.:icularly fer those m.::tfr'~"ials whicb have been ::sed for the~e syst~m-s for 
r."'nv ye;:,rs ~ and have het·n demonstrated to be sm:cF:.t:iblf: t'=> r.atisfaetct'l' 
llnndl.:ng b~ lmo>m des;.~rn, :fc:bric:itic•...,_~ operatic..•: ad inspe..-:'t:lon techniques~ 
C~nd re1at•d cHsci;li11ed ~,.:::.li't".! assurance pr;!)ctices. The r~cord of !ndust'ry 
in this ~gard mu~t be cons5dered. To the extent ~hat ~he cAuses and effP.cts 
c.f such fail-c:-eo may 11ct be s-uff!oicn'tly well und::::"'Stood increased effort!~ 
shot1ld be id(•11tified a"l6 ,.;ivan suffic~ent p1•iorit:; to pr::•mn'tly provide a'!'ld 
es~U!'e the us-:- of the infcmatior, reouired for T!d::; undo:or:t:mdir.g. To the 
exte:'nt that 'the %'i"C!_U::!.t-e'len'ts ere not ht:.i!'g imp~e~~lted ;.rn-.,er·ly .for a riven 
l"<::!.O.t~ta ple-nt_,. or ior a r-oup of p1~:~-;_s~, ..ir.ere.::.scr efforts should be 'fceused 
dit~ctly on ~he~~ defi~i~nc5~ and ~oncern~. 

.. ~ 
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t:c.st importa.t:tly, 1:he backup systemt.., particularly 'those which use water 
es a eoole:ct, arc likely subject to si:nilar tyr.as e= qual.lry assurance 
u."lcertaintie:< or failul"t;S to which the {Jrimary syt.tem is ~ut.:ieet. Further, 
sc.;te of them ar-3 T1ot a!:: well under!ltr>oc consic~~::--!r:.~ the ahr:~t':.\el or 
!'1:~;-,::th:.:tic-..e.~ ':Cr'dition~ bein~ postt·~-::~e-! for "':L::.ir ecsir:: cr.~ opcr~tic:J. 
Hc-re::wer., the~: t:!::nd 'to de-::rnct in a. m·n-.oer of way!: from --;h~ r-r·obahil) t"'; of 
p:-edictabli: !'erformanee of other in'te,.related ~n~ more vitr.-1 plant sy::t''!'r.:s. 
A1: the sam~ ~ir..e, cuch backup syste:. . .s ~enerally hC!~e the basic limit<!timl!:l 
of assuranc.- of 'titr.ely crvalla.bility and the fc:i:!.ure cietecti:m uncertd.rtif:'s 
no:::n?..lly a!:Ct!·":i 'lteii with quiescent ~yste:ts whi.:!": ar-~ ir~-re~1.:cntly ca.11ec 
upon 1:0 ope::."'ate ev~n thouzh they, Ol" ?!r"tS the!'aof ~ may be tested rc~rti::el~r. 

In agree!:lent wh:h t:he trgen report C'mclusion3 ~ 'th~ />.EC c:rnd t}le indu:.'t:':' 
h:::ve l•~our.ted la:-ze and cost.ly prop:t-a!ll!:: t:o prcv .:c.~ tee.'mclcgy, trtanda:-d!- c."ld 
•• --~-+-b ••••• 1 .I .• • .r:·. c;nr.:n:;.::ls re.!.e:.e>- .o o tal.r~lnl: J.nl.tJ~, an\.:. con"i:'li'··v:Lnl! ass1.·r~,,,ce O- prl·!!.O:'l";' 

:;y;.;.~c.::. inte;z;:o::ty. '>~hil*"' enc-:,ura~in•:. r·f<!S1•onse~ ::.l"..!-:, desi~r:.:::t·~ and SU!'!'·li.erc 
ef key reactc!' sys-tems and eomponcn-:~ :niiic:s:t:c -:.hr..~ the ind~·stry !.~ mcvir.:; 
in the right c'!ir·eetion ~ the T."..teh-too frec; ... ,ent e::.::=~=ultie~ encount'er(·d in 
oh~i'lll"i,g thP. qu~H:ty S?ecified ar.d ~.n ~~tti!'!'; ~:.;;-.::: tE.:s:'.:-::d en-! on Tbe ~ir'e 

cl,~c.-,"'lY show i:ha-.:: furti1e:r- im;>rovem~ut>. ;.n the a::.;;l~"'ement oi· ac(:quctr
q~~lity '!re ::till needed arl:l can C!!i.d :t'_.::t be o!frn !~::. S.i'!;~a t!'-!el:'e i.s ~ .. o 
C{•':\:')co.r;o b;~ ~·,.b:-.ti 'ttlt"! :fc.:t' S'JCh ~ual!:::-y, l!f£ or-r." :·"·:~·t. CO~t. :.r.~~·~·: ar:d a: Eo 

C'C'I~ti·il-;.lin;:: ~ tc, provide gt;i dcmce, er.r.:,~~,!'.:!.~~n:e:'!". r:.n~·~ -:.un:·cn: i:1 a st:!:>s-cc:;.ntive 
W'.i:!Y to assuN! thai: adequa't~ly ::-eliable 1:yste~~ U!'(. ::einr.; buiJ:t a:.1d ~·era ted. 
Mor·eC'ver., whrrc such effo1"ts l!".ay not ya-:: be sa"'.:is ~c;ctory, ti.eN'' al:'e t1any 
com~"lelling I'E'c!Sc>ns to insist: on more T11er.aget.:e::t cr:·~:;::ct.ion: r.:o-:··e effcrt 9 

special adl!lirj ~1:ra1:i ve and 't,..st prot;r :::1\!!"es, O!' d;:o~'.ji ~., eha:wr-·t: -re ~Ssst~re 
er.:;:-.~.esis on th-:lse basic req•1irements 1~ather th<':rl at~er::ptiu~ to eneou.r·a:ze 
reli:mce upon special new Sf"f.ety S~'t:t~ms. In t'i'!"',~. :- 'these '1-:ill also ~ave to 
oo c.~-:posed to th~J: sarr.e type cf que:~tioniT!g re~?.:.~:~ir.r probal.H~.-ey of r-r·r.flict
eL.:e p.::.r:forn.muc.:: fer -vc:.riou:: postulated events. 

On the basic mc:t'ter of :rrimary syst:e~. integri-t:>"~ \-;lt!ch eve!·yone ap:raes is 
t."le f il"~'t and m-:1st basic ~ll!mt.nt of this cone err.! n tlajo!• cffcl"t ha~ bao~n 
untkm.;a.y for t'~ve!'al yea.-.s t'~ de .. :elo!> ur:~erste~,ui.n:·t of the !'otantial feailure 
meci·,~ni.srns in hea'"Y r.eetion pi pin~ cul<:' C\l::l~onez~t 3 1.:::cd in J le:ht water 
l'C.c:actc.;:• plant's. Signifienn t progress it~ be!:::~ ur:tk S.n est.,.'blishing r.rocF.::l~ 
anu insp~cticn criteria t~· iucreese i!~::iU:"ance 1:1;::1:' :i:e hil::,.,.r probab.lit:.• 
Sl::~~l.l fa.ill...Te-;; ct:n be ide:utified by r.:onitori!!~ .:1nd t9s'tinJ; tcehniqu\l~, ar.(i 
majcr failu..""Cs can be crvoided. I"'olrt!vlr'::.O!'e~ co':'l:::;::c'"--ahl'!' z:~ditio:ull u:H:t.!'
stmding has r!'H~n gained a!: tO deSi}'I;, l!l~TlUfC:ct,:;··(': c::!ld O~H.:Z~t.ier. Of p~;-;ir::: 

sy~t . ..::m: eontl!ini:-~.'! 'te!ef::, Ya.bTes, pu:nr , .. o!ute ca~::in•s and thta. lila;. ·i;,, t.lct~et 
dc:i(;:::'t's ard 'tv m.::.id severe :failu:'r::. Fu!Zap; .. li.;;at.ion or- t~·:i:·a·!:::.itic.tul: 

. .: 
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insinhts thus gained ean, we helieve, ~duee rignificantly 'the already low 
prohahili ty thct these severe i""J?es of cccidents, !''JSulting in the poten
tial co:.:c!"D fer cot-e meltdcn.-n, can occur. 

As W9 hcwe freC!u~::tly noted, lfC wocld app:-eciate ar.y ccr.:-"1•er.ts o:! current 
d(llvelof·!:•l!:it 0!" i!':p.lC::lrtntation prc~r .:.:;~s ro::lated to }J:·irnB!"y system inte~~.ry 
\·1hich ,:::uld sct"V'e to i:r.orove or e~editc t.hc~. £ucn ec>:""lDe:lts woulcl permit 
us and t)ther-s to T'ealie:n our rf:'.r.c~ces to bette:- cl:-.:::e in on this imt'~ortcoll~: '· . 
problen . .-• .r·t:a and attain the ~dditj onal confidence in s~.~s·tem in'ter:Tity to 
provide th~ necessary level cf css-.:rance cf pl.ant pt.rfo!'D'Ianee and public 
safety. 

B-Jeause :;-.:~~tic=-:!' :'lr. ..-:.~~':lra.nce of ?~·im:try sysi.um intet·:ri't"f will con-tinue 
to arist,, anC. in r~co~ni tion of t!'le Co':!'::.itt'!!e 's point that it is no-;: 
possible t:o E::li!r.1nCJ:~·~ all de:ficiencies ir. naterial ;md lar..an factors e"'E'n 
ah:er d:i::od:plined u~ni toring an~ t~stin:; p!';7\!!rce!S b:::o.~:e l::e~:l estclb:i.ishe:! ~ 
~1e ra::c;::z~i~e 'that it i:-:. -pruden-: -:~ :rrov:!.d~ bacY.up sc-fety fe:aturc:; whi::h 
~·~.ill det>·ct and ar:rc.;.'t tne eou'!"~f: of accide!!ts at a toler'!ble l·e~.-~.:1 of 
consequ~nc: and/or mitirate serious consequences. Al$o, it is ~~~~n~ial 
to oota!r- ad.Tinis-::rati·:e prec.,d;;.~·e::, incl•~ein~ inC:e~e::-5~r.t audit~;, that 
provide ~ss\l!·e:.nce t•f !>nc:h coveraee. t:ei"~ ar,.:tin, l~e ha'~~~ ttour,-::.::.1 a large 
effcr·.: !'.!)a ted pri:1cipc:.l!y to understandi.nr the ~ev-::.re los~ cf cu~lF1Tl1: 

aceS den't<> ~no er.!Cl"~ enc~_.. cere coc.lir.~ and cc.nt c.i!!'r.el.:.;:· :r-~~"!'::Ot:!>'!; as ;.?ell as 
enco'.l!'z:.:,::.:Pi. thP. a.:ic·~tio:l of pro·:e:: test a::.c e:dmi:r,l.t:·i.;r~'!ive proce.:."~&:rc:.~. 

These pl·c:~~a!TI..:::, like the ones rt::lated to sy~,-;:~ relia.':>ility ana i11tcr.:rity. 
are conti~· .. :d.ng. Technical deficiencies and 'I..Yl!certaint.ies in the:::c. area:> 
should, in ~ractic~, continue ~o bz eomp~nsat~~ fo~ by conserva~~~m in 
ratin~s end p-essimism :l.n the at1=J.l::sis of th,. !•es~~::~=; ,...:: ";l:e re<.H~':"~;-:• !-'l:.r;'t 
to fau1t cor:ditiens, or l'ly appr::;>riate adrrdnistrc:.ti·..re r.-r-oc:!9durec. It 
shc;,uld be 1;oted ~na't recent concerns abc:-ut 't and t.~h~s:.r: 0"1 ~ tht:: ~;;;;~urencc 

t!lat ECC ~;stems o:ill, func~i.O!l as desired and ,;ill :1:::1: c:d1!~rsely i'!'l"Cersc1: 
'.dth the s~ret~t of performa.nce of other systP.r.:s a~d C"Oln'f\One'!'l'ts ::lso impor
tant to plant safety illustrate!. the difficulties of r.aachi~·.g and st:.r.;tainin~ 

definitive conclusions in such technical Ci.rens. Tho~ll cc-pend on c::mtinuin;; 
researC"h a':':d develop::;emt prorrrams with theit• •!n.1.!yt~cal r!K:·d.els ba~ed on 
sn-..all F.cnle e4\.-:>erin:t>nts to atter.l?t to unde:;rs~anc th~ co':lr!'£ of ldr;hl:o-· c:r.1'!pl~x 

rmd i"lpr<:~:!:>a.ble eve:rtts in real. L~..nd indi'\"idua.l r-tlc:ctor' systel!'.s, over 'the life 
of each pl.u.."lt. 

It is cl.::c:.r that e reduction of l•etlo:~en ou~ s:-1d two r.'l"'Gerr. of ma~r..itucle in 
'the prohc:..:bility of oec-..::.l."Tence cf a larr,t! rel~ttse of fhsion product:-.. to the 
en·d:ron:n~r::t, as r.r,ted by .. -:he Co~."!""litte~, is. a re:;e!'t .l. goaltt.ilich \ole could 
agree wott.ld repre:::en't cddi tione::l O;t::surc-.ncc of public ~;;,fety. Hot:ev(:I', therr~ 

. ~ 
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c?~ar~ 'to b"! l!hJ:·:.:- than cr.!.: way to achieve 'thi!: ~o~l p!!r'tic~lar·l~ wen f-:aee.: 
with ":h~ inercar.ing diffi··ul'ty of oht.e:.init1~ F-J:;r'!'-2:::!-:nt on d:!fining the wor-ch 
of 'th.:: itr•Pl"'OV~rr.t:lt& n~ b·.dr.r ti&de, and the cxter!'t to which otners of thi:z 
type c:,..~ atill rr:qu~.red. M..,reC'JVer, in '9ie;: cf this uncertainty~ there r1lso 
appear$ tc be si ~~~Ji:fic;mt diffeT"enees in how to e:>:.imate "::'hf: po-tential va.lu~ 
of t:cdi".:ic:;a! ~::.:~J·r::o on csc:·:iE:ving sucl: l'f.:c1ucti<-.r-e in each p1an-c as w~ll as 
'the pc-·i.:c~ti£.1 pcn~:!.ties a::·.-.ciated "*it.h such appr·:;c!1e3. A:::. the Committe~ 
!'at~ r:o't:c, c c:d~i-::.onal H!:,i::;eering safe-tv feature such al::l a me:lte~d (.O:.."e 
retent:'-on sys'tc·;a r.:J ~ht b-:: < '"Vt:loped. (•t! t:te othc::- :.::nd\1 it is likely 1:h::lt: 
~l:.b::'tz;.~-::ialJ.y h!..,_ h..;.r del!r·.zr~s or assurence of sys1 !:.,., ir.tegri-r.-; cmd efficc:.cy 
c:.·f rJN:s~m: engine~T""t-d safet.•,r sy~tems r.:.m be dev!!.l~~c tr.ore ee~ily anc vit!< 
grca't~:- c:.nfid~nc~ by inc:·e.!sing the o:-...,bai 11.:.1:) t~ :,t desipn!· ?~rforr.• ~-; 

plt.;;:r.~:-:.. '!'he P'il".:.;.J,Jal fnctCJr~ potentially affect:in~ the O):l'tions anpec:r es 
follc~m: 

a. f::oeeedinr: n!c."'lg bo":! ... pc.:.t:hs a-t r.. tleces3E:!'!. 1·.· ;":adueed n::tt! t.cule 
~:'!':..: 1r::ut -rr:~ ;.!'ogr·a"':':s 1·~la'ted t" .i ::z~I:..:·eir.j:.; ~ ·::r:oeeg:-ity c.~:•d E:::::erg~r,~~' 

c:1"'·:- c.oolinr.. In adtii": :.~:"4, we ~--... ~ cvncex•:.- c -.:hat th!! co~d derablc 
dfcr't toat "':mld b.:- rt:-quit .. cd fo!' a ~~ro~·.:.~· t~ develc.p :.1 r~z;.Hs·::ie 

r:<elted core }.·-::t~T1ti('n .:.;y:;tem, e,.·~:: i? it co~!:..: be ilcc.:· ... r.~.Jooa~.co 
;;:, 1:hin a~:;;:l.la.:::.:e re:::ou::;t:e:s., wot·1l.d c!~tra.et ct• :;ntion fi'Orn recc;;ntly 
in;::er..sif.:i ..,. . .; t~ffo!"ts ·;·."' :t·t:·:.·ulve th-~ ~":m::in) :-.~ ~ >lestion;:; or.~ 

Ul~:::::rta:.nt!.c:$ relate:..; ·t:r, il:<~e,,.~~:r'ti:I~ or a:; :. ;.; . : '.:3 the J <:.:rc t.eale 
J.o~t;. of cv·:.;~.&:lt acci~·'ll"t .:tt m; Pi.<.rH.cr anf! :-·:··r p':""eair::·~l)le s"ta:::t;·. 
fhce the:;o <1:"'>;:; 'thE: e:-·5.R~ing ar,..as o:f ~J'j)n1·-::.:-:·.: and ideoo;t.if:iahl.c 
,.~c;.:;~:ness-:s cli:•ectly c:"!:'\tY·ibu'tinr•. to -::he c.c.;l: ::::·n, we ca:mc/t a~e 
with an ai>p:•ouch thAt C.e'trncts i'ro:r. effo!'ts t<• elir.:im.ttt~ Yhese 
,..~~;;:1·nessos . 

b. "fh!i' M::l:te~ ef)re re'tain•!r ar>"!lroat:'h rem1ire!\ si;-:~ificarl't 1.~c.~nical ... . .. 
cffvrts :in a"l area of tmch less '~ell e&t'abl:::.:;::ei! 1:ecl'.nr•lo~r than 
p:-.::.::.ury syst-en. inte~·ity or emerr,ency core C'J·)lirg. Thus~ eff~rt~ 

I~!ated 'to ~<:::'t:~d cc.:':":::; z-etention r;r•e le:s l.i::dy 'to be :-luccess:ful 
?.n~ l:ecep'L:rl in a 1:i!::dy fashi04 thc:n those ir.,:olvin~ r.r~ssn't .:ot•c 
r·etentic:1 ~vst£-m!:, i.e., pr!."iaa::":t r:r:::tet~ ir.·i.T~ity and ~a~J:;rrency 

core cooling. 

c. ThE'! mel't•d cc.:'<! Ntalner conce-pt t·IO'.lld, iu a.n ·likelihood~ be-
1-z.t.e-.d on an enalysi:o; sup!)o!"'t~d on).:· l.y sm:.-.ll !~:ale e:lq\e.rirne.n-:-s ana 
could pronr:bly not :be ;:~sted fc.;r adet::ua.cy oi' G4!~dgn nor for adequacy 
of pe::-for::c;."lce in E.ac~ v lflr.'t afte:- im::tall.::tt5 on. MorecvPr, th1 -s 
co:Jcept wou:td probab.!y require the !·eliahlc i\:;lctionin~ o;_ active 
f;y~·i:c.;n:o to u.p;·roY.imatel·: the sC!me t;::-:tent as ~.ergency core coolin!£ 
ry~ tems, a11d therefC'l'·"' w~uld be ·subject to s:i !:':ilar ~ser-.l'atj_r.ns 
related to 'Dl'€·c.ictah~!~ ar>d succe:>:.fu.l r-arfo;r::.,·-.·a:e unoer man;,. no!'-:..J• .. .. ~ . 
lated condi·ei:.n1~ si7niJ;Jr 'to thA 1:yw~ t:bat· ar·t: nov appart!T!~·ly 
ct.::.:::ulat.i.nr- the: seart:l- fC>'!'!' e.u ·c:nd.i -:;~rial 'l!lt!l'a:;;t•re of sa~e-::y. 

- ~ 
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d. Tho t\..•o coutractor·~ who recently l':ave l..>ol:e.& most closely at co1·e 
n=te.!tt:ion have estl.~:~:ted the R:.p !'rosrc to cost bet~cen 15 and 20 
ldllion !:r~~lars E:'):C..i.·.:~ivc. of ir:.:c:r,r-ated !est~. Based on ~ast 
histc:!;• \i::i.lh this L};•r; llt est h~:'~ :i.n::::~ th·•:::.: ~!')llar e:-::::::::.:::c!l wc:\.'J.d 
mcst .l::U.-:.J.;• ;>rc-•re ! :• · . .:.. ex~,;:..· .... ~.;.~;' lo\1. J:i:·'" ;.,c..:cdttee 1 e ~=:tiraatc 

of one to <:'7C milli~.:·· •.loll.e.rs \:'C:\l:t.! sitJ.;>ly t't:)resent a CC'J;.;'&l payment 
011 an :i !!def:> ni te Jr,:• j ;;•::- cc::l!!!~ t"' ; 11:. S~:l ~: :: ;-.:t:~erks (•jlpl:: t" the 
projeC'tt!d ~(:.hl.!'oul,... Ov= cu:r.~::t :.>u.:lgetr.. c::' r~L..t pro\•::.:\: .. ior a.y,•her~ 
near th.i.t~ t).·pe t·f al~6iticma1 h•r.~r.~: ev~:., ~·. ·tns cc:.:~:;ioe!"::<tio:J. 'o 
)lOSSiblt: EH.;t, • .2entc.t·~ l•, i.1'.1d lll<.it:~:; :::,• flUppO!'"t, 

Ac; a cnnse~Uf'!l~'' C"f th!:!:e ::-.-.n!"~.dc:-r~!c.::£, \:.; ::!:·~ r.v a.lterrA.:!ti·;e but tc· 
Cf•\\t.lt:.~le \orit.h ::.: !:f:!~Si';C: !:fi:C•I'tF tC• aCa!·.a;ss c;_UC:S!:i.tWlS ~el~<·cd t.C pr:h:;~ry 

s;.r.tf:.rJ 5~tP.:pity ,..::;.d e;::~r-.c~'--I'CO:; core ~o~ling a~ r:,: :.·riority net;:ds a::: 
ic!erttified ial trc:: \:.atcr 1;u~cror f;=~.:t~· Pro;;r~-: l·:::::J a."ui. i;, !::~ .... ;:·lct.:=:::.t;.: 
more c;i.;;taile' ·:'=uCll:teutr. i;e sug&~~t tit.":'t the. c-.:· _.;,.ttcE: eou.:i.,: -::~c:-vit!~· 

si g-.. d . .Cic;:;.nt 2k :>iFt..tnc~: :::..~ t.£1 i~ worl; t:.ro-:J~ h !'t::•.:. 1..d a.··u! :!.r.c::·c:.:1~erl e"'!liHt,:.is 
on all of tho;;;e a.:;pE.cto C.·l c:.::d~n :::.::.(, cc.nstruc:.. >·: wi1ir.h c;~!:~:-~rs th~~,. 

a~·ez.s~ partic:•'l ~!"::..y ti11·o~~:~ ~~!!.::~~-!"': o~ q':.:.~.!J.t:/ :: :;uran~.:. i·~~·.:·!.slo:1s E".Jacl 
the.. rr~wisicn!': ic-r the pn·r-::;: disciul.f'' cf trw .""!·!'·1i.<.:::>r.t'c: ·.::.::n:J.[;ei:e::.:: 
.-e.:;: :.ns:lbi!:L!' l~·~ fo!: ~u:~::!.~7 a:;;st,.~,l~~o: in cies:.:.: .• , con~::zucti·:1;-. tes\.:. 
OiJt."rt-t_t:ion, i~:!;. .. ~:~i~;l! c.~~ :~.:1:-.tur ... anL:e- :.c.t.ivltl.*-·r: .• 

We Pil.:!. he ~ort: :::.t.!n plc:~,..ec: to D-.af:t -...·l.th the :~:r.::;r>:--::E::ntativ~s of th~ .".C'~S 1 

REG e!nd the ""·.:.u!:.:.~turar.:; !:!' i'·ll'!"S\H; t::;(.sll! cal..t·-~r::: :· 7tber 1 rt:.~or.;ni~inz 

that the de~~ilr:d ~~si~r..:; <1':1:! relat:u c;uo.!i::~· c.::- r.~!'..rlce p;-nc::ic~s are 
:-ec;lly a ~;.ey tv tnc r.~solntiil:::. of th.~:.: i'!'!.atter, c..:r:.·:>•.!lh no:il'&f that so;l."': 
very useful r:-odi ~::.cat~.cn:-. ~n:: reori.:i•t.<:.tion c,f m.r•. lns r.&n ~:~ogretms :r.;,..y 
be C:ari,•t.d ftorr. ~n.:ch a sy~tE:ir:atic re·,:.c,w. Penc~'i.~,:= ~uch a n.~\.-ieli', \o7e ar(. 
conl:inuing to ~t:::c·nzthen th~ !'Elc\•ar.t m.D prC'::::·~:-1:1 :l1AC enc.,.P . .L~~ing an.: 
guidint; others •.o .?dc::-c;-s!': t:•cf!e c.::mc·~rr.s. 

In c.doition to our diseu-;;t:int'ls c! these matters -::·~l;;;te\l to c .. a::. ::-et:ention 
s:;·st.=e;-:: fo:: ligh-c t:atcr l''•:•c.tors • \oJi.' h:!v~ had tn-·_.;a;c;;,;....;. dis~·t·~!'5.ons \·iitl.1 
Lhte ;..c":;; t::ld P.c~::ul a.ory .st a:ti. on core: rE".tentior. systcns ior t.he L.'fF.r.R • 
.t'!.ecer.tly, we T(:t:~i,·ed tl!::: l~C'?~ P.eport (':l the c~Sl :1~"! Test l"ccility 
dat•..;ii 1/13/72. 1r. c..gl·e:eix;J ".'ith' pro.::~:cctiag tdth ,:,:-nsl:ructiiJ&~• t.he l.C:R~ 

rec~.·,u.:;:N&JeU. an intll!r:.sive cicvelop:cel'!.t. progra:!! on c.:- cx-ve~sel, post
~~citli.:.nt core retention cr.d cc~ling · f-y~teL: for tlw f·J.'TF, shot-.ld fhe syst!.u: 
be uecJcd. 11:5 ims been prc.scntE..d., c-:J:: :'lajor eff~IL on the trec.d.er is tc 
cCinc·~ntrl!.te our liclted resources on i'l:-<r;: t::.a~i c :r:-::l r.e:"~listi c .r·r.rr:.C'Izclu:s 
tc ach;.eve safe tv, ~mo t:c i~t! iu I! pb::it; on 1't" :n·r··.-tc.•c .r.. h::!,c.!,=.•:;: c~:~;l:;i.lH:::, · 
if r ecded,- to as s-ur..: t~lr:)t:~;;-;. ;; rn.::h' :· e:::o: Cltt;i'.t: l:~·~l,Jpman:: 't~rogra:n t.n~t · · 
th"' ""'Stula ....... l ··~"-rJ.·s f- ·- :-~ ·J'""f''' • .... ·" c· ,. .. C""'""e .. ;.: ~ ... ,._. .. i•W" "'c··i ..:.., ..... , ...... • •. ,, • ..": .. c.,...,,. - 1.1..-... ., ~ ... ~.., ...... ::: ··..\ . ':'• . ':"'" .... ,.... • ~ ~ ...... : -·~:- . ···--
D.:' c:eoled ~~a :r":-:-~:ir..et:. ii:' .• -~~· tue "?IT.· t..:rc:tar "·:::.:..:,~1. t.s SQ tnul.CE.!.t:(! 

during O".lt' dis::cu:a.io::.s, ,.c lH.:lle.v<i:: tn; .. ;· r~P$on~f:l-=- i.ssur;'"N'.:. t.,r.n to~ 
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pro·llided over the neY.t two year period that: such efforts will enable us 
to acn:i.eve SCiti~ 1~~tory resolution of the:;e matters prior to FFIF 
stc.::t:-...p, shoulJ sucn a bac~~\;1' cc.pabilit)' be needed. In any event, we 
co~a.i..~.:r i;n.; u .. :~i.~r of molten core rete"t,on i!' FI-TF ne a sepa::e.te subject 
fro:r. th~ ;.b.:>·.re r~~ponse or:. l::.:;nt wate: re"ictcr corc- retentior, and vill 
add:-c::;~ ::;cp<lrc:::c correspon,:.::.J.ce to this m::tter as rE:quired in the futurt:. 

SinCC::J'"t::ly, 

c n--r:-..~~ , 
(':"'\,A. ·- ,_.L, ... .-

H;;..!.:or, s·!'laWs r . .:.rector 
Dixision of }\t·;..ctot· Develcp!'~nt 

lm.i T~c.'mol~..;s:· 

cc: L. ::.:~nning !::..tnr:>:ir.g, Dir. o~ R~g. 
r:. ~. !:o).l.i.:~;.:;-,..:n::-th, G' .. :~. i·~gr •. 
f • G. Cas~, :· ':,_ :-. • D?...f. 
.J • J. Flchc- rc:y, AG~·U:.IJ 

Cii.nint:-.n (2) 
UJlt~.. Ra&~ey 

<:'<>::-=.. Johns Oi."1 . 

Co:r.~~. l..ars on 

- ...... 
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Actually, a meeting of the Reactor Safety Research Subcommittee was 
held on April 5, 1972, part of which was devoted to discussion of the 
February 3, 1972 letter from Mr. Shaw, although the principal topic of 
discussion was the manner in which the AEC reactor safety research program 
had been organized, administered and managed, and whether the ACRS should 
recommend changes. 

Examples from the minutes of the April 5, 1972 Subcommittee meeting 
give some insight into Committee member thinking concerning the letter 
from Shaw. 

Dr. Monson referenced the February 3, 1972 letter from DRO&T 
which responded to ACRS comments relative to the development 
of a molten core retention system. Or. Monson indicated he 
believed that two major issues should be addressed by the 
Committee. The first of these is to what extent ORO&T should 
decide Regulatory needs regarding reactor safety research. He 
thought the AEC Commissioners should make the decision as 
to what safety research should be performed by the AEC. He 
said that, if the Committee decides that not proceeding with 
work regarding a core catcher could lead to a failure of 
reactors to be acceptable to the Committee in the future, the 
ACRS should inform the Commission regarding this. Or. Monson 
stated that the above ORD&T letter indicates that the Committee 
has said that a limit has been reached regarding improvement 
in primary system integrity but that the Committee has not 
done so. The ORO&T letter states that research should not be 
undertaken regarding the core catcher because reliance would 
have to be placed on analysis and on small exper,ments. On 
the previous page, the letter indicates that the problems of 
ECCS are being resolved by analysis and small experiments. In 
one place, it is stated that industry's record indicates that 
a large break can always be detected prior to rupture, and tater 
in the letter there is discussion of how much is being done to 
increase assurance that small failures can be detected suffi
ciently early. 

Dr. Monson said that a second issue is whether the ACRS still 
believes that research and development should be performed on 
a core catcher. He indicated that. approximately 75 reactors 
have been approved without such a device. The Committee might, 
however, say that larger or higher power density reactors or 
reactors located closer to metropolitan areas cannot be built 
without core catchers installed. 
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Dr. Monson said that the February 3, 1972 letter from DRD&T 
indicates that the ACRS fs not an advocate of quality assurance. 
He said that the Committee has been worrying about quality assur
ance and the effectiveness of ECCS for a long time. Dr. Monson 
thought that the basic difference between the DRD&T position 
and that of the Committee is that ORD&T believes that as 
much as practicable should be done regarding improving primary 
system integrity, and, if that is not enough, a very good job 
should be done regarding the ECCS, and then nothing additional 
would be needed. Dr. Monson said that the Committee agrees with 
this position except for the last part. The Committee has 
never suggested that a reduction be made in the effort to 
improve QA or the ECCS, but the Committee wanted additional 
money spent regarding the development of a molten core retention 
system. 

In a letter dated November 20, 1974 from ACRS Chairman Stratton to 
Honorable Dixie Lee Ray, the new Chairman of the Atomic Energy Commission, 
the Committee reiterated •;ts previous recommendations for research into 
phenomena involved in core melt down, including the mechanisms, rate and 
magnitude of radioactive releases, and the study of means of retaining 
molten cores or ameliorating the consequences. In this connection more 
knowledge of the possibility and extent of steam explosions in the 
presence of large quantities of molten fuel and steel is of particular 
importance. 11 By the time this report had been issued, the draft version 
of WASH-1400, Reactor Safety Study (AEC, 1974) was available with its 
rather interesting analyses of the various possible paths, in addition 
to LOCA, that could lead to core melt, arid also its estimates of the 
average consequences of accidents in light water reactors. 

Finally, as a last bit of chronology, in a letter dated June 12, 
1975 from ACRS Chairman William Kerr, to Mr. Ralph V. Carlone, Assistant 
Director of the u. s. General Accounting Office, the Committee commented 
once again on its recommendations for research into phenomena involving 
core meltdown as follows on the next page. 

In summa~, what we see is that there was roughly a decade between 
the time that very strong recommendations were made for not only research 
into means to understand what goes on with regard to an accident involv
ing the full scale meltdown of the large core .in the light water reactor 
but the actual recommendation that, if~ossible, a means to ameliorate 
or cope with this event be developed. Nearly a decade went by· ~th 
essentially no response from the nuclear industr.y Qr the Atomic Energy 
Commission, and almost no response from the Nuc~ear Regulato~ Com
mission until the very latter part of this era, when segments of 
research into phenomena were initiated, but no conceptual design 
studies were included. We will come back to this subject in connection 
with a look at the Reactor Safety Study and related matters. 

, "' . 
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ADVISORY COMMITTEE ON" REACTOR SAFEGUARDS 
NUCLEAR REGULATORY COMMISSION 

·Mr. Ralph v. car lone 
As!~istant Director 

WASHINGTON, 0. C. 20555 

June 12, 1975 

Resources an~ ~ic Development Division 
United States General l'.ccounting Office 
l·Yashington, D.C. 20548 

tear Mr. Carlone: 

'Ibis letter is in response to your latters of t1ay 7, 1975 and June 3, 
19'r::~. which transmitted certain qu,stions on \\'hich you so:Jght the vi~lS 
of the Advisory Corrmittet! on Pauctor safeguards. '!he Cor:rnittee c:c.r.t?leted 
its res~n~e to your que:::stions at its l82nd ~~~ti.ng, Jun~ 5-7, 1975. 
'!he C'X'mi ttee had · the b:lnef it of a · SU':Icommi ttoo Heeti.n-;1 in Los Ang~lcs 
on May 30, 1975, at which re!)resentatives of the l\1RC Ste~ff and of ~.ero
jet Nuclear Cor1;X)ration (~l:), the co::"ltractor responsible for I.D:'T 
construction, experiments and anatysis, discussed the status of OOM' 
2l.n1 other a~ts of light \·Tater reector safety research. P.epresenta
tives of ER'O.~, EPRI, l'~stinghouse and Holifield National laboratory 
t>~ere also present at the Subcoirmittee ~~tine]. 

'!he Comnittee response to your questions is attached. 

Attachment: 
ACRS-~ to Olestions 

Sincerely, 

William Kerr 
Olairman 

. .. ..... 
ce: fklnorable tfil.l iam A. Anders, 

Olairman, NRC 

, 

-
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ruestion 1 

•In its l~r 20, 1974, letter report on ~fater ~actor Safety 
Research, the CornmitteP. rec~n~ed more work on emer~ency core 
cooling systems, inclm!inq concet')tual desio.n work, analytical 
st~lies, investi~ations of ways ECCS perfornance miaht he opti
mized, and assesSMents of the overall reliahilitv of ECCS. 
Within tha same report, the ~ittee reiterated-previous rec-
0!':1'1'endations for research into pheno;.ena involved in core 
neltci01-m, includim the rnechanis;,s, rate and maonitude of raciio
active releases, ways to retain T~lten C?res, or ameliorating 
their conse~uences, and the possil)ility ann extent of steam 
explosions in the presence of large quantities of molten fuel 
and steel. 

"l•hat was the basis of the Cor:!:1ittee•s recOI'!'!I'!'P-ndation in its 
NOvember 20, 1974, report as to the i~rtance of conducting 
research into the ~~en~na involved in a core meltd~·m? 

"l·lhich of these. two areas, ECCS am eore t::;:!ltciO'Im, is more 
~rtant, and why? Shoulci LOf'T he used for research on t."'le 
core melt~o\m phen~na described above?" 

Answer 

In its August 16, lq6G, reports on the Indian Point 2 anu Dre&~en 3 
reactors, the A~ first recO!':lmemed major improvements in e"nergcncv 
core cooling syster:~~, and strong measures to reduce t.'l-te T?rohability 
of loss-of-cool3nt accidents includi~ ~~roved pri~at)r system quality, 
e,..-pandeci innervice in~~ction, anti il'f!'l?roved lea~t detection. In its 
Ck:tober 12, '1966, report on the reactor safety research pr:oqram the ]\.~ 
first reco,.!:"!'ended a vi9orous research program on ~tential ~des of 
interaction beb~een sizeable nasses of molten mixtures of fuel, clad 
and other materials 1r1it.l! \·Tater and steB~n, on the rrechani~s of heat 
transfer connected \'lith such !!Olten masses, am other related 
mecha~isr.s and Phen~na. The ACRS also rec~nded that studies 
be initiated to-develOP reactor concePts with ·nef safeouards to naal 
with low probability accinents involving ~ri~ry system rupture followed 
by a functional failure of the emergency core cooling system. 

'!he second major recor.mendation of ti'H! O:toher 12, 196~, r.eport 
related to the need for ~'roved un~~rstanding of the ~oss-of-coolant 
acctdent (LOCA} an~ the ph~~na i~rtant to a proper functioning 
of ECCS. 'llle third and fourth recorn::endations related to rn!thods 
of better assuring pressure vessel integrity. 

, 

-
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'!be ACRS has reiterated its recommendations for safety research 
in these areas on many occasions, nost recently in its November 20, 
1974, report on water Reactor Safety Research • 

. In effect, these actions by the ACRS represented an effort 1) to 
reduce the probability of occurrence of an accident 2} to assure the 
presence of reliable, conservatively design~d ECCS to keep core 
temperatures within acceptable limits, should a LOCA occur and 3) to 
obtain knowledge concerning core meltdown and possible desiqn steps 
to cope with or ameliorate the consequences of this unlikely event 
as a possible means of providing still greater protection of the public 
health and safety. '!be .7\CRS beli~!ves that the i"''J!X)rtance of the items 
is in the order stated, that is, first in importance is the prevention 
of accidents, and second in importance is the mitigation of consequences, 
should an accident occur. 

Core meltdO\·m can arise from a variety of initiating events; hence, 
if measures could be develoPed to cope with core melt, accidents other 
than liX:A might also be r.li tigated. 

'!be ACRS view has been that the ECCS must be desiqned to coy:,e with 
a complete sr.ectrum of po5tulated pipe breaks, including sudden gross 
rupture of the largest pipe. TO attain assurance in this reaard, the 
Corrrnittee has persistently given t.,e matter much attention, both in 
licensing reviews and in recommendations for safety research. The 
expected perfo~ance of currently designed syst~ satisfies existing 
criteria: the ACRS, ne,,artheless, has uraed that still more reliable 
and capable ECCS be developed (see ACRS reports on Interim Acce-ptance 
criteria of January 7, 1972, and on Acceptance Criteria of September 10, 
1973). . 

With regard to safety research on core rneltdO".-m for U•1R's, very 
little has been done in the ensuing years since 1956. '!be absence 
of adequate knowledge of relevant pheno:nena and of any serious design 
efforts on plant changes to cope with or mitigate core meltdown has 
handicapped evaluation of the true potential for enhancing protection 
of the public health and safety in this regard. · 

The ACRS has been advised the~ the Peactor safety Research Division 
(RSR) of NRC will initiate a new program on core meltdown phenomena at 
a funding level of $500,000 in FY-76. The ACRS believes that rese!reh 
on both ECCS and core rneltdCM'\,.j.S. important, and that the effort on the 
latter should be expanded. 

-
.. ... .; " 
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2.14 1967 IAFA SYMPOSIUM ON Ccm'A!tfo1ENT AND SITIN:i 

Several papers discussed engineered safeguards for DWR's from 
various p:>ints of view. Levy (IAFA, 1967) argued for a systems approach 
to containment design. He recognized that containment is only part of 
a total system, which prevents and limits the consequences of a release 
of fission products. Levy argued that containment performance require
ments should be determined by looking at the overall system, rather than 
by making arbitrary assumptions about the source of the accident and 
the effectiveness of some of the provided features. 

Levy called attention to the previously oversimplified interpre
tation of the role of containment as a last-ditch barrier. Interes
tingly, he suggested consideration of a controlled venting capability 
(through a containment fission product removal system) to prevent over
pressurization, an idea which was re-emphasized by the American 
Physical Society Study Group ~eport on Light Water Reactor (Lewis, 1975) 
and is receiving considera~le attention currently. 

Levy's estimate of 0.99999 as the reliability of the ECCS was 
perhaps overly optimistic by today's standards. 

Levy did oot explicitly mention the "China Syndrome" but, as a 
lead engineer for General Electric and as a member of the Ergen Task 
Force on Emergency Core Cooling, he was very knowledgeable about the 
subject. 'lbe paper by Vinck and Maurer (Vinck, 1967) , on the other 
hand, said 

The present stage of development is such - and it looks like 
this may last for so~e time to come - that one has to live with 
the potential of core meltdown, be it partial or complete. 
Therefore, the emphasis which is placed on secondary contain
ment against fission product release and on the demonstration 
that it will be maintained under all circumstances is still 
justi.fied. 

Kellerman and Seipel (IAFA, 1967) , presented a paper concerning 
containment reliability, and identified a large number of ways in which 
containment integrity might be lost in a t..OCA, but they allowed the 
possibility of maintaining containment integrity, given a LOCA and a 
failure of the ECCS (and hence a molten core). 

These papers are an illustration that·~t least at the time that 
the manuscripts were prepared, the inevitable loss of containment 
integrity with core melt (the loss of the "last-ditch independent 
barrier") was not universally recognized. 
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P. A. Morris am R. L. waterfield of the USAEC Regulatory Staff 
presented a paper entitled 1 •si te Evaluation and Diffusion Calculation 
Procedures in the USA. • {IAFA, 1967) It gave the most recent 
assumptions and typical results obtained in the application of 10 CFR 
Part 100. 'It discussed dose reduction factors required for various sites 
usiB:J the MCA release to an intact containnent, never mentioniB:J the 
•China Syndrome• problem. 

Davis am Robb (IAFA, 1967) included a look at sitiB:J practice in 
the u. S. and decided that population cednter distance and population 
distribution have. had little to do with nuclear plant sitiB:J; at least 
outside metropolitan areas. Table 1 fran their paper is reproduced on 
the following page. 

'ftu'ee very interesting papers from the United Kingdom dealt with 
siting. Charlesworth and Gronow (IAFA, 1967) of the British Inspectorate 
for Nuclear Installations, provided •A Sunmary of Experience in the 
Practical Application of Siting Policy in the United Kingdom.• They 
described the system of site classification, which compared the effects 
of postulated iodine release in terms of the most populated 10° sector 
and of the entire surroungind population density 1 using weightiB:J factors 
for the expected dispersion with distance. (The United Kingdom was 
maintaining the requirements of a zone haviB:J limited population close 
to the plant, but was tendiB:J at that time to move frcm a policy of 
relatively remote siting (for the U.K.} to more populated siteS). 

Charlesworth and Gronow had the following conclusions: 

The time has not.yet come when it can be pretended t~at decisions 
on the safety of a nuclear plant can be based more f1rmly on 
objective assessment than on judgement •••• 

When the consequences of a fault or accident cannot be securely 
limited or contained, then the chance of the fault or accident 
occurring must be sufficiently remote to justify taking the 
risk. To attempt to quantify this statement, it might be stated 
that the probability of such an accident must be such as to 
give an acceptable margin of safety.over it o~curring dur~ng the 
lifetime of the plant, and of course the marg1n must be w1d~ 
enough to take into account the uncertainties of the ~robab1lity 
figure. Before any decision can ~e.ta~en as to the ~1sdom of·
expressing policy in such terms due regard mu~t be g1ven to the 
possible consequences which follow from ensh~1ning figure~ of 
this nature often to the detriment of.the _or~ginal.1ntent1on. 
One point is that if a certain. probab1lity f1gure 1s approved, 
anv improvement required will be seen as illogical. Over the 
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Table I 

UNITED STATES NUCLEAR POWER PLANT SUMMARY 

Lic<'n~<!d Exclue1on Population Center 
Station Co.pacity Distance Distance 

Station MWr Net Milea Mile a 

Turkey Point Unite No. 3. 4 1302 0,115 zo 
Paliaad•u 700 0.44 16 
Browne Ferry Unite No. I &. l zno 0. 76 10 
Peach Bottom Units No. I, Z, • 3 Zl70 o. ·18 Zl 
Point Beach Unite No. I II 2 'llO o. 7 il 
Diablo Canyon JO(,O o. 5 Ill 

Monticello 471 o. j lZ 
Oconee Units No. I It 2 1671! I, 0 Zl 
H. B. Robinaon Unit No. z 663 0. 26 56 
Burlington <l'll O.Zl II 
Fort St. Vrain lJO 0.40 14 

I 

;. Vermont Yankee 51<1 o. 17 Z5 
Quad·Citiu Unite No. I I< 2 14.10 o. 23 5 
Indian Point Units No. I II Z 1121! 0.32 I 
Dreaden Unite No. I, 2, • 3 1630 o. 5 14 
Connecticut Yankee 462 0,32 'l 
Oyater Creek 515 O.lS 25 
Nin<! Mile Point 500 0. 75 6 

... Millstone Point 54'1 0.4 3 
R. E. Cllnna 412 0. 2'1 IZ 
Malibu 462 0.2.0 10 
La Croaee 50 o. 21 IS 

San Onofre 430 2.0 10 

Shippin1port '10 0.4 7 

Yankee 175 o. s 21 

Big Rock Point 72,8 0, 5 DS 
Elk River 23 0, 2.3 lO 
Carolina a· Virsinia 17 0. ~ zs 
Enrico Fermi 60.9 o. 75 7 

Humboldt Bay Unit No, 3 70 o.zs l 
Piqua .II. 4 0. 14 27 
Pathfinder 58.5 o. 5 3 

' .. 
~. 

~~:;:;.--
;,., !1 

: l 

Population 
o to S 0 to 10 

.M.!.!.!:.! Mile a 

0 42,000 

"· 500 15,000 
2,800 30,600 
6, 145 ll, 550 
l,Z41 20, 845 

10 
3, 'loll 
z. 161 36,334 

10,800 
ll'l, 370 17 mi •• Phil, 

I, 'lSI 8,420 
7, 400 29,200 
5,36'l 

53, 040 ISS, 510 
z. 500 23,000 

10,000 4'1, 500 
38,500 106, 500 

I, '100 30,'100 
60,000 '16.000 
l' 500 8,000 
6,000 II, ?00 
I, 000 7,500 
8,800 zz. 000 

20,000 l.Z mi.- Pitt•. 
2,000 30,000 
5, 000 'l,OOO 
11,000 30 mi.-Minn, 
z,ooo 8,000 
9,000 61,000 

35,000 40,000 
u,ooo u.ooo 

co 

! 
0 
0 

0 
> 
< 
In 

"' ::I 
0. 
XI 

·0 
03 
CD 

'-~ 

\ 

I 



2-401 

whole range of releases, effort must still be made to reduce the 
uncertainties which must enshroud the fiqures, while in the 
range of possible releases where results are very serious, and 
too serious to be allowed to occur, broader logic demands that 
improvements should continue to be made in the liqht of an 
assessment of what is worthwhile in terms of cost and advantage. 
Another point is that a number of aspects of desiqn are not 
amenable to a statistical assessment of failure, and due reqard 
must be paid to these, otherwise attention will be focused on 
matters which can more readily be treated statistically to the 
detriment of a balanced judqement. 

CONCLUSIONS 

The analysis of a number of existing and prospective sites for 
nuclear power reactors in terms of potential population risk 
reveals that there is no unique classification of the sites in 
order of merit. Orders of merit will vary dependin~ on whether 
the criterion is the risk to the population as a whole or only 
that part resident in the most densely populated sector. If the 
exposure of individuals living close to the site is considered 
then a further merit order would be obtained. Some sites can 
be distinguished that are low in the merit order on all counts 
and clearly a special case would have to be made to justify their 
use in the immediate future. Moreover, there are too few 
practical sites high in the merit order on all three counts to 
form an adequate basis for the substantial development programme 
which is envisaged for nuclear energy in the UK. 

An examination of the practical sites demonstrates that sitinq 
alone is an inadequate means of providinq proper safeguards 
for the public. Therefore greater emphasis must be placed on 
the safety aspects of the design, construction and operation of 
a nuclear plant. Criteria proposed for doin~ this have been 
mentioned in this paper and are further discussed elsewhere in 
the Symposium. At present no conclusions have been reached 
although work is in hand to define standards which will meet 
the immediately foreseeable siting requirements. 

Adams and Stone of the Central Electricity Generating Board (IA~, 

1967) proposed that the parameter determining acceptable siting be taken 
as individual ris~S and presented arguments why a constant, incremental, 
annual risk of 10 would be acceptable. In particular, they calculated 
an average decrement in life of only 3 to 6 days from such a risk 
(although, of course, a few would suffer much larger decrements and 
almost all others none). 

Adams and Stone arrived at a siting policy Which requires an ex
clusion area; a controlled area, where development that would prevent 
emergency action would not be allowed; and then an area of unrestricted 
population. 
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'Ihis paper drew considerable cormnent. For example, Ilari suggested 
that "community risk" must also be considered. Adams countered in two 
way. First, he argued it would be difficult to tell thousands of people 
they were being exposed to a risk that would not be permitted, if they 
were a much large group. Perhaps more importantly, he argued that if a 
criterion is based on the total potential number of casualties, the 
uncertainty in that number due to conditions and magnitude of the radio
active release is far greater than the difference that the choice of any 
site could make. 

Adams did concede that quantitative risk assessment would not be 
possible when construction of a plant began, and would be subject to 
large uncertainties in any event. 

F. R. Farmer presented a much-to-be· quoted paper, "Siting Criteria
A New Approach," wherein he proposed that a probabilistic approach be 
employed in reactor safety assessment, and wherein he proposed a risk 
acceptance criterion (or limit line) in which the acceptable frequency 
of occurrence of an accident fell off as the consequences increased (with 
a rate such that the expected contribution to risk (frequency times con
sequences) was less for very large accidents than for smaller ones (a 
negative slope of -1.5 on a log-log plot). The famous Farmer limit line 
plot is reprodced below. 

IO:r~-·-: 
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r; 
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.. . .. ;.,. 
Farmer proposed this line as dividing acceptable and non-acceptable 

events, and suggested that only a relatively few events \llOUld be near the 
line for a reactor; these would lead to the principal contribution to risk, 
for which he suggested a criterion of less than 0.01 premature deaths per 
reactor year. 

' l 
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In later papers by British workers (Beattie, Bell and Edwards, 1969), 
the Farmer line was usually given a slope of unity; and risk assessments 
were made with an arbitrary assumption that one event would lie in each 
decade of frequency or consequences. 

Additional insight into Farmer's thinking is available from the 
following summary by an ACRS staff engineer of some remarks he made to 
the Risk Assessment Review Panel (a group established by the USNRC, in 
November, 1977, and chaired by Professor H. Lewis, to review aspects of 
~H-1400). 

PRESENTATION BY MR. F.R. FARMER TO THE RISK ASSESSMENT REVIEW 
GROUP. NOVEMBER 10, 1977. 

Mr. Farmer, former director of the Safety and Reliability 
Directorate, UKAEA, made a short but very interesting and infor
mative presentation to the Risk Assessment qeview Grouo. He 
emphasized several times that his remarks were personal viewpoints 
and were not necessarily the official position of the UKAEA. 

Initially, in the UK it was hoped that absolute safety could be 
achieved by insurinq that a system could tolerate the worst 
accident that could be devised, or by insuring that any transient 
proceeding toward a danqerous state would be self correcting. 
Unfortunately, those ideas were too idealistic since new acci
dents were always found which could defeat the safety design. 

When it was realized that a maximum credible accident could not 
be usefully defined and that a 100% safe plant could not be 
designed, the use of simple criteria was investigated. Eventually, 
these simple criteria, such as ability to withstand two coinci
dent faults, were superceded by requirements for redundancy and 
diversity. 

During the early 1960's an ambitious attempt was made to develop 
codes of practice. However, Mr. Farmer feels that this period 
was too early to standardize, and the standards as developed 
were not useful during development stages of nuclear plants. 

By the mid 1960's, general procedure was for the principal 
(groups) involved to make a joint co~~lusion as to the safety 
of new designs. At this time Mr. Farmer became concerned that 
these decisions were based too strongly on a case-by-case 
judgment. He felt that he, at least, needed some yardstick or 
target on which to base his opinion on safety of proposals 
brought to him. 
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As a result the following proposal was made, "that within the 
foreseeable program of gas cooled reactors, the chance of an 
accidental release of fission products causing one death to the 
public should be less than one ... Mr. Farmer indicated that this 
target objective was set years ago (1967) and it will take 
several years to determine if it can be met. 

The foreseeable program was assumed to be about 1000 reactor 
years (30 reactors operating for 30 years). It was further 
assumed that the release of fission products which might cause 
one casualty on a typical reactor site was about 104 curies 
of 13lr. A target objective that the release of 103 curies of 
l3lr should have a probability of occurrence of less than lo-3 
per reactor year was set. It·was further Droposed that an acci
dent having ten times the consequences (10~ c;l31J) should have 
a lower probability of occurrence by at least a factor of ten. 
This proposal was first published at an IAEA conference in 1967. 
Although the proposal relates consequences in terms of 1311, 
Mr. Farmer said that the basis is equally applicable to chemical 
plants. It was recognized at the time (and is still true) that 
there was insufficient data available, and the chemical industry 
was enlisted to obtain data. 

Mr. Farmer went on to say that he thinks a probability of occur
rence of l0-4 (of an accident leading to serious casualties) is 
the borderline of acceptability; he didn't appear to have much 
confidence that l0-4 is being met (universally). He stated 
that chemical plants are not within that value now, but efforts 
to improve are ongoing. 
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2.15 SOME SPEECHES 1966 -1969 

An except from the trade journal Nuclear Industry, April, 1966, 
reports a meeting which gives a rather clear picture of the then current 
AEC Regulatory Staff position on the siting of LWR's in big cities. 

AEC RESTATES ITS POSITION: NO CITY SITES FOR BIG UNITS 

As an educational venture, the Symposium on Locating Nuclear 
Power Plants in Cities .. , held March 22 by the metropolitan New 
York section of the American Nuclear Society, was an unquestioned 
success. 

A maximum of 60 persons was expected; 122 actually attended, 
including Norman Cousins, editor of the Saturday Review, who 
has been appointed by New York's Mayor John V. Lindsay to head 
his Task Force on Air Pollution. 

For all,the sophisticated as well as the uninitiated, the 
meeting was siqnificant for it served as the occasion for what 
was perhaps the clearest statement of AEC policy on urban siting 
that anyone has made so far. At the same time, it qave industry 
representatives a chance which they did not neglect to state 
their case. 

The spokesman for the AEC's regulatory staff was Clifford K. 
Beck, deputy director of regulation. What he had to say left 
little question about the AEC's basic position on the building 
of big power reactors in urban centers. Barring a drastic 
change of attitudes and policies, which does not seem to be in 
the cards, there is little chance that the AEC will soon permit 
any utility to build a big nuclear plant in a big city. 

Essentially, Beck said, what is needed is experience in design
ing, building and operating big plants, a very high deqree of 
assurance that adequate engineered safeguards can be designed, 
and equal assurance that all crucial systems, including engineered 
safeguards, will perform with great reliability. Deciding 
when these conditions have been satisfied will be "a matter of 
judgment, .. but "up to the present and as of now, taking into 
account the status of all these matters, it appears that 'adequate 
experience' has not as yet been accumulated." 

Beck identified three well-recoqnized trends in nuclear power 
planning and construction: 

• The growing size of plants and the tendency to go to ever
higher burnups, which means that in-reactor fission product 
inventories are large. 

·The tendency to standardize design, which he found hopeful. 
He stressed, however, that so far this is "a paper trend only," 
for none of the big 'standardized' plants has been operated. 
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• The increasingly strong incentives to build nuclear plants 
close to major load centers. The effects of this tendency, he 
said, "could be to add a disproportionately large increase in 
the potential hazard to people." 

Elaborating, he stated a point of view which few in industry 
accept, at least in the sense that the AEC seems to have accepted 
it: 

"If a given reactor, presently operating, should be moved closer 
to people than it now is with all other factors remaining un
changed, there would be an increase, first in the risk per 
individual ... and, second, in the risk to the population as a 
whole .•.. If the reactor should be increased in size at the 
same .time, the increment in risk would be still larger. Thus, 
just to maintain the level or risk to individuals and to the 
population where it now is, a movement of reactors closer to 
population centers would require improvements in the safety 
status of the facility. 11 

Listing the improvements that will be necessary, he mentioned: 

• The need to set reactor design, construction and operating 
standards 11at the high quality level required." The problem, 
he said, is that "for many systems and components, the quality 
standards are better defined and more clearly satisfactory than 
for others. 11 

• The need to resolve 11any residual technical areas of uncer
tainty.11 Under this heading he mentioned metal-water reactions, 
and 11 Certain problems" concerning the "design, codes, construc
tion practices and testing of steel pressure vessels. 11 Specifi
cally, he said, "the relationship between technology available 
and actual practice in construction of vessels, the factors 
affecting rate of defect growth •.. and feasible methods for 
periodic inspection or otherwise verifying continued accept
ability of the vessel are among the problems requiring further 
clarification. 

• The need to establish the adequacy of accident-prevention and 
consequences-limiting safeguards. Here he gave three criteria: 
each system must be capable of performing as it is designed to 
perform at any time under any conditions; each must be proven 
highly reliable, and appropriate techniques must be developed 
for testing each system after it has been installed. Meeting 
these conditions would, he noted, sometimes call for "ima!]ina
tion and clever design and engineering." 

• The need for sufficient experience with large reactors "to 
assure a high level of confidence. 11 Noting that while "experi
ence with the specific type of reactors" proposed for urban 
siting is highly desirable, he maintained that 11 if such 
experience consists of steady, uneventful operation .•. this 
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would have quite limited usefulness in indicating the effective
ness of protective safeguard systems." Hence, the need for 
experimental work and, beyond that, for "observation and periodic 
in-situ testing of safeguards systems. Such a program, carried 
out over a period of time on a full-size, full power prototype 
would give valuable indications of the reliability and readiness 
of such systems. 11 

Thus, by implication, Beck told his audience that the approval 
of metropolitan sites for big reactors is years off. Moreover, 
he made it clear that he was not talking only of the biggest 
plants in the largest cities: 

"Before large power reactors are moved into areas where substan
tial increases in magnitude of potential hazard would result, 
and as a means of assuring that the present low levels of risks 
to individuals and the overall population at least do not 
increase, these matters must be established at the klgheht 
pa.M-i.b.te level. a6 c.an61dence [italics added]. . 

Speaking for the Consolidated Edison Co., W. Donham Crawford 
stressed that the utility plans to continue to press for the 
aoproval of city sites, not only because it is convinced that 
they will be safe but because it must. Describing Con Edison•s 
problem, he pointed out that nuclear power offers the answer to 
air pollution problems--an issue of increasing sensitivity in 
New York, and that usually it is not practical to build plants, 
nuclear or conventional, outside of the city because of 
resistance to constructing overhead transmission lines and 
the high cost of installing underground lines. 

Crawford told his audience that before committing itself to 
build its second nuclear plant at its Indian Point site, Con 
Edison had discussed the possibility of a site in the city with 
the AEC and had concluded that 11 approval for a metropolitan 
site to pennit 1969 operation was quite unlikely. 11 

Looking ahead to the ultimate solution, Crawford foresaw 11 that 
a large part of the answer may be simply the passage of time, 
during which the public can observe the successful operation of 
more remote nuclear plants and the coming and going of nuclear 
powered vessels in and out of busy harbors. 11 

From what Beck said, it will take considerably more than this 
to satisfy the AEC. 

Beck•s basic line of reasoning was indirectly challenged by 
J. C. Rengel, general manager of Westinghouse•s Atomic Power 
Division. Repeatedly, he stressed that reactor manufacturers 
must build reliable, safe plants at any sites and he asserted 
that there has been too much emphasis on engineered safeguards 
designed to limit the consequences of an accident. As he put 
it, to the manufacturer 11 they are only last-resort systems ... 
Making the point another way, he stressed that 11 basically, 



2-408 

safety is no less important in a remotely located plant than in 
the city," and he devoted most of his talk to describing pro
cedures for designing and building plants that can be counted 
on to operate safely and reliably anywhere. 

Acknowledging that an urban site does involve some "special 
considerations, .. he outlined safety criteria Westinghouse has 
adopted for plants designed to be built in cities, and he left 
no doubt that the company believes it can meet those criteria 
now. 

After listening to Beck, Crawford and Rengel, and to S. A. 
Szawlewicz, who reviewed the AEC's nuclear safety R&D program, 
Cousins said he was convinced that all that it is humanly possible 
to do to make nuclear power plants safe is being done. "But," 
he asked, "is all that is humanly possible enough?" He con
cluded that on the siting question the positions of the AEC's 
regulatory staff, as expressed by Beck, and the city's Task 
Force on Air Pollution were essentially the same. 

Also in 1966, Congressman Aspinall included some remarks on reactor 

safety in an address to the American Nuclear Society in Denver, Colorado. 

These are reproduced below: 

Need for Continued Safety Emphasis in Nuclear Power Industry 

At the same time, however, I do feel that a few words of caution 
would not be inappropriate. Lest the successes that nuclear 
power is now enjoying should turn to euphoria, I would echo some 
remarks delivered a fortnight ago by my colleague Chet Holifield, 
Chairman of the Joint Committee on Atomic Energy. In speaking 
before th'e Edison Electric Institute he reminded the utility 
companies that the large, so-called "conventional" reactors being 
sold today involve extrapolations from operational reactors that 
are three to five times smaller in size, and that these larger 
reactors are new and in fact pioneering efforts. It is there
fore necessary that we ramain ever vigilant of the safety 
aspects of nuclear plants. If we should relax our efforts 
to maintain the nuclear industry's remarkable safety record 
and a significant nuclear incident were to result, the conse
quences to the public--not to mention the industry itself--
could be most unfortunate. 

I therefore say, "Make haste slowly." If the Atomic Energy 
Commission's regulatory program is marked by "unparalleled 
conservatism, 11 as some pundits have observed, then I say: So 
be it. Another commentator has remarked, perhaps with some 
exaggeration, that the safety features required by the Commission 
to be built into a reactor are somewhat akin to a man wearing 
three belts and two pairs of suspenders. My retort to this 
comment is simply this: Caution is the parent of safety. 
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Safety consciousness is and should remain the number one cri
terion in the atomic energy field. Therefore, I want the 
AEC to continue to rigorously apply its high safety standards 
to the construction and operation of nuclear reactors. 

I want the Advisory Committee on Reactor Safeguards to continue 
to insist that multiple engineered safeguards be built into 
each reactor. 

And I want the reactor manufacturers, utility companies, and 
others-rn-the nuclear industry to continue to take as seriously 
as they have their obligation to guard the safety of the public,. 
If they do-- and I can assure you no stone will be left unturned 
by the Joint Committee to see that its will will be done in 
this regard-- I think we can look forward to a thriving atomic 
power program whose record for safety will not only ensure its 
public acceptance but serve as a model for other industries. 

On the other hand, Congressman Craig Hosmer, who for many years was 

the ranking Republican member of the Joint C01m1ittee on Atomic Energy, 

made three speeches in 1968-69 which included a different type of reference 

to the ACRS. 

At the Conference on "Nuclear Fuel-Exploration to Power Reactors" 

in Oklahoma City, May 23, 1968, Representative Hosmer spoke on "The 

Nuclear Industry Today: The Way I See It 11
• There follows a short excerpt 

from this speech: 

This distortion of nuclear plant prices-- first low, then high -
obscures a key element in assessing the true economics of nuclear 
power generation. Its present high side of the price scale 
threatens to discourage some future nuclear plant sales. It 
even may kill off some plants already announced. Specifically, 
I have in mind the Bolsa Island Nuclear Power and Desalting 
project in my own California Congressional district. Planning 
costs have skyrocketed from $444 million in 1965 to $765 million 
today. Some of that cost increase responds to unrelated circum
stances, but a large portion comes from a boost in installed 
nuclear capacity costs from $132 per kilowatt to $250 per kilo
watt, and a jump in the cost of power delivered at the load center 
from 6.2 to 7.9 mills per kilowatt hour. A 'go or no go' 
decision must be made by project partners before June 30th, 
and I am very pessimistic about it-- very pessimistic indeed." 

"Practical Value" and the ACRS 

It is things like this that lead me to believe that we can forget 
for a long time about the AEC making any 11 practical value" 
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determination on Light Water Reactors. Possibly, the Joint 
Committee ought to fulfill the commission's not-too-secret 
wish that its responsibilities for such a finding be eliminated. 

And if the Joint Committee moves in that direction, it might also 
take a good hard look at the proposition of eliminating the 
Advisory Committee on Reactor Safeguards. AEC already has 
asked relief from the mandatory ACRS review of every license 
application. That could provide a good opportunity to evaluate 
the organization's future. 

ACRS has no responsibility for the economics of the nuclear 
business and apparently could care less. The reactor manufacturers 
are afraid to approach it with many new safety improvements, 
particularly in the area of an integrated, systems approach to 
safety. With good reason, they are afraid ACRS will act as an 
Advisory Committee on Reactor Redundancy, and simply order them 
to add the new features to the existing safeguards, thus increas
ing costs further. I cannot help but wonder if ACRS had out-
lived its usefulness -- if it now serves less as a protective 
boon than it does as an anachronistic burden. 11 

At the Joint"'Winter Meeting of the American Nuclear Society and 

Atomic Industrial Forum, Congressman Hosmer gave a speech which included 

the following comments: 

Licensing and Requlation 

Now, at just about this point in one of these intramural 
exercises I usually strike out with forked tongue at the 
'deplorable regulatory mess,' whatever that is. I'll refrain 
tonight simply because in the past it has proved largely fruit
less to do so. Not entirely, however. Six months ago I called 
for burning the Advisory Committee on Reactor Safeguards at the 
stake. Since then it has moved slightly off cloud #9 and we 
have had a couple of interesting off-the-record chats. So 
tonight I'm going to recommend that we temporarily forego the 
burning, but instead of letting ACRS itself pick and choose 
what it wants to create fear and trepidation about, that in 
the future the Commission designate to it the matters which AEC 
believes important enough for specific ACRS review. After all, 
ACRS is an advisory set up. So it seems appropriate that the 
Commission tell it what it wants to be advised about instead 
of ACRS telling AEC what advice it is going to get. 

Frankly, I am concerned that if ACRS cannot somehow speed up 
doing its homework at the operating license stage, this country 
may be in for some serious brownouts. Some 72,000 megawatts of 
nuclear electricity is scheduled to come on the line in the 
period 1971-1973. It is required for the utilities' basic load 
growth. If ACRS cannot do its job with considerable dispatch 
as to the operating licenses involved, the delay will run us 
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into drastic power shortages, and severe public censure of the 
whole idea of nuclear kilowatts would be inevitable. 

Finally, Representative Hosmer addressed the Nuclear Safety Program 

Information Meeting at ORNL, February 17, 1969. Several excerpts from this 

speech follow: 

Reactor safety is a deep concern and a serious obligation to all 
of us here tonight. It is only one element of our overall 
nuclear safety program, but it is by far the largest in terms 
of its potential impact on the public at large. I imagine that 
collectively you devote more of your working hours to this one 
topic than to all other areas of reactor design and operation 
put together. And that is how it should be. 

Safety always has been -- and always will be--the Number One 
item on the nuclear power priority list. Without this concern 
on the part of the reactor manufacturers, the operators, the 
Atomic Energy Commission and the Joint Committee, there pro
bably wouldn't be a nuclear power program today. And without 
a nuclear power program today, there might be many dark cities 
in 10 or 20 years. 

The Fact & Fiction of Reactor Safety 

Because of this before-the-fact emphasis on reactor safety, the 
nuclear power industry has largely solved the public acceptance 
dilemma it faced just a few short years ago. We're still not 
technologically ready for 1000 megawatt nuclear plants in up
town Manhattan--or even in Queens--but I believe that most 
people today are confident that the peaceful uses of atomic 
energy are being developed with their best interests in mind, 
and that their personal health and safety are being skillfully 
protected by highly trained and competent individuals. 

Achieving this high level of public confidence has not been 
easy. There are, of course, still some critics who like to 
get their names in the paper by making muckraking charges or 
fabricating half-truths about careless atoms and the alleged 
dangers of atomic anything. We're obliquely accused of plotting 
the grossest kinds of sins-spewing death into the atmosphere, 
fouling rivers and streams irradiating mothers' milk, poisoning 
babies and so on. Lately, these kinds of things have been spiced 
and laced with emotion packed allegations regarding massive 
fish-kills and other ecological retrogressions, despoiling the 
esthetics of landscapes and even architectural immorality in 
the design of power stations. To hear these charges made, you 
would think that the entire atomic energy program is some sort 
of sinister plot against mankind in general and the Sierra Club's 
shibboleths in particular. But for the life of me, I can't 
think what possible motive the United States government would 
nave for the callous disregard for human welfare of which we 

are accused. I still believe our objective is simply to get 
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kilowatts to the people, safely and reliably, in adequate amounts 
and at the lowest possible cost. 

All this is reminiscent of the AC/DC furor in New York City back 
in the 1880's. The city was in the process of adopting a 
revolutionary form of electric power called alternating current. 
The fear-mongers, ignorant of the facts and deaf to the expla
nations of the experts, shrieked that the whole concept was a 
death trap and that thousands would be killed. Fortunately, 
George Westinghouse persevered with his plan, and showed up his 
critics for what they were. 

Some of our critics today like to point with alarm to certain 
of the technical problems we have had in some of our first 
reactors, but they constantly confuse reliability with safety. 
They overlook the fact that these were demonstration plants 
whose economics and operational characteristics were open to 
question from the outset. That's why we built them. r•11 be 
among the first to admit that the reliability of the first
generation nuclear power plants has been nothing to write home 
about. But we have every confidence that additional experience 
in design and quality control during fabrication will improve 
that record. 

Now, when a reactor shuts down safety during an emergency or 
malfunction, this is evidence that the reactor has been properly 
designed to safely take care of such eventualities. The reason 
for the shutdown may indicate some sort of design deficiency 
relating to reliability for normal operation, but the matter of 
ultimate safety can hardly be questioned as long as the shutdown 
procedure is effective. From my vantagepoint, the safety record 
of the civilian nuclear power industry still looks good because 
no member of the public has ever been injured because of the 
operation of a civilian nuclear power plant. 

This is a record in which we all can take pride, but it is a 
special tribute to those who make reactor safety a profession. 
Here, J•m thinking about the reactor designers and operators, 
and the men on the regulatory side--those in Harold Price's 
operation at the AEC, the licensing boards and even the beloved 
Advisory Committee on Reactor Safeguards. They have done a 
remarkable job under trying circumstances, for which all 
Americans can be grateful. 

A Review of Reactor Red-Tape 

Now, despite all this intramural back-slapping, and if, indeed, 
the safety record of the civilian nuclear power industry is so 
good, why, then, is there so much pressure for changing the 
regulatory groundrules? The answer often given is that while 
present reactor licensing procedures have proved satisfactory 
in the past for a low volume of licensing business, there is 
reason for concern that they may not prove adequate for the 
future as we move toward annual licensing of large numbers of 
nuclear power stations, or at least larger size stations. 
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The handwriting is on the wall. Already in a couple of instances, 
utilities seem to have backed away from nuclear plants and gone 
back to fossil fuel in order to avoid the delay and uncertainty 
involved in getting a plant on the line. Much of this delay 
has no connection to the licensing process; but much of it 
does. Further, the utilities obviously can see such obstacles 
as esthetics, scenic preservation and anti-trust problems on 
the nuclear road. Logically, these are as pertinent to conven
tional plants as nuclear ones, but, in fact, the existing 
machinery of bureaucracy is more efficient in raising them in 
the nuclear case. 

Things like this bother me, just as they bother other members 
of the Joint Committee. The development of the peaceful uses 
of atomic energy has been a national objective for almost two 
decades now. If we are going to sustain the level of progress 
we have achieved in the past few years, and if we are going to 
make sure that America's electric power supply keeps up with 
her demand, we are going to have to make sure that our power 
industry does not strangle on red tape. We have too much at 
stake as a nation to do otherwise. 

Reactor Safety and Public Policy 

Another apparent reason for all the discussion about reactor 
licensing is philosophical. Safety, after all, is relative. 
It is not an absolute. There is no such thing as absolute 
safety any more than there is such a thing as partial pregnancy. 
Right now, there is an infinitesimal chance that the roof will 
fall on our heads. Now, whenever you deal with something like 
this, you are going to wind u9 with different estimates of the 
degree of safety to be required--the old question of how safe 
is safe enough? 

To most of you in this audience, reactor safety is a technical 
problem, and you'll discuss it in those terms for the next two 
days. But it also is a public policy question--a political 
problem, to use a more familiar term. Traditionally, it has 
been up to the Atomic Energy Commission and the Congress-
specifically the Joint Committee--to answer the "how safe is 
safe" question. Put another way, it is a determination of what 
level of public risk is acceptable in order to achieve the 
benefits of cheap nuclear electricity in large loads. 

This has been done. A balance was struck which fully protected 
the health and safety of the public, but still permitted the 
orderly, economic development of atomic power as a national 
objective. However, today many people rightfully or wrongly 
feel that the balance is becoming lopsided, not by deliberate 
reassessment, but simply by the sheer inertia of regulatory 
bureaucracy. 

By way of extreme contrast, the automobile industry developed 
almost totally without formal decision of the de~ree of risk 
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acceptable to society. We have, in fact, acceeded to a price 
of some 50,000 highway deaths annually for the convenience of 
the automobile. A few efforts are being made by the govern
ment at various levels to reduce this price, but it is in no 
way comparable to the constant, comprehensive attention given 
by the government to nuclear safety. 

How Safe is Safe Enough 

I do not suggest that we relax by one iota the necessary safety 
requirements which have been added to plant designs or other
wise in recent years. But what I am suggesting is that we 
recognize in practice that everything done in the interest of 
safety doesn't necessarily make things safe. We must consider 
the whole system, and avoid rushing every new safety device 
into production just because someone calls it a safety device. 
Our objective is added safety, and I believe that is best 
achieved by a systems approach based on a realistic estimate 
of the possibility of an accident, rather than carelessly 
adding new control and protection devices on top of existing 
safeguards. 

It also is necessary to recognize that the licensing and 
regulation functions are not aimed at safety alone. Safety 
perhaps is only incidental. The actual focus is on economics. 

Before you accuse me of a careless disregard for human life, 
let us see just what our traditional answer in the United 
States has been to the question of "how safe is safe enough?" 

Studies recently made by Dr. Chauncey Starr, Dean of Engineering 
at UCLA, show that in the design and operation of conventional 
--coal, gas and oil-fired--electric power stations, we have come 
to accept a public risk limit of about one death per year per? 
one million installed kilowatts of generating capacity. 

In the nuclear power area, technical studies of statistical 
but unlikely catastrophes which would spread radioactivity in 
populated areas, indicate that about 10 lethal cancers per 
million population might result. 

On this basis, if the conventional power plant risk limit were 
applied to nuclear plants, each 1,000 megawatts statistically 
could be allowed one such accident every 10 years. 

However, such a catastrophe would completely destroy the 
nuclear site of the plant and require complete dismantling 
and years of costly re·construction. Because power companies 
expect nuclear generating stations to last 30 years, the economic 
consequences of such a catastrophe every 10 years would be 
totally unacceptable. In fact, even one such failure either on 
a statistical or actual basis during the nuclear plant life 
would be unacceptable. 
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Therefore, to meet economic performance requirements of the 
power companies the catastrophe rate of less than one in over 
100 plant years would be needed, or 1/10 the rate currently 
associated with conventional plants. All this simply means that 
nuclear plants are 100 times as safe as conventional plants, 
because we design and build them ten times more conservative 
than that .. 

The Sources of the Problem 

Now, it is apparent that no one is particularly enamoured with 
the way the reactor 1 i cens i ng process is working today. t~e a 11 
recognize that things are changing--the rapid acceptance of 
nuclear power, bigger sizes, new designs, changes in old designs, 
new companies, and so forth. These changes obviously raise 
new questions requiring new answers, which may range from very 
conservative to very liberal. The Commission recoqnizes this 
as much as either the utilities or the manufacturers. Evidence 
of this is the AEC's internal review of its licensing mechanism 
which is currently underway. The report will be completed 
sometime in the Spring and I am sure that it will address it
self concisely to some of the problems at hand. 

Recently, I conducted a review among some of the knowledgeable 
people in this field. I wanted their views on the problems in 
reactor licensing and what they thought we might do about them. 
And if I could summarize their comments, I would say they are 
concerned primarily about the lead-time, in the name of safety 
and licensing, that it takes to receive a construction permit. 
But that is by no means the only 9roblem. 

They are also very concerned about the continual changing of 
regulatory requirements. Maybe this is necessary in a rapidly 
changing field, but every application seems to bring new require
ments, and more often than not, the requirements seem to change 
during the processing of a particular application. This, they 
contend, makes it impossible to file a satisfactory construction 
permit application, and the long lead-times make orderly load
growth planntng unreasonably difficult. 

Additionally, many of those polled--again, rightly or wrongly-
complained about what they regard as overly strict requirements 
for design detail at the construction permit stage of the 
licensing process. This results, they say, in a premature 
freeze on design, and a trade-off of progress for safety 
objectives which they believe may be ill-defined or even non
existent. 

Three Proposals for Improving the System 

In this polling effort to find out how others view the problems, 
I also asked for and received suggestions for improving the 
reactor licensing process--some good, others not so good. 

There were three suggestions most frequently made. One is to 
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revamp the functions of the ACRS. The second is a proposal 
that the manufacturers be licensed as well as the utilities; 
what has become known as the Good Housekeeping Seal concept. 
And the third, of course, is that the Regulatory Staff should 
be spun off and organized as an independent government agency. 
I would like to treat each of these subjects briefly and give 
you some idea of my thinking. 

First, the ACRS. Half in jest, I suggested last summer during 
a speech out in Oklahoma City that the ACRS be abolished and 
got a standing ovation. I certainly don't expect that kind of 
a reaction here tonight. I didn't even expect it then. My 
purpose simply was to get some discussion going about ACRS 
roles and missions, and it seems to have succeeded. 

There is no question in my mind that these men perform a valuable 
service to the nation by providing some independent expertise 
on reactor safety. The questions I have are two. One is 
whether or not ACRS members worry more about keeping their 
personal records clean against all contingencies by striving 
for absolute safety rather than th~ high relative safety 
society·and progress require. My second concern is whether the 
functions we have presently assigned to the committee are the 
proper ones. 

As you are probably aware, a bill to relieve ACRS of its respon
sibility for reviewing each and every construction permit appli
cation was introduced in Congress last year at AEC's request, 
although no action was taken. I am hopeful that when the 
Joint Committee gets around to taking up this matter, we miqht 
broaden our vision and consider some alternatives. 

One particular frequent suggestion has been to re-establish 
ACRS as a general advisory committee on reactor safety. I 
have a feeling that such an approach would be more consistent 
with the original objectives when ACRS was established. The 
idea here, obviously, is to remove ACRS from the regulatory 
mainstream and let it devote its time to the major safety 
questions affecting all reactors. The nuts-and-bolts review of 
specific applications would then be left to the Regulatory 
Staff with the continued safeguard of a public hearing. It 
seems to me that the important question is whether today's 
reactors would be any less safe without a specific ACRS re
view. I'm not prepared to answer that tonight. ·I only suggest 
that we take a good look at it. 
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2.16 "11DLAND 

en October 30, 1968, the Consumers Power Co. subnitted a Preliminary 
Safety Analysis Report for two PWR's, each having a power rating of 2552 
MWt to be. located on the southern boundary of Midland, Michigan. Accord
ing to the report to the ACRS from the Regulatory Staff dated January 23, 
1969, 

•The applicant does not now propose to include any iodine removal 
system (i.e., containment reagent spray or charcoal filters} which would 
help to decrese offsite doses from accidents. Furthermore, a contain
ment vessel leakage rate of 0.2% per day is proposed.• 

-rhe applicant proposed to include the Dow Chemical Company complex 
(in which a maximum of 10,175 people work during the day shift) within 
the exclusion area. In addition, it proposes to include the City of 
Midland (population of 27,779) within the low population zone.• 

The Regulatory Staff report states that the population at the Mid
land site exceeds that of Zion and Indian Point to distances of about 
5.5 miles. Beyond that distance, Midland is more typical of a site in 
an agricultural community. 

The Staff report estimated that thyroid doses on the site and in 
Midland, using the assumptions of Part 100, would exceed the guideline 
limit of 300 rem, and that rapid evacuation and/or dose reduction 
features will be required. 

An early review of the acceptability of the site was requested. 

'Ibe Midland Subcommittee met on February 4, 1969. A large portion 
of the minutes of the Executive Session are reproduced below to provide 
insight •. 

Su11111ary 

This meeting was held with the Midland applicant and the Regula
tory Staff to discuss population related questions in an attempt 
to evaluate the prooosed site. Conclusions of the meeting are 
as follows: 

1. Post-accident doses, when evaluated by the Er9en-Monson 
method, are no worse than for the reference site. 

2. All Regulatory people and consultants appear to disagree 
with the Applicant's meteorological assUITipti.ons. 

3. Evacuation plans for the site and Midland require further 
discussion. 
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4. Addition of iodine removing safety features and reducing the 
containment leak rate will reduce the post-accident doses. 

5. The applicant is willing to have further discourse on the 
subject of adding or improving the plant safety features. 

6. The Exclusion Area and Low Population Zone size can probably 
be reduced considerably by adding safety features. 

7. The cooling pond for heat dissipation and steam from reactor 
steam generators used in the Dow processes represent new 
features. 

8. The Midland project should be reviewed at the February 1969 
ACRS meeting. 

Executive Session 

Dr. Monson opened the meeting by stating that Dr. Thompson 
is on board to give continuity of thinking with regard to 
siting policies. The purpose of the day's review is to 
determine acceptability of the Midland population distribution. 
Mr. Price is to give DRL conclusions orally at full ACRS as 
has been more and more his current philosophy. 

The site is different from most for the following rea~ons: The 
exclusion area radius is 1170 m. and contains 353 people and the 
Low Population Zone radius is 3 miles and contains 28,000-48,000 
people. The 28,000 number is the permanent population plus 
1/4 of the temporary population, and the second number includes 
all temporary people. There was some question about the 
validity of the 48,000 nurnber. The Population Center Distance 
is about 700 feet. 

According to Dr. Monson, all definitions of exclusion area, etc., 
can be altered to meet the intent and requirements of 10 CFR 100. 
This can be done by reducing these distances. At Indian Point, 
for example, the exclusion area and LPZ radii are 0.22 and 0.67 
miles and the Population Center Distance is 0.63 miles. This 
is with a 3025 MWt reactor. Zion has an LPZ of about l mile. 

If Midland would improve the containment leak rate and iodine 
scavenging, they might get arou·na ·the legal problems. So, the 
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question becomes; does this site meet the intent of 10 CFR 100? 
This city boundary itself is not too meaningful here since the 
city includes the entire Dow plant. 

Mr. Squires asked the following question; if the Dow plant is 
not considered in determining PCD, what happens? The PCD becomes 
approximately 1 1/2 miles in this case and, in Squires• opinion, 
the Committee may want to decide whether or not to include this 
population. The words in 10 CFR 100 refer to city boundary but 
the intent is something different. 

Population tables were handed out (Attachment 1) which showed 
comparisons with Indian Point, Zion, Trap Rock, and Burlington. 
The "maximum" numbers on page 1 include people which may be 
counted twice, both as a resident and working at the plant. 
However, there are people who work at the plant who live out
side the 3-mile radius. A concentration of approximately 4000 
people is located in the corporate offices in the NW part of 
the Dow plant. Looking at the (P + l/4 T)* column in Attachment 
1, Midland looks acceptable. In the "maximum" column, 

Midland 

0 - l mile - No apparent problem 
0- 2 miles - Le$than Zion, no apparent problem 
0 - 3 miles - A little worse than other sites 
0- 4 miles - A little worse than other sites 
0 - 5 miles - Sanre as accepted sites 

So, even if one includes 100% of people who might be there, the 
site compares favorably in terms of total population. 

Discussion of Worst 2212° Sector table, page 2, Attachment 1. 
Looking at "maximum" column, 

: Midland is 

0 - 1 mile 
0 - 2 miles 
0 - 3 miles 
0 - 4 miles 

- Better than Trap Rock 
- Worse than any previously approved sites 
- Similar to Indian Point 
- Similar to Indian Point 

Dr. Gifford (a former ACRS member) asked what kind of population 
criteria are being considered in view of the amount of popula
tion data generated. This led to a discussion of page 3 of 
Attachment 1; comparisons of deviations from the reference 
site. The bases for these were reviewed for the benefit of 
Dr. Thompson. The Midland index looks better than the reference 
site with regard to injuries as shown but not as favorable as 
the reference site on fatalities. Using the 11maximum" numbers, 
Dr. Monson's conclusion is that ther is no question that this 
site is acceptable when talking about the large accident. Six 

*Permanent population plus 1/4 the temporary population. 
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accidents have been calculated for the worst 22~0 sector and are 
listed on page 3 of Attachment 1. In this, Midland appears to 
be better than the reference site. So, it seems to Dr. Monson, 
looking at this population data, that the site is acceptable 
even with the maximum people possible present. 

Dr. Monson then read excerpts from ACRS reports on: 

Reactor Siting Criteria - 12/13/61 - 10 CFR 100 should be a guide, 
and TID 14844 and 10 CRF 100 should be flexible and change-
able. One purpose of the guides is to limit exposures to large 
populations. 

Letter of 12/13/60 - refers to using reactors of proven design. 
This letter refers to limiting the number of people killed to 
less than a catastrophic number. The reactor should be sited 
such that if the incredible accident occurs with no safeguards, 
people in a city > 15-25,000 people should not receive > 300 Rem. 

October 22, 1960 - Another reference is included here on catas
trophic numbers of fatalities. There is also a discussion of 
exclusion area, LPZ, and PCD. PCD doese would be limited to 
200 Rem with the incredible accident. This concept has already 
been violated in some approved sites. 

With these examples, it is clear that reactor operating 
experience was lacking, that the incredible type accident was 
assumed credible and, if it did happen, the number of people 
killed would be minimized. Dr. Monson observed that popula
tion matters are more important with the larger reactors and, 
if nothing else is done, the reactor must be moved farther 
away. With adequate improvements, the larger reactor might be 
moved closer. 

Dr. Zabel asked the old hands if adequate operating experience 
had been gained since 1960-61. Dr. Thompson felt that the 
experience is running behind the rate of size increase. The 
amount of operating time is not significant and, at the same 
time~ no serious accidents have occurred. But, the absence of 
bad experience may be considered good experience, per Dr. O'Kelly. 
Dr. Monson noted that the people far from the site become more 
important with larger reactors and the bad accidents. 

Dr. Gifford felt that some discussion of safety improvements 
of the last few years would be useful. Dr. Thompson stated 
that there was considerable emphasis on PV's at the expense of 
other things such as post-accident cooling in the 1960 era. 
There have been some changes in philosophy such as Section III 
which are hard to evaluate from the safety viewpoint. Accord
ing to Dr. Thompson, depending on which side you look at, you 
can paint a dark or light picture. Dr. Monson felt that there 
is not an abundance of experience to justify significant 
changes in criteria now; e.g., the recent Swiss reactor melt
down of the past few weeks is a bit of bad experience. 
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Dr. Gifford brought up the interrelation of plant design aspects 
with the population aspects. This plant design has certain 
changes from previous designs; e.g., steam system. Dr. ~ronson 

observed that there is a danger of ruling out site reviews if 
the plant design must be reviewed, too. 

Dr. Thompson's comments on 10 CFR 100 pointed out that there 
were two considerations: the close-in population which iodine 
was the main concern and the far-out people for whom man-rem 
was the consideration. People then were looking at sites 
farther away from cities so that very large populations wouldn't 
be badly affected. The basic intent of lOCFR 100 was to limit 
doses in the event of severe accidents. 

At the 106th meeting, February 6-8, 1969, the ACRS completed its 

preliminary site review of the application. The minutes of the meeting, 

which are reproduced below, succinctly summarize the Committee's action. 

Specific Projects - Midland Plant 

The Committee completed its preliminary site review of the 
application by the Consumers Power Company for authorization to 
construct the Midland Plant. The Committee concluded and 
reported orally to the applicant that: 11The Committee has 
reviewed the proposed Midland site primarily from the stand
point of population and population density. The following 
remarks therefore refelct Committee conclusions based primarily 
on that one aspect of site evaluation. 

"The Committee considers the site proposed to be unacceptable 
for use with reactor plants designed and analyzed as presently 
described in the PSAR. However, it believes that the site 
may be acceptable for use with reactor plants of the proposed 
power rating if: (1) The facility is equipped with adequate 
engineered safety features and protective systems; (2) the 
facility is analyzed sufficiently conservatively- particularly 
in respect to: determination of exclusion area and low popula
tion zone; assurance of low potential doses at short distances 
from the reactor in the unlikely event of a serious accident; 
evaluation of the number and location of people who could be 
safely and quickly evacuated in such an event; and, use of 
assumptions, for example those related to meterology, in dose 
calculations; {3) the facility is designed, constructed, and 
utilized sufficiently conservatively; and (4) the facility is 
provided with thoroughly structured, effective emergency plans, 
including evacuation plans ... 

Significant factors in the Committee's considerations were the 
high population within four miles of the site, the minimal 
engineered safeguards proposed in the application, and the use 
of less than conservative assumptions in the dose calculations. 
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ACRS review of the construction permit application for Midland 
continued in 1970. This was the first Babcock and Wilcox plant in a 
"populated" site, and the review was conducted in considerably greater 
depth and breadth than usual, involving several Subcommittee and full 
Committee meetings. Resolution of several generic safety items was 
required or the provision of flexibility to accommodate future re
quirements was sought. The Committee asked that the Regulatory Staff 
review detailed criteria for the protection and emergency power 
systems prior to installation of these sytems, rather than rely on a 
commitment to meet the appropriate general design criteria, etc. 

In a sense, the very considerable length of the ACRS report on 
Midland, which is reproduced on the following pages, was an indication 
that the site was "a more populated one." 
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ADVISORY COMMITTEE ON REACTOR SAFEGUARDS 
UNITED STATCS ATOMIC r::NCRGY COMMISSION 

Honora h) c Glenn ·r. Scnl,org 
Chairman 
U. S. Atomic Erwrgy Commission 
Washington, D. c. 20545 

WA~HINC";TON, D.C. 2054!» 

June 18, 1970 

Suhjt.~ct: REPORT ON NIDLAND PLANT UNITS 1 & 2 

Denr Dr. ·seaborg: 

During its 122nd meeting, June 11-13, 1970, the Advisory Committee on 
Reactor Safc>guards completed its review of the application by the Consumers 
Power Company for a permit to construct the Midland Plant Units 1 and 2. 
During thiE review, tile project also was considered at Subcon~ittee meetings 
held on J<wunry 22, 1969, at the plant site, on April 24, 1970, at Chicago, 
Illinois, on February 4, 1969, March 2'•, 1970, and June 10, 1970, at 
Wasld.nr,ton, D. C. and at the ACRS meetings of February 6, 1969, April 9, and 
May 8, 1970, in Washington, D. C. In the course of these meetings, the· 
Com.mittt>c.: had th~ benefi.t of discussions with representatives and consultants 
of the: Consum~.:rs Power Company, Babcock aml Wilcox Company, Bechtel Corporation, 
DO\.J Chemic:tl Company, and the AEC Regulatory Staff. The Committee also had 
th~ benefit of the documents listed. 

The Ni<.lland Plant site is on the south bank of the Tittabawassee River 
adjacent to the southern city limits of MidlandJ Michigan. The main 
industrial complex of the Dow Chemical Company lies within the city limits 
directly across the river from the site and provides an area of controlled 
access about two miles wide between the reactor site and the Midland busi· 
ness and residential districts. The exclusion area of the plant site has 
a radius of 0.31 miles and includes a small segment of the Dow plant; no 
Dow employees are permanently assigned in this segment, and the applicant 
has the right to remove any persons from this segment if conditions warrant. 
The low population zone has a radius of 1.0 miles and contains 38 permanent 
residents and about 2,000 industrial workers, mainly employees of Dow 
Chemical Company. The number of permanent residents within five miles of 
the plant site was est:itnate<.l to be 41,000 in 1968, mainly in the city of 
Midland and its environs. 
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lltHrol;rhl·· t:l,.mr '.1'. !:c·:dmrr. - 2 - .1Ull<' H;, 19/0 

'l'h·· ;tl'pl i1':111l It;!~: <'~:1 ;rl,Jif~hr~~J el·jt c1~ia for, ancl lHu: lH'!'.tlll till' fonu11lnl jon 
of '1 cn"•p,·d,cm:-jv<· C'llll:i gnlCY c:vacuadCln pl:nt. This plan is hcinp, <:oonl:inated 
"-'·it·lJ the Vcll-c~~:tnhH ~:lH:U pJ ~n of the· Dm·J Chemical Company for <:n•cl·gc·ney 
cv;a·n.'lUcm of the Hicllnnrl chcmh:al plant and portirms of the City of J.l:icllnl!rl 
in crt.sr~ nf major emc: .. ·r,c:nci es at the chc~micnl planL. Close cool·Jinntion with 
t!pproprlntc mtmi.cipal nnd staLe fluthorities is also heine established. 

'l'h<: Mic11.and lln:its '\11ill C'<lch include a tvJo-loop pr.t~ssm:izcd \7ater reactor 
clc::'i.;·,nN1 fl•r initi~l core: pO\·Jc•r lcvL:lr. up to ?.lc'J2 'HHt. 'l'l1C' nuclc:ar !.team 
supply system::; and the c~merc;c:>ncy core cooling systcmJ of these unitE are 
c::~:c.:;,L:i.al)y i denticvJ with those for the previously rcvim·wd Ocone~ Units 
l, 2 nm1 3 nnd Rm)cho Scco Unit 1 (ACRS reports of July J1, 1967 and July 19, 
1Y68, H~!=:pcctiv(~ly). The? combined electrical output of tbc tl-~O uni.ts will 
be 1300 N~. In ndditiou, 4,050,000 lbs per hour of secondary st~om will be 
exported l:o tlw acljDcr:nt D0\-7 plant to supply thermnl energy for chemical 
pro<:0r.!i"ing operations. 

'l'lw pr(~stn:s:wd, post··tcnsioncd concTet·e reActor containment bui.lcl ine:s ar'.' 
~imjlnr to those npp1·ovecl for the Ocm~cc Units 1, 2 nnd 3. The clcsign will 
:ilt(;]udc pc•nC'tr.utionr., \·7h5ch can be pr~c~surizcd, and isolnt:ic,n valve seal 
\v;1U:1~ sy:~lc:ms to n·ducc lcnknr,c. Cl1."ln'Kls tvill be \vclded over the scam 
\<1clds of the coutninnwnt liner plates to permit leak testing of the senm 
\\'(·1ds. 

Coolinc wnter for the Midland reactors is supplied from a diked pond with a 
capacity of 12,600 acre-feet. Make-up '\vater is taken from the Tittabav1asscc 
River. The cooling water supply i~:: Sllffici.ent for 100 clays of full po\ver 
operation without make-up during periods of low river flo'tv. In the unlikely 
event of a gross leak through the dikes of the cooling poncl, a supplemental 
sonrt:c of ,.,atcr will be available. The supplemental source is provided witldn 
tha m:tin pond by exca11ati.ng a 24 acre area to a depth of six feet below the 
bottom of the matn pond. This source~ can supply shut-down cooliug capability 
for 30 clays without m:"tke-up. 

' 
The applicant will conduct an on-site meteorological monitoring program to 
verify Lhc applicability of the meteorological models used for acddent 
evaluation and routine release limits as well as to determine any metcoro
loeical effect of the cooling pond. 'l'his program sho·uld be completed during 
construction. 

Midln.nd is the first clunl purpose reactor plant to be licensed for construc
tion. 'Xhe export steam originates from the secondary side of the steam 
gcncratorR and may contain traces of radioactive leakage from the primary 
system. The demineralized condensate from 60 to 75 percent of the export 
steam is rt:'!tllrn.ed by Dow to the fecu \.Yater supply of the reactor plant. 
The' condt'nsutc from the rcmo.ining stenm is either chemically contaminated 
or connr>t practicalJy be returned to the nuclear plant. It is collected in 
the Dcn;Y '"<lstc treatment system for clilt1tion and processing v7ith other stH!ams 
bc£orco <.>vC'ntual d-ischarge to the rivr:r. Thus, the unreturned portion of the 
conchms:tte rc!prcscnts an effluent from the reactor pbnt: to \vhich the rcquire
m.::nts of 10 CFR Part 20 must npply. 
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Honc·rahlc: Glcnu 'J.'. Se.::.borg - 3 - June 18, 1970 

'J.'hi~ m:tttt:r n;ay be considered in t\·1o rnrts: (l.} the· steps taken by the 
npplicant to cm;ure that any rndioaclivi.ty in the (;Xport t>lcam is l-lithin 
the l:iwH:; sc:t by 10 CFR Pnrt 20 and as lo\·1 as practicol>lc mtd (2) the; 
mcnsurc:c tnk<.>n by thr Dow Chendcal Compnny to ensure that the export steam 
cnn be ur:cd :in chcmic:ll operations without product contflmination and thnt 
the unreturn,·d :;:tl·n~u condensate is properly mwnaec~cl for snfe disposnl. 

. In cowtc<'linu \-1i.th itr.m (1}, the applicant propor-cs to mord.tor and control 
radinacUvi.t:y i.n t"hc: c1:port stcnm. A rcprcsct1tativc, conl:inuou!'; snmple 
of tliC· <·;:port· !:team \dll be condc~nne(] for monitorinc nncl lahorato1y annlyf::is. 
The gamma ncli v:i.ty Clf this flo\Jing f:,!"Hnple \vill be continuously monitored 
hy on-linr: nnn1yzers and an alarm actuatcd if the activ5.ty exccc<is nn 
nppropr'i.:~tc limiting value. The alnrm will serve to indicate nny ch:1.ngc 
jn th1· intcgl:i.ty of the steam generators or fuel clndding. Samples of 
thb; c.:ondc:nsatr: stn:nrn will be annlyz<:d at approp,:;.ate intervals ·by sensitive 
lm .. 1-lcvc!l beta counting for determination of grQss bC!ta activity ancl 
conct:ntrvtion of ~elected rncliouucl i.dcs. The applicant ll.grec!s to limit, 
by r.:rtintnining h:i.r,h integrity of the ~t~am generators nnd fuel cladding, 
thC' yearly average gross beta activity in the export steam to one-tenth or 
le!':!; of the limits specified by 10 CF!t Part 20 for the selected radionuclides. 
Tlw yearly avcrnge will include any periods of short duration wheu the 
conccntrntions may approach but ndt exceed the 10 Cl:'R Part 20 limits. The 
applicant stnt:cs that in his jmlgcmcnt it is practical to operate.· the plant 
\Jithin these· limits. If these limitt; arc exceeded, cor.r<::ctive mcanurcs 
will be taken i•1 the plallt or the de] ivery of export steam to Dow v.'ill bc 
tc.:l·mjnatcd. He also ngree!; to dcmon!;tratc the analytical cquipmc:nt and 
rroc{'dul·(~s in devclop!llcnt programs to uc carried forward and completc:d 
during constli.tction of the Midland Plant. In connection with item (2), 
D~~~~ lws stated that they l-li 11 apply for a 10 CFR Part 30 }1aterials License 
to r<~ceive, possess, and use the export (secondary) steam as a source of 
thnilla.l and mechanic~ I energy. No export steam or condensate will be 
intentionally introJucecl into any product. Isolation of the export steaut 
from cont:1ct with products will be accomplished by the use of heat exchange 
d'~viccs \·~hich \.zill provide suitable physical barriers. Programs will be 
cstablif:hr.·d to provide for detection of l~aks in the heat exchange devices 
by analyses, monitors, and other means; for repair of leaks when detected; 
and for appropriate administrative con.trol of the programs. 

Dow baH stated that accuiuulation of radioactivity from the export steam 
and rdc:.:1se of radio.:lcl:ive materials in the effluent will be in a.ccord.:1nce 
with 10 CFR Part 20. The unrctun1cd condensate will represent less than 
10% of the total liquid effluent disposed of through the Dow waste treat
ment plnnt and the annual average concentration in the total effluent is 
expected to be less Lhnn 1% of the 10 CFR Pan 20 limits. 

The Committee believes tha.t the criteria proposed by the applicant and 
Dow for the control of radioactivity in the export steam are necessary 
and nc.h·quatc. The dc~t:1i.lcd procedures for implemm1tation should be 
developed during construction in a m~nner satisfactory to the R<.!gulatory 
s t nf f. Tll c c(l!"llmi t tee wishes to be kept informed. 
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To mJ.m.mJ.~r! the likeli.hood of subsidence &t the site, tl1r appl j C31"1~" .<1nd 
Dot·7 hnve n[;rN:d to prohibit future salt mini.n~ operationr. within one-half 
~ilc from the center of the reactor plant. No new w<.>lls will he drillc•d 
Within this di::>tc:mce illl<l all P.XiSting, W<•llS v7ill be abandoned and plur;gcd. 
Tht Commi.ttee believe!:> these arrangements are satisfactC'ry. 

A large volu~~ of liquid chlorine is rn~intained in a refrigerated storage 
vcsscJ ahPut om~ mi 1 e from the Hid land pL:mt control room. The appli cnnt 
is con Linuin.r, his s tuc1y of the consc~qnnnces of a major accidC'ntal release 
nf chlorine fr,Mn thi~ vessel. ne has included in his criteria for the 
d(•r;l.tn of the cnnt"rol room the objective of finding a practical mcthc'd of 
m,1inLaini.ng the concentration of chlorine in the control room atmnspht>re 
h<.·l 0\v t·h•· d.f•,lll hour thn:r.hold limi tine value (TLV) of 1 ppm for the most 
~C'ri ntis concciv:tbl <: chJ orine accident. The Committee believes that 
adt•<JtWI<.· air purification fncilities should be prmdcled in th<: control 
rnnri v~ntilntfun system to reduce chlorine concentration to thr eight hour 
TLV of 1 ppm so that opc,·ntors can v:r01:k without respiratory ~quipmcnt 
during an extended cl1lorine emergency. This matter should be resolved 
clurine construction in a manner satisfactory to the Regulatory Staff. 

The reactor vessel cavity will be designed to withstand mechanical forces 
and pressttre transients comparable to those considered in the design of 
the Zion .nnd Imlian Po:f.nt-3 plants. 

The applicant h;J.s stated that he will provide additional evidence obtained 
by improved multi-node analytic::>.] tE::chniques to assure that the emergency 
core coolinr, system is capable of limiting core temperatures to the limits 
c•stabJ ished at pres~nt. He v7ill also make appropriate plant changes if 
the- further nnalysis demonstrates that such changeR are required. This 
m;J.tter Hhould be resolved during con~truction in a manner satisfactory to 
tlw R<:p;n1ntory Staff. The Committe<~ wishes to he kept" informed. 

'!'he safety injection system for the Mic:lland plant is actuated by ei.ther 
l 0\v rene tor pte:::; sure or high contni nr.wnt pressure signals. However, of 
th· ... Sc t\vn, the reactor is tripped only by the low reactor pressure f>ignal. 
The Committee bc::lieves that provision also should be made to trip the 
reactor by the high c-ontainment pressure signal. 

The applicant pla.ns to develop more d~tai"ted criteria for the installation 
of protection and emergency power systems together with appropriate 
procedures to maintain the phyzical and electrical independence of the 
r(:dun<Llnt portion~ of these systems. The Committee believes that these 
criteria and procedures should be reviewed and approved by the Staff prior 
to actual installation. 
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Jlonornhl( Glenn T. Scnborg .. 5 - June lS, 1970 

'l'lw nppJic::mr un,~jdc,rs Lhc po!>siuiJity of meltinr; nncl .subr>cqur·n·t 
<H ~;1111 c;·,·:tl ion of <1 po•·t.ion of n fu~l asf;c:.mbly be:cause of flo\.J starv.1l ion, 
f•.rv;r. "''r·i.ciHuvllt (·l·ror, or from othe1· c:!'htS~"r. to be rl'mOtL!. Ho..,1cver, the 

· rf':;,.lt in:. C"f J C'c: l !'; j n t·t:rJnr. (lf local hJ gh tcmpt·t:ature or pressure and 
po::::ihlt· :ini.ti.1tjon of failure in m!juccolt fucJ c.:lLm.::nts .::11:-t? not well 
Jo,o,m. Approp1·i.1t t: ~tuclics should be m.:~dc to ::;]~oi.J thn.t: snch ;m incident 
will noL Jc:1cl to un:~<:ceptahlc CO•Hliti.nns. 

l'h<:> C:on~<nittec helicvc•s th.:;,t ccn:.;id~:.r~tion shou] d h: given to t:he ut:ili
znl .i.on of instr.\•rr.C'ntati.on for prompt Cl(·tt~ct:l.on of grosr, failure of a 
fIll ·1 (• J ('Ill'. ·,1 l • 

Th(· Com:nlttcn h.::ts c-.OJmlient:ecl in p!"e"i.ous repo!'tS on the development of 
syst·cn1s to cnntrol the buildup of hycln1gen in che conL.-rinmcut t\lhich 
mi.ght: follm-1 in the unUkely c:v:nt: o£ a majo:~: acd dent. The applicant 
propo"r:c·f: to m~ke use of a technique of purgi.nr t:1rough filters after a 
su:i.tabl(! time delay subsequent to the m.:cident, I-TowevC?r> the Committee 
rc~conunc-uds that the priw1:·y p:-otectici\ j_n t:h5.s '!''2tllrd chould utilize a 
hydl:'ogcn control method vJhich }: . .::ep r:'1. t:_,~.:-.~.f-· ~•~· .lt;.::t··~:m ·,7ithin 
snfc lirnits by means other than ~,urging. LF- :::.-.pabill..ty fa!.· purging 
should nlso he provi dcd. The hycrogcc cor.trol system nnd provisions 
for eonlajnmC'nt ntmosplu:.:re mixing and sa:.·plin~ ~!iOuld bave redundancy 
ttlH.l inst:r.l,,,,entation suitnble fol.· a•. engi1~e<.~red safety feature. The 
Committee wishes to be kept in:fo:::mc.d of the res;Jlt:::;; ~:m of this mat tcr. 

'l'he Cotmn.L ttcf! recomw:mds that the nppli.:m·.!: accelerate the study cf means 
of preventing co1mnon failure mt:'dcs from ncglitl ng sc:ratn r:ction and of 
des)cn fcnturcs to make tolcra.hlf: the ;;on3cqucuccs CJf feilure to scram 
clurinc anti(!ipatcc:l transients. The <lp;>l-:...:~;.nt st: ted that the engin<>ering 
clcsigu would maintain flexibilHy with r<:::gar<' to relief capacity of the 
primary system and to a diverse menns of reducir:g react:i;:ity. This 
matter should be resolved in a m-':.nrte1.· satisfac ·ory to the Rcg•1latory 
Staff during construction. Th:.: C·::.mmitte~ "=":.~>lteS to be kept informed. 

Other problems related to large wa!.;;r reactors haYe benu identified 
by the Regulatory Staff und the f.J'!!.~ :.md deer: in ?':evious I:CRS reports. 
The Committee believes that resclut1cn o.[ ·~::'lf~Sc i cem~ should .::tpply 
equally to the Midland Plant Units 1 & 2 .. 

'l'he Comntittee beHeves that the above i terns can be resolved during con
struct) on .and that, if due consideration is given to these items, the 
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nudt·•l•· ,uti u; p,..,,)u::t•\1 fttr the Midlantl l'la.nt eo.n be constTuc·tcd wil:b 
rt~:Hu·n~Jhlc~:;!:tn·:tuc-t• t h;tt thf•y t":ln lw totwrntc-c.l without untluc rialc to ..-:: . 
t'h<~ lw,;l, 7.!1? tf !: ll r ~ t y of th<: public. 

lk f c>'t'COCC'S ---

Joseph M. Hendrie 
Ch~tirman 

1) J\mcnclr,,~nt:.s 1 - 12 to License Application 

I 
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By letter·-..-t~ 6, 1969, the Public Service Electric and Gas caapany 
of New Jersey tequested an informal review of their proposed Newbold 
Island site by the Regulatory Staff and the ACRS. !he proposed Newbold 
Island site ex>nsisted of 530 acres located on Newbold Island on the 
Delaware River in Mansfield Township, New Jersey. It was 4 1/2 miles 
south of Trenton, New Jersey and 11 miles northeast of Philadelphia, Pa. 
CUmulative population within the first 4 .n1es of Newbold Island was 
significantly lower than the C\lmllative population of Zion, Indian Point, 
or Burlington. At 4 miles the effect of Levittown and Tre"lton becane 
important, and the projected CUIIllative population about Newbold Island 
exceeded that at Indian Point and Zion beyond 4 and 3/4 mles. 1be am.a
lative pop.llation about Newbold Island significantly exceeded that of 
Indian Point or Zion fre~~~ 5 to 33 ailes. Beyond 34 Idles, the projected 
Clallative population for Indian Point exceeded that of Newbold Island. 

'1'he ACRS Newbold Island Subcanlni ttee met on July l, 1969. 1be population 
distribution was campared with that of Indian Point, Zion, Trap Rock 
and Burlington using the .rather simple, arbitrary Site Population Index 
(SPI} described above. 'lbe minutes of the July l meeting show that the 
Subecmni ttee members concluded that Newbold Island had a similar SPI index 
to Trap Rock, V!ieh the Canmittee had decided was •not ~1e• at 
its lOOth meeting in August 1968. Qle of the Subcamdttee lllaftbers was Dr. 
Hanauer, who dissented fran the draft ACRS letter of July 1969 on •tocation 
of Power Reactors at Sites of Population Density Greater than Indian Point 
- Zion•, Viich reinforces the idea that the Subcalmittee felt Newbold 
Island was similar. 

In a written report to the ACRS dated July 22, 1969, the Regulatory Staff 
gave no conclusions concerning the acceptability of the Newbold Island 
site. At the ll2th meeting, August 7-9, 1969 and the ll3th meeting, 
September 4-6, 1969 the ACRS considered the Newbold Island site proposal. 

As shown in the ACRS report of Septanber 10, 1969, mich is reprocb:ed as 
follows, the Ccmmittee decided the site was not ...acceptable. lbwever, the 
ACRS called attention to several •tters as requiring attention, including 
measures to cope with pr-essure vessel leaks and rupture, as practical. In 
effect, many of the CCIIIII&nts in the Newbold Island list wre similar to those 
previously included in the draft letter of July 1969 on the _. of sites 
1110rse than Indian Point - Zion (Vlich was never •nt (see Section 2.12). 
1be ACRS consciously withheld .approval of the proposed Newbold Island con
tainment •t the site review stage. 

Por p.arposes of information, the population distdbltions for Burlift:Jton, 
Indian Point, Zion and Newbold Island are ccmpared in Figures 1 a'ld 2. 
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ADVISORY COMMI I I EE ON REACTOR SAFEGUARDS 
UNrri:D STATIS A"'*IC INEIIMIY COMMI-.oN 

llo~ule · Olasm I'. leUc>ra 
Cllabua .. • ~ . 

. V~ 1 • .&tOidc bari;Y Coamlaa'loa 
... Ja1Dataa., D. C. 20545 

,. 

hbject: IUILIC ll.llVIC! IL!C'DUC AJD CAS COMrAH'f • IIWIOLJ) :SI.Alm llB . . 
• 

At ita. 112tb .eetllla.,. .t.upat J·t, 1t69, u4 ttl 1Utb ••~f.Da. kpt•· 
.. r W, lt69 1 tta. .WVlaoZ)' Coallttee • laaet.or lafaau-rcla eouU.re4 
clae •no lei 1&1-f alta 1 vhieb tbe tub1le ·lerriee lleet11.e ·u4 Cu Caa• 
faDY propoaea u tta. 1oeatloa for a auelaar JIOiflll' plallt U.C:lp41D& t,o 

.ltollf.Da water' 'raactora of approx11Date1y 3400 llf(t) ueh. !be alta eoa
alata of approzim&tely 500 acrea 1ocata4 oa lewbo14 lalaad ·ta the lela· 
..ze liver. A relatively blah populattoa ••aettr Ia aaeoc1ate4 vlth · 
tlala alta; it Ia 4·1/2 aile• aoutb of tnatcm, •w Jaraa;, (1960 popula• 
&in·-· 114,0QO) aDCI 11 .-ilea aortbeaat.of JtbU4alphta, teDDaylvaa~ 
(1960 ,opulatloa • 2,000,000). tile aau.,t fOPUlat19a eeatar la a aroup• 
SDa of auburb1 tD lucb Coaty, taDDSylvaala, bowa · co11ect1va1y aa r..v
ittCND (1960 populatlcm • 701 000) 1 vltb ita · .. areat IMNDdary 3.4 llilea 
fna tta. alta~ AD ACIS aubcCIIIDlttea .Ultaf , ... alta oa July 11 1969. 
lharlaa ita reriev1• tba eo.atttae luu!"tta. 'Mae!tt of 4llcuaa1ou vlth 
a.praaaatatlvaa of tub1lc Service llectr1c aa4 Gaa Compaay &Dd tbalr coa• 
n1tata1 acl t11a AIC laplato~:J ltaff1 acl of tlaa tloc-.o.ta 11ate4 'Mlov. 

. . . 
' heltala&Z7 atu4taa of tba aeolo.,, aa1aiD01011· la74ro1o.,, allld •taorololi' .. 
of tbe alta bna 'Mea u4e aD.4 have ravaale4 ao ataatflcaat probl.... •at· ••1 *'aft cooltaa tovara vt11 'M ua4 la the plat. • . . . 
t1aa eonaatloaal 4zy-w11 u4 aupjreaalcm-cha6ar eoatalaleat a1at• vt11 
... aaeloaa4 la a lov•leakaae reactor kt14lq vttb au ractrcu1atloa aa4 . 
filtrattoa to reduce further tha r•leaaea of ra4toact1Yle:J lD tha uallkal7 
neat of a accl4ea~. !be Coaalttaa hllavea that tha propoaa4. coatatraaDt 
8Jit&a Ia a ueful approach• •ut. C&DDOt CODWMilt at thla tf.ma OD ita H&flUUJ • .. 

• fJf~lal attallttoa will k raq,uua4 vltb raaar4 to tha tataarltJ of _, 
,ortioaa of tJta prt..ary •J•t• outalg the coataU.at aDd to the ata .. • 
llaa laolatloa valvae~ · Appropriate a441tloaal ••o.a for coptaa vltb poa• 
alltla valva leakap or a loaa of lDtaarttJ outa14a tha coatatnment abou14 
.. pi'0¥14a4. ' ' , 

-
' - ------ - . - -........... ___.._ - ------· ....... 
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·-·- .. 
...,Uc lal:fli., llectrf.c _. Gaa c-,.., ... crlhd ~ S...Oiftlaa 
.ScU.tlaul ~U.. of ot~-... •J.•u•• tun.q routlae tlaat operatc.a... 
t1aa Ca-fttee W.Ua9u tbat .,..:w attutiaa llaouW .. &f.•a to.,.., 
coat~l pf u.,uld ~uu nl ... •• a.l to the pnyeat!GD of· i-Hvute ·act• 
·•Dta • u a4cl1tiolla1 •au of U.pllll radio1oatca1 ·nleuu at a.. ••EJ • 
lot; 1a·f'al. 

·Z• Conlit.:ee Oell:vaa tlaat, ~r tbt. elte 1 .. 41tloul. at_, of t1ae tni• 
te.. r:e1ata4 to poaef.bla ... ~aAiatloo of reactor YUealllltaarl~,· euc1a u 
J..-; •A4 veeeel vall npturu, le ·•••· ......... tlaat will -llorata 
claa~• ~~laM e1ac.ul:4 k blp1.-ate4 to t1aa utu.t that tlae:r ara tractlcal 
aD4 elplficaat ~o pu1>1f.e aatee,. a. f.atut:U ,nt14a4 1-.14 k of e11da 
... f.p a·~ pr&YU.t tMU f.ftt&rfenace•wf.tJa Ot'bar ftllDMDMJ nfaC, •a• 
&.~:••· . . . 
Odlcr •tter' •ta4 la prnioaa ACM lattaa ie'l:tafalfta to l.aqe w.taa- n
acton eboula recal"t'a a,propd.atel:r anatai attallt!GD Sa die ... lp of • 
tlut. !be Coan' ttea kU.e"!!l a .,n eouanatl•• approac1a ill appnpl'lata 
la t1ae 4e•1p of a tlat at title elte, With nam to tlae -rat.u 111 tbe 
&a~i.Deeracl eafet:r .,,t ... • protectloD aaa~t to••lble illtena11J•&e•rata4 
ateiilee, acl tbe a\lllber of lt .. to k ruo1Ya4 after tbe cauti'UCtloa ,.r-
alt ~n••· 

~" Ce!!Dtttett emphaei&ee aaalD the yital t.rpoz'taDea of 4(U&lltJ · UluraDCa, 
and the nec•••lty for adequate cona1doratloa of 4lvaree aDd lDdepaadeDt 
•aaa of protection qalnet c..-oD failure .a4ee ia ••f•CJ IJ'Ic:e.. 

~~~a· cODCluaton · raachecl by the Cc-d tb.a n.pzdf.ll& t1aU alta llu ._n t.a• 
flueneecl· lD part ' ' lta upactatloo tlwlt a-.. aattafactOZJ azparleaca will 
luwe ken obtd.•4 vlth n.actore of tllta paeral tJpe 1IJ ella tiM a ca• 
atnct1DD pendt ta u ....... eDI a011e eetlaf&ctoJ:J upad.aaca .U.1...,. ._.. 
obtalae4 wi.tb reactor• of t1ala t:Jpe laavlaa tlae •- ,ovar aD4 f""Mr .. ftl~ 
~ tJaoee tropoee4 fos- tbil alta ., tile tS. an operetllll lf.oaue ll l.eeuecl. 

. . . 
• ldriloZJ c--s.t:a.- laactor lafapa1'41 .. u ..... tlaat, aa1»ject to. 
above c~atl, t1ae •wbo14 lelaacl ·alta la DOt uucce,cable vltlt. napect 
to tJae 1aealt1a eD4 eafeC, of l:ba pultll.c, for a plat laavilla tile paeral 
claarecterutica .. acribe4 a:bova aD4 .. •111*1 wltla clue atteatioa to tM 
Otlua'~' utten 4lecaaaa4e 

• 

ltaoaral, 7oua, 

' )t, I' t, ' .. ) .h \-l'\. • <~' ; ·•. • .. 
.. • lteplau a. Bauou 

Claail'IUD , 

• ----- ··---- .... . .. 

• 



Cl'l hbnanr. 'ZI, 1970 Public Service Electric lnd Gas Canpany filed a 
forul ipplidlf.i.on lbr the 11C818e5 required for the contruction lnd 
operation f# tfii pro~sed llewbold Island Nuclear Generating Station. 
!he applicaftt proposed certain ac!lditional features for these plants 
compared to those being incorporated in similar boilii"'J wter reactors 
in much less populated sites. !hese included an additional 1111in steam 
line atop valve; enclosure of the main steam line and isolation valves 
within a tunnel c:::hamber which is evacuated to the reactor building; 
charcoal adsorbers in the gaseous rac:Jwaste .yste for holdup of ngble 
gases; and a system to reduce turbine seal -relases of radioactivity. 
'l'be proposed secondary containnent ws a low-leakage buildii"'J (10' per 
day) , held at ne;ative pressure to provide controlled lnd filtered 
venting and having a 2 psig design pressure capability. !heR ac!lditional 
features wre aimed at raduc ing releases frCIII routine operation or re-
lated to the existii"'J design basis -=cidents for a.R •s. · 

On May 15, 1970, the AEX: Regulatory Staff issued a preliminary report to 
tbe ACRS whictr indicated J'l) major problemS with l\leM)Qld Island. 

'rhe ACRS began its review of Newbold Island very early, rather than 
waiting for the Staff to have essentially canpleted its own review. A 
first Subcanmittee meeting was held June 3, 1970, and discussion was 
initiated on the topics listed in the September 10, 1969 site letter, 
plus others. '!be meetii"'J minutes note that General Electric was very 
reluctant to discuss capability to withstand postulated pressure wssel 
ruptures of various sizes, including rupture of a large ngzzle, but 
agreed to discuss these matters \llder pressure by the Subcamdttee. 
'Ibis topic was discussed at considerable length in ensuing SUbccmmi ttee 
and full Ccnnittee meetings. General Electric concluded that the vessel 
internals and the !X:CS were such that a break area up to four acplre feet 
anywhere in the vessel could be withstood and the core cooled acceptably, 
and that the concrete shield wall around the vessel could be strengthened 
110 that it 11110uld 1111intain its basic integrity and ngt generate \llac:ceptably 
laf9e •iasiles. 

A matter that was forced to a partial decision on Nereold Island was the 
issue of anticipated transients without acr• (A1WS). General Electric 
had previously reported in generic studies and 4lr ing the review of 
other projects that an automatic pgnp trip 11110uld resolve short term ccn
aiderations in A1WS (laving long-term cooling still to be reviewed) but 
had never taken positive steps to include the feature. '!he Regulatory 
Staff had taken no position on what was required or acceptable, if anything. 
'l'be ACRS advised General Electric that, for Newbold Island, a camdtment 
on the p.rp trip (or some other method for dealing with A'l'WS) 11110uld be 
required prior to canpletion of the construction permit review. 1be 
Connittee took a similar position with regard to the need for resolution_ 
of hydrogen CXlntrol following a LCXA. 



2-c3s 

!here ws ,_llpeb -diacussion of the ldequacy of the ECS and the totential 
for increasl~ fwlctional capability or reliability. General Electric 
uintained that the systan fWlction ws wll waderstood mCJ that the pco
posed IIX'S WaS adequate (General llectr1C •id it had In 800'7 Mrgin for 
the design basis pipe break) and could not be significa'1tly S.oved fram 
a f1.11ctional or reliability viewpoint. 4ftle Regulatory Staff officially 
remained aloof frcm such discussions. At a Subccanittee ~eeting en April 26, 
1971, they indicated they wre divid~ concerniJ¥3 the desirability of im
proved JJXS for the Newbold Island site. 1be Staff favor.S Ulprc:wanents 
in consequence-limiting devices as they arose fram the Part 100 approach. 

!here was also considerable diacussion on the relative atvantages of the 
proposed secondary containaent versus the higher pressUre (10-15 psig) 
buildin; in the Pl'eliminary proposal by Consolidated Bc:Uaon for !'rap Rock. 

'!he memorandt.lll of March 15, 1971, as follc:MS, fram IICRS -'-r <*rent tD Qlb
CXIIIIIlittee Chairman Siess, illustrates acme of the thinkin; which enter.S into 
the Newbold Island review. 

Actually at about the same time that application was made for a construction 
permit for Newbold Island, Philadelphia Electric appli-.:5 for a construction 
permit for a BWR at the Lt. rick site west of Philadelphia. 1bis ws also 
a highly populated site. According to the rough site population index uaed 
by the ACRS, Newbold Island was worse than the average Indian Point-Zion 
site, while Limerick was SICIDWhat better. 'l'his index did not include •teo
rology. 

Bowver, the local meteorology for Limberick ws worse, an::! the prevailing 
winr:ts were generally easterly, tbat is towrds Philadelphia frc:. Limerick. 
Also, the population arol.l'ld Limerick exceeded that at Newbold Island for the 
first four miles. In the eyes of the Regulatory Staff this made the •time
rick site equivalent to Newbold Islan::t, or worse. • 1he Regulatory Staff 
stated that whatever requiranents wre to be •de for Newbold Island llhould 
also apply to Lilnerick. lblever, in practice, they did not require atrqtb
ening of the llhleld wall around the reactor vessel, as ws done at Mewbold 
Island. Nlat the Staff did consider were features to cape with the MCA or 
lesser accidents. '!bey did not consider Class 9 aecidmts, or accidents 
not previously rwiewed for IHt • s at less populated ai ta. 

O'le 811111 sidelight of the review of the Newbold Island reactor was that the 
Regulatory Staff ws asked 1:¥ the ACRS to take a new independent look at tbe 
possible aources and possible effects of fire. !bwever, the ACRS Q.1bcoalnitt:ee 
minutes indicate that the Staff did no additonal reviaw in this regard, and 
the •tter· was not PJCSuad. 'fhis ws in 1971, roughly 4 years before tbe 
Browns Perry fire. Also, the minutes of the April 26, 1971 Subocadttee 
.-eting record that the Regulatory Staff thought that there wr>uld be no 
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ADVISORY COMMIII EE ON REACTOR SAFRGUARDS 
UNITED STATES ATOMIC ENERGY COMMISSION 

•wMHtNCITOic. D.c. .... 

• •reb 15, 1971 

•c 

C. P. Sie11• Chairman 
•ewbold Island Subcommittee 

USPORS! to YOt.Jl M!ll) OF I'EillUAI.Y ., 19 71 IECAllDlltG REWBOLD ISLAND 
• 

~tached la a list of ~eations and auaaestlona reaardina the BeWbold 
lal&D4 review. I auaest that the Subco.aittee explore these areas 
with the Stalf anc! applicant in an appropriate aamaer •. 

Attachment 

J.iat of Questions anc! 
Suaaestlona lle: ltewbolc! 
Is lane! 

cc: Other ACRS Members 

• 
: 

. . 

'7e.1kJ 
~D. OkreDt . 

• ... . . 
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Jiactor ldlcllg Co!!parf.aOD - Ipteabn Jen!l lljher P.alsn ?!'Iasure 
. . 

.... :; ,;. 

.& abi4yjprpartaa the •atapa aa4 •uach&DJatu of IH»th tne• 
...... ~-. 

ahoulcl 'k ·dona &Del cJoae wll. 

J!actor Vessel Iategrttx 
. 

!be applicant has been revf.e~na the capability of hil orf.clnal 

._alan to withstand losses lD reactor vessel late&rity. 1hla ahou14 

1Nt cntlDued ao that the capability of the entire ayat- Ia atudie4 OD 
• 

a-n aDifom 'buf.s u to vhat 1s the llalt of capability aa4 wbere. 

• 

. .. 
wak spots first arile (the !lea of .&SME Sectf.oa nt allowable atreaaea • 

for one function, 90%. yle14 for a aecoa4, act ultlaate for a thf.r4 

.akes this 41fficult): 

&owever, the Committee'• altiD& letter ~as 'broader. "rbe Comalttee 

tielieves that, for this lite, additional atucJy of the problems related 

to possible. cJecradatiOD of reactor vessel . S.atearity, auch as law and 

~~·~wall ruptures, 1a needed. Measures that vill ... tiorate these 

prOblems should 'be t.pleaented to the extent that they are practical 

· aDI .•icnificaat t~ public safety." . . 
fteae addltioaal atia4tea wre aot to 'be UaitecJ by the oriaiDal 

.. alp proposal and ita capabilities. · Bence, the applicant aboul4 ao . . 

1NtyoncJ lata currant atuc!lea aacJ ... t the latent of the let_tar lD 
, 

ezamlniaa poaatble .. aaurea • 

.. ---------- . .. 
• - .. ._._. ____ -·------ ----- '!'•·- - .• -

·- .. . . ..-.,._, ___ . ._. 

::. 

~ • 
I 

i 



··I· I 

• 
lgi•tr•4 Safety Syat• Karatra 

ftla f.a aot llaitad to ICCS ht I.Dcluclea all auairaeerad aafaty .. . ... - . . .· . . 
.,.t.- .,.. • CODtd.~aat. Ill., etc. !be Co.~ittee ahould requeat 

~._: ...... . 
~ (t' 

uaminatf.Dif of vha~ additiOilal aaratns _lD aafety can 1Ht provided. ftia 

alaht 1Ht accomplished by improvement& lD deaian capability, in capacity, 

iD redundancy _and diversity, or by combinations of these 1teps. 

IUssiles 

Ira line with the Committee'• .letter, a aystematic re-evaluation 

of potential alasil~s 1hould be aade, vlth acceptable basea·provided 

for exclo4iq those which coDtillue to be excluded. 

-Items to be ••solved Durins Construction 

Which other old or new aeneric items remain to be resolved? Which 

will raot be resolved prior to ACRS action OD a construction pe~it? 

Why? Bow is fully satisfactory resolution to be assured, so that these 

ltems are not incomplete or inadequate at operating license review timet 

Sabotase' 

What positive steps have been taken to review aabotaae considera-

tiona 1ft desian? 

• •Jrt.&ry System Lines Outside Containment 

Ia there more that the Staff believes cara be «<one with reaard to 

~ality - or to coDtrol of radioactivity ira the event of rupture of 

these lines! 

Common MOde Failurea: Electrical and Mechanical 

.Ia there more that the Staff thinks can ie done to accompliah 

aianificant improvements in reliability? .• 

..... _ _..._, _____ ;:. .. ____ ......._.. .. , ..... '" .. -...... --- ··----
.: ___ _ 

. . 
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"' lei ._ tf Pec...,er J. 1969 fraa lcml so Wottlt 

1111! llatecl M11J lt- which &eplatoZ)' Staff •a6ert tbouaht . . 
.. . . .,. . - . 

.. naat~ ncouU.ratloa Ia c01m1ctlOD. with a Bill. ·at a etta lib .... 
•Vl.otct:"l!tucl. We thovlct 1aa•e the Staff'• tldnkf.a& oa theae .. tun. . . 

.AIIoa& thote of Interest are It• Wot. 21 39, 49, 56, 571 68, IS, 16 

ad 91 f.n the pferencecJ ...o, but others aboulct aot be lanorecJ. 

leliability of Containment Itolatioa 

Baa detailed coaaideratioa of requtrect reliabilitJ .. en aivea bJ 

Staff to thia fuactioa! It it acceptable? • 

(elaalc 
# 

• Shoulct w uk Philbr~ck, Pap aJUI· Wilaoa for a ~penclent 

~eview of aelsaic cJeslan factora1 

Should we accept the lnvulnerabilitJ of the torua aDd ita 

appendaaes'! If ao, hne we examined forcet, etc. adequatelJ? Are 

the current' aaraint adequate' 

leactor Shutdown 

ShoulcJ we examine possible actvantaae• (ancJ cti~advantaaea) of a 

~aate~ (blah pre1aure) ~iquict poitoa !J!tea! Bov.ucb aaaur&DCe 
t 

aust w have concemllla the ~aev aenerlc ltema on ,0.1lble cODtrol 

·--- ... __ . _... - ... :---· ·-· 

D. Okrent 
02/22/71 

. 
; 
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diagnast1c:lnstr~.~nentation available without the AC vital l:lls. ICRS 
..uber flloNic>I\.J:hot.Jght that the IX: syst• should be such that there 
would be aasudlhce of •fe lhut:.down if all AC P*!r ws lost. (!his 
ws to becCiDe in active, generic afety cancern ~eral years later.) 

At the June 3, 1971 SUbcallni ttee meeting there •s an in:orx:lusive 
discussion of the proposed seismic design basis. 1ICRS consultant 
Philbrick had suggested that a ax:h la[CJer •rt:hquake could occur, and 
ACRS consultant Wilson had estimated that the recurr.-K:e interval for the 
proposed safe shutdown earthquake (0.2g) ws about 2SOO years. 'lbe Regu
latory Staff had no response concerning an acceptable recurraace interval. 
'!be Applicm"lt stated he had J'l) probabilistic basis in proposing the 
seismic design basis. · 

At the June 3, 1971 Subcanmittee, there were also 8Cille inconclusive dis
cussions about the reliability of various -.gineered •fety syst.s. ltlen 
aked how the Appl icm"lt knew that this plant had the necessary safety
related reliability, Mr. Schneider replied that it ws baed en eKperience 
and on making logical improvements. Be also J'l)ted that if the AE goes 
much further in requiring the expenditure of time and money for extrsnely 
conservative designs, it may stop the c:onstruciton of nuclear power plants. 

In its report to the ACRS of June 30, 1971 the Regulatory Staff concltx!ed 
that •the Newbold Island facility can be built and operated at the proposed 
location without l.l"ldue risk to the health and safety of the pJblic. • At 
the l36th meeting, August 5-7, 1971, the ACRS ccmpleted its review and re
ported favorably concerning the proposed construction pe~it application. 
However, the recanmendation was not unanimous; there w re .Sdi tional ccmments 
by three members of the ACRS, Messrs. M::>nson, Okrent and Pall.Sino, to the 
effect that a construction permit should J'l)t be issued &mless there were a 
major change in the containnent design, and the high pressure coolant in
jection system (which was intended to deal with anall breaks in the primary 
system} was made redundant. 

'l'he Newbold Island letter is ·reproduced on the following pages together vi th 
the ACRS report on Limerick, which WIS completed at the sane meeting. 

'rbe ACRS again reported favorably on Newbold Island on July 17, 1973 follow
ing a re-review of the increased close-in population estimates. 

After the favorable ~ letter, the construction permit application for 
Newbold Island proceeded to a hearing before m Atanie Safety and Licensina 
Board (ASLB). 'lhe case had beccme a very controversial one, with acme 
manbers of state goverrment and some Con:~ressmen frcm the region expressing 
concern or outright opposition. · 
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ADVISORY COMMITTEE ON REACTOR SAFEGUARDS 
UNITED STATES ATOMIC ENERGY COMMISSION 

WASHINGTON. D.C. MMI 

Boeorable C1eDD T. 8eabora 
Chair=an 
U. S. Atomic Bller&Y COIIIDiaalOD 
WaahiD3tOD, D. C. 20545 

AUG 1 D '171 

SubJect: 1!!011' Olf UWBOLJ) DLAHD I'DCUWl CDIZIATING ftA'J.'ION miltS 
lOS. 1 AID 2 

Deu Dr. s.Doq: 

At ita 136th •etf.Dih Auguat 5·7, 1971, the Advisory C01111lttee OD 
Reactor Safeguards completed ita review of the appllcatlOD by the 
PubU.c Service Electric and Gas CCP.:!pany for a permit to coaatwct 
;;he du:\l•unit fte,."hold Island Nuclear Generatins St:ltion. 'l'hts 
sroj~et was also considered at the 130th, 133rd, 134th, ADd 13Sth 
aeet in;: a of the CO!:Itllittee OD February 4•6 1 May 6·8 1 JUDe 10·12, ad 
July 8·10, 1971, r~~spectlvely; aDd at Subco:zaittee ••tiD&• on 
June 3, 1970 at Arnonae National Laboratory, and on '•brwary 3, 
•:arch 29, April 26, June 3 1 July 7, and August 4, 1971 in t~ashtnstoa, 
D. c. During ita review the C~ttee bad the benafit of diacua•ioas 
with Tepresentattves and conaultaata of the applicant, the General 
Electric C~any, and the A'EC Regulatory Staff. t'he COIIDittee also 
had the benefit of the documeDta liated below. The Ccaaittea nported 
the results of ita pn•eppU.cattOD lite nviev to J'OU iD a lett&l' dated 
Septe~~er 10. 1969. 

1'be statioa will be located ill Rn Jersey OD S30-acre Bevbolcl lal&Dd 
Which is near the east bank of the Delavare River about 4•1/2 ailea 
aouth of TI'Catcm., t:ew Jersey (1970 ,opulattOD • 105,000) aacl 11 11ilea 
aortheast of Philn~elphia, Pean1ylvaata (1970 population. • 2,000,000). 
Th~ necrett population center ia a trouptns of 1uburba tD »ucks ~ty, 
rcnatylvanta, kD~JD collectively aa Levittowa (1970 populattOD • 72,000) 1 

with its acarest b:Nndary 3.4 miles from the aite. The applicat baa 
specified a rAdius of one aile fol' the low populatioo &ODa, vhich bad 
iD 1169 a trancteut po,ulation associated with tDduatry of appi'OXtmatelJ 
1200, an4 a small re1tdent po?ulatioa which 11 expected to be about 100 
by 1!:8~. 'l'he lllinil!RI:!l exclusion distance ia 700 meter•, vhlch exteoda co 
the veat ba~ak of the Delaware IU.ver. As pointed out la the Comdttee'a 
&"eport of September 10, 1969, a nlativtly hiah populatioa cleaatty f.a 
aaaociatecl vitb thla •lte. 
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••~ ~U tucluclea a hilf.Da wate~ reactor toM operated at 3~93 Milt. 
With ·n,pct to con deaip, ,over level, aa4 other featuraa of the 
auci•r~teu trc~PPlY ay1tn, the Bevbolcl IalaD.d GDita are aanntiallJ 
•upltcate• of the I~OWDs Farry Untta 1, 2 and 3, aa.cl Peach Bottom 
Votta 2 and 3. Vatte beat froa the atation will M rejected to the 
atmoapbere by natural draft coolin& ~ove~a. 

tu ita report of September 10, 1969, the Committee 1tated aeveral .. ttera 
which tt helleved warranted ~4cial attention in tbe clea:l.p of a plaa.t 
for the Newbold Island site. ID responee to then recOGDelldattona, the 

· applicant baa included in the Revbold leland deaign aeveral feature•, ill 
addition to those aormally provided for kiling wter nacto~ alta, to 
reduce atill further the potential for releaee of radioactivity to the 
nvtroameut. IJ.'be principal acldtttoul feature a are deacrt'becl Mlov: 

Jeactor lutldins. ror each UDtt, the coaventtoaal ateel dzyvell and 
auppreaaton chamber primary contaimDent, the fuel hacUing area and 
apent fuel pool, and the pr:l.rlcipal component• of the ang:l.neerecl aafety 
features are contained in an ~Jtned reinforced concrete buildins of 
cylindrical shape with a domed roof. This building :l.a deaiened to 
Clan I aetsmic atandard1 and to resist the lt&ndard tornado, ad ala• 
allea frca thie or other aourcea. IJ.'be building cau natat u tutamal 
presaure of 2 psig, and inleakage at a differential pres1ure of 1/4•tnch 
of water will be limited to 10 percent of the building volume per clay. 
A filtratiou, recirculation, aud ventilation ay1tem (FRVS) ia provided 
to recirculate and filter ~he react~r building atmoaphere and .. tntain 
the building at a negative preaaure relative to the outaide euvtroament. 

Main Steam Lines. A low•laak.ase, alow•acting, atop ••lve baa Mn added 
do1o.-nstream of the tvo faat•acting valves ill each uin eteam line, me! a 
aeal air eyste• baa been provided to further reduce leakage of radio• 
activity after .. in ateam line taolatiou. the portion of the uin eteam 
linea containing the isolation valvea te enclond til a Seismic Claas I 
tunnel chamber connected to the reactor butldtns ao that any out•leakate 
following the unlikely event of a des:l.zn basts losa-of•coolant accident 
will be treated by the reftct~r building FP.VS before release to the ataoa• 
phere. 'l'he entire len~th of tbe utn ateam linea up to and including the 
turbine atop valve vUl be deatgne•t to Class I aetmic atandarda. 'l'he 
.atn ateam lines from the third isolation valve to the turbine atop valvo 
will be deaigned and fabricated in aubstautial accordaace vttb the require
.. nta for AEC quality assurance Clnsatfication Group 1. ID adclittou, 
aelective inspection of critical areas of this pipiD& will be performed 
•urtaa refuel~ns outases. 
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Jadlo~'ttsJJatte M!poaat. fte ndloacttve wate dlapoaat 8Jitema t.Dclda. 
eeve:ral-. feature a lwtyoa.cl thoH aoaally p:rcwS.decl ID hlU.ns wte:r nactor · 
plaata.·· fte lf.quid vatte ay•t• penita the ncycllng of equipmeat eel 
floor d:raS.a vaatea and the ..,apo:ratica of chaaical aad lauadry waatea 
be.fo:re cliacha:rge to the euvircmment. t'be paeoua nate ayatem provides 
for the nc«Dbiutua of bydrogea and ayga, coudeuain; the Y&por, hold•up 
for decay of ahort•lived S.aotopea, and cryo;entc separation of the noble 
paea. bypton IUlcl anon MY be stored for pe:rioda aufftciatly long that 
lryptoa•l5 l:tecomea the or.ly at;otficat nmatntns ndiotaotope. horiatons 
Will be .. de tO utilize DOD•r&dioactlve lt&&s iD the turbtDe ll&Dd .. all 
ad to proceaa contalDmeat purge saaa vba dainerttnz. fte Ccad.ttee 
1MtU.evea that these vaste •nasement ayateaa an capable of Uaitins 
nleaae• of radioactivity to the eavi.r~t to levela that an .. lov 
•• practicable. 

Jeoctor Vessel Inte;rU,x. t'be applicat hal cleacribed impr:OYaMata iD the 
de1tp aad fabrication of the nactor: veaael. !'beae taclu4e ncleaip of 
the large nozzle• to reduce atreaa coucentrltiODs; redesir,n of the 'bottCII 
~~"'uS to reduce the number of velds and is:lpr09e the capability for in· 
a.:rvice inspection; and improved procedure• atd 1taueards for inspection 
during fabrication. The applicant baa atudiecl the p:robloma nlatecl to 
possible degradation of reactor:•essel tatesrity and has concluded that 

· a aozzle failure or a small break vould not impair tte integrity of the 
biological ahield, tt.e priaary contai.Dment, or the nactor t.Dternals, and 
would aot affect the ability to cool the core. lD addition, the biolopcal 
1hteld baa beea redesigned to lDcrease SUbstantially ita ability to with• 
ata.Dd tDtanal p:resaurea, Jet fo:rcea, o:r ldasilea. 

(mer.seucx Con Cooling System. 'lhe ._l"sency core coolins •:rata (ECCS) 
baa been modified in two vays. !he htsh•preasure coolant injection (CPCI) 
aystem baa been chansed to inject water directly to the core thr:ouah the 
core apray aparser :ratbe1: than iDto the dc::NDcome:r :region Via the feedwate:r 
apaqer. Ill addition, the applicant haa atated that the staam-turbine 
d:riveu HPCI P111D'P will be .odifie4 to the extent feasible to IDcreaae the 
volw. of vater delivered to tba con. '.the low•preature coolut tajection 
(LPCI) ayatem has been chased to inject vate:r f.Daide the con abr:oud 
throullb four aeparate vessel peuetrationa, :rather than throu;h the nct:r• 
culat::on linea. The applf.caat baa stated that these changes pi'091de 
tacreaaed reliability of these ayctem. and r:eductiona ta the peak clacl 
tempal~turea attained in the ualikely event of a loaa•of•coolant accident. 

'ftae Cualllittee Hlievas that the 4astp changes cleacribed above an auitably 
reapoaaive to the concerns 1tated tn ita letter of September 10, 1969 
r:egardins additional matter• Which should be coaatde:red for a plaat at 
the Bewbold Island alta. 

-. 
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Ia the ~·of an a~alaolable •raak of a Sllat~nt lllle or a proceaa 
llH, l'ilaetor coolant Vlll be dbcharsecl to the nactor buildlDS. SiDCe 
the lnatrumont ltDes will contain a 3/S•tDch flov•reatricting orifice tD• 
aide the primary containment, failure of aa many aa ei&ht auch lines vill 
ae>t lead to preuures lnsicle the reactor buildin; areater t!aan the 2 pais 
at Which it relieves te> the enviroameat. However, failure of a procees 
line, lf not isolated tD a ••ry abort time, could lead to p'!'eaaures in 
excess of this relief pressure and liguificant amounta of r•actor coolant 
would be di1charged to the envir~ent. Although the off•site dosea from 
auch an accident would be wll vithin tha 10 CFR Part 100 f,UidaU.nes, they 
would be comparable to or areater than the doaes calculated for other leas 
probable accidents. The CODI!Ilittee beU ... ea, therefore, that the applicant 
ahould uke deaian proviaioa.s for nducina the quantity of nactor coolant 
4iacharged to the•raactor ~ildtag lD the event of a proceaa ltD& break. 

'lhe applicant has atudied deaian featuraa to -~~ tolerable the conae• 
quences of failure to scr~ during anticipated transients. and baa concluded 
tbat automatic tripping of the recirculation pu:~pa and injecU.on of boron 
could provide a suitAble backup to the control rod aystem ~~r tbia type of 
event. The C~ittee believes that thia recirculation p~ ~rip repreaenta 
a substantial ~rovement and ahould be provided for the N~~old talaad 
rcoctora. l:O"Jever. further evalwttion of the sufficiency of this approach 
and the specific a:eans of it::.plementing the proposed pu:=p trip should be 
•de. This matter should be reaolved in a manner sattafaetory to the .AEC 
legulctory Staff and the ACRS during co~•truction of the plant. 

Tbe applicant bas atated that a aystem vlll be provided to control the 
concentration of hydrGfen tn the primar, containment that might follow 
ln the unlikely event of a loss-of-coolant accident. The proposed 
ayGtem ia not capable of coping with hydrogen eeneration rate• in 
accordance with current AEC criteria unleaa the primary con.taiu.nt ls 
lnerted. Therefore • the COI:IIDittee believes that the contaiament abould 
be inerted and that the hydrogen control aystem ahould be destrae4 to 
aatatain the hydrosen co~centration vithiD acceptable l~its uatns the 
assu~tions liated in A:C S&fety Guide 7, ·~ontrol of C~ustible Gas 
ConcentrationD in Containment Foll~viq a Loss of Coolant Accldallt." 

Other problems related to lar£e water reactors have been identified by 
t11e Regulatory Staff and the ACr.S and cited in previoWI AC&S reports. 
!11c Cczmittee believes that r~solutiOD of these items abould apply 
equally to the .Uevbold Island Station. 

The Cormcittee balievea that the iteu mentioned above can be reaolved 
durina constrwction and that, if due consideration ia aiveu to tbeae 
lteu, the Nevbold Ialand lluclear Generattna Station Unite Boa. 1 &r&d 
2 can be constructed vith reaeonable aaauraoce that they can be 

(. operated vitbout undue risk to the health aDd safety of the public • 

• 
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.Mdlt.iqul eGallfttl ltJ' Dr. B. 0, .... , DJ:. D. Okn.nt a4 Deu B. J. 
la11adtDoJ!E- attached • 

. ·. ,.. 

• 

lf.aeenlJ JOUr•, 
Or1s1nal Signee! by 
lpeuoer B. Bu.sh 

lpencel' B. luch 
Cbalma 

J!fereucee - BeWbold Ialanc! tfuclur Generattna Station Onits Boa, 1 ec! 2 

1. fu'bU.c Service Electric ad Gaa Campay latter dated l'abnary 27, 
1970; U.cenae Applicatica; lnlfalllary kfetJ M&lyala Iepore (rsAll), 
Yolumas 1 throuab S 

1. llllendmanta loa, 1 thl'ouah 5 ad Boa. 7 throup 9 to tu.n 

.· 

-. 
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ADDttiOMAL COMMENTS B! Ill. B. O. IDISO!C, 

DB.. D. OJ:IDT A1m DEAN •• J. fJU.IJ)INO 

Al~hou~ tbe laqe, low pn.aaun, high iD•leakace aeeond&l')' reactor 
•uilding propoaed by the app!icant for Newbold Ialaad Uuita 1 and 2 
npreaenta an tmprovemeat over reactor buildings currently employed 
for Dlt."P~oS at aites with lover aurrounding population deusitiea, ve 
klieve that further lmprove·•nt t1 appropriate. 'l'he relatively 
~mall volume of the ateel preasure•auppression type primary coatain· 
•nt tntroduees lct:De crowdf:r~ of equf:p:tent and aome attendant problema 
in the aimultaneous aceocpl~ar~nt of full protection agatnat viola• 
tion of primary contaim:lent by possible atssllea, Jet force a • and 
pipe Whip, and accompltabmant of full acceaa for tD•servica tRtpectton. 
lome further protection veuld be provided aaainat extrem.ly low· 
probability accident• tavolvtng a coacurrent lota of prtmar, aystea 
latearity and a limited violation of prtmary contaiameat by the use 
of a large, relatively htgh•preasure (of the order of 10 p1i1 as baa 
been proposed for. a I~ at another atte bavias a comparable aurrouad• 
IDS population density), lc·:-leakage, aeeondary coatain=ent building. 
Such a high-pressure, seeonda~y containment, coupled with a pressure• 
auppression primary containment,provides a c~~ination Which can 
tolerate a fairly tubstantial violation of primary contai~ent arictns 
from the aame event wbich caused a loss of coolant • as wall as further 
protection against unforeseen events. We believe that this improvement 
in eafety capGbility ia warranted for a core densely populated site 
lib Uuwbold It land • and rec01!l.':aen4 that tha issuance of a constructt.cm 
percit be contingent on tho use of a ht.ah•presau~. lov-leakaae aecoad• 
ary conta imnent. 

For postulated loas•of-coolant accident• tavolvt.Dg small break ai&aa, 
the htnh•preasure coolant injection system OtPCI) arransed 10 as to 
inject into one of the core spray loops ts predicted by the applic&Dt 
to be highly effective ln ltmittnn peak clad temperatures to moderate 
levels. Ve believe that for a high power, bi.gh·p~,r·deasity reactor 
at a lite as den~ely populated as Newbold Island, the applicant ahould 
11'~ further consideration to th~ uae of an BPCI aystem on the aocond 
core spray loop. The purpose would be to provide redundancy of thta 
Mana of protection in the event that the single BPCI ayatem beca• 
Ineffective because of failure of a J!ItCI co-...poneat or because the 
accident arose fra.n rupture of th! core apray line tnto which the 
HPCI lnjecta. 'l'be automatic depressurization system vhich together 
with the low•pressure emarseucy coolin; systems constitutes an 
alternate means for coptng with amall breaks, albeit by tntroduetna 
a J,araer openi.D.;, would continue to aerve as a backup • 

• .t .......... .-.-.. 
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llonorable GlaDD %. le&bora 
Chaif:man • 
U. S • Atomic Ene r11 Collmis • ion 
VashiDgt:on, D. C. 20545 

Auaust 10; 1971 

Subject: UPOU ON .LIMEUCK GENEIA.nNG Su:ri.ON UNI:rs 1 AND 2 

Dear Dr. Seabora: 

At its ·136th .. etiDa, August 5-7, 1971, the Advisory COftlllittee on 
Reactor Safeauarda completed its review of the application from 

·&he Philadelphia Electric Company for a pel'IDit to construct the 
two-unit: Limerick Oenerati.Da Station. 1'he project vas couiclered 
at Subcommittee meetings on Movember 10, 1970 at the plant site, 
and on March 31 and July 29, 1971, in Washin&ton, D. c. During its 
review the Committee bad the benefit of discussions with represen
tatives and consultants of the applicant, the General Electric Com
pany, anc! the AEC Regulatory Staff. The Coamittee also bad the 
benefit of the cloc'UID&nts listed below. · · 

%he L~erick Station will be located in Pennsylvania on a 587-acre 
aite on the Schuylkill River about midway between Philadelphia and 
leadina •. !he nearest population center is Pottstown (19~0 popula
tion - 26,000; year 2000 predicted population - 55,000) with its 
Dearest boundary 1.7 miles to the northwest. ·!be low population 

·.• . 

&one Tadiua u 1.3 ailea. The ea~iaated population iD 1968 vas 500 
persons within one mile and 5,200 persons within two miles. %he . 
ai~~ exclusion distance is about 2,500 feet, which extends to the 
Yest baDk of the Schuylkill River and ineludes a amall uninhabited . 
i.aland awned by the State of Pennsylvania. !'be City of Philadelphia· 
1a 20.7 miles to the a~theut with a 1970 ce~us population of about. 
2.ooo.ooo. . . . . · .·· ·. -· . 

Eacll unit of the ~rick Station includes identical boilina water re• 
actors to be operated at a ~ver level of 3293 Milt. !be core designs, 
power densities, aDd other features of the Duclear ateaa aupply systems 
are essentially identical to tbe Browns ferry units of the Tennessee 
Valley Authorit:· ~nd Peach Bottom Units 2 and ! currently under construe• 
tior. by the Philadelphia Electric Company. Waste! beat is rejected to the 

.. , 
• 

.. ·------ -·~. . ·-··· . . . . . .. . . .. . ..... ... . ..... . .. . .. -~ .. 
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• 
atiiiMphe.re by two utural draft coolin& towers. the aormal cool ins 
Wtu' ~uiz'emant of 74 cfs, iD.cluclills ~ cfs "for consuaaptive. use, 
u"'~cl frcm. the Scb:uylkill liver. ro provide another source 
•ursaa ·t:rousht. periods arrmaemanta ·are kiD& aacle to obtain wter . . . . - . . 
frc:.·tha Delaware tiver. · . . · · . .. . .. 
·the ·~taiament is of th~ over-uncler.presaur~ suppression type similar 
"to that of the Shoreha= Nuclear Power Station. %be cll".)'Well is a. rein• 
forced conc:ete, ateel~liDed truncated cone; the wetwell ia a cylinder 
.of afailar construction •. The: clrywall and wetwell are separated by a · 
S-1/2·foot thick reinforcecl concrete floor penetrated ~Y 85 vent pipes. 
A law-leakage, Clas1 I reactor build.ins surrounds both units which share 
a alsagle ccapartment a'bove the level of the refuel:£.ns floor ancl occupy 

• aepa:rate compa.rtma1'1ts below this level. %be buUding is clesianed to 
nliaYe throuah blow-out puala at an 1Dtemal preaauJ'a of 7 inches of 

. water, an arransem&D.t which the applicant lau atatecl aenea to protect 
· ·· -eng:lneered aafety equipment fro=~ excessive steam expoJUJ'e while still 

.. intaining offsite closes from postulated process steamline failures 

. •, 

. far klow •10 CD. Part .100 J1.i! ciel:Lnes • · •, . . . 
. 

the zeaetor building in-leakage at a differential pressure of 1/4 inch 
. ! of vater will be limited to .501 of the building volt.:me per . d.ay. On 
· .isolation of tbe builclins a zecirculation-filtration system starts 

~uto.at:Lcally, continuously processing about' 60,000 cfm throuah IlEPA 
and charcoal filters. A small fraction of the discharge of this aystem 

.·s.. N:hausted to the outside eDViro=ent throuah the standby aas t:eat• 

'•. 
. -nt .,.stem which incluclea cleep•becl, charcoal filters. 

fte .entire lena~ of the . aain steam lines • uP to and :l.ncl~clin& the tur• 
J,i.De atop valves, will be designed to Class· I seismic standards. The 

· main steam lines from the do•"UStream isolation valve to the turbine stop 
'v•lYe will be clesianed and fabricated in substantial accordance with the 
requirements for ac quality assurance ClaSsification G:oup 1 •. lD addi• 
tiOD• the Committee believes it appropriate to desian and install all 

. cormected pip:LJ:ii clown ·to 2•1/2 inches in cliamete: to Class 1 aeismic · 
·at&Dilarcls out to and. includin& the first valve. !'he applicant has stated 

. ·that ·he will iutall a thi:d stem line isolation valve clownstream of the 
. two fast•actin& valves or develop .n equivalent water-seal aystem accept-

. able to the lep.latory Staff.· · · · · 

~e ltloloJ{cal abuld. la to be constructed of maan.etite concrete placed 
between steel plates. The shield vill be reinforc·ed near openinas to 
insuza tntearity for postulatecl :uptures in the vicinity of uozzles. the 
~ee believes that the entire biological shield shoulcl be deaianed 
~o bmre reasonable ability to vithstancl internal pressure and jet forces. · 

. . . 
.. ._. .. _.,...._,_,._. _____ ....... _.........._--....-... ........... ........_ ... -- .................. _. ··- .... ----.~~ .....,._ ...... ----..--...,..--· 
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-. 
1lae iailtrpncy core cooU.na aystem (Ices) Jau been cl:laqed ln aeveral 
_,.. ~ :. 2.1Pf·iaf.sh p!:usure coolaDt lD.jection (B?CI) aystem Jiu ken 
IIOCliftacl 'to lnject water cliractly lnto the core throu&b the apray 
aparaar rather than into the dovDcomer reston by the fee4water aparaer. 
b adc:litioh, the applicant llu atatecl that the turbiD& driven BPCI pump 

'will also be aodi.fi&d ~ t:ba eztent feuil'Jle t:o incrwe t:be votum'e. of 
water cleliverac:l to the core. %he low pressure coolant injection (UCl) 
1171tem has hen cl:aan&ed to U.ject vater inside the core ahroud throush 
four wasel penet:rations. Each of tvo pairs of UCI pumps ·feed a 

• 

.. a4ar aenri:As t:vo. DOazlaa. 1'b.e applicant bu atatecl that these c1:1&raaes 
prcwide tDcrauecl nli&bility of &:hue systems ad raclucticm.a in d:ae 
peak clad temperatnres at:tai.Da4 fa the tmlikaly event of a loss•of· 
cool&Dt acciclant. · · 

...... . . . . . . 
·~ 

4fbe radf.oactive waste 41aposal 1171tems tDClude aevezoal featuna '-"*· 
diose aonaally provided ill boiliD.s vater zoeactor plaats. Dle liquid 

· waste .,..tam pe'DIIits the ncycliD& of eqv:l.pment ucl floozo drain wutea 
ud· the. evaporation of chet:li.cal eel laundry wastes before df.scharae to 
die envirou:ant. :r.be aa.seot1t waste system provides for the recomb inin& 

,· ·of hydrogen and oxyaen, condel"d.na the vapot:, laold-vp· fozo decay of 
ehot:t•lived isotopes, aDd ct:yo&eDic separati.DD of the DOble aaa••· 
Krypton and unOD aay h stored fot: periocls s~ficiently lona t:bat kr':rP-. 
toD·BS becomes the only siani.ficant remaining radioisotope. lrovlaions · · 
wi11 be aac:le to Utilize DOD•radioactive Steam in the turbine &l&ncl aeala 
ad. to procaaa coa.tabaent: purse aases when cleinert1Da. !be Coanitcee 
•elie.ves that these waste ma:caaemant aysteu are capable of limitins re• 
laaaea of radioactivity to the euviromuent to levels that are u low as . 
practicable. · 

: . . 
%Pe applicanc baa stuclied clesig:a. features to 11Ul'ke tolerable the Cf?nae- · ~ 

flUea.ces of failun to act:am durb& anticipated transients, and has cou- . 
clvclec! that automat:ic trippiD& of the rec:l.t:culation pumps an4 i.D.jaction 
of borcm. could pt:cwicla a auitable backup t:o tile ·control roc! ay~t:ea for .· dlia t;n»e of event. 1'b.e Coa:D.ttee believes that d:a:La recirculation pUIIlp 
.&rip rept:asenta ·• subatazlt:i.&l improvement aDcl should be provided for the 
J.f•zick reacton. llowaver, furthezo avalv.atiori. of the sufficiency of , 
thla approach an4 t:he specific means of .lmpleant1Da the proposed Jn8P . 
trip should be Slade. Tllia matter shoulcl be resolved iD. a manner sati.a·· · 
&ctol'J' to the BaplatoZJ' Staff ad the .&CIS clurina cimatnct:ion of tbe · · 
reactor. · · · 

. . .. .. . 
Dae applicant bu stated. that a IJSCeD ·will be prbvf.cled. · t:o CODtzool tbe 
concentration of hydroaen in the primary containment that ldpt follow ' 
t.a the aDlikely event of a loss-of-coolant accf.clent. %he· proposed .,... 
tea la DOt capable of copina v:l.th bydroseu pneratioa rates 1n accol'clance , 

• 
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w:l~~c-.rent BC crit~ia unless the prb.ary containment is inerted. 
ftet-•fo¥'1·, the. C~ ttee believes that -=he containment should be 
f.nerfecl!and that the hydrogen control system should be designed to 
.aiDtain the hydrogen concentration within acceptable limits using 
the assumptions listed in .&!C Safety Cuide 7, "Control :>f COtD• 
busd.ble Gas Concentrations in Containment Following a Loss of. 
Coolau.t Accident." 

The applicant bas selected a value of 0.12 g for the ac.celeration 
representing the maximu= ,round ~otion at the site and on which 
Class X seismic design is to be based. The Committee -ecommends a 
sdnfmum acceleration of 0.15 & be used for the design basis earth-
'uake for this site. · 

Other problems related to large vater reactors have been identified by 
the Resulatory Staff and the ACRS and cited in previous ACRS reports. 
The Committee believes that resolution of these items should apply 
equally to the Limerick Station. 

. . 
The COI:CI:ittee believes that the ite:lS mentioned above cr.n be resolved 
duriag construction and that, if due consideration is given to these 
itaMS, the Limerick Generating Station.Vnits 1 and 2 can be constructed· 
vith reasonable assurcnee that they can be operated vithout undue risk 
to the health and safety of the pu?lic. · 

Sincerely y~~~ 

Bush 

References 

· 1. Pbilac!elp'ftia Electric Cc:pa.nY Preliminary Safety Anslysis Report 
(Volumes 1 throu&h S), for Ltcerick ~eneratin& Station rnits 1 
aD4 2 . 

2. Amendments 1. 21 3, 4, 6, 7, 9 & 10 to· the License Application of 
Philadelphia Electric Co:pany for the Limerick Generatins Station 
Vnita 1 and 2 .. 
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at Octobltl' 1, 1973, Dr. Ralph E. Lapp, appearing before the ASIB on 
behalf of t;be..ec..:n.alth of Pennsylvania, testified against iast.ance --, 
of a conatr)tetton penait. Bis testillony is interesting tn -.veral 
ways. Be stated his belief that the ACRS request for extra-conservatim 
in plant design, and its r«~Uir..nt for .clditional safeguards, is a 
reflection of the need for insuring a higher degreee of p.Jblic protec
tion because of the high p:>pulation at risk at the site. Be stated that, 
in his opinion, the ACRS letter of July 17, 1973 is a conditional approval 
of t.he station a'ld that t.he Atomic lnerqy Commission lhould resolve this 
condition now before the eontruetion permit is approved. "Nlen three 
highly cpalified aeientists en the ACRS express reservations about a 
reactor installation, I believe that their reec:a~endation should be 
given the most serious consideration. • 1hen he went on to note that 
the ACRS recognized an unusual p:>pulatin risk. Be called attention to 
the fact that the Ccalittee believed that plans for appropriate ..asures 
to ectend several miles beyond the proposed LPZ radius of one aile wre 
necessary. Dr. Lapp states '"l'o the bast of ray knowledge this is the 
first time that ACRS has ecpressed a specific requiranent for .. rg~ 
plans to treat a Class 9 accident situation. • Dr. Lapp concludes •t 
believe that the Board is faced with a problem that is greater than that 
of a single nuclear power site. If Newbold Island is approved, then the 
way is open for utilities to site future plants in locations of a;ual or 
higher -population-at-risk situations. • 

Excerpts ff'OIII Dr. Lapp's test1.:m.y follow. 

Testi.,ny of Dr. Rllph £. Lapp 
In the Matter of the Newbold Island Nuclear Generating 
Station, Units 1 & 2 
Docket Nos. 50-354, ·50..;355. Atomic Safety and Licensing 
Board, UASEC. 
Trenton, Hew Jersey, October 3, 1173. 

I appear here on behalf of the Commonwealth of Pennsyl
vania to testify as to It)' concern about the siting of 
twin nuclear power reactors at the proposed Newbold 
Island site. 

The siting of high power nuclear reactors fnvolves the 
•st careful judgment as to the adequacy and re11ab111ty 
of engineered safeguards which are designed to prevent 

• the release of dangerous quantities of radioactive IBter
fal to the enviro~~~~ent where ft -.v pose a threat to the 
public health and safety. When the population at risk 
to such A potential radioactive release is as great as tn 
the Newbold tsland situation.· I believe that the engineered 
safeguards should be subject to the .,st detailed public 
uuainatfon. 
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f,ill _,. that the ADDlfcant has s..._.ttea a detailed 
Pt"elftliaii".Y Slfet,y Anllysfs leport together with addi
tfenat technical supplements fn the public docket and 
that· the Regulatory Staff has c:arried out a safety 
evaluation (Dec. 17. 1171) together w1 th Supp 1 ement No. 
1 (May 17, 1173) and S..,pleMnt lo. 2 (August 30, 1973). 

loth Applicant and the AEC legulatoi".Y Staff have c:arried 
out analyses of various design basis accidents up through 
Class 8 on the AEC's accident seale which ranges from 
Class 1 for trivial events and up to Class I for accidents 
fnvolving core .. ltdown. . 

The Advisory Conlni ttee on Reactor Safeguards (ACRS) has 
conducted fts own safety evaluations of the proposed New
bold Island nuclear station and fn its Sept. 10, 1969 

· letter to AEC Chainnan &lenn T. Seaborg it defined the 
population fn the ....,old Island area and stated: 

'The Committee believes that, for this site, addi
tional study of the problems related to possible 
degradation of reactor vessel integrity, such as 
leaks and vessel wall ruptures, is needed. Mea~ 

sures that will ameliorate these problems should 
be implemented to the extent that they are prac
tical and significant to public safety. The fea
tures provided should be of such design as to 
prevent their interference with other engineered 
safety features. 

Other matters noted in previous ACRS letters 
pertaining to larye water reactors should re
.ceive appropriate y greater attention fn the 
design of the plant. The Committee believes 
that a 1110re conservative approach 1n the design 
of the plant at this site, with regard to the 
111rgins fn the engineered safety systems, pro
tection against possible internally-generated 
llissf1es, and the n&lllber of items to be resolved 
after the construction permit review.' 

I believe that the extra conservatism fn plant design and 
in a requirement for additional safeguards is a reflection 
of the need for insuring a higher degree of public protec
tion because of the high population at risk at this site. 
Some of these safeguards were detailed in the ACRS letter 
to Chaf,..n Seaborg dated Aug. 10, 1971. 
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"-• ~tal fMtures t.cluded: 
_~t • .a.-law-1Mtage secondaey contai..ent (reactor ..,,lding) 

- ~ ~pable of withstanding 2 psfg and equipped wfth a 
... 'filtration, recirculation and ventilation systelll (FRYS). 

2. Additional •tn steam line protection. 
3. Reactor vessel 1111Prove~~ents to insure fts integrity. 
C. Modification of the emergency core cooling system 

(ECCS). · 
The Colni ttee expressed the be 11 ef ~t these des 1 gn changes 
and others not specified above were suitably responsive to 
the concerns expressed fn its Sept. 10, 1969 letter.. However, 
Dr. H. 0. Monson, Dr. D. Okrent and Dean II • .1. Palladino added 
c:o..nts to the letter; they nteCIIIIIended that the 2 psig 
secondary containn~ent capabfltty be increased to 10 psig 
(si•tlar to that for the Verplanck reactors) and stated: 

'We believe that this improvement in safety capa
bility is warranted for a .are densely populated 
site like Newbold Island, and recommend that the 
issuance of a construction permit be contingent 
on the use of a high-pressure, low-leakage secon
dary containment.' 

The three ACRS members also recommended HPCI (high pressure 
coolant injection system) modifications to provide redundant 
protection in ~~e ECCS. In the July 17, 1973 ACRS letter 
on Newbold Island Station the penultimate paragraph reads: 

'Dr. H. 0. Monson, Dr. D. Okrent, and Dean N. J. Palla
dino, whose additional comments were appended to the 
Committee's letter of August 10, 1971, believe that 
those additional comments are still applicable to the 
Newbold Island Station.• 

I submit that the ACRS letter of July 17, 1973 fs a condi
tional approval of the station and that the Atomic Energy 
Commission should resolve this conditionality before a 
construction permit fs approved. When three highly quali
fied scientists on ACRS express reservations about a reactor 
installation I believe that their recommendations should be 
given the most serious consideration. 

The ACRS letter of July 17, 1973 recognizes the unusual 
population risk involved in the Newbold Island sjting and 
stipulates: 

'The applicant has prepared a preliminary emergency 
plan which considers. among other things, the feas1· 
bility of evacuating the population within the Low 
Population Zone (LPZ) in the unlikely event of a 
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-~~;-:~or accidental ·release of radioactivity from the 
·. )1ant. _TIM applicant has also described feasibility 

... ; .. ot' evacuating an area extending as -..ch as three 
•i1es from the plant, assuming the projected popula
tion that would result from the full development 
envisioned by the WRIC, and has concluded that such 
evacuation is feasible. Detailed emergency plans, 
to be deve 1 oped by the State of New Jersey and the 
Cormonwealth of Pennsylvania, have not yet been com
pleted. 

The Committee concludes that a suitable emergency . 
plan can be developed for the Newbold l$land site. 
The Committee believes also that plans for appropri
ate protective aeasures should extend several miles 
beyond the proposed LPZ radius of one mile. It is 
essential also that plant personnel be provided with 
those instruments, indicators, and •asurements that 
will define clearly the nature and course of an acci
dent so that off-site emergency plans can be initiated 
at a level and on a time scale consistent with the 
severity or potential severity of the accident.' 

Insight may be gained into the thinking of the ACRS by 
referring to their meeting in Washington, D.C. of June 6, 
1973. There was lengthy discuss1on of the population den
sity and distribution near Newbold Island indicating the 
evident concern of ACRS.members over the population problem. 
The following excerpts are taken from the transcript begin
ning on page 39: 

Dr. Monson. 'I would like to ask the applicant whether 
he is giving any consideration to formulating plans or see
ing to it that plans are forn~Jlated by the appropriate bodies · 
in respect to evacuating population or taking other protective 
measures in the event of a serious accident or cases where the 
accident might be more than a Part 100 type accident, in 
other words, a Class 9?' 

Mr. Krishna. 'As far as the feasibility of our plan is 
concerned, whether people can be evacuated, we have looked 
at transportation routes available within one mile and also 
up to 3 miles and we see no problem in evacuating the people, 
even if the hypothetical accident were to take place through
out the entire area.' 

Dr. Monson. • I just want to be sure that I am right in 
thinking that the applicant believes that even though the 
probability of a Class 9 accident-is considered to be 
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.. 
... . ext,..ly low, that he does not H•it his interest in 
~- S eucuatfon or the taking of other effective protective 

: .• sures fn the event of accident fs limited to Class 8 or -: 
···lo.r accidents and does not include fn any way plans for 

such protection in the event of a Class 9 accident.' 

The distinction between a Class 8 and 9 accident was raised 
and Dr. Siess stated: 

'There is one way in which you could distinguish, and that 
is if the evacuation plans that are ultimately developed 
by the States consider evacuation only of the low popula
tion zone, then you would have to think that they were 
considering only Class 8 accidents. 

But if those plans are also looked beyond and said we have 
plans for 2 or 3 miles, or whatever, then I think that you 
are looking beyond the Class 8 accident.• • 

To the best of ~ knowledge this is the first time that ACRS 
has expressed a specific requirement for emergency plans to 
treat a Class 9 accident situation. This is clear from 
the wording of its July 17th, 1973 letter, already quoted, 
put in the frame of reference of the June 6, 1973 ACRS 
-.eting. I submit that this introduces quite new factors 
into reckoning the acceptability of a reactor site, especi
ally when the development of an adequate emergency
evacuation plan is made mandatory. 

The Applicant may contend that an adequate emergency plan 
beyond the LPZ area is feasible, but I believe that this 
should be a State responsibility. The Applicant has not 
presented in its Preliminary Safety Analysis or in its 
Environmental Impact Statement or in any document placed 
in the Public Docket 50-354/355 any technical estimates 
of a Class 9 accident consequence. Since ACRS has brought 
the Class 9 accident out into the open, presumably because 
of the high population at risk in the instance of Newbold 
Island, I believe that the Atomic Safety Licensing Board 
should require that the Applicant or the Atomic Energy 
Commission provide data on the character of the radiation 
hazards anticipated beyond the Low Population Zone so that 
emergency plans may be formulated for the protection of 
the public. 

My understanding of the risk situation is that States, 
which are the risk-takers, have not received guidelines 
as to the character of this class of radioactive release 
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...: ~.,. nuclear power plants. Tllere 1s a need to know the 
: ~ble 1ead-radionuc11de endangering people beyond the 
- L.Pt· Is this radioiodine? Or the noble gases? Or 
·r-utheni umt · Or te 11 uri1111? 

Dr. F. R. Farmer, the noted reactor safety expert of England, 
stated in his paper •Reactor Safety and Siting: A Proposed 
Risk Criterion" (Nuclear Safety, !• 539, ·1967}: 

'It is generallv agreed that the isotopes of iodine, and 
particularly lllJ, carry a greater threat to health than 
any of the other fission products that might be released 
1n a reactor accident, and the International Commission 
on Radiological Protection (ICRP) has published findings 
of the risk of developing thyroid cancer through the in
halation of radioactive iodine.• 

No doubt the British view of reactor effluent risks is 
influenced by the 20,000 curie accidental release of 
radioiodine that occurred in 1975. However, the radia
tion threat potential of iodine-131 is explicit in AEC 
publications on reactor safety, particularly fn TID-14844 
•calculation of Distance Factors for Power and Test 
Reactor Sites.• (March 23, 1962) and in 10 tFR 100. 

After discussing possible thyroid doses as a function of distance, magnitude 
of release, and meterology, Dr. lapp continued as follows: 

Obviously the problem of planning for an upper limit Class 
9 accident assumes dimensions beyond the capability of a 
metropolitan area to cope with the radiological consequences. 
Nonetheless, the significance of the ACRS conrnents, already 
specified as to Class 9 accidents in the instance of Newbold 
Island, is that communities must prepare emergency plans for 
what may be called a lower limit Class 9 situation. 

If one assumes that the significance of the ACRS recommenda
tion for emergency preparedness several miles beyond the LPZ 
1s that one may have to plan for 300 rem doses to the adult 
thyroid in this zone, then this is tantamount to projecting 
infant thyroid doses in the range of 1,000 rem 4 or 5 miles 
from the reactor site, depending on how the word •several" 
is interpreted. 

If a 1,000 rem dose to the infant thyroid is assailed for a 
4 mile downwind distance, then Fig. 1 would predict that a 
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30 rem dose would be sustained out to 42 •iles from the acci
~ S.dent site. I believe that tilts ts a straightforward extrapo-
- : 11non of tile ACRS CGM~~entary. J believe that the pt"'blem -: 
· :.of planning for such a large area evacuation or even iiiiPle

.. nting other protective .. asures within the area poses an 
i~nse challenge to the affected communities, the .ore so 
because of a lack of adequate planning data. Even with the 
best possible predictive data, it will be difficult in the 
extreme to selectively evacuate communities when one con
siders that in Pennsylvania they are contiguous with zones 
of high population density. It should be emphasized that 
the Philadelphia aetropolitan area has a population approach
ing 5 million. The distribution of this population is quite 
different from that radiating out from the Indian Point and 
Zion sites that have been approved by the Atomic Energy 
Commission for reactor siting and operation. 

In presenting this line of arg~nt to the Board, I wish 
to point out the importance of providing States with 
authoritative information on which to base plans for 
emergency procedures to be implemented in the event of 
a serious reactor accident. For ~ part, I believe that 
it is not a prudent policy to site two high power nuclear 
reactors at Newbold Island and I would argue that the con
struction of these plants be disapproved. 

If tt is the decision of the Board to reconmend construc
tion of the plants, I would then urge that special pre
cautions be taken to insure against the accidental re
lease of any large quantity of radioactivi~ to the 
encironment. As noted, three ..a,ers of the Advisory 
Committee on Reactor Safeguards have recommended addi
tional safeguards and I agree with their recommendation. 

Assuming that the Newbold Island reactors are authorized 
for construction I recommend that the Applicant be re
quired to instnnent the reactor complex with accident 
diagnostic equipment so as to permit prompt acquisition of 
information about the .. gnitude and nature of any acci· 
dental accumulation of radioactivi~ within containment 
and its rate of release from containment, together with 
accurate data on the prevailing 11eteorology. The Appli
cant should be required to develop models for prediction 
of the patterns of radioactive fallout and envelopment of 
downwind sectors. 

I call attention of the Board to AEC document ORNL-NSIC-27 
•Review of Methods of Mitigating Spread of radioactivt~ 
From a Failed Containment System• {Sept. 1968). I .auld 
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< ~ reccanend that the Applicant be required to review the 15 
:~ ~·~~ized . .odes of activity control and estf•te their 
~ .· ..,icacy for the llewbold Island installation. In partfcu-
··: .. t6r, I would stress the fiiiPOrtance of considering sodium 

hydroxide sprays as a .eans of trapping elemental iodine 
within containment. 

Rather than allow ground or low level release of radio
activity from a failed containment structure, I would 
urge that the Applicant be required to analyze the effi
cacy of a trap-stack for engineered release of radioac
tivity. This is a tall stack equipped with devices for 
trapping radioactive effluents or .aximfzing plate-out 
of radioiodine. Such a trap-stack serves a double pur
pose. One, it reduces the release of such emitters as 
radioiodine to the atmosphere. Two, the stack serves to 
inject the effluents at a sufficiently high altitude so 
that the concentration of radioactivity in the i11111ediate 
vicinity of the plant, i.e. the LPZ and the region con
tiguous to it, is reduced by perhaps two orders of magni
tude or more. Admittedly, certain atmospheric conditions 
can cause stack-released effluents to come to earth be
yond this LPZ and contiguous zone, but such radioactivity 
will be markedly reduced in concentration due to dilu
tion effects. 

Prompt acquisition of reliable information about the 
time-rate of activity release is critically important 
to countermeasures within the LPZ and outlying zones. 
It will be hazardous in the extreme to undertake evacua
tion procedures that might catch people out fn the open 
fully exposed to radioactivity; it would be preferable 
to keep people in a sheltered, buttoned-up, condition 
or to provide them with 111sks. 

In conclusion, I believe that the Board fs faced with a 
problem that is greater than that of a singular nuclear 
power site. If Newbold Island is approved,. then the 
way is open for utilities to site future plants in loca
tions of equal or higher population-at-risk situations. 
The logic of -.r arg&~nent fs substantiated by reference 
to Figure 2 (taken from AEC Regulator.y Supplement No. 1 
to the Safety Evaluation, 'Docket llo.s 50-354,355) in which 
the population at risk in the annular zones·, 5-10, lo-15 · 
and .t:s .. zo llfles, clearly exceeds any AEC approved reactor 
11 te. The May 17, 1173 Supp 1 ement No. 1 , Regulatory Safety 
Evaluation, states on page 3: •comparison with the popula
tion distribution characteristics of previously approved 
sites is a part of the review of population characteristics 
of the site environs fn deterafnfng the acceptab111Q of a 

·. -
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sfte. ~ne s.e Illite ef ttafs Suppl..ent. Nfen"fng to 
Ftl\l~! 1ttached, states: ,,. U.se n.,.s. tt can lie 
seen that the lllwbold Island carve lies within or tery 
close to the population distribution curves for reactor 
plant sites that have been judged to be aeeepable for 
other facilities, departing from those curves at distances 
between 5 and 30 1111es. • Jt fs not clear from this state
•nt as to what criterion the AEC Regulatory Staff uses 
to judge site acceptability, but the inference ts that 
since Nlwbold Island fs close to Zion and Indian Point 
risk curves. 

J Contend that the ad hoe case by case reactor siting 
policy of the Atolrfc Energy ec.atssion ts • stairway to 
close-in •tropo11tan siting. llewbold Island is another 
step up on this escalatory polfcy and, tf approved. tt 
will open the way to lurlfngton-type sites once disfav
ored by the AEC .. 

In an unusual step, the Regulatory Staff on October 5, 1973, issued an 
opinion that, while the Newbold Island site was acceptable, the"l bad 
applied considerations of the National lnvironmental Protection Act 
(NEPA) and conel\X!ed that the Applicant bad other significantly less 
populated sites available. 'Jhey, therefore, had concluded that the reac
tors lhould not be built at Newbold Island, but el.sel.bere. hrtly there
after, Public Service announced it bid decided to .we the Newbold Island 
station to the relatively rural Sale site. 

'!be Regulatory Staff did not take a aimilar position on the Limerick Sta
tion, however, and these reactors received a construction penal t and wre 
constructed. '1he Staff bad previously argued to the ACRS that L!Mriek 
was •equivalent or worse• than Newbold Island when they CCIIIbined pop.t
lation .-.d •teorologieal considerations. Yet, the Staff did not apply 
liEPA1 nor cUd they supply any rationale for the difference ln actions 
taken on Newbold Island and Limerick. 

'!he Regulatory Staff letter to the Applicant concerning Newbold Island 
is presented on the following pages, together with the response of Public 
Service. · 

• 
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.A:rJ. important requirement in the: preparati~ of" an envi.ro~eDtal 
Impact statement for a.nuc:lear power p~ant .is. of course,· a con
aideration of alternative site•. On the basts of balancing all the .. : 
'ft.rlous !actors which must be considered at this location, i:DcludiDI, 
particularly, population distribution, the staff concludes that the · · 
alternative location of these facilities at Artificial Island, adjacent 
'to Salem Yz:d.ts 1 and 2, which are prese:Dtly Wlder constrGction, t.a 
a more desirable alternative from an envi.romnental standpoint. 
This ccmdusi.on will be incorporated in the Fi.Dal Envi.romnental .. 
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Statement _for the ~ewbold Island ma.clea~ power pl&D.ts. · • . · · · · 
.. ... ' .. ,~ .. : ' · ... :. . .. .. . '• . : 

...... .. . .. . .. . - :· . . 
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population deDSity at tht1: Newbold site ia alpificantly laraer tba.ll .. ; · · 
:at the Salem location: ror instance, ·ou.r projectioDS for 1980 ahow.·· ::. 
·that withln five m.Ues• distance, the Salem location wUl have a . ·· 
population of about 4, 700 peraons, and the Newbold Island alte wm ~~·.
have fpproxtma.tely 125, 000 persODS •. Within a SO-mUe :racltv.s iD 
1980, Salem will have about 1, ooo;ooo persons wltereas N:ewhold . 
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~.· .- .. ; 1'o1lZ' latter ot October 1, 1175 atatea tbat the Baplator7 
atatt baa conc;uded'that Artitic1al.Ialan4,"ad~acent tG.Ial .. Vaita 

;1 a.n4 1, la a aore· 4eaira'ble location' tor the .·tvo auclear uita .. , 
•reaentl7 planned tor Kevbold Ialand:. hrther, :rou explained that 
the aiatt ha4 reached this conclusion durin& the consideration o~ 
alternative aites, which is an important requirement in the prepara-
~ion ot the final lnviro.a.mental Iapact ltatemeat. -\· · ! . • • . ·~ .. .. ',. . .. ~~. ·~- . . . ~ \ . . .. . . . . 

. Discussions with :rou·an4 :rour· atatt aubsequent. to the 
l'eceipt ot ,-our October 5th letter have brought out the tact that 
•ewbol4.Ialan4 ia aot an unacceptable site tor a auclear power plant 
'-•t aerel7 that Artificial Ialan4 la a aore acceptable alte. Aa :rou 

. are well aware, ;the Advisor,- Committee on Jleactor Sateauar4a has •. 
•aaue4 three letters 4ur1na the past tour 7aara, •11.ot Which haTe ·. 
~•ported tav~rabl7 on the 5evbol4 Ialan4 aite •. !be .tirat letter, ·. 
Cate4 Kay 9, 1969, atate4 that •the Kevbol4 Ialan4 aite ia not an-

. acceptable with respect to the health an4 aaret,- ot the public. •. ·· 
,.e last letter, 4ated J\1~7 17, 1175, atated that the Committee ; . · 
••lieYea that •the Ke1f'bo14 Ialan4 Wuclear Generatinc ltatioa Vaita 1 ·· 
an4 I can be conatructe4 with reasonable aaaurance that ~he7 caa •• 
operated vitbout undue risk to the health aa4 aatet7 or tbe pa'blic.• 
It vas oa the ~aaia ot tbeae letter• 1aaue4 b7 the A4viaorr _Cocmit• 

· . ~•• oa Beac~or latep~r4a, toaether with a lack ot: · &DJ' oppoaia& .. . •. .. 
· 't'leva b7 the aembera of rout: a tart 1 that. we procee4e4 with plana ··: .. 

ror construction ot tvo auclear unita oa Bevbol4 talu4·. You caa ··· .. : . 
· appreciate that with ·tbia 'backsroua4 ot approYal ,-our ••cceatioa ·: ~ >, . 

that ve relocate to Artificial Ialan4 cue aa aoaethiac _ot a abock~· · · : 
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·. ••rlac the past tvo veeta; ve haTe 'beea · eTalu~tlac·the ; .. · :. 
•roa an4 eona ~t relocatin& the •evbo14 ta1an4 uaita an4 have coae ·; · 
~o the reluctant'coacluaioa that ve abou14 aaen4 our App11catioa ~o 
locate tbeae •nita a43acent to 8alea Vnlta 1 &D4 1. ·nia reloca- ··. • 
tlon v111 iapoae an economic penalt7 becauae ot the _bieber plant ·· . . . . .. . . . . .. . ... •,. . . 
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Newbold Island ws the at te having the highest surrounding ~pulation den
aity to be apprCMid by the Regulatory Staff and the ACRS. '!he decision 
by the St:ffJ to .apply NEPA considerations to Newbold Island c.-e as a sur
prise. «_year •rlier, the Regulatory Staff bad sutmitted to the ACRS for 
discussion .a ..-:tor site index, RSI, that the Staff bl!lld developed. 'Ibis 
draft Staff· .PProach W.s discussed w1 th the ACRS Subcommittee on Siting 
Evaluation at a meeting on January, 1973. 

'ftle reactor site index was the product of a site J.X>pulation factor (SPF) 
and a plant design factor (PDF). the site population ~gtor was propor
tional to population, weighted by a factor-(distance) • -to allow for 
meteorological dispersion, using a sector approach in a fairly convention
al way. the plant design factor took into account the differences in plant 
releases by ccmparing ci:lses at the low ~pulation zone boundary, usilYJ the 
traditional approach of Part 100, allowilYJ for engineered safeguards. 

llbat is aomewhat surprising is that, as late as October, 1972, the Regula
tory Staff •s still canpletely ignoring considerations of Class 9 aeei
dents in the developnent of a reactor site index. In fact, the prop:>sed 
•thod gave a high (bad) plant design factor to a:me plants having a large 
exclusion area and low population zone distance. '1he curious result was 
that on a seale ~ere Indian Point 2 had a rating of \l'lity, Newbold Island 
had a lower (substantially better) RSI, ~ile relatively remote sites like 
Peach Bottom and McGuire were much worse than Indian Point 2. 

'ftle Subcanmittee seriously questioned the proposed Staff RSI. Sane ex
cerpts from the meeting minutes and the Staff proposal are on the following 
pages. 



SITING EVALUATION SUBCOMMITTEE MEETING 
DES ~NES, ILLINOIS 

-JANUARY 5, 1973 

-.:::f. lleting of the Siting Evaluation Subcollnittee was held 
__ 1nJJis Plaines, Illinois, on January 5, 1973, to discuss 
' ;the Regulatory Staff's proposed reactor site index, RSI, 

transmitted to the Committee by letter dated October 4, 
1972 (see Attachment 1). Present at this taeeting were 
the following: 

ACRS 

H. 0. Monson 
M. Bender 
H. M. Hill 
H. B. Piper, Consultant 
M. c. Geske, Staff 

Executive Session 

Regulatory Staff 

H. Denton, Dl 
B. Grimes, Dl 
A. Kenneke, DL 
J. Kohler, Dl 

Dr. Monson pointed out that the Regulatory Staff has proposed 
a site index (Attachment 1) and has requested comments regard
ing this index. 

Dr. Monson reviewed the three specific requirements regarding 
Part 100 doses--the requirements regarding the exclusion area, 
the low population zone, and the population center distance. 
The low population zone distance can be increased through use 
of a better evaculation plan. In a sense, the Part 100 guide
line values would permit any number of people to receive a 
whole body dose of up to 25R but not even one individual to 
receive as a~ch as 26R whole body dose; 1n other words. all 
emphasis is on dose to the individual as compared to total 
dose to the population. Dr. Monson thought that the three 
Part 100 guidelines are such that a reactor could be made 
acceptable for almost any site if no other weans of assess
ment were used. He stated that it is clear to reactor ven
dors and utilities that the regulatory bodies in the U.S. 
have refused to accept construction of reactors at some sites 
even though they met the three specific criteria in Part 100. 
It was reported that the British .. intain control over all 
construction out to some distance from the site, but that 
they would approve the use of a site generally equivalent to 
Burlington on the basis of population. 

Dr. Monson explained the general features and the history of 
· the development of the SPI computational •tbod. The Regula

tory Staff was provided with a written description of the 
method of calculating SPI values in December, 1970. The SPI 
calculations do not include consideration of the effect of 
wind direction. Dr. Monson believed that, if meteorology 
is to be considered, not only wind direction, but also wind 
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speed and stability conditions should be included on a 
probabilistic basis; Sufficient fnfor.ation regarding all 
of these parameters is ordinarily not available. 

In calculating the Regulatory Staff's Site Population Factor 
~::.jSPF), a .. n-Rem type value fs calculated out to various dis
~ ··.taiices from each site and coq>ared with that for a reference 
: ;..s fte (see- Attachment 1 for descrf pti on of the 111ethod). What

ever distance results in the worst SPF is the one used in 
determining the maximum Factor. Dr. Monson thought that this 
tended to make the degree of conservation of the SPF differ
ent for each site. He pointed out that the Site Population 
Factor is multiplied by the Plant Design Factor (PDF) to ob
tain the Reactor Site Index (RIS), as indicated in Attach
ment 1. If the efficiency of the containment gas filter 
system is assumed to be .995 vs .990, this might tend to 
allow twice as many persons in the area surrounding a site 
to be present and the Reactor Site Index still be the same. 
Dr. Monson thought that there should not be such reciprocity 
allowed between calculated dose and population density. Mr. 
Bender indicated concern that, with this approach, there is 
a tendency to give credit for engineered safeguards that may 
not function. 

Regulatory Staff 

A series of viewgraphs was presented by the Regulatory Staff, 
Attachment 2. The Regulatory Staff indicated that their pro
posed Reactor Site Index represents a departure from previous 
indices in allowing engineered safety feature effectiveness 
to be quantitatively substituted for distance. The third 
figure, 11Cumulative Population as a Function of Distance" con
tains a population vs distance curve for the assumed "standard 
site" having a population density of 1000 persons per square 
mile. 

Dr. Monson pointed out that use of the maximum Site Popula
tion Factor would result fn there not being the same degree 
of conservatism involved in the calculation of the Reactor 
Site Index for each site. Mr. Bender stated that the Reactor 
Site Index calculated by the Regulatory Staff indicates that 
the Diablo Canyon Facility is overdesigned relative to safety. 
Mr. Grimes stated that Part 100 requirements would still have 
to be met, and indicated that one advantage of the proposed 
method of rating sites is that the Regulatory Staff might be 
able to tell applicants not to bother to propose facilities 
where the Reactor Site Index would be greater than 1.0. 

The last page of Attachment 2 lists the Regulatory Staff's 
conclusions. Mr. Denton said that there is an inclination 
in the Staff's present thinking to rule out the use of any 
sites whose population is greater than that of the standard 
site at any distance. Mr. Denton thought that reactor sites 
should be as remote as practical. He said that there is no 
evident trend toward utilities wanting to use high density 



sites. Dr. Monson pointed out that Consolidated Edison and 
Southern California Edison both have indicated reasons for 
strongly wanting close-in sites. 

·~~De., Denton thought that it was difficult to justify and 
· - ~tenance the differences in the RSI for Oconee 2 and 3 

:: .. ('f.4) vs Diablo Canyon (0.1). Dr. Monson said that, if 
adequate safety has been provided for both facilities, then 
there should not be a problem. Mr. Bender was concerned 
that the use of the RSI might cause applicants to lose incen
tive to use remote sites. Mr. Bender inquired whether the 
Regulatory Staff prefers distance in preference to safeguards, 
and Mr. Denton indicated that they do. Mr. Denton stated that 
the general mood is not to allow anything less conservative 
relative to reactor safety. 

Dr. Monson said he believes the Commission needs more.complete 
siting policy and that Part 100 is not sufficient. In particu
lar, the Commission needs a policy that .ore specifically takes 
into account the remote possibility of accidents greater than 
Part 100. Mr. Denton reported that the •Rasmussen Group" has 
been asked to concentrate on probabilities and not consequences 
of accidents. He said that, ·;f Class 9 accidents are considered 
.. credible .. , this may preclude the construction of reactors in 
the Northeast United States. Dr. Monson indicated he believed 
that the number of man-Rem that might be sustained from a very 
wide range of magnitudes of accidents is an important considera
tion and is not adequately taken into account in the Regulatory 
Staff's proposed method of calculation. • 

Dr. Monson pointed out that the Committee had at one time con
sidered a limit line which corresponds to an acceptable popu
lation as being one that, out of all distances (to a specified 
maximum distance), was less than 4000 RZ, where R is the dis
tance from the reactor in miles. That is very close to the 
Regulatory Staff's proposal mentioned of a limit of about 1000 
persons per square mile. 

The Commission has stated in a number of places that Class 9 
accidents need not be considered in environmental analyses be
cause their probability of occurrence is so low {and, therefore, 
the risks). Dr. Monson stated that he questions whether that 
view can be substantiated. 



.. • . . . . . • • : 
i 

• I • • 

. 
'* '• . .. 
' 

... 

.;!.·. ·- ·. ""="· ' 

·• 
· lfNtTEO.STI\TfS •. !.:-=.... , ... ·-· 

ATOMIC eNERGY COM.MISSION · :=~ 
• WAr.t~t.rfc:\1 ON. o.c. ns•s 

. •' ... . .• :.z ..,. .... . 

.fa 

::'J'" ... . .... ~':. . . ,...:_::-.. . ~ .. 
OtT ' . · 

&.1.-. •. 1 
·~ ...... ; 
;~r.o· . .-rr.g 

:.n .., ..... 
~· < ..... 

·c.'t 
I 

· • Uo~ ... a .z;a: ""' . 0 -.. 
·; . 

Joi~plf M. lienclrie, Deputy D~rc~~or for 'l'ccl;rtical :t~vie''• L 
....• 

PROPOSr.ll Jri::ACTOR SITE· I~1>EX . . . 
Enc: l o::ed is a re-port ~Ihich c!csc rihcs a pr oposC\c:! "•ne thod o (eva haa i: ins 
si tc ~cccpt&bf.li::y under Pat·t 100 consid,~r1.ng boti1 dC'r·•oar:tphy land plc.nr.._ .. 
d~Zsi&n Ch:\;:-O.et:eristiCSo nu.! Ll~thpd permits a ·quantitnt:iVI! deternlitia.-
ti<m c.~ ,,·h~ thcr t:hc ar.l:iiumed c'ff'ee tivcn:~l!uo c,f the ace idtmt rt'i ti~;3 tion 
ff'atu;,~cs t~f a plan:: at a pal.'tieular ni te is. sufficient* to lin;iL: total 
P"l)ula.tion is.lp<aet within an nc~t·ptnble t-;nvu1ope. 

" .. .. . . . . n . 
P.e 1-aa\•e we:ighted .Populati~ by d- where d is dist.ar.ce and n is 1.5 
(Srtc Po;:•n1.~&t~ctn Factor. Sl'r). The rnl:iava eflcctival'eas of }Jlant · 
chnrn<:terist.icc in ruducinr. Af'<:ider.tn1. r~lr.:nr.f:s c•f x:::.rHoaci:ive r.•r.teriulr. 
w.ac t~ctc·':."r:ri.:lcd .by cc;.-:pm.•inn c~l.culutr.d 1.::~\ cl<'ses at a unifo:"Hl dir.tar.~o 
(Pla~lt Ilc-s:~t.;i"'. F:•·:-:tor, PDF). 'the product (K.:!<~ctor foitc Inclcn·:, '~Sl) C'li 
t~t'IH! t\.:o :i.r.::Hce;. if' theref<.•r~ n ·rclativ•: r:~a:ure of JH•tt!nti-..1 JlOi'!tln.tio;1 
1.t•··i'~c:·t ns l:i.r.1itNl! by pl:;nt deFi;:;;·.. S''H<C typict:.J rctults for a tPnac ~: 

\ 
ri!.}-T.f'.s<!llt:.r;;.ve · td.tcs arc &U!r.<:~r•ri:~.cd hc:lc~~ • 

:F:ac::i Titv -----
)~<we nt~\·IOO~ 

Ihl& 1 inr. r.on 
.lndinn Point 2 

Puat'h lSotto;,l ·. 
Ocpm·c 2 & 3 
Zion 
:;C!,·J~}o ld I & lt.a r.d 

r Dit'bl.o ,., 

Site 
PoJmlati<"n 
~.::J:~_J...f!. 

.· sa 
3.5. 
1.0 .. 
o.:a 
0.3 . 
O.G9 
1.03 
1.6 
o-.04 

• 

.. 
• • 

.. 

Pl.:mt 
Design 

Fee tC'Il" l'l~F _,_,_ J.-...-

------
1.0 

·8 
6.~ 

15 
1.3 
o.s 
3.0 

P.eac. to:.· 
Sit:: 

11\'1. y '-':::0" 
... -:~:..L-~..:...!. 

1.0 
1.-2 
1.9 
1.4 
1.3 
0.7~ 

Q.l 

*"i':11 the vo.lu!'!~t a:..,\•c have been nf)l"JMlized to lndi.cn Pc.•!nt ~' r. t't.'lt. plar.t 
\:ith cht-••d:-nl f!pa.·:1ys, i.ntcrn.ul ehe.rc.:o~1 f1.lt:ars. aad a l0\1 contr.iW~~cnt 
l~t.k ra. tc. 

"i'hCI!=C: p 1 ~••ts \Ji th D :'u7 c.r..l.cl11E. i:·~d to be E iuni H<-nn tl.y cr~{J ter t.:-.c.'\ ~1\C 

OUt A rt-la.tivcJy lo\1 Srr" D.l"C th~:;l! "W:a::.eh CO~oild n:tVC .cJded t!dJiticnnJ.,.dt•:lt
tAH•itVl!:ir.b f~:.tun~s. Fol· (u'-"\.tn~ • ~l.lEH"t:, .., .. ; t•:r.OJ.tOt<~ ttant plc'lntH ..,itb .a lf"'.·' 
t'Wi:" be rc:qui~:"ad tu n.nintni:a a }JiJ}7 tnaela th-"t l11• I.,.:;T i~s al'to.Jt un1t.v.1 . ..,1'i.~~ ... r.. , .. *'.,. •• .. • 1 .... " .- .......... ~1 .... • •• ,.. ,. , ' w • .~- " • • ••• ' : ... ,, .. , . . ~·-· ........ . 

! .• • •• ~ ··~·;· 

1.. • • • • I t , • • • • # • ; ,, . . , ... . . . ·: . . 
; •• •z ".. l· • . ' .• .: • . . ~. ~ ! • • •I :'"' 
I .I • I • . •, t't r ; .... \ ' I ; i • • • t • • • c..· ' I • • 

..,... .. :."! ...... :......, .. ,, .... •• ~ f • •••• Jt • •'•·; ·.~· •• ·:• •• •• ·-·· •.,.., •I at ~t' "';__::;s ,.._,./ .: .• I·• •. ·.. ····-~........... .•.. . - . .-
I .. . . • ..... • .... • • •-•• ,. • •. • • • :: · .. ,.. • . ...,. -. '·· ... ... . , ........... ..... . ' . ~ .. . ... • . .. ..... .... - ... ~ 

... 

--··- .. 



-.... 
• 

• • 

·. 

• 

.• Z-468.., . .. , ..... , • •. 1· • • . , ... 
nendrio ~) • ~.I DCl. 4 1912 • •• ~ceph "· ·2-

' •• ,.. 
., . 

I. . . 
' 

. 
• 

would be done by rcquirln: aaore clooo-1imitina features for the l.OCA . 
th::n ... t~o-.:fart 10!) itose criteria alone miaht require. For plnnts with an 
sp,.•..:ti,HO"f'!nity. ir&~proveaunts to plants l.-oulcl be rec;uired for the entire 
epcctr~nr .of pooAible cause,; of Accidental rolcAsos from the pbnt, ·aucll·: -.: 
thnt 'tho overall PDF voulcl offset the higher SPF au_d likewise limf.~ the: 
R:;I .to .r.b(lut \lni t)'. · . · . . . • · . ... . . 

. : 

. . .. 

"' ... · 

, . 

. ···/.~£ ~_d: 
. . ·' . , .. 

·Hftrol~,R. Denton, Assistant Director 
ior Site S·· fcty .... . . 

Directnrate of Liconsina 
. . . 

. EnelaS\1re: . , .. 

• 

Propor.e~ Rebct~r Siting Index 

cc: J. F. O'Le4ry 
F.. G. Case 

• 

A. Ginr:tbusso 
F. Sc:ll:..·oouo.:-
•tR A~s t. J>il.·t"c tor£ 
nr Asst. Dir~ctors 
SS IL~<:nch Chjefs 
A. P. Kenncke 
.J., ~· Roh l~r 

.. 

. . 
I. 

. . 
.. ,.,., . 

. . . 

. 

. . 

• 

\. 

. . .. -
.. ! " • 

. ' . . 
::. : : ... 

.; .. 

. : 

. ' ~ . 

·. 

. ... . 
. • 

:~ 
. 

.. 
.: .. 

. . . • 
. 

. 
• . 

" 

• · . 
... • 
"' . 



. j.· • 

--

Z-469 . 

REPORT-ON A PROPOSED REACTOR SITING INDEX 

October 5, 1972 

I. Introduction 

By A. P. Kenneke 
and J. E. Kohler 

The paper discusses an approach to reactor siting which 
utilizes a relative index for taking into account population 
distribution as well as plant and site characteristics. The 
index could be used to supplement existing site evaluation 
methods in the case of relatively more populous sites. 

II. Need for Siting Index 

The basic regulation governing AEC siting policy is 10 
CFR Part 100, "Reactor Site Criteria". Part 100 governs 
siting through the use of the concepts of exclusion area (EA), 
low population zone {LPZ), and population center distance 
(PCD}. With respect to individuals and populations in the 
immediate vicinity, Part 100 provides that calculated doses 
at the EA and LPZ boundaries due to a design basis accident 
{DBA) be less than specified values. However, Part 100 ex
presses limitations with respect to total population dose only 
in qualitative terms. 

Cases where the need for quantitative population criteria have 
been more acute include Ravenswood (1964), Burlington (1966), 
and, more recently, Limerick and Newbold Island. As a result 
of concern about population, the first two sites were withdrawn 
from consideration. Although the staff has proposed granting 
construction permits in the latter two, it has nevertheless 
placed more stringent design requirements on the applicant. 
Without a generally accepted siting index, judgments about the 
adequacy of the added requirements have been largely qualitative. 
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III. The Proposed Reactor Site Index 

A useful siting index has been developed which includes 
these characteristics: 

1. It does not supplant the present individual dose approach, 
but complements it; · 

2. It accounts for: a) population distribution; b) plant 
characteristics, including engineered safety features 
(dose-mitigating); and c) site characteristics, especi
ally meteorology. 

The proposed Reactor Site Index {RSI) is the normalized pro
duct of a site population factor (SPF) and a plant design 
factor (PDF). The factors are normalized to a given site. 
As defined, lower RSI values correspond to more favorable 
plant-site combinations. 

The site population factor takes into account the fact that 
the risk to the population a) decreases with distance from the 
source, and b) is not the same in all directions. The first 
can be accounted for by means of a simple (distance)-1.5 fac
tor in statistically weighting the population at various dis
tances, and the second by use of calculated annual average 
dilution factors by wind direction or, more approximately, by 
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wind direction frequency' in statistically weighting the popu
lation in each direction. 

The plant design factor takes into account the difference in 
.c~~ .. plant releases by comparing the calculated DBA doses at the 
~'LP.Z, and adjusting for differences in the LPZ distances. The 
.:. d4$es, both whole body and thyroid, are summed as fractions 

'""of their Part 100 dose criteria. The doses are ~djusted for 
the difference in LPZ distances by means of d-1.5 relation. 

The overall reactor site index is a relative measure of total 
population impact as limited by plant design. A mathematical 
expression of the index is defined as follows. 

RSI = SPF • PDF 
where: 
RSI = Reactor Site Index 
SPF = Site Population Factor 
PDF = Plant Design Factor 

SPF = f ~ w(I) • w(J) • P(I,J) 

f S wo(I) • wo(J) • Po(I,J) 

where: 
w(I) =weighting factor for sector I 
w(J) = weighting factor for distance J 
P(I,J) =population contained in sector I between the (J-l)st 

and the Jth distance 
(The subscript, o, denoted the reference site values.) 

PDF = Q/Q8 1 5 . 
= ( /d

0
) • (F/F 

0
) 

where: 
Q • activity released 
d = distance to outer boundary of the LPZ 
F • W/25 + T/300 

where: 
W = Whole body dose (rems) for the LOCA at the LPZ distance 
T • Thyroid dose (rems) for the LOCA at the LPZ distance 

IV. Discussion of Results 

A. Site Population Factor 

Distance Weighting. Site population factors were. 
calculated using a number of distance-weighting curves, and 
as shown in Table I, the differences between factors calcu
lated by different curves for a given site are about ±25S. 
The Indian Point site has been used as the reference site. 

.• 
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TABLE I 

SPF FOR DIFFERENT DISTANCE WEIGHTING CURVES 

< flut ..!... _!_ .£_ 
._...;·. ~ 
·- :Ravenswood 27.9 10.4 -Burlington 2.34 1.30 

Indian Point 1.0 1.0 1.0 
Limerick .75 .56 .55 
Zion .63 .49 .49 
Newbold Island 1.1'9 .so .76 
Midland .35 .16 .26 
Surry • 11 .11 .11 
Diablo · .019 .017 .018 
Prairie Island .069 .10 

where: 
Colum A: Weighting curve suggested by ACRS 
Column 8: d-1.5 curve 
Column C: "Realistic .. accident curve 

D -
1.0 

.55 

.48 

.93 

.25 

.11 

.017 

Column D: Rogers and Gamertsfelder curve for annual average 

B. Plant Design Factor 

Up to this point the calculated site population 
factors are independent of the plant design, and are c~ 
parable as a reactor site index only on the assumption that 
the source term is the same from plant to plant, whereas, 
in point of fact, the source term will vary depending on 
plant design. Plant factors considered in calculating the 
Part 100 doses include reactor power level, primary contain
llent leak rate, and other dose-mitigating engineered safety 
features such as chemical sprays, charcoal filters, recircu
lation systems, and ice condenser systems. Consequently, 
population impact should be measured by correcting the SPF 
by a Plant Design Factor (PDF). Because of differences in 
their PDF's, different plants on the same site would have 
different RSI's. 

For present purposes the calculated DBA Loss-of-Coolant Acci
dent (LOCA) doses at the LPZ distance were chosen as a measure 
of plant release. Since dose depends on source and distance, 
the relative release between plants can be measured by ad
justing the doses to a common distance and accounting for 
initial dose differences. 

· The dose at the EA boundary was not used because it is lim
ited to 2 hours; if it were 110re limiting than the LPZ dose, 
this would be reflected in the LPZ dose. 

Since the Part 100 dose criteria imply comparability in 
risk between 25 rems whole body and 300 rems thyroid, the 
dose adjustment can be based on the relative f~rtance of 

c • 

-, 



each doae expressed as a fraction of its corresponding dose 
criterion. 

The calculated PDF values are listed in descending order 
,. in Table IV. Indian Point 2 was used as the reference 
""'-~plant. -... ..,. 

•· '~ 

r.-

Plant 

Oconee 2 & 3 
Hutchinson Island 
McGuire 
Peach Bottom 2 & 3 
Pilgrim 
Prairie Island 
Diablo Canyon 
Fermi 2 
Three Mile Island 
Millstone 2 
Limerick 
Zion 
Indian Point 2 
Surry 
Midland 
Newbold Island 

TABLE IV 

PLANT DESIGN FACTORS 

PDF 

15.6 
8.60 
7.99 
6.52 
5.74 
5.50 
2.94 
2.84 
2.35 
1.99 
1.36 
1.31 
1.00 
.93 
.63 
.so 

Note that the PDF is given for a specific plant, and that two 
plants on a given site may differ in design and have differ
ent values of PDF. All plants are normalized in Indian Point 2, 
which has chemical sprays and containment charcoal filters. 
Oconee, for example, has borated sprays which are not credited 
in reducing LOCA doses and its design leak rate is 2.5 times 
that for Indian Point 2. To Part 100 dose criteria, some plants, 
because of site size or other site parameters, have needed 
little in the way of additional safeguards. 

For the plants with a low PDF, the whole body dose is typically 
more sfQnificant than is the thyroid with respect to Part 100 
values (25 and 300 rems, respectively). Therefore, achievement 
of PDF's below about 0.5 will be dependent upon design that 
provide further reduction of noble gas releases. 

C. Reactor Site Index 

The values of SPF and PDF given in Tables II and IV, 
respectively, are multiplied to give an RSI. Values for 16 
plants are arranged in descending order in Table V. 
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. TABLE V 

MXIfUt RSI VALUES FOR EACH SITE 

Max. 
<SflJat m. PDF. RSJ _ .. ~ 

. .:- :~Guire .27 . 7.99 2.16 
Pilgrim .36 5.74 2.07 
Peach Bottom 2 & 3 .30 6.52 1.96 
Oconee 2 & 3 .092 15.56 1.43 
Zion 1.03 1.31 1.35 
Fermi 2 .41 2.84 1.16 
Three Mile Island .48 2.35 1.13 
Limerick .81 1.36 1.10 
Indian Point 2 1.00 1.00 1.00 
Hutchinson Island .11 8.60 .95 
Millstone 2 .47 1.99 .94 
Newbo 1 d Is 1 and 1.57 .50 .78 
Prairie Island .11 5.50 .61 
Midland .60 .63 .38 
Surry .16 .93 .15 
Diablo Canyon .035 2.94 .10 

In calculating these values directional weighting was not used; 
correcting might increase or decrease these values by about 50%. 

As indicated the PDF is a major factor in determining the RSI. 
The top four on the RSI list are among the top five on the PDF 
list. For these plants the use of additional credited safe
guards would lower their values of RSI. 

The RSI's include the maximum calculated SPF wherever it oc
curred. In the case of Pilgrim, this was at one mile, whereas 
the Pilgrim RSI was significantly smaller at all other dis
tances. On the other hand, the Zion SPF also peaked at one 
mile but is within a factor of two of the one mile index at 
all other distances. 

An objection to using an SPF which is maximized at close-in 
distance (say, less than the LPZ) is that it does not include 
a sufficiently large population to be representative of the 
site. On the other hand, choosing the Mxia.an SPF assures a 
conservative approach in considering the need for additional 
safeguards, as the RSI would also be considered the maxfnun. 

V. Conclusions 

The paper has described an approach to developing a 
rational and easily applied index, which could provide a con
servative rating of reactor sites which takes into account · 
both population distribution and plant design. Work is con
tinuing to apply the approach described to additional sites. 

! 
~ 
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.. 

The results thus far obtained indicate that the index may pro
Y1de an objective .. ans for ascertaining plant acceptability 
.n~·respect to population considerations under the require-
.. ~ o~ 10 CFR 100. . 

........ ~ . . 
The Regula"iory Staff •Reactor Site Index" was dropped. .In a press release 
dated April 9, 1974 the AEC made public an internal working paper on siting 
in response to several requests for release of the document. This document 
dealt with a site population factor (~thout any plant design factor) and 
proposed the possible issuance of population guidelines which would limit 
or make difficult the use of sites whose projected cumulative population ex
ceeded about 1000 R2 (R in miles) and whose low population zone distance 
was less than two miles. 

The intent of the draft guide was to encourage siting·fn areas of low popu
lation density. Under the proposed guide 

•the applicant would need to show that the high population density 
site offers significant advantages from the standpoint of environ
mental, economic or other factors. In addition, engineered safety 
features would be provided, above those required to meet the guide
line doses of Part 100, so that there would be additional assurance 
that the risk had been minimized. Such engineered safety features 
would probably include the use of containment sprays with chemical 
additives and a seconda~ confinement system (sometimes referred to 
as a fuel containment) to hold up and filter fission products re
leased in a postulated dersign basis accident." 

The proposed guide was not adopted in 1973. In October, 1974, the Regula
tory Staff issued WASH-1235, "A Technique for Consideration of Population 
in Site Comparison". This merely formally recorded a possible method of 
comparing sites and gave results using it. 

However, in 1975 in Section 2.1.3 of the USNRC Standard Review Plan (NUREG-
75/087) the Staff defined a quantitative approach to acceptability of popu
lation distribution,. as follows: 

If, at the CP stage, the population density, including weighted 
transient population, proejcted at the time of initial plant 

--
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The intent of the draft guide was to encourage siting·in areas of low popu
lation density. Under the proposed guide 

•the applicant would need to show that the high population density 
site offers significant advantages from the standpoint of environ
mental, economic or other factors. In addition, engineered safety 
features would be provided, above those required to meet the guide
line doses of Part 100, so that there would be additional assurance 
that the risk had been minimized. Such engineered safety features 
would probably include the use of containment sprays with chemical 
additives and a secondar.y confinement system (sometimes referred to 
as a fuel containment) to hold up and filter fission products re
leased in a postulated dersign basis accident." 

The proposed guide was not adopted in 1973. In October, 1974, the Regula
tory Staff issued WASH~1235, "A Technique for Consideration of Population 
in Site Comparison". This merely formally recorded a possible method of 
comparing sites and gave results using it. 
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lation distribution, as follows: 

If, at the CP stage, the population density, includirtg weighted 
transient population, proejcted at the time of initial plant 
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Dece~er 1, 1171} C 

NRC STAFF RECOMNENDS EARLY SITE REVIEW OF PERRYMAN, 
MARYLAND,PROPERTY I£ DISCONTINUED 

The Nuclear Reaulatory co .. ission staff has notified lalti· 
~re Gas I Electric Coapany that, based on an initial review, 
it recoaaends that the Early Site Review of the co~any's 
Perry•n, Marylan4. property should be cliscontinued. 

lalti.ore Cas I Electric aoplied to the NRC for an Early 
Site Review of the Perry .. n property seekina a deteralnation 
as to its suitability as a potential nuclear power 01ant site. 
The 701·acre site is la Harford County near the town of Perry· 
... on the east banl of the lush liver, about 16 ailes northeast 
of laltiaore. The site lies between the Consolidated Railroad 
Corporation rail line and the Aberdeen Provine Ground ailitary 
reservation. 

Due.to the relatively hiah population density in the 
vicinity o£ the proposed site, the staff's initial review 
effort focused on a comparison of the sianificant safety· 
related and environmental characteristics of alternative loca· 
tions. The review consisted of (1) an evaluation of the coa· 
pany's site selection aethodolo&Y and (2} a co•parative 
evaluation of the aerits of the identified candidate sites 
to deteraine if there were obviously superior alternative sites. 
The staff of the Maryland Power Plant Sitina Proara• assisted 
in the review. The results of the review have been ~ublished 
in a staff report entitled "Evaluation of Alternative Sites • 
Perry•an Early Site Review." 

lased on its review, the staff has concluded that there 
are'sttes which are obviousl~ sunerior to the Perry•an site 
fro• the standpoint of po~ulation density, risks posed by 
the proxiaity of potentially ha:ardous activities and the 
overall project costs and which are ap~roxiaately equivalent 
to the Perryaan site fro• the standpoint of other environaental 
considerations. Therefore, the staff recoaaends that the 
balance of the Early Site Review not be carried out and that 
the application be denied. This would be the staff position 
on the alternative site question should the application pro,·c:oed 
to a hearina. 

Soae of the considerations leadin~ to the adverse con-
clusion on the Perry•an site include the availability of 

·aites with less oopulation density; the presence of the 
Aberdeen Provina Ground co.,lex with its activities of trans· 
portation, testin~ and use of •ilitary ex~loJives and toxic 
aaterials; and the nresence nearby of the Penn Central aain· 
line railroad tr1ck on which hatardous .. terials are re•ularly 
tranlported. The staff also 'ool into account the fact that 
ailitary aissions at Aberdeen could chaaae substantially in 
theo future. 

The review of Perry .. n and other sites considered by 
theo applicant failed to identify any environaental considera· 
tions to suaaest that PerT)' .. a offers sianificant advantaaes 
over the alternative sites. In addition. the staff raised 
qu~stions as to whether the sub•itted candidate sites repre· 
'~nted the realistic sitin& resources available to the 
appli~ant. 

." -, 
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2.19 ~(LEGALISTIC ASPECTS OF SITING 
~ .... 

The draft ¥e.fron of the Reactor Safety Study, WASH-1400, was released 
in the summer of 1974; the final report was published tn late 1975. The 
authors of WASH-1400 conclude that such r1sk as IBY ensue from accidents 
in light water reactors clearly arise from ~rse than Part 100" accidents 
in which core melt and a loss of containment integrity are involved. Re
view of WASH-1400 results by Cave {1977) had led him to conclude that the 
containment as currently designed reduces the overall risk by about a fac
tor of ten from what it would be for the uncontained reactor, this on the 
assumption that the accident probabilities and consequences tn WASH-1400 
are correct. The actual factor .ay, of course, be different. Nevertheless 
there is reason to doubt that the reduced containment leak rates and safety 
features added to .. ke reactors fit Part 100 at sites having a small ex
clusion areas and/or low population zone distance have that .uch effect on 
the actua 1 risk. 

The continued existence of Part 100 and the legal interpretations of its 
words by ASLB hearing boards and other judicial bodies has resulted in 
situations which are seemingly anomalous from the public safety point of 
view. The matter is well illustrated by reviewing the decision of April 7, 
1977 of the Atomic Safety and Licensing Appeal Board in the matter of New 
England Power Company, et al. (NEP Units 1 and 2) and Public Service Com
pany of New Hampshire, et al. (Seabrook Station, Units 1 and 2). Large 
sections of the decision are excerpted below. 

UNITED STATES OF AMERICA 
NUCLEAR REGULATORY COMMISSION 

ATOMIC SAFETY AND LICENSING APPEAL BOARDS 

Alan s. Rosenthal, Chairman 
Dr. John H. Buck 



Michael C. Farrar 
Richard S. Salzman 
Dr. W. Reed Johnson 

~~ In the Matter of 
-ct~ 

-.' .. NEW. ENGLAND POWER COMPANY, ET AL • 
.. ;JN£P Units 1 and 2) . 

PUBLIC SERVICE COMPANY OF 
NEW HAMPSHIRE, ET AL. 

(Seabrook Station, Units 1 and 2) 

Opinion of the Board by Mr. Rosenthal, Dr. Buck and 
Dr. Johnson: 

These two construction permit proceedings involving proposed 
nuclear power facilities in New England have brought before 
us a common question: whether, under existing Commission 
regulations, consideration is to be given in a licensing 
proceeding to the feasibility of devising an emergency plan 
for the protection (in the event of an accident) of persons 
located outside of the low population zone for the particu
lar facility (hereinafter "emergency plan issue"). As will 
be seen, this· is not a question of first impression. To the 
contrary, it has been squarely presented, and answered in the 
negative by us, in several earlier cases. For the reasons set 
forth below, we adhere to our prior rulings on the point. 

The low population zone concept is firmly rooted in the pro
visions of 10 CFR Part 100, the portion of the Commission's 
radiological health and safety regulations which is concerned 
with reactor site criteria.* Three sections of Part 100 are 
of particular relevance to our inquiry here. Section 100.3b) 
defines the low population zone in terms of that 

* 

area immediately surrounding the exclusion area 
which contains residents, the total number and 
density of which are such that there is a reason
able probability that appropriate ~rotective mea
sures could be taken in their beha f in the event 
of a serious accident. These guides do not specify 
a permissible population density or total popula
tion within this zone because the situation may 
vary from case to case. Whether a specific number 
of people can, for example, be evacuated from a 
specific area, or instructed to take shelter, on 
a tjmely basis will depend on many factors such as 

Part 100 was adopted by the Commission in April 1962. 
27 Fed. Reg. 3509. In no respect material to the issue 
before us have the terms of the Part been altered since 
their original· promulgation. 

. .. 



location, ftllllber and size of "1ghways, scope and 
.· extent of advance planning, and actual distribu

tion of residents wfthin the area. 

JEiphasis supplied.] Section 100.11(a)(2) requires that the 
_.:.:: .: ypulltion zone be 

·· ~. : 'of such size that an individual located at any 
point on its outer boundary who fs exposed to 
the radioactive cloud resulting from the postu
lated fission product release (during the entire 
period of its passage) would not receive a total 
radiation dose to the whole body in excess of 25 
rem or a total radiation dose in excess of 300 
rem to the thyroid from iodine exposure.' 

finally, Section 100.11(a)(3) stipulates that •the distance 
from the reactor to the nearest boundary of a densely popu
lated center containing aore than about 25,QOO residents•* 
be •at least one and one-third tf~aes the distance from the 
reactor to the outer boundary of the low population zone'. 

A. In Southern C•lifornia Edison Co. (San Onofre Nuclear 
Generating Station, Units 2 and 3), ALAB-268, 1 NRC 383, 
404-05 (1975), we explained how, in light of those provi
sions, 'the low population zone concept operates to en
hance safety': 

* 

'In other words, the axinun possible size of the 
LPZ for any particular reactor is inflexible being 
set by the proxilllity of that reactor to the nearest 
population center. It may not be permissible to 
utilize an LPZ of that size, however, for it may 
include more people than can be protected by evacu
ation or other measures following an accident. An 
[PZ of smaller radius may thus have to be selected. 

I.e., •population center distance• as defined in 10 CFR 100.3(c) • 

• 

' 
! 

.. -
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'In that connect4on. the •xflllll pena1ss1ble size of 
an LPZ depends on the ·nature of the engineered safe
guards designed into the particular facility to limit 
radioactive emissions. That,~inimum size is, there-

,.~ fore, flexible and can be reduced as the extent of 
...:: . the engineered safety features is increased. 
' .. 
·: . .::And much the same analysis had been set forth in our opinion 

rendered several months earlier in the same case (ALAB-248, 
8 AEC 957, 961 (1974)): 

'the desi n of an facilit must be such as to avoid 
1n the event o an acc1 ent excess1ve ra 1at1on 

dosaaes to persons beyond the ow ~pu ation zone 
bOun ary, even if those persons ta~ no steps to pro
tect themselves. Inside the low pobelation zone, 
however, protective measures might necessary. 
For this reason, the suitability of the low fopulation 
zone depends upon the feasibility of protect nl per
sons located there. Specifically. the Commiss on 
requires that the total number and density of residents 
within the low population zone be such that "there is 
a reasonable probability that appropriate protective 
measures could be taken in their behalf in the event 
of a serious accident.' 10 CFR 100.3(b). The regula
tion makes it plain that "many factors", which "vary 
from case to case••, must be considered in ascertaining 
whether, for example, .. a specific nl.ll1ber of people 
can •.• be evacuated from a specific area, or instruc
ted to take shelter, on a timely basis •••• • 

[Emphasis supplied.] 

These were:not just passing observations, unnecessarily to 
the disposition of the matter there at hand. To the contrary, 
our analysis had clear operative significance. One of the 
principal questions litigated before the licensing Board in 
San Onofre related to the feasibility of evacuating persons 
from within the low population zone which had been proposed 
by the applicants--the outer boundary of which was to be 
three miles from the reactor. Because of the requirements 
of 10 CFR 100.11(a)(3), we directed, however, that the low 
population zone be substantially reduced in size, with the 
result that its outer boundary would be only 1.95 miles 
from the reactor. ALAB-248, su~/'' 8 AEC at 959-61. This 
action we found to provide a su 1cient response to the con
cerns expressed with respect to evacuation: 'the reduction 
in size of the low population zone which must take place 
will make it necessara to evacuate Plisons in areas formerly 
withinf but now outsi e that zone. a consequence, evacua-
tion o persons who firid themselves within the reduced low 
population zone would be more readily achievable.' Id. at 
962-63; emphasis supplied. 



.. 

Midland, AI.AB-123. s;ra. involved a proposed reactor to be 
locatid adjacent to e co.,orate lf•its of the City of 
Midland, (a .unicfpa11ty of 101e 35,000 persons), fn an area 
of highly developed commercial and industrial activity.* On 
their appeal from the initial decision authorizing the issu-

< c-~e of construction pe1"111its, the intervenors complained, 
-~ :tntar alia, of the Licensing Board's acceptance of the 

:~PI!i11cant 1 .s proposed e~~ergency evacuation plan. As sunmar
fzed by us, one of their claims in this regard was that the 
Board had "erroneously disregarded testimony***that it was 
impossible to evacuate either the low population zone or 
the City of Midland in the time required by the regulations". 
Our rejection of this assertion was short and direct: 

6 AEC at 343 (emphasis supplied; footnotes omitted). 

Thus, San Onofre was no more than a reiteration of prior 
holdings. Beyond that, it does not stand as our final 
word on the subject. Within the last year, in response to 
an assertion by an intervenor that the St. Lucie 2 pro
posed site did not confirm to the population standards 
established by 10 CFR Part 100, we had this to say: 

We have discussed the nature and application of 
those standards in considerable detail tn other 
opinions. It suffices to note here that those 
standards call for the creation of an "exclusion 
area" and a "low population zone" around a reac
tor. The applicant IIJSt control and territory 
within the exclusion area. It need not have such 
control over the low populat~on zone, &It there 
must be a suffic~ent~ small number of people 1n 
that zone to assure at ste s for their rotection 
sue as evacuat on can rea ta en n e 

event o an emergenc~. qua y mportant, t e 
plant must Iii designed so that in the event of an 

• , See Final Environmental Statement in Dickets No. 50-329 
and 50-330, at p. II-2. It there also appears that the 
resident population within five miles of the site was 
approxi1111tely 41.000; fn addition 34,000 persons were 
employed or transacted business within the same area • 

' 
! 

... 
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accident, radiation dosages at the respective zone 
perimeters will not exceed certain levels. What 
this means (all other things being equal) is that 
the smaller these two areas are drawn, the greater 

~~·. the efficacy of the safety devices built into the 
:-r · .-.plant 1111st be in order to retain post-accident radi
-~-- :; ation dosages below the guideline l_evels. 

The population standards contain the additional 
requirement that no "population center" larger than 
25,000 persons may be closer to the reactor than 
one and one-third times the distance from the reac
tor to the outer boundary of the low population zone. 
If that requirement is not met, however, a proposed 
reactor does not necessarily have to be relocated nor 
an existing one abandoned. Instead, a smaller low 
population zone may be selected so long as the plant 
has the capability, or can be redesigned, to limit 
further the potential radiation dosages that could be 
encountered at the boundary of that zone. 

The intervenor's arguments, as well as the evidence 
adduced below, had as their starting point the appli
cant's proposal that the low population zone would 
have a five-mile radius. As it had the authority 
to do, however, the Licensin~ Board imposed a condi
tion upon the applicant whic had the effect of re
quiring it to utilize only a one-mile low population 
zone. This had a most significant effect, for the 
controversy below was concerned almost exclusively 
with population Trowth at Treater distances. In 
contrast to theand areaying between one and five 
miles from the plant, virtually all the land within · 
a one-mile radius of the reactor is owned by the 
a licant. Accordin 1 there is no lon er an room 
for an ar ument that the o ulation within the t. 
uc1e ow u at on zone rna ecome too ar e to 

perm1t protect ve steps, such as evacuationfhto e 
taken in the event o~an accident. Nor is ere any 
evidence that projected nearby "population centers .. 
will come too close, i.e., to within one and a third 
ones of the reactor. -

Florida Power & Light Co. (St. Lucie Nuclear Power Plant, 
Unit No. 2), ALAB-335, NRCI -76/6 830, 833-34 (June 29, 
1976), modified on other grounds, sub nom. Hodder v. NRC 
(D.C. Cir. No. 76-1709, October 21:-T9~(emphasis sup
plied; footnotes omitted). 

III. 

It is clear from the foregoing that the staff and the inter
ve~ors are here asking us to overturn a line of appeal board 

.-



authority which, at· the Very llinf8JII, is •11-entrench~d. * 
Although we do not suggest that the doctrine of state de
cision admits 110 exception, fn the present c1rc1111Stances 
there are CQII1)e111ng reasons why we should be slow to 

·'-= ~ccept that invitation • 
..;- ~. 

-~ ~~are still other considerations which 11ilitate in 
favor of leaving the staff and the intervenors to their 
rule-making remedy. from the tenor of 81ch of the argu-
•nt presented to us, it appears that the attempt to have 
us overturn our prior holdings on the issue here-involved 
has been prompted in large measure by a current belief that, 
in some situations at least, there •Y be good reason to 
include persons outside the low population zone within the 
scope of the emergency planning requirement, notwithstanding 
the provisions of 10 CFR 100.11(a)(2) establishing radiation 
dose limits for the low population zone boundary. But whether 
or not this belief is meritorious is a question more appropri
ately explored in rula-.king where (1} all info.-.tion bear
ing upon the ~atter can be received and evaluated (as it should 
be) on a generic basis; and (2) be it then concluded that emer
gency plans should not always be restricted in ambit to the 
exclusion area and low population zone, specifi~ standards 
can be prescribed for determining, with respect to each pro
posed reactor site, whether and to what extent the applicant 
must concern himself with devising protective measures for 
persons outside the low population zone.** 

Moreover, as has been seen in the cas~ of the staff we are 
being called upon now to reject an interpretation of un
altered Commission regulations which the staff itself 
pressed upon the adjudicatory boards 111ny years ago and in 
the adoption of which the staff apparently acquiesced for 
a considerable period of time. 

** . 
Although the staff insists that in some (albeit not all) 
instances such measures must be devised, it points to 
nothing in Part 100 or elsewhere in the regulations which 
might be taken to indicate, even in broad outline, what 
those instances might be. The absence of standards is a 
still .,re serious 111tter when viewed in the context of the 
Coalition's argument that population density or distribution 
outs 1 de of the 1 ow population zone might be reason enough 
for a licensing board to find the site unacceptable. Surely. 
in assessing the acceptability of a site which it has under 
consideration, a utility should have sane basis--derived 
from the content of Commission regulations--for forecasting 
whether the situation obtaining in the area beyond the low 
population zone (an area which, unlike the LPZ, has no fixed 
boundaries) •ight occasion the outright rejection of that site. 

....... 
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Insofar as the area lfithin the low population zone is con
cerned. Section lOO.lO(b) clearly does carry the message-
at least when read in conjunction .rtth Section 100.3(b)-
that the site's acceptability will hinge upon the population 

~ density and use characteristics not being such as to preclude 
~~the taking of appropriate measures to protect persons within 
.:._ '. tnt- area 1 n the event of an accident.* But with respect to 

... ~_ttft! area outside of the low population zone, no similar mess
age is conveyed. Indeed, the quite different import of the 
reference in Section 100.10(b) to the population center dis
tance becomes readily understandable when one focuses upon how 
Part 100 ·defines that term and then utilizes it in the ascer
tainment of site suitability. As previously noted, (1) the 
population center distance is •the distance from the reactor 
to the nearest boundary of a densely populated center contain
ing more than about 25,000 residents" (Section 100.3(c); and 
(2) that distance must be "at least one and one-third times 
the distance from the reactor to the outer boundary of the low 
population zone" (Section 100.11(a)(3)). The population center 
boundary being ascertained "upon consideration of population 
distribution" (ibid.), the significance of the population den
sity of the "site environs" in terms of the population center 
distance is thus manifest. The closer the population center, 
the smaller the permissible low population zone. The smaller 
the low population zone, the larger the possibility that the 
site will not be acceptable for the reason that the appli-
cant will not be able to provide sufficient engineered safe
guards to insure observance, in the event of an accident, of 
the dose limitations applicable to the low population zone 
boundary (Section 100.11(a)(2)). See San Onofre, ALAB-24~~ 
supra, 8 AEC at 959-61; ALAB-268, supra, 1 NRC at 404-06. 

* In this connection, as early seen Section 100.3(b) provides 
that no ''permissible population density or tital population 
within [the low population] zone" is being specified "be
cause the situation may vary from case to case". It adds 
that: Whether a specific number of people can, for example, 
be evacuated from a specific area, or instructed to take 
shelter, on a timely basis will depend on many factors such 
as location, number and size of highways, scope and extent of 
advance planning, and actual distribution of residents within 
the area. 

**It is argued to us that the use of the word 11 including" in 
Section 100.10(b) implies that.the Commission there had in 
mind more than just the exclusion area, low population zone 
and population center distance. Perhaps so; perhaps not. 
In any event, there is no room for the still further infer
ence that the Commission was making site acceptability hinge 
upon the feasibility of protecting persons in some unspeci
fied area. 
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-:::t- C.Sideration of Accidents 1n IIIIPlenentation of the National 
-~ ~ ,.. Environmental Policy Act of 1969 

~- . 

The Atomic Energy Commission has under consideration amendments 
to Appendix D of its regulation 10 CFR Part 50, Licensing and 
Production and Utilization Facilities, an •Interim Statement 
of General Policy and Procedure: Implementation of the National 
Envi ronmenta 1 Po 1i cy Act of 1969 (Pub 1i c Law 91-190)." The 
proposed amendments would, by the addition of an annex to Ap
pendix D, specify certain standardized accident assumptions 
to be used 1 n Envi ronmenta 1 Reports submitted by applicants 
for construction permits or operating licenses for nuclear 
power reactors pursuant to Appendix D.* The accident assump
tions and other provisions of the proposed amendments would 
also be applicable to AEC draft and final Detailed Statements. 

The Commission invites written comments or suggestions from 
all interested persons on the proposed amendments set forth 
below as well as on the treatment of the probabilities of the 
accidents. 

Further insight into the Regulatory Staff approach to the role of Cl~ss ~ 
events in reactor licensing comes out of the record of the ASLB hear1ng 1n 
1977 on the Black Fox reactors. During a pre-hearing conference, a member 
of the ASLB raised a question of the extent to which Class 9 accidents can 
be dealt with in a hearing. 

The Counsel for the NRC Staff filed a .amorandum (as did the applicant), 
following which the ASLB reached a decision. The NRC memorandum and the 
ASLB memoranqum and order are reproduced below • 

. 
* , i i f Appendix D on SeptenDer 9, 1971 

In conjunction with the revts on ~tted to applicants for licenses to 
(36 F.R. 18071), there was ransm s and made available to the 
construct or operat: ~~l;:rt::::~ ~~a~;7;, entitled •scope of Appli
publ~c, a doi cumenttalaR:port~ with Respect to Transportation, Trans-h 
cant s Env ronmen • Thi do ument was 1 supplement to t e 
aissions Lines and Ac~~dents. pplic!ntscin the •oraft AEC &uide to the 
~da~1~~d;:vr~::t Reports for Nuclear Power Plants, • dated 
Feb~ry 11, ll71, also •de available to the public. _ 

• 
! 
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.UNITED STATES OF AMERICA 
NUCLEAR REGUlATORY COMMISSION 

BEFORE THE ATOF·IJC SAFETY AND lJCENSHlG BOARD 

........ ! . .. 

,. In the Matter of 

PUBLIC SEP.VICE CO:!PANY or 
OKLAHm-t!\ • P.S SOC I AT W ELE C
TRIC t00PE~4TIV£. INC. AND 
WESTERN FARMERS ELECTRIC 
COOPERATIVE, INC. 

(Black Fox, Units 1 and 2) 

Docket Nos. STN 50-556 
Sltl 50-557 

STAFF ~1nlOPANOUt1 REC'.AROJ NG TREA mEriT Or EXTREr-IEU' 
LARGE ACCIDENTS IN THE HEALiH AND SAFElY HEARING 

. -I. HITRODUCTIOf~ 

.A third prehe~ring conference in the above captioned prbceeding was 

held on February 15, 1977, in Tulsa, Oklahoma. During this conference. 

Mr. Shon, a menruer of the Atomic ~afety and licensing Board (Board) 

raised a question •or the extent to which they (Class 9 accidents) can 

be dealt with in the safety phase of the hearing.• This question was 

discussed during the prehearing conference.(ir. 215-220). 

In the Order dated ~tarch 9, 1977, following the third prehearing con· 

ference. the Board indicated that it has taken the matter of treatment 

of extr~nely large accidents under advisement since such matters would 

be adda·essed "in the health and safety hearing, if at all. • However. 

the Board stated that it "is not convinced that treating such accidents 

fs generically excluded irrespective of the hypothesized mechanism 

r~ pressure vessel failure or ECCS failure].D 

• 

a • • • 
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The ~rd gave the Staff and Applicants an opportunity to introduce 

-~iutlrtty sh~ing a generic exclusion• of the treataent of such 

accidents in the health and safety pnase of the hearing. This 

memorandum is submitted in response to that opportunity. 

II. DlSCUSSIOf4 

The question pt·esented here is whether accidents with consequences 

greater than the design basfs accidents addressed in an Applica~t's 

Preliminar,y Safety Analysis Report (PSAR) and Staff's Safety Evaluation 

Repqrt (SER) may be~generically excluded from consideration during the 

health and safety hearinp irrespective of the hypothesized mechanism for 
I 

.such accidents. For the reasons indicated below, it is the Staff's po-

sition that such accidents may not be generically excluded from consider· 

ation in C011111ission proceeodings. , 

, . 

This question arose during a discussion of Class 9 accidents. The 

Class 9 accident, a term developed to facilitate analysis of the 

environ-ental impacts of nuclear power plants, is an accident which 

.I. 

. \ 

•tnvolve[s] sequences of postulated successive failures 
10re severe than those postulated for the design basis 
for prot~ctive systems and engineered safety features.• 
Propose~ Annex to Appendix 0 to 10 CFR Part SO, 36 !!.!!, 
Res 22051 (Dec. 1. 1971). . 

• 

• 
' L. 
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·s<:. The Cor.mission characterized a Class 9 accident" as an accident which 
.:i('·:, . 
- ... ••sufficiently remote in probability that the environmental risk is 

:.,. .. .-" ! ··-
extremely low,• and indicated that such an accident need not be ad

dressed further in environmental reports and statements. 

As a result of these two aspects of the original definition, the tenm 

Class 9 has been used to mean either: an accident with massiv~ offsite 

consequences regardle~s of how improbable it may be; or. events leading 

to an accident_with consequences ~reater than those of the largest design 

basfj accident where· such events are asserted to have a sufficiently 

high probability that it should properly be considered1 in evaluating a 

fC'cility. 

It is this latter aspect of the·term Class 9 which is proper for con

sideration in the safety hearing as the Board may need to consider 

whether the design basis accident has been appropriately determined. . . 
The focus of the safaty phase of the hearing is on whether the facility 

confonns to the Commission's safety regulations (principally 10 CFR 

Parts 20, so. and 100}. In order to satisfy the Commission regulations. 

a facility must be designed to protect against a range of transient . 
l . 

and accident events dP.scribed in 10 CfR Part so. includin~ Appendix A 

to Part 50. The.fac• ~ty must have an ECCS system capable of providing 
i 
adequate cooling in t~e event of a loss of coolant accident. as defined 

tn 10 CFR §50.46 and Appendix A. The facility must also be designed to 

• 
_.,..,_ ....... =.....,·-·..wuw=n;.a=.u;:ro::-::.:-~··:;::·-=·-::;....;.o• •;;,.;•.;;-.;:.;;o.;,.;• -;;;.•..;·.-·;;.;·.-··-•-• ··--r _ ..... • ~-....::.:..:._~....._ ...... ~ .... 
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~thstand natural phena.ena In accordance with General Design Criteria (GDC) 

.lJ»~ "'&!!!dfx A to Part SO and Appendix A to Part 100. In addition, 

u.e::r•Jlity IIIUSt be designed io withstand anticipated occurrences and 

accidents, even though offsfte or onsfte power is lost. (GDC 17) Onsite . . 

power must ~ithstand a single failure. (GDC.lS) The primary coolant 

pressure boundary cor.1pont!nts 11ust conform to the Code requirements which 

cover various upset, emergency and faulted condition loadings. 10 CFR 

ISO.SSa. 

In a~ition to the Pirt 50 analyses, the adequacy of ftcility design 

must also be tested by aoplication of the requirements of Part 100. 
I 

Part 100 reQuires the identification of a 

major accident, hypothesized for purooses of site 
analysis or poltulated for consideration of possible 
accidental events, that will result in potential 
hazards not e~cceded by those from any accident 
considered credible.• 10 CFR 1100.11 (a}. footnote 1 • .. 

The cOhsequences of this accident are analyzed to detenafne the radia· 

tion doses at the bounda~ of the exclusion area and low population 

zone. A reactor must be designed and located such that the doses at 

the bounda~ of the low population zone for the entire course of the 
\ . 

accident do not eateed 25 ra wholebody and 300 1'111 thyroid for any 

cre~ible accident. 11 

• 
ry Pa~ 1DQ also sets forth requi~ewaents for· the exclusion 1rea 

boundary and for population center distance. etc. 

. 

-· 

----- -· 
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-~ .echaniS. or accident event results tn consequences which exceed --
--:··~ 
~-5pecified boundary doses and is shown by the evidence to be credible, ... ~. 
the facility cannot be licensed unless it is modified to conform to Part 

100. Stated another way. if any credible mechanism or accident event 
results in consequonccs larger than those of the design basis accidents 

addressed in the PSAR and Staff SER, that event must become a design 

basis for the facilit,r and the facility design must be modified to· 

satisfy Part 100 b~fore the facility may be licensed. 

Conseq~tly, with respect to Part 100 considerations, it is always 

relevant to determine r:hether a given postulated large accident ev~nt 
I 

is credible. If it is not, it need not be considered in determining 

compliance with Part 100. If it is credible, it must be considered. 

Consideration of consequer.ces ofcredib1e accidents may be limited to 

the analysis of the doses at the exclusion area and low population 

zone bounrlaries. There is no need to consider such consequences further , . 
because the facility design must be modified or the site changed if the 

Part 100 boundary doses are exceeded. 

Notwithstanding the general :ight to questi~ the credibility of acci

dents, ·~orne issues rnay not be raised. For example, challenges to the 

Commission•s regulations are not permitted in absence of a waiver based 
• 

upon:a ~bowing of speci1l circumstances. 10 CFR §2.758. Similarly, 

evidence·· concerning the consequences of failure of the pressure vessel, 

--""'-- ·-· -- ···--. ... ~-·. "' . .. -·"" 

.~ . . 
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.. _,J!l-t-~if-stinces of specfal safety significance ts not actnfssible • 

COnsolfdated Edison Co=pany of Hew York (Indian Point, Unit 2). 

Cll-72·29, 5 AEC 20, 21 (1972). 

J II. CONCLiJS I or: 

Consideration of accidents with consequences greater than those of the 

largest design basis accident are not per !Lexcluded from consideration 

tn 1 health and safety hearing.~- Such tccidents .IDI)' be considered to 
dete~ine whether the 'pproprfate Maxfmu. credible lttfdent was analyzed 

in accor~ance with 10 CFR Part 100. 

I • 

Dated at Bethesda, '•ryland 
this 24th day of March, .1977 • 

. 
. t 

Respectfu11y subr:~ittee, · 

~L:,_~~ 
ames L iebennan 

• unsel for NRC Staff 
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~-t.! ~~ t/nf"J-ma~;nu. 
tt:!'n'l.J S'!'AT'E.S 011 AMEmCA 

f';Jauc ::-:-J'\-:r:·~ i~: t-w:,·:-, DF 0it.~J,jn.1A, 
lt.3SC'('li.":;:::r; ELE-:.."":Pl::' C:(I!!:J:.:;.rrvr., UiC. 
a.ud 
iT:::n:::; l·'ii.F!·:: -;~; EI..EC'!'iUS ccY"rE?.f,'i"nr:, 
.:1~~::. 

) 
) 
) 
) 
) 
) 
) 
) 
) 

Docket Nos. STN 50-556 
SDJ 50-557 

':'!-~t~ pu;'i .;~t· o!' th!.r. ro~enorandum and Order is for the Atrr.Jc 

cr:.nt e;.U-,n rd~t.lnj.'!; to tt'ltt handl Jl'l.C!;, disposal and envirOI'l'll!"nt.al 

cffe":s <.f rnd:loact lv~ !Aflter. (Third f'rehel\rin& Conference Order, 

p. 1·-l). ln adt~1Ucn, •.he f!r>::u-:-1 has under adviscrnPnt a :-.ot!.on by 

the Int,..rve:-:o:·s G;\5E anti l1cr~ YOUJ'1ghe1n to caq:)el discovery wJth 

1·e~'d r.o lnterr-<ll'.•"tr'l'Y 105 sub:n1tted to the Applieant.s • 

.! • Clr.ss Nine Acc!uP.nts 

t.n tl'!.:<" urdw qtivj:;-.nent '.he: matt"'r or admiss1b111ty or cmtent1ons 

cc;nc-ern'!r.r: v~r'Y l~L .. r;e ( luos<>ly, "Clftss Nine") accidents. 'l'tle Board 

. :.~>'.'~:':~· i '.- . . . :' ...... ·> ':: .. . . 
. · . : ~- . 

~~. ·' :. .. .: ' 

';. · .... 
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.. ~&utials ~ tllo parties~ thl.a oub,lect. -1111: start 

(t,_ Starr) and Applicants were to ~u whether such ccntenticns 

wre generically excluded by regulation ar case law., reprdlesa or 
mechanism. _ lnt~z"Vcnors ~-ere to addreu postulated lllleCtanisms for 

aueh accidents. 

Starr sut:mitted its Start Memoran~::Ua ~ins 'lreatment ot 

Extremely I.aree AccJdents 1n thl! Health and sarety Hearing (Start • 

Memaranchm). Applicants 1Ubm1tted AppUCMts' Jlleal:nniUI V:S.tb . 
Respe!t to Class Nine Accidents (Applicants• ~1.111). Inter-

venors sut:rnitted two docl.lllents, Intervenors CASE, Ilene tcunghe1n, 

'Lawrence &.1rrell, and Clark Clymore Response to Soard's ReQuest For 

Credible Mechanisms (Intervenors • Response)., and Intervenors CASE, 

Ilene Younghe1n, 'tawrence au-reno; and Clark G~ &.lpplernental 

Submission Re: Class Nine Accidents (Supplemental Sutmissicn). 

'.the Board has now evaluated the naterial set forth 1n those 

sutmittals an:! 1a prepared to rule en the •tter. Aa to the thres

. bold question., !!!• whether such accidents are senerieally excluded, 

1t appears to the Board that tbe;v are not.· Both the Statt anS the . "\ . 
~licants agree that no such blanket ·exelua1m ex1ata (Starr lllllo-

randl.lll, p. 2; Applicants' Memorandl.llll, passim). 8oth the Start n 
; the Appl1ants, b:lweVer, point cut tlat IUCb accidents can be cca

aidered cn:J.y 1t t:beir potential for OCCUI'T'enCe pasaes 8CIDe teat ot 

• • . . -

• 

f· ·. .... 

-· 

·~ .. ----:"· ·- _ ... : ~ -·- ··-·· ~-- .. __..- ..•.. ··- .. _...,. ________ : ·~ 
' .. . . ... .. . . . ..... •.· ....... -•i 

; 



•' 
. ... . :"" .. 

Z-499 

3 

cants asscirt that certain specirtc. llleChanisms (!.:.!.:.., apon~ 

pressure vessel failw-e and fa1lw-e or a properly analyzed S::CS 

system) are excl~ed by regulation and case law. '!be Board agrees 

with this proposition. 

It thus rena1ns for the Board to det.ennine which, if any, of 

the mechanisms proposed by the Intervenors m1Sht pass the test of 

cred1b1l1ty and might also yield accidents larger than those previ-. ~ . 
ously .. anaJ.Yzed. 

I 
·The mechanisms mentioned in Interverm-s' Response seen to the 

Board to fall for tt~ most part into four general categories: 

(1) Spontaneous pressure vessel ta1lur:e (7 1 26, 27); 

[2) Control rod drop or ejection conccmnitant with scram failure 
# 

or other independent ra11w-e (l, 21 3, -. 6~ 18, 19, 21, 22); 

The starr states: 

••• if any credible mech!nism or accident event results in 
consequences larger than those of the design basis accidents 
addressed ·in the PSAR and Staff SER, that event rust becane 
a design basis •• • •. (Staff Mctnorand1.111, p. 5) 

The Applicant states: 

•• • • • the ca1sequences or accidents larger than deS1P11 basis 
accidents need only be cor.&S1dered 1f a particular type or 
such large accident 1s sho'wn to be reasa'18bly possible. 
(Applicants' Memoratdum. pp. l-2) . 

. . • 
. ._ .. ·- --· -

. . . •. . • • ..... ~ 't..- •• ._.- -: . : .. .. 
f..- .... i .••. 
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Simul.tanl"'US W(.penc5ent 111E'CIM1cal ta.1lures (10, 12, 16, 17, 

20, 2)). 

One. of tm rnE:d.t..n13!1S is nl)t dt-f1ra..>d at all (25); MC."~t.her !s C'lcarly 

1n."lprl1c;,'blc to too resctar at h3nS (24}; cne raise-s the issue or 

s::...botagP {20); one sinply repeats other& urder va.-ied cperatq con

ditions (13); a.'"ld one aSm.rnes spontaneous f\tel cnrrbl1~ (15). 

' . . .. 
Intervenors' Supplemental ~asian Ca'l81sta ot three parts: 

ra.rts I and II attempt to establish the credibility or spont.aneous 
I 

·prP~sure vessel failure; Part III suggests that all accidents .. 
treat.ed 1n the Reactor safety Study, WASH-1~00, .!'lh:'uld be treated 

1n this h..:arin&, bc:Jio;ever remote their probability or occun"enCe. 

· In the &:ard' s view, mechanisms based upoo the failure or a 

prop<!rly desig.::d pressure vessel Jll.lSt be excluded 1'r'all ca'l81dera

t.1on because of t.he Carrr.ission dec1s1oo 1n Consolidated Ed1J!2!L 

Car~ of New York (Indian Point tJn1t No. 2), 5 As= 20, 21, ftl. 5 

(Oct. 26, 1972), where, as 1n the case at ro.r, no special cons1dera-

In effec:t, l'uch a Jr.t.:.ch.vd m tas t.r'f!tl dcfi&Jt.."'d by the r."'f!l'r.~f'l'2c:n as 

not being "credible" or "~asnmbly possible" 1n the sense or the 

• 

.. . .. . ' -. 

' 
! 
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·::.."" ... 
w1i1. tllke~s specific failure as representing a parad1(9n for a 

Lest of cioed1b111ty. Us1ne; such a cr1t.er1m of credibility, the 

Board is led to the CCX'lClUsion that mechanisms which deperd upon 

independent simultaneous failure of uore than one piece of safety 

grade equi~nt. also fail the test. Indeed, the single ranW-e 

criterion ert>odied 1n 10 CFR Part 50, Apperd1x A, supports the view 

that the Ccmnission does not 1nterd such mechanisms to be exanined. 

I~ this regard, the Board gives no weight wtntever to the fact that 

a study such as that reported 1n WASH-1400 may have considered am 

" evaluated such mechanisms; we do not view •credible" 1n the present 

sense as being synonymous with "worth looking at" for ~he purposes 

of the Reactor Safety Study. Indeed, the fact that WASH-lliOO 

examined pressure vessel failure, a mechl.nism excluded fran our . 
proceedings by Ccmn1ss1on decision, suggests that the Reactor Safety 

Study surely reviewed things we may regard as incredible for our 

purposes. 

We are thus led to reject as tailing the "credibility" cri

terion the general roochanisms mentioned 1n Categories [1], [2] and 

(14], supra. category [3), A'l'WS, has already been assumed credible, 
. ' 

~ an:l a contention has been admitted with it as a basis. A cmtention 

concerning sabotage has also been admitted • 

• 

. . ...... 
-" -.· ............... __ _ 

• . . 
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. As to IJPC1il+,.1arae 8Cale n.l CI:Nit)lq, t.he Beard feels 

this matter ls eqiiivalont 1n cred1b111tJ to IUltlple hilures 1n 

safety s;rade equipnent. We tbe.'refore ucluc!e 1t. 

We are tms led to the cmclus1on that the additional conten-. 
t1ons already adm1tted 1n our Third Prehearq Ccnterence Order at 

A>· 5-6 adequate~ permit exploration of extremely large accidents 

under the Ccmmlss1on'a rules. We have further rev1ewd the conten-

Ucns t!N.ch Appllcanta aske4 ua to reJect as Claas Nine accidents 

(Applicants' Al"'sF to tlevised PetiU.cns to Intervene, dated Pebu

.lir1 8, 1977, p. 23) an.1 ..e concluc!e t.hat these contenticns either 
I 

(l) involve mechanisns excludable by our credibility criterion, (2) 

do 1»t Sl.lf.Eest a specific mechanism, or (3) are effectively covered 
• 

b)' the two cootentions .nttted 1n our 'l'h1rd Prebeartng Conference 

Qrcier. 

n. waste Dispoel 

'l'h1s particular 1ssue was raised by the Pet1t1cner Roberta Ann . . 
Par1a Funnell an.1 1t relates to the handlinS, disposal end env1n'ln

.lll!l'ltal effocta of ftdloact1ve taStes. In pert,1nent part, the ccn-. 
t.entian ~ u follows: 

: .. ,. 

-.. 

Inadoquate ccns1derat1on 1s bebls given to the h1Sh 
cost ancS uncertainlty[sic] of waste cUsposal and 
the IIICr&l an.1 envircnDental dana&es are I'Xlt being 

.... . ·-... - ...... - ...... --· «......... .....-........... . 

• 
.. .. - • .•. + ··- ·-· -- . . .. . . . . .. 

····-·~-,-· ......... .. ........... . .. . . . " •.. . .. ....... : ~-· ..... ·.,,.., 

... 

. . .... 

.. 
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a,1equ&tPly cC'n~1dcrro. F.ight Bl111o(sic) alon£" (per 
J:ROA csl1.rnate) ror m11 Hal')' waste 1s st~crire and 
absut-cl. Funn(lll Al'lll?rid•~ Pet1t1m. p. 5 . 

• • • • 
2. AppUcants fAllc-1 to p1•operly &.rl<llyze and saft•1y 

h"".1.1dh: the st.o!··lSC and <i1spo:"' .• 'l:l of "'"'~st.es. r'..l.r111ell 
Petition, p. 1. 

• • • • 
II. Applicants have l..lllde>.re>stimated the erwiroomcntal 

effects of radioactive "-'a.Stes !'ran Black Fox. & 

The Board deferred ruling on this contention since the Ccmnis

sion had before it Ca'l6iderat1a1 o1" Sn 1nterjm rule on waste dispo

sal. Tr.at interim rule t:as subsequently on March 111, 1977 pranulga

ted by UX! Ccr.r.rlssion in its 11Ura,r;1um FUel Cycle Impacts Fran Spent 

Puel Rep1·o:essing a:id R:ldioactive Wastt" f·!anagement" 42 FR 13803. 

Furt.her, 1n a f·iemox·aridum and Order of April l, 1977 cc;,vE'ring various . 
proce:ct1nr;s, th(! C-.:.ctn1~·!;1on 1nc!1<>atro that the interim rule should 

be used 1n con'"lection \\'ith the tFJ'A cost-1Jenef:1t balancing 1n partic

ular proceedings. The C'.oom!ssion noted that the interim rule shoUld 

act to resolve pl"'Ceedtngs in which tr.e issue of enviromental in;>aets 

of the w-anh.11r. ftl~l cyC'le is raised • .Y Vermont Yankee Power Corp. 

(Vennont Y:\:iktoe !:u~lE':tr Station) • et al!., Ccmrdss1w ~C-,:'1--':"'arrltmt and 

Ord~:r dc:..t'\~ ;pr1l 1, l9U. The contention at issue, h:;~evPr, do.:·n uot 

y Although this CO'!rniss1on Memora.rdum anc1 O:mer ... as dL"eetf'd to 
the Appeal Board, it is equally applicable to L1cens1l'lg Soard 
cases ~ which the env1l"''rJJ''ental inpaet of waste disposal is 
sought to be ra1 sed. 

• 

f 
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relate to u~ 1nterJ:n rule. 'nao cant..ent1cn, the1-eror~, rrust be 

rE'je-.:ted as not tcinc suffldently particular, as n-quire-j by 

10 CFR 2.'/l~(a). Also, the Al'nclded Pet1t..1on att~ts t.o 1·aise 

the bsue or the handlin$, disposal and em:1l·cnnent.al err.::cts of 

radioactive .. ast.es on a generic basis. As rra:ned 1Ji the A.rnendt<d 

Pet1 tion, t.hc:- content!on is more prope·ly a subjE'Ct for &ny pro

ceedin&S relat1n& t..o the 1JiterJm rule 1taelt rathr:r ~han to this 

particular proceed1Jig. '1'he Board, therefore, excludes this cc:n

tenticn rel3ti~ to ract1oact1ve waste disposal. 

111. lnt cr.,cn.:,J•s' !·:ouon t.o Ccr.;>el 01sccv~_:t:r I 

Intervenors CASE ard Ilene Y~in (lnterverors) :r.oved to 

carpel d1tcove:l'J' 1':ra:l the Applicant~ w1 t.h re&ard to Jnte:-I'T'~tory 
• 

No. 105 which states: 

Describe e&ch 1Jistanc:e 1n which Applicant dit.as;rees with 
the evaluation perfomed by the u.s. Env~:1'1L"'ntal Pro
tection As;ency on the Rasnussen Report. Reference is 
made to the u.s. EPA neflort datt<d AL0Jst 1975 a."ld JWle 
1976 (EPA 520/3-75-012 and EPA 520/3-76-009). 

Applicants Clbject to the interrogatory .en the bas1s that 1t 

does not relate to any or the issues 1Ji controversy. Applicants 

acknowledge Uat it could relate to the Class Nine accident ccn

tenUon Which the. Board had under advisement at the til:le the Appli

cants filed their response to the mot1cn to CCII'pel. Applicants 

• 

. .. . " ~. "· .. ' . . . .... -.. 
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also suggest that the responses to the 1nterTc:ltJatory 11101.tld represent 

an undue byrden 1n that it requests a formulation or an ar\1lysis 

rather t.tan a disclosure of facts in the Applicants' possession • 

In the Board's view, this 1nten-ggatory does not have a proper 

fo\.l'l1dat1on. It tas not been established that the Applicants per

formed any analysis or the EPA evaluatiaa of the RaStllssen Repont 

and Applicants' response in11cates that they have not dcne so. 
~ ' . ' 

Since the Applicants have apparently not perfonned any such analy-

sis, it is not the proper function or discovery to require the 
I 

Applicants to take such action 1n response to' an interrogatory. 

'lberefore, t.he motion to eanpel is denied. 

# • 

Issued at Bethesda, Marylan:!, 

this 25th c:Jay or Ma.y, 1977 • 

• 

• BY ·aiDER OF THE A'J'(lftlC SAFEl"i 
·AND LICENSING BJARD 

·- ~·- .. ·- ... 
-·~---~ -.. -... ,... ··-· -~ ... ··-:-·-·---· -. ··-·-··-.. ---~---····-· .; : •• !" 
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Thus, the opinion ts that Class 9 accidents are not generally excluded. 
However, Class 9 accidents need not be considered if they are not •cred
ible•. No, the finding of •credibility• is to be ~de, however, is 111-
defineck4' &:all, in the •c ..arandum. The reasoning used by the ASLB 
was somewhJ.t pre specific, but highly qualitative. 

The Commissioners, themselves, appeared to pursue a qualitative approach 
similar to that of the Regulator,y Staff in a ruling on Indian Point Unit 
No. 2 in 1972, which is reproduced below. 

• 
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COMMISSIONERS 
James R. Schlf!Sif118', ('haiunan 
James T. Ramey 
Clarence E. Lanon 
William 0. Doub 
Dixy LH Ray 

In the M;\tter of 

UNITED STATES or AMfAICA 
ATOMIC ENERGY COMMISSION 

CONSOLIDATED EDISON COMPANY OF NEW YORK 

(Indian Point Unit No. 2) 

MEMORANDUM ANil ORUER 

CLI·72·29· 

Docket No. 50·247 

On Sep1emhr1 27, 11J7:!. lhr 1\tomk ~frty ami l.ic'rn~in~ hppeal Bnard (hppral Bnard) iSSIK'd a 
nll!mHamlum CAI,\14-71. WhSII-l~IXISurrl II at p.41!1!1 dcalin(! with a quC'~""" crrtiliect hythc 
I'IC\iclinj! A1n1111.: S.akty ancl I kru,inJ: Ho;ncl. On Ckluhcr I~- 1'17~. I he Cununi'''"" t''\lt'nckd thr !"'""'' 
f,,, rr\lt'" of lh•· <IL'd'"'" """''' Ill ("I R :!.71!fa Ill Novrmhc·• I. 1'17~. II~ lrfiCI '"''"'' (llluhc• I h. 1•17:!. 
lh,• Appo:.al Hu;aul Iliaci•• a r.:unc.:tinn In it~ cle..:iMnll. 1 I'Uisuant lu 10 <TK :!.71!(•. we nnw revt••w the 
dca;tSI1111 il~ ~llrft'.:tc:d. 

l'hr crrtiticcl qutstion is as follows: • 
Is it the position of the Commission that the measures taken to ..,,. the integrity of the presa~re 
vesSI'I\ lor liqht water re:~ctor~ have been demon~trated ancl documented suffteiently that protection 
il'l~"lst lhP. •:on51'Qu••nrl!s of l~ilure of the reactor vess..l nt>•..-1 not IM" included in the clesiqn of the 
t•lant and I!Vtdrnr.e r.onc:erniny the integrity of the' pressure vessel should not be adduced in the 
licen~ing llrOCeeding!o? 

lhe Appr:tl Bna~ol c•mdmlctl that such protectiun net'<l nnt he.- indudccl in rlanl de~iftn. and th~t 
tvt•lctKr run.:C'mllll! vtssrl into:!!• it)' v•as adrms~ihlc unlv to thr rxtrnt ne~'t')Silf) It• dcmunslloatc c:umplian.:e 
~~o·tth apph.·;thk ••·rulatiuns 

llh' !'"'~''"" Vl.,.M'I is :tl'}'lttllhii'Otl, ~llllRjl·Walkd ·..-nnt:tinct hnu~inl,! lhl· tra.:tnr ··un•. whkh is Clllllf"'"'" 
nf 1'111•1 clement' aml~:nnl wl rut!>. 1 hr rc:~.:hn w~scl h;" inlet ami nutlet rip•· t·nrutl.'c·tinn~ whkh cunwy the 
rc:tl'llll c1•ulan1 intu aud tlUt uf thr. r.:actnr ves\el. Vessels a1·1.' de~i~tncd 111 ac:cmclan.:r with arplic:ahlc ASML 
""''"~· In the pressmi/.ed water reat·tu• at har. the steel vewl. ewer 40 feet hi!lh. is l'OfiStilnlecl nf 111'111• '"'Cr 
II" thick. and i~ designed In Ctlt'llain 1A1'3hll at :m tlfiC!ralinll lt'ltlp.!t·;Uure uf :!485!::!2.lS psi, with in~l and 
nutlrt t••mrcralure• nf apprm.imalrly S'i5''J= and ftl.l"F. ~l·tiwly. 

!'"""'""'' tu its u"'it'arc:h ami dl'Yt'lnpment rrspunsihilitit's, tl•e ( 'ullmti~5iun has t'X:mtin•-.1 tht llthj«l .,r 
Wll!lt'lttllejlrity :nul o.:unhtut"'- In d•• ~~ in 311 ctlntl h> as.<tur utmust pl:mt sal<•ty.J AU' u•~tnlatiuns Ia~· 
tlm•·n •lm:t st;•ndaHJ, In a5sute inlrJ!rity nf lhc vrslil•l. 1 hr rq:ulatnry •l:~lf a~'it'rts that in all Cil!il'S cvalu:~lecl 

hy it the ttrnhaluhr~ nf vcsSl'llaihuc h:~s I>Ct'n lntmtl In he .. ,..,luw" :>'nul hlll'tlllitc "cuu\idetalitnt nl 1111• 

c:nnw•tttenn~ uf such lailur•• in the al!iluttpliuns empluvetl in ck>lcrminin~ 'Iii•' suitability" (Staff Brief, 

"".,"'~' :!I. J•l71.p. 7t.ln t'\fllt's!lintt nlllhden..:c IS hid~ lt•~~o•....-bility ut'v~Sl'l hailmc.thc slallrelcrml 

1 
liM' •\Jit'l';ol llnafll'• olwi>tutt •••l•'fn•ol lo• (II~<Un• ..,.,.. • .., hof rr;n·fllf< lk''"""' fut ''~"""'""' •l.trr JulY I. llf71. l'hl' 
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The COIIrission ruled that compliance with the standards is not automati
cally sufficient to foreclose further tnquir,y into the .atter of vessel 
failure-in the course of a licensing proceeding.· However, they supported 
the Staff.posit1on that protection against the consequences of vessel fail
ure need not be required for a particular facility ~unless .it has been de
termined that for such facility there are special considerations that make 
it necessary that potential vessel failure be considered. However, no basis 
for deciding that the matter need be considered for a particular facility 
was given in the decision. Nevertheless, the Statement of Consideration 
which accompanied publication of a proposed version of lOCFR 100 on Febru
ary 11, 1961, indicated that one of the proposed Part's basic objective 
was to assure that •even if a more serious accident (not normally considered 
credible) should occur, the number of people killed should not be catastro
phic•. This stated objective was modified in the Statement of Considerat -
ions which accompanied publication of the effective Part on April 12, 1962. 
It was there stated that an underlying objective was to assure that •the 
cu~latfve exposure dose to large numbers of people as a consequence of 
Jnr nuclear accident should be low •• • Furthermore, the •population center 
GfStance" criterion was included in 10 CFR 100.11}2)(3) •to provide for 
protection against excessive exposure doses to people in large centers, 
where effective protective measures might not be feasible" in recognition 
of the fact that "accidents of gre~er potential hazard than those commonly 
postulated as representing an uppet limit (i.e., the •maximum credible acci
dent•) are conceivable, although highly improbable•• In addition, the 
effective Part that (where very large cities are involved, a treater dist
ance (than that required by the population center distance criterion) may 
be necessary because of total integrated population dose consideration.• 
10 CFR 100.11}a}(3). Related to this was the indication in the Statement 
of Considerations that the Part was •intended to reflect past practice and 
current policy of the Commission of keeping stationary power and test re
actors away from densely populated centers.• 

Thus a possible legal view would be that where such "very large cities• are 
involved, consideration of the "total integrated population dose• would be 
appropriate, and that this dose should include •non-credible accident• do
ses in light of the underlying purpose of the population center distance 
criterion to protect people in large centers from non-credible accidents. 
The Staff does not routinely include such consideration of •non-credible" 

It is not clear from the Part how it was expected that this population 
center distance criterion, which was dependent upon calculated doses 
from a limiting "credible•• accident, should in practice afford pro
tection to people in large centers against "non-credible" accidents. 
Indeed in practice the population center distance criterion can easily 
be met even for large nuclear power reactors near very large population 
centers by addition of engineered safety features. The net result is 
that the Commission•s regulations provide no effective quantitative 
limits on siting of nuclear power reactor~ near very densely populated sites. 
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acc1dents lllhere large cftfes are involved.* Thus. an accident seems to be 
regard~--~ -..redible• for s.e purposes and •non-credible• for others. 
Part 100 coritltns 110 deffnttton of the tenn •credible•. IIDift!ver, c-ats- ~ · 
sfon ~eciel'lt indicates that the tenn ts intended as a ••sure of the 
probability of the aec1dent tn question,~ Long Island LffBtfn~ C~agy 
(Shoreham Nuclear Power Station}, ALAB-15~1-73-10 at 846 cto er • 
1973).** The Commission itself has never specified the probability of 
occurrence which separates •credible• accidents from •non-credible• acci-
dents, but the Commission's staff has taken the position that the figure 
10-7 per reactor per year should generally be used for this purpose. (See 
WASH-1270, •Anticipated Transients Without Scram for Vater-Cooled Power 
Reactors,• September, 1973.) However, in actual f~le~entatfon of Part 100 
the Staff does not routinely evaluate the consequences of certain accidents 
where the occurrence of the accident .auld indicate defective design of a 
system or component not~thstandtng CG~Plfance that ~stem or COipOnent 
wtth 1 Ccarfssfon Regulation lllboclring a design requi,...nt. In such cases 
the accident is dismissed as a •non-credible• accident ~thout consideration 
of the probability of its occurrence. 

One of the conclusions of WASH-1400 was that the probability of certain re· 
actor accidents was higher than was previously assumed to be the case. In 
the past, the staff had considered that the probability of some of these 
accidents including core .elt followed by contain.ent failure was consider
ably lower--in the range of 10-6 per reactor year or lower. For this rea
son, core melt accidents followed by containment failures have not been 
regarded in the past as •credible• accidents ~thin the meaning of Part 100. 
Thus the report raises a question whether these accidents should continue 
to be regarded as outside the plant design basis or •non-credible•. 

-However, since the prOIIUlgation of Part 100 in 1962, suppl .. ntal •thodo
logies involving implicit and general consideration of •non-credible• acci
dent consequences have always been used by the Commission in site suitabi
lity evaluations from the radiological safety standpoint. The .. thodology 
was evolved from the Commission's so-called •policy against metropolitan 
siting• fn the early to late 1960's, to the population envelope• of Indian 
Point and Zion that was used in the late 1960's and early 1970's. More 
recently, the issue has become integrated with NEPA review of altematfve 
sites. 

* * In one case prior to pr-..lgation of Part 100, the COIIIIissfon held that 
the possible consequences of an •extremely remote• accident that .. s 
·b~ond ·~ known accident possfbflfty• should still not be ignored. 
Power Reactor Develof{!nt Compagy, 1 AEC 65, 74 (December 10, 1958). 
Grider thfs hOtdfng, Twas unclear whether •concefvabflfty• as opposed 
to •probability• WIS to be the detenrln1ng f.ctor 1n accident ~nalyses. 

t:. 

• 
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Thus ft can be argued that present Staff fliP 1-ntat f on of Part 100 lias 
certain~ficfencies--deficfencies associated .rtth failure to consider •non
credible--:;~c~Jdent consequ~nces ~!~here very large cities are involved, and 
the fa11uee to evaluate routinely certain core ~elt eccidents. 

Second, because of the limited range of possible accidents evaluated by the 
Staff under Part 100, the trend toward reducing •conservatisiiS" in both the 
definition of accident source terms and the calculation of accident conse
quences under Part 100, and the increasing reliance on engineered safety 
features to accomplish reductions tn calculated accident doses, Part 100 no 
longer serves as an effective criterion for reactor site suitability from 
the standpoint of radiological accident risk. Indeed, as presently iiiPle
•nted by the Staff. Pa~ 100 would pennit location of a large nuclear power 
reactor in Central Park, New York City. Since Part 100 is the only written 
COMmission regulation which addresses the subject of reactor sfte suitabi
lity criteria, the net effect ts that site suitability fs addressed b.r the 
Staff on a case-by-case judgment basis, using standard review plans, regu
latory guides, etc. 

In 1977 and 1978. the question of a potentially explicit role of Class 9 
accidents in reactor siting received increasing emphasis within various 
sectors of the NRC, including the licensing Staff, the ACRS and the Com
•tssfoners themselves. The outcome of this studY and evaluation cannot be 
predicted. However, a potential trend toward some explicit use of Class 9 
events is indicated. 

-

• 
! 



3. SOME ASPECTS OF THE REGULATORY PROCESSS 

3.1 General Design Criteria 

The Regulato~Staff began developing general criteria for nuclear power 
plants in th~ring of 1965 under pressure from the Commissioners and 
with the expeCtation or knowledge that the AEC Regulatory Review Panel 
planned. to recommend considerable emphasis on the development of criteria. 

The first (rough) draft sent to the ACRS for information was entitled 
''Design and Operating Criteria for Nuclear Power Plants." On May 26, 1965 
Mr. Price, the Director of Regulation, fowarded Draft IV dated May 20, 
1965, which was entitled "Criteria for Nuclear Power Plant Construction 
Permits.•• It was explained by the Staff that design criteria were needed 
more urgently than criteria for the operating stage; hence, priority was 
being given to criteria for construction. 

At the first subcommittee meeting on the subject, held June 5, 1965, Mr. 
Price indicated that the reasons for development of guides at that time 
were as follows: 

(a) 

(b) 

(c) 

Continued pressure from the nuclear industry for better 
definition of the information required at the various 
stages of review. The Jersey Central/Niagara Mohawk 
Hearing Board decisions had emphasized the need for 
clarification. 

The desire of the Commission to clarify its position by 
a redefinition of the rules rather than a policy 
statement. 

The increased workload anticipated in the future which 
would require' a set of standards against which proposals 
can be judged. In addition, they would help to identify 
important areas so that submission by applicants could 
be more to the point with a reduced amount of extraneous 
material which must be reviewed. 

Actually, design criteria had been evolving over the previous several 
years. Typically, with each new construction permit review (and ~ith 
the review of some difficult sites, such as Corral Canyon for the Los 
Angeles Department of Water and Power),. new design criteria were intro
duced as the result of something specific to a site or reactor, from 
questions concerning possible low-probability events not previouslx con
sidered, and from unusual operating experience which had generic impli
cations. · 

A simple example of the development of a site-related criterion relates 
to tornadoes. When the General Electric Company proposed to build the 
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Southwest Experimental Fast Oxide Reactor (SEFOR) in Arkansas, the need to 
provide suitable protection against tornadoes came into focus. It was 
necessary to establish design basis tornadic wind speeds and to consider 
other possible effects such as tornado-induced missiles. As a result of 
this review and additional reviews of the matter in the ensuing months, 
it became clear that there was a 11tornado belt 11 in the u.s. which included 
Arkansas. But for almost all regions east of the Rockies tornadoes 
occurred at a smaller frequency, but not radically so. Very destructive 
tornadoes had occurred in Massachusetts and other places far from the 
"tornado belt. 11 Thus, tornado requirements were applied to all future 
power reactors east of the Rockies.* 

Floods were taken into account in the reactors constructed in the early 
1960's; however, such criteria became much more stringent with the 
evolution of the Probable Maximum Flood approach in the late sixties and 
early 1970's. 

Hurricanes became one focus of the site-related phenomena for the Turkey 
Point site in Florida during its construction permit review in 1966. 
Afterwards, hurricanes began to receive increased emphasis for all East 
Coast and Gulf Coast sites; they were also considered as a possibly 
serious cause of inland flooding at many sites. 

Seismic criteria evolved in a more complex way. There was little if any 
seismic requirement beyond the uniform building code for reactors east of 
the rockies in the 1950's. The matter received considerable attention 
for sites in California, of course, beginning with the site reviews for 
the Los Angeles Dept. of Water and Power for Southern California Edison, 
and progressed rapidly with San Onofre, Bodega Bay and Corral Canyon 
(Ma 1 i bu). 

In the Eastern u.s., seismicity was not given much emphasis, and, in fact, 
the proposed seismic design basis for the Connecticut Yankee reactor of 
O.l7g peak horizontal acceleration was thought by some to be unnecessarily 
high. We shall treat seismic matters in Chapter 5 in some detail, and 
hence not dwell on it here. 

Engineered safety features also evolved considerably during the period 
1960-65. Dresden, for example, a 1950's vintage reactor, had as many 
as six off-site power lines feeding the plant, but no on-site emergency 
AC power source. (In the 1960's a swath of tornadoes knocked out all 
lines concurrently, but no accident ensued). With the passage of time, 
first one small on-site diesel, then a larger diesel to run containment 
cooling systems, then redundant diesels to drive containment-related 
safeguards became the standard. And in 1966, redundant on-site power had 
to be available to power the ECCS, requiring still larger diesels (or 
their equivalent). 

In any event, design criteria had been evolving and no effort was under 
way to generate an AEC Regulation. The general statement preceding 11Draft 

*and later west of the Rockies. 
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IV" of the general criteria began 

Attached hereto are a number of proposed criteria for the 
design of a nuclear power facility which, upon the supplying 
by an app 1 i cant ot aaequate 1 ntorma t ion .to permit a cone I us ion 
that the criteria are fulfilled, would by definition justify 
a finding of reasonable assurance that the facility can be 
built and operated without undue risk to the health and 
safety of the public. 

The ACRS had a number of problems with this philosophy. 'lbey generally 
felt the criteria, after they had been worked over and found acceptable, 
might represent necessary but not sufficient design requirements, and that 
there would be a continuing need for engineering judgment. 

Reactors had been receiving construction permits based on a commitment to 
meet rather general criteria, but the criteria had been rapidly increas
ing in number and in detail. And, as the passing of time would soon show, 
the regulatory process was on the verge of shifting from the requirement 
of general criteria and the plausibility of their being met, to a contin._ 
ually increasing interest in specific'design information prior to · 
issuance of the construction permit. 

At the Special ACRS meeting, June 18, 1965, the Committee had divided 
opinion as to the need for such criteria. Some believed the criteria 
would be of use to the Hearing Boards but not particularly to applicants. 
Others believed that the criteria were worthwhile. ACRS member 'lhompson 
thought that the time was too early for issuance of such design criteria. 
And at the next Subcormnittee meeting, July 15, 1965, ACRS member Rogers 
was concerned that the existing list may be insufficient, and that the 
criteria should not be completed until four or five reactors situated 
near cities had been reviewed and analyzed. 

Nevertheless, the Subcommittee, which was chaired by Dr. Leslie 
Silverman, worked actively on detailed formulation of criteria with the 
Regulatory Staff; a two day Subcormnittee meeting was held the same month, 
July 21-22, 1965, to continue the review, discussion and revision. 

At the July 15 Subcommittee meeting, Mr. Price was asked by ACRS member 
Okrent how the criteria handled the problem of different requirements for 
sites in the country, near to cities, and in cities. Mr. Price stated 
that the only i tern related to this matter was the amount of credit to be 
allowed for engineered safety features ~~ reducing the calculated off
site doses (in the arbitrarily postulated MCA which assumes an intact 
containment) • 

- .. . """ . 
1be minutes of the July 21-22, 1965 SUbcommittee meeting record consider-
able discussion on the criterion dealing with containment design basis. 
Dr. Doan, Director of the Division of Reactor L;censing, wated to define 
the MCA as the accident involving complete loss of coolant, followed by 
melt-down of the enitre core and the occurrence of a metal-water reaction. 
It was noted that in the Staff Analysis for San cnofre 1, the Staff gave 
credit for the EX:CS preventing mre than 6% of the core from melting. 
Nevertheless, Dr. Doan believed that reactors should be designed to 
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prevent accidents but that the containment should be designed to 
withstand the worst consequence of any credible accident, should the 
other engineered safeguards fail. 

At the end of the discussion it was decided to reword the particular 
criterion approximately as follows: 

Provisions must be made for the removal of heat from within 
the containment structure to maintain the structure within 
design limitations. The containment must be designed on the 
basis of complete depressurization of the primary system, 
melt-down uninhibited by core protective systems, and the 
occurrence of a metal-water or other chemical reaction. If 
engineered safeguards are needed to prevent containment 
vessel rupture due to heat release by an accident including 
these assumptions or by decay heat, at least two independent, 
differently designed systems which can accomplish the 
necessary functions must be provided. Each of these systems 
must be redundant in vital components so that no credible 
failure of a single component could prevent either of the 
systems from functioning properly. 

An example of the kind of metamorphosis which took place on some of the 
proposed criteria is illustrated by the following: 

In the early draft forwarded to the ACRS on May 26, 1965, there was a 
criterion which stated: 

The design goat for instrumentation and control systems includ
ing all electronic and mechanical devices, should be that all 
safety systems are fail-safe, including consideration of effects 
of fire, steam and other possible environments. 

At the July 21-22, 1965 meeting, ACRS member Hanauer suggested the follow
ing wording, which was accepted as a basis to be used in rewriting the 
criterion: 

The vital instrumentation systems must be designed so that no 
credible combination of circumstances can interfere with the 
performance of a safety function when it is needed. In parti
cular, the effect of influences common to redundant channels . 
which are intended to be independen~~ust not negate the oper
ability-of a safety system. The effects of gross disconnection 
of the system, loss of energy {electric power, instrument air), 
and adverse environment (heat from loss of instrument cooling, 
extreme cold, fire, steam, water, etc.) must cause the system to 
go into its safest state (fail-safe) or be demonstrably tolerable 
on some other basis. 
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. The Staff's early draft. GP.neral OP.~ian Criteria, reflected what appeared 
to be the then accepted'practice of the Regulatory Staff. As the criteria 
went through hard review and evaluation in successive drafts, they were 
made, more and more, to reflect what the Regulatory Staff and the ACRS 
thought should be employed as general criteria for upcoming plants. The 
process of trying to write the criteria led to rethinking of the adequacy 
of wha~ had been accepted on past plants. 

On August 4, 1965 the Regulatory Staff issued draft IX of the Principal 
Design Criteria, and these were reviewed at the 65th ACRS meeting, August 
S-7, 1965. The minutes of the Executive Session of the Committee reflect 
some of the mixed opinions among ACRS members. 

.. . ·;... . 
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REACTOR DESIGN CRITERIA 

Executive Session 

Or. Silverman reported on three subcommittee meetings at which 
the drafts of the 11Compilation of Principal Design Criteria 
for Nuclear Power Plant Construction Permits 11 were reviewed. 
To Dr. Silverman the preamble, or philosophy of the criteria, 
appears to merit the most attention from the ACRS now; this 
preamble might be considered general overall criteria. 
Although several considered the criteria premature and not in 
sufficient detail for guidance to the industry, it was recognized 
that the newcomers to the reactor field might benefit from these 
guides. Application of the criteria to the Dresden II Reactor 
as a trial was suggested by Dr. Okrent. 

The evolution of the reactor site criteria was recounted by 
Dr. Thompson, who believed the proposed design criteria so 
general as to be of little use; specific requirements, e.g., 
engineering numbers, are not yet available. To him, the design 
guidance is too specific and may not be in the proper direc
tion, e.g., no credit was given for active engineering safe
guards such as core sprays; this could discourage the develop
ment of engineering safeguards. He also pointed out the illusion 
that these criteria are sufficient to insure safety. The 
checklist arrangement tried by the RS sometime ago was reviewed; 
its limited application may have resulted from the lack of 
sophistication of the applicant. 

A need for reasonable criteria was seen by Dr. Kouts, who doubted 
if sufficient attention had been given to the guidance implicit 
in past RS and ACRS reports and conclusions. Much has probably 
been learned in the last few years from the criteria attempts. 
Dr. Hanauer was inclined against too much delay in facing this 
criteria issue. Several believed that AEC issuance of the 
criteria, formally or informally, was certain; hence contri
butions from the ACRS appeared desirable. Col. Stratton 
was disturbed over the imperative nature of the criteria,· 
which seems to make them into a restrictive code. Most of 
the effort towards these criteria have probably been at a 
relatively high level of the RS; soliciting comments nearer 
the working level was suggested. To some the criteria appeared 
formulated around water reactors; however, nothing was included 
on metal water reactions. 

Some conjectured that the design criteria attempt stems directly 
from the Commission and the Regulatory Review Panel pressure 
on Mr. Price and the RS; perhaps, the existance of criteria 
rather than their content, is important to the RS. 

Dr. Kouts recommended modifying the present criteria, checking 
this formulation with action on previously approved cases, and 
finally trying the criteria on a current case. 

647 



ACRS discussion of the proposed criteria continued at a Subcommittee 

meeting held September 2, 1965. Excerpts from the meeting minutes follow: 

Executive Session 

Dr. Silverman reported that he had received several suggestions 
regarding revision of the introduction but no suggested changes 
to specific criteria. 

Mr. Etherington suggested several tests for the criteria to 
try and identify their real purpose. 

Test 

1. Will they really help knowledge
able applicants/vendors. 

2. Will they help less sophisti
cated applicants/vendors. 

3. Will they form a framework for 
review and the eventual develop
ment of more detailed criteria. 

Conclusion 

Not much 

Probably yes - depends 
on applicants competence 
in nuclear matters 

Yes 

In connection with 3 above, Mr. Etherington suggested that 
the AEC and ACRS should try to decide what each criteria 
really means in terms of plant design before they are promul
gated. For example, what are the codes that are really 
acceptable under Criterion l.a. 

Mr. Rogers noted that the criteria are in part to tell the 
public what factors are considered in an AEC review and also 
to satisfy Mr. Price's desire for a legalized regulatory 
process where licenses can be issued with little engineering 
judgment. 

Dr. Thompson maintained, however, that the criteria are pre
mature at this time and may force the nuclear industry into 
a mold that is not necessarily optimum. He also maintained 
that several important criteria are not included. For examole 
limits related to small local critical masses in large cores 
are not included. Other Subcommittee members strongly encour
aged Dr. ·rhompson to identify these areas. 

It was agreed by a majority of the members that approach 
number 3 should be pursued. Dr. Silverman suggested that a 
document similar to TID-14844 be developed to support the 
criteria. Dr. Thompson agreed that this would provide for a 
more thoughtful development of the criteria and noted that it 
might well result in several changes. 

648 
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At the 67th meeting, October 7-9, 1965, the ACRS reviewed a comparison of 
the design criteria to the design bases for the upcoming Dresden 2 BWR, 
and then gave a favorable Committee opinion concerning the publication of 
the latest draft of the criteria in the Federal Register for public com
ment. 

(Parenthetically, the minutes of the 67th meeting note that Dr. Swartout, 
the AEC Assistant General Manager for reactors, had been appointed Chair
man of the AEC Steering Committee for Reactor Research, and that, broadly, 
the purpose of the Steering Committee is to arrive at designs for making 
reactors suitable for metropolitan locations). 

At the 68th meeting, November 10-12, 1965, the ACRS again reviewed a 
revised draft, and on November 22, 1965, the Atomic Energy Commission 
issued a press release announcing the proposed criteria and requesting 
public comment. 

The complete criteria, as first published, are reproduced on the follow
ing pages. 

The criteria were left flexible, quite deliberately, thereby allowing 
many individuals holding a wide range of opinion, to agree on them. The 
same flexibility was expected to be necessary in their application. 

There was continuing discussion on a proposed "backup" document, which 
was to explain and elaborate on the published draft criteria. The act 
of trying to write a more specific explanation provided benefits, 
frequently in the form of new matters to be studied. An example is 
available in the minutes of the January 26, 1966 Subcommittee meeting. 
An ACRS member questioned the extent of the review which had been made 
in the past to consider the effects of a fire on the control system. 
The minutes go on, "The review has not been extensive; however, some 
consideration has been given to use of separate cable runs, redundant 
channels in separate cabinets, etc." Another member noted that vital 
buses often were not redundant, and that a requirement for duplication 
should be added. 



No. H-252 
Tel. 973-3335 

973-3446 

IrvTI!JEDIATE RELEASE 
day, November 22, 1965)-

AEC s::::EY.ING PUBLIC COiviMENT ROPOSED DESIGN CRITERIA 
FOP.. NUCLEAR POWER PLANT CONSTRUCTION PERMITS 

' . The Atomic Energy Commission is seeY.~ng comment from the 
nuclear ind~stry and other interested persons on proposed 
general design criteria which have been developed to assist 
in the evaluatior. of applications fer nuclear power plant 
cons~ruction permits. 

T~e proposed criteria have bee~ developed by the AEC 
regulatory staff and discussed with the Commission's Advisory 
Committee on Reactor Safeguards (ACRS). They represent an 
effort to set forth design and performance criteria for 
reactor systems, components and structures which have evolved 
over the years in licensing of nuclear power plants by the 
AEC. As such, they reflect the predominating experience to 
date with water reactors but most of them are generally appli
cable to other reactors as well. 

It is recognized that further efforts by the AEC regu
latory staf~ and the ACRS will be necessary to fully develop 
these criteria. However, the criteria as now proposed are 
sufficiently advanced to submit for public comment. Also, 
they are intended to give interim guidance to applicants and 
reactor equipment manufacturers. 

. The development and publication of criteria for nuclear 
power plants was one of the key recommendations of the special 
Regulatory Review Panel which studied ways of streamlining 
the Commission's reactor licensing procedures. 

In the further development of these criteria, the AEC 
intends ~6 hold discussions with organizations in the nuclear 
industry and to issue from time to time explanatory informa
tion on each criterion. Following such discussions with 
industry and receipt of other public comment, the AEC expects 
to develop and publish criteria that will serve as a basis 
for evaluation of applications for nuclear power plant con
struction permits. 

{more) 

\ 
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It is recognized that additional criteria may also be ;I 
needed, particularly for reactors other than water reactors, 
and that there may be instances where one or more of the 
presently proposed criteria may not be applicable. Applica
tion of the criteria to a specific design continues to involve 
a considerable amount of engineering judgment. 

These proposed criteria are part of a longer-range Ccr:
rnission program to develop criteria, standards and codes for 
nuclear reactors, including iden~ification of codes and 
standards that industry will be encouraged to undertake. 
The ultimate goal is the evolution of industry codes based 
on accumulated knowledge and experience, as has occurred in 
various fields of engineering and cons~ruction. 

A copy of the proposed "General Design Criteria for 
Nuclear Power Plant Construction Permits" is attached. Ccrr:
ments should be sent to the Director of Reg~lation, U. S. 
Atomic Energy Corr.LTnission, Washington, D. C. 20545, by 
February 15, 1966. 

# 

11/22/65 

.-
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GE:\ERAL .)ESIG~ CRITERIA FOR NUCLEAR PO\\'F.R Pl.AJ~T CO~STRIICTIOr\ PERMITS 

Attached hereto are general design criteria used by the AEC in jud~ing 

whether. a proro~cd nuclear power facility can be built and operated without 

undue risk to the health and safety o!:" the pub lie. They represent design 

and performance criteria for reactor systems, components and structures 

which have evolved over the years in licensing of nuclear power plants by 

:~e AEC. As 5uch they reflect the predominatin~ experience to date with 

~~:er re~c:o=~ ~ut mos: of tnon: are generally applicable to other reactors 

as ~o·ell. 

It should be recognized that additional criteria will be needed for 

evaluation of a detailed design, particularly for unusual sites and 

environ~ental conditions, and for new and advanced types of reactors. 

Moreover, there may be instances in which it can be demonstrated that one 

or more of the criteria need not be fulfilled. It should also be recognized 

that the application of these criteria to a specific design involves a 

considerable amount of engineering judgment. 

An applicant for a construction permit should present a design approach 

together with data and analysis sufficient to give assurance that the design 

can reasonably be expected to fulfill the criteria. 

FACILITY 

CRITERION 1 

Those features of reactor facilities which are essential to the 

prevention of accidents or to the miti~ation of their consequences 

must be designed, fabricated, anc 'erected to: 

(a) Quality standards that reflect the importance of the . . ..... . 
safety function to be performed. It should be 

recognized, in this respect, that design codes commonly 

used for nonnuclear applications may not be adequate. 
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(b) f~rformance standards that will enable the facility to 

"'ithstand~ without loss of the capability to protect the 

public~ the additional forces imposeci by the most severe 

earthquakes, flooding conditions, winds, ice, and other 

natural phenomena anticipated at the proposed site. 

CRITEPIOf\ 2 

I 

Frovisi~ns must be included to li~it the extent and the consequences 

of credible chemical reactions that could cause or materially augment the 

release of significant amounts of fission products frorr. the facility.· 

CRITERIO~ 3 

Protection must be provided against possibilities for damage of the 

safeguarding features of the facility by missiles generated through 

equipment failures inside the containment. 

REACTOR 

CRITERION 4 

The reactor must be designed to accommodate, without fuel failure or 

primary system damage, deviations from steady state norm that might be 

occasioned by abnormal yet anticipated transient events such as tripping 

of the turbine-generator and loss of power to the reactor recirculation 

system pumps. 

CRITERION 5 

-The reactor must be desig;ed.~o· that power or process variable 

osci !lations or transients that could cause fuel failure or primary system 

damage are not possible or can be readily suppressed. 



; 

CRITERION 6 

· Clad fuel must be designed to accommodate throughout its design 

lifetime all normal and abnormal modes of anticipated reactor operation. 

including the design overpower condition, without experiencing significant 

claddin~ failures. Unclad or vented fuels must be designed with the 

similar objective of providing control over fission products. For unclad 

and vented solid fuels,. normal and abnormal modes of anticipated reactor 

operation must be achieved without exceeding design release rates of 

fission products from the fuel over core lifetime. 

CRITERION 7 

The maximum reactivity worth of control rods or elements and the rates 

with which reactivity can be inserted must be held to values such that no 

single credible mechanical or electrical control system malfunction could 

cause a reactivity transient capable of damaging the primary system or 

causing significant fuel failure. 

CRITERION 8 

Reactivity shutdown capability must be provided to make and hold the 

core subcritical from any credible operating condition with any one control 

element at its position of highest reactivity. 

CRITERION 9 

Backup re~ctivity shutdown capability must be provided tha~ is 
_ ........... 

independent of normal reactivity control provisions. Thfs system must ha'11e 

the capability to shut down the reactor frpm any operating condition. 
· .. ·' . ,. . . .. . 

. . .. " 
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CRITERION 10 

He.at removal .systems must be provided which are capable of accOtl'l-

modating core decay heat under all anticipated ·abnormal and credible 

accident conditions, such as isolation from the main condenser and 

complete or partial loss of primary coolant from the reactor. 

CRITERION 11 
. 

Components of the primary coolant and containment systems must be 

designed and operated so that no substantial pressure or thermal stress 

will be imposed on the structural materials unless the temperatures are 

well above the nil-ductility temperatures. For ferritic materials of 

the coolant envelope and the containment, minimum temperatures are 

NDT + 60°F and NDT + 30°F, respectively. 

CRITERION 12 

Capability for control rod insertion under abnormal conditions must 

be provided. 

CRITERION 13 

The reactor facility must be provided with a control room from 

which all actions can be controlled or monitored as necessary to maintain 

safe operational status of the plant at all times. The control room must .· 

be provided with adequate protection to permit occupancy under the condi-

f 

tions described in Criterion 17 below, and with the means to shut down the 

plant and mai.ntain it in a safe C,Pn~..ition if such accident were to be 

experienced. . ·' 

.. 
' 

.. " 
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CRITERION 14 

Means must be included in the control ro0111 to show the relative 

r~actlvity status of the reactor 1uch as position indication of mechanical 

rods or concentrations of chemical poisons. 

CRITERION 15 

A reliable reactor protection system must be provided to automatically 

initiate appropriate action to prevent safety limits from beinl exceeded. 

Capability must be provided for testin& functional opeTabtlity of the system 

and for determinins that no component or circuit failure has occurred. For 

instruments and control systems in vital areas where the potential conse-

quences of failure require redundancy, the redundant chaunels must be 

independent and must be capable of beins tested to detc~ine that they remain 

independent. Sufficient redundancy must be provided that failure OT 

removal from service of a st ngle component or channel wi 11 not .inhibit 

necessary safety action when required. These criteria should, wbere 

applicable, be satisfied by the inatrumentation associated with containment 

closure and isolation systems, afterheat removal and core coolin& systems, 

systems to prevent cold-slus accidents, and other vital syatems, as well 

as the reactor nuclear and process safety system •. 

CRITERION 16 

The vital instnm.ntatton systems of Criterion 15 must be. deai~ed 

so that no credible combination of'circumstances can intefere with the 

performance of a safety function ~hen it is needed. In partieular, the . .... .... . 
effect of influences common to.redundant channels which·are intended ·to.· . .. .. 
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be ~ndepcndent must not negate the operability of a safety system. 

1'hp eff'ects of gro~s di sconncction of the system, loss of enerr.y 

(electric power, .instrument air), and adverse environment (heat 

ftoa::. loss of ~nstrurncnt coolinJ!, extreme cold. fire. steam, water, 

etc.} s:ust cause the system to ~o into its safest state (fail-safe) 

or be rlemonstrably tolcrahle on some other basis . . 
ENGINEER£!) SAFEGUARDS 

CRITER!Ol\ 17 

The containment structure, including access openin~s and penetra

tions, ~ust be designed and fabricated to accommodate or dissipate 

without failure the pressures and te~leratures associated with the 

largest credible energy release including the effects of credible 

metal-water or other chemical reactions uninhibited hy,active quenching 

systems. If part of the primary coolant system is outside the 

primary reactor containment, appropriate safer:uards must be provided 

for that part if necessary, to protect the health and safety of the 

public, in case of an accidental rupture in that part of the system. 

The appropriateness of safe!-!uards such. as isolation valves, additional 

containment, -etc., wi 11 depend on ··environmental and population 

conditions surrounding the site. 

CRITERIOS 18 

Provisions must be made for the removal of heat from within the 

containment structure as necessary to maintain the integrity of the 

structure under the conditions described in Criterion 17 above. If 

engineered safeguards are needed to prevent containment vessel 

failure due to heat released under sueh conditions, at least two 

independent systems must be provided, preferably of dif~erent 

principles. Backup equipment (e. g., water and power systems)_to 
such engineered safeguards JRUSt alSG1he redundant. .,;. 

. ~ 

... .. 
'· 

. . ... .. • 
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CRITERION 19 

The maximum integra~d leakage from the containment structure·under 

the conditions described 1n Criterion 17 above must meet the site exposure 

criteria set forth in 10 CFll 100. The containment st-ructure 'l'IIUst be 

desigt'led so that the containment· can be leak tested at least to desisn 

pressure condi tiona after completion •nd 1nstanatton of all penetrations, 

and the leakage rate measured over a •• aitable period to verify its con-

fo~mance with required performance. The plant must be designed for later 

tests at suitable pressures. 

CRITERION 20 

All containment structure penetrations subject to failure such as 

resilient seals and expansion bellows must be designed and constructed 

so that leak-t,ghtness can be demonstrated at design· pressure at any 

time throughout ~nerating life of the reactor. 

CJUTEF.ION 21 

Sufficient normal and emergency sources of elect.fical ·power· must 

be provided to assure a capability for prompt shutdown end eonttnued 

maintenance of the .reactor facility in a safe condition under all 

credible circumstances. 
.. ,. . 

CRITERION 22 

V3lves and their associated apparatus ~hat~are esse~~ial to the 

containment function must be redundent an~ so arranged that no etedible ...... -

'· 

... , ~ .... 
combination of circumstances can .-intl!dere w:t th their ·nect!~sary function-:.·: 

/' ' 
ing. 

I'"· • 

Such redundant. v.alves and as.soeiat:ed--"appB'ratus must pe ind'ependent. . , .. , .. 
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of each other. Capability must be provided for testing functional oper-

ability ?f these valves and associated equipment to determine that no 

fai1ure has occurred and that leakage is 'Within acceptable limits. 

Redundant valves and auxiliaries must be independent. Containment 

closure valves must be actuated by instrumentation, control circuits 

and energy sources 'Which satisfy Criterion 15 and 16 above. 

CRITERION 23 

In determining the suitability of a facility for a proposed site the 

acceptance of the inherent and engineered safety afforded by the systems, 

materials and components, and the associated engineered safeguards built 

into the facility, will depend on their demonstrated performance capability 

and reliability and the extent to 'Which the operability of such systems, 

materials, components, and engineered safeguards can be tested and inspected 

during the life of the plant. 

RADIOACTIVITY CONTROL 

CRITERION 24 

All fuel storage and waste handling systems must be contained if 

necessary to prevent the accidental release of rad.ioactivi ty in amounts· 

~hich could affect the health and safety of the public. 

CRITERION 25 

The fuel handling and storag~ ~acllities must be designed to prevent 

-::riticality .Snd to maintain aoequ~te shielding and cooling far..,sJ>ent fuel .. ."""" .. 
l.i:"icier all anti cipat.ed no mal a.f\d abnormal conditions, anct. credible accid~nt. 

.: ~ • ff ., ... 

' . conditions. Variables upon which heal th>a~cf &afety of the public de~nd 

mu~t be moni~ored • 

. .,. 
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ClliTERlON 26 

Where unfavorable environmental conditions can be expected to require 

limitations upon the release of operational radioactive effluents to the 

environment, appropriate hold-up capacity .must be provided for retention 

of gaseous, liquid, or solid effluents. 

CRITEltiON 27 

The plant must be provided with systems capable of monitoring the 

release of radioactivity under accident conditions. 

. . .. 

-... -~ .. 

. ,. 
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The AEC received a considerable number of responses to its request for 
comment on the proposed criteria, largely from representatives of the 
nuclear industry and fr~m members of national laboratories. Looking 
back, more than ten years later, we excerpt a few comments, in random 
order • 

. 
Wm. Cottrell (ORNL): "The ramifications of sabotage was 
evidently not considered when preparing the criteria. 
Should they be? Criteria 2 and 3 address themselves to 
two specific situations namely, chemical reactions and 
missiles, respectively. Although it is obvious that 
these two situations are of concern, other situations of 
comparable concern have apparently been omitted. These 
might include fires, floods, major electrical bus fail
ures, recoil forces from water nammer, pressure vessel 
failure, etc. 11 

1
,, .. 

Peter Morris (AEC): The repeated use of the terms 'an
ticipated' and 'credible' yield a document of minimal 
value to design engineers. Criteria, to be useful, 
should specify what contigencies are 'credible' or 'to 
be anticipated' or, lacking that,-sKould at least say to 
whom these contingencies must appear credible. 
R. J. Rickert (Combustion Engineering): Part (b) of Criterion 1 
should consider the past history of the site for design purposes 
and not attempt to 'anticipate' future natural phenomena. 

R. L. Junkins (Battelle Northwest): Part (b) of Criterion 1 
is deficient in that while no one is likely to disagree with 
the principle expressed, the criterion does nothing to either , 
provide a standard for.judging, or at least some guidance as 
to determining what is meant by 'most severe natural phenomena 

.anticipated'. It is suggested that an arbitrary judgment be 
exercised, i.e. the loadings of the Uniform Building Code be 
increased by some minimum factor; say 1.5, for example. 

D. L. Crook (U.S. Dept. of Cammerce): Criterion 1 (a). 
It would be interesting to see some examples of what is meant 
by tommonly used design codes are not adequate'. Our experience 
is that most existing codes are adeguate. Any inadequacy more 
likely lies in the application and enforcement of the code. 
We feel that nuclear power should not be set up as something 
infinitely more dangerous than other i~dustrial processes, and
that it should be determined that·exlstfng codes are inade
quate before new· codes are- inau_gurated. 

. 
R. J. Rickert: As· it stands, .crtterion. ~·leaves to the appli
cant the decision of what is a 'credible' ·react1oA, and how 
much will 'materially' augment the release of 'significant' 
amounts of fission products. 

.. 
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J. B. McCarty (U.S': Coast Guard): Criterion 13 - No mention 
is made of fire, which we believe is a most serious hazard. 
We would recommend certain minimums in structural fire pro
tection and in fire fighting equipment be specified. 

E. P. Epler (ORNL): Criterion 15- This very excellent cri
terion does not include two very vital points: a) We have 
found that failure to identify all portions of a protective 
system has led to failure. b) Separation of safety and control 
was omitted from Criterion 15. 

C. Starr (Atomics International): Criterion 17- This criterion 
is the most important one in assuming protection of the public 
health and safety. It might be pointed out that the signifi
cant problem is overpressurization rather than overheating. 

Stone and Webster: Criterion 17 - We take issue with the 
premise that engineered safeguards are not or cannot be given 
credit for limiting the credible energy release. 

We take issue with the premise that two independent cooling 
systems of different principles are preferable to two similar 
systems selected on the basis of greatest reliability and 
effectiveness. We. therefore. suggest that the words 
'preferably of different principles' be deleted. 

Following receipt of the public c:::oa:ments on the proposed design criteria 
of November 22, 1965, considerable effo.,:t on redrafting the criteria ensued 
by the Regulatory Staff, with frequent interaction with the ACRS. 

Other events .. also transpired. Q'l November 24, 1965, two days after 
issuance of the draft ct:iterion, the ACRS sent a letter report to Chair
man Seaberg of the Af£ eonceming pressure vessels, wich initiated •jor 
effQrts by the Af£ and the ruclear industry on improved pressure vessel 
design, fabrication, and in-service inspection. And, in the SUIIIDer of 
1966, the •China Syndrcme• question arose during the construction permit 
review of Dresden 3 and Indian Point 2, leading to ACRS reca~~Dendations 
for major new efforts on improved priiDIIry system integrity and JDIIjor 
eq;taasis on greatly improved !XXS, all as part of the recognition that,·· 
contairaent was not an independent barrier. 

Hence, there were several •jor changes 'in the revised set of proposed 
General Design Criteria issued for c:::oa:ment on July 10, 1967, 'which are 
reproduced on the. following pages. ·-

;.-: ~ .. 
'rhat the or-iginal 21 ·criteria bad ~own ·to seventy, of itsell,~_was not 
especially significant, since sane Separation .#f t:he original 'criteria 
took place. However, there llCIW was a.·sepanat.e cluster o~ criteria on 
Pn:S (criteria 45-48). '!'here were a la~e 1U1111b8r .. reJ.~ted to primary 
system integirty (5, 9, 33-36). '1'he containDent design basis (49) did 
not explicitly include coping with full ~lt down of the core; hctever, 
there is a vague term - •including a considerable •rgin for effects 
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Tel. 973-3335 or 

973-3446 

FOR IMMEDIATE RELEASE 
{Monday, July 10, 1967) -

AEC PUBLISHES GENERAL DESIGN CRITERIA 
FOR NUCLEAR POWER PLANT CONSTRUCTION PERMITS 

The AEC is publishing for public comment a revised set of 
proposed General Design Criteria which have been developed to 
assist in the preparation of applications for nuclear power 
plant construction permits. 

In November 1965, the AEC issued an announcement request
ing comments on General Design Criteria developed by its regu~ 
latory staff. These criteria were statements of design princi
ples and objectives which have evolved over the years in licens
ing nuclear pow~r plants by the AEC. 

It was recognized at the time the criteria were first 
issued for comment that further efforts were needed to develop 
them more fully. The revision being published today reflects 
extensive public comments received from twenty groups or in
dividuals, suggestions made at meetings with the Atomic · 
Industrial Forum, and review within the AEC. 

The regulatory staff has worked closely with the Com
mission's Advisory Committee on Reactor &afeguards on the de
·velopment of the criteria and the revision of the proposed 
criteria reflects ACRS review and comment. 

The General Design Criteria reflect the predominating 
experience to date with water reactors, but they are 06hsidered 
to be generally applicable to all power reactors. The proposed 
criteria are intended to be used as guidance to an applicant in 
establishing the principal design criteria for a nuclear power 
plant. The framework within which the criteria are presented 
provides sufficient flexibility to permit applicant~ to es
tablis9 design requirements uatng alternate an4/or additional 
criteria. In particular,. additional criteria wi·ll be nee.de;i: 
for unusual sites and envi'ronmental conditions and for new or 

.· .. ·" 
.. ; 

{more) 
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advanced types of reactors. In each case an applicant will be 
required to identify its principal design criteria and provide 
assurance that they encompass all those facility design features 
required in the_interest or public health and safety. 

. The crit.eria are designated as "General Design Criteria for 
Nuclear Power Plant Construction Permits" to emphasize the key 
role they assume at this stage of the licensing process. The 
crixeria have been categorized as Category A or Category B. 
Experience-has shown that more definitive information has been 
needed at the construction permit stage for certain of the 
criteria; these have been designated as Category A. 

Development of these criteria is part of a longer-range 
Commission program to develop criteria, standards, and codes 
for nuclear reactor plants. This includes codes and standards 
that industry is developing with AEC participation. The ultimate 
goal is the evolution of industry codes and standards based on 
accumulated knowledge and experience as has occurred in various 
fields of engineering and construction. 

The provisions of the proposed amendment relating to . 
General Design Criteria are expected to be useful as interim 
guidance until such time as the Commission takes further action 
on them. 

The proposed criteria, which would become Appendix A to 
Part 50 of the AEC's regulations, will be published in the 
Federal Register on July 11, 1967. Interested persons may 
submit written comments or suggestions to the Secretary., U. S. 
Atomic Energy Commission, Washington, D. C. 20545, within 60 
days. A copy of the proposed "General Design Criterie for 
Nuclear Power Plant Construction Permits" is attached. 

7/10/67 .. 
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INTRODUCTION 

Every aprlicant for a construction permit is required by the provisions 

of §:50. 34 to include the principal design criteria for the proposed facility 

in the application. These General Design Criteria are intended to be used as 

guidance in establishing the principal design criteria for a nuclear power 

plant. The General Design Criteria reflect the predominating experience with 

water power reactors as designed and located to date, but their applicability 

is not limited to these reactors. They are considered generally applicable 

to all power reactors. 

Under the Commission's regulations, an applicant must provide assurance 

that its principal design criteria encompass all those facility design features 

required in the i~terest of public health and safety. There may be some power 

reactor cases for which fulfillment of some of the General Design Criteria may 

not be necessary or appro~riate. There will be other cases in which these 

criteria are insufficient, and additional criteria must be identified and 

satisfied by the design in the interest of public safety. It is expected that 

additional criteria will be needed particularly for unusual sites and environ-

mental conditions, and for new and advanced types of reactors. Within this 

context, the General Design Criteria should be used as a reference allowing 

additions or deletions as an individual case may warrant. Departures from 

the General Design Criteria should be justified. 

The criteria are designated as "General Design Crite[!ria for Nuclear 

Power Plant Construction Fermi ts" to emphasize the key role tJ:le-, ·assume at .. . ....... 
this stage of the ·1 i censi ng ·process. The criteria have be.e.n categoriZeci ·l!s 

Category A or Category B. ·Expe~ience has -SqoWn· that more definitive -h'lforma-

tion is needed at the construction-permit stage for the items listed in 

Category A than for tl~c ;.>e in Category B. 

- 5 ... 
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I. OVERALL PLANT REQUIREMENTS 

CRITERION 1 • QUALITY. STANDARDS (Category A) 

Those systems and components of reactor facilities which are essential to 

the prevention of accidents which could affect the public health and safety or 

to mitigation of their consequences shall be identified and then designed, 

fabricated, and erected to quality standards that reflect the importance of the 

safety function to be performed. Where generally recognized codes or standards 

on design, materials, fabrication, and inspection are used, they shall be 

identified. Where adherence to such codes or standards does not suffice to 

assure a quality product in keeping with the safety function, they shall be 

supplemented or modified as necessary. Quality assurance programs, test 

procedures, and inspection acceptance levels to be used shall be identified. 

A showing of sufficiency and applicability of codes, standards, quality· 

assurance programs, test procedures, and inspection acceptance levels used is 

required. 

CRITERION 2 • PERFORMANCE STANDARDS (Category A) 

Those systems and components of reactor fact li ties which are essential 

to the prevention of accidents which could affect the public health and safety 

or to mitigation of their consequences shall be designed, fabricat~.t and 
erected to performance standards that will enable the facility to withstand, 

without loss of the capability to protect the public, the additional forces 

that might be imposed by natural phen~na· such as ear~hquakes.:-tornadoes,_ 

flooding conditions, winds, lee, ·.and other local site effects. The des.tgn" 

- 6-



3-30 

bases so established shall reflect: (a) appropriate consideration of the most 

severe of these natural phenomena that have been recorded for the site and 

the surrounding area and (b) an appropriate margin for withstanding forces 

greater than those recorded to reflect uncertainties about the historical data 

and therr suitability as a basis for design. 

CRITERION 3 • FIRE PROTECTION (Category A) 

The reactor facility shall be designed (1) to minimize the probability of 

events such as fires and explosions ·and (2) to minimize the potential effects 

of such events to safety. Noncombustible and fire resistant materials shall be 

used whenever practical throughout the facility, particularly in areas con-

taining critical portions of the facility such as containment, control room, 

and components of engineered safety features. 

CRITERION 4 - SHAR!N:; OF SYST&1S (Catego!'Y A) 

Reactor facilities shall not share systems or components unless it is 

shown safety is not impaired by the sharing. 

CRITERION 5 - RECORDS REQUIREMENTS (Category A) 

Records of the design, fabrication, and construction of essential com-

ponents of the plant shall be maintained by the reactor operator or under its 

control throughout the life of the reactor. 
.. 

II. PROTECTION BY MULTIPLE FISSION PRODUCT BARRIERS 

CRITERION 6 - REACTOR CORE DESIGN (Category A) 

-The reactor core shall be designed~ ~unction throughout it~ design 

lifetime, without exceeding acceptalile fuel damage limits which have beeri 

- 7-
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stipulated and justtfted. The core design, together with reliable process and 

decay heat removal systems, shall provide for this capability under all expected 

conditions of normal o.peration with appropriate margins for uncertainties and 

for transient situations which can be anticipated, including the effects of 

the loss of power to recirculation pumps, tripping out of a turbine generator 

set, isolation of the reactor from its primary heat sink, and loss of all off-

site power. 

CRITERION 7 • SUPPRESSION OF POWER OSCILLATIONS (Category B) 

The core design, together with reliable controls, shall ensure that power 

oscillations which could cause damage in excess of acceptable fuel damage 

limits are not possible or can be readily suppressed. 

CRITERION 8 - OVERALL POWER COEFFICIENT (Category B) 

The reactor shall be designed so that the overall power coefficient in the 

power operating range shall not be positive. 

CRITERION 9 - REACtoR COOLANT PRESSURE BOUNDARY (Category A) 

The reactor coolant pressure boundary shall be designed and constructed so 

as to have an exceedingly loW probability of gross rupture or significant 

leakage throughout its design lifetime. 

CRITERION 10 - CONTAINMENT (Category A) 
.. 

Containment shall be provided. The containment structure shall be designed 

to sustain the initial effects of gross·equipment failures, such as a large 

coolant boundary break, without loss of required integrity and, together with ....... -
other engineered safety features. as may be necessary, to retain. for as long a& 

. _. . . . .,. . 
the situation requires the functional capabil~ey t~ protect the public. 

·.; 

.a .. 
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III. NUCLEAR AND RADIAT!ON CONTROLS 

CRITERION 11 - CONTROL ROOM (Category B) 
. 

The facility shall be provided with a control room from which actions to 

maintain safe operational status of the plant can be controlled. Adequate 

radiation protection shall be provided to permit access, even under accident 

conditions, to equipment in th~ control room or other areas as necessary to 

shut down and maintain safe control of the facility without radiation exposures 

of personnel in excess of 10 CFR 20 limits. It shall be possible to shut the 

reactor do-..m and maintain it in a safe condition if access to the control room 

is lost due to fire or other cause. 

CRITERION 12 - INSTRUME!'.'TATION AND CONTROL SYSTEMS (Category B) 

Instrumentation and controls shall be provided as required to monitor and 

maintain variables within prescribed operating ranges. 

CRITERION 13 - FISSION PROCESS MONITORS AND CONTROLS (Category B) 

Means shall be provided for monitoring and maintaining control over the 

fission process throughout core life and for all conditions that can reasonably 

be anticipated to cause variation's in reactivity of the core, such as indica-

tion of position of control rods and concentration of soluble reactivity 

control poisons. 

CRITERION 14 - CORE PROTECTIO.N SYS~EMS (Category B) 

Core protection systems, together with associated equipment, shall be 

designed_ to at:t automatically to p~ev~erit or to suppress ~ondi"tions that eould 
'. . .. . 

result in exceeding acceptable fuel damage l~mits. 

- 9 -
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CRITERION 15 - ENGINEERED SAFETY FEATURES PROTECTION SYSTEMS (Category B) 

Protection systems shall be provided for sensing accident situations and 

initiating the operation of necessary engineered safety features. 

CRITE~!ON 16 - MONITORING REACTOR COOLANT PRESSURE BOUNDARY {Categorv B) 

Means shall be provided for monitoring the reactor coolant pressure 

boundary to detect leakage. 

CRITERION 17- MONITORING RADIOACTIVITY RELEASES (Category B) 

Means shall be provided for monitoring the containment atmosphere, the 

facility effluent discharge paths, and the facility environs for radioactivity 

that could be released fro~ normal operations, from anticipated transients, 

and from accident conditions. 

CRITERION 18 - MONITORING FUEL AND WASTE STORAGE (Category B) 

Monitoring and alarm instrumentation shall be provided for fuel and waste 

storage and handling areas for conditions that might contribute to loss of 

continuity in decay heat removal and to radiation exposures. 

IV. RELIABILITY AND TESTABILITY OF PROTECTION SYSTEMS 

CRITERION 19 - PROTECTION SYSTEMS RELIABILITY (Category B) 

Protection systems shall be designed for high functional reliability and 

in-service testability commensurate with the safety functions to be performed. 

CRITERION 20 - PROTECTION SYSTEMS REDUNDANCY AND INDEPENDENCE (Category B) 

·-Redundancy and independence desfgned into protection systems shall be 

sufficient to assure that no single failure or removal from service of,any 

- 10 • 
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corrponent or channel of a system will result in loss of the protection function. 

The redundancy provided. shall include, as a minimum, two channels of protection 

for each protection 'function to be served. Differel"'t principles shdl be used 

where necessary to achieve true independence of redundant instrumentation 

components. 

CRITERION 21 • SINGLE FAILURE DEFINITION (Category B) 

Multiple failures resulting from a single event shall be treated as a 

single failure. 

CRITERION 22 - SEPARATION OF PROTECTION AND CONTROL INSTRUMENTATION SYSTEMS 
(Category B) 

Protection systems shall be separated from control instrumentation systems 

to the extent that failure or removal from service of any control instruments-

tion system component or channel, or of those common to control instrumentation 

and protection circuitry, leaves intact a sy.stem satisfying all requirements 

for the protection channels. 

CRITERION 23 • PROTECTION AGAINST MULTIPLE DISABILITY FOR PROTECTION SYSTEMS 
(Category B) 

The effects of adverse conditions to which redundant channels or protec-

tion systems might be exposed in common, either under normal conditions or 

those of an accident, shall not result in los.s of 'the protection functtem. 

CRITERION 2~ • EMERGENCY POWER FOR PRO~CT!ON SYSTEMS (Category B) 

In the event of loss of all offsite power, sufficient alternate sources 
~. 

of power shall be provided to permit the t~qUired functioning'~£ the protec-
. '· 

tion systems. 

-11-
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CRITERION 25 • DEMONSTRATION OF FUNCTIONAL OPERABILITY OF PROTECTION SYSTEMS 
(Cateaory B) 

Means shall be included for testing protection systems while the reactor 

is in operation to demonstrate that no failure or loss of redundancy has 

occurred. 

CRITERION 26 - PROTECTION SYSTEMS FAIL-SAFE DESIGN (Category B) 

The protection systems shall be designed to fail into a safe state or into 

a state established as tolerable on a defined basis if conditions such as dis-

connection of the system, loss of energy (e.g., electric power, instrument air), 

or adverse environments (e.g., extreme heat or cold, fire, steam, or water} are 

experienced. 

V. REACTIVITY a:>NTR:> L 

CRITERION 27 - REDUNDANCY OF REACTIVITY a:>NTROL (Category A) 

At least two independent reactivit~ con-trol systems, preferably of 

different principles, shall be provided. 

CRITERION 28 • REACTIVITY l[)t SHUTDOWN CAPABILITY (Category A) 

At least two of the reactivity control systems provided shall independently 

be capable of making and holding the core subcritical from any hot standby or 

hot operating condition, including those resulting from power changes,.~ffi--
ciently fast to prevent exceeding acceptable fuel damage limits. 

CRITERION 29 - REACTIVITY SHUTOOWN CAPABILITY (Category A) 
- . 

At least one of "the reactivity co·ntr'bf systems provided. shall be capable 

of making the core subcritical under any condition (lncludlng-~nticipated # • 

.• . . .. ·" . .. "" 

operational transients) sufficientiy fast to p~~~~t exceeding acceptable fuel 
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damage llmi ts. Shutdown margins greater than the maximum worth of the most 

effecthre control 'rod when fully withdrawn shall be provided. 

CRITERION 30 - REACTIVITY HOLDOOWN CAPABILITY (Category B) 

At least one of the reactivity control systems provided shall be capable 

of making and holding the core subcritical under any conditions with appropriate 

margins for contingencies. 

CRITERION )l - REACTIVITY CONTROL SYSTEMS MALFUNCTION (Category B) 

The reactivity control systems shall be capable of sustaining any single 

malfunction, such as, unplanned conti~ueus withdrawal (not ejection) of a 

control rod, without causing a reactivity transient which could result in 

exceeding acceptable fuel damage limits. 

CRITERION 32 • MAXIMUM REACTlVI'IY \o()RTH OF CONTROL RODS (Category A) 

Limits, which include considerable margin, shall be placed on the maximum 

reactivity worth of control rods or eiements and on rates at which reactivity 

can be increased to ensure that the potential effects of a sudden or large 

change of reactivity can~ot (a) rupture the reactor coolant pressure boundary 

or (b) disrupt the core, its support structures, or other vessel internals 

sufficiently to impair the effectiveness of emergency core cooling. 

VI. REACTOR 000 LANT PRESSURE BOUNDAR'l 

CRITERION 33 - REAC!OR COOLANT PRESSURE BOUNDARY CAPABILITY {Category A) 

The reactor coolant pressure .,'bt.:,~nqa:r:y shall be capable of~a~commodating 

without rupture, and with only'li~ited allowance for en~~y absorption through 
' . . 

plastic deformation, the stati-c and dy~9' 'ioads imposed on any bou'ndaty 
.,. "'. # 

- 13 -
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component as a result of any inadvertent and sudden release of energy to ~he 

coolant. As a design reference, this sudden release shall be taken as that 

which would result from a sudden reactivity insertion such as rod ejection 
. 

(unless prevented by positive mechanical means), rod dropout, or cold water 

addi tlon. 

CRITERION 1.4 - REACTOR COOLANT PRESSURE BOUNDARY RAPID PROPAGATION FAIWRE 
PREVENTION (Category A) 

J 

The reactor coolant pressure boundary shall be designed to minimize the 

probability of rapidly propagating type failures. Consideration shall be 

liven (a) to the notch-toughness properties of materials extending to the 

upper shelf of the Charpy transition curve, (b) to the state of stress of 

materials under static and transient loadings, (c) to the quality control 

specified for materials and component fabrication to limit flaw sizes, and 

(d) to the provisions for control over service temperature and irradiation 

effects which may require operational re.stricttons. 

CRITERION 35 - REACTOR COOLANT PRESSURE BOUNDARY BRITTLE FRACnJRE PREVENTION 
(Category A) 

Under conditions where reactor coolant pressure boundary system components 

constructed of ferritic materials may be subjected to potential loadings, such 

0 as a reactivity-induced loading, service temperatures shall be at least 120 F 

above the nil ductility transition (NOT) temperature o~ the compo~ent material 

if the resul ti.ng energy release is expected to be absorbed by plastic deforms-
0 . 

tion or 60 F above the NOT temperature of the component material if the 

·-resulting en~rgy release is expec~c:J-ot.o· be absorbed within the elastic strain 

energy range. ·: . ... 

•• # 
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CRITEPION 36 - REACTOR COOLANT PRESSURE BOUNDARY SURVEILLANCE (Category A) 

Reactor coolant pressure boundary components shall have provisions for 

inspection, testing, and surveillance by appropriate means to assess the 

structural and leaktight integrity of the boundary components during their 

service lifetime. For the reactor vessel, a material surveillance program 

conforming with ASTM-E-185-66 shall be provided. 

VII. EN:;INEERED SAFETY FEATURES 

CRITERION 37 - ENGINEERED SAFETY FEATURES BASIS FOR DESIGN (Category A) 

Engineered safety features shall be provided in the facility to back up the 

safety provided by the core design, the reactor coolant pressure boundary, and 

their protection systems. As a minimum, such engineered safety features shall 

be designed to cope with any size reactor coolant pressure boundary break up to 

and including the circumferential rupture of any pipe in that boundary assuming 

unobstructed discharge from both ends. 

CRITERION 38 - RELIABILITY AND TESTABILITY OF ENGINEERED SAFETY FEATURES 
(Category A) 

All engineered safety features shall be designed to provide high functional 

reliability and ready testability. In determining the suitability of a facility 

for a proposed site, the degree of reliance upon and acceptance of the inherent 

and engineered safety afforded by the systems, including engineered~safety 

features, will be in£ luenced by the known and the. demonstrated performance 

capability and reliability of the systems, and by the extent to which the 
:-

operability of such systems can be tested· and 1 nspected wh.ere appropriate 

during the life of the plant. . ., . 

. , . 
- 15 -
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CRITERION 39 • EMERGENCY POWER FOR OOINEERED SAFETY FEATURES (Category A) 

Alternate power systems shall be provided and designed with adequate 

independency, redundancy, capacity, and testability to pe~it the functioning 

required of the engineered safety features. As a minimum, the onsite power 

system·and the offsite power system shall each, independently, provide this 

capacity assuming a failure of a single active component in each power system. 

CRITERION 40 - MISSILE PROTECTION (Categoiy A) 

Protection for engineered safety features shall be provided against 

dynamic effects and missiles that might result from plant equipment failures. 

CRITERION 41 - ENGINEERED SAFETY FEATURES PERFORMANCE CAPABILITY (Category A) 

Engineered safety features such as emergency core cooling and containment 

heat removal systems shall provide sufficient performance capability to accom-

modate partial loss of installed capacity and still fulfill the required safety 

function. As a minimum, each engineered safety feature shall provide this 

required safety function assuming a. failure of a singie active component. 

CRITERION 42 - ENGINEERED SAFETY FEATURES COMPONENTS CAPABILITY (Category A) 

Engineered safety features shall be designed so that the capability of 

each component and system to perform its required function is not impaired by 

the effects of a loss-of-coolant accident. 

CRITERION 43 • ACCIDENT AGGRAVATION PREVENTION (Category A) 
.. .. 

Engineered safety features shall be designed so that any action of the 

engineered safety features which might accentuate the adverse after-effects 
--:-.· ........ 

of the loss of normal cooli~g is avoided. 

' ,t._· 
.·Y 
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CRITERION 44 - EMERGENCY CORE COOLING SYSTEMS CAPABILITY (Category A) 

At least two emergency core cooling systems, preferably of different design 

principles, each with a capability for accomplishing abundant emergency core 

cooling, shall be provided. Each emergency core cooling system and the core 

shall be designed to prevent fuel and clad damage that would interfere with the 

emetgency core cooling function and to limit the clad metal-water reaction to 

negligible amounts for all sizes of breaks in the reactor coolant pressure 

boundary, including the double-ended rupture of the largest pipe. The perform-

ance of each emergency core cooling system shall be evaluated conservatively in 

each area of uncertainty. The systems shall not share active components and 

shall not share other features or components unless it can be demonstrated that 

(a) the capability of the shared feature or component to perform its required 

function can be readily ascertained during reactor operation, (b) failure of 

the shared feature or component does not initiate a loss-of-coalant accident~ 

and (c) capability of the shared feature or component to perform its required 

function is not impaired by the effects of a loss-of-coolant accident and is 

not lost during the entire period this function is required following the 

accident. 

CRITERION 45 - INSPECTION OF EMER:;ENCY CORE COOL!!(; SY.STEMS (Category A) 

Design provisions shall be made to facilitate physical inspection'of all 

critical parts of the emergency core cooling systems, including reactor vessel 

internals and water injection nozzles . 

. . 
' 
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CRITERION 46 • TESTING OF EMERGENCY COlE .COOLING SYSTEMS COMPONENTS (Category A) 

Design·provisions.shall be made so that active components of the emergency 

core ·cooling syst~, such as pumps and valves, cao be tested periodically for 

operability and required functional performance. 

CRITERION 47 • TESTING OF EMERGENCY OORE COOLING SYSTEMS (Category A) 

A capability shall be provided to test periodically the delivery capability 

of the emergency core cooling systems at a location as close to the core as is 

practical. 

CRITERION 48 - TESTING OF OPERATIONAL SEQUENCE OF EMERGENCY CORE COOLING 
SYSTEMS (Category A) 

A capability shall be provided to test under conditions as close to design. 

as practical the full operational sequence that would bring the emergency core 

cooling systems into action, including the transfer to alternate power sources. 

CRITERION 49 - CONTAINMENT DESIGN BASIS (Category A) 

The containment structure, including access openings and penetrations, 'and 

any necessary containment heat removal systems shall be designed so that the 

containment structure can accommodate without exceeding the design leakage rate 

the pressur~s and temperatures resulting from the largest credible energy 

release following a loss-of-coolant accident, including a considerable ~argin 

for effects from metal-water or other chemical reactions that could -c.Sccur as a 

consequence of failure of emergency cpre cooling systems. 

CRITERION 50 - .NDT REQUIREMENT FOR CONTAINMENT MATERIAL (Category:A) .· •"""" -
Principal load ~arrying 90mponents of ferritic material~ exposed to. t~~ 

• • "! • ,. ""' ~ 

/ 

external environment shall be select.ed .so ~t t'beir temperatut-ea under_normal .... . 

-·18-



0 operating and testing conditions are not less than 30 F above nil ductility 

transition (NOT) t~perature. 

CRITERION 51 • RtACTOR COOLANT PRESSURE BOUNDARY"OUTSIDE CONTAINMENT 
(Category A) 

If part of the reactor coolant pressure boundary is outside the containment, 

appropriate features as necessary shall be provided to protect the health and 

safety of the public in case of an accidental rupture in that part. Determina-

tion of the appropriateness of features such as isolation valves and additional 

containment shall include consideration of the environmental and population 

conditions surrounding the site. 

CRITERION 52 .. CONTAINMENT HEAT REM:>VAL SYSfEMS (Category A) 

Where active heat removal systems are needed under accident conditions to 

prevent exceeding containment design pressure, at least two systems, preferably 

of different principles, each with full capacity, shall be provided. 

CRITERION 53 - CONTAINMENT ISOLATION VALVES (Category A) 

Penetrations that require closure for the containment function shall be 

protected by redundant valving and associated apparatus. 

CRITERION 54 - CONTAINMENT LEAKAGE RATE TESTING (Category A) 

Containment shall be designed so that an integrated leakage rate·testing 
.. 

can be conducted at design pressure after completion and installation of all 

penetrations and the leakage rate measured over a sufficient period of time to 

verify its conformance with required perf9rmance. . ·""' ... 

. ~ ' . . "' . 

·~ 
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CRITERION 55 • CONTAINMENT PERIODIC LEAKAGE RATE TESTING (Category A) 

The containment shall be designed so that integrated leakage rate testing 

can be done periodically at design pressure during plant lifetime. 

CRITERION 56 - PROVISIONS FOR TESTING OF PENETRATIONS (Categorv A) 

Provisions shall be made for testing penetrations which have resilient 

seals or expansion bellows to permit leaktightness to be demonstrated at 

design pressure at any time. 

CRITERION 57 - PROVISIONS FOR TESTING OF ISOLATIDN VALVES (Category A) 

Caoability shall be provided for testi~g functional operability of valves 

and a:~ociated apparatus essential to the containment function for establishing 

~hat no failure has occurred and for determining that valve leakage does not 

exceed acceptable limits. 

CRITERION 58 - INSPECTION OF CONTAINMENT PRESSURE-REDUCING SYSTEMS (Category A) 

Design provisions shall be made to facilitate the periodic physical 

inspection of all important components of the containment pressure-reducing 

systems, such as, pumps, valves, spray nozzles, torus, and sumps. 

CRITERION 59 • TESTING OF CONTAINMENT PRESSURE-REDLirtN:; SY3'i'EMS COMPONENTS 
(Category A) 

The containment pressure-reducing systems shall be designed ~o tbat active 

components, such as punps and valves, can be tested periodically for operability 

and required functional performance. 

CRITERION 60 - TESTII'C OF CONTAINMENT SPRAY SYSTEMS (Category A) 

- ........ -
A ca~ability ~hall be provided to test periodically the delivery capa-

. .. . 
bility of the containment spray system at a po.sition as close to the spray 

" . . ·,. ... 
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nozzles as is ?ractical. 

CRITERION 61 - TESTING OF OPERATIONAL SEQUENCE OF CONTAINMENT PRESSURE-REDUCING 
SYSTEMS (Category A) 

A capability shall be provided to test under conditions as close to the 

desi~n as practical the full operational sequence that would bring the contain-

ment pressure-reducing systems into action, including the transfer to alternate 

power sources. 

CRITERION 62 - INSPECTION OF AIR CLEANUP SYSTEMS (Category A) 

Design provisions shall be made to facilitate physical inspection of all 

critical parts of containment air cleanup systems, such as, ducts, filters, 

fans, and dampers. 

CRITERION 63 - TESTING OF AIF CLEANUP SYSTEMS COMPONENTS (Category A) 

Design provisions shall be made so that active components of the air 

cleanup systems, such as fans and dampers, can be tested periodically for 

operabi 1 ity and required function~! .performance. 

C!~l Tl::RTON 64 - TESTING OF AIR CLEANUP SYSTEMS (Category A) 

A capability shall be provided for in situ periodic testing and surveil-

lonce of the air cleanup systems to ensure (a) filter bypass paths have not~ 

developed and (b) H 1 ter and trapping materials have not deteriorated ~eyond 

acceptable limits. 

CRITERION 65 - TESTING OF OPERATION~ SEQUENCE OF AIR CLEANUP SYSTEMS 
(Category A) 

A capability shall be provided ·t,p._, t.est under condit~ons a~.._, close to ~esign 
. ' 

as practical the full operationsr sequence that would bring the air cleanup 

., ; 
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systems into action, including the transfer to alternate power sources and the 

design air flow delivery capability. 

VIII. FUEL AND WASTE STORAGE SYSTEMS -- -
CRITERION 66 - PREVENTION OF FUEL STORAGE CRITICALITY (Category B) 

Criticality in new and spent fuel storage shall be prevented by physical 

systems or orocesses. Such means as geometrically safe. configurations shall 

be emphasized over procedural controls. 

CRITERION 67 - FUEL AND WASTE STORAGE DECAY HEAT (Category B) 

Reliable decay heat removal systems shall be designed to prevent damage 

to the fuel in storage facilities that could result in radioactivity release 

to plant operating areas or the public environs. 

CRITERION 68 • FUEL. AND WASTE STORAGE RADIATION SHIELDING (Category B) 

Shielding for radiation protection shall be provided in the design of 

spent fuel and waste storage facilities as required to meet the requirements 

of 10 CFR 20. 

CRITERION 69 - PROTECTION AGAINST RADIOACTIVITY RELEASE FROM SPENT FUEL AND 
WASTE STORAGE (Category B) 

Containment of fuel and waste storage shall be provided if accidents 

could lead to release of undue amounts of radioactivity to the public .. 
environs. 

.. . .;.. 
. "" 

-22-



3-46 
, 

IX. PLANT EFFLUENTS 

CRITERION 70 - CONTROL OF RELEASES OF RADIOACTIVITY TO THE ENVIRONMENI' 
(Category B) 

The facili~y design shall include those means necessary to maintain control 

over the plant radioactive effluents, whether gaseous, liquid, or solid. A~prc-

priate holdup capacity shall be provided for retention of gaseous, liquid. or 

solid effluents, particula;rly where unfavorable environmental conditions can be 

expected to require operational limitations upon the release of radioactive 

effluents to the environment. In all cases, the design for radioactivity 

control shall be justified (a) on the basis of 10 CFR 20 requirements for 

normal operations and for any transient situation that might reasonably be 

anticipated to occur and {b) on the basis of 10 CFR 100 dosage level guide-

lines for potential reactor accidents of exceedingly low probability of 

occurrence except that reduction of the recommended dosage levels may be 

required where high population densities or very large cities can be affected 

by the radioactive effluents. 

. . 
.I 

• . •-<. ... 
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from metal-water or other chemical reactions that could occur as a conse
quence of failure of emergency core cooling systems." 

Criterion 44 calls for "at least two emergency core cooling systems, pre
ferably of different design principles, each with a capability for 
accomp 1 i shi ng abundant emergency core coo 1 i ng. 11 

The single failure criterion, which had appeared earlier in slightly 
different wording, was prominent in the July, 1977 proposed General 
Design Cri eri a. 

The press release stated that the design criteria were intended to provide 
flexibility, and, with few exceptions, they did. Hence, they still served 
primarily to call out the general safety areas which needed to be addres
sed. They did not provide a quantitative safety goal to be reached, or 
some other quantitative basis for establishing the adequacy of any partic
ular specific design. Hence, a commitment by an applicant to meet the 

. General Design Criteria provided no basis for assessing the safety level 
he would seek to provide. · Nor did the criteria, for the most part, 
establish the safety level that the Regulatory Staff required in order to 
approve construction and operation of a reactor. Not that this was good 
or bad. Quite consciously, the General Design Criteria left most matters 
up to 11 engi neeri ng judgment. 11 

Except for the qualitative reference to a margin for chemical reactions 
in containment design (criterion 49), the General Design Criteria make no 
reference to problems arising from core melt or to methods of coping with 
or ameliorating the consequences of core melt. 

The "proposed" criteria of July 10, 1967 provided 11 interim guidance•• to 
the Regulatory Staff and the nuclear industry for several years, even 
though they were not formally adopted as an AEC Regulation. 

On February 20, 1971 the AEC published a revised set of General Design 
Criteria which became Appendix A to Part 50 of the AEc•s regulations 90 
days thereafter. The press release and criteria are on the following 
pages. 

The 1971 criteria, now 64 in number, were generally drafted to conform 
with the design features of LWR plants receiving construction permits 
during the previous few years. They still remained general in nature. 
The word ••appropriate 11 is used very often, e.g., ••Appropriate consider
ation of the most severe of the natural phenomena that have been 
historically reported" and "Fire detection and fighting systems of 
appropriate capacity and capability shall be provided," etc.). 

Under Criterion 35, no longer are two ECCS's, each capable of providing 
abundant cooling called for; rather, the criterion now says •• A system 
to provide abundant emergency core cooling shall be provided," and 
further on, the single failure criterion is imposed. This represented 
a weakening of the equivalent criterion (No. 44} in the 1967 version; 
it represented an acceptance of what was the actual situation on the 
reactors which were being approved. 



No. 0· 23 .... FOR IJ.fMED(ATE RELEASE · 
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AEC PUBLISHES GENERAL DESIGN CRITERIA 
POR NUCLEAR POWER PLANTS 

~I 

( 

The AEC is publishing a revised· set of general design 
criteria for use in establishing the principal design 
criteria for nuclear power plants. 

In July 1967 AEC published in the Federal Register 
for public comment "General Design Criteria for Nuclear Power 
Plant Construction Permits" developed by its regulatory staff. 
The revision published ~oday reflects extensive comment 
received from 21 groups or individuals, review within the 
AEC, and developments that have occurred in the nuclear 
industry since publication of the criteria in 1967. 

The regulatory staff has worked closely with the Com
mission's Advisory Committee on Reactor Safeguards in develop
ing the revised criteria. 

The amendment to Part SO of the Commission's regulations 
fixes minimum r~quirements for the principal design criteria 
for water-cooled nuclear power units similar in design and 
location to units previou~ly approved by the Commission for 
construction. It provides guidance, also, for establishing 
the principal design criteria for other types of nuclear 
power p1ants. Additional or different criteria are expected 
to be needed for unusual sites and environmental cond~tions, 
and for nuclear power plants of advanced design. 

Development of these c~iteria is part of _a longer range 
Commission program to develop criteria, codes, and standards 
applicable· to nuclear power .Plants. This includes. ·-eri teria, 
codes, and standards that ihdUStry is developing with AEC 
participation. ·The ultim;fte goal is the evolution of indus.t:ry 
criteria, codes, and standards based .on accumulated knowledge 
and experience in variou~ fields.:Df.·en~ineering and indunry • 

• J. 
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Th.e c:ri teria will become Appendix A to Part SO of AEC's 
regulations 90 days after being published in the Federal 
Register on February 20, 1971. Interes~ed persons may sub
mit comments to the Secretary of the Commission, U. S. Atomic: 
Energy Commission, Washington, D. C. 20545, Attention: Chief, 
Pub~ic: Proceedings Branch, within 45 days. The comments 
will be given consideration with the view to possible further 
amendments. A c:opy of the proposed uceneral Design Criteria 
for Nuclear Power Plants" may be obtained by writing to 
the Director, Division of Reactor Standards, U. S. Atomic: 
Energy Commission, Washington, D. C. 20545. 

I 

February 19, 1971 

•./ 
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TITLE 10 - ATOMIC ENERGY 

CHAPTER l - ATOMIC ENERGY COMMISSION 

PART 50 - LICENSING OF PRODUCTION AND UTILIZATION FACILITIES 

General Design Criteria for Nuclear Power Plants 

The Atomic Energy Commission has adopted an amendment to its 

regulations, 10 CFR Part 50, '~icensing of Production and Utilization 

Facilities," which adds an Appendix A, "General Design Criteria for 

Nuclear Power Plants." 

Paragraph S0.34(a) of Part SO requires that each application 

for a construction permit include the preliminary design of the 

facility. The following information ia specified for inclusion 

as part of the preliminary deaign of the facility: 

(i) The principal design criteria for the facility 

(ii) The design bases and the relation of the design 
bases to the principal design criteria 

(iii) Information relative to materials of construction, 
general arrangement, and the approximate dimensions, 
sufficient to provide reasonable assurance that the 
fiD&l design vill coafom to the design bases with 
adequate •rgin for afety. 

The "General Deaip Criteria for Nuclear Pover Plants" added aa 

Appendix A to Part 50 establish the minimum requirements for the 

principa-l design criteria for ytter-cooled nuclear power plants 

. - 1 
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at.tlar in daaian aDd lacation to planta for which conatructton \ 
autdance in eatabliahing tha principal deaicn criteria for otber 

. types of nuclear power plants. Principal design criteria eatablished 

by an applicant and accepted by the ~ssiou will be incorporated 

'by reference iu the coutruction permit. Ill couaideriq the iasuance 

of au operating liceDae uader Part so. the Co..taa1ou vill require 

aaaurauce that theae criteria have 'been aatiafied iu the detailed 

deaigu and conatructiw of the facility aDd that any chaD&•• iD 

auch criteria are juatified. 

A propoaed AppeDili:l: A. ''Geaeral Deaigu Criteria for Rucl•r 

Power Plant Coutnction Permita" to 10 en. Part 50 vaa pu'bliabed 

ill the FEDERAL IEGISTEa (32 Pl. 10213) on J'u1y 11, 1967. The c0111aenta 

and auggeatiou receiwd iu reaponn to the notice of propoaad rule 

maldna and aubaequent de.velopmenta in the techDoloaY and in the 

licenaina proceaa have been cGDaidere4 in 4evalop1ftl the reviaed 

criteria which follow. 

The revi~ed criteria eat&b1iah .tnt.ua requirement• for water

cooled nucl•r power p1aata aiailar f.la deaip and location to planta 

for which conatructioa pe~ta have beea taauecl 'by the eaa.taain, 

vher .. a the pravioualy propoaad criteria vould have proVided 
. .. 

auldance for applicant• for conatruction peraita for all typea of 

n.acl .. r power plaata. The r.ri&M criteria haw been reduced to 

·J . .,. . 
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55 in number, include definitions of important ter.., and have been 

rearranged to increase their usefulness in the licensing proeess. 

Additional criteria deaeribing specific requirements on matters 

covered in more general te~s in the previously proposed criteria 

have been added to the criteria. The Categories A and B used to 

characterize the amount of information needed in Safety Analysis 

Reports concerning each criterion have been deleted since additional 

guidance on the amount and detail of information required to be 

submitted by applicants for facility licenses at the construction 

permit stage is now included in I 50.34 of Part 50. The term 

"engineered safety features" has been eliminated fr011 the revised 

criteria and the requirements for "engineered safety features" 

incorporated in the criteria for individual systems. 

Further revisions of these General Design Criteria are to be 

expected. In the course of the development of the revised criteria, 

important safety considerations were identified~ but specific require-

mente related to some of these considerations have not as yet been 

sufficiently developed and uniformly applied in the licensing process 

to warrant their inclusion in the criteria at this time. Their 

omission does not relieve any applicant from considering these 

matters in the design of a specific facility and satisfyiag the 

necessary safety requirements. These aatters include: 

. . 

{i) Consideration of ~he need to design against siagle 
failures of passiVe~mponenta in fluid ·~ystens 
i~portant ~o sa~ety. . , . 

- 3 -
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(11) Conatderation or redundancy and dtveratty roquSreeenta 

for fluid ayateea llllportant to ufety. A .. ayatem" 
could constat of a number of aub.yateaa·each of vhtch 
is aeparately capable of performing the apecified syatee 
aafety function. The minimum acceptable redundancy and 
diversity of aubeystems and component& within a subayatea 
and the required interconnection and independence of the 
aubsyatems have not yet been developed or defined. 

(11i) Consideration of the type, size, and orientation of· 
possible breaks in the component& of the reactor coolant 
pressure boundary in determining design requirements to 
suitably protect aaainat postulated loss of coolant 
accidents. 

(iv) Consideration of the possibility of aystematic, non
random, concurrent failures of redundant elements in the 
design of the protection systema aad reactivity control 
aystelU. ' 

In addition, the Commission is giving consideration to the need for 

development of criteria relating to protection aaainst industrial 

sabotage and protection against common mode failures in systems, other 

than the protection and reactivity control systems 1 that are important 

to safety and have extremely hish reliability requirements. 

It ia expected that these crite~ia will be augmented or chanaed vheD 

specific requirements related to these and other considerations are 

suitably identified and developed. 

.. .. 
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following amendment to 10 CFR Part. 50 is published aa a document 

subject· to codification to be effective 90 days after publication 

in the FEDERAL -~lSTER. The Commission iuvit~s all interested 

persons who desire to submit written comments or suggestions in ---
connection with the amendment to send them to the Secretary, U. S. 

Atomic Energy Commission, Washington, D. C.~ 20545, Attention: 

Chief, Public Proceedings Branch, within'45 days after publica-

tion of this notice in the FEDERAL REGISTER. Such submissions 

will be given consideration with the view to possible further 

amendments. Copies of comments may be exa.tned in the Commission's 

Public Document Room at 1717 H Street, N. w., Washington, D. C. 

1. Subdivision 50.34(a)(l)(i) is amended to read as follows: 

i 50.34 Contents of applications; technical information. 

(a) Preliminary saf~ty analysis report. Each application 

for a construction permit shall include a preliminary safety 

analysis report. The minimum information to be included shall 

consist of the following: 

* * * 

The preliminary design of the facility including: 
.· (3) 

(1) The principal design cr~teria for the facility. Appendix 

A, General Design Criteria for Nuclear Power Plants, establishes 
: ~ 

... •.-<.. ... .. 

minimum. requirements for the principal design criteria for water-. . 
·l. ' - ..,. 

cooled nuolear power plants similar in d~ign and location to 
. •' :· ,// .· ·-... 
- 5 -
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planu for which con•truct1on peralta have previously beea 

iaaued by the Commission and provides autdance to applicant& 

for construction permits in eseablishina principal design 

criteria for other types of nuclear power units: 

* * * * * 

2. Footnote2 to § 50.34 is amended to read as follows: 
2 . 
General design criteria for chemical proceaatna 

facilities are beina developed. 

* * * * * 

3. A new Appendix A is added to read as follows: 

.. 

- 6 .;. . . -~ "" 
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APPENDIX A 

GENERAL DESlCN CRITERIA FOR N'OCLEIJl POWER PLANTS 

Table of Contents 
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INTRDOOCT ION 

. Pursuant to ~he provisions'of 5 50.34, an application for a 

construction permit must inelude the principal design criteria for 

a proposed facility. The principal design cri~eria establish the 

necessary design, fabrication, construction. testing, and 

performance requirements for structures, systems, and components 

important to safety; that_ is, st~ctures, systems, and components 

that provide reasonable assurance. that the facility can be operated 

without undue risk to the health and safety of the public. 

Tbeae General Design Criteria establish minimum requirements for 

the principal design criteria for water-cooled nuclear power plants 

similar in de~ign and location to plants for which construction 

penai ts have been issued by the Commission. The General Design 

Criteria are also considered to be generally applicable to other 

types of nuclear power units and are intended to provide guidance 

in establishing the principal design criteria for such other units. 

The development of these General Design Criteria is not yet 

complete. For example, some of the definitions need further 

amplification. Also, aoae of the specific design requirements for 

structures, systems, and components important to safety have not 

as yet been suitably defined. Their o.ission does not relieve any 

applicant from considering these·matters in the design of a specific 

facility ~nd satisfying the necessary safety requirements. ~ese .. _ ......... 

matters include: 

.. ., 



3-60 
(1) Consideration of the need to deaiRD aRatnst single '-· 

failures of passive coaponents iD fluid systems 

t.portant to safety. (See Definition of Single Failure.) 

(2) Consideration of redundancy and diversity requirements 

for fluid systems important t.o safety. A "system" could 

consist of a number of subsystems each of which ia 

separately capable of performing the specified system 

safety function. The minimum acceptable redundancy and 

diversity of subsystems and components within a subsystem, 

and the required interconnection and independence of the 
. 

subsystems have not yet been developed or defined. (See 

Criteria 34, 35, 38, 41, and 44.) 

(3) Consideration of the type, size, and orientation of possible 

breaks in components of the reactor coolant pressure 

boundary in determining design requirements to suitably 

protect against postulated loss-of-coolant accidents. (See 

Definition of Loss of Coolant Accidents.) 

(4) Consideration of the possibility of systematic, nonrandom, 

concurrent failures of .redundant elements in the design 

of protection systems and reactivity control systems. (See 

Criteria 22. 24, 26 and 29.) 
... 

It is expected that the cri~eria will be augmented and changed 

-from ~ime to time aa important n~rl!quirements for these and other 

features are developed. 
... " ' 

. .... 
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vbich che r~eral DeaiRn Cri~eria are not •uff1e1eat and for vhich 

additiODal criteria mua~ be identified aad aa~iafied in the 

.interest of "PUblic safety. In particular, i~ ia ezpec~ed that 

additional or different criteria will be needed to take into 

account unusual sites and eoviroaaental conditiona, and for 

water-cooled 'I'Nclear power unit. of acl"t'&Dced cleaip. Alao, 

there may be water-cooled nuclear paver uaita for vhich fulfill-

Mnt of soae of the Qlneral Deeip Criteria _, not be neceaaary 

or appropriate. For plants such aa these, departures froa the 

GeDeral Design Criteria ... t be. iclentified aDd juatified. 

DE Filii Tl OMS A1fD EXPl..AllATl OHS 

NUCLEAR POIEJt UNIT 

A DUclear power unit .. ana a nuclear power reactor aad 

associated equipment neceasary for electrical power aeneratioa ancl 

includes those structu.ru, .,-st-, and c011p0nenta required to 

provide reasonable aasurauce the facility caa be operated without 

uaclue risk to the bealtb &Del aafety of the public. 

tosS OP OOOLANT ACCIDElfl'S 

Loa• of coolaat accidents -.an tboae postulated accidents that .. 
~ 

result froa tbe loss of reactor coolaat at a rate in .scesa of the 

capability of the reactor cool~t aakeup system froa breaks in the 

reac~or coolant preasure bounda17.,~ up to aul includin~ a bruk 

equivaleDt in aize to the cloqbl~DClecl rupture of the l.araeat pipe· 

. " 
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SINGLE PAIWRE 

A_aiagle failure means an occurrence which reaults in the loss 

of capability of a component t.o perfora ita intended aafety fuuct.iona. 

MQltiple failures reault.ing from a single occurrence are couaidered 

tO be a aingle failure. Fluid and electrical systems are considered 

to be designed agaiut an aaaUIIed sinale failure if aeither (1) 

a single failure of any active component (aaau.iag paaaive ca.ponents 

function properly) nor (2) a single failure of a paaaive component 

(assuming active co-,onenta function properly). result• in a loss 

2 of the capability of the syst• to perfora ita safety functions. 

ANTICIPATED OPERATIONAL OCCtTRllEBC!S 

Anticipated operational occurrences .. an those conditions of 

normal operation which are expected to occur one or 110re tiaes during 

the life of the nuclear power unit and iDclude but are not limited 

1 Purther details relating to the type. size. and orientation of 
postulated breaks in specific components of the reactor coolant 
preaaure boundary are under development. 

2 Single failures of paasive co.,onents iD electrical ayatems should 
be aasu.ed in deaigning apinst a single failure. The conditions . 
under which a single failure of ·a passive ca.poneat in a fluid 
systea should be considered iD designing the systea apinst a a~ngle 
failure are uader development. · 
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to loaa of power to all recirculation pumpa, tripping of the 

turbine generator set, iaolad.on of the uin conclenaer. and loea 

of all offaite power. 

CRITERIA 

I. OVERALL REQUIREMENTS 

CRITElUON 1 - QUALITY STANDA.R.DS AND RECORDS 

Structures, syste•, ad cmaponeate iaportant to safety shall 

be designed, f-.bricated, erected., and teated to quality atmdarcla 

com•n•urate with the importance of the aafety fUDctiona to be 

perfor.d. Where generally recognized codes md atmdarda are •ed, 

they shall be identified and evaluated to determine their applicability, 

adequacy, and sufficiency and ahall be supplemented or aodified aa 

necessary to assure a quality product in keeping with the required 

safety function. A quality assurance program shall be established 

and implemented in order to provide adequate asurance that these 

structures, aystema, &Dd components will satisfactorily perform 

their safety ftmctio•. Appropriate records of the deaip, fabrication, 

erection, and testinR of structures, ayat .. , IUld CO'IIIIponenta important 

to aafety ahall be maintaiDed by or UDder the control of the nuclear 

power uait licensee throupout th4! life of the UDit. . . .. 

!=..!!!!.Jt!..ON )__- DESIGN lASES POR PRalECl'ION AGAINST NATU1W. PJ!.~;,.;;;.OMEN.;,;;. ~A 

Struct~es. systems, and components important to safety _,!h_all 
- . 

he dea~'Pled to withstaacl the effects of natural phen~ such aa 
- ... 

r· 
.•.:,....... • .. # 
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earthquakes, tornadoes, hurricanes, floods, taun.U. ad seiches 

without loss of capability to perform their safety fu:octiona. The 

desiga bases for these structures, systems, and components shall 

reflect: (1) appropriate consideration of the most severe of the 

natural phenomena that have been historically reported for the 

site and surrounding area, with sufficient margin for the limited 

accuracy, quantity, and period of time in which the historical 

data have been accumulated, (2) appropriate combinations of the 

effects of normal and accident conditions with the effects of the 

natural phenomena and (3) the importance of the safety functions 

to be performed. 

CRITERION 3 - FIRE PROTECTION 

Structures, systems, and components important to safety shall 

be designed and located to minimize, consistent with other safety 

requirements, the probability and effect of fires and explosions. 

Noncombustible and heat resistant aateriala shall be used wherever 

practical throughout the unit, particularly in locations such aa the 

containment and control rooa. Pire detection and fightins systems of 

appropriate capacity and capability shall be provided and designed to 

ainillize the adverse effects of fires on structuru, systems, ad 

components 1.mportant to safety. nre fiptina systems shall be . ...

designed to assure that their rupture or inadvertent operation does 

not sipificantly impair the aaff!tY capability of these structures, 

systems, and components. # •<- .. 

\ 
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Structures, systems. and components im~ortant to safety shall 

be designed to accommoda~e the effects of and to he eom~atible with 

. the environmental conditions associated with normal operation, main-

tenance, testing, and postulated accidents, includin~ loss-of-coolant 

accidents. These structures, systems, and components shall be 

ap~ropriately protected .against dynamic effects, including the 

effects of missiles, pipe whipping, and discharsinR fluids, that 

aay result from equipment failures and from events and conditions 

outside the nuclear power unit • 

. CRITERION 5 - SHARING OF STRUCTURES, SYSTEMS, AND COMPONENTS 

Structures, syatema, and components ~portant to safety shall not 

be shared hetveen nuclear power units unless it is shown that their 

ability to ~rform their safety functions is not significantly 

impaired by the sharing. 

II. PROTECTION BY MOLTIPLE FISSION PRODUCT BARRIERS 

CRITERION l.Q_- REACTOR DESIGN 

The reactor core and aaaociated coolant, control. and protection 

systems shall he designed with appropriate margin to assure that 

specified acceptable fuel design limits are not exceeded durins·any 

condition of normal operation, including the effects of anticipated 

operational occurrences. 

• ..-c. ... 

. • 1" "- c 
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The reactor core and aaaoc:tated coolant ¥ya tems shall be 

designed so that in the power operating range che r.e~ effect of the 

pra.pt inherent nuclear feedback characteristics tenda to compensate 
,' 

for a rapid increase in reactiVity. 

CRITERION 12 - SUPPRESSION OF REACTOR POWER OSCILLATIONS 

The reactor core and associated coolant, control, and protection 

systems shall be designed to assure that power oseillatioua which can 

result in conditions exceeding specified acceptable fuel design limits 

are not possible or can be reliably and readily detected ad 

suppressed. 

CRITERION 13 - INSTRUMENTATION AND 00h1MROL 

Instrumentation and control shall be provided to monitor v.ari-

ablea and systems over their anticipated range for normal operation 

and accident conditicms, and to aaintain them within prescrlbed 

operating ranges, including those variables and systems which can 

affect the fission procesa, the integrity of the reactor core, ~e 

reactor coolant pressure boundary, and the contaiDJ~ent and ita 

associated ays tems • 

CRITERION 14 - REAC!OR COOLANT PRESSURE BOUNDARY .. 

The reactor coolant presaure bOUDdary shall be designed, fabricated, 

erected, and tested so as to have an extremely low probability of ·-
abnormal leakage, of rapidly propaga.t.O.:az failure, and of _gross rupture. 

. ... . 

,, 
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CUTEUOII 15 - UAClOk COOLAHT . SYSTIH DKSJ CN 

1'be reactor coolaat .,atea ad uaociated auxiliary, COGtrol. aad 

protection syste .. shall be desianed with suff~cient .. rain to assure 

t~at the design cbDditiona of the reactor coolant pressure boundary 

•re not exceed.eci during aD.Y coudi tiou of GOrmal operation, includiD.& 

aaticipated operatiODal occurrences. 

CRITERION 16 - CONTAINMENT DESIGN 

Reactor CODtainment ad associated ayste• shall be provided to 

eatabllah a essentially leaktight barrier agaiut the •cODtrollad 

release of radioactivity to the euv.i.I"'D.Ent and to uaure that the 

containment design conditions important to safety are not exceeded 

for aa long as postulated accident cODditiona require. 

CRITER.IOif 17 - ELEcriUCAL POW!R SYSTEMS 

An onaite electrical power ayate• aad an offaite electrical power 

system shall be provided to pemit timctioa.i.D& of atraeturu, ayac-, 

ad c011p0nenta iaportaat to safety. 'Dle safety faDctiaa for each 

system (aaaumin& the other ayatem ia aot fuactioaiDI) Shall be to 

provide auffic.ieut capacity and capability to aaaure that (1) specified 

acceptable fuel deaip lbd ta and deai&n cODdi tiona of the reactor 

coolaDt pressure boundary are uot exceeded u a result of atidpated 

operational occurrences ad (2) the core i.e cooled and contai11.11181lt 

iutegri ty 111ul other vi tal functiou are ~ntained iu the event of 

postulated accidauta. -• •-<.. • 

. 
...;Jl8 . ... . 
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The OlUii te electrical power aovrcea 11 1Dcl'lldina the battertu. 

ad the OlUiite electrical cU.atd.butiOD. .,-attUR, shall have aufficieat 

independence, redundancy, ad tutability to perform their safety 

~ctiOna aasuminc a single failure. 

·.~ 

Electrical power fro• the transmission network to the svitChyard 

sh&.ll be supplied by tvo physically independent traaa11ission linea 

(n~t necessarily oa separate rights of way) designed and located so as 

to suitably minimize the likelihood of their simultaneous failure under 

. operating md postulated accidebt and environmental conditions. '1Vo 

physically independent circuits from the switchyard to the oasite 

electrical distribution system shall be prOY.l.ded. Each of these 

circuits shall be designed to be available in sufficient time 

following a loss of all onsite alternating current power sources and 

the other offsite electrical power cireuit, to assure that specified 

acceptable fuel design limits and design conditions of the reactor 

coolant pressure boundary are not exceeded. One of these circ:uita 
I• 

shall be desianed to be available·vithin a few seconds following a 

loss-of-coolant acci4ent to assure that core cooling, containment 
~~ .. " 

integrity. and other vital safety functions are maintained. 

Provisions shall be included to minimize the probability of loaiog 

electrical power fr011 any Of the re•ining sources &S 8 result o£·; Or 

coincident with, the loss of power generated by the nuclear power 

unit, the loss of power from the transmission network, or the loss 
·~ 

of powe~ from the onaite electrte&l•lo¥er sources. 

-. 19' .:. 
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Electrical power systems i.portant to aafetv shall be d~taned 

to permit periodic inspection and testing of important areas and 

.features, such as wtrtn~. insulation, ·connect1ons, and switchboards, 

to assess the continuity of the systems and the condition of their 

components. The systems shall be designed with a capability to test 

periodically (1} the operability and functional performance of the 

components of the systems, such as onsite power sources, rela~s, 

witches, and buses, and (2) the operabUity of the systems as a 

whole and, under conditions as close to design as practical, the 

full operational sequence that brings the systems into operation, 

including operation of applicable portions of the protection 

system, and the transfer of power among the nuclear power unit, 

the offsite power system, and the onaite power system. 

CRITERION 19 - CONTROL ROOM 

A control room shall be provided from which actions can be 

taken to operate the nuclear power unit safely under normal conditions 

and to maintain it in a safe condition under accident conditions, 

including loss-of-coolant accidents. Adequate radiation protection 

shall be provided to permit access and occup~ey of the control room· 

under accide-nt conditions without personDel rec:eiving radiation "" 

exposures in excess of S rem whol~ body, or its equivalent to any 

part of the body, for the duration of the accident. 

·J. 
- 20 /. 
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el&all I•• JU'uvtded (l) v1Lh a deaJ1n t:.apat.Ulty for pruapt hot ahutcJO'WD 

of the reactor, including necessary instrumentation and controls to 

maintain the unit in a safe condition during hot shutdown, and (2) 
,• 

with a potential capability for. subae~uent cold shutdown of the 

%!actor through the use of suitable procedures. 

III. PROTECTION AND REACTIVITY CONTROL SYSTEMS 

CRITERION 20 - PROTECTION SYSTEM FUNCTIONS 

The protection system shall be designed (1) to initiate 

automatically th~ operation of appropriate systems including the 

reactivity control systems, to assure that specified acceptable fuel 

design limits are not exceeded as a result of anticipated operational 

occurrences and (2) to sense accident conditions and to initiate the 

operation of systems and components important to safety. 

CRITERION 21 - PROTECTION SYSTEM aELIABILITY AND TESTABILITY 

The protection system shall be designed for high functional 

reliability and inservice testability commensurate with the safety 
~. 

functions to be performed. Redundancy and independence designed into 

the orotection system shall be sufficient to assure that (l) no 

single failure results in loss o~ the protection function and (2~.· 

removal from service of any component or channel does not result in 

loss of the required minimum redundancy unless the acceptable 

·-

•' . 
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demonstrated. nae protection system •nall be dealgned to permft 

periodic testing of ica fu.nctiODing vbeD the reac~or is in operation, 

including a capability to test channels independently to determine 

failures and loaaes of redunaancy that may have occurred. 

CRITERION 22 - PROTECTION SYSTEM INDEPENDENCE 

The protection system shall be designed to assure that the 

effects of natural phenomena, and of normal operating, maintenance, 

testing, and postulated accident conditiODB on redundant channels 

do not result in loas of the protection function, or shall be 

demonstrated to be acceptable on so11e other defined basis. Deaign 

techniques, such as functional diversicy or divenicy in component 

design and principles of operation, shall be uaed to the extent 

practical to prevent loss of the protectiOD function. 

CRITERION 23 - PROTECTION SYSTEM FAILURE )!)DES 

The protection system shall be designed to fail into a safe 

state or into a state demonstrated to be acceptable on ao.e other 

defined basis if conditions such u disconnection of the aystea, loss 

of energy (e.g., electric power, iutrument air), or postulated 

adverse envirODaents (e.g., extrear heat or cold, fire, pressure, 

steam, water, and radiation) are experienced. 

CRITERION 24 - SEPARATION OF PROTECI'ION AND <X>NTROL SYSTEMS 

The protection systea sbalJ. .be ••parated from control syate. 

; . 
., 
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to the extent that fatlurl" of &.·~>· aingle control ayen.e~~m co~~~ponent or 

chaanel, or failure or removal from service of any single protection 

system component or channel which 1.s coDDon t:o the control and 

· protection systems leaves intact a syat:em sati&fying all reliability, 

redundancy, and independence requiremen~s of the protection system. 

•Interconnection of the protection and control systems shall be 

limited ao as to assure that safety is not significantly impaired. 

CRlTERION 25 - PROTECTION SYSTEM UQ'DIBEMENTS !'OR RE.ACIIVITY CONTROL 
MALFIJHCTIONS 

The protection sya tea shall be designed to assure that specified 

acceptable fuel design limits are not exceeded for any single mal

function of the reactivity control systems, such as accidental 

withdrawal (not ejection or dropout) of control rods or unplanned 

dilution of soluble poison. 

CRITERION 26 - REACIIVITY CONTROL SYSTEM REDUNDANCY A.\'ID CAP ABILITY 

Two independent reactivity control systems of different desiga 

principles and preferably includins a positive mechanical means for 

inaertins control: rods, &hall be provided. Each system shall have 

the capability to control the rate .of reactivity changes resulting 

from planned, normal power change~ ,(including xenon burnout) to 

assure acceptable fuel desiJU limits are not exceeded. One of .. ·· 

the systems shall be capable of reliably controlling reacti't'ity 

changes to assure that under couditions of nomal operations, 

·t· 23 
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iacludiaa aticipatad operational occuneacea, •• with 11ppropr1-

ate .. rJia for .. uuactiOIU auch u aback roda, apec1f1e4 acceptable 

fuel daaip llllita are 'DOC ucaedecl. ORe of the .,.ate• ahall be 

c.apable of holdio.a the reactor core aubcri tical UDder cold 

coati tioras. 

CIUTEJUON 27 - COMBINED U'.ACTIVITY CDNTBOL SYSTEMS CAPABILITY 

The nactiTlty eo~~trol .,..u. ahall be claaipecl to have a 

CGIIbiaecl capability, ia COiljVDctioa with poiaoa acld.iCiOD by 

the .. rgency core cooling ayatea, of reliably COiltrolllag re-

actiTlty cllas•• to usure that UDder poatulatecl acciclent 

coacl1tioaa and vitb appropriate urgia for atuct rocle the 

capability to cool the core 11 •intaiaecl. 

CltiTEJUON 28 - UAC1'IVITY LIMITS 

Tbe reactiTlty coatrol ti.,ate• ahall be cleaigaed. with appropriate 

liaita oa the poteatial aout acl rate of reactiVity iacreaae to 

uaure that tbe effects of poat:ulated raacti'ri.ty accicleata ca aeitb.er 

(1) ruult ill daage to the reactor coolat pruaure boUDclazy sreater 

tha Uaitecl local yielclias nor (2) aufficiatly cliatun the core, ita 

• 

aupport atructurea or other reac~or preaaure waael iatemala to iapa:lr 

aipificatly the capability to eool the core. Tbeae poatulatecl 

reactiVity accidents shall iaclude couiclaratioa of rocl ejactitiD 

(ualua prevented by poaitive •&ILl), rod dropout, ate• l1ae rupture, 

chasea ia reactor coolat temperature ad. pruaure 1 ad cold water. -. •""'- .. 
addition. 

24.- .... 
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CR.ITER.ION 29 - PROTECTION AGAIN_ST AH'Qill~ OJ•KH.ATlONAL Ot:CURKF.NCt.S 

'lbe protection and reactivity control ayBte• 11hall be designed 

to assure an extremely nigh probability of accomplishing their safety 

functions in the ·event of anticipated operational occurrences. 

IV. FLUID SYSTEMS 

CRITERION 30 - OUALITY OP REACTOR COOLANT PRESSURE BOUNDARY 

Components which are part of the reactor coolant pressure boundary 

shall be designed, fabricated, erected, and tested to the highest 

quality standards practical. Means shall be provided for detecting 

and, to the extent practical, identifying the location of the source 

of reactor coolant lea~age. 

CRITERION 31 - FRACTURE PREVENTION OF REACTOR COOLANT PRESSURE BOUNDARY 

The reactor coolant pressure boundary shall be designed with 

sufficient margin to aasure that when stressed under operating, 

maintenance, testing, and poetul~ted accident conditions (1) the 

boundary behaves in a nonbrittle manner and (2) the probability of 

rapidly propagating·fracture is minimized. The design shall reflect 
~. 

consideration of service temperatures and other conditions of the 

boundary material under operating, maintenance, testing, and postulated 

accident conditions and the uncertainties in determining (1) mat~rial 
,. 

properties, (2) the effects of irradiation on material properties, 

(3) residual, steady-state and transient stresses, and (4) size. of 

flavs. -. ....... "" 
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CRITP.R10N l1 - TN!>l'FCTlON tllf MJ'.AC:TOR 1'1'14)1.ANT rliF!ItRIIRF RUtlNOAR\. 

\ 
(·,,., ... ueutn "''"'"are 1oatt ;.r lha ,.,.,,.,, ..... taut 1•••••u•• 

te.ting of important areas and features to assess their structural 

and leaktight inte~r1ty. and (2) an appropriate material surveillance 

P,rogram for the reactor pressure ve&sel. 

CRITERION 33 - REACTOR COOLANT MA.KE.UP 

A SYstem to supoly reactor coolant makeup for orotection a~ainst 

small breaks in the reactor coolant pressure boundary shall be pro-

vided. The systea safety function shall be to assure that specified 

acceptable fuel design limits are not exceeded aa a result of reactor 

coolant loss due to leakage from the reactor coolant pressure 

boundary and rupture of S3all piping or other small components 

which are part of the boundary. The system shall be designed to 

assure that for onsite electrical power system operation (assuming 

offsite power is not available) and for offsite electrical power 

system operation (assuming onsite power is not available) the 

system safety function can be accomplished using the piping, 

pw:aps, ad valves used to D&intain coolant inventory during 

noraal reactor operatiao. 

CR.ITER.ION 34 - RESIDUAL HEAT REMOVAL 

A aye tea to remove residual heat shall be provided. The syst .. 

safety function shall be to transfe~ fission product decay heat and 

othe~ residual heat from the reactbr core at a rate such that 

- 26 -
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specified IOU::c.-ptllhlf' fuel de•lgn llmit• nod the deaign conditions 

of the reactor ~oolant pressure bounGary are not exceeded. 

Suitable redun~ancy in components and features, and suitable 

interconnections. 1eal'. cetectl.on. and i&o:Lation cat:abilities shall 

be provided to assure that for ons1 te e:..ac::rical ;.~u· system 

operation (assuming offsite power is not available) and for off

site electrical ~er system operation (assuming onsite power is 

net available) the system safety function can be accomplished, 

assuming a single failure. 

CRITERION 35 - EMERGENCY CORE COOLING 

A system to provide abundant emergency core coolin~ shall be 

provided. The system safety function shall be to transfer heat from 

the reactor core following any loss of coolant accident at a rate 

such that (1) fuel and clad damage that could interfere with continued 

effective core cooling is prevented and (2) clad metal-water reaction 

ie limited to negligible amounts. 

Suitable redundancy in components and features, and suitable 

interconnections~ leak detection~ isola~ion, and containment 

capabilities shall be provided to assure that for onsite electrical 

power system operation (assuming offsite power is not available) and 

for offsite electrical power system operation (assuming onsite power 

is not available) the system safety function can be accomplished, 

assuming a single failure. 
.. . ..... 

CR.ITERIC»; 36 - !.NSPECno:-; rir ~.i:"F;.GE!\CY CORE COOLING SYSTEM 

The emergency core cooling sys~~ shall be designed to permit 

periodic inspection of ~por~ant coc?onents. such as spray rings in 

- 27 -
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to atteure the 1nlc~&t'11.y •n'-' <.:tt~lll!Jty ul the •Y•t•un. 

CRITERIC»-t 37 - TES'i:'!NG O.F E!'Q:;RGENCY CORE COOLING SYSTEM 

The emer~ency core cooling system shall be designed to permit 

a~propriate periodic pressure anG func:ional testing to assure (l) 

the structural and leaktight integrity of its components. (2) the 

operability and perfort!OIAnce of the active co~r.ponents of the system. 

and (3) the operability of the systea as a whole and, under conditions 

as close to design as practical, the performance of the full operational 

sequence that brings the systea into operation, including operation of 

applicable portions of the protection syatea. the transfer between 

normal and emergency power sources. and the operation of the associated 

cooling water system. 

CRITERIO~ 38 - CONTAINMENT HEAT REMOVAL 

A system to remove heat from the reactor containment shall be 

provided. The system safety function shall be to reduce rapidly, 

consistent with the functioning of other associated systems, the 

containment pressure.and temperature following any loss-of-coolant 

accident and maintain them at acceptably low levels. 

Suitable redundancy in components and features, and suitable 

interconnections, leak detection, isolation, and containment 

capabilities shall be provided to assure that for onsite ele~rical 
" . ·:. 

power ~yatem op~ration (~ssum~ng offsite power is not available) 

and for offsite electrical power system.operation (assuming onsite . . 
. 

power is not available) the sysie: s~fety function can be 

accomplished, assuming a sir.gl£ fail~re. 

- 28 -
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CRITERION 39 - lNSPt:C":'IOS OF CO>.:T •,IN~1ENT HEA:· R.r:W)\'AL SYSTE~ 

The contail'1J"'Ien:. hec.t. re:mova. ... syste!!. shall be desi~ned to perr.::. t 

periodic inspectLon of i~porrant co~?onentst such as the torus. 

sumps, spray nozzles, anc pi?ing to assure the integrity anci 

capability of the syste~. 

CRITERION 40 - TESTING OF .:;o~"TAI~fEh"T P..EAT REMOVAL SYSTEM 

The containment heAt removal syAtem shall be desi~ned to permit 

appropriate periodic pressure and functional testing to assure (1) 

the structural and le.a i.:.tight integrity of its components. (2) the 

operability anci perfo~~nce of the active components of the system, 

' 

and (J) the operability of the system as a whole, and, under conditions 

as close to the design as practical, the performance of the full 

operational sequence that brings the system into operation, includin~ 

operation of applicable portions of the protection system, the transfer 

between normal and emergency power sources. and the operation of the 

associated cooling water system. 

CRITERION 41 - COh!AI~~~! ATMOSPHEP~ CLEANUP 

Systems to control fission products, hydrogen, oxygen, and other 

substances which may be released into the reactor containment shall 

be provided as necessary to red~ce, consistent with the functioning 

of other associated systems, the concentration ane quantity of fission 

produCt$ released to the envirq~~~~t following postulated accidents, 

and to control the concentra;ion of hydrozen or oxygen and other 

.- 29 
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substance& in the containment ataoaphere following postulated accidents 

to assure that containaent integrity is aaintained. 

Each system shall have suitable redundancy in components and 

features, and suitable interconnections, leak cetection. isolation, 

and contai~nt capabilities to assure tr•t for on&ite electrical 

power system operation (assuming offaite power is not available) 

and for offsite electrical power system operation (assuming onsite 

power ia not available) its safety function can be aeeoaplished, 

assuming a single failure. 

CRI!ERION 42 - INSPECTION OF CON!A~~~~ ~~OSPHERE CL~~p SYSTEMS 

The containment atmosphere cleanup systems shall be designed to 

permit periodic inspection of important CO%POnenta, such as filter 

frames, duets, and piping to assure the integrity and capability of 

t:he systems. 

CRITERION 43 - TESTING OF CONTAINMENT ATMOSPHERE CLEANUP SYSTEMS 

The containment atmosphere cleanup systems shall be designed 

to permit appropriate periodic pressure and functional testing to 

assure (1) the structural and leaktight integrity of ita components, 

(2) the operability and performance of the active components of 

the systems such as fana, filters, daapers, pumps, and valves and 

(3) the operability of the systems as a whole and, under conditions 

as close to design as practical, the performance of the full ~perational 
.. . .... .. 

sequence that brings the syste~ into operation, including operation of. 

applicable portions of the protection Jl?s~em, the transfer between . _ 
. 

normal and emergency power sources, and the operation of associated 

syscems. 
- 30 -
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CRITERIO~ 44 - COOLING WATER 

A system to transfer heat from structures, eysterna, and compon~nts 

important to safety, to an ultimate heat sink shall be provided. The 

system safety function shall be to transfer the combined heat load 

of these structures, systems, and components under normal operatin~ 

anci accident conditions. 

Suitable redundancy in components and features, and suitable 

interconnections, leak detection, and isolation capabilities shall 

be provided to assure that for onsite electrical power system opera-

tion (assuming offsite power is not available) and for offsite 

electrical power system operation (assuming onsite power is not avail-

able) the system safety function can be accomplished, assuming a 

single failure. 

CRITERION 45 - INSPECTION OF OOOLING WATER SYSTEM 

The cooling water system shall be designed to permit periodic 

inspection of important components, such as beat exchangers and piping, 

to assure the integrity and capability of the system. 

CRITERION 46 - TESTING OF COOLING WATER SYSTEM 

The cooling water system shall be designed to permit appropriate 

periodic pressure and functional testing to assure (1) the structural 

and leaktight integrity of its components, (2) the operability and the 

performance of the active components of the system, and (3) the 

operability of the system as a whole .and, under conditions as close .. . .. ;.. 
to design as practical, the p•rformance of the full operational sequence 

that brings the system into operation -for-reactor shutdown and for · 

- 31 -
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lose-of-coolant accidents, including operation of applicable 

·portions of the protection system and the transfer between normal 

and emergency power sources. 

V • REA cr OR Cot\"T A IJ..11ENI' 

The reactor containcent structure. including access openings, 

penetrations, and the contai~~ent heat removal system shall be 

designed so that the containcent structure and its internal com-

part~ents can accowmodate, without exceeding the design leakage 

rate and, with sufficient margin, the calculated pressure and 

te~erature conditions resultin~ from any loss-of-coolant accident. 

This margin shall 'reflect consideration of (1) the effects of 

potential energy sources which have not been included in the deter-

mination of the peak conditione, such as energy in steam generators 

and energy from naetal-.rater and other chemical reactions that may 

result from degraded emergency core cooling functioning, (2) the 

limited experience and experimental data available for defining 

accident phenomena and containment responses, and (3) the conservatism 

of the calculational model and input parameters. 

CRITERION 51 - FRACTURE PR.!VENTION OF CONTAI~ENT PRESSURE BOUNDARY 

The reactor containment boundary shall be designed with 

sufficient margin to assure that under operating, maintenance, testing, 

and postulated accident conditions (l) its ferritic materialt behave ....... _ . 

in a nonbrittle· manner aad (2) the probability of rapidly propagating 

32 



3-82 -fracture iw aini~zed. Tbe deeign ahall reflect conaiderat1on of 

aervica temperatures and other conditione of the conta1n .. nt bouod~ary 

material during operation, maintenance, testing. and poatulated 

accident conditions, and the uncertainties in determining (l) 

material properties, (2) residual, steady-state, and transient stresses, 

and (3) size of flaws. 

CRITERION 52 - CAPABILITY FOR CONTAI~7 LEAKAGE RATE TESTING 

The reactor containment and other equipment which may be 

subjected to containment test conditions ahall be designed eo that 

periodic integrated leakage rate testing can be conducted at 

containment design pressure. 

CRITERION 53 - PROVISIONS FOR CONTAINMENT TESTING AND INSPECTION 

The reactor containment shall be designed to permit (1) 

inspection of all important areas, such as penetrations, (2) an 

appropriate surveillance program, and (3) period!: testing at 

containment design pressure of the leaktightness .of penetrations 

which have resilient seals and expansion bellows. 

CRITERION 54 - PIPING SYSTEMS PENETRATING CONTAih"MENT 

Piping systems penetrating primary reactor containment shall be 

provided with leak detection, isolation, and containment capabilities 

having redundancy, reliability, and performance capabilities which 

reflect the importance to safety of isolating these piping SY.Stems. 
,. ...... 

Such piping sys~ems shall be designed with a capability to test 

- 33 -
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periodically the opernhility of the uoht t.on val veA and AaAodatf'!d 

apparatus and to df-ltendne H val,. leako~c h withtn accPptnhl• 

limit•. 

Each line that is oi the :-eac:.:,:- coolant presr.\..re boundary 

anc :hat penetrates primary reactc:- cor,o.c.irur.ent shall be provided 

with containment isolation valves as follows, unless it can be 

deoonstrated that the containment isolation provisions for a specific 

class of lines, such as instr~ent lines, are acceptable on some 

other defined basis: 

(l) One locked closed isolation valve inside and one locked 

closed isolation valve outside containment. or 

(2) One automatic isolation valve inside and one locked closed 

isolation valve outside containment. or 

(3} One locked closed isolation valve inside and one automatic 

isolation valve outside containment. A simple check valve 

may not be used as the automatic isolation valve outside 

containment. or 

(4) One autocatic isolation valve inside and one automatic 

isolation valve outside ccmtainment. A simple check valve 

may not be used as the automatic isolation valve outside 

containment. 

Isolation valves outside containment shall be located as clos~ to 
... . .... 

- 34 
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containment as practical and upon loss of actuating power, automatic 

isolation valves shall be designed to take the position that provides 

greater safety. 

Other appropriate requirements to ~inimize the probability or 

connected to therr. shal: be provicieci as necessary to assure ariequate 

safety. Determination of the ap?ropriateness of these requirements, 

such as higher qut~1L:y in design, :abricat:;;.on, and testing, additional 

provisions fo~ inservice inspection, pro:ection against more severe 

natural pheno::1ena, ana additional isolation valvd and containment. 

shall L~clude consideration o: the population density, use character-

istics, anci physic'al characteristics of the site environs. 

CRITERIO~ 56 - PRI:fl..?.Y COl'-7 AINHENT ISOLATION 

Each line that connects directly to the contair.ment atmosphere 

and penetrates pr~mary reactor cont~innent shall be provided with 

containment isolation valves as follo~~, unless it can be demonstrated 

that the containml!.nt isolation provisions for a specific class of lines, 

such as instr~ent lines, ~re acceptable on some other defined basis: 

(1) One locked closed isolation valve inside and one locked 

closed isolation valve out~ide containment. or 

(2) One automatic ieolation valve inside anG one locked closed 

isolation valve outside containment. or 

-.35-
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(3) One locked closed 18olat1on valve tnaide and one automatic 

isolation valve outside containment. A simple cheek valve 

may not b~ uAed aA the automatic isolation valve out•id~ 

conta1nrr.ent. or 

(4) One automatic isolation valve inside and one automatic 

isolation valve outside conta~~ent. A sicple check valve 

may not be used as the aut~tic isolation valve outside 

containment. 

Isolation valves outside containment shall be located as close to the 

containment as practical and upon loss of actnatins power, automatic 

isolation valve~ shall be designed to take the position that provides 

greater safety. 

CRITERION 57 - CLOSED SYSTE?-1 ISOLATION VALVES 

Each line that penetrates primary reactor contaiament and is 

neither part of the reactor coolant pressure boundary nor connected 

directly to the containment atmosphere shall have at least one contain-

ment isolation valve which shall be either automatic, or locked closed, 

or capable of re~te manual operation. This valve shall be outside 

containment and located as close to the containnent as practical. 

A simple check valve may not be used as the automatic isolation 

valve. 
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VI. FUEL AND RADIOACTIVITY CONTROL 

CRITERIO~ 60 - CONTROL OF RELEASES OF RADIOACTIVE MATERIALS TO THE 
El>."V I RO~'XEJ\'T 

The nuclear power unit design shall include means to control 

suitably the release of radioactive materials in gaseous and liquid 

effluents and to handle radioactive solid wastes produced during 

normal reactor operationt including antici~ated operational 

occurrences. Sufficient holdup capacity shall be provided for 

retention of gaseous and liquid effluents containing radioactive 

materialat particularly where unfavorable site environmental condi-

tions can be expected to impose unusual operational limitations 

upon the release of such effluents to the environaent. 

CRITERION 61 - FUEL STORAGE AND HANDLING AND RADIOACTIVITY CONTROL 

The fuel storage and handling, radioactive waste, and other 

systems which cay contain radioactivity shall be designed to assure 

adequate safety under normal and postulated accident conditions. 

These systems shall be designed (1) with a capability to permit 

inspection and testing of components important to safety, (2) with 

suitable shielding for radiation protection, (3) with appropriate 

containment, confinement, and filtering systems, (4) with a residual 

heat removal capability having reliability and testability that 

reflects the importance to safety of decay heat and other residual 
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heat re•oval, Rnd (5) to prevent a1Rn1ficant reduction tn fuel 

storage coolant inventory under accident condfttona. 

CRITERION 62 - PREvENTION OF CRITICALITY IN FUEL STORAGE ~~ ~~LING 

Criticality in the fuel storage and handlin~ system shall be 

prevented by physical systems or processes. preferably by use of 

geometrically safe configurations. 

CRITERION 63 - MONITORING FUEL AND WASTE STORAGE 

Appropriate systems shall be provided in fuel storage and radio~ 

active waste systeas and associated handling areas (1) to detect 

conditions that may result in loas of residual heat removal 

capability and excessive radiation levels and (2) to initiate 

appropriate safety actions. 

CRITERION 64 - MONITORING RADIOACTIVITY RELEASES 

Means shall be provided for monitoring the reactor coatainment 

atmosphere. spaces containing components for recirculation of loss-of

coolant accident fluids. effluent discharge paths. and the plant 

environs for radioactivity that aay be released froa normal operations, 

including anticipated operational occurrences, and from postulated 

accidents. 

. 
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(Sees. 161, 182, 68 Stat. 948, 953; 42 U.S.C. 2201, 2232.) 

· IJat eci at ---.!!.We.~siil.lh....,i .... ni.Cigt.....,Qti....,,,_....D"".~c ...... __ _ this lOth 

day of Fe __ b..._:::"U,_a,_ry....__ ____ 1971. 

FOi Ti:l.E ATOMIC E..~l::BGY COKMI.SSION 

w. J:l. McCool 
Secretary of the Commission 

. . ..... . 
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None of the criteria related to accidents involving large scale core melt. 

A good example of the detailed evolution of a specific general design 
criterion (GDC) is provided by GDC 17 "Electrical Power Systems.•• 

A memorandum prepared by ACRS Staff Engineer, M. c. Gaske, dated January 
28, 1972, gives a brief summary of the chronology of the development of 
GDC 17 ~equirements relative to separate incoming transmission lines. 
The summary follows: 

GENERAL DESIGN CRITERION 17 
CHRONOLOGY REGARDING SEPARATE INCOMING TRANSMISSION LINES 

July 11, 1967 - AEC published the proposed General Design 
Criteria for public comment. Criterion 39 
(later numbered 17} stated: 

"Alternate power systeiTls shall be provided 
and designed with adequate independency, 
redundancy, capacity, and testability to 
permit the functioning required of the 
engineered safety features. As a minimum, 
the onsite power system and the offsite 
power system shall each, independently, pro
vide this capacity assumin~ a failure of 
a single active component in .each power 
system. 11 

April 24, 1968 - ACRS and Regulatory Staff representatives 
met. It was reported that the original 
intent of Criterion 39 was to require two 
independent paths but that recent interore
tations have qualified this intent to permit 
one path to be available 30 seconds, 1 hour, 
or 8 hours after shutdown of the plant. 

March 28, 1969 - New Draft of the General Design Criteria 
made available. 

May 26, 1969 - At the May 26, 1969 meeting, the above 
draft was discussed. DRS indicated that 
there was a question as to whether the 
ACRS wished to require two physically 
indeoendent transmission lines for off-
site power. . ... ~ 

June 5-7, 1969 - It was agree~ by the Committee that the 
Electrical Systems, Control and Instrumen
tation Subcommittee would assist in review 
of Criterion 17. · 
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August 7-9, 1969 - The ACRS considered a July 15, 1969 dratt 
of Criterion 17 which stated in part "Offsite 
electrical power shall be provided to the 
site preferably by two physically inde~en
dent transmission lines". The Committee 
discussed deletion of the word "preferably 11 

and decided not to propose such a revision. 

October 9-11, 1969-At the full Committee meeting, Mr. Case 
presented the majority and minority Staff 
positions regardinQ the Criterion 17 require
ment regarding offsite power" ••. preferably 
by two independent transmission lines". The 
majority of the Regulatory Staff believed 
that one offsite transmission line was 
sufficient. (This was apparently based 
primarily on a Staff study which indicated 
that incoming power lines are two orders of 
magnitude more reliable than the offsite 
power grid.) Mr. Case stated that a change 
in Criterion 17 was planned to require at 
least one separate incoming line at each 
facility in addition to the line exporting 
power. The Committee decided to refer the 
matter of Criterion 17 to Subcommittee for 
further review. 

November 5, 1969 - The Codes, Standards, and Criteria Sub
committee met and made a number of sugges
tions regarding Criterion 17. 

November 6-8, 1969-The Committee considered, and approved, 
except for a minor comment, a draft Criterion 
17 that stated in part: 

"Two physically independent transmission 
lines, each with the capability of supply
ing electrical power from the transmission 
network to the switchyard and two physically 
independent circuits from the switchyard 
to the onsite electrical distribution 
system, shall be provided. Each of these -
circuits shal~ be available in sufficient 
time followina a loss of electrical power 
from all other alternatina current sources 
including onsite electrical sources, to 
assure that specified accepta~le fuel damage 
limits and design conditions of the reactor 
coolant pressure boundary are not exceeded. 
One of these circuits shall be available 
immediately following a loss-of-coolant 
accident to assure that core cooling, con
tainment integrity, and other vital safety 
functions are maintained." 
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October 27, 1970- The Regulatory Staff provided a new draft 
of the General Design Criteria, based on 
industry comments. This version included 
a number of changes in Criterion 17 including 
rewording to require 11 

••• two transmission 
lines designed and located so as to suitably 
minimize the likelihood of their simultaneous 
fa i 1 ure ••. 11 The cri ted a were referred 
to the Codes, Standards, and Criteria Sub
committee for review. 

December 4, 1970 - At the ensuing Subcommittee meeting to review 
the criteria, Mr. Etherington evidenced 
concern re9arding the erosion of the require
ments that had occurred relative to Criterion 
17. 

December 10-12, 1970 -The Committee recommended, and the 
Regulatory Staff agreed, that Criterion 17 
be modified to require two physically indepen
dent transmission lines. 

December 21, 1970 -As a result of the Subcommittee and Committee 
comments, Criterion 17 was revised to state 
in part: 
11 Electrical power from the transmission net
work to the switchyard shall be supplied by 
two physically independent transmission 
lines (not necessarily on separate rights 
of way) designed and located so as to suit
ably minimize the likelihood of their simul
taneous failure under operating and postulated 
accident and environmental conditions. Two 
physically independent circuits from the 
switchyard to the onsite electrical distri
bution system shall be provided. Each of 
these circuits shall be desianed to be avail
able in sufficient time following a loss of 
all onsite alternating current power sources 
and the other offsite electrical power 
circuit, to assure that specified accep-
table fuel design limits and design condi
tions of the reactor coolant pressure 
boundary are not exceeded. One of these
circuits shil1~be desiqned to be available 
within a few seconds following a loss-of
coolant accident to assure that core 
cooling, containment integrity, and other 
vital safety functions are maintained. 11 

February 19, 1971 -The Commission adopted the General Design 
Criteria as Appendix A to Part 50. 

July 15, 1971 -Appendix A to Part 50 was reissued with 
.Criterion 17 essentially as stated on 
February 19, 1971. 
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Actually, discussion of the reliability of off-site power supplies (and AC 
power in general) remained a continuing matter of discussion. At the 144th 
meeting, April 6-8, 1972, ACRS Member Palladino expressed concern that GDC 
17 did not clearly substantiate the bases for non-redundance of the con
necting lines (e.g., the lines could be run on the same right-of-way). On 
the other hand, an ACRS subcommittee at a meeting on April 5, 1972 had 
estimateQ that the probability of failure of the entire off-site grid was 
at least one order of magnitude greater than that of the lines leading 
into the plant. Hence, improvment of these lines appeared to yield only 
marginal benefit. 

The matter of actual versus required relaibili ty of power supplies 
remained an issue, open or just below the surface, in the years that 
followed, until in 1977 the ACRS requested that the Regulatory Staff 
formally evaluate the probability of loss of AC power as a function of 
length of loss, and examine the adequacy of systems- that must work to keep 
the core acceptably cool in the absence of AC power. 

One other interesting sidelight of the discussion on GDC 17 is that it 
represented one of the few times (prior to 1977) When opposing viewpoints 
from within the Regulatory Staff were formally presented to the ACRS. 
The brief minutes of the discussion are reproduced below: 

Meeting with the Division of Reactor Standards 

General Design Criteria - Criterion 17 (GDC-17) 

Mr. Case presented the majority and minority Staff positions on 
the GDC-17 statement regarding off-site power requirements, 
11 preferably by two physically independent transmission 
lines ... DRS has determined that most power stations have two 
transmission lines, but it was not clear whether these were 
importing or exporting power. An examination of the relia
bility qained by having two versus one off-site transmission 
line results in a reliability improvement factor of two. 
However, the unreliability of the off-site power grid is 
l0-4/time; the unreliability of the incoming power lines is 
l0-6/time; therefore, the majority of the Staff believes that 
one off-site transmission line is sufficient. 

Mr. Levine, speaking as the minority, stated that he believes 
the loss of all AC power for several hours can result in worse 
core melting than could occur from a {design basis accident) 
DBA. He questioned the on-site AC power capability. His 
survey reveals that 90% of the Stnuclear power plants have
more than tw~ off-site power lines, and 70% have more than two 
rights-of-way. He mentioned, as examples, that Commonwealth 
Edison and Philadelphia Electric believe that there should 
be two transmission lines,.two rights-of-way, and two start
up transformers. He believes ·that, if the off-site power 
reliability of 10-4 obtained by the Staff is valid, this is 
unacceptable to the utilities. 

Mr. Case noted that a change in Criterion 17 is planned to 
require at least one, separate incomin~ power line at each 
facility in addition to the line that 1s exporting power. 
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It is somewhat ironical that the majority viewpoint used probabilistic 
arguments to indicate that there was only a slight gain in reliability 
from the presence of an additional line, while the minority view, in 
favor of at least two incoming lines, was presented by Saul Levine, 
later to become Staff Director of the Reactor Safety Stooy, which was 
based on probabilistic techniques, including COIIIOOn cause failures. 

An example of the problems in going from the General Design Criteria to 
specific implementation is available from Criterion 3 - Fire Protection. 
All of the reactors approved in the few years preceeding 1971, and for a 
few years after 1971, were evaluated by the Regulatory Staff as having 
met this criterion. However, when the Browns Ferry Fire occurred in 
1975, a full-blown technical review of the adequacy of protection 
against fire ensued, and major, specific mdifications were required, 
even on existing plants, without any change in the wording of Criterion 3. 

The Statement of Considerations (or introduction) to the 1971 criteria 
calls out several safetgy considerations for which specific requirements 
"have not as yet been sufficiently developed and uniformly applied in the 
licensing process to warrant their inclusion in the criteria at this time.• 

Most of that list, including all those related to redundancy, c01t100n mde 
failures, systematic, non-random failures and passive failures have 
remained open issues for the ensuring years. In 1977, three years after 
publication of the Reactor Safety Study ~BH-1400) , the Regulatory Staff 
did acknowledge a need to review the single failure criterion. (E. case, 
1977) 

The development of detailed regulatory positions with regard to the 
matters covered in the General Design Criteria (arXl other safety matters) 
began rather actively around 1967-68. There was a considerable, contin
uing growth in size of the Regulatory Staff, and with this came increased 
breadth and depth of knowledge in specific technical areas. The less-than
satisfactory experience with operating license reviews for reactors where 
only general design info~tion bad been available at the construction 
permit stage, and the difficulty in iq)lementing major design changes 
in an already constructed plant, automatically led to growing emphasis 
on getting mre design detail at the construction permit stage. 

Since a process of promulgating new AEC Regulations covering specific 
design criteria was expected to be slow and cumbersome, a more flexible 
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approach was sought for the documentation of specific approaches accept
able to the Regulatory Staff (and the ACRS). The Regulatory Staff began 
to develop internal documents which specified acceptably detailed design 
approaches to specific problems. In 1970 the Regulatory Guide approach 
to public documentation was initiated with the issuance of the first such 
guide (which dealt with the requirements for net positive suction head for 
ECCS pumps, and arose as a way of implementation of a philosophic safety 
concern tha~ the function of the ECCS not be compromised because of a loss 
in containment integrity which, were it to occur, could change a relatively 
moderate accident to one having severe effects). 

The Regulatory Guide approach has flourished so that by 1977 more than a 
hundred such guides had been published. 
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3. 2 PRESSURE VESSELS: INSPECTABILI'IY, INSPECTIOO AND INTEXiRITY 

As was discussed in Chapter 2, the ACRS report of November 24, 1965 on 
Pressure.Vessels produced sharp verbal reactions from the nuclear industry 
and the AEC. With the next few cases, Brook~, Millstone Point and 
Indian Point 2, the ACRS established a pattern of dealing with the question 
of •coping with failure" which has remained essentially unchanged in the 
u.s. More specifically, for the more rural sites, the ACRS accepted the 
reactors without measures to deal with vessel failure, while for Newbold 
Island, which was somewhat more populated than Indian Point 2, the ACRS 
asked for protection against pressure vessel failure of lbnited extent. 

To some extent, the advent of the "China Syndrane" matter, with the re
cognition of the direct correlation between core melt (for any reason} 
and a loss of containment integrity, lessened emphasis on pressure vessel 
failure as possibly the most significant source of a large reactor 
accident. Nevertheless, the ACRS remained very interested in improving 
the reliability of pressure vessels. 

Since neither the nuclear industry nor the ASME code committee responded 
with great rapidity to oral urging by the Commdttee for more stringent 
requirements during fabrication, and for a program of inservice inspect
ion, the ACRS decided to initiate a program within the AEX: Regulatory 
Groups. 

A review of the minutes for the latter part of 1966 and early 1967 pro
vides a record of the way in which the ACRS proceeded in this matter. 
For example, a brief excerpt from the Special Meeting, December 2-3, 1966 
records the initiation of the joint ACRS-AEC effort. 

Special Meeting - December 2-3, 1966 

Or. Okrent went on to say that the Committee's present approach 
of asking individual applicants what would be done in excess 
of code requirements no longer seemed fruitful. He suggested 
that the industry as a whole be asked what code changes were , 
considered necessary. In addition, he suggested asking Mr 
Shaw a~d/or the Naval Reactors Division for their opinion • 
on des1rable code changes. He also felt that the Committee 
could take t~e.position that ~he present code requirements _ 
are not suff1~1ent since fabr1cators universally exceed them. 
A set of requ1rements accept~ble to the Committee is necessary. 

Mr: Mangelsdorf asked if there were techniques available 
wh1ch were not being routinely applied. 

Dr. Hanauer suggested that ultrasonic inspection of welds is 
such a technique and is favored by some companies and not 
by others. 
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Mr. Palladino suggested that for the immediate future the 
Committee might have to make some arbitrary decisions. 

Or. Okrent proposed that the Committee suggest to Mr. Price 
and Mr. Shaw that the Committee would like to develop a set of 
acceptable standards for pressure vessel fabrication within 
three or four months. The ORNL study has been going on for 
about a year under the auspices of ORO&T so that backqround 
material should be readily available. 

Dr. Hendrie commented that considerable work has already been 
done for the ACRS in formulating such standards. He suggested 
having Dr. Bush discuss his recommendations with personnel in 
ORO&T and the Regulatory Staff and produce ACRS criteria in 
that way. He felt that if a group is assembled including 
vendors and fabricators; it would not produce requirements 
for anything in excess of Section III of the ASME Code. 

The following motion was passed: 

The Chairman shall .ask Mr. Price and Mr. Shaw whether members 
of their groups can and will work with one or more ACRS 
Members to develop additional requirements for Section III 
pressure vessels; these are to be considered by the ACRS 
within two or three months. 

There was also considerable discussion on inspectability of pressure 
vessels, and the lack of access for inspection in BWR's at the Special 
Meeting in December, ·1966. 'Ibe ACRS was agreed that such access needed 
to be provided in future reactors. 'Ibe question was, •aow soon could and 
should new requirements in this regard be imposed. • 'lbe Browns Ferry 
BWR' s were coming up for review for a construction permit shortly, and 
their major preliminary design features were fairly well established. 
The Commdttee finally adopted the following motion: 

The.ACRS considers acce~s for inspection by visual or ultra
son1c means or other su1table methods, to the inside or outside 
of 100% of the vessel to be highly desirable. 

The Committee realizes that gradual achievement of this aim 
1s necessary, but hopes to see it fully achieved by January 
1' 1968. 

'lbese matters were discussed further at the ~ular ACRS meeting on·
December 8-10, 1966 (the 80th). For BWR's~ there was also some concern 
about access to the oottom interior of the reactor vessel for inspec
tion (a thing that was very difficult in existing designs). 'Ibe follow
ing ACRS position was adopted at th~ 80th meeting. 
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With regard to the inspectability of reactor pressure vessels 
for pressurized and boiling water reactors, the following is 
the position of the ACRS. 

l~ The interior of the vessel, including the bottom head, 
should be accessible for general visual observation on a 
scheduled periodic basis. Such observation has as its 
objective detection of mechanical damage or structural 
failure of reactor internals. 

2. Practical means of access should be provided to essentially 
100% of a reactor pressure vessel surface, either from the 
inside or outside or a combination thereof; the purpose 
of this access is to permit thorough inspection of the 
vessel at appropriate intervals by visual means and ultra
sonic or other suitable methods. 

3. The ACRS realizes that it may take time to achieve these 
aims, but expects to see them fully achieved in plants 
for which construction permit applications are filed more 
than one year after announcement of this position. 

4. The foregoing should be announced formally to the nuclear 
indust~y within the next several months. The target date 
for the announcement should be selected at the February, 1967 
ACRS Meeting. 

In the interim, the ACRS Chairman is to discuss this oosition 
with Mr. Price, and to explore with him possible means for 
informally advising the industry in advance of the date to be 
selected. 

The minutes of the Slst meeting, January 12-14, 1967 and the 82nd 

meeting, February 8-11, 1967, record discussion and/or progress on 

pressure vessel research, or additional requirements and on inspectability. 

I. Executive Session 

A. Proposed PVRC Research Program 
.. , 

Dr. Bush noted that some months ago the PVRC had proposed to 
the AEC that a long-range experimental program be carried out 
to investigate heavy-walled steel sections used in pressure 
vessels. ORD&T has decided to take responsibility for eight 
of the subjects to be investigated, PVRC for the remaining 
three or four. Expenditures will total 8 million dollars 
over the next five years. The Committee had expressed its 
interest and Mr. Shaw has asked for ACRS comments on the 
proposal. 
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ORNL has been selected to administer the AEC part of the program 
and ACRS comments should be provided by next week at the 
latest, since a meeting has been planned to consider comments 
on the proposal. 

The comments submitted by Dr. Bush and Dr. Okrent were discussed. 
1t was decided that these should be provided as individual 
comments, with the information that the Committee has discussed 
them. 

B. Special Working Group on Pressure Vessel Requirements 

Dr. Okrent recalled that, at its December meeting, the Committee 
voted to ask Mr. Kavanagh and Mr. Price if they would be will
ing to work with the ACRS in forming a group to decide what 
should be required in pressure vessel fabrication, over and 
above Section 8 of the ASME Code. 

Dr. Bush reported that the Working Group's first meeting had 
been held starting on January 10, 1967. The Group is comprised 
of Dr. Bush, Mr. Booth and Mr. Case. They have been provided 
with the services of several technical experts in DRD&T and 
DRL for consultation. 

Four sub groups were established in the areas of design, 
materials, fabrication, and quality assurance, including 
inspecti0n. The subgroups were to have prepared drafts in code 
language by March. In addition, longer-range goals were estab
lished for valve, pump, piping and pressurizer codes. 

The group also heard a talk by Compliance personnel on the 
differences between field and shop fabrication and between 
various shop practices. There seemed to be areas which could 
be highlighted in field fabrication. Or. Bush thought that a 
draft might be developed for use in connection with the 
Monticello review. 

II. Meeting with Commissioner Ramey and the Director 
of ReQulation 

B. Inspectability of Reactor Pressure Vessels 

Mr. Price thought that the idea of the Committee as embodie~ in 
the Committee's draft standard·on~nspectability was a good one 
but also that .the best way o~ promulgating it needed considera
tion. He thought this might be partly included in the work of 
the special group which has been formed to consider pressure 
vessel requirements in addition to those imposed by the ASME 
Code. 

He also thought that issuing a guide or a requirement which 
will not be made effective for some time would raise questions 
among the uninitiated. 
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Mr. Case said that the Department also had specific comments 
which it would like to make in the event a letter was written 
by the ACRS. 

Mr. Palladino po.inted out that there is a problem in too much 
delay. BWR's will have difficulty in meeting this requirement 
as presently designed, but they are not working toward increased 
inspectability and future plants will have the same lack in 
this regard unless the position is made known. 

Mr. Price suggested that one way might be to include this item 
in the general design criteria and put them out for industry 
comment. 

Mr. Palladino closed by saying that the Committee would have to 
consider the suggestions and arrive at a position. 

D. 

The Committee discussed the Regulatory Staff proposal on pro
mulgation of the proposed criterion. The Committee agreed to 
change the reference to access for 11 periodic 11 inspection to 
inspection at 11appropriate intervals 11 in order to avoid the 
implication that annual inspections were being contemplated. 
The Comittee also agreed to include an additional paragraph 
stating the Commission's intention to effect the rule as soon as 
possible. 

The Committee then unanimously voted to adopt the Staff proposal 
with such other minor changes as the Chairman might care to make: 

Mr. Palladino thought that no acceotable definition could be 
arrived at immediately and suggested that the original draft 
with Mr. Price's revision, be sent. The Commission would ha;e 
to be consulted, because of the reference to them. 

The Committee adopted this suggestion. 

Mr. Plaine was asked to conti~ue .to attempt a draft of a defini
tion of undue risk, for the use·of the Committee. 
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D. Promulgation of ACRS Pressure Vessel 
Inspectability Criterion 

Mr. Palladino opened the discussion by noting that Mr. Price 
had suggested, during his discussion with the Committee, that 
the criterion be promulgated through the AEC's normal rule
making process. 

Dr. Hanauer thought that he had not been particularly concerned 
about the time involved, however. 

Dr. Okrent asked if Mr. Plaine shared Mr. Price's concern over 
issuance o·f a criterion which was not to be applied until after 
a stated interval. 

Mr. Plaine did not. He pointed out that the whole system 
established for promulgating regulations is just such a system. 

Dr. Zabel felt that Mr. Price was opposed to the issuance of 
formal requirements to the industry outside of the machinery 
of the Department of Regulation. 

Dr. Hanauer observed that ACRS letters are final as they 
are issued, but that the regulations issued by the Department 
of Regulation are commented on by industrial groups and the 
ACRS before they become final. He felt that the criterion 
should be made known, but thought the Committee should recog
nize the usefulness of the lengthier procedure. 

Mr. Mangelsdorf thought there were two reasons for issuing a 
regulation for comment, (1} the process might be educational 
and (2) industry resistance would be reduced thereby. 

The Committee voted to have the Chairman find out, from Mr. 
Price, what specific comments he had on the draft criterion 
and to get from him a specific proposal for an appropriate 
method of promulgation, including timing. 

Dr. Bush agreed that access provision would be included in the 
dra~t.standards.of the three~man Working Group considering 
add1t1onal requ1rements to those imposed by the ASME Code 
(See I. b). 
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Both initiatives, on more stringent fabrication requirements and on pro
vision for inspectability moved surprisingly rapidly through the regula
tory system;* and the code C01111li ttee responded quickly, and began to 
develop similar though not identical requirements in the nuclear pressure 
vessel code. (Later, a new portion of the pressure vessel code, Section 
XI on Inservice Inspection, was developed.** 

Another relatively prompt response to the November 24, 1965 ACRS report 
on pressure vessels lay in the initiation of new research and development 
programs. The AEC initiated a major safety research program on heavy 
section steels, 'Nhich was to continue for more than a decade. And the 
Pressure Vessel Research Council took various initiatives to improve 
knowledge and eventually codes and standards relating to pressure vessel 
behavior. 

One of the ACRS consultants, Dr. Paul Paris, had expressed reservations 
about the state of knowledge concerning the ductility after extensive 
irradiation of thick-walled pressure vessel sections, in the absence of 
good experimental informaiton. Considerable theoretical and experimental 
effort was devoted to this subject, and, while Paris' worst fears were 
not confirmed, a considerable effect of wall thickness on the fracture 
toughness (or nil-ductil-ity transition temperature) was found, leading 
to a significant change in the requirements concerning an acceptable 
relationship between pressure and metal temperature. The minutes of the 
l03rd meeting, October 3-5, 1968 record this discussion. 

Generally speaking, most of the results arising from the Heavy Section 
Steel Test Program indicated that at operating temperatures, pressure 
vessel steels were very tough, and not inclined to undergo rapid 
fracture. 

Within the U.S., there was only one modest effort reported to the ACRS 
on efforts to cope with the possibility of gross pressure vessel failure. 
The Consolidated Edison Company informally submitted a report on a double 
steel walled pressure vessel design prepared by Combustion Engineering. 
Consolidated Edison had previously indicated it thought it would need to 
be able to cope with pressure vessel failure in order to obtain approval 
for constructing a reactor at a site much more populated than Indian 

·Point 2. The concept was reviewed only briefly by the Regulatory Staff. 
The proposal was not part of a formal application. And the Staff did 

* In August, 1967 the AEC issued tentative regulatory supplementary 
criteria of ASME nuclear pressure vessels for comment by code groups and 
the nuclear industry. In early 1968, the AEC formally requested public 
comment on such supplementary criteria. This prompt action not only 
improved pressure vessel integrity, it established the principle that the 
AEC could and would impose requirements over and above the code, if 
deemed necessary. 

** The AEX:-ACRS Primary System Review Group had developed draft require
ments on pre-operational and in-service inspection by October, 1967. 
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not choose to try to examine the potential merits of the preliminary 
design in great detail to see if it offered significant promise of 
enhanced safety. Nothing ever came of this proposal. 

Outside the U.S., at least two approaches to protection against pressure 
vessel failure have been considered. In Sweden, a fairly detailed con
ceptual design study was performed on an undergound reactor design in
tended for a possible urban site {the so-called Vartan reactor). However, 
this proposal was not pursued. 

In Germany, a proposal was made to build a large PWR in the center of a 
heavily populated industrial complex, the so-called BASF reactor. After 
considerable review, the German safety groups accepted in principle the 
possibility of constructing a reactor at the site, but with very consider
able additional safety features, going far beyond any proposed for Newbold 
Island, for example. The intent was to reduce the probability of a 
serious accident by at least. a factor of ten, to balance against the in
creased numbers of people at risk and the fact that the larger population 
densities made evacuation much less feasible. One of the proposed re
quirements was a pre-stressed concrete, burst-proof container for the 
reactor pressure vessel. Considerable research and development effort 
was devoted to this new engineered safety feature. About the time final 
evaluation of the acceptability of this and other new features was to be 
made, the application for construction of the BASF facility was with
drawn. 

In early 1971, the ACRS initiated a detailed re-evaluation of the reactor 
pressure vessel matter. It was initially proposed by some Committee 
members that the study consider both the status of pressure vessel re
liability and the matter of possible measures to cope with vessel failure. 
However, it was decided to restrict the study to an evaluation of pressure 
vessel reliability. A fairly large Subcommittee was established with 
H. Etherington as its- Chairman, and the subcommittee obtained the services 
of several consultants who were expert in specific facets of vessel integ
rity. The Subcommittee labored hard and long. After very many meetings 
the Subcommittee completed a rather long report in late 1973, which the 
full ACRS adopted as a Committee report and forwarded to AEC Chairman 
Dixy Lee Ray in a letter dated January 14, 1974. The principal conclu
sions of the report, which the AEC published soon thereafter as ~H-1285. 
"Report on Integrity of Reactor Vessels for Light Water Reactors" were 
the following: 
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WASH-1285, "Report on Integrity of Reactor Vessels for Ught Water Reactors" 

were the following: 

6. CONCLUSIONS ~~0 RECOM~NDATIONS 

The report reviews current reactor vessel construction practices, 
possible mode of failure, and operating practices oertinent to 
vessel integrity. It also reviews failure statistics of non
nuclear pressure vessels and gives an assessment of the disruptive 
failure probability of reactor vessels. Important conclusions 
and recommendations are recapitulated in this section. 

6.1 Some Limitations in Scope of Report 

Two important limitations have been placed by the Committee on 
the scope of the report: 

6. 1.1 Accident Conditions. The disruptive failure probability 
determined for reactor vessels is for vessels designed, constructed 
and ooerated in accordance with Code Sections III and XI. For 
reasons stated in Sec. 4.1, the probability does not include any 
contribution attributable to failures which conceivably could 
result from overstressing of the vessel by system accidents not 
contemplated in design. 

6.1.2 Radiation Damage. The effect of irradiation is a matter 
requiring continuing attention. The Committee believes that, 
during the next few years, no large reactor vessel constructed 

· to Section III of the Code will have been sufficiently 
irradiated for this matter to become a problem. The effects of 
;~radiation will require careful review when larger fluences have 
been accrued and more data have become available. The material 
surveillance programs and research programs now being carried 
out should provide such data (Sec. 1.3, Sec. 3.3, Sec. 3.4, 
Sec. 5.8.4). 

6.2 Current Practice 

The technology of reactor vessels has been advanced greatly in 
recent years by marked improvement in steel quality, design 
methods, inspection techniques, and quality assurance programs. 
Some of these improvements are summarized here as background 
for recommendations recapitulated in Sec. 6.4. 

6.2. 1 Materials. The properties of steels used for the reactor 
vessel pressure boundary, SA-533 and SA-508, have been intensively 
studied for thick sections in the HSST programs. These steels 
provide a good balance of strength and toughness properties, 
with good metallurgical stability against changes occurring 
in service, including resistance to irradiation embrittlement 
(Sec. 2.1). 
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6.2.2 Design. Design rules under Section III of the Code differ 
substantially from those applied to conventional pressure vessels. 
The design requirements for nuclear vessels include extensive 
analytical stress calculations as well as fatigue analyses for 
combined mechanical and thermal stresses. Assurance of safe 
design of nuclear vessels does not rely primarily upon empirical 
design conservatisms, simple code rules, and established 
design details as does that of non-nuclear code vessels (sec. 2.2). 
On the other hand, higher design stress levels are permitted, 
thereby allowing thinner sections for the same application. 

Fatigue analyses and inservice examinations give reasonable 
assurance that a fatigue induced crack developing during the 
service lifetime will not grow to a size sufficient to propa
gate rapidly, and that it will be detected and monitored if 
growth occurs (Sec. 2.2.1). 

Section III rules impose design control measures on both the 
Owner and Manufacturer of the reactor vessel by requiring a 
Vessel Design Specification prepared by the Owner or his agent, 
a Stress Report prepared by the Manufacturer, and certification 
of these documents (Sec. 2.2.3). 

6.2.3 Fabrtcation. Section III of the Code provides fabri
cation rules that are directed primarily toward controls, non
destructive examinations, and inspections performed during each 
stage of each of the major fabrication processes (forming, 
welding, heat treating, etc.) (Sec. 2.3). 

The nondestructive examination requirements of Section I and 
Section III are compared in Table 2-1. 

6.2.4 Preservice and Inservice Inspection. Section XI of the 
Code requires an enhanced program of preservice inspection, 
over and above the inspection programs required for fossil-fueled 
steam boilers, including ultrasonic mapping of all areas subject 
to periodic volumetric examination over the service lifetime, 
i.e., essentially 100 percent of the pressure-retaining 
welds. The preservice examinations also serve as a final con
firmation of the structural quality of the vessel before it is 
placed in service {Sec. 4.3.1). 

Section XI specifies periodic inservice examination requirements, 
including volumetric inspection of representative portions of 
pressure retaining welds. These examinations, in conjunction 
with the preservice mapping are intended to monitor extension 
during service of flaws in areas examined (Sec. 4.3.4). 

6.3 Probability of Disruptive Failure 

A disruptive vessel failure is defined for purposes of this report 
as a breaching of the vessel by failure of the shell, head, 
nozzles, or bolting, accompanied by rapid release of a large 
volume of the contained pressurized fluid (Sec. 5.1). 

749 
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As assessment of the disruptive failure probability of nuclear 
reactor vessels has been made, based on: 

(1) Consideration of the available failure data for non-nuclear 
types of vessels, such as boiler drums and unfired pressure 
vessels, and determination of the disruptive failure probability 
for such vessels; and, 

(2) Comparison of the design, fabrication, materials, operating 
conditions, and inspection practices used for non-nuclear 
vessels with those used for reactor vessels, and estimation of 
the effect of the differences on the relative probability of 
disruptive failure of the two classes of vessels. 

6.3. 1 Probabilit of Disru tive Failure of Non-Nuclear Vessels. 
The Committee has rev1ewed availab e statistics of bo1ler drums 
and other non-nuclear pressure vessels and concludes that 
99 percent confidence upper bound for the probability of dis
ruptive failure (pertinent to reactor vessels) of such vessels 
is less than lxlo-5 per vessel-year (Sec. 5.7). 

6.3.2 Probabilit~ of Disruptive Failure of a Reactor Vessel. 
The Committee bel1eves that the disruptive failure probability 
of reactor vessels designed, constructed, and operated in 
accordance with Code Sections III and XI is at least one order 
of magnitude lower than that of the non-nuclear vessels evaluated. 
Accordingly, the Committee concludes that there is reasonable 
assurance that the disruptive failure probability of such 
reactor vessels is less than lxlo-6 per vessel-year (Sec. 5.9). 

6.3.3 Probability of Disruptive Failure Beyond the Capability 
of the Engineered Safety Features. As defined, disruptive 
failures of reactor vessels include failures of various magni
tudes and descriptions, not all of which would exceed the 
capability of the engineered safety features. Accordingly, 
the probability of reactor vessel disruptive failure beyond 
the capability of Engineered Safety Features is lower than the 
probability for disruptive failures of all kinds addressed in 
Sec. 6.3.2 (Sec. 5.10). 

6.4 Recommended Supplementary Requirements for Reactor 
Vessels 

Current practice gives a high degree of assurance against nuclear 
vessel failure. However, the Committee believes that reactor 
vessels, because of their greater importance to safety, should 
be considered in a class above other Class 1 vessels. The 
following recommendations are made. 

6.4.1 Materials. 

1. Explicit requirements for limits on residual elements, such 
as copper and phosphorous, which are believed to increase 
irradiation embrittlement, should be set forth for 
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materials subject to neutron fluences exceeding 1ol8 nvt 
(Sec. 2.1.3, Sec. 2.7, Item 3). 

2. Maximum strength levels should be included in specifications 
of all materials, including SA-508 (Sec. 2.1.3). 

3. New and high strength materials permitted by the Code 
such as SA-542 and SA-543 should not be used until their 
predicted behavior in nuclear service is well understood 
and documented and the ability to control their properties 
has been fully established by extensive test programs 
(sec. 2.1.4). 

4. The Co~nittee recommends that an investigation be made in 
theUS into sensitivity of SA-533 and SA-508 welds to 
hydrogen damage as a result of deviation from optimum 
conditions {Sec. 3.1.2). 

6. 4. 2 Design. 

1. 

2. 

3. 

4. 

5. 

More definitive material toughness requirements for emergency 
and faulted conditions should be stated in the Code rules, 
taking account of the variable relationship between vessel 
temperature, level of stress, and fracture toughness 
{Sec. 2.7, Item 1). 

First-of-a-kind vessel designs should be subject to con
firmatory design review by the owner or his agent {Sec. 
2. 7, Item 5). 

Present Code requirements for the Vessel Design Specifi
cation, Vessel Stress Report, and Certification of Stress 
Report for Compatibility with Design Specification should 
be interpreted as involving at least two independent 
organizations in the preparation or review of documents 
(Sec. 2.7, Item 4}. 

For
8
a vessel that may be exposed to a neutron fluence of 

101 or more (> l t1ev}, the owner should assure himself 
that the system design permits a practical procedure for 
annealing the vessel in service in case this should 
become necessary (Sec. 3.4). 

The Committee recommends that the biological shield 
(reactor cavity walls in PWR's) and other structures be 
desiqned to withstand the effects of a failure of the 
thin:walled part of the nozzle adjacent to the safe-end 
(Sec. 3.6.4). 

6.4.3 Nondestructive Examination. The potential exists for 
further improvement in vessel defect characterization by the 
application of newly developed techniques, such as acoustic 
emission, acoustic holography, and acoustic spectroscopy. 
These techniques should provide a basic tool for determining, 
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more precisely, flaw locations and growth characteristics in 
reactor vessels and may make an important additional contribution 
to vessel reliability. Attention has recently turned to supple
menting current practice by acoustic emission techniques capable 
of showing the location of flaws by acoustic response during 
structural loading. These methods, ~hen developed to the stage 
where they can quantify defect location and significance, 
should be applied to the manufacturing and preoperational test
ing phases, and possibly to the operating phase (Sec. 2.7, 
Item 6 and Sec. 4.3.4). 

6.4.4 Inservice Inspection and Surveillance. Periodic visual 
inspection and timely repair of cracks has contributed much to 
the good safety record of fossil-fueled boilers. Although most 
of the cracks in boiler drums have resulted from thermal cycl-
ing and peak stresses that would not be permitted by Section 
III, it is important that good inservice inspectability be main
tained for reactor vessels. Section XI of the Code requires visual 
examination of some critical areas, and 100 percent volumetric 
examination of other representative areas. Sensitive leak 
detection systems are also installed to monitor leakage from the 
primar-y pressure boundary, including the vessel. 

The Committee offers the followina additional observations and 
recommendations with respect to inservice inspection and surveil
lance. 

1. The Committee believes that reactor designers should give 
greater attention to providing accessibility for inservice 
inspection. This applies to volumetric inspection and to 
visual inspection by optical means (of both interior and 
exterior surfaces), esoecially at regions of severe 
constraint (Sec. 5.8.4). 

2. The Committee believes that experience and further develop
ment will show that inservice ultrasonic examination of 
welds is not a very time consuming or difficult operation. 
If this is demonstrated, consideration should be given to 
requiring more extensive vessel inservice ultrasonic 
examination than presently required by Section XI (Sec. 
4.3.3). 

3. The Committee believes that, although the 11 leak-before
break11 criterion cannot be relied on, a potential failure 
might be averted by advance warning of leakage through a 
crack of subcritical size. More sensitive systems for 
detection and location of possible reactor vessel leaks 
should, therefore, be provided {Sec. 3.3.4). 

4. Periodic overpressure testing is not required for reactor 
vessels; however, the Committee believes elimination of 
periodic tests should not be regarded as a firMly estab
lished practice and that further consideration should be 
given to this matter (Sec. 4.3.6). 
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5. The Committee recommends that periodic bolting examination 
required by Section XI be interpreted as requiring surface 
examination of both threaded ends of main closure studbolts 
{Sec. 3.6.5). 

6.4.5 Operation •• The Committee recommends that Technical 
Specifications specify heatup and cooldown pressure-temperature 
limits that can be shown to be as conservative as practical 
with respect to 10 CFR Part 50, Appendix G (Sec. 3.3.3). 

6.4.6 Research and Development. The adequacy of the Research 
and Development (R&D} pertaining to reactor pressure vessels 
has not been examined fully by the Committee as part of this 
review. The information provided from the HSST, EEI-TVS, and 
other programs has been valuable in assessing vessel reliability; 
however, the data have not yet been analyzed completely. The 
status of the R&D effort requires further study to determine 
what work should be extended, modified, or initiated to support 
the reliability requirements of nuclear reactor vessels. The 
necessary work may include further investigation of vessel 
failure modes, material properties, and inservice acoustic 
emission techniques. Sufficient work should be carried on to 
assure the continuing availability of expert current knowledge 
of reactor vessel technology to the AEC. 

6.4.7 General. 

l. In order to increase the assurance that QA programs are 
adequate, and thereby to minimize the probability that 
defects will remain undetected, the Committee recommends 
that the individual respqnsibilities of the principal 
organizations that establish QA procedures and controls 
be subject to audit by the owner and by the AEC (Sec. 
2.7, Item 7). 

2. Where owner•s or manufacturer•s quality requirements 
ordinarily exceed minimum Code requirements, consideration 
should be given to upgrading the Code to conform to practice 
(Sec. 2.7,.Item 2). 

3. The Committee believes further study of possible design 
changes to protect against vessel failure should be per
formed (Sec. 4.4.4). 

6.5 Reactor Vessels Not Covered by Report 

This report applied primarily to vessels construted of SA-533 
and SA-508 steels, designed and constructed to Section III of 
the Code, and operated in accordance with Section XI. The 
report further stipulates that future consideration should be 
given to the effect of increasing irradiation. 

The Committee recognizes that some older vessels are constructed 
of other steels, that they were designed to Sections I and/or 
VIII of the Code, and that only limited conformance to Section XI 
is practical. 

V53 
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Moreover, the belt zones of some of these vessels have been 
significantly irradiated. The provisions of Appendix G to 10 
CFR SO should give reasonable assurance against failure, but 
it may become increasingly difficult to apply the conservatism 
recommended by the Committee (Sec. 3.3.2) in applying Appendix G. 

The Committee recognizes that these older vessels are under 
continuing surveillance by AEC, but recommends that a documented 
review be made of their present status and of the Commission's 
rules governing their operation. 

754 ..... 
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Not too long after issuance of ~H-1285, the Regulatory Staff issued its 
own report on pressure vessel integiry, (USAEC, 1974) in which it basically 
agreed with the ACRS conclusions. And in ~-1400L7the median failure 
probability of pressure vessels was taken to be 10 per reactor year with 
resulting conclusion being drawn that pressure vessel failure was not a 
principal contributor to risk from LWR's. · 

However, there have remained a number of events and situations which have 
kept the matter of pressure vessel integrity from disappearing from sight. 
The ACRS report did not conclude what the effects of transients might be 
on pressure vessel integrity. The matter of Anticipated Transients with
out Scram (ATWS) remained to be resolved and ATWS provided a possible 
mechansim for vessel failure. In 1973, when ~H-1285 was completed, 
there had been a few incidents of reactor overpressurization while the 
primary system was cold. By 1977, this had grown to be a large number of 
incidents (approx. 20}, and the Regulatory Staff took generic action with 
all PWR operators, requesting that short-term measures be taken to correct 
the breakdown in administrative controls (and other human errors) which 
was leading to overpressure events, and that longer term measures be con
sidered to reduce the reliance on administrative controls. 

w. Vesely, et al., ·of the NRC safety .Research Staff presented a paper in 
1978 (Vesely, 1978) in which they estimated the probability that such 
overpressurization might lead to vessel failure. In a new vessel which 
had the originally specified fracture toughness they calculated the 
probability to be small. But, near the end of life, when some PWR's 
have received a substantial integrated neutron dose to the reactor vessel 
belt, they estimated a substantial Esobability of vessel failure due to 
cold overpressurization, roughly 10 per reactor year. 

A concern raised in the ACRS report related to older vessels, for which 
no provision for in-service inspection had been made and for which many 
parts of the vessel might be inaccessible. Also, there was poorer knowl
ege of the original status of the vessel quality. 

The Regulatory Staff reviewed this matter and in 1976 issued a report, 
NUREG-Q081 (NRC 1976) which basically stated the existing situation was 
acceptable (with the exception possibly of one reactor). This conclu
sion was largely a matter of judgment, since a quantitative estimate of 
the vessel reliability is difficult to obtain. 

Among the other matters which have kept the matter of pressure vessels 
in sight was the controversy in the United Kingdom. Professor Alan 
Cottrell questioned that pressure vessels for DWR's could be made with 
acceptable integrity. After some considerable argument and study, a 
report was issued on October 1, 1976 by a Committee headed by Dr. D. W. 
Marshall (Marshall, 1976), which generally endorsed the integrity of UWR 
pressure vessels, although it made several recommendations for improved 
quality assurance. 

Other questions which hae arisen include the finding of multiple small 
cracks in nozzle weld regions by one of the German research groups, and 
the potential for multiple concurrent failure in the large number of 
small instrument lines entering the bottom of a PWR. 
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reactor m1ght be located. Another item which received much scrutiny 
and comment was the definition of a •capable fault,• meaning a fault 
having surface expression and which was deemed capable of exhibiting 
permanent relative displacement on the two sides of the fault as the 
result of an earthquake. 

A very large number of meetings \illere held between the ACRS and the Regula
tory Staff, and many revised drafts wre prepared. In the latter half of 
the 1960's, the Regulatory Staff seemed to have the requirement that it 
obtain comment and preferably concurrence from the AEC Division of Reactor 
Development and Technology on such criteria, although the latter repre
sented the AEC •promotional side. •• And, during the period when the Bolsa 
Island project was active, the seismic criteria were held in a state of 
abeyance by Mr. Price while their potential impact on Bolsa Island (a 
project important to the AEC) was assessed. 

*See following excerpt from the 98th meeting, June 5-8, 1968, and the 
105th meeting, January 1969. 

~8th Meeting, June 5-8, 1968 - Seismic Design Criteria 

Dr. Okrent inquired into the status of the seismic design 
criteria. Mr. Price reported that a draft of the proposed 
criteria had been sent to DRD&T. A copy of the draft had been 
reviewed with Dr. Lieberman, and then it had been sent to 
Mr. Shaw about six weeks ago. Mr. Price said that he did not 
want any more unmanageable comments. He stated that a couple of 
days prior to this meeting he received a draft memo and comments, 
however the date established for that meeting was the day prior 
to this meeting, however it did not materialize. Mr. Price 
said that he expected such a meeting to be held within the next 

week or so. He said his present mood was to submit a draft seismic 
design criteria to the Commissioners with or without Mr. Shaw's 
input, however he said he was trying to reach agreement with 
DRD&T so as to approach the Commission without conflict. 

Dr. Okrent noted that even if Mr. Shaw didn't have a conflict of 
interest, that DRD&T should not control the regulation of criteria. 
Dr. Okrent said that he would like a copy of the draft that Mr. 
Shaw is looking at now. He suggested that if there is a serious 
disagreement between the Division of Regulation and ROT that the 
disagreement should be taken to the Commission. He pointed out 
that it was a Committee privilege to recommend criteria. Mr. 
Price said that he would like to know the areas of disagreement 
between Regulation and RD&T, and he would be pleased to provide 
Dr. Okrent with a copy of the present draft. He pointed out 
that there seemed to be some technical difficulties between 
Regulation and DRD&T. and he is not sure how this criteria would 
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3. 3 OYSTER CREEK: QUALITY CONTROL AND BACKFITTIN3 

By letter dated March 26, 1964, the Jersey Central Power and Light Company 
submitted an application for authorization to construct a 1600 MW 8WR at 
the Oyster Creek, New Jersey site. Within five months, the Regulatory 
Staff and the ACRS had completed the construction permit review, and on 
August 25, 1964 the Committee issued a report favorable to construction 
of the reactor, as is reproduced below. 

The Subcommittee minutes for the Constrution Permit review note that the 
Preliminary Safety Analysis Report for Oyster Creek was about "the 
simpiest" the ACRS had been asked to review, and the Committee letter 
notes that many details of the design had not been completed. 

On January 25, 1967, Jersey Central subumitted a final safety analysis 
report in support of its request for an operating license. It also re
quested a priority review of the emergency core cooling system (ECCS), 
this in response to a letter sent to the utility by the Regulatory Staff 
on October 20, 1966 which outlined the problem of "backfitting" for 
improved core cooling capability. The following excerpt from the minutes 
of the 8lst meeting, January 12-14, 1967 provides a little background. 
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ADVISORY COMMITTEE ON REACTOR SAFEGUARDS 

UNITED STATES ATOMIC ENERGY COMMISSION 

WASHINGTON, D.C. 20S.5 

August 28, l$}64 

Honorable Glenn T. Seaborg 
Cha.iri:lan 
u. s. Atomic Energy Commission 
Washington, D. c. 

Subject: REPORT ON OYSTER CREEK NUCIEAR POWER PLANT 
OF JERSEY CE:iiT'P.AL .1?GlER AND LIGRr COt-fPANY 

Dear Dr. Sea.borg: 

I 

At its fifty-seventh meeting, on August 24-26, 1964, the Ad'~sory 
Com:r.i ttee oil Reactor Safeguards considered tbe proposal of the 
Jersey Central Power and Light Co:apa.ny to construct and operate a 
nuclear power plant on Oyster Creek in New Jersey. This will be a 
160~ }fi(t) boiling-water type reactor with pressure absorption c~ 
ta.~'r'!~:;:.t. 

The Committee had tbe benefit of an oral presentation by representa
tives of tbe applicant Slld consultants Slld contractors, advice by 
the AEC Staff, and the reports cited. A Subcommittee meeting was 
held at the site on May l, 1964, and a further Subcommittee meeting 
was held in Wash1Dgton1 D. c. on August 11 1964. 

Many details of ~ proposed design have not yet been completed. The 
applicant is continui.Iig to study the limitation of max:1mum reactivity 
of 1ndi vidual control rods Slld the design of the reactor protection 
system. The following additioJlSJ. points shouJ.d be pven examination 
and consideration: 

( l) Under same credible accident conditions, the 
dry well and absorption pool may require pro
visions for additional heat removal. 

( 2) In the unlikely event of a melt-dawn accident 1 

a zirconium-water reaction may produce hydro- -
gen. Provision Shou3.d be made to prevent any 
·hydrogen-oxygeli reaction that vouJ.d disi-upt 
the contaiment. 
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Honorable Glenn T. Seaberg - 2 - August 28, 1964 

(3) The adequacy of the reactor protection sys
tem when operating at parc~al recirculation 
flow rates should be esta.blisr~d. 

Estica.tes made by the applicant on halogen retention by absorption 
in water and by plate-out are based on limited data, and the con
sequences of the unlikely accident may be more severe t~~ estimated. 
However, the Committee believes that more cor~ervative assumptions 
would not ~~e the proposal unacceptable. 

With due regard to the above comments, the ACRS believes that the 
proposed reactor can be constructed at the proposed location with · 
reasonable assurance that it can be operated without undue risk to 
the heaJ.th and. sei'ety of the public. 

References: 

Sincerely yours, 

/s/ Herbert Kouts 

Herbert Kouts 
Chairman 

1. Part B, Preli:minary Safeguards S'l.lilii!IS.l--y Report, 
Application to the United. States Atomic Energy 
Commission for Construction Permit and Operating 
License 1 Oyster Creek Nuclear Power Plant Unit 
No. 1, Jersey Central Power and Light Company, 
undated, received April 2, 1964. 

2. Amendment No. 2, Application Reactor Construction 
Permit and Operating License, Oyster Creek Nuclea.r 
Power Plant Unit No. l, Jersey Central PO'W'er and 
Light Compa:cy, dated June 26, 1964, 'With enclosures. 

!*' ...... 
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Slst Meeting, January 12-14, 1967 

Backfitting 

Mr. Price stated that letters had been sent to all companies with 
operating reactors, or reactors under construction, with power 
levels in excess of 50 MW. The letters asked for a review of 
the core cooling question. Because of the response it became 
evident that the Commissioner should first have been informed. 
The reaction was generally one of concern over the costs which 
might be involved. Mr. Price suggested that the present standards 
be articulated so that one has an idea of what backfitting would 
involve. 

Dr. Morris observed that in the case of ECCS, at least an 
industry/advisory group has been established to provide guidance. 
In other areas, the ACRS, DRL and their consultants could 
determine present criteria. The operating plants can then be 
reviewed to see what could be done by way of improvement. 

Commissioner Ramey advised the Committee that during the past 
few months, utilities and equipment manufacturers have held 
discussions with the Commission and have expressed their concern 
over snowballing safeguards requirements leading to increased 
costs. They have also indicated their feeling that increasing 
redundancy leads to the point where overall safety is degraded. 
They feel some balance is necessary. 

The concern of the Commission was with the sense of urgency 
in the letters, which indicated that it was a matter of the 
highest priority that the information be gathered. This 
indicated to some people that major changes were to be instituted 
with some urgency. 

Dr. Hanauer observed that in the case of plants in the early 
stages of construction, there might well be some cause for 
urgency. · 

In Report No. 1 to the ACRS, dated June 16, 1967, the Regulatory 

Staff reviewed the background of the problem, provided several concl~sions 

on required changes in ECCS, and identified several areas needing further 

study. We excerpt from this report below. 

2.0 Background ill! ... :_. 

The Oyster Creek (OC) plant utilizes the non-jet pump type 
reactor vessel design which is significantly different from, 
and predecessor to, the current class of GE-BWR jet pump plants·. 
There are five (5) external recirculation loops (26" dia. 
piping) with "below core" vessel penetrations. Thus, core 
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flooding capability following a major loss-of-coolant accident 
(LOCA} is not inherent in the design as it is with the jet pump 
plants; i.e., on jet pump plants the two recirculation lines 
do not enter the vessel below the core. A low pressure flood
ing system has been proposed for all the current GE-BWR plants 
reviewed at the construction permit stage. Jersey Central has 
not proposed such a system for Oyster Creek. 

At the time OC was reviewed for a construction permit the 
emphasis was placed on the primary containment with the assump
tion that it represented the 11true final boundary." Since 
that time, consideration of the "core melt problem" caused a 
shift in emphasis to include core cooling capability. This 
has created a sizable gap in the equipment provided for the OC
ECCS as compared to present standards. 

The ECCS proposed for the OC plant at the construction permit 
stage consisted of two single core spray loops (with no internal 
active component redundancy) and the feedwater system. Since 
then, 100% redundancy as well as booster pumps for higher 
pressure operation in each core sp·ray loop have been added. 
In addition, a semi-automatic depressurization system (ADS) 
was incorporated to protect the core for small breaks in the 
event off-site power was lost. This system reduces reactor 
pressure to that level to allow the low pressure core spray 
system to operate and cool the core. These changes have been 
made voluntarily by Jersey Central. 

These additions, however, do not update the ECCS capability to 
that now proposed for Dresden 2 class (jet pump} reactor plants. 
This raises the question of 11backfitting." Other areas, includ
ing earthquake criterion, missile and pipe whiplash problems, 
tornado design basis, to mention a few, have been recognized 
as critical design areas and will be considered during our 
evaluation of the entire plant. 

The interactions of the ECCS with the remainder of the plant 
are discussed in section 7.0 of this report. 

We have addressed the problem of ECCS backfitting in our review. 
The positions stated in section 6.0, when implemented, would, 
in our opinion, be a significant advance toward backfitting 
the OC plant. Further study and evaluation are, however, 
required to establish the extent of backfitting necessary for 
OC-ECCS. 

A comparisori of the ECCS equipment proposed for OC witncurrent 
GE-BWR's (at the construction permit stage) is shown in the 
table below. 
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TABLE 2.0 

ECCS COMPARISON OF OYSTER CREEK AND CURRENT GE-BWR PLANTS 

Oyster Current GE-BWR (Jet Pump) 
System Creek CP Application 

Feedwater Yes Yes 

High Pressure Injection 
System No Yes (HPCIS) 

Semi-Automatic 
Depressurization System Yes Yes 

Low Pressure Injection 
System No Yes (LPCIS) 

Core Spray Yes Yes 

Redundant On-site Power No Yes 

3.0 fValuation Approach 

Our review of the functional aspects of the OC-ECCS was directed 
towards the performance capability to maintain the core in a 
geometry which will ensure continuous core cooling following a 
design basis loss-of-coolant accident. Meeting this objective 
requires that the core remain in an intact and definable geo
metry such that the ECCS would reverse any temperature transients 
before exceeding the melting temperature of the fuel cladding, 
and further to limit any metal-water reaction to the order of 
1%. We consider that the ECCS redundancy should be such that 
a single failure of any active component will not decrease the 
ECCS performance below minimum requirements. In addition, 
failure of any ECCS sub-system or component (active or passive) 
should not result in a loss of core cooling and the ECCS minimum 
performance should not be affected by any single failure in the 
on-site electrical systems, AC or DC. 

8.0 Conclusions 

On the basis of our review of_ the proposed OC-ECCS (in terms of 
the functional performance) we have reached the following ~on
elusions: 

8. 1 ECCS Changes Regui red:· · · . 

- provisions necessary for redundant on-site AC and DC 
power sources 



3-ll8 

- multiple core spray system initiation and actuation 
of ECCS 

- addition of a high pressure injection system 

- ECCS capability to be immune from passive element 
failures 

- program all four relief valves to open on initiation 
signal. 

8.2 Areas Requiring Further Study; 

- containment flooding 

- diversification in ECCS initiation signals 

- pressure relief capability for reactor vessel 

- low pressure flooding or alternate cooling system 

The Regulatory Staff pursued the ECCS matter with high priority, 

and in their second report, dated April 18, 1967, were able to make fairly 

specific findings, as shown in the report abstract which is reproduced 

below. 

This is the second report to the Committee concerning our review 
of the Oyster Creek reactor plant. The review and evaluation 
of the emergency core cooling system presented in this report 
supersedes that given in our first report and represents our 
evaluation of all aspects of the system necessary to approve it 
for the operating license. 

The functional aspects were reviewed in terms of the ECCS capa
bility to cope with any design basis coolant loss accident over 
the entire primary system piping break spectrum. The mechanical 
aspects of the core spray system components located inside and 
outside the reactor vessel were investigated to determine the 
effects of seismic and blowdown forces and thermal shock OQ 
mechanical integrity. Our review of the instrumentation, 
control and emergency power systems has resulted in numerous 
changes and modifications that need to be made before plant 
operation. These would increase the protection against the 
effects of single failures. 

# ...... 

On the basis of our review, we make the following findings: 

-Additional emergency core ccoling protection is required for
the small break region to prevent reactor vessel blowdown via 
the auto relief system for very small breaks in the primary 
system. This added protection would provide greater assurance 
of preventing fuel clad heat up and fuel rod perforations in 
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the event of such breaks.· The additional protection required 
need not be implemented before initial plant operation, however, 
we believe that the preliminary design must be provided for our 
evaluation prior to issuance of a provisional operational license. 

- With additional emergency core cooling protection for the 
small break region, the results of our evaluation of the ECCS 
proposed for Oyster Creek provides reasonable assurance that 
the ECCS would prevent a core meltdown in the unlikely event 
of a loss-of-coolant accident. 

- Adequate protection has been provided by the applicant to 
prevent loss of core cooling capability in the unlikely event 
of excessive water leakage from the ECCS ring header complex. 

- There is reasonable assurance that the core spray and sparger 
inside the reactor pressure vessel will withstand design basis 
accident loads. Our review of the ECCS piping system external 
to the reactor vessel is pending receipt of the analysis on 
this portion of the piping system from the applicant. 

- Provisions have been incorporated in the ECCS design that 
provide a basis for a reasonable testing and surveillance program. 
Details of the program will be developed during our review of 
the Technical Specifications. 

- Sufficient redundancy has been provided so that no single 
failure of an active or passive component will decrease the 
ECCS performance below design requirements. 

- The instrumentation, control and emergency power systems are 
acceptable pending resolution of fuse coordination test and 
level sensor error to our satisfaction. 

- The three day on-site diesel fuel storage capacity in con
junction with the available off-site make-up sources is accept
able for the Oyster Creek Plant. 

- An interlock should be provided to prevent blowdown whenever 
there is a complete loss of AC power. 

We are attempting, by means of extraordinary effort to complete our 
safety evaluation of the entire facility by the December 1967 ACRS 
meeting. Achieving this objective is dependent upon the adequacy 
of the additional information provided by the applicant and the 
acceptability of the proposed Technical Specifications. 
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The ACRS supported the Staff position on ECCS, and after considerable 
prodding the reactor vendor proposed additional high pressure emergency 
cooling adequate to meet the Staff requirements. It was impractical to 
provide an ECC system to reflood the core in addition to core sprays, 
as was done for Dresden 2 and the succeeding BWRs, because of the differ
ent reactor design of Oyster Creek in which "bottom" piping breaks could 
empty the reactor vessel. However, redundant on-site D.C. and A.C. power 
sources were possible and were backfitted. 

Many other safety aspects differed in Oyster Creek from what the Regula
tory Staff was requesting of new plants under consideration for construc
tion in 1967. The following is a partia~ list of items which were re
viewed but not "backfitted" to meet the new criteria: 

1) The two isolation valves in each steam line were both outside con-
tainment, instead of one in and one out, creating the possibility of a 
non-isolable steam line rupture outside containment. 

2) Tbrnado protection was much less than the 1967 requirement. 

3) Whipping of large pipes within the drywell under certain postulated 
rupture conditions could damage containment integrity. 

4) Access for periodic inspection of the pressure vessel and primary 
system was limited. 

Thus, while many backfitting questions arose during the review, it was 
found to be impractical to make major hardware changes. And even changes 
in electrical circuitry were required only when a very strong safety 
connotation was involved. 

The experience with backfitting questions during the Oyster Creek review 
was similar, though probably more difficult, to that encountered with the 
other operating license reviews undertaken after the summer of 1966. Be
tween the new emphasis on ECCS and the development of draft General Design 
Criteria, many differences were apparent between as-built plants and the 
new requirements. The problem remained a very thorny one, with decisions 
made on each reactor on a judgmental basis which involved both the safety 
significance and the ease of making modifications. The experience led 
the Regulatory Groups to require more detailed design information at the 
construction permit stage. It also brought large protests from the 
nuclear industry which eventually resulted in the adoption in 1970 of the 
so-called "Backfitting Rule" which required that, in order to require a 
backfit, the Regulatory Staff had to make a finding that "such action 
will provide substantial, additional protection which is required for 
the public health and safety or the common defense and security." The 
"Backfitting Rule" unquestionably exercised an inhibiting effect on the 
Regulatory Staff in this regard, and perhaps led to a tendency for 
several years for the Staff not to "look" for backfit questions on older 
plants. 

The first ACRS Subcommittee meeting during its operating license review 
for Oyster Creek was held on July 28, 1967, and included a tour of the 
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facility, as usual. During that meeting various site-related safety issues, 
as well as matters pertaining to a::cs, were discussed. But the most signifi
cant thing to arise from the Subcommittee vist, however, was a consider-
able concern about the quality of the field construction and fabrication. 

The minutes of the 9lst meeting, November 2-3, 1967, record the ACRS con
cern with the quality control of welding, with the sloppiness of the con
struction site, and with the lack of an adequate quality assurance program, 
in general. In fact, between the July Subcommittee visit and the November 
meeting, a specific major quality control problem had turned up. During a 
hydrostatic test of the reactor pressure vessel (prior to reactor operation) 
on september 29, 1967, a small leak was noted near one of the control rod 
drive housings. Examination revealed that the vast majority of all the · 
control rod housings, over one hundred, had suffered cracks in certain 
welds, and that there was a generic deficiency in the combination of de-
sign and welding. A major program was required to define an acceptable 
repair procedure and to reweld all the deficient joints. 

This very major set of flaws turned out to be only a part of a long story. 
The Regulatory Staff, on being made aware of the ACRS concern with the 
overall quality assurance picture, decided to focus special inspection 
attention on Oyster Creek. The problem of inadequate quality assurance 
turned out to be so severe that startup of the reactor was delayed for at 
least a year beyond the date which the utility had been insisting was 
vital. 

In a report to the ACRS dated November 29, 1968, (a year later}, the 
Regulatory Staff documented a large number of deficiencies in the quality 
assurance program, ·some of which still remained to be resvlved. The same 
report lists many deficiencies in the installation of circuits for in
strumentation and power, involving violation of the criterion requiring 
separation of redundant circuits, most of which could be remedied in a 
practical fashion, fortunately. 

Further deficiencies in quality assurance turned up in 1969, when some 
cracked valves were investigated, and it was found that at one point the 
quality assurance program had lapsed sufficiently to pennit the purchase 
and lnstallation of second-hand valves of unknown condition. 

The findings on Oyster Creek provided a very great Unpetus for the 
generation of a structured quality assurance program and for a greater 
amount of inspection audit by the Staff. High priority was given both 
to the development and adoption of an AEC Rule on Quality Assurance, and 
to pressing the industry, particularly the utilities, to see to it that 
improved quality assurance programs were instituted. The Commissioners 
decided that the Regulatory Staff (and not the ACRS) would have the 
responsibility for determining that adequate quality assurance was 
actually employed on each reactor. 

The question of quality assurance has remained troublesome. The Browns 
Ferry Fire (Hanauer, S. H., 1976) and the fabrication problems arising 
at North Anna (USNRC) are two examples from a rather long list. 
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The Browns Ferry fire illustrates a failure of the utility to institute 
adequate quality assurance practices, the Staff or the industry to develop 
adequate fire protection codes or regulations, and the Regulatory Staff to 
act in timely fashion on an identified problem. It is a perfect example 
of the thorny decision-making process which enters where backfitting is 
involved. 

A small sidelight on the history of the evolution of quality assurance 
dates back to 1963. The minutes of the 46th meeting, January 31, February 
1, 2, 1963 record a meeting between the ACRS and the Commission as follows: 

Chairman Seaberg, Commissioners Palfrey, Ramey, Haworth and 
Wilson joined the Committee with members of the AEC Staff. 

Dr. Hall (ACRS Chairman) presented a draft of a letter to 
the Commission recommending improvement in the quality and 
reliability of materials, equipment and fabricated facilities 
toward better engineering safeguards for reactors; Mr. Price, 
who had not seen the draft, preferred not to comment. Dr. 
Hall pointed to the review of reactors at the site approval, 
construction permit, and operating stage, and he noted that 
surveillance to insure continued vigilance toward satisfactory 
condition of the plant and safety is difficult. Although some 
of the Commissioners beJieved such a formal letter might be 
useful, it was concluded, following Dr. Wilson's comments, 
that bringing the matter to the attention of the Commission 
orally was sufficient; he feared the letter might be misunder
stood by the public and reflect unfavorably on the reactor 
program. 

Six years after Oyster Creek, quality assurance became a major aspect of 
the AEC's effort to improve both the reliability and safety of reactors. 
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3.4 PRAIRIE ISLAND AND THE STEAMLINE BREAK ACCIDENT 

The ACRS had completed its review of the construction permit for Prairie 
Island Units 1 and 2 (1650 ~ RiRs) at its 95th meetirg, March 7-9, 1968. 
That review was known most for the so-called "Prairie Island position" on 
separation of control and protection instrumentation, which is discussed 
in Chapter 4 in the section entitled "Separation of Protection and Control." 

The construction permit review of the Kewaunee reactors, which were very 
similar to those at Prairie Island, was completed by the ACRS at its 97th 
meeting, May 9-11, 1968. 

The Regulatory Staff report to the ACRS of February 27, 1968, on Prairie 
Island included the usual analysis of the off-site consequences of a 
postulated steamline break accident, and with a transmittal memorandum 
dated September 28, 1972, the Regulatory Staff forwarded to the ACRS 
its Safety Evaluation Report concerning the proposed operation of the 
Prairie Island plant. 

The Staff report pointed out no major problems or controversies between 
it and the applicant, and it appeared it would be a relatively routine 
ACRS review. '!be Staff report stated that Prairie Island was designed 
and constructed to meet the AEC's General Design Criteria, as proposed 
in July, 1967. The applicant had not been asked to reanalyze the plant 
against the General Design Criteria adopted in 1971; however, the Staff 
said "our technical review did assess the plant against the General 
Design Criteria now in effect and we are satisfied that the plant design 
generally conforms to the intent of these criteria." 

The Staff report includes short sections on the steam and feedwater lines 
and an analyses of the off-site consequences of a main steamline break. 

The .ACRS Subcormnittee on Prairie Island met on OCtober 24, 1972, and the 
case was scheduled for full Committee review at a special .ACRS meeting 
held October 26-28, 1972. 

On October 25, 1972, the ACRS office provided to ACRS members the follow
ing two pages received from sources unknown, in a letter postmarked 
Philadelphia, Pa. 

There are several safety related unresolved items between 
DRL and the applicant on both Kewaunee and Prairie Island 
Projects. Some of these are: 
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1. Non-fulfillment of old criterion 20, ~1, 40, 41 and 42. 

2. A rupture anywhere (everywhere) outside the containment in 
in the steam line including the rupture of a relief header 
produces intolerable consequences in that the wal Is, floors 
and ceilings will col lapse in less than 60 mili seconds with 
loss of all electrical and mechanical equipment. A massive 
destruction of the Aux Building or the control room will 
result and, therefore, safe shutdown of the reactor is 
jeopardized. 

3. Containment over power protection systems are very different 
from other two loop plants and indeed reduce the safety of 
the plant in the event of a LUCA or steam line break inside the 
containment. 

4. DRL has not done any independent containment pressure tran
sient analysis nor have they performed any compartment press
ure analysis. 

5. Several Electrical and Instrument & Control Changes 
affecting safety systems have not been received by DRL e.g .. 
Accumulator & RHR Valve interlocks 
Boric Acid System which is full of holes 

6. Loss of a station Battery (Single Failure) past LUCA wil I 
prevent both diesels from startup and also prevent several 
2 out of 3 logic from performing properly. 

7. Turbine overspeed missile will go right through the con
tainment dome, the Aux Bldg. Roof, Spent Fuel Pool Roof etc .. 

8. Changes in the Westinghouse ECCS Model especially Reflood 
and Blowdown have not been reviewed extensively by the Staff. 

9. Seismic Analysis of Critical components have not been 
satisfactorily completed. 

lU. Primary ~ontainment leakage of 0.1%/day is very easily 
attainable from present day technology and, therefore there 
is no need to allow higher leak rate and thereby expose the 
public to a higher off-site dose. _ 

11. Several potential leak paths have no Iodine Fi l·tration and go 
directly to the atmosph'ere. These paths should be modified to 
fall within the Secondary Containment boundary. This path aJone 
contributes to more than 50% of the total off-site dose. 
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12. Containment pressures of 60 psig (75 psia) are very real in an 
accident situation and, therefore, over pressure test at 80 
or 85 psia should be performed to assure containment integrity . . 

13. The Containment Free Volume has never been verified by DRL and 
is definitely well below the assumed values. 

With just these many items alone 1t is not in the public 1nterest 
to allow further actions until complete review by DHL. 

The anonymous memorandum was discussed briefly following the ACRS Subcan
mittee report, both in Executive Session, and it was decided that members 
would try to interpret the significance of the listed items and explore 
them during the upcoming discussions with the Regulatory Staff and the 
Applicant. 

Some of the items listed, such as the effect of a turbine overspeed mis
sile, represented known effects or phenomena which were already under 
study on a generic basis as to their potential for causing serious 
accidents and the possibility of requiring changes in current or future 
plants. Some appeared to have been met acceptably, or represented areas 
where it was reasonable to expect the Regulatory Staff to handle the 
matter prior to their actual issuance of an operating license; and this 
was confirmed by questions to the Staff or the Applicant. 

ACRS member Etherington made some crude calculations concerning the 
possible pressure buildup in the auxiliary building from a gross steam 
line rupture, and judged that the point raised in the anonymous memorandum 
might have some validity. \\ben this issue was raised with the Regulatory 
Staff and Applicant, it quickly became clear that the Applicant had not 
evaluated such a rupture in his safety design, nor had the Regulatory 
Staff reported on the issue in their review. It also confirmed that a 
potentially serious safety problem could be associated with the rupture 
of steam lines and other high energy process line outside containment. 

The ACRS decided not to complete action on its operating license review 
for Prairie Island, and forwarded the anonymous memorandum to the Regula
tory Staff for review and corrrnent. 'lbe Staff met with the Applicant-on 
November 3, 1972, and on November 8, 1972;- the Staff forwarded an 
information report to ·the ACRS in wh~ch they concluded that the overall 
matter of steam and feedwater line breaks required.further evaluation 
and advised that they were request!~ considerable addi tiona! infor-
mation fran the Applicant. · 
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At the lSlst meeting, November 9-11, 1972, the Regulatory Staff reported 
to the ACRS on the steam line break matter for Prairie Island, as follows: 

"Many modifications to the existing Auxiliary Building will be 
required to provide pressure relief in the event of steam line failure, 
and the Applicant, Northern States Power Company, has not yet completed 
the evaluation of the consequences of a doubled ended break of the 
main steam line in the building as requested by the Regulatory Staff. 
His current analysis identifies a single-ended rupt~re of the largest 
(6 inch) main steam line branch connection as the design basis accident. 
The Committee was informed that engineered safety features and other 
critical equipment in compartments exposed to the steam atmosphere 
following a break would have to be qualified for service in such an 
environment." 

When other PWRs besides Prairie Island and Kewaunee were examined with 
regard to this safety issue, the concern was found to apply to most of 
the reactors under construction or in operation to a greater or lesser 
degree. Each reactor was, therefore, reviewed and evaluated specifically 
and in detail for adverse effects from pressure, forces, and the high 
temperature steam environment which would accompany large ruptures of 
such lines. 

The event itself should be one of fairly low probability; however, the 
probability was not thought to be so low that the potential effects could 
be neglected. Some of the reactors required large changes at considerable 
expense in money and time in order to reach an acceptable level of protec
tion against such breaks. 

Why the matter had slipped through the regulatory process is obscure. The 
ACRS assumed that the General Design Criteria required consideration of 
such postulated failures. Apparently, the architect-engineers had been 
using a design basis for such postulated ruptures which had been accepted 
prior to 1966. And, while the Regulatory Staff was reviewing in increas
ing depth the effects of postulated ruptures of the largest pipe in th~ 
primary system, they had oot extrapolated this approach to the secondary 
system of a PNR. 

By March, 1973, the Prairie Island Applicant had established what design 
changes and other measures were needed to cope with process line bre~ks 
outside containment. Another Subcommittee'" meeting was held March 31, 1973, 
and at its 156th meeting, April 12-14, 1973, the ACRS wrote a report favor- __ 
able to the operation of the Prairie Island Reactors. 

All in all, the main steam line break issue was confronted and resolved 
in a relatively expeditious manner, even though some refinements in the 
Regulatory Staff position took time to evolve. 
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4. ANTICIPATED TRANSIENTS WITHOUT SC~1 

4.1 SOME EXCERPTS FROM WASH-1270 "ANTICIPATED TRANSIENTS ~IITHOUT SCRAr1 

FOR WATER-COOLED POWER REACTORS", SEPTEMBER, 1973 

I. Backgrounc!__~c!_-~uiTillary 

11AniS 11 is an acronym for 11 anticipated transients without scram. 11 

It is a subject that has been mentioned in reports of the regula
tory staff and the Advisory Committee on Reactor Safeguards (ACRS) 
on nuclear power plants. This report by the regulatory staff 
is intended to provide a general explanation of the nature of 
ATWS, to outline the results of the staff evaluations, and to 
provide guidance for applicants and licensees. 

The first part of ATWS, "anticipated transients, .. is concerned 
with various events that may hap?en during the operation of a 
water-cooled reactor power plant. These deviations from normal 
operating conditions are called "anticipated transients," and 
might occur one or more times during the service life of a plant. 
They are thus distinguished from "accidents, 11 which have a much 
lower likelihood of occurrence. There are a number of antici
pated transients, some of quite trivial nature and others that 
are more significant in terms of the demands imoosed on plant 
equipment. Anticipated transients include such events as a 
loss of electrical load that leads to closinQ of the turbine 
stop valves, a load increase such as the opening of a condenser 
bypass valve, a loss of feedwater flow, and a loss of reactor 
coolant flow. Nuclear power plants are designed with various 
safety and control systems to preclude adverse effects from 
these and other anticipated transients. 

The other part of ATWS, "without scram 11
, is ·concerned with the 

reactor protection system. The reactor protection system, or 
shutdown system, involves numerous instruments, cables, ampli
fiers, switching devices, alarms, trips, control rods and drive 
mechanisms, etc. The protection system is arranged to detect off
normal conditions in the plant and to institute automatically 
whatever safety action is needed. If plant conditions indicate 
there is a potentially damaging situation, the automatic reaction 
of the protection system is to cause the control rods to move 
rapidly into the reactor core to shut down the nuclear reaction. 
This most drastic form of automatic response of the protection 
system, which results in a very rapid shutting down of the 
reactor, is called the "scram." In some of the anticipa-ted 
~ransients, shutting down the·~uclear reaction and hence rapidly 
reducing the amount of heat being generated by the reactor core, 
is an important step in assuring that no damage to the plant or · 
risk of accident occurs. If such a transient should occur 
and if, in spite of all' the care built into the reactor shutdown 
system, a scram should not result, then an ATWS event would have 
occurred. 
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The background of ATWS as a possible source of concern in 
nuclear power plants goes back some years to discussions of the. 
ACRS, the regulatory staff, and reactor instrument designers about 
the safety implications of interactions between normal control 
system circuitry and protection system circuitry in the instru
ment systems of oower plants. After considerable discussion, 
and some design changes, it was determined that separation 
of control and protection functions was being achieved to a 
reasonable degree, either by physical seoaration or by electrical 
isolation. The focus of interest with regard to instrument systems 
then shifted to the ability of the shutdown system to function 
with the needed reliability. Reactor instrument desiqners 
carried out analyses of various kinds of failures. Reoorts on 
these analyses have been published and are available in the 
Commission's Public Document Room (1717 H Street, N.W., Washington, 
D.C.). 1,2,3,4,s,s* 

It became clear that failures caused by equipment wear-out or 
failure occurring on a random basis in protection systems, 
would not cause appreciable deterioration of reliability because 
of the redundancy of the systems. The staff concluded that for 
random component failures or malfunctions, protection systems 
of current desian were adequate. It was not so clear, however, 
that these systems were sufficiently invulnerable to what are 
called "common mode failures. 11 

In the simplest form, common mode failures could be a result of 
environmental conditions that affect all of the instruments of 
a particular type. More subtle forms of common mode failure 
have to do with desiqn or maintenance errors that rniqht be made 
for similar redundant independent portions of a protection 
system. One of the difficult aspects of deciding whether or 
not common mode failures were being adequately accounted for in 
shutdown system design was that techniques to analyze a system 
for common mode failures were not as well-developed as techniques 
to analyze a system for random failures. 

In February 1969, an ACRS consultant pointed out that if common 
mode failures could reduce the reliability of orotection systems 
in such a way that the system might not function properly in 
the event of an anticipated transient, there was the poss·ibility 
of a safety problem with current designs. Since early 1969, 
the ACRS and the regulatory staff have continued their discussions 
and analyses of possible AniS events. These efforts have taken 
two general directions. The first was concerned with attempt-
ing to evaluate the likelihood of common mode or other f~ilures 
of reactor protection systems~hat might lead to ATWS events if 
the appropriate transients should occur. The second was to 
assume, si.mply as a basi~ for discussion, that ATWS was possible · 
and to examine the consequences of various postulated ATWS even~s. 

*References are from the WASH-1270 Study and given at the end of 
this section. 
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The staff's preliminary results on ATWS were discussed with 
the ACRS in September 1970, and possible new requirements for 
instrument system designs were discussed. Analyses of the con
sequences of postulated ATWS events were requested of reactor 
designers after the September 1970 discussions, and all of the 
designers made these analyses. Reports of this work have been 
published and are available in the Commission's Public Document 
Room. 7,a,s,Io,11 Some anal1sees submitted to the staff contain 
proprietary information. 12, 3,14 

After reviewing these analyses of postulated ATWS events, the 
staff concluded that several anticipated transients in boiling 
water reactors would require prompt action to shut down the 
reactor fn order to avoid serious plant damage and possible 
offsite effects. In pressurized water reactors, several antici
pated transients would require rapid shutdown of the reactor to 
avoid pressure surges in the primary system that might, in some 
cases, exceed allowable limits. The staff found that the 
great majority of postulated ATWS events did not lead to 
serious consequences, but that design changes to improve protec
tion against ATWS would be appropriate in anticipation of the 
large numbers of plants expected in the future. 

In August 1971, the ACRS and the regulatory staff concluded 
that a design change to the proposed Newbold Island boilin~ 
water reactor units was appropriate to limit the possible 
consequences of ATWS. The same design change has been made for 
a number of boiling water reactor plants. 

In April 1972, the staff transmitted to the ACRS a proposed set 
of positions and actions to be taken to implement the conclusions 
of the staff and ACRS studies on ATWS. 15 The ACRS replied in 
May 1972, 16 noting that: 

"The ACRS recognizes ATWS as a low probability event. Neverthe
less, it believes that, in consideration of the large number of 
water-cooled power reactors expected eventually to be in 
operation, and in view of the expected occurrence rate of antici
pated transients (collectively, on the order of one per reactor 
year), experience with scram systems of current design is 
insufficient to give assurance of an adequately low probability 
of occurrence of an ATWS event of possibly serious consequence. 
Accordingly, the Committee agrees with the intent of the ATI4S 
position reco11111ended ...... 

In January 1973, as a result of further review and discussion 
of the various aspects of ~' the staff transmitted to the 
ACRS an amended proposed.position on the need for orotection 
against ATWS for water-cooled power reactors. 17 The amended 
position extended and elaborated the earlier staff position 
forwarded to the Committee~ The ACRS responded in April 1973, 
agreeing with the ~mended position.lS This double exchange 
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of letters between the regulatory staff and ACRS has been made 
public and is available in the Commission's Public Document Room. 

The thrust of the staff's amended position is that in view of 
the difficulty of verifying the needed reliability of reactor 
shutdown systems, and since larger safety margins are approp
riate as increasing numbers of power reactors are built and 
operated, design improvements should be made to reduce the 
probability of An~s in new plants to a negligible level, and to 
make the consequences of ATWS acceptable in plants now being 
constructed and placed in operation. It is fair to note that 
reactor instrument designers and plant operators believe that 
current designs of reactor shutdown systems are adequate for the 
purpose and that no upgrading in design needs to be done to deal 
with possible ATWS events. 

The staff intends to implement the amended licensing position set 
forth in its January 1973 letter, setting October 1, 1973~ as 
the effective date of the position. Analyses for older operat
ing plants should be provided by October 1, 1974, and the need 
for any changes will be considered by the staff on a case-by
case basis. Plants recently started in operation, now under 
construction, or for which applications for construction permits 
are filed before October 1, 1976, should have any equipment 
provided and any changes made that are necessary to make the 
consequences of ATWS acceptable. Analyses of the effects of 
ATWS and plans and schedules for any changes found necessary 
should be provided for these plants by October 1, 1974, or at 
the time of submission of an aoplication for a construction 
permit, whichever is later. Plants for which applications for 
construction permits are filed after October 1, 1976, should 
have improvements in the protection system design that make 
the chance of an Ants event neglig·ibly small. 

The staff believes that the measures indicated for protection 
aga_inst ATWS and the schedule for implementing them take reason
able account of present and future needs for adequate safety 
margins, and that these measures would provide substantial 
additional protection of the public health and safety. The 
present likelihood of a severe ATWS event is considered by 
the staff to be acceptably small, in view of the limited number 
of plants now in operation, the reliability of current protection 
system designs, and the expected occurrence rate of anticipated 
transients of potential safety significance. As more plants 
are built, however, the over a 11 chance of ATHS wi 11 increase and 
the_staff believes that design improvements are appropriate 
to maintain and to improve ·further the safety margins provided 
for the protection of the public. 
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II. General Safety Basis 

In establishing the boundary between accident sequences that are 
to be within the design basis envelope, and hence for which 
engineered safety features are provided, and accidents that 
reasonably may be assigned to that small residuum for which no 
further protective features are considered necessary, the regula
tory staff uses the safety objective that the risk to the public 
from all reactor accidents should be very small comoared to 
other risks of life such as disease or natural catastrophes. 
The staff believes this safety objective is m~t by requiring a 
design basis accident envelope that extends to very unlikely 
postulated accidents, and by establishing the further objective 
that accidents not included in the design basis envelope should 
have an averaae recurrence interval of at least a thousand 
years for all-nuclear plants combined. 

For an anticipated population of about one thousand nuclear 
plants in the United States by the end of the century, the 
safety objective will require that there be no greater than one 
chance in one million per year for an individual plant of an 
accident with potential consequences greater than the Part 100 
guidelines. Since plants now being designed and constructed are 
expected to have service lives approaching 40 years, and may 
thus be part of the century-end population, the staff believes 
it appropriate to consider their desipns in the light of this 
future requirement. In view of the difficulty of determininll 
such a 10\..r probability, the staff regards this number as an 
11 aiming point", or design objective, rather than as a fixed 
number that must be demonstrated for a given plant design. 

III. Reliability Requirements, Failure Rates, and Test Intervals 

The essential questions with regard to ATWS are the possibility 
of occurrence of ATWS and the nature of the consequences if it 
should occur. This section deals with part of the possibility 
question, namely the reliability required of the protection or 
shutdown system to reduce ATWS to an acceptable risk, and the 
relations between protection system reliability, failure rate, 
and testing interval. Subsequent sections discuss design 
aspects of protection systems and the failure analyses that 
have been made, the available experience record, and the various 
anticipated transients and their consequences if the protection 
system does not respond adequately. 

The design objective for ALW~.tvents that have significant 
consequences is to achieve a probability of occurrence consistent 
with the overall safety objective for an individual plant, 
considered on the basis of the larg~ number of nuclear plants 
anticipated to be in operation in a few decades, of less than one 
chance in one million per year of a serious accident. The 



probability of an ATWS event is equal, for all practical purposes, 
to the product of two other probabilities. The first of these 
is the probability of an anticipated transient that may have 
serious consequences if the reactor is not shut down promptly. 
The second factor of the product is the conditional probability 
that the protection system will not respond adequately if challenged. 
The conditional probability that the protection system will not 
respond if challenged, i.e., that the protection system is in a 
failed condition at the moment of challenae, is also called the 
11 Unreliability 11 of the system. Letting A~be the probability per 
year of the ATWS event, PA the probability per year of an antici
pated transient of potentially serious consequences, and U the 
unreliability of the protection system, we have 

A = PA U. 
The safety objective is that the likelihood of all accidents with 
significant consequences not included in the design basis 
envelope should not be greater than one chance in one million 
per year, i.e., should not occur with a failure rate greater than 
10-6 per year. For the particular potential failure path of 
Ants, the staff believes that a failure rate of the order of one 
tenth of the overall safety objective is an approoriate objective. 
Thus, 

so we require 
A"' 10-7, 

-7 
PA U "' 10 . 

·rhe probability per year of anticipated transients varies with 
the type of nuclear plant and with the tyoe of transient. For 

. pressurized water reactor plants the transients havina the great
est apparent potential for severe consequences are loss of all 
feedwater flow and, in some plants, loss of condenser vacuum. 
The staff believes these transients may be expected to occur 
once in five to ten years for a plant. For boilinQ water 
reactor plants, turbine trip, or other events causing the main 
steam line valves to close, may be expected to occur once in two 
to four years. In net, the annual likelihood of an anticipated 
transient of significance for ATWS is believed to be in the 
range 0.1 to 0.5, and it appears prudent to assign unit annual 
probability for such occurrences. 

VI. ATWS Analyses 

At the request of the staff, the designers of water-cooled 
nuclear plants have performed analyses of various anticipated 
transients with the arbitrary assumption that control and safety 
rods do not move into the core·;.<furi na or after the transients. 
No prejudgment was made as to the likelihood of these events; 
rather, the aim was to determine whether the consequences of 
ATWS were potentially severe enough-to require further measures
should the reliability of reactor shutdown systems be judged 
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to be less than the design objective. In analyzing each transient, 
the designers were asked to assume that all other systems would 
react normally unless the consequences of the transient would. 
make them inoperative. The reactor operating conditions and 
parameters of the transient, e.g., power level, flow rate, 
pressure, power distributions, and feedback coefficients, 
were to be those normally anticipated for the reactor state 
under consideration. The course of each transient was to be 
followed in the analysis until terminated, a condition defined 
as one with the reactor at essentially zero power in a coolable 
geometry, with normal afterheat removal systems in operation and 
containment pressure within design limi~s. 

The anticipated transients analyzed for pressurized water reactor 
plants were as follows. 

1. loss of Electrical Load. These transients included qenerator 
trip, turbine trip, and loss· of condenser vacuum. -

2. Load Increase. These transients covered the accidental open
ing of the largest secondary valve that could increase steam flow, 
i.g., a turbine bypass valve. 

3. Loss of Feedwater. These transients included loss of one 
feedwater pump or the closing of one feedwater valve, and loss 
of all feedwater pumps or the closing of all feedwater system 
valves. 

4. Loss of Primary Flow. These transients included the loss of 
one primary coolant pump and the loss of all pumps. 

5. Loss of Normal Electrical Power. This transient covered 
the simultaneous loss of power from the unit generator and from 
the offsite transmission grid, leaving the reactor with the 
onsite emergency diesel generator sets functioning as the only 
source of electrical power. 

6. Inactive Primary Loop Start-Up. This transient was to be 
analyzed unless start-up of an inactive loop was ~recluded by 
protection syste~grade interlocks. 

7. Rod Withdrawal. These transients included control rod with
drawal from zero power, hot critical condition, and from full 
power. 

8. Primary System Depressurization. This transient covered the 
opening of the largest single·safety or relief valve in the 
primary system or any combination of such valves that could open 
together due to a single fault. 

9. Boron Dilution. This transient involved malfunction of the 
boron concentration control system, with the most ra~id ~ossible 
dilution of boron in the primary system. 
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10. Small Line Break. This transient covered the failure of an 
instrument, drain, or sampling line connected to the primary 
system. 

The corresponding list of transients considered for boiling 
water reactor plants is as follows. 

1. Primary Pressure Increase. These transients included loss 
of load events such as generator trip, turbine trip, and loss of 
condenser vacuum. Also considered were such transients as 
closure of one or all of the main steam line isolation valves, 
and malfunction of the reactor primary system pressure regulator 
causing increasing pressure. 

2. Reactor \~ater Inventory Decrease. These transients included 
events leading to a decrease in the inventory of reactor primary 
coolant such as loss of auxiliary power, loss of feedwater, 
pressure regulator failure in a direction to cause decreasing 
reactor system pressure, inadvertent opening of a safety or 
relief valve, and opening of condenser bypass valves. 

3. Reactor Coolant Flow Increase. These transients included 
events that miqht increase the recirculation flow and thus induce 
a positive reactivity increment. They included a malfunction of 
the recirculation flow controller in a manner to cause increasing 
primary coolant flow and the start-up of a recirculation pump 
that had been on standby. 

4. Reactor Water Temperature Decrease. These transients included 
events that might cause a power surge by reduction of the reactor 
primary coolant water temperature. They included malfunction of 
the feedwater control in a direction to increase feedwater flow, 
loss of a feedwater heater, shutdown cooling malfunction, and 
inadvertent activation of auxiliary cold water systems. 

5. Reactivity insertions. These transients included rod with
drawal transients from zero reactor power, hot critical condition, 
and from full power; fuel assembly insertion, control rod removal 
and control curtain removal errors during refueling. 

6. Primary Coolant Flow Decrease. These transients included 
failure of one or more recirculation pumps or malfunction of 
the recirculation flow control in a direction to cause decreas
ing flow. 

. 
The analyses performed by the.~eactor designers show that for 
transients. in which the heat removal systems of the plant are not 
greatly affected, the consequences of the transients without · 
scram occurring are not particularly severe.7,s,9,10,11,12,13,1~ 
After some period of off-normal operation, the plant stabilizes 
and can be shut down without damage. For those transients where 
the heat removal systems are affected, however, the potential 
exists for significant damage. This is not a very surprising 
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conclusion. The primary assumption of the analysis, that the 
rods do not move into the core in the event of the transient, 
means that if the reactor is at full power, it will continue to 
generate substantial power during the transient. If the trans
ient involves the interruption of the normal process of energy 
removal from the reactor, then the energy being generated in 
the core must appear as increased temperature and pressure in 
the reactor coolant system. In some cases the pressure increase 
may be great enough to raise questions as to the integrity of 
the reactor coolant system. 

For pressurized water reactor plants the transients with the 
greatest potential for damage are the loss of feedwater and 
certain loss of load transients occurring with the reactor at 
full power. Loss of feedwater flow could occur as the result 
of malfunctions of the interlock and supervisory circuitry 
controlling the feedwater or condensate pumps or valves. The 
sequence of events for a typical pressurized water reactor 
plant in the event of a loss of feedwater transient without 
reactor scram may be summarized as follows. An accidental trip 
of the feedwater or condensate pumps or valves would cause a 
rapid reduction of feedwater flow. Low feedwater flow compared 
to steam flow, in coincidence with low steam generator water 
level, would initiate a reactor scram signal. This scram signal 
is ignored as part of the assumptions in these analyses, as are 
three or more subsequent reactor scram signals generated as the 
transient proceeds. The loss of feedwater flow to the steam 
generator secondary side would result in a drop in water level 
in the steam generator. A falling water level in the steam 
generator results in reduced heat transfer from the primary 
system. The primary coolant temperature would begin to increase 
since reactor power would remain high, and this, in turn, would 
cause the primary pressure to increase. The auxiliary feedwater 
pumps would be started automatically after the main feedwater 
pumps or condensate pumps were tripped. However, the auxiliary 
feedwater pump capacity is not large enough to remove all of the 
heat being generated in the core; consequently, the steam gene
rator would boil dry. The primary system temperature and 
pressure would continue to increase and the primary safety 
valves in the surge volume of the pressurizer vessel would open 
and discharge steam. The increasing temperature of the primary 
coolant causes expansion of the coolant and the water level 
would rise in the pressurizer. When the pressurizer vessel 
became filled completely with water, the safety valves would 
discharge water instead of steam, but at a rate less than 
required to keep the primar~ system pressure from rising sharply. 
The reactor power would decrease throughout the transient because 
of the negative reactivi~y feedback arising from increased water . 
temperature and reduced density. This effect, combined with 
heat removal by the auxiliary feedwater system and with the 
discharge of water through ·the pressurizer safety valves would 
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reduce the pressure. The pressurizer safety valves would then 
close and steam would reappear in the pressurizer dome. If 
the primary system survives the pressure peak, which is esti
mated by the various analyses of the designers to reach values 
between 3000 and 7000 psi, heat generation in the core would be 
reduced and the heat removal capacity of the auxiliary feedwater 
system on the secondary side of the plant would cool the core and 
prevent further pressure increase. Lower pressure in the primary 
system would allow boron solution injection into the primary 
system initiated by a safety injection signal generated by low 
pressure ·in the secondary steam line or by manual actuation. 
When boron solution reaches the core, enough negative reactivity 
is provided to shut the plant down. 

The loss of electrical load transient could occur from a generator 
trip, a turbine trip, or loss of the turbine condenser vacuum. 
Generally, the most severe transient would be caused by the loss 
of condenser vacuum. The main feedwater pumps in many plants 
are steam turbine-driven and exhaust to the main condenser. 
Thus, loss of condenser vacuum also could cause a loss of the 
main feedwater pumps. In this case the sequence of events would 
be similar to the loss of feedwater transient. The severest 
effect of the' transient, the pressure surge in the primary system, 
would be of about the same magnitude as in the loss of feedwater 
flow transient. 

For boiling water reactor plants, the transients having the 
greatest potential for significant damage are those leading to 
a reactor primary coolant system pressure increase. The most 
severe of these are the loss of condenser vacuum and the closure 
of all main steamline isolation valves. A loss of condenser 
vacuum causes automatic closure of the turbine stop valves and 
the turbine bypass valves. The turbine stop valves are fast
acting valves., so that there is an abrupt interruption of steam 
flow from the reactor. The main steamline isolation valves are 
slower in closing, but in this case the large steamline volume 
is not avaliable to buffer the pressure rise. The result in 
either case would be an increase in primary system pressure and 
temperature. The pressure increase would decrease the volume of 
steam bubbles in the reactor core and this, in turn, would 
increase the reactivity and cause a surge in reactor power. 
The power surgs would cause a further increase in system tempera
ture and pressure, with the pressure rising to values above 
acceptable limits. The other transients that lead to primary 
system pressure increase are less severe. Generator or turbine 
trips are less severe because the turbine bypass valves ~an be 
assumed to open and the cortden$er to be operative. Although 
the transi~nt proceeds mQre slowly in these cases, the result 
still would be an excessively high reactor coolant system pressure. 
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4.2 SEPARATION OF PROTECTION & CONTROL 

S. H. Hanauer, who became an ACRS member in 1965, was the first member to 
have ·a strong personal background of experience in reactor instrumentation 
and control. He had worked in the subject for many years at Oak Ridge 
National Laboratory (ORNL), prior to becoming a Professor at the University 
of Tennessee, and brought to the ACRS not only much practical knowledge 
about the difficulty of getting reliability from components like motors 
and valves which are actuated by instrumentation, but also a strong per
sonal conviction that in good reactor design the safety systems which 
were provided to shut the reactor down should not be interconnected to 
the systems used to control the reactor. This was a philosophic approach, 
like "separation of chruch and state", which Hanauer and others at ORNL* 
had developed as the sound way to avoid unexpected, hidden interactions 
which might negate safe reactor shutdown, if some common usage or inter
connection between the control instrumentation and safety instrumentation 
was part of the design approach. There existed a history of failures to 
support this point of view, .and hanauer began raising the matter in con
nection with specific reactor projects under review by the ACRS in 1966 
and 1967. The ACRS specifically identified the issue in its report on 
Point Beach in May, 1967. 

The four light water reactor vendors each had adopted their own approach 
to instrumentation design, and it was especially the Westinghouse practice 
of using the same sensors and subsystems for both control and protection 
(safety) purposes that troubled Hanauer. 

It had been customary on many of the earlier reactors for the reactor 
instrumentation design to be unavailable for review at the construction 
permit stage, and the Regulatory Staff and the ACRS had accepted this 
practice. 

In connection with rev1ew of the Diablo Canyon Unit 1 PWR in the fall of 
1967, Hanauer noted that Westinghouse had still not submitted an instru
mentation design, although they proposed to submit reports giving some 
details by the end of 1967. He felt it would not be wise to approve 
still another reactor on this basis. Westinghouse was therefore prompted 
to provide partial information on the design during the ACRS review of 
Diablo Canyon. At the 92nd meeting, December 7-9, 1967, the ACRS tried 
to complete its construction permit review for Diablo Canyon. The site 
was relatively remote, and, at that time there were no known nearby 
large faults, so that the seismic design basis was not a matter of contro
versy. The Diablo Canyon reactor was to be one of the first of the 
highest power PWRs built, however, which made it a logical reactor on 
which not only to look for new, previously unanticipated issues, but to 
resolve some that had been ongoing. 

*Epler remarked to this effect in his comments on the proposed General 
Design Criteria. 
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At the 92nd meeting, Or. Hanauer noted that Westinghouse did not meet the 
General Design Criterion which asked for two emergency cooling systems, 
preferably diverse. More importantly, he also noted that the control and 
safety instrumentation were intermingled. Westinghouse claimed their de
sign met the proposed new IEEE - 279 standard criteria for Nuclear P~1er 
Plant Protection Systems; but Hanauer had major reservations concerning 
the ade~uacy of the proposed Westinghouse protection system design, and 
in the Committee caucus did not think a letter favorable to construction 
of Diablo Canyon could be written. 

The matter received considerable d;'scussion at the 92nd meeting, and the 
ACRS finally wrote a report (dated Dec. 7-9, 1967) which included the 
following paragraph: 

The Committee believes that control and protection instrumen
tation should be separated to the fullest extent practicable. 
The Committee believes that the present design is unsatisfactory 
in this regard, but that a satisfactory protection system can 
be designed during the construction of the reactor. The Committee 
wishes to review an improved design prior to installation of the 
protection system. 

The Prairie Island case represented the next Westinghouse PWRs to be re
viewed for a construction permit. The Regulatory Staff, who had pre
viously accepted the proposed Westinghouse design, asked the Pririe 
Island Applicant to respond to the ACRS paragraph on Diablo Canyon. Only 
one minor design change was proposed by Westinghouse. 

In their safety evaluation report to the ACRS on Prairie Island, the 
Regulatory Staff proposed the following criterion. 

As an absolute minimum, each variable monitored for protection 
should be instrumented by sufficient channels independent of 
control to meet the single failure criterion {generally this 
means three channels connected in two of three coincidence). 
Furthermore, the applicant may elect to provide additional channels 
of protection which are not independent of control. If he elects 
to follow this route, the applicant should provide a rigorous 
failure mode analysis to show that there can be no interaction 
between the control system and the independent protection channels 
through the shared channel(s). 

-
There was considerable discussion with the Staff and Westinghouse about 
the matter; follow-ing which the ACRS provided the following comment in 
its report of March 12, 1968 on Prairie Island. 
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The applicant has proposed using signals from protection instru
ments for control purposes. The Committee continues to believe 
that control and protection instrumentation should be separated 
to the fullest extent practicable. The Committee believes that 
the proposed protection system can and should be modified to 
eliminate or reduce to a minimum the interconnection of control 
and protection instrumentation. The modified system should be 
reviewed by the Regulatory Staff. . 

In the next few months, the ACRS wrote construction permit reports on 
other Westinghouse reactors, including Surry and Kewaunee, with a similar 
recommendation on separation of protection and control. 

In the meantime, Westinghouse continued to argue that their design met 
the proposed IEEE criteria and. was adequate. However, they prepared a 
somewhat modified design which they posed as a possible alternate at a 
meeting with the Regulatory Staff on May 3, 1968. 'lbey said they \«>Uld 
offer their customers a choice of the original design and the modified 
design, but they would recommend the original as providing better control. 
In a letter dated May 30, 1968 to the ACRS, Committee consultant Epler 
found the modified westinghouse design to still pose problems of inter
connection of safety and control, and recommended further steps to reduce 
such interconnection. He appended a draft article entitled "Identical 
Systems for Protection and Control" in which he reviewed a bad previous 
history with such systems. 

On May 8, 1968 the ACRS held a briefing on Control and Safety Instru
mentation, at which experts from Argonne, Brookhaven, Los Alamos and 
Qak Ridge National Laboratories gave their opinions. The ORNL represen
tatives explained their reasons for feeling that separation of control 
and protection was important, particularly in the neutron flux (power) 
systems. 'lbey acknowledged, nevertheless, that some mixing was toler
ated under certain conditions even in the ORNL designs. 

All the experts agreed that system designs which purposely intermix 
control and protection must be carefully designed and analyzed. However, 
there ws not a unanimous position in favor of full separation; nor was 
there agreement that adequate analysis of a mixed design could be 
accomplished. 

One problem facing the ACRS was the implied threat by westinghouse that
if forced to go to complete separation, they \«>Uld go to a single 
channel for control, which \«>Uld lead to less reliable control and more 
plant transients with possibly adverse safety connotations. 

In a memorandum to ACRS members dated May 221 1968, Hanauer tried to
present the problem as he saw it in sunina·r9 fashion. 'lbe memo is 
reproduced on the following pages. 

At its May, 1968 meeting, on the urging of member Mangelsdorf, the ACRS 
requested the Regulatory Staff to provide the Committee with a back
ground paper on the overall subject, including the Staff point of view. 
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ADVISORY COMMITTEE ON REACTOR SAFEGUARDS 
UNITED STATES ATOMIC ENERGY COMMISSION 

WASHINGTON. D.C. &Oioll 

May 22, 1968 

MFl10RANDUM 

To 

From 

ACRS Members ~ 

S. H. Hanauer.~~ 
Subject: INTERACTION OF PROTECTION INSTRI.JMENTATION WITH CONTROL 

In this paper, I have tried to set down concisely my reasoning in 
the current discussions on Westinghouse designs. 

1. The basic problem is to avoid having an event requiring 
protection action somehow inhibit the needed protection. In the 
classi.c example (HTRE-3), design defects in the neutron-flux in
~truments prevented an increase in current when the reactor power 
increased; the too-small current both told the servo to withdraw 
the rods and blinded the protection system to the resulting power 
increase. The core was destroyed. 

It is for this reason that common use of a detector sig
nal for both control and protection is automatically suspect. 

2. The situation is complicated by the fact that three or 
four channels of instrumentation are provided for each protection 
variable, rather than just one. Random single failures do not 
fail such a system, because of the redundancy. However, such 
duplication does not prevent system failure due to design defi
cienci;s., since all can be expected to fail for such a reason. 

The use for control of signals from one, or two, or all 
the redundant protection channels is the point at issue. 

3. If the only postulated faults are random component failures, 
it is easy to show, using statistical analysis, that control use of 
protection signals won't hurt you. A single failed channel causes 
an excursion; the other channels.,'"assumed unaffected by the· fault, 
provide the needed protection. The channels must be truly independ-
ent for this assumption to be valid. -

This reasoning is the origin of the IEEE criterion (Sectio11 
4.7) that for such a failure the unfailed channels must meet the 
single-failure criterion. (The present Westinghouse designs do not 
meet Section 4.7 in every respect.) 
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4. In my opinion, random component failures are not the only 
postulated faults asainst which a protection aystem should have a 
defense. We learn from the history of various accidents, incidents, 
aud near•misses that mis~akes are made in desisn, execution, and · 
operation of instrumentation systeaa. Such non•random (systematic)· 
.failures are not amenable to statietical analysis. They are the 
reason for employin& diversity in protection-system desisn; one 
hopes that if a mistake is made, it will not involve dissimilar 
types of equipment. 

The use of redundancy doesn't reduce the probability of 
occurrence of systematic failures, ao the redundant nature of the 
protection signals does not in tbia inatance justify their use for 
control. 

s. As a minimum poaition, the reaulatory ataff has proposed 
requirin& enough protection cbannela completely independent of con· 
trol to satisfy the sin&le-failure criterion; usually, this number 
is three. Additional channels in which control and protection could 
be mixed would also be allowed, provided they could be demonstrated 
independent of the sacred three. 

This is a strict interpretation of the meaning of IEEE 
Section 4.7. Westinshouse does not aaree that the staff position 
is the correct interpretation. 

My own feeling is that aixina control and protection by uiing 
the same sisnal for both functions ia wrona in principle, but that the 
proposed staff position 11 probably a1 far 11 one can ao in requiring 
separation of a recalcitrant applicant. 

6. "Protective overrides" are control functions, not protection, 
put in for the laudable purpose of forestallinl the protection action 
by initiating a milder action firat. Examples are (a) blocking rod 
withdrawal on hilh flux to inh~bit a potential increase which, if con
tinued, woqld require a scram; (b) abuttina off feedwater on high 
boiler water level to avoid carryina a slug of water to the turbine, 
which could cause a turbine trip and acram. Overrides fall into two 
classes: blocking rod withdrawal can't cause an excursion requiring 
protection-system function, but shuttina off the feedwater surely can. 
Thus it should be allowed to uae redundant aignals from the protection 
system to block rod witb4rawal, but not to abut off feedwa~er. 

1. Let there be no illu~i~; the protection system cannot be 

... -

made "completely indepen4ent" of control. The two syatems related • 
to the same reactor plant, are locate• in the aame control Toom, are • 
watched and manipulated by the tame opera~or, are aerviced by the~ 
same maintenance men, h~ve cables in the aue containmetlt• What I 
am objectina to is the deliberate u.e of aianals from protection 
instruments for control purposes, leadina to the potential that 
faults could initiate an excursion and consequentially cripple the 
needed protection for that excursion, to the detriment to health 
and safety of the public. .. 

·.,-•·; -~: 2 --~· -~~.· .. :-. :;- ~.-: -.>" . _. ': -~ 
: • «-
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8. As a postscript, it seems worth pointing out that concern 
should also exist where identical devices, albeit independent, are 
used for both protection and control. A design, maintenance, or 
operating error in such identical components, or their exposure to 
a deleterious, unusual environment, would have the same effect as 
their interconnection. Thus, diversity as well as independence 
should be required of protection and control instrumentation. This 
m~tter is in urgent need of further study. 

cc: R. F. Fraley 
E. P. Epler 

... 

. -~ 
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Such a paper was prepared and the subject was discussed in some consider
able length at the 98th meeting, June 5-8, 1968. * '11le Staff report, 
which provided an excellent review of the matter, concluded as follows: 

In $ummary, we believe the determination of which approach is 
preferable depends on a judgment as to whether protection channels 
independent of control are required to orotect against subtle 
control and protection system interactions. 

We have been asked what the DRL oosition on control and orotec
tion interaction would now be if. the ACRS comment on Diablo 
Canyon had not been made. Since we recommended approval of a 
number of designs based on the IEEE criterion durinq the year 
before the Diablo Canyon letter, we would probably still be 
usinQ the IEEE criterion. Our deliberations since the Diablo 
Canyon letter have, however, made us question one of our 
recommendations on Diablo Canyon. We recommended acceptance of 
certain scram channels which did not meet IEEE-279 based on 
their not being required ror safety. This gives rise to what 
have been called first class and second class scrams. This 
could cause confusion as to which protection channels should be 
relied on for safety and which should not be relied on. The 
present DRL criterion takes care of this situation. If however, 
we returned to using IEEE-279, we would attem~t to develop 
criteria for channels used for equipment protection rather than 
safety. We also will have to develop criteria for protective 

Subsequent to the meeting with the Regulatory Staff, the ACRS considered 
three alternative positions. 

1. The IEEE single failure position plus overrides. 

2. The Regulatory Staff position on Prairie Island where some 
channels are permitted to be interconnected while others 
are independent. 

3. Separation to the maximum extent practical. 

Interestingly, members Hanauer, Hendrie and Zabel, who had the most exper
ience with such systems, all indicated they would prefer position 3, that 
is separation to the maximum extent practical if starting anew, but that 
due to other. considerations, they did not '!-ecommend that choice for the 
Committee position. 

The ACRS finally agreed to a modified position,· as follows: 

*It was noted that the British and canadians require separation of pro
tection and control, also, that General Electric employs it. 
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The Committee believes that systematic, non-random, concurrent 
failure of redundant elements should be considered in the desion 
and review of reactor instrumentation system. Systematic failure 
of a. protection system and, oarticularly, common failure mo~es 
of control and protection system, are of concern. The Comm1ttee 
suggests that the Staff consider supplementation of the IEEE 
criteria for use in review of instrumentation, and propose 
criteria which take the possibility of systematic failure 
into account. 

On July 5, 1968 the Regulatory Staff provided a short discussion paper in 
which they agreed that additional design objectives needed to be developed 
which treat the design of protection systems in regard to potential sources 
of systematic failures more adequately than IEEE-279. The Staff outlined 
an approach they planned to follow in order to pursue the matter. 

At the lOOth meeting, August 8-10, 1968, the Regulatory Staff provided 
another status report with some specific proposed courses of action. ACRS 
members Hanauer and Mangelsdorf took strongly opposing views on the Staff 
proposals, and the minutes of the lOOth meeting record the following Com
mittee action (Note that DRL refers to the Division of Reactor Licensing 
in the AEC). 

EXCERPT FROM SUMMARY OF 100TH ACRS MEETING 

AUGUST 8-10, 1968 

EXECUTIVE SESSIONS 

4. Separation of Protection and Control Functions of the 
Instrumentation and Control Systems 

DRL requested ACRS endorsement or comments on their status 
report, received August 7, 1968. The Committee agreed that 
at this time it could only endorse that portion which says, 
"The basis of the approach proposed in our (DRL) July 1968 
report is that the potential for systematic failures should 
be considered in protecting against all accidents and tran
sients, not just those arising from control system action. 
Thus we (DRL) plan to examine the benefits of functional _ 
diversity for all accidents and- transients ... 

Dr. Morris was informed of thls ACRS conclusion by telecon 
on August 12, 1968. . 

An ad hoc Subcommittee consisting of a neutral Chairman, 
both protagonists and such other members as the Chairman 
of the ACRS may select will be appointed to review the 
DRL position and make a recommendation to the fu11 
Committee. This item will appear again on the September 
agenda. 
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An Ad-Hoc Subcommittee consisting of Hanauer, Mangelsdorf and Hendrie 
(serving as Chairman) met on September 4, 1968 to review the matter. The 
Russelville plant was on the ACRS agenda for September, so the discussion 
was undertaken with that in mind. 

The minutes record that several possible alternative po~itions were 
identified, as follows: 

ALTERNATE ACRS POSITIONS REGARDING SEPARATION OF CONTROL AND SAFETY 

Russellville Tell Staff 

1. Accept applicant's proposal 1-a. Interconnection oer IEEE 
279 is all right: 

1-b. B&W interconnection is all 
right; still studyin9 the 
more comolicated W system. 

2. Repeat indecisive paragraph 2. Committee still considering 
the problem. 

3. State that flux instruments 3-a. 
must be separated at least 
as far as Prairie Island DRL 
position. 

4. State that seoarate flux 4. 
instruments are required for 
control and protection. 

B&~l must separate; still 
studyin~ the W system. 

Separate instruments must 
be provided. 

Mr. Mangelsdorf inquired if interconnected systems, with reouired 
redundancy, would improve or detract from overall plant safety. 
Dr. Hanauer replied that there are advantages and disadvantages 
which must be evaluated for interconnected or separated systems. 
He noted that one arrangement (Figure 1) (proposed by the Regula
tory Staff for Prairie Island) improves plant operability. Its 
effect on safety is not clear however. Other interconnections 
(Figure 2) however actually reduce plant safety. 



4-20 

As one example of an interconnection that has reduced safety he 
described an incident at tiTR where two diverse and independent 
liquid level indications were orovided for the head tank level. 
A head tank position indicator and a "bubbler" were provided 
with one controllinQ the plant pumps and the other providing 
reactor scram. When one indicator failed, both the control 
feature and the safety feature were connected to the same 
indicator. 14hen this indicator subseauently failed, the safety 
and control functions were both disabled simultaneously. 

The minutes record that the personal oreferences of the Ad-Hoc 

Subcommittee members was as follows: 

Member 

f.1ange 1 sdorf 

Hanauer 

·• Hendrie 

Favored Position 

l 

3 

4 

The summary minutes of the lOlst meeting, September 5-7, 1968, s~ow that 
with regard to Russel ville, the Committee recomme~ded that .. the , nstru
mentation system should be reviewed for common fa:lure modes not con
sidered in the single failure criteria. The appl1cant should s~ow t~at 
the proposed interconnection of control and safety instrumentat:on ~111 
not adversely affect plant safety in a significant manner, cons1der1ng 
the possibility of systematic component failure.~~ 

The minutes also record adoption of the following compromise recommen
dation to the Regulatory Staff. 

JOlst Meeting, September 5-7, 1968 

Separation of Protection and Control Functions 
of the Instrumentation and Control Systems 

The Ad-Hoc Subcommittee prese~ted several alternate positions 
representing the various.schools of thought within the Committee 
with respect to separation of protection and control functions 
of the instrumentation and control systems. Dr. Okrent offered 
a compromise statement that was discussed and eventually adopted. 
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The Committee advised the Reaulatory Staff: 

a. For reactors under construction, and aporoved nrior to 
Diablo Canyon, the ACRS believes it reasonable to accept 
designs in accordance with IEEE·279, modified as necessary 
for protective overrides and channels used only for equip
ment orotection. In view of the desirability of havin9 
similar instrumentation svstems in the units of a multi
reactor plant, Point Beach No. 2 may be considered on the 
above basis. 

b. For Diablo Canyon, and reactors aporoved subsequently, the 
applicant should be required to show that any interconnec
tion of control and safety instrumentation will not adversely 
affect plant safety in a significant manner when consider
ing the possibility of systematic component failure. 

c. The Committee reiterates its belief that systematic, non
random, concurrent failure of redundant elements should be 
considered in the desian and review of reactor instrumenta
tion systems. Systematic failure of a protection system 
and, particularly, common failure modes of control and 
protection systems are of concern. The Committee suggests 
that the Staff continue its program to suoplement the IEEF. 
criteria for use in review of instrumentation, and to 
develop criteria which take the oossibility of systematic 
failure into account. 

This remained the position of the ACRS for the next several meetings. The 
emphasis had shifted from a request for as much separation of protec~ion 
and control as practical to conscious effort to account for systemat1c 
(common mode or common cause} failures by appropriate design approaches • 

. ·~ 
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~1r. R. F. Fraley 
Executive Secretary to the Advisory 
Committee on Reactor Safeguards 

U.S. Atomic Energy Commission 
1717 H Street 
Washington, D. C. 20545 

Dear Sir: 

712 Florida Avenue 
Oak Ridge, Tennessee 

J Zl 1969 ~ anuary , , , ~ 
--..... ~ .. , . 
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It has recently been disclosed that the public is in jeopardy but for 
the protection afiorded by the reactor shutdown systern. I am con
vinced that this single line of defense is inadequate and therefore 
r~quest that you bring this to the attention of the Committee. 

At one time it was reasonable to consider that a serious rea.ctor acci
dent, occurring simultaneously with a breach in containment. would 
requirt! a series of highly improbable events. This is no longer true; 
it is necessary only, in a. BWR, that loss of electric load, a routine 
ope rating event, be followed by failure to scram. 

G.E. told us in an Oyster Creek subcommittee meeting that loss o£ 
electric load occurs approximately once per year. Failure to s crtim 
had not been analyzed as such an analysis wouldbe too 11hairy, " i.e., 
containment would not be possible. G.E. spokesmen furthe1· agreed 
that once per year the public is placed in jeopardy but for the prompt 
intervention of the reactor shutdown system. 

In defense G.E. cited BWR operating experience which turned out to 
be no more than ZO reactor years or ZO successful operations of the 
shutdown system when challenged. G. E. had not considered whether 
20 successes constituted a large enough number to demonstrate 
adequacy. 

The AEC has not adopted a number for a.n acceptable uncontained failure 
rate. The accompanying paper,.however, shows that the public i.s 
otherwise being led to believe that t})e rate will be 1 o-6 to 10-7 per 
year. To .9upport this belie£ we shoul'd-experience 1 o6 to 107 successf't.:.l 
interventiqns to demonstrate adeg,uacy. 

The industry by not attempting to mi~iga.te the "China Syndrome" has --
placed the .entire burden o£ protecting the public on the reactor shutdown 
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Mr. Fraley -! January 16, 1969 

aystem •• An informed s£gment of protection· system specialists believes 
that in.this area the very best practice would fall short by a factor of 
JOZ to 103. 

Ergen has stated, however, that in his opinion, the containment of a 
alumped core is "not entirely hopeless." 

The attached paper, which was prepared as part of another program, 
leads to the conclusion that if conditions continue unchanged, we will 
experience an uncontained meltdown once per year or, at best, once per 
10 years should 1000 reactors be placed in oper!tion. 

EPE:bls 

I 
I 

Very truly yours, · 

~~-···', a_ /t 1 {:.&--...._ 
E. P. Epler 

" 

\ 
\ 

, . ·;... 
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4.3 ATWS - Part 1 

In a letter dated January 21, 1969 to R. F. Fraley, Executive Secretary of 
the ACRS, Conunittee consultant E. P. Epler advanced the thesis that the 
reliance being placed on reactor safety systems in BWRs provides inadequate 
protection for the health qpd safety of the public. More specifically, 
Epler argued that reactor scram was needed to prevent core meltdown and a 
loss of containment. integrity following a routine operating event such as 
loss of electric load, which might occur about on£~ a year. Epler argued 
that a scram system unreliability of less than 10 per demand could not 
be expected because of systematic failures. 

Epler's letter is reproduced on the following pages. 

In the attachment to the letter, Epler mentions that public figures (Alvin 
Weinberg, Director of ORNL and Chauncey Starr, then Dean of Engineering at 
UCLA and former President of Atomics International) had publically indi
cated that the probability of a serious reactor accident was similar to 
that of a jet airliner plunging into Yan~;e Stadium during a WOrld Series 
game, which Epler estimates s roughly 10 /year. However, because of the 
lack of measures to cope with the "China Syndrome," and because of his 
own estimate of a relatively high scram failure rate, Epler feels that the 
actual probability of a serious accident may be a factor of 1000 higher. 
He refers to a recent article authored by himself for the journal Nuclear 
Safety (Epler, 1968) and two papers by well known Canadian and English 
engineers in the field of reliability. 

The matter raised by consultant Epler was placed on the agenda of the next 
ACRS meeting, the 106th held February 6-8, 1969, and Epler was present to 
discuss his concern. The Committee decided to refer the matter to a Sub
committee and provided copies of Epler's letter tb the Regulatory Staff. 

At the 108th meeting, April 10-12, 1969, the ACRS reviewed the construc
tion permit applications for the Hatch Unit 1 BWR. The Committee took 
advantage of the occasion to have General Electric make a presentation 
on the matter of anticipated transients without sqram (A'lWS). The meet
ing summary does little more than record that a discussion took place and 
that General Electric felt their design was acceptable but that they had 
not factored systematic errors into a reliability analysis. 

The ACRS did not complete action on Hatch Unit 1 at its April, 1969 meet
ing. At a Special Meeting, May 2, 1969 various matters on the Hatch 
application were discussed, and an Ad-Hoc Subcommittee Meeting on ATWS 
was arranged to be held with General Electric on May 7, 1969, immediately 
prior to the regular May full Conuni ttee meeting. The summary of the Sub
committee meeting, together with excerpts from the minutes are reproduced 
below: 
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Purpose 

The Subcommittee met to hear GE's story on the consequences of a 
failure to scram and possible fixes if the consequences are 
unacceptable. 

Summary 

Gt presented some preliminary information on their evaluation of 
present BWR designs and alternate desiqns, with re~ard to the 
consequences of expected transients and a failure.of the reactor 
to scram. GE has not yet reached a conclusion on these matters 
and will continue their study and present the results in a 
topical report. 

GE described the events that would ensue from a turbine trio if 
the reactor failed to scram for the present designs, with and 
without bypass, and then describe the events that would occur if; 
(1) the safety valve capacity was increased, (2) the bypass flow 
was increased, (3) the recirculation pumps were tripped, (4) the 
relief valves are opened in time to augment the bypass system. 
In all cases it was assumed that the turbine valve closed in 
1/10 of a second. GE pointed out that scram of the reactor rods 
is initiated by, first, a 10% closure of the turbine valves, 
second, by 120% power level, and third, by high reactor pressure. 
To reach the condition of no scram, all three of these scrams 
must fail. In most cases the neutron flux went up over 600% 
immediately following the turbine trip, but was turned around by 
doppler broadening, and the power leveled out at some value 
higher than 100%. For each of these cases GE displayed curves 
showing the neutron flux, peak fuel temperature, fuel surface 
heat flux, water level, steam line pressure, vessel pressure, 
safety valve flow, and relief valve flow, all with respect to 
time. However, these were preliminary values and GE refused 
to leave copies for the Committee to review. 

Mr. Levy assured the Regulatory Staff and the Ad Hoc Group that 
this information would be available as a topical report in a 
couple of weeks. 

Executive Session 

Dr. Okrent opened by stating the purpose of this discussion, and 
oointinn out that in the current draft of the Hatch letter there 
is a paragraph referrin9 to the need.for action in the case of 
a turbine trip. He said that studies were needed to see if the 
reliability of these plants cou1d be improved. He noted that 
common-mode failures or system failures have occurred that would 
prevent the reactor from scramming if called upon to do so. He 
also pointed out that there are known transients that result in 
a need to scram in order to prevent the release of fission 
products. He said that he felt the probability of an accident 
that released fission products in the ran~e of Part 100 limits 
should be down to 10-6 or 10~7 in accordance with Mr. Farmer's 
views in the United Kingdom. 
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Dr. Hanauer stated that the turbine trip question was only an 
example. The main question was that of an anticipated initiatinq 
event that requires a scram to protect the public. He was look
ing at a class of events and the potential for a control failure. 
Until recently he had never considered byoassin9 as a safety 
function. 

Meeting with the Regulatory Staff 

Dr. Morris reported that the Regulatory Staff had planned and had 
scheduled a meeting with GE to discuss this problem on May 12. 
He agreed that it needed study and that the designer ought to 
look at the consequences and potential fixes for this type of 
accident. He said that GE felt that they should concentrate on 
improving the reliability of the scram system, however, GE 
has started to look at the consequences of a failure to scram. 
Dr. Morris stated that Mr. Price had advised GE that orotection 
against failure to scram would not be required on the Hatch 
and Brunswick plants, that is, the current ~lants being considered. 

Dr. Okrent asked if this would not be a bypassing of the intent 
of the Atomic Energy Act when the Regulatory Staff knew of a 
condition that could present a hazard to the health and safety 
of the public and did not require the applicant and designer to 
correct it. 

Dr. Beck said that a rigorous interpretation of this would mean 
shutting down a number of operating reactors. 

Dr. Okrent said that the Committee frequently identified oroblem 
areas but permitted the reactors to continue to operate. 

Dr. Hanauer asked if there was a middle ground between oiving 
this applicant a construction permit and not identifying this 
turbine trip failure to scram problem, or if the oroblem was 
identified would that preclude the issuance of a construction 
oermit. 

Or. Morris said that there should be some middle ground in this 
area. Dr. Morris reported that GE was currently estimating the 
cost of backfit items at approximately $50 million ~er plant. 

At the l09th meeting, May 8-10, 1969, the ACRS completed action and wrote 
letter reports on the Hatch Unit 1 BWR and on the application to build two 
BWRs at the Brunswick Station. In each report the ACRS included a para
graph as follows: 

"A study should be made by the applicant of· further means of preventing 
common failure modes from negating scram action and of design features to 
make tolerable the consequences of failure to scram during anticipated 
transients." 

Also, at the May, 1969 meeting the ACRS began asking questions concern
ing the effects of a ATWS on the PWR that happened to be in for review 
(Ginna, formelry called Brookwood). 'ftlus, Epler's original question had 
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broadened into a class of transients for BWRs, and was furthermore being 
examined for PWRs. 

The broadening of the ATWS matter is illustrated by the results of the 
lllth meeting, July 10-12, 1969. 'lhe ACRS reviewed the construction 
permit application for Three Mile Island 2, a PWR. 'lhe Committee report 
of July 17, 1969, includes the •customary" paragraph with regard to 
common mode failures in protection systems; however, it also requests 
that a study be made of the possible consequences of anticipated transients 
without scram for the PWR. 

The Regulatory Staff had been engaged for almost a year in studies of 
systematic failures in reactor protection systems, in response to the 
issue of separation of protection and control first brought into full 
view with the ACRS Diablo canyon letter of December, 1967 (which later 
evolved into the concern with systematic failure as enunciated in the 
letter on Russelville of September, 1968). In a letter to ACRS Chairman 
Hanauer,: dated August 4, 1969, Peter Morris, the Director of the Division 
of Reactor Licensing of the Regulatory Staff, provided a status report 
on the Staff studies of systematic failres. He indicated a preference 
for separating the study of systematic failures from that of ATWS in order 
to not delay the former, but noted that at a Subcommittee meeting some 
ACRS members and consultants indicated that they saw the two matters as 
strongly connected. Morris requested comment on his proposed plan of 
action, which involved having each vendor do separate (but related) 
studies on the two topics. 

In a memorandum from Fraley to Harold Price, dated December 15, 1969, 
(reproduced on the following page) the ACRS accepted Morris' proposal 
but expressed concern with the "time required to resolve the safety 
questions.• 

We shall see that this memorandum was prophetic, and that time stretched 
out to roughly a decade without resolution of the matter. 

While the Regulatory Staff began its study of ATWS, the ACRS continued 
to conduct relatively short reviews of the matter with each applicant 
and to insert a paragraph concerning the matter in each ACRS case letter. 
Thus, at the 113th meeting, September 4-6, 1969, the Dresden 2 operating 
license review included a comment to the effect that the Applicant was 
studying "further means of preventing common mode failures from negat
ing scram action and of design features to make tolerable the conse
quences of failure to scram during anticipated transients.• 

At the 119th meeting, March 5-7, 1970, Combustion Engineering, the vendor 
for the Hutchinson Island (St. Lucie) reactor, promised to report to the 
AEC on common failure modes by June, 1970 and on ATWS by November, 1970. 

At the 12lst meeting, May 7-9, 1970, Babcock and Wilcox, the vendor for 
the Midland reactor, stated that "they had recently discussed with the 
Regulatory Staff the results of the B&W studies of various systematic 
failures. B&W added that the Staff had additional requirements regard
ing the studies, and, therefore, B&W would have to wait for a clarifi
cation of these requirements before continuing the studies. B&W had not 
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Dece;nber 15, 1969 
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At the D·.:ccmber 1969 ACRS II!0eting, the co.:unittee adopted the following 
position relative to the matters of systematic failures in reactor 
p'otection systems and failure to scram following anticipnted transients: . 

"The ACRS agrees with the future Clin:ction of the study 
,esarrling systematic failures in reactor ptotection systems 
and failure to scram following anticipated tr2nsi~nts, as 
outlined in the August 4, 196.9 DRL rE::port, "Systt-matic 
Failures Study Status Report." The Committee is concerned, 
however, regarding t~e aDount of time w~ich will be required 
to resolve the safety qucsr:ions -.~hich -:.ay be ~-•l\'olved. The 
problem of available mr;npo,,er is reco;;snized, and Lhe Cuuc>tittee 
suggests that it ;;-,ay be necessar-y to O~>ti'lin a::::si~t;;.nce from 
outside the reguiat ,...,ry group, although the best ;;-: ,nr1er in 
which to obtc.iin such ...:.::.si.:.;t:c?nce has not oef·n d'.'i:<:u:d_ned." 
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analyzed a number of anticipated transeints, e.g., loss of primary pumps 
or loss of off-site power. The possible benefit of additional safety 
valves and of rapid injection of boron into the reactor moderator were 
mentioned by. the Committee." 

This unwillingness by B&W to exercise initiative in deciding what transi
ents needed study and to rapidly develop the relevant information was 
generally characteristic of all the vendors, and contributed greatly to 
delay in the first few years of consideration of the ATWS. 

At the 122nd meeting, June 11-13, 1970, during the review of Midland 1 and 
2, B&W stated they would have a report on their analysis of failure to 
scram on anticipated transients in early 1971. The ACRS recommended in 
its report that ''the applicant accelerate his study of means of preventing 
common failure modes from negating scram action and of design features to 
mak~ tolerable the consequences of failure to scram during anticipated 
transients ... The Committee also noted that the applicant stated that the 
engineering design would maintain flexibility with regard to relief 
capacity of the primary system and .of a diverse means of reducing reac
tivity. 

At the 122nd meeting, the ACRS also held a general discussion of ATWS. 
The summary minutes are excerpted below. 

Failure to Scram Ourino Anticipated Transients 

Dr. Hanauer summarized the information presented by the four NSSS 
vendors to the Instrumentation and Control Subcommittee on June 3, 
1970. He stated that the consequences of a failure to scram on 
anticioated transients aooears to be as follows for each of 
the NSSS vendors: (a) Westinghouse already has more pressure 
relieving capacity than is reauired by the pressure vessel code. 
It appears they can resolve this problem by addin9 slightly more 
relieving capacity. Another possibility is to provide a boron 
injection system; (b) B & W may have to provide more siQnificant 
measures than Hestinghouse because of features such as sin(]le
pass boilers vs. multi-pass boilers; (c) CE has not provided 
any information which can be evaluated as possible fixes; (d) A 

GE has only a few seconds in which to mitigate a failure to scram. 
(GE believes that tripping out the recirculation pumps, when the 
anticipated transient occurs, would solve their problem.) 

The Committee decided to accept the "guide" (list of transients 
and associated conditions to be ~nsidered) proposed by DRl on 
anticipated transients for ~WRs, dated June 1, 1970). 

Discussion was held of the following JrtOtion: "It is the Committee.' . .s 
position that failure of the single rod~scram-system, as presently 
provided, to scram on anticipated transients should not result in 
an accident worse than Part 100 for light water-cooled power 
reactors. 
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The Committee decided to consider the question of Anticipated 
Transients \-Jithout Scram (ATWS) with high priority ("case-1 ike" 
review). To this end, the Committee intends to schedule discussion 
of the subject with the Regulatory Staff at the July meetinq 
(one hour). Accordingly, the Regulatory Staff was requested to 
furnish a report to the Committee on this matter before the July 
meeting. Subjects should include: 

1. Hhether protection is required for ATWS. 

2. Status and schedules of studies underway. (P~/Rs and 8\•,Rs) 

3. Scram reliability required for ATWS protection not to be 
necessary. 

4. Estimate of reliability of scram systems oresently installed 
or under eonstruction (expected reliability of current rod 
safety systems). 

5. Possible fixes if ATWS orotection is necessary; likelihood 
of success of fixes; advantages and disadvantages of fixes. 
(Discussion of possible measures which might make such 
transients lead to conditions not exceedinq Part 100 under 
realistic, though conservative, assumntions of activity 
release; also the likelihood of success of such measures, 
and oossible advantaaes and disadvantaaes.} 

It is perhaps of interest to note that on May 4, 1970, ACRS consultant 
Epler, who had first raised the question for BWRs, wrote a letter to the 
ACRS in which he concluded that the PWR may also have a safety problem 
with ATWS. In this letter he recommended that criteria be developed for 
an additional reactor shutdown system for both BWRs and PWRs. 

At the 123rd meeting, July 9-11, 1970, during the operating license review 
for Dresden 3, General Electric stated that they "need AEC criteria if 
more is required of them regarding ATWS." They found it "a problem to 
have to·document their studies in the public record." 

At the same meeting, during the Trojan construction permit review, 
Westinghouse stated that they "will issue a report which contains the 
results of their studies of ATWS before the end of the year. The Appli
cant can provide flexibility in his design into 1971 to accommodate fixes 
for ATWS. 

The Committee report noted that the design would maintain flexibility re
garding fixes for A'n'iS. 

Dr. s. Hanauer, who had been an ACRS member for about five years while on 
the faculty of the University of Tennessee, was asked by Mr. Price, the 
Director of Regulation, to join the AEC Regulatory Staff on a full-time 
basis in mid-1970. Thus, the minutes of the July, 1970 meeting show 
Dr. Hanauer reporting on behalf of the Regulatory Staff to the ACRS of 
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which he was no longer a member. Or. Hanauer commented that "some infor
mation which is needed to resolve the ATWS matter is still lacking, but 
it is questionable how much more will be forthcoming... He stated that 
Westinghouse believes they need no fix and General Electric believes they 
have a fix (turn off recirculation pumps). 

At the 124th meeting, August·13-l5, 1970, during the construction permit 
review for North Anna, the ACRS expressed its concern over the slow pace 
of the common mode failure study and of the ATWS study. Westinghouse 
stated they did not believe that additional measures will be required; 
they agreed to incorporate plant changes, however, if the requirements 
were established by early 1971. 

At the same meeting, during the Davis Besse review, B&W again said they 
were awaiting further guidance from the Regulatory Staff as to the tran
sients to be considered. 

At the 125th meeting, September 17-19, 1970 the ACRS discussed ATWS with 
the Regulatory Staff. The Staff had submitted a report in September on 
ATWS, which included the following. recommendations: 

(a) The reliability of scram systems of current desiqn demon
strat~d to date and the occurrence rate of anticioated 
~rans1e~ts leads to the.conclu~ion that anticioated trans
lents w1thout scram hav1ng ser1ous consequences will occur 
at an unacce~tably high rate when there are a laroe number 
of reactors 1n operation. 

(b) The consequences of anticipated transients without scram 
should be shown to be acceptable or desiqn chanqes should 
be made. ·· ~ 

{c) Where changes are needed, they can be provided by improving 
the reactivity reduction systems or by modifying the plant 
so the consequences of not reducing reactivity are acceptable ... 

The Staff also recommended that: 

(a) Applicants should be required either (1} to demonstrate that 
with their present designs the consequences of anticioated 
transients without scram are a~ceptable, or (2) to make desiqn 
changes to improve significantli the reliability of the · 
scram system. 

(b) The BWR and PWR manufacturers should be informed of this 
decision. 
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(c) The arya!ysis of ATWS in accordance with the guide (Appendix 
D) or1g1nally prepared for use by the reactor designers 
should be pursued with applicants. This should be done with 
applicants on current and future construction oermit cases 
and with holders of construction oermits for which the AEC 
safety evaluation and the ACRS letter identified this problem. 
Backfitting of other cases should be considered on a case 
by case basis. 

However, at the September, 1970 meeting, the Committee apparently was not 
ready to endorse the Regulatory Staff recommendations, and decided it 
needed more discussion on the subject. 

At the 126th meeting, October 27, 1970 there was a long discussion with 
representatives of North Anna, Trojan and Westinghouse, in which they 
"clarified" what they had meant by maintaining flexibility. Specifically, 
they said they were not maintaining flexibility for hardware changes; that 
were these to be required, the AEC would have to make a finding that such 
changes will provide substantial additional protection which is required 
for the public health and safety, in accordance with the AEC Regulation 
10 CFR 50.109 - Backfitting. So that, except for possible changes 
which affect the reliability of the instrumentation and control system, 
the reactors were being proposed (and implicitly or explicitly accepted) 
as is, despite the lack of resolution of ATWS. 

At the 126th meeting, the ACRS had available written comments from 
several consultants in the field of reliability who had attended an 
earlier Subcommittee meeting on scram system reliability. The co~~nts 
were varied; when specific, they tended to support Epler's original 
thesis. 

By this time, at least some ACRS members were getting concerned about the 
delay in resolving ATWS and the apparent loss of real flexibility to make 
future changes on plants currently receiving favorable construction 
permit reports. The minutes of the 127th meeting, November 12-14, 1970 
record a Committee discussion on how to accelerate the pace. As of that 
time the Regulatory Staff had still not sent the list of questions to be 
answered to the four reactor vendors. 

At the request of the Committee, ACRS member David Okrent prepared a 
short discussion paper on ATWS, which is reproduced on the following 
pages. 

The minutes of the 127th meeting also note that member Okrent attached 
additional remarks to an ACRS report concetn1ng a power level increase 
in the Oyster Creek BWR, one of them .relating to A'IWS. (The Committee 
had discussed this and some other "backfit-type" matters and chose to 
omit any reference to the matter in its report)~ 



ADVISORY COMMiiTEE ON REACTOR SAFEGUARDS 
UNITED STATES ATOMIC ENERGY COMMISSION 

WASHINGTON, D.C. IONS 

November 30, 1970 

ACRS Members 

A DISCUSSION OF ATWS*, PER REQUEST OF THE COMMITTEE AT THE NOVEMBER, 1970 
MEETING 

1. Safety Objective - The objective of a total probability of less than 
lo-7 per reactor year for a very bad accident (an accident much wcrse 
than Part 100) is postulated. For 1,000 reactors, this yields a 
probability of 1 in a 100 each century, and the U.S. now anticipates 
about 1,000 reactors by the year 2000. If this objective is missed 
by a factor of 100, there will probably be several very bad accidents 
in the world during the next century. 

There are a variety of ways (more than 10) whereby a very bad accident 
may occur. Therefore each of these must have a probability much less 
than 10-7 (say lo-8) per reactor year, if the combined probability is 
not to exceed the objective of l0-7. 

Thus, an objective of 10·8 per reactor year for a very bad accident 
from ATWS is suggested, with a need to meet this objective within a 
factor of ten. 

2. The Staff report references various experts who have estimated an 
·unreliability of scram between lo-3 and 4 X Io-4 per demand. At the 
ACRS Subcommittee meeting of August 26, 1970, General Electric statea 
that experience with GE reactors led to a failure probability of 
8 X l0-4 with a 95% probability. It was stated that to demonstrate 
empirically an unreliability of lo-7, approximately 300,000 reactor 
years with a zero failure history wocld be reqcired. 

Frequent testing can improve the failure probability somewhat, say 
a factor of ten, for some common mode failures, but not all can be 
or have been detected by testing. 

*The Staff report of September, 1970 on ATWS merits re-reading. This memo's 
major function is to call it (and the subject} again to your attention. 

, ..... 

( 
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ACRS Members -2- November 30, 1970 

The Regulatory Staff concludes that the failure probability is much 
larger than lo-7. 

All of the ACRS consultants offering op1n1ons agreed with the Staff 
and with the previously published opinions that the unreliability 
of current systems probably falls in the range of l0-3 to lo-4. 

3. Historically, this is now an old issue which represents, in part, 
the evolution of the issue of separation of safety and control which 
was first raised in an ACRS letter in December, 1967. The question 
of common mode failures followed, and ATWS$ per se, was called directly 
to ACRS attention about two years ago in a letter from Dr. Epler, 
and soon thereafter in a publication in the Nuclear Safety journal. 

The first Subcorrnnittee meeting with GE on ATWS was held 18 months 
ago. 

On or around June, 1970 the ACRS took the position that ATWS was a 
high priority ,item requiring resolution and asked the Staff for a 
report with recommendations. A draft Staff report was provided in 
early July. At that time questions were raised concerning how the 
Staff was handling probabilities - so a Committee decision was put 
off, and a Subcommittee meeting held in August. 

In September a formal Staff analysis was received, reaffirming the 
July draft. It concludes that scram reliability is far from adequate 
and that positive steps should be taken. 

The Committee took no action in September. In October the Committee 
approved the Staff's sending out a list of questions to vendors, but 
took no decision. The matter was referred to the vendor subcommittees 
to continue work on the ATWS question. 

4. What information does the ACRS seek? Is each vendor subcommittee 
supposed to get new information which will provide a different basis 
on which to judge scram unreliability? If so, how? For example, 
what empirical information is there on which to judge B&W or CE power 
reactors, neither of which have yet operated? 

It appears that no vital source of new information which can contradict 
the Staff position on reliability has been identified. In fact, during 
the recent past, another failure has actually been experienced at Hanford 
and a partial failure at SEfO~-~tbereby reenforcing the -Staff position. 
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5. 1 would like to propose the following course of action to achieve 
what can be accomplished in a practical manner on a reasonable time 
scale: 

A) ~he ACRS vendor subcommittees should not spend any significant 
amount of time in discussion of the reliability or unreliability 
of scram systems. Instead their efforts should be directed toward: 

1) Establishing requirements for and possible improvements in 
the methods for initial and periodic testing of safety systems. 

2) Establishing procedures for maintenance and periodic adjustment 
of safety systems that will minimize the introduction of common 
mode failures (e.g., adjust only a limited number of channels 
during any single shutdown, replace componencs in a limited 
fraction of installed channels until performance of the new 
components is demonstrated).* 

.. 
3) Consideration of improvements in systems design that will 

further reduce the possibility of common mode failures such as: 

a) Use of diverse components, functional signals, physical 
separation, etc. (Note: Westinghouse, B&W and GE reports 
regarding signal diversity have already been received. A 
report by CE has been promised). 

b) Separation of control and safety systems. 

B) In addition to A above, the vendors should be required to (1) 
demonstrate that with their present designs the consequences of 
anticipated transients without scram are acceptable or (2) describe 
design changes which render the consequences of ATWS acceptable. 

C) The ACRS vendor subcommittees should plan to report to the full 
Committee within 6 months with respect to A & B above and the 
Committee should then recommend implementation of appropriate 
procedures and design changes as are considered necessary. 

~7 
*This matter should also be reviewes with representative utilities. 
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At the 128th meeting, December 10-12, 1970, the ACRS discussed the ATWS 
matter further in Executive Session. The minutes of this discussion are 
reproduced below. 

EXCERPTS FROM 128TH ACRS MTG. SUMMARY - 12/10-12/70 
Executive Session 

ATWS - The Committee discussed various ways to attemot to resolve 
~outstanding concerns about ATWS. The Committee did not 
believe it was necessarv at this time to make plant chanoes to 
reduce the orobability of failure to scram in the event of antici
oated transients and to increase significantly, when aoprooriate, 
the probability that the consequences of ATWS will be tolerable. 

The Committee decided to send a memo to Mr. Price which indicated 
the Committee position reqardinq ATWS: 

1} Reliability of present protection (scram) systems cannot 
be accurately established at this time. 

2) The Staff is urged to send out the ATWS questions to 
vendors and get answers expeditiously. 

3) The Committee and Repulatory Staff should maintain a . 
detailed and continuinq review of present plants, includ1ng 
exploration of what fixes are possible if they are needed. 

At the 129th meeting, January 7-9, 1971, the ACRS decided that an Ad hoc 
group should be formed to pursue the ATWS matter. The Committee also 
decided that the ATWS matter should be considered generically by the 
Regulatory Staff but that the Staff should attempt to get reasonable 
assurance that the critical areas of ATWS can be answered for Newbold 
Island prior to completing its construction permit review. 

At the 130th meeting, February 4-6, 1971, during the first full Committee 
meeting on Newbold Island, General Electric proposed implementation of a 
recirculating pump trip as a backup to reactor scram. However, at the 
131st meeting, March 4-6, 1971, Commonwealth Edison and General Electric 
maintained that no modification (such as pump trip) was needed for Quad
Cities 1 and 2, which were receiving an operating license review. 

In May, 1971, the ACRS received copies of a General Electric report, 
NED0-10349 entitled "Analysis of Anticipated Transients without Scram," 
which showed the calculated behavior o(a.~WR with pump trip in the
event of an ATWS. 

On July 30, 1971, the Regulatory Staff forwarded a report to the ACRS 
in which they concluded that, specifically with.Newbold Island in mind, 
the recirculation pump trip provides a substantial increase in the prob
ability that the facility could withstand an ATWS event. The Staff 
noted that further analyses were required concerning the diversity of 
components in the pump trip, and criteria were required with regard to 
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provision of a poison injection capabilit~ such that the suppression pool 
temperature is maintained below about 170 F. At the 136th ACRS meeting, 
August 5-7, 1971, both the Newbold Island and Limerick Stations are listed 
as committed to the use of the pump trip. 

Beginning· in early 1971, the A'IWS Subcorrunittee, chaired by H. Monson, met 
frequently. First a series of meetings were scheduled with each of the 
four U\'R vendors. All of the vendors argued that their scram systems were 
much more reliable thag EpleE7or the Regulatory Staff suggested. Unrelia
bilities less than 10- orlO per demand were obtained by the vendors 
on performing reliability analysis of their respective systems. The 
matter of how to include systematic or common mode failures in such 
analyses was admittedly troublesome. 

It turned out that each of the FWR vendors had to develop new computer 
code models and systems in order to analyze ATWS events with the high 
degree of sophistication required. "Bounding" calculations led to un
acceptably high pressures for some transients. And the different vendors 
exhibited varying degrees of cooperation and speed in analyzing the set 
of anticipated transients agreed upon as appropriate by the Regulatory 
Staff and the ACRS. 

During the Executive Session of the Subcommittee meeting held with 
Combustion Engineering on March 30, 1971, Chairman Monson reviewed the 
results of the previous meeting with Westinghouse. He said it appeared 
that Westinghouse would be able to cope with ATWS through the possible 
use of one of the following: 

1. Enough safety valves to prevent excessively high pressure. 

2. The removal of power from some or all of the primary system 
pumps. 

3. Use of a fast-acting injection system. 

At the Subcorrunittee meeting held May 5, 1971 with Babcock and Wilcox (B&W), 
it was noted that both B&W and Combustion Engineering were still develop
ing the needed analytical tools; also, both seemed to have reactor desi<;JnS 
which might get to higher pressures than westinghouse in the more severe 
ATWS events because of differences in system design. 

The A'lWS Subcommittee met again on September 8, 1971. Some excerpts from 
the meeting minutes follow: 

, . -;.. 
The ATWS Subcommittee met on September 8, 1971 to continue discus
sions regarding resolution of the ATWS pr.oblem. There appeared 
to be agreement between the Regulatory Staff and the Subcommittee 
that an improvement in reliability of approximately 102 to 104 
is needed either in scram reliability or the ability to cope with 
an ATWS situation or that a combination of these two is needed 
to improve the ATWS situation by a factor of 102 to 104. 
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Dr. Monson said that the vendors appear to have been d·raaging 
their feet regarding the A~~S problem. The Reaulatory Staff 
had also been slow in taking action. They have not been able 
to assign sufficient manpower to the problem. Dr. Monson said 
that he had wanted to have a Subcommittee meeting two months 
previous but that the Regulatory Staff was not ready at that 
time. He also stated that the Regulatory Staff was reportedly 
not ready for the present Subcommittee meeting but that he desired 
to proceed with the Subcommittee meeting anyway. l•lestinghouse 
and GE are the only two reactor vendors that have oerformed a 
significant amount of work regarding analysis of the ATWS problem. 

B&W and CE reactors have relatively less relief capacity and 
less room for level swell in the pressurizer than Westinghouse 
reactors. Dr. Monson stated that the Committee has not accepted 
GE's proposed solution as a final resolution of the ATWS oroblem 
for GE reactors, but the Committee noted with satisfaction that 
GE is incorporating a pump trip for the Newbold Island reactor. 
It was stated that the proposed GE and Westinghouse changes 
involving tripping of pumps are inexpensive. 

Dr. Monson said that the ACRS has been talkina in terms of an 
acceptable frequency of a very severe accident of aoproximately 
10-6 to l0-7/reactor-year. He believed the Regulatory Staff 
was earlier stating a value of lo-7 to l0-8/year but is now 
saying a value of l0-7/year. There would be an average of less 
than 200 large oower reactors in operation in the U.S. 
durinq the next 20 years, with a minimum total of 
approximately 3300 reactor-years of operation occurring during 
this 20-year period. With a orobabil ity of a severe accident 
of l0-6/reactor-year, there would be a probability of .003 that 
a severe accident would occur within the next 20 years. He 
thought that this was an acceotable risk in the light of other 
hazards, such as a l0-5 probability of death each time a person 
takes a commercial airplane flight. The probability of an antici
pated transient is being assumed to be once per reactor-year; 
however the actual value miaht be hiaher. A value between lo-3 
and 10-4/reactor-year is the~range that has been considered as 
the probability of failure to scram during an ATWS event. Dr. 
Monson said that, considering the number of types of scram systems 
and different ooeratina and maintenance oersonnel at the various 
reactor sites, he favors using the value' of 4 x l0-4 which has 
been proposed by the Regulatory Staff. In any event, based on 
an assumed acceptable severe accident probability of 10-6 or 
l0-7/year and a failure to scram freguency of 10-3 or l0-4/demand, 
improvement by a factor of 102 to 104 appears needed elther in 

. scram reliability or the ability to cope with an AT14S situation, 
or a combination of the. two. 

The normal operating pressure of -a ~Jestinghouse reactor is 2250 
psi and the design pressure 2500 psi. An ATWS event reoorted1y 
may result in a pressure of 4391 psi in a Westinqhouse reactor. 
Dr. Monson said that he was not certain that the reactor pressure 
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vessel would fail at 4391 psi, but that he did not think that the 
probability of failure is as low as 10-3 for that pressure. Dr. 
Monson stated that there is obviously some peak pressure that 
would be acceptable for an ATWS event for a given reactor type 
and indicated the desirability of determining this value. 

Mr. Epler said he believes there is a need to improve the scram 
system as well as a need to provide greater ability to cope 
with the consequences of an ATWS event. 

Dr. Monson inquired as to what degree of improvement miQht be 
obtained in the reliability of the scram system. Mr. Epler 
replied that his asso.ciates at Oak Ridge believe that reliability 
could be increased by a factor of approximately 10. He thinks 
thc1t changes could be made to improve the reliability by as 
much as a factor of 103. Westinahouse calculates a random failure 
rate of 2 x l0-7/reactor-year. The common mode rate is an order 
of magnitude higher. Westinghouse feels confident that there 
is a probability of approximately 10-6 for failure of the scram 
breakers to open on scram demand. Mr. Epler thought that the 
probability of failure to scram on demand is approximately lo-3 
for present day water cooled power reactors and that this might 
be improved to l0-4/demand as experience is gained. Dr. Monson 
pointed out that 2/3rds of the control rods could fail to scram 
and the situation may still be acceptable. Mr. Epler thought that 
it is more likely that all of the rods will fail to scram than it 
is that one-half will fail to be inserted. Dr. Monson said that 
there may be common mode failures that are not common to all 
control rods and that the fact that only a portion of the rods 
need to be inserted to avoid a catastroohic situation is a 
significant advantage. · 

~~~latory Staff 

Mr. Moore reported he understood from conversations with Westing
house representatives that they have now changed their position 
from one of attempting to drag out the ATWS review to one of 
wanting to settle the matter with the Regulatory authorities. 
This is a result of a paragraph in the ACRS letter re~arding 
the Newbold Island construction permit. Westinghouse construes 
this paragraph as possibly indicating that the GE proposal of 
tripping pumps has been accepted as a resolution of the ATWS 
question for GE reactors. Dr. Monson quoted the paragraph from 
the Newbold Island letter, which does not indicate that the 
GE proposal has been accepted as a final resolution to the 
ATWS question regarding GE·r~actors. Dr. Lipinski stated that, 
if the same parameters are used to scram a reactor and trip re
circulation pumps, he is not sure how much reliability is improved. 

Mr. Moore stated that w;stinghouse has calculated that random 
failures have a 2 x 10- probability of preventing the trip 15 breakers from opening on scram deffland. GE obtained a 2 x 10-
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value for failure to initiate scram based on a similar.study. 
Mr. Moore said he believes that common mode failures w1ll ~re
domioate over random failures. Mr. Moore stated that West1~9: 
house had omitted manufacturer deficiencies in their probab1l1ty 
considerations. There have been two examples where such 
deficiencies have caused instrumentation failure. These 
were at the San Onofre and the Monticello reactors. 

When the ATWS Subcommittee met on March 1, 1972, it had available a draft 
report of ATWS for Westinghouse PWRs which had been prepared by Voss Moore 
of the Regulatory Staff and had not been reviewed by Staff management. 
The report summarized the previous history of technical submissions by 
Westinghouse, noting that they had not provided recommendations for design 
changes although this had been requested on more than one occasion by the 
Staff. 

After considerable discussion of various technical aspects, the draft 
report concluded that 

(1} westinghouse be informed that for future designs the conse
quence of ATWS should be shown to be acceptable or design 
changes should be made. 

(2) That "emergency" conditions as specified in the ASME code, 
rather than "faulted" conditions as proposed by some vendors 
be acceptable limit for ATWS. 

(3) and that other appropriate limits be put on fuel damage and 
containment conditions. 

Excerpts from the minutes of this subcommittee meeting follow: 

Executive Session 

Dr. r1onson stated that the matter of ATWS has been discussed for 
the last two or three years without much specific action bein[ 
taken. It was not apparent, howave~, that action needed to be 
taken rapidly. BWRs seemed to be significantly worse regarding . 
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ATWS than PWRs. Dr. Monson pointed out that the ACRS had gotten 
the applicants to perform analyses and suggest design changes 
relative to ATWS in the case of Newbold Island and of Limerick. 
In its letters reqarding these reactors, the Committee recoqnizes 
the fact that design changes were being made but indicated that 
the ACRS did not think that these will necessarily be sufficient. 

Mr. Mangelsdorf inquired regarding the effect of tripoing the 
pumps for BWRs. Dr. Monson stated that shutting off of pumps 
slows the coolant flow and increases the voids in tne core, 
thereby tending to shut the reactor down. Dr. Lipinski said 
that there may be a stability question with natural circulation 
and· that there is a possibility that chugging might occur. Dr. 
Monson thought that the Committee would probably not want to take 
further action regarding changes to cope with ATWS situations 

· until they are convinced that the existing situation is not 
adequate and that feasible solutions are available. Mr. 
Mangelsdorf inquired whether Dr. Monson believed it is possible 
that the ATWS problem is being overemphasized. Dr. Monson 
replied he believes it is possible both to overemphasize and 
underemphasize the problem. He indicated that the unreliability 
of scram systems is a debatable matter, but it apoears that it 
is approximately l0-3 to l0-4 per demand. Mr. Epler pointed 
out that situations have existed where reactors were incapable 
of scramming at HTRE-3, at a Savannah River reactor, at a Hanford 
reactor, and at KAHL. Mr. Mangelsdorf indicated that he did 
not believe it credible that the unreliability is as high as 10-3 
oer demand for commercial water reactors. He wondered if the 
unreliability might not be smaller than l0-4 per demand. Dr. 
Monson believed that no system as complicated as reactor scram 
systems and which require maintenance and testing will have an 
unreliability much less than 10-4 per demand. It was pointed 
out that difficulty had been encountered with the Monticello scram 
system and the wrong thing was fixed three or four times. Mr. 
Epler said that, at the Hanford N-Reactor, three common-mode fail
ures occurred. Filters failed, diodes failed, and all 88 rods 
failed to scram when one failed to scram. The Regulatory Staff 
is currently saying it is unacceptable to have a probability of 
occurrence greater than l0-7 per reactor-year for accidents 
worse than Part 100. Dr. Monson indicated he personally felt 
that this probability is a little on the low side and that-he 
might be willing to accept a probability as high as 10-6 per 
reactor-year. Dr. Monson indicated that the Regulatory Staff 
believes that improvement is needed regarding the ATWS situation. 

Reg_ulatot:Y._ Staff 
. . ·:.. 

Mr. Moore of DRS stated that the draft ATWS reoort which had 
been provided for use in conjunction with the Subcommittee 
meeting represented his own views.· He said that Westinghouse·· 
had been asked to recommend a fix regarding ATWS, and they choose . 
not to make such a recommendation. They were asked to provide 
details regarding the sequence of events during ATWS occurrences, 
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and they have provided somewhat more information than had pre
viously been submitted reparding this. The orevious assumptions 
used by Westinghouse involved unfavorable conditions which may 
exist for only a small portion of time. Westinghouse was asked 
to provide additional information relative to this but choose not 
to do so. At Westinghouse's request, they were asked to discuss 
possible scram system improvements and then, for some reason, 
they choose not to answer the question. 

Mr. Mangelsdorf inquired as to what Westinqhouse claims is the 
unreliability of their scram system. Mr. Moore replied that 
they have indicated a value of 2 x lo-7 per demand but that 
they do not include common mode failures in their considerations. 
Dr. r1onson pointed out that there have now been two clear cases 
where the scram systems of power reactors were inoperable, the 
scram systems for the KAHL and the Hanford-N reactors. At 
KAHL, the scram relays were replaced and were later found to 
have all failed simultaneously. 

Mr. Moore said he believes the pressure vessel and not the 
primary system piping is more likely to be the limiting factor 
reqardinq resistance to oressure. The stresses for the DBE 
and the DBA are limited to the ASME emergency conditions and 
the stresses from a combination of the two are limited to the 
ASME faulted conditions. Mr. Moore indicated he believed that 
AniS events should not result in situations worse than the ASME 
emergency conditions, unless the probability of an ATWS event 
resulting in catastrophic results has a probability of less than 
that of the simultaneous occurrence of the DBE and the DBA. The 
question was raised as to whether a sinqle small break would 
be considered a faulted condition. 

Mr. Moore presented Figure 1 entitled "Paths to Failure as a 
Result of An~s.u In this figure, the probability of failure 
to scram is assumed to be l0-4/anticipated transient. In 
order to achieve a l0-7/year probability that there will not 
be a catastrophic consequence from an ATWS occurrence, there 
needs to be a probability of approximately 10-3/ATI4S event 
that the primary system will not fail. Mr. Moore indicated 
that pressure vessel experts are not willing to state a 
probability for pressure vessel failure at faulted conditions. 
Mr. Moore said that he is inclined to believe that the pressure 
should not be allowed to exceed the ASME emergency value for 
ATWS events. 

Another AniS Subcommittee meeting was held with Combustion Engineerin9 

on March 16, 1972. Excerpts from the meeting follow: 

The ATWS Subcommittee met to continue discussions, particularly 
regarding C.E. reactors. C.E. has provided less safety valve 
capacity for their reactors than Westinghouse. C.E. calculated 
a maximum pressure of 6000 psi for an Al)IS event (loss of feedwater 
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flow). They believe that this is an acceptable situation since 
6000 psi would not result in more than 80% of the ultimate 
tensile strength being reached. The Regulatory Staff thought that 
a pressure as high as 6000 psi might damage valves which would 
later need to operate (e.g., ECCS values) and that the fuel clad
ding would collapse and possibly result in greater than Part 100 
doses through leakage to the secondary system. Dr. Monson 
suggested that C.E. pursue investigation of possible fixes 
relative to the ATWS situation. He thought that their effort 
should be directed toward obtaining a substantial reduction in 
the peak pressure and peak fuel temperature for ATWS events. 

Mr. Maccary indicated that the allowable stress is approxi-
mately 1/3 the ultimate strength. Upset conditions represent 
a stress which is approximately 110% of the design value. 
Emergency conditions correspond to the.yield stress, and faulted 
conditions (as viewed by the Regulatory Staff) are those that 
result in stresses equal to the yield stress plus l/3 the 
difference between the ultimate stress and the yield stress. 
The order of probability of failure due to high pressure was 
listed by Mr. Maccary as being (1) piping components, {2) valves, 
(3) pumps, and (4) pressure vessels. He thought that the proba
bility of failure of the primary system is less than l0-3 for 
emergency conditions. 

At the 144th meeting, April 6-8, 1972 the full Committee was briefed 

on the then current status of ATWS. The minutes follow: 

Subcommittee Report on ATWS 

Dr. Monson reviewed for the Committee in considerable detail the 
general status of ATWS knowledge in relation to water reactors, 
including the effects of various "fixes" on the magnitude of 
pressure and temperature transients accompanying the event 
in each type of plant. 

In addition, he presented information to aid the Committee in 
forming opinions in regard to "acceptable 11 risk of a catas
trophic accident. 

In brief, all of the analyzed transients extend into or approach 
the regions of 11emergency" or "faulted" condition allowances for 
the materials ~f construction. There is a spread of approximately 
a factor of 10 between the probability of ATWS per reactor 
year {lo-4) and the Staff preposed "acceptable" probability of 
a catastrophic acciden~ per reactor year (l0-7). {The Sub
committee considers a probability of 10-6 to l0-7 for a catas-
trophic accident .to be an acce~table figure.) . 

Apparent solutions would be: 

• increase the reliability of scram systems by a factor 
of l0-3, or 
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• ensure that the consequences of ATWS will be not 
greater than a Part 100 event. 

Dr. Monson stated that the Committee needs to establish a 
position on the following considerations and that as many 
members as possible should plan to attend the April ATWS 
Subcommittee meeting in Denver, at which time these items 
will be taken up by the Subcommittee. 

(1} Is ATWS a problem? 

(2) Should the Committee write a letter? 

(3) Does the Committee agree with the basic Staff 
position (see below)? 

(4) What should be the criteria to make a non
protection system "fix" acceptable? 

(a) < Part 100 releases? 

(b) pressure peak < emergency o? 

(c) no melting of fuel? 

(d) peak clad temperature < des.i gn? 

(5) What should be the requirements for an acceptable 
protection system fix? 

(a} increase reliability by factor of (?)? 

(b) separate, diverse system? 

(c) apply requirements to "warned" plants (ACRS reports)? 

(d) supply backfitting provisions? 

REGULATORY STAFF POSITION ON ATWS 
{Essentially unchanged since Sept. 16, 1970) 

Applicants should be required either (1) to demonstrate that 
with their present designs the consequences of anticipated 
transients without scram are acceptable, or (2) to make design 
changes which render the consequences of anticipated transients 
without scram acceptable, or.(3) to make design changes to 
improve significantly the reliability of the scram system. 

The BWR and PWR manufacturers should be informed of this decision. 

The analysis of ATWS in accordance with the guide {Appendix A 
or B) originally prepared for use by the reactor designers 
should be pursued with applicants. This should be done with 
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applicants on current and future construction permit cases and 
with holders of construction permits for which the AEC safety 
evaluation and the ACRS letter identified this problem. Back
fitting of other cases should be considered on a case-by-case basis." 

Still another ATWS Subcommittee meeting was held April 21, 1972 (the 

twelfth on the subject, to date). And on April 28, 1972, L. Manning 

Muntzing, the Director of Regulation, transmi~ted to the ACRS the Regula

tory Staff Position on ATWS. This was reviewed by the full Committee at 

the 145th ACRS meeting, May 4-6, 1972, and on May 10, 1972, an ACRS 

letter giving general approval was dispatched to Mr. Muntzing. 

Both Staff position and ACRS letter are reproduced below: 

·~ 
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UNITED STATES 

ATOMIC ENERGY COMMISSION 
WASHINGTON. O.C. 20545 

APR 2 3 i972 

Dr. Chester P. Siess 
Chairma:::1., Advisory Committee on 

Reactor Safeguarcs 
U. S. Atomic ~ner~· Commission 
Washington, D. C. 20545 

Dear Dr. Siess: 

0 

:0 ,.,., 
n ,.,., 
< ,..., 
0 

I am enclosing eightee:::1. copies of the requirements for protection against 
anticipated transients without scram (AT\~) which we plan to impose on 
applicants for construction pe~its. 

In February 1969, ~!r. E. P. Epler, an ACRS consultant, suggested that pro
tection systems designed for highly unlikely events might not have the 
required reliability to protect against anticipated transients. Our revi~~ 
found that several anticipated transients require protection syste.n acticn 
(scram) to prevent unacceptable consequences. We also investigated the 
reli~bility required of scram systems for these transients and have con
cluded that prot:ction against AT\o."S shotdd be provided in accorda~ce with 
the enclosed requirements. Our conclusions were based on an investigation 
of scram system experience in power reactors Which considered common mode 
failura~ as well as random failures. We reported the results of our 
studies to the cotr.jnittee in September 1970 with the recommendation for 
new requirements. · It should ~e noted that the reactor manufacturers 
believe that the reliability of scram systems is so high that protection 
against ATW~ should not be required. The staff disagrees on the basis 
of its studies referred to above, and believes in addition that informa
tion on scram reliability obtained since September 1970 reinforces its 
earlier conclusion. 

Since our September 1970 recommendation, we have continued to study antici
pated transients with the t.:"ater reactor designers. In December 1970, the 
staff requested the four water reactor manufacturers to furnish detailed 
information regarding the consequences of ATWS and possible remedial meas
ures. The st~ff has revi~~ed the information presented in response to this 
inquiry, and finds that its earli~r· conclusions are unchanged. An ACRS 
subcommittee has held meetings with the reanufacturers and has been kept 
fully informed by the staff d~ring its review. 
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Dr. Chester P. Siess - 2-

In August 1971, the ACRS concurred in the staff recommendation that a design 
change (recirculation pump trip) was required to make the consequences of 
anticipated transi~nts without scram &cceptable for the Newbold Island reac-

-tors. The same design change has been required for subsequent boiling water 
reactors • . 
Based on the foregoing, we have concluded that it is advisable at this time 
to impose requirements on construction permit aprlicants for all water reac
tors in order to make further progress on the problem of anticipated trans
ients without scram. The enclosed regulatory requirements are consistent 
with our recommendation of September 1970. More specific information, how
ever, is provided to define acceptable consequences and to assist in imple
menting design changes. Studies are continuing to develop lists of required 
transients and assumptions, and acceptable evaluation models for the various 
designs • 

ACRS comments on the proposed requirements that we receive soon after the 
May meeting would be most timely in our considerations. 

Enclosure: 
Requirements (18) 

·-
·-

-
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'-b:GULATORY STAFF POSITION Ori ·J 
ANTICIPATED TRANSIE:TS WITHOUT SCRk~ 

April 28, 1972 
I. Recommended Position 

Applicants sho.uld be required to: (1) demonstrate that with their present 
designs the consequences of anticipated transients without scram (ATt~S) 

are acceptable, or (2) make de:sign changes which render the consequences 
of anticipated transients without sera~ acceptable, or (3) ~ke design 
changes to improve significantly the reliability of the scram system. 

II. Imnlernentation 

A. Definition of Acceptable Consequences 

·-

-
It is necessary to establish acceptable consequences of ATI~S in 
order to icple~ent either option 1 or option 2 of the recommended 
p·osition. Acceptable conditions are defined as follows: 

1. Radiological consequences 

The radiological consequences shall be within the guideline 
values set forth in 10 CFR Part 100. 

2. Primary System Pressure 

The n~ximum acceptable transient primary system pressure shall 
be based on the primary system pressure boundary limit or the 
fuel element limit whichever is more restrictive: 

a. Prir.ary Pressure Boundary Licits 

The transient pressure shall be limited to less than that 
resulting in a u2:dmuQ stress an7where in the re:~ctor cool
ant pressure boundary of the "emergency conditions" as 
defined in the AS!·rE Section III Nuclear Power Plant Com
ponents Code. 

b. Fuel Pressure Limits 

The transient pressure shall not exceed a value for Which 
test and/or analysis demonstrate that there is no substan
tial safety problem with the fuel. !he safety considerations 
include radiological consequences as well as hydraulic 
effects. 

3. Fuel Thermal and Hydraulic Effects 
. 

a. The average enthalpy of the peak pellet shall not exceed 280 
calories per gram. 
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b. A calculated critical heat flux event will not be acceptable 

unless the peak cladding te~erature can be shown not to 
result in significant cladding degradation. 

b. Containment Conditions 

Calculated containment pressures shall not exceed the design 
pressure of the contaimnent structure. Equipr.:ent \-lhich is 
located within the contain~ent and which is relied U?On to miti
gate the conseque~ces of Ar.~s shall be qualified by testing in 
the combined pres~ure, temperature and humidity environment con
servatively predicted to occur during the course of the event. 

B. Analyses of Possible Detrimental Effects of Required Modifications 

c. 

Any modifications cade to comply with option 2 of the recommended posi
tion shall be sho~~ r.ot to result in violations of safety criteria for 
steady state, transient, or accident conditions and shall not substan
tially affect the operation of safety related systems. 

Diversity Requirement for Implementing Option 2 of the Reco~~ended Positior 

Design changes to make the consequences of ATHS acceptable should not 
rely on equip~ent or system designs Nhich have a failure ~ode co~on 
with the scram system. T.1e equipment involved in the design change 
shall, to the extent practic~l, operate on a different principle fro~ 
equipoent in :he scram system. As an absolute minimum, the equipcent 
relied on to render acceptable the consequences of the A~\S event shall 
not include ~quip~ent identical to equipnent in the associated scram 
sysi.em. 

D. Diversity Requirement for Implementing Option 3 of the Recommended 
Position 

Improvements must reduce considerably the potential for common mode 
failure of the scram system. Failures of identical equipment from 
a co~~on mode should not disable sensing circuits. logic, actuator 
circuits or control rods to the extent that scram is ineffective. The 
addition of a separate protection system utilizing principles diverse 
!rom the primary protection system is indicated in order to meet this 
requirement. 

--
. ·~ 
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ADVIS:::J?:Y COM:./oTTTLE Oi-.1 REACTOR S/·.F"EGU.~RDS 

Mr. L. Mannin~ ~un:zing 
·Directcr of R:::g1.,;.L::tio;• 
U. S. ;.::or,.ic Ent:r£\ Co~·.u~.issio:1 

\·:.:!shini:-ton, D. C. 20545 

Dea:r H;:. huntZiY:£: 

llay 10, 1972 

Yo~r lc~~~r of April 2D, 1972, d~scribcr rc~uire~ants for pratection 
again;::;t anticipat"'.:' trailS :i.t:.i1ts '\.'ithcut scr.::~ (AT1?S) \·!hich the Rerula
tory S~.aff plr;n;. l:C' ir::pcse Oi1 .::-;;:?licant: for construccion perr::its, 
and notes that ACRS cc=.7:lents on the pro::.>os~d req;..ircrr.cnts r.::ccivcd 
soor. after tl:::. ACP.S 1-l.a.y oee.tin.:; iiOtlld be tb1ely. T!le Co~it:tc.:: uishes 
t0 m.::.kc ti"1€:' fo:i] o~:ins com1TI::nts. 

/ 
I 

1. 1'11E:: i'.Ci\S n:::co:;•:i :::e~ A'JVS .::-,s :::. lm·: r:~ol,,::bilit~· eV(:nt. Nc\'CrLhe le" ,, , 
it b,;li.:\r<; ::: . .:-.:, ir· cc•7!sid·.:r;;t:.:.c·:l of t;;;c 1"'6'..! ;w·:':Jcr of \:atcl·-cool<:-:.1-
po·.:.::r rce::.cto:r:o e:·:p(c::ec C\,-;:!r-;.Lu . ..,li:·' to i:.e in 0J.·C!"""civn, ~nd iL \·~L:\J of 
the expected o~cur:cnca rate of anticipated t:ansic~~s (collcct~vely, 
on Lhs order of 0nc per reactor par yc~r), experience with scr~a sys
te~s 0! cu:rre~c design is insufficient to sive assur~ncc o£ an ~da-
quc.t:c·l~' lo·.; I'n::1J~bi1i. of occu:Lrence of en A'l~·:S e\cnt of pc.,s::;ibly 
scriou:; con$i2ll'..l~nct:. Accon.lin~:l:y, tf.e Cor. .. ~·ittec ar,n:cs -vl'itb ti1c in
tent of the i~n:;:; position r~corr .. --::.::.r-:dcd, viz: 

'~pplicants should be required to: (1) der.ionstratc th.::t \-.rit!-1 
their present cicsic-;"1~ tlw consequc"r,ccs of anticirat.ed trc=:nsL::nts 
uitho\.!t s:r;:::-:. (AT;·!S) arc occ;:p::ablc, or (2) r::al~e design chc-r!~es 

vlhich ren<l;;r th,~ cca1s.:-qu.-.;-.~c.;;, of .:::''lticip.::t:::ed trar:.r.ients 'h'ithc.•ut 
scram accepta.blt::, or (3) maLe design changes to improve sig!:'li.i:i
cantly the reli.::.bility 0f the: scram syr-tem." 

II. The:: Co:::."T:).tte~ has the follo· .. ;in:; con-::.,::mts on ~he criteria p:oposed 
to be u;>e:d in L-:-pl~.::.:.ant.:;.tic~1 ('; the.: basic pos:ition. 

f... lr1 rcspv<. t to the prop0sed definition of "acceptable consequences 11 

for iir.pLm2nt.::!:ion ci ci t:,sr 0ption 1 or opti0n 2: 

1. Conca:nirg radiolu~ic6l ~onsequQnceR, we agree with the pro
f'C'!:>ed Ct'::1:lit inr.: ':lhQ r-;;;d{C:'' o~i.cnl co:-J:~er;ut=nces shall be \:ithin 
tlle gu:i.de.lir.l::! v<1l11.::s set forth in 10 C:Fn Part 100". 
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Mr. L. 11:-mrdng. Huntzinr. - 2 - Hay 10, 1972 

2. Concerning prirruary system pressure: 

a. U<: agree with the intent of the proposed condition: 11The 
transient pressure shall bf? 1 imited to l~ss th:m that result inc 
in a m<1:ldmum stress any\;h.;re in the rc.:::ctor cooL:mt pressure 
boundary of the 1 eme::r~ency conditionf. '. as de~ine:d in the AS!·:: 
Sectio;-1 lii Nucleor Poiver Pla.nt Co;::,poncnts Cod::". HO\·.lever, '"e 
belicvc lh(:: \·lording should b.:: chang~d so as to rea~ along the 
follO\·!il•e li.nes: "The transient pref:s\Jre shall not be greater 
than that which results in reactor coolant pressure boundary 
stress conditions corresponding to those of 'emergency condi
tions' as defined in AS1·::E Section Ill i:u~ lear Po\·n:r P:!.snt Ccm
pOI'':':nls, 1971". t-Ic;. beli(.ve it shoulcl be noted that the intent: 
of this provision is to obviate the n~ecl to consider a loss-of
coolant accident (LOCA) in conj'..lnction vlith an AT1?S event. 

b. \-Je agree \..ritb the intent of the: proposed condition as ex
pressed in the first sentence: "Ihe transient pressure shall 
not exceecl a vclue for which test ancl/or analysiH d~rnonstrate 
that ti::.re is no st,bstantid s2:.:t:y I'rot::.em -..:ith the. fuel" 
Ht)\-J~ver, He reco~n::nd that th-:! s.::cond se:nt•=nce be delet£.:<l. 

3. Concerning fuel thermal and hydraulic ~ffects: 

c. The Comnitte~ bclieYcs tL:t the p::opo:;ed li:;tit on enthalpy 
of the peak pellet of 280 calories per tram sho\Jld not be 
cdopted at t:his tine. A single limit for all cases may not 
ever: b·;:; desirable. lt is re co::.::-,ended that the criterion be. 
chcngcd to indicate that, in an A'li~S invohing a po\.;rcr excursion, 
the effect~ of rapid increase in fuel enthal~y shall not resclt 
in significant clcdding degradation or in significant mc;lting of 
fuel even in the hottest fuel zones. 

b. l\l'e .:1eree v}ith the intent of the proposed cor.dit ion: "A 
calculated initial heat flux event "'ill not be acceptable un
le.ss tht:: peak claddint, ter·l!Jerature can be show·n not to zcsult 
in significant cla~ding degradation•:. 

4. Concernin£ containment conditions, \ve agree with the i11tent of 
the proposed condition: 11Calculated co:1tainment pressure shc-.11 not 
exceed the design pressure of the contai:::ilent structure. Bquipmilnt 
"1hich is located ¥.'ithin the con tair.::1ent ancl which is relietj upon to 
mitig&te the consequences of'-ATi}S shall be qualified by testing in 
th'· combined pressure, tc.mperatu:rc: ona hu:nidity cnvironr1:~nt conser
vatively predicted to occur cluring the course of the cvc:nt ". 
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Hr. J .... Hanhi;"'.g Huntzin:: - 3 - May 10, 1972 

B. l-ie agree vlith th~ intent of th:; proposed rc(!uircmcnt B: 

"Any moc!ifi cat ion: made to co:-:1p ly \:i th option 2 oi the· rcco::'l.T.endcd 
position shall be shown not to r~sult in violations of safety cri
teria for Rte~dy state, tranzicnt, or accident conditions and shall 
not substantially affect the operation of safety r~lated systems.'' 

C. We agree with the intent of the proposed requirement C: 

"Dt.:sig:i ch.:1n6es to m:1ke the co:1sequcnces of A'.[';·~S P..cceptablc shoulc~ 

not rely on eqnip:n\-'nt or syster:1 designs \·lhich have a failure mode 
co::::1on \·.·i::;; thC; scr•-::u syst.:;;:.. Ti1e cquip::1cnt involved in the desi~·'· 

chan&e sha1l, to th~ cxt~nt practical, ov~ratc on a dLfferent pri~
ciple frc:., cquip::~cnt in th~ scr.:.m syst~;:;-,. As .:ln absolute minimu,.:, 
the eqcip:-:~-:.nt relied on to rencl=:r acceptable the consN]tlences c•f ti~e: 

ATI?S event sh.:;.ll not :include: 8q:;i;··.-:u:mt ide.ntic;;.l to eq'.Iip;:,.~nt in 
the aesociatC:.d scra:n systcn:." 

D. He at:r.::e: \':i.th the intent of the proposed requirement I>: 

11 I:-:prC'vc.::::;~ts t::'.lst r-. .. J:.Jcc cons i(~~.rc'.>l~· the potent L::l for co:::.-:wn 
m:>de ft~ilure of t!"'e scra;r. syst<.::m. Failur"'s of identical equip
mc.:nt fr0r.; a cm:rnon rnoJe should not disable sensing d.rcuit~, logic, 
actc<::t0r circuits cr control rods to the extent th~:. scra.rn is in
ef:ecr:ive. The c.ddition of a separate protection system •Jtilizin~ 
principles diverse frc,m t:J.t:: pri:"ary protection ,c;ystcl:l is ind:i.cat 
in crc:Jer to :;;cet this requircncnt. 11 

III. In uddi~ic~ to the abo\te cornments on the proposed rcqul.rer:1ents, thf! 
Co:-.;,-:; it tee: m.::kE: s the follo•dng recom.Ttenda t ions: 

A. ln any .::nnouncenent of the basic position recorr:~1i:.nc':cd, a~ \·:ell as 
in its irr.plc:::::;ntat ion, cere sLoul.d be taken to make cl~a:r the, fact 
that availability of options 1 and 2 is not to Lr- construed as pre ju
dicing in .:ny way the importance of continuing effort to irr·prove e·d:::t
ing scr.:~m £yste2s to the extent practh:al, irrespective of A'!'t·~S con
sid.:::rations. 

IL As in~icated in your letter, Regulatory Staff studies are contim:irot: 
for th~ purpose of d~vcloping lists of transients to be considered, ~r.· 

Duuptions to be u:::;ed, and acceptable evaluation models. He reco!!'.!!lend 
thnt this effort be accelerated to the extent practical: in order rn=t 
a ma:>:imum of guidance: be. avail.?.blc to the applicants upon. comntencer.~•?!it 
of imple::nentacion. It is ~l!:.o·~;::ro···.rticndec that tht= lift of tr<'l.nsic;;ts 
to be treated be described. ;l~; a mini,.:.:r-1 bul.. not neccssartly s1.!i:f.i_C"i.:nt 
lis:t, 'Jith the applica;:"li.. :r'csj)Or,dblv for i:.1 c·nrifyin~ .:<1::. rd<.:vant tr~·I·

sients. 
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H:::. L. l·j::mninn Muntzin~ - 4 - May 10, 1972 

C. The Co!:'..:titt.e~ rc.:conrnends that the proposed position, modified as 
above, also be impl<.:Mcnted on a reasonable tin:r~ scale in respect to 
those v1<:.ter-coolt:d pO\·.·e:r reactors under construction for which the 
ACRS letter and the Regulatory Staff safety evaluation associated 
with the CClnstructi.on permit identified the Al~·]S problem. The Com
mittee: .lsstr!eS that, in due course, the Regulatory St~f£ 1r1ill propose 
an approp~i~te course of action in connection with ~arlier plants. 

IV. The:: Cc:1!:littt'( intends to continue \·:orkin!_; cloze.ly \;ith the Rqru
latvry zu.ff in tl1~ further study and dc.vclovr.er.:: of criteria am! 
procedures to be applied in the:: Ali·JS area. 

. . ·;.. 

Sincerely yours, 

Original Signed by 
C. P. Siess 

C. P. Siess 
Chairm~n 
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After more than three years, the matter appeared to have been resolved. 
Reactor designers would have to demonstrate an ability to tolerate ATWS, 
unless by changes in design they could provide convincing arguments that 
the scram systems were 100-1000 times more reliable. The anticipated al
ternative was to make the designs such that the consequences of ATWS would 
be tolerable. 

However, the Regulatory Staff continued to hold internal discussions with 
regard to their position on ATWS. In a draft dated November 30, 1972, they 
reversed their stance with regard to the recommended fix for ATWS, namely, 
for reactors whose construction permit applications were to be filed a few 
years in the future. Improved reliability in the shutdown system (i.e., 
two independent systems) would be required, rather than an ability to 
tolerate the consequences of ATWS. 

The ATWS Subcommittee met with tPe Regulatory Staff to discuss this revised 
position on January 10, 1973. The problem of how and whether to "backfit" 
A'l\VS to plants in operation or under construction was a particularly 
difficult one, in view of the considerable problems involved in making 
changes in valves, piping, etc. in an existing plant. This problem had 
been aggravated by the increased number of plants now in this situation, 
vis-a-vis 1969. The Subcommittee questioned the proposed use of "faulted 
conditions" as an acceptable pressure limit for backfitting. 

On January 22, 1973, Mr. Muntzing formally forwarded a new recommended 
licensing position on A'IWS to the ACRS. The Muntzing letter makes it 
appear that Newbold Island adopted the recirculation pump trip as a 
result of Staff initiative, rather than that of the ACRS. The letter and 
its attachment are reproduced (in large part) on the following pages. 
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Hr. Earcld G. ::....~·:;el:.;cior:f • C:-tairl:l~m 

AC:visory Co!!'.:x=.tt:::~ en ?.·::::cto:- Safeguards 
U, S. ,\tOl'lic Eneq;y (o~:lissi.on 
~ashin;ton, D.C. 20~45 

.. 
... 

I ttn enclosing :.s co1des c< a re.::o:..:nc~·.1ced liceasin~ pcsitio··· c~ t:·.: ,: • .;E-o 

for prvtec<ic·•· f.~air.::.t anU.cipat~;.i t-:-a;.;:ic!:tS ,,·itl:out scrr.:-:: ( ·,T:S) :::: 
wat.t~r··coo1.ed po•-~~'!.· n~:;:ctcrs. T;1is posit:i«.tn is <:. re.~ult of 1.h~:. i\egulut0ry 
staif':. c('l:l~im,i;-1 rr~v~.e·~ ~nd of Cl.bct 3!:lior:'3 \·lith the ACR3 fC'llot;.;ing our 
c· .. c.'f.c:n£~ of !.~tt:...-s on AT~:;; ::f.:1 April R.td !-Ir.y 1972. 

l· .. S 110t~j l.!1 ~~·/ e~_rlic.t lettE'.T, it l!aS b~er1 ~u~ge::;t~(; tl1at 'f;rotecticn SJS

tC":"P.F d~s; t;ne.ti for l.i,::ly •.mlil:~ly cv-:'.nts t•:i.f:,ht not ha·;e the rr~1iab!.li t~· 
to protect af,Rins: ani..icipc;.t.=.::i trsub::.;r.ts t!:at :!.E:: re"Juit'cd in ·Jie\·' oi tha 
la~i!e nur1:·.c·L' cf v.:.te:..·-,~coled p0tY't:r -:-e!:ct.ors o.n:::ici~~:.:eJ. t0 ce in or•eration 
in tl":~ ft.:::~re. C'ur revip,• fc•.md th~t rev-::r-::.1 aut:ic~.;at.::!d tra:-,s:!.e:nt.!=; r~
quir<:: p::ctn.::.ti0n systc-;:1 acti<m (~~err::-:) !:o p! e·Jer,t U<'l.:tCC\~p·c.:.!1le c.:>:t~equc:r;..::..;s. 

\!c .also :i.l"!'i-:.st:i.:,;;t'!!c~ the' r~~.Liabil;:.ty tc::.ti-..·:Ci. of F-cran syst:::,!:> for. th:·::c 
trar1s:ie:·n:s and h'!lve ccr-cludcd t:nat ~·ret ~ct:'..on r.~;a::i.nst A'.:;:;s sho:1ld b~ i•J:O
v::.dec:. C1.1r c::mcl~sic-r..a w:·r!: ba~ ·'a on :;r. i'!Y.'C:;"t:i.!~ction ("'f s.:r:-=t~ t;~·ster:~ 

expe•..-ience in t~m-1er re:ac::ors :;!dch .. onsid::.a.d cc:.1:lOi.\ rJ:.)de fail,!Tas ss wc.!.l 
as render.; faiLn:-e~. 1;€: ::-er':lrted the re~ults of our stuc1.ies t..., ci1u 
Co:maitt:er?. in Septe:-:11:-er l97il. !t sl:oulu b~?: not~d that: the r'!acto::- mar.u
fac-tt•rers belit1.ve th.:;:- tht; reliability of sc:-a.1. syst:~s i:::; s<> h!.gh that 
protection <.:.gain.st AlES shculd r.ot be: r.::qu::;.reci. The: Re:gulat:ory stafi di:::
agr~es on the b.:tsis cf its sti.lci~s referr;:.d to above, and 1'-el:i.eve.:; that 
adcitional i~fonation on scram relia.l:dlity obtai:1e.d sine'~ S·!ptt:.lnber 1570 
supports ::i.ts earlier conclusicn. T:1e staff has r<:!vie\-leti -.:.et:.il.::C. infol."i..:l.C·· 
tion re'!Li.·:::!!:te;;..: cf tht: fo .. t-..: 't· .. atcr-coole.d po~..rar !'c?.nctor l:lc:".m.•f;.ct"~e}:E; in 
Decembl!r 1970 on the co~sPquences of AT\~;S and pordble. retr.'::'ci.-:.1 !'leasures, 
and found that its carlie.: coi'lch:.sions \·ler~ l.lli.Change:d. A:l ACRS Sli.bcom
mit.te.~ held meetings uitr. t 1•e man':lfact:trcrs and t,•as !':e1-·t fully infon;::ect 
by the R~gulatory sta:E: du1:iug its r~-;.1iev. I~ .\.u:;-..tst lS71, the ACRS 
concurn•d in the ~taff ::eco~endation th;1 t a de-:.:isr:. char.:~e (re.:ircula tior. 
pump trip) -.vas required to t1ake thc":!-O:"S<l'!UG.nce::; C·r ATI-iS e.cceptable for 
the l~~?.wbold Isl.:.;."d reacto:·s. T'b.e sar:.'! dcsig&l ch.:m;e has t-een requireci 
for subsequent hoilin.g w:-Lte.:- :re~ctors. 

. : , : r • 
t . ·. ' · 1 I 
~ · .t :! L .. ,· 
"" • II:~ 

~ . 
~· .r 
. I: .... 

-- "!' 
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~;r. Harold G. ~kr:~_elsdorf 2 19"'i"'! 
• ! ,) 

He continue. t0 believe, based on the foreq,oin:?,., that it is advisable to 
begin to ir.•}"losc requi!e:ne!lts on const.,.uctjon perc..it applicants for .1ll 
v;atcr-cooled ro~:::!r react..::>rs :i..n ord."r tv 1..air:.tain an a:;crropriate level of 
safety wit~ rcg.:;rd to possible AT'.:;; event~ and the incrcr:sing numbc:r of 
pm·:er r-t::.art:Jt·s. 'i:he CTlc1oseC. rt'ccm:i1cr,-.1ed li:::ensin~; posit:.i.(,n is consistent 
vrith om: pre·:1Y.~s tsco:-:iwnd<:ltions. St:1ldies are continuing to develop 
lists of :.:.;q;;.;;.r ::::i trensier:t<; and a::.:::1.upticns, and acceptable evaluation 
model~ for :.:!f: \'ario•..!s r:ss:iz::t::.. 

I '\·10uJ d apprf:ci r. ~c hav~.n<; a'1y c.:r::rment the .~CRS .~ight like to make on the: 
enclosed lice11ci'i1g positio.1, 

S:i.r.ccrely, 
i •' -, 

·~ .. 
.. j 

EI'closure: 
J_ict:llsir.g Positioa on ,\THS (18) 

• < .. 
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RECOMMENDED LIC~~SING POSITION ON 
ANTICIPATED TRANSIENTS WITHOUT SCRAM (ATWS) 

FOR WAXER-cOOLED PO~~ REACTORS 

I. Recommended Position 

A. Applicants for construction permits, where application is made 
after *, should be required to incorporate design 
changes that improve significantly the reliability of the reactor 
shutdown systems, as compared with current designs. 

B. Applicants and licensees ·with plants for which the need for pro
visions for ATWS is noted in the AEC construction permit-stage 
Safety Evaluation Report or Advisory Committee on Reactor Safe
guards Report, and applicants for construction permits, where 
application is made before * and where the construc-
tion permit review has not been completed, should be required to 
incorporate any design changes necessary to assure that the 
consequences of anticipated transients would be acceptable in 
the event of a postulated failure to scram. 

C. The need for backf~tting of plant changes to mitigate the conse
quences of ATWS in plants for which neither the AEC construction 
permit-stage Safety Evaluation Report nor the Advisory Committee 
on Reactor Safeguards Report identify ATWS as a continuing area 
of review should be considered on an individual case basis. 

II. Implementation 

A. Req•Jirements for Improved Reactor Shutdown Systems. Applicable 
to plants for which constructi~n permit applications are made 
after *. 
1. Protection Against Common Mode Failures. 

The required improvements in reactor shutdown systems must 
reduce significantly the potential for common mode failure 
of the shutdown system. Postulated common mode failures 
of identical equipment should not disable sensing circuits, 
logic circuits, actuator circuits, control rod mechanisms, 
or other shutdown system components to the extent that 
shutdown is ineffective. In order to meet this requirement, 
the provision of two separate shutdown systems ut±iizing 
diverse principles and equipment seems under present circum
stances to be indicated. 

RECEIVED 
*Date to be 3 years after promulgation of· po.sition. AOVISOiiY COMMI"iTEE Oil 

REACTOR SAFEGUARDS U.S. A.E.C. 

JAN 2 21973 
AU fM 
7,8,9,10lli12•1,2,3,4,G,6 

"l 
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ATWS 2 

2. Program for Implementation. 

A comprehensive program leading to the design, manufacture, 
and installation of reactor shutdown systems improved sig
nificantly over present systems in reliability and freedom 
from common mode failures is required, together with such 
research and development as is needed to support the program. 
The research and development needed for this purpose must be 
accomplished in a time consistent with the requirements of 
Paragraph I.A. The Regulatory staff will require each 
reactor manufacturer to submit periodic reports of the prog
ress of its program to develop an improved system and will 
review such progress reports with the manufacturers to assure 
that a program consistent with the new requirements is being 
pursued expeditiously. It is expected that the improved sys
tems will be included in the design of plants for which 
applications for construction permits are made after * 

B. Requirements to Make ATWS Consequences Acceptable. Applicable to: 
(a) plants for which the need for provision for ATI~S is noted in 
the AEC Safety Evaluation Report or the Advisory Committee on 
Reactor Safeguards Report at the construction permit stage; and 
(b) plants for which construction permit applications are or have 
been made prior to *, and for which the AEC Safety 
Evaluation Report is not yet issued. 

1. Calculation of Consequences. 

The caltulated radiological consequences should be within the 
guideline values set forth in 10 CFR Part 100. In addition, 
the limits listed below on calculated system pressure, fuel 
performance, and containment conditions should be required. 

a. Reactor Coolant System Pressure. 

The maximum acceptable calculated transient reactor coolant 
system pressure should be based on the system boundary 
pressure limit or the fuel pressure limit, whichever is 
more restrictive: 

*Date to be 3 years after promulga~~on of position. 
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ATWS 3 

(i) Reactor Coolant System Boundary Pressure Limit. 

The calculated reactor coolant system transient 
pressure should be limited such that the maximum 
primary stress anywhere in the system boundary is 
less than that of the "emergency conditions" as 
defined in the ASME Nuclear Power Plant Components 
Code~ Section III. 

(ii) Fuel Pressure Limit. 

The calculated reactor coolant system transient 
pressure should not exceed a value for which tests 
and analyses demonstrate that there is no significant 
safety problem with the fuel. 

b. Fue~ Thermal and Hydraulic Performance. 

c. 

(i) The calculated average enthalpy of the hottest fuel 
pellet should not result in significant cladding 
degradation or significant fuel melting. 

(ii) A calculated critical heat flux event will not be 
acceptable unless the calculated peak cladding tem
perature can be shown not to result in significant 

··cladding degradation. 

Containment Conditions. 

Calculated maximum containment pressure should not exceed 
the design pressure of the containment structure. Equip
ment located within the containment tbat·is reiied upon to 
mitigate the consequences of ATtvS should be qualified by 
testing in the combined pressure, temperature, and humidity 
environment conservatively predicted to occur during the 
course of ·the event. 

2. Evaluation Techniques. 

Analysis models and techniques, including computer codes, used 
for conservative evaluations of the consequences of postulated 
ATWS events, together With associated assumptions and param
eters, should be described and justified in topical reports. 
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ATWS 4 

3. Review of Reactor Shutdown System Design. 

A review of the reactor shutdown system design should be made 
with the aim of identifying and correcting areas that might 
be particularly vulnerable to common mode failures. 

4. Diversity Requ1rements. 

Design changes to make the calculated consequences of a pos
tulated ATl~S acceptable should not rely on equipment which 
has a failure mode common with the anticipated transient or 
the shutdown system. To the extent practical, the equipment 
involved in the design should operate on a different principle 
from equipment in the shutdown system. As a minimum, the 
equipment relied on to make the consequences of a postulated 
ATWS event acceptable should not include equipment identical 
to equipment in the associated shutdown system. Such designs 
should be shown not to result in violations of safety criteria 
for steady state, transient, or accident conditions and should 
not adversely affect the operation of any safety-related 
systems. 

5. Program for Implementation. 

For plants already under construction, or for which construc-
tion permit applications are made prior to **, 
applicants should submit by ** evaluations of the 
consequences of ATWS, plans for any proposed plant changes 
required to make the c.onsequences acceptable, and a schedule 
for implementation of the proposed changes. Applications for 
construction permits made after ** should include 
analyses to show that the consequences of ATWS are acceptable 
with the proposed plant design. The regulatory staff will 
require each applicant or his reactor manufacturer to submit 
periodic reports of the progress of his program to make ATWS 
consequences acceptable and will review such progress reports 
with applicants and manufacturers to assure that a program 
consistent with the above schedule is being pursued. The 
program for topical reports of evaluation models (Paragraph 
ll.B.2) and the experimental basis for the models will be re
viewed for consistency Wl~h the above schedule • 

. . 
**Date to be 1 year after promuigation of position. 
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C. Requirements for Backfitting of Plant ~hanges. Applicable to 
plants for which neither the AEC construction permit-stage Safety 
Evaluation Report nor the Advisory Committee on Reactor Safeguards 
Report identifies ATWS as a continuing area of review. 

1. Analysis of ATWS Consequences. 
\ 

An analysis should be made of the consequences of anticipated 
plant transients in the event of a postulated failure to scram. 
The analysis should show whether 

a. calculated reactor coolant system transient pressure 
exceeds a value such that the maximum primary stress in 
the system boundary is equal to that of the "emergency 
conditions" as defined in the ASME Nuclear Power Plant 
Components Code, Section III. or 

b. effects of the ATWS event result in significant fuel 
cladding degradation or significant fuel melting, or 

c. calculated containment pressure exceeds the design 
pressure of the containment structure. 

2. Review of Reactor Shutdown System Design. 

A review of the reactor shutdown system design should be made 
with the aim of identifying areas that might be particularly 
vulnerable to common mode failures. 

3. Program for Implementation. 

The analysis of ATWS consequ·ences and the reactor shutdown 
system design review should be submitted by ** 
for review by the regulatory staff. The staff will evaluate 
the need for plant changes with the objective of achieving 
an appropriate resolution of the ATWS issue on an indLvidual 
case basis. 

. . ·:.. 
**Date to be 1 year after promu~gation of position. 



4-62 

ADVISORY COMMl"liEE ON REACTOR SAFEGUARDS 
UNITED STATES ATOMIC ENE:RGY COMMISSION 

WASHIN~TON, O.C. 2'545 

April 11, 19 73 

HIGHl,IGHTS OF 
ATWS-RELIABILITY li..~AL'1SIS SUBCOH::·IT.TTEE }JLETING 

APRIL 7, 1973 

The combined A'li~S and Reliability Analysis Subcommittees net in 
Washington, D. C., 0n Lp=~l 7, 2~73, tv discuss reciundancy·diversity 
and ATWS. Tnis was an internal ~~ct:n~; the attendees were limi~ed 
to ACRS members, ACRS Staff, and ACRS Consultants. 

1) Epler feels that the unreliability of current scram systems is 
about 10·3 to lo-4/demand. Lipinski and Vesely agree. 

2) :t-1onson suggests ·the possible use of l0-7/reactor year as the 
acceptable probability of A'n·!S. 

3) The vendors report that they meet thiz 10-7 requirement. 

4) The ATvJS is assumed to yield a :r.:.ajor accident; that is, result in 
offsite whole body or thyroid doses of 25R .and 300 Rc.:. respectively. 

5) Vesely feels that conmon mode failures in id~ntical systems ruay 
increase the unreliab~lity by a factor of 103 to 104. 

6) Assuming 1., 2., and 5. above, redundant fast acting scram systems 
diverse in design may be required. This could mean that extra rods,as 
compared to the current designs, t.;ould be necessary. 

7) Several consultants noted that a good data base is required in order 
to develop better reliability numbers. Reethof stated the recentl~ d~s
cribed EEl data collection program does not meet the needs. 

8) Kerr feels that the designer should be provided the reliability 
criteria and then it would be his option as to how to meet the critarir-.. 

9) Kerr notes that diverse systems irtfer two sets of spare parts, se:para::e 
maintenance procedures, and installation of one system inferior to the oth~r. 
On balance, it is not clear to him that diversity is good. 

10) The 10-7/reactor year value·d.iscussed above appE>ars to result in a 
probability of affecting a person of is ite several orders of rnat:.TDitud.:: 
less probable than that person dying from accidents such as lightnin~, 
electrocution, etc. 

_-•7 (""D ~ /. 

~·--~c ~"' t'7 /Y 
J. E. nard 
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ADVISC~':' CC!\~~J!!'TTEE ON RS.~CTOR SAFEGUARDS 
UN!TE.) !iTX!E;S ATOMIC £;\;E:.:::\G"f CO"''MISSI0~4 

¥.Lt". L. :'-!a!l!1 :.ng ~!u; i:: i::; 3 
Dire~t~r of Regulatic~ 

WASHINGTON. C.C • .!0~-45 

April 16, 1973 

U. S. At~~ic En~:gy c~~~ission 
Washin6ton, D. C. 205~5 

Dear Mr. M~ntzing: 

I 
I 

i 

Your letter of :an~1ry ~2, 1973, trans~itted co?ies of a revised 
reco~enjed licensing p~sition on the ~eed for protection against 
antici;Htd transie~ts •..tith;:,ut scra:n (ATwS) for water-cooled p.,wer 
rcac:o:-s, and invited AC~S c.o:n,":l:!~t. !he C~::::::ittee conside:-s ::his 
position to ~e &e~s:-ally co~sistent with your earlier proposed 
position :avvrably co-n.":lente::'. on by Co-:rni·ttee letter of ~lay 10, 1972, 
and supp~rts the position. 

It is s•Jggested that, in th:::sc cases of "backfit" plants for w:1ich 
an OL stage or pvst-OL stage ACRS report or AEC Safety Evaluation 
identifies ATWS as a continuing area of review, the p~ilosop~y 
used in cvalu~ti~; the ?OS~ible nee~ for plant design chan~es 
should be similar to that for plants in Class I.B, recoGnizing the 
need for sp;cial consideration of the proble~s th3t may result if 
extensive modifications ap?ear to be required. 

The c~~nittee also cantin~es to belie~e th3t it is timely to begin 
impleii;entation vf the p:-op:>se.:i ATI-lS position. 

cc: J. M. llendrie, L .. 
J. F. O'Lr.::ary, L 
P. c. Bender, SECY 
A. Giambusso, L 

.. 51 

.. 
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In September, 1973 the Regulatory Staff issued WASH-1270, "Technical 
Report on Anticipated Transients Without Scram for Water-cooled Power 
Reactors, R 
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4.4 ATWS - Part 2 

With the issuance of ~H-1270 in September, 1973, the Regulatory Staff 
had taken a position on the matter and it was seemingly resolved except 
for implementation. The ACRS letter of February 13, 1974 on the status 
of generic items moved the ATWS matter into the resolved column on 
exactly this basis. In the period 1974-1975 all the reactor vendors 
submitted analyses on ATWS in general response to the requirements set 
forth in ~H-1270. 

On July 3, 1974 an ACRS Subconmittee meeting was held with representatives 
of the Regulatory Staff to discuss the status of A'IWS, and to permit a 
discussion of the A'l\>lS criteria/guidelines being developed by the Staff 
for Class A, B and C plants. The Staff advised that no firm proposals 
had been submitted by the reactor vendors for Class A plants (those for 
which a construction permit application would be filed after October 1, 
1976 and for which diverse shutdown systems of high reliability would be 
required.) Dr. Hanauer of the Regulatory Staff stated that several 
vendors had already submitted analys!; which showed protection system 
unreliability values smaller than 10 , but that these were not con
sidered acceptable by the Staff because they did not satisfy the intent 
of ~-1270 or the Staff guidelines/criteria. The Staff agreed that the 
vendors did not consider the Staff guidelines/criteria to provide adequate 
guidance for the initiation of new designs. 

A brief excerpt from the meeting mdnutes illustrates a small portion of 
the complex problems involved for "Class A" reactors. 

ATWS Working Group Meeting 

Class A Criteria/Guidelines - Supplemental Comments/Questions 

1 • 

2. 

3. 

With respect to the criteria/guidelines presented on Attach
mP.nts ATWS "A 11 3 and 4. DRL admitted the vendors do not 
consider this to be'adequate guidance for the initiation of 
new designs. 

Or. Hanauer of DRL stated that several vendors have a~ready · 
submitted analyses which show ~rotection system unrel1a
bility values smaller than lQ-7, but these are not considered 
acceptable by DRL because they do no~ sa~isfy t~e i~ten~ of 
the WASH-1270 requirements or the gu1del1nes/cr1ter1a g1ven 
on Attachments ATWS "A" 3 & 4.· ·:.. 

With respect to boron injection as an alternate backup 
shutdown mechanism, there was much tomment to the effect that 
it would be impractical to activate boron injection on every 
transient, particularly in BWRs, because of the difficul~y 
of cleaning up the systems. Feed-and-bleed can be used 1n 
PWRs -- apparently there is no analogous simple routine 
procedure for BWR. 



4-66 

4. Dr. Monson raised the question of status of Prompt Relief Trip 
(PRT) in connection with Pump Trip fix proposal by GE, as 
indicated on Attachment ATWS "A"-5. He had observed in 
documentation forwarded to ACRS within recent months that 
an unanticipated shift in scram curves (reactivity addition 
vs. rod insertion), had been noted recently in tests follow
ing refuelings at some BWRs. Apparently consideration of 
void distribution in the BWR core and the anomalous shift 
in the scram curve indicate the possibility of overpressure 
following Pump Trip - GE had proposed PRT as a fix for this 
potential problem. DRL indicated that the Monticello docket 
will be the lead case for evaluation of the adequacy of PRT. 
Preliminary indications are that PRT will be an acceptable 
fix, but DRL has not yet seen the detailed analysis. 

5. With respect to use of rods as an alternate type of backup 
shutdown system as indicated on Attachments ATWS "A11-6 and 
ATWS "A 11-8, Dr. Monson expressed concern regarding the DRL 
position that diversity only need apply to the drive release 
mechanism (not to the rod itself). He felt that the diver
sity requirement should apply to the rods as well, at 
least to the extent that the clearances between rod and 
guide should be greater in one set/group of rods. (For 
information, it was noted that CE also shares the view that 
diversity should apply to the shutdown mechanism itself). In 
support of this view, he postulated a crud release as a 
possible common-mode failure mechanism for identical control 
rods. 

In this context Dr. Kerr cautioned that diversity itself 
could produce problems (e.g., in maintenance, spare parts, 
etc.). He considered it possible that thorough evaluation 
might show that some set of undetected non-common mode 
failures in diverse protection systems might be as bad 
(or worse) than undetected common-mode failures in redun
dant protection systems. He would support a requirement 
for diversity, only if an improvement in reliability can be 
demonstrated as a direct result. . 

DRL admitted that Dr. Kerr's question/comment could not be 
properly addressed at this time ••. A strong feeling was 
expressed, however, that although it has not to date been 
analytically/definitively demonstrated, present knowledge 
and experience seem to indicate that diverse shutdown system 
design is the optimum aP.proach. 

ORL expressed a feeling of disquiet regarding any significant
design change (e.g., additional/changed penetrations~in the 
reactor vessel to accommodate bottom/top/side rods) for ATWS, 
in consideration of all the associated as-yet-unknown problems 
which would likely result from such modifications. 
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Dr. Monson reiterated and emphasized during these discussions 
his concern that, in providing a diverse protection system 
for ATWS, extreme care should be exercised that the relia
bility of the existing reactor protection system should not 
be degraded. 

6. DRL noted candidly that reactor vendors are not enthusiastic 
in their approach to solving the ATWS problem, because they 
feel that a problem does not exist. Further, they fear 
ratcheting [sic] if they do serious analysis and pronase solutions. 
Apparently their approach is to await DRL criteria (licens-
ing requirements), and will design to meet them when they 
are issued. In this context, DRL paraphrased a Westinghouse 
comment to the effect that one very effective protection 
against ATWS is a reactor design which can withstand ATWS --
in that sense the existing scram system is already a backup 
protection system. 

There was also considerable discussion concerning the guidelines to 

be proposed for Class B plants (those whose desiqn was such that the 

consequences of ATWS were tolerable as were reliability requirements for 

systems which must work in the event of an ATWS.) 

The minutes show that the following summary was given by the Staff. 

ATWS Working Group Meeting July 3, 1974 

DRL supplemented the Class A/Class B status for the four major 
vendors as given in the Attachments as follows: 

a. Westinghouse -- existing plants are amenable to ATWS solution 
for Class B because of large steam generator volumes and 
more relief capacity. This vendor seems to feel that may 
.. go away .. for Class A. 

CE -- current designs are not amenable to solution for . 
Cfass B -- This vendor appears to be concentrating current 
efforts on solution for Class A plants. 

B&W -- this vendor appears to feel that their design is 
already optimized for all con$1derations by the rod runback 
feature. 

GE -- this vendor has been relatively uncommunicative 
recently -- ATWS plus PRT plus reactivity scram curve shifts 
appear to be making engineering a solution difficult-to
impossible (to the extent that DRL considers it a possibility 
that GE may choose to fight WASH-1270 on the basis that it 
fs not a bonafide licensing requirement, but only an 
11 interesting technical document"). 
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In September of 1975, the Regulatory Staff asked to meet with the ACRS 
concerning a possible major change in the approach to ATWS adopted in 
WASH-1270 for "Class A" plants. At a Subommittee meeting held October 8, 
1975, the Staff listed four alternatives, as follows: 

1. Lmplement the original WASH-1270 position (i.e., no change 
in philosophy). 

2. Make a re-evaluation of the positions in WASH-1270. 

3. Accept partial conformance with the WASH-1270 position. 

4. Apply the Class B position to Class A plants, namely that 
the consequences of an ATWS be tolerable. 

According to the Staff, Alternative 1 had as an objective the elimination 
of ATWS as a design basis accident. The rationale is based on reduction 
of the probability of an ATWS to an acceptably low value. The Staff 
noted that if this were accomplished for Class A plants, Class B plants 
would become a controlling factor on risk, since there would be a large 
number of Class B plants, roughly 300. 

Mr. Minners of the Staff, in discussing Alternative 2, said the objective 
here would be to determine if any new information changes the conclusions 
of ~SH-1270; the Staff did not expect that a re-evaluation would reveal 
that the probability of an ATWS in plants of current design was signifi
cantly ditferent than assigned in ~SH-1270. 

With regard to Alternative 3, Mr. Minners said that the PWR vendors had 
proposed additional shutdown systems which practically conform to the 
independence and diversity requested in WASH-1270. Such systems could 
reduce the probability that the system would not de-energize the control 
rods but would not assure scram, and the safety objective might not be 
satisfied. · 

The Staff was recomending Alternative 4, namely making the consequences 
of ATWS acceptable (also working on improving the reliability of the 
existing protection system). Mr. Minners said that this alternative 
was based partly on the argument that if the safety of Class 8 plants 
could be made adequate, additional requirements for Clss A plants were 
unwarranted, and, in fact, the provisions for Class 8 plants might be 
better able to cope with situations which were currently unrecognized. 
Implicitly, there appeared to be doubt among the Staff that diverse 
shutdown systems could or would be proposed and developed to the point 
where the Staff could concur that the probability of ATWS was accept
ably low. 

The ACRS concurred with the Staff proposal to revise the criteria for 
"Class A" plants, along the lines of Alternative 4, in a letter to 
Mr. Lee Gossick (NRC Director of Operations) dated October 17, 1975. 
Effectively the Staff had reverted to their original approach, that 
proposed prior to WASH-1270 (and the one favored by the ACRS). 
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In documents dated December 9, 1975 the Regulatory Staff prepared status 
reports on ATWS for each of the four LWR reactor vendors. In these 
documents the Staff took positions with regard to "acceptable fixes" for 
Class B plants and identified outstanding issues. The ACRS held three 
days of subcommittee meetings and an extensive discussion with the Staff 
and the reactor vendors (who disagreed with many Staff positions) at the 
189th meeting, January 8-10, 1976. The minutes of this meeting give some 
of the rlavor of the controversy which continued to exist. 

Mr. Kerr, Subcommittee Chairman, reviewed the history of the 
identification of the probability of unreliability of shutdowa 
systems. If the appropriate unreliability probability is to-
to to-5 per demand, then the NRC Staff concludes that there will 
be a shutdown failure in PWRs once every 5 to 10 years. (The 
NRC Staff, in trying to establish overall plant reliability of 
10-6 per year, believes that ATWS should contribute no more than 
10% to this unreliability, leading to the conclusion that the 
probability of an ATWS should be lQ-7 or less. Mr. Kerr noted 
that there is a wide difference of opinion between the NRC 
Staff and the NSSS vendors regarding the following matters: 

• Moderator coefficient of reactivity used in calculations -
vendors wish to use values covering 95% of core life; 
NRC Staff wants to require 99%. 

• NRC Staff has not decided on the unreliability it will accept 
regarding fixes for the ATWS problems; the vendors are unable 
to demonstrate how this unreliability will be determined. 

• NRC Staff and the vendors have not agreed on the definitions 
of diverse systems. 

• Vendors do not believe that diversity of shutdown systems 
is a universal fix while NRC Staff is ·inclined to assume 
that it is. Both sides desire ACRS backing. 

A. Status of NRC Staff Review 

W. Hinners, NRC Staff, recalled that in its 1973 report on 
ATWS, "Technical Report on Anticipated Transients Without 
Scram for Water-Cooled Power Reactors" (WASH-1270), the NRC 
classified power reactors into three classes: Class A, 
Class B, and Class C. In action taken in October 1975 with 
ACRS agreement, the NRC Staff decided to handle Class A and 
Class B reactors in the same manner; Class C reactors will 
be handled on a case-by-case basis. The discussions at this 
meeting will relate to solutions for the problems of Class B 
plants. He noted that the current NRC Staff safety goal is 
t
10
o r6each

10
th; probability of exceTedhing thie.WASHd-1270 goial of 

- to - per reactor year. e ant c1pate trans ents 
are listed in WASH-1270. 

He said that agreement has been reached with PWR vendors 
regarding which transients will be analyzed, and noted that 
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the analyses are complete. Such agreement has not been reached 
with the BWR vendor, but an analysis for the spurious main 
steam line isolation valve (MSLIV) closure has been received; 
this transient is believed to be the most limiting. 

With regard to PWRs, agreement has been reached with the PWR 
vendors over most of the parameters to be used in the analyses, 
but there is disagreement over the moderator coefficient of 
reactivity which will be used. The NRC Staff wants to use 
the moderator for 99% of the cycle, vendors 95%. 

Initial conditions at the start of ATWS were discussed. He 
noted the loss of offsite power will be used as the initiating 
event only. The NRC Staff is insisting that the single failure 
criterion be applied; vendors want to use a single system 
failure only. 

Agreement has not been. reached over the probabilities of 
unreliability to be used in the analyses, especially for 
failure of control rod drive mechanisms. 

The NRC Staff is requiring that either diverse systems be 
provided or that the vendors demonstrate that the NRC Staff's 
goals can be met without the diverse systems. Emergency 
stress limits must be met during the pressure transient. 
Fuel limits set in WASH-1270 must be met. Pressure in 
containment shall not exceed design pressure. In BWRs the 
suppression pool temperature is also limited. 

NRC Staff believes that it is in a position to implement 
their review of individual plants. 

B. Comments by Vendors 

1. Babtock and Wilcox Company {B&W) 

J. Penland discussed the B&W position and reviewed the 
results of the B&W analysis to show the adequacy of the B&W 
design. He presented an event probability approach for ATWS 
and concluded that B&W plants now meet the WASH-1270 goals. 
He concluded that the 95% moderator coefficient of reactivity 
assures conservative compliance with the safety objectives. 
He recommended: 

• that the NRC Staff report be withdrawn for re-evaluation. 

• that the safety objective of WASH-1270 be reaffirmed, and 
that formal reliability methods be applied. 

• that ANSI standard N661 be used to formulate definitive 
ATWS criteria. 

D. LaBelle, B&W, stated that the Babcock & Wilcox calcula
tions were made on 11worst case events" and concluded that: 
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• there is no undue risk to the public. 

• there are beneficial PWR design features which mitigate 
the consequences of ATWS. 

• B&W PWR designs are adequate. 

2. ~esti~ouse Corporation (W) 

K. Paulsen, W, discussed some of the transients used in the 
w ATWS analyses. 

He concluded that: 

• statistical conservatisms in the Westinghouse analysis 
are consistent with the requirements of WASH-1270. 

• peak system pressures for ATWS transients show approxi- · 
mately 100 to 200 psi margins for emergency stress limits. 

• cladding or fuel damage is not anticipated, therefore 
10 CFR 100 dose limits will not be exceeded. 

• containment peak pressure is calculated to be lower than 
the design pressure. 

• Westinghouse calculations are conservative. 

K. Paulsen commended on some of the items addressed in the 
NRC Staff Status Report. D. Peacock, W, stated that Westing
house views the NRC Staff's review of ATwS to be incomplete, 
and that this matter should not be before the ACRS at this time. 
He requested a supplement to the NRC Staff evaluation. Westing
house believes some of the NRC Staff positions are both tech
nically unsupportable and are therefore unacceptable. 

In particular, he challenged the NRC Staff's position on: 

• 99% moderator coefficient of reactivity. 

• NRC Staff•s concept of diversity is not well defined, 
nor have they suggested how such diversification can be 
implemented. 

He stated that Westinghouse is willing to work with the NRC 
Staff to resolve these matters, and believed that resolution 
might be achieved in six to seven months. 

T. Novak, NRC Staff, stated his belief that the issues are 
clear, and that the NRC Staff position will get the ATWS 
problem moving to completion. The issue of the moderator 
coefficient is not fundamental to the solution. 
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3. Combustion Engineering, Inc. (CE) 

P. Coppersmith, CE, used a simple block diagram to indicate 
how rules, regulations, and standards are factored into 
plant design. He said that if an ATWS solution is to be 
factored into plant design, there is a need to clarify the 
requirements before hardware can be specified. He 
discussed the relationship between the moderator tempera
ture coefficient and the peak pressurizer pressure, and 
between the fraction percent of plant operating lifetime, 
and the peak pressurizer pressure. 

J. Herbst, CE, stated that the ATWS analyses utilizes 
probabilistic methods and considers failure early in plant 
life. 

E. Scherer, CE, said that Combustion Engineering would want 
to evaluate any required design changes so that special 
recommendations can be made to their customers. He said 
that CE disagrees with the NRC Staff approach. 

4. General Electric Company (CE) 

R. Nelson, GE, described the proposed General Electric 
short-term and long-term design changes. He concluded 
that the proposed ATWS mitigating system will 

provide a diverse shutdown system. 

• impact on current systems. 

• be suitable for Category 11 811 plants. 

• will meet conventional criteria. 

I. Jacobs, GE, discussed common mode failure analysis 
methodology, urging the use of probabilistic analysis for 
the solution of ATWS. He objected to the NRC Staff's 
arbitrary use of l0-4 and lQ-3 for the reactor protection 
system and the diverse system failures respectively. He 
concluded that: 

• common mode failure analysis supplies a discipline for 
seeking out potential failures. 

• quantitative assessment of common mode failure proba
bilities is not absolute. 

• credit must be awarded for common mode failure improve
ments in the reactor protection system. 

• there is low common mode failure potential in control 
rod drives. 
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• electrical actuation logic is a major contributor to the 
common mode failure potential. 

Improvements are possible to reduce common mode failure 
potential in the reactor protection system to acceptable 
levels. 

C. Statement from Public 

T.W.T. Burnett, representing the Anticipated Transients 
Without Trip (ATWT) Working Group of the American Nuclear 
Society, discussed the work which has been done in develop
ing the proposed standard, ANSI-N661. He stated his aware
ness that all view points may not be represented in the 
ATWT Working Group, but that ANS actively encourages the 
participation of all interested parties in the develop-
ment of standards. In particular help is sought from the 
universities and the national laboratories. He believed 
that the NRC Staff evaluations of the vendor's ATWS 
analyses go beyond the scope of ANSI-N661, although the 
NRC Staff did approve of the drafts of the standard at 
each stage of development. He offered the opinion that 
the American public is due a cost-benefit analysis of the 
NRC Staff's position on ATWS to justify the higher cost of 
power that will result from the Staff's current requirements 
for the solution of ATWS. He proposed that the time has 
come to place monetary value on life, property, life 
expectancy, neighbor risk, etc." 

Following the 189th meeting, the ACRS issued a report to NRC Chair

man Anders {reproduced below) which endorsed the general approach and 

safety objectives adopted by the Staff, including the use of a goal of 

10-7 per reactor year as the maximum probability from all causes of an 

ATWS with unacceptable consequences.* 

*The minutes of the 192nd meeting, April 8-10, 1976 record an ACRS _ 
position on acceptable risk taken in connection with preparation of a 
letter responding to ten questions posed by G. Murphy, Executive Director 
of the JCAE Staff. The position was as follows: 

The ~robability of an accident having serious consequences to 
publ1c health and safety should be less than 10-6 per reactor 
year. A serious accident is one having consequences similar 
to that of the crash of a mid-sized jet airliner (approximately 
150 pas~engers). It was generally agreed that simply exceeding 
the ~im1ts of part 100 would not necessarily constitute · 
'ser1 o_us consequences ' . 11 
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ADVISORY COMMITTEE ON REACTOR SAFEGUARDS .· 
NUCLEAR REGULATORY COMMISSION 

Honorable ~~illiam A. Anders 
Olairman 

WASHINGTON, D. C. 20555 

January 14, 1976 

u. s. Nuclear P~ulatory Commission 
Washington, OC 20555 

SUBJECT: ll1l'E:R.nt P.EPORI' CN ANTICIPATED TRANSIE:h'I'S vliWOur SCRAM (Ml5) 

D;ar l·1r. Anders: 

At its 189th meeting, January 8-10, 1976, the J'.dvisory Conmittee on P.eactor 
Safeguards revievred the Nuclear R-ogulntory Co:1::1ission Staff's status reports 
on A'l\'5 in vlater reactors and th::! zmalyses and proposals of four reactor 
veneors, 'Ihe Babcock and ~·Jilcox Col'r(?any, Corrb:Jstion Engineering, Inc., 
\restinghouse Electric Co.cporation, a.'"'ld General Electric Oorr;>any, on this 
matter. Stl.bc.OH~ui ttee ~etings \.'ere held \-lith representatives of the 
vendors, and \vith NRC Staff in Washington, r:c, on I:ecember 11-12, 1975, 
and on January 7, 1976. 'Ihe Committee had the benefit of the documents 
listed. 

The Committee commented on the ~rAe Staff's proposal to revise the criteria 
for "Class A" plants, as categorized in i·!ASS-1270 "1U'lticipated Transients 
\'1i thout Scram for t-Jater Cooled :R::>\·;er Reactors," in a letter to l1r. ~e V. 
Gossick dated October 17, 1975. The Committee had previously commented on 
the regulatory position eventually published in 1·71\SH-1270, in letters to 
Mr. L. Hanning f·luntzing dated April 16, 1973, and f-lay 10, 1972. 

The ACRS endorses the general approach and safety objectives adopted by the 
NRC Staff including the use of a goal of lQ-·7 per reactor year as the maxi
mum proOObility, from all causes, of A'n'1S with unacceptable consequences. 

Implicit in the use of a probabilistic goal is the application of proba
bilistic methods in the analysis of the reactor systems. Although ~It'\SU-1400 
provides assistance in this area, data for some systems are still suffi
ciently Spilrse th<:tt ~ngineering judgm;nt must be used, both in synthesizing 
the analytical r.x:>dels nnd in choosing appropriate input data. Under the -

CUI. i -3- MQA 2 :ow: -=zwu.¥ ~· 
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.·' 
H:>norable William A. Anders -2- January 14, 1976 

circumstunces there is a need for some conservatism in the choice of models 
and the selection of datu. Even so, there are a ni..Jii'lbc!r of appro'-!ches to the 
modelling that may prove to have equal validity and the ACRS suggests that 
both the NRC Staff and the vendors give further consideration to various 
alternatives. For ex~~ple it rray be feasible to treat the time-varying 
moderator temperature coefficient probabilistically. 

'!be Corr.:ni ttee also recom:nends that vendors be encouraged to continue to 
make design changes that decrease the pro~bility of transients that are 
likely to cnuse difficulty and to make Lr.provements that ameliorate the 
consequences. As ap?ropriate these should be taken into account in the 
A'BlS analysis. Conti.nuing attention Should be given to improving the 
reliability of the reactor shutdo~\"''l systems. 

ruring the course of these meetings CO!ll!Tents l>1l!re made which indicated 
that in sorr~ cases the ~~ Staff needed further information frcm ver~ors 
in order to conclud~ its reviev-r of A"n·iS. '!be Corr:nittce urges that c:ppro
priate action be taken to obtain this iQforrration as soon as feasible. 

'!be ACRS expects to c<r.;>lete its review of A'n'?S after further infocnation 
has been develo~ and the Staff has completed its evaluation. 'Ihe 
Committee urges that the klC Staff and the vendors eA~ite efforts in 
this regard. 

.. 

Sincerely yours, 

tade t·l. Z.loeller 
Olairman 

., 
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However, the ACRS indicated a need for resolution of the arguments out
standing between vendors and Staff concerning what constituted an accept
able way of meeting the criterion. 

So, ATWS was "almost resolved. 11 However, there remained many complicat
ing factors. Many representatives of the nuclear utilities and the 
reactor vendors turned to the results of draft WASH-1400 issued in 
August, 1974 and the final version issued in 1975, as a strong demon
stration that ATWS was not a major contributor to risk from LWRs, and 
that hence the existing situation was satisfactory with no modifications, 
either in reliability of scram system or in the ability of the reactors 
to accept an ATWS without intolerable consequences. 

General Electric concluded that implementation of the mitigating require
ments defined in the Staff Status Report of December 9, 1975 would be 
very expensive,* and in a document dated September · 30, 1976, proposed a 
different recommended solution to ATWS, namely incorporating a proposed 
Alternative Reactor ~cram System 27 backup to the existing system so that 
NRC's A~~ safety obJective of 10 /reactor year could be met. 

In a memorandum dated November 24, 1976, ACRS consultant Epler discusses 
the General Electric proposal and remains unconvinced that the claimed 
reliability can be achieved thereby. And apparently, the Regulatory 
Staff also remained unconvinced. 

ATWS remained a very controversial issue between the NRC and the industry, 
as is clearly illustrated in the exceprt on the following page from 
Nucleonics Week of October 7, 1976. 

In the fall of 1976, a series of reports entitled "ATWS: A Reappraisal" 
was published by the Electric Power Research Institute (EPRI). In 
summary, the EPRI report re-evaluated the probability of failure to 
scram and estimated the risk to the public from ATWS. Using their 
assumptions and choice of data, the authors of the reports conc!)f.ed 
that the probability of failure to scram was much lower than 10 /demand 
(by decades) and that ATWS posed insignificant risk to the health 
and safety of the public. 'Ihe article reproduced from the EPRI Journal, 
March, 1977 summarizes the EPRI viewpoint. 

*In a letter to the NRC dated September 29, 1976, the Long Island Light
ing Company state that "an expenditure of approximately $50 million would 
be required for the total installed cost of additional equipment and logic, 
but excludes costs of financing, outages or delays. 
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TWS -Impact of a Non problem 
,erald Lenouche 

to be hoped that by the time this 
cle appears in print, the A TWS 
troversy will have been resolved. 

doubtful, however, that a 
blem (or as we shall show, a 
problem) already eight years in 

making will resolve itself so 
ckly. c An EPRI technical article 

d Lellouche iS Program Manager o! Sla1islical 
nwonmental Analysis in lhe Nuclear Power 

• EPRI. 

A T'WS is an initialism lor anticipated transient 
without scram. In Nuclear Regulatory Com
missionese it refers to a scenario in which an 
anticipated incident causes the reactor to 
undergo a transient Such a transient would 
require the reactor protection system (RPS) 
to initiate a scram (rapid insertion) of the con
trol rods to shut down the reactor, but for 
some reason the scram does not occur. The 
transient proceeds to a natural termination; 
potentially, the core is damaged and radia
tion may be released onto and beyond the 
plant site, resulting in property damage and 
personal injuries. 

Several questions arise that affect this sce
nario. Scenarios are ·useful tools. They are 
used effectively by writers of fiction, the me
dia, and others to guide the thinking process. 
Before passing from the scenario to reality, 
however, the question of how likely it is must 
be answered. Before insisting that plant de
sign must be altered to effectively eliminate 
the problems in the scenario, questions con· 
cerning cost-benefit-risk reduction should 
be raised. 

Dollar cost already In millions 

Although the A T'WS question has been with 
us with increasing impact since the late 
1960s and in terms of manpower and com
puter time has probably exceeded a cost 
of $10-$20 million, an accepted answer 
to whether A TWS is real enough to require 
regulation has not yet been reached. In 
the important 1973 regulatory document 
WASH·1270, "Technical Report on An
ticipated Transients Without Scram for 
Water-Cooled Power Reactors," the AEC 
attempted to deal with the question of "how 
likely" as well as most other aspects of the 
A T'WS. In many ways, the effort was less than 
successful. 

WASH·1270 was particularly important 
in that it seemed to try to use rational meth
ods (probabilistic/statistical) to determine 
whether an accident scenario was indeed 
worth regulating. 

Unfortunately, WASH-1270 was a mixed 
bag. It applied elementary statistics to a 
situation that required a much higher degree 
of mathematical sophistication. It did not 

consider all the extant information and so 
ended with an incomplete data base. It con· 
eluded that the likelihood of the RPS failing 
to respond to a demand was less than 16 in 
1 00,000 ( 1 . 6 X 1 Q-• per demand) with 95% 
statistical confidence (S-confidence) ( 1 ). It 
"picked" a value of 1 /yr as the frequency 
of incidents that would lead to transients re
quiring scram, although it also stated that 
the actual frequency was more likely to be 
between 0.1 fyr and 0.5/yr. 

WASH-1270 identified a number of antici
pated transient initiators that would strongly 
challenge the integrity of the system (if the 
RPS failed to act), but did not address the 
question whether any of them would indeed 
lead to consequences that would violate any 
of the out-of-plant radiation limits, such as 
1 OCFR-1 00 It concluded that it was desir
able that the probability for A T'WS violating 
1 OCFR·1 00 be less than about 1 in 10 mil
lion fyr (1 0- 7 /yr). It also concluded that the 
total probability for all accidents (including 
A T'WS) violating 1 OCFR-1 00 should be less 
than about 1 in 1 million/yr(l0-6 /yr). But, it 
did not supply a basis for the choice of these 
numbers. 

Since WASH-1270, these numbers 
( 1 o-7 1 yr for A TWS and 10-6 tyr for all acci
dents) have been repeatedly introduced by 
members of the NRC staff in NRC meetings, 
at the Advisory Committee on Reactor Sate
guards, and in testimony at various hearings 
of the Atomic Safety and Licensing Board. 
The numbers have gradually achieved a stat
ure that is largely undeserved because they 
bear no clear relationship to any underlying 
reality. We shall show, however, that reac
tors already have achieved most of this strin
gent requirement by considering a document 
that did not exist when NRC was writing 
WASH-1270 This newer document is WASH-
1400, the reactor safety study. 

The process by which the NRC staff identi
fied serious potential transients was to re
quire each of the vendors to perform various 
accident analyses. After reviewing these 
analyses of postulated A TWS events, the 
staff concluded that several anticipated tran
sients in boiling water reactors would require 
prompt action to shut down the reactor in 
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order to avoid serious plant damage and Is ATWS real? 
possible off-site effects. In PWRs. several an· 
ticipated transients would require rapid shut- How rational is any of this? Is A TWS real 
down of the reactor to avoid pressure surges enough to warrant so much lime and effort? 
in the primary system that in some cases In October 1975 EPRI undertook the task 
might exceed allowable limits. of reappraising the entire rationale for mak-

The NRC staff found that the great ma- ing ATWS important enough to require regu· 
jority of postulated A TWS events did not lead !at ion. The basic conclusions of the group 
to serious consequences, but that design doing the reappraisal can be stated to be that 
changestoimproveprotectionagainstATWS ATWS does not require regulation, with the 
would be appropriate in anticipation of the possible exception of requiring an overpres
large numbers of plants-expected-in the fu- sure recirculation pump trip on BWRs. In De
ture.:.. The point of importa.nce h. ere is twof~~ember 1 976 EPRI published the first two 
~ pa_rts of this study: a definitive analysis of 

o No transient has been 1dent1fied where the wASH-l 270 (NP251) and an evalualion of 
culated off-s1te effects would exceed sotietal risks due to RPS failure (NP265). 

CFR-1 00. /Two other parts of this study will be published -o Most anti<;:iP.~~~Jransi~.!.§.JJ.ave no-seri- later. 
ous consequence. Reality shows us that the world is less than 

perfect and that we cannot control, with per-
Much time has passed since WASH-1270. feet reliability, all things all the time. (A. Lin-

Since 1974 the reactor vendors have been coin put it a little differently.) This implies that 
during the life of any power plant. events that 
are undesired from an operational viewpoint 
can be expected to occur with greater or 
lesser frequency. Statistically, we can be 
quite reasonably sure that some will occur on 
an average of once a year. while others may 
be as rare as only once in 30-40 years. The 
total number of such events in BWRs, for ex-

25 
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ample, can be shown to depend on how c 
the plant is (Figure 1) and will vary (again< 
average) from about 23/yr the first year 
about 2/yr after five years of operation. 

Some of these events will lead to transien 
that will not require the intervention of tt 
RPS. Others would call for the RPS to sh 
down the system, but if no scram occurre 
nothing of a serious nature would result. F 
nally, some few events may call for a sera 
that if greatly delayed, would result in dar 
age to the core and potential radiation rt 

lease to the off-site ecology .. 

What is the frequency of Incidents? 

The first question is, What is the frequenc 
of those anticipated events that would rE 
quire scram to prevent core damage (ant1c 
paled events of consequence)? The tot< 
expected number of events per year the: 
would require scram is precisely found fror 
the data for BWRs in Figure 1. Thus, afte 
about five years of operation we expect th· 
upper limit to the frequency per year c 
all events to be about 2 for BWRs. Due to th· 
difficulty of collecting the necessary data .. 
more complete discrimination of this Ire 
quency is not complete at this time. For lh• 
purposes of this article. the number of inci 
dents leading to transients of potential sign1f 

1 plant 
reporttng 

preparing increasingly sophisticated analy. 
ses of their particular systems. They have 
identified design changes that could lead to 
greatly increased APS reliability; but NRC. 
while encouraging such endeavors, has 
failed to agree that any such changes would 
alter any of the values appearing m the now 
three-year-old WASH-1270. During this pe
riod the vendors have also identified system 
modifications that would tend to mitigate the 
consequences of an A TWS to the point where 
nothing significant would occur. The cost of 
making such changes was, however. not 
publicly cn..idressed. Finally, in December 
1975, the AEC regulatory staff issued a se
ries, "Status Reports on ATWS}" one report 
for each vendor. These reports identified a 
large number of significant differences be
tween the NRC staff and each vendor. All 
these differences are based on the scenario 
method and have little to do with answering 
the question, How likely? Therefore. on the 
question of which values of lifetime varying 
parameters should be used, NRC requires 
that a value should be the worst during 99% 
of the cycle. A statistically valid procedure 
would be to repeat the analysis as a function 
of the variables and then average over the 
cycle. Thus, NRC requires that the initial con
ditions should be essentially at their worst 
(e.g., for PWRstheATWSshouldbeassumed 
to occur during a boron dilution procedure). 
Again, a statistically valid procedure would 
be to consider all the likely initial conditions. 
weight them with their expected time inter
vals, and average them. Thus. in performing 
the analysis, it must now be assumed that not 
only must the RPS fail, but other mitigating 
systems as well: that one relief valve does not 
open. and one of those that does open, does 
not close. 

-, ---! 
I 

I._J --··.r··-1.__ 

38 EPRI JOURNAL March 1977 

I ---·-., 
0 5 10 15 

Years s•nce licens.ng 

Figure 1 The learning curve with an average BWR shows sharp dependence on the length of 
time the plant has been in service: the number of scrams per year decreases with unit maturity. 



nee is as5umed as this total number of 
ram initiators, a clear upper bound. 
Given that in the long run one can expect 
e or two events a year that call for a scram, 
en though most of them will not cause 
blcms if the scram did not occur, the see

d question of importance is, What is the 
bability that the RPS will fail to operate 

rrectly? 
his question is more difficult to answer 

cause so few events have occurred and 
cause of the difficulty in correctly treating 

data. This latter point is important be
se we wish a realislic evaluation of the 
babilistics, not one thai is merely conser
ive. Two cases where the RPS was in
rative have been documented. The first 
urred in 1963 in the Kahl reactor in Ger

ny; the second, in 1970 in the N-reactor 
anford. TheN-reactor instance is usually 

regarded because theN-reactor does not 
emble any commercial power reactor. In 
Kahl instance (a U.S.-designed 15-MWe 
R that became operational in 1960). it 
s dil?COvered on test that a scram signal 
uld not have been initiated if required be
se of a common-mode failure (CMF) in 
scram relays. 

he N-reactor instance should not be in
ed in the data because of the extreme 

ign disparity between the N-reactor (a 
phite-moderated, cartridge configuration 
led dual purpose unit) and any commer
LWR. The German BWR instance like
should not be included because of the 

cep1 of rectifiability. That is, any CMF 
is discovered is not expected to occur 

in (certainly not with the same frequency) 
e redesign, test and maintenance, and/ 
ther quality assurance methods will be 
sted to eliminate that particular failure 
e. Thus rectification eliminates potential 
re modes and produces a better-than
ina! condition. 
the purpase is to secure a realistic view 
ystem failure, one must be very careful in 
ning a CMF. Of interest is the class of ini
rs that will lead to a failure of all or nearly 

he control rods in the RPS in such a way 
the scram activation mechanism ap

rs to fail in a time interval that on average 
ss than half of the test intervaL There are 
ditions that will affect the entire RPS, but 
a use of time considerations, they are not 
ible as CMF Initiators in that they are ob-
able before failure. 
this class belongs the thermal stress ini

r, which leads to collet cracking. The 
period for actual failure of a single collet 

eater than one year for this mode, and in 
no drive failure by collet cracking has 

n observed. A second class of CMF initi
s that statistically should not be included 

4-80 
in A TWS probabilistics are those which would 
be discovered during startup testing or ear
lier. Thus. the initial inability of any single rod 
or bank to scram would be discovered during 
the hot zero- and low-power testing that is 
required of each reactor. 

One is left then with a reduced class of po
tential CMF initiators that either take a num
ber of months of actual reactor operation to 
develop (longer than the startup period) or, 
because of maintenance or RPS modification 
subsequent to startup, are externally intro
duced. In this latter class is the only known 
case of inability to scram in a commercial 
power reactor (the Kahl instance), where the 
replacement for a set of contacts (2) was 
faulty and they stuck closed. Quality assur
ance (QA) modifications were made in LWRs 
so that such incidents would not go undis
covered again. 

Note that we do not have to assume that 
such a fault will not occur to remove it from 
the class of credible CMF initiators. but only 
that it will be discovered by special testing as 
it' occurs. Thus, the fact that 4 of about 200 
contacts were discovered to be faulted sev
eral years later during startup testing of an
other reactor does not imply the failure of OA 
administrative methods (3). It actually vali
dates them (in that particular case) because 
the special test1ng of the new system did in 
fact bring the failures to light Thus. rectifica
tion is a valid concept to use in eliminating 
certain types of known CMF initiators from 
consideration. 

Statistical confidence concepts 

Another point of interest is the use of high
level S-confidence bounds. Conceptually, 
the ideas of statistical confidence are most 
meaningful in sampling theory where one 
wishes to have information about a popula
tion (or lot) by sampling a relatively small por
tion. Here also the basis is that the underlying 
phenomena re.main the same from sample to 

sample. If this were not true, any fixed sam
pling procedure would be invalid. It also has 
little meaning when one is sampling every 
member of the population (as one does with 
scrams). For this reason, the choice of any 
very highS-confidence level based only on 
previous failures that have been rectified is 
highly conservative. 

The quantification of this discussion in 
Table 1 illustrates what a realistic treatment 
of the data implies. 

The use of a median S-confidence limit of 
50% is not arbitrary on our part but is consis
tent with Regulatory Guide 1.1 08, which de
scribes an acceptable statistical scheme for 
testing diesel generators. The implications 
of the above calculation are that on the basis 
of data alone. WASH-1270 was conservative 
by a factor of 50 in its calculation of the RPS 
unavailability per demand. 

One need not rely on data alone to make 
an estimate of the statistical properties of 
the RPS. Obviously, before the first RPS is 

·installed we have almost no data, and for 
systems with great reliability, (due to redun
dancy, for example) it may be many years or 
even centuries before sufficient data to yield 
"good" statistics are accumulated Nor
mally, we make use of engineering judg
ment, heavy over-design, modeling studies, 
and so on, to give us confidence that the sys
tem will do its job. It is possible to incorporate 
such information into a more elaborate statis
tical treatment by means of Bayesian estima
tion. We shall return to this later. 

The upperbound number 3 X 10-6 per de
mand for RPS unavailability is quite low, and 
if we multiply it by 1 or 2 for the upperbound 
on total event yearly frequencies, we still 
have a low number. But not yet 10-7

• Let us 
now ask a few more questions. Whatever the 
ATWS number may be-does that imply that 
we should expend time and effort to make the 
number smaller? What about priorities? What 
benefit accrues to the public if we wipe out 

Table 1 

RPS UPPERBOUND UNAVAILABILITY 
(per demand. base!l on data alone) 

WASH-1270 

WASH-1270 (update to 1976) 

EPRI ( 1976 evaluation) 

50% S-confidence 

3.8 X 10-s 

2.1 X 10-5 

30 x to-• 

95% $-confidence 

t.e x to-• 
8.9 X lQ- 5 

1 3 X 10-s 
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A TWS? How do we get a handle on these 
questions? 

WASH· 1 400 contains all the information 
needed to answer these questions. WASH-
1400 considered a lithe possible ways {or as 
many as the authors could think of) that a 
reactor could undergo a trauma of sufficient 
magnilude for extensive core damage to re
sult with a greater or lesser release of radia
tion, and it incorporated meteorological ef
fects to carry the radiation into the off-site 
ecosystem. Since the authors also included 
A TWS events in their analysis. in WASH-1400 
we have a basis for establishing what portion 
of the total risk (expressed. for example, as 
a 30-day whole-body dose in rem at the ex
clusion boundary) is attributable to A 1WS. 
We can also determine the probability of vio
lating 1 OCFR-1 00. 

To be able to defend the A1WS results 
of such an editing of WASH· 1400, the re
appraisal group reconstructed all the fault 
trees considered important. No significant 
changes were discovered to be needed dur
ing this reconstruction. It was found that up
dating the data and modifying one statistical 
model were all that was necessary. The re
sults of this work show that the percentage 
of risk attributable to A TWS (based on WASH-
1400 updated) is, for PWRs. only 0 5%; for 
BWRs, 5.0%. 

Risk studies of this type yield information 
on whether a particular component, sub
system, or system should perhaps be rede
signed or backfitted to increase reliability. 
From the viewpoint of cost-benefit-risk con
siderations. it would seem that a situation 
responsible for less than 5% of the total po
tential risk (measured in man-rems, 30-day 
whole-body dose} would not be an early 

·candidate for eilher redesign or backfitting 
unless the costs were low enough to make it 
an incidental expense. 

One might conclude that BWRs have 10 
times the A TWS risk of PWRs. but careful ex
amination of the data input to the fault trees 
from areas where we were unable (because 
of the need to preserve a balanced estimate) 
(4) to alter data input shows sufficient con
servatism to smooth out this difference. 

Probabilities determined 

In a second edit of the WASH-1400 data, we 
determined the probability of violation of 
1 OCFR-1 00. For this study we were no longer 
interested in comparing one portion of the 
risk fraction with another; hence we could 
consider updating more of the data than in 
the risk comparison. For example, WASH-
1400 assumes 1 0 transients per year with a 
range of 5-20. Figure 1 shows that these 

40 £PRI JOURNAL March 1977 

4-81 
Figure 2 The learning curve with an average PWR also shows a fall in scram initiators per 
year. but distinction must be made between those that involve a loss of feedwater and those 
that do not. 
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numbers should be closer to 2.5/yr with a 
range of 0-5 for BWRs. Figure 2 shows that 
PWRs exhibit the same sharp tall in scram 
initiators per year as BWRs. but here we have 
to discriminate between scram initiators in
volving loss of feedwater and no loss of feed
water. The former have a long-term expected 
average of about 1 /yr. while the latter have 
an average of about 4/ yr and the ranges are 
about 0-2 and 0-8. 

Another type of update has to do with the 
RPS failure probability for the two types of 
reactors. In each case. WASH-1400 used 
schematic diagrams to construct a fault tree 
that models the RPS system. We corrobo
rated these trees. 

In quantifying the trees further, modeling 
of such phenomena as common-mode mis
calibration of instruments and test and main
tenance errors had to be made. In both cases 
(instrument miscalibration tor SWRs and 
testing and maintenance for PWRs). the 
quantifications are strongly conservative
so much so that the RPS unavailability is 
completely dominated by these items (93% 
for PWRs and 98% for SWRs). The hardware 
and electronics are responsible for essen
tiaUy none of the unavailability. It is not dlffi-

10 15 

cult to attack these aspects of the input data, 
but it is not terribly important to do so at the 
present time. The BWR modeling yields re
sults consistent with the EPA I (rectified) case 
in Table 1. while the PWR yields unavailabili
ties that are a factor of 6 or more larger than 
the scram data alone would imply. In any 
event, if we incorporate the latest values tor 
the expected number of transients and the 
modeled estimates for $cram unavailability. 
we can use the WASH-1400 consequence 
model and determine the median upper
bound probabilities of exceeding 1 OCFR-
1 00. For PWRs. this probability per year is 
1.7 X 10-7 ; for BWRs. 7 X 10-7• 

These are..,both for exceeding the 25-rem · 
two-hour iodir.e thyroid dose If we considered 

the other aspects of 1 OCFR-1 00 we should in 
all cases find much lower values. One sees 
here that based on a common quantified con
sideration, the PWR and SWR achieve a 
closer comparison. Since the input to these 
calculations is, in our estimation, quite con· 
servative, we would expect both these num
bers to drop and perhaps still show a differ· 
ence between reactor types. but at this low 
level of probability. further pencil-sharpening 
seems wasted. 
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Table 2 

SUMMARY OF MEDIAN RPS UNAVAILABILITIES PER DEMAND 

AND THE EFFECT ON 10CFR·100 VIOLATION 

WASH·1400 
WASH-1270 (updated) 

3.8 X 10-5 23 X 10-6 

3.8 X 1Q-S 5.1 X 10-5 

further aspect should be considered. 
fault tree models for RPS unavailability 

ed in the WASH-1400 studies are based on 
sman fraction of the information used 

establish Table 1. Because of this we can 
fold the two results through use of the 
yes equation to produce a more sophisti
ted estimation of scram unreliability (5). If 
do this, we obtain the results shown in 

ble 2. 

is a nonproblem 

results of these studies indicate to the 
le who did them, as they do to the writer, 

t except for assurances that the WASH-
00 analysis applies to other reactors (the 

had a recirculation pump trip, for exam
• which does not appear in some of the 
er BWRs) A TWS is a nonproblem with a 

obability of occurring that is terribly small 
d an even smaller probability of signifi· 
nOy affecting the health and welfare of the 

StiR, one might reasonably ask, How diffi
lt and expensive would it be to eliminate 

apart from any other considerations? 
as a corollary. ask, What benefits can 

expected to accrue to the public (who in 
end must pay for any such design modifi

tiqls)? For a number of years, members of 
NRC staff have estimated that a complete 

"fix" would cost only a few hundred 
ousand dollars. while vendors have felt 
at it would cost a few million dollars. This 
terence was due to the fact that no one had 

together an actual cost estimate of back
ting a plant. Because NRC has required 
ch plant to submit proposed plant design 
'sions. it is now possible to establish ac

al cost estimates. These range from $20 
illion to $50 million per plant. The dollar 

ts, then, are very high. 

EPRI 
Bayesian 

Probability of 
EPRI 10CFR-100 

Bayesian Violation 
EPRI Estimate (per year) 

3 X 10-6 3.4 X 10-7 3.3 X 10-7 

3 X 10-6 9.0 X 10-6 7.7 X 10-• 

If the purpose of WASH-1270 was to estab-· 
lish that A lWS is indeed real enough to re
quire regulation. it arrived at an erroneous 
conclusion because the results presented 
here, insofar as they demonstrate probabilis
tics in the neighborhood of 1 0-7 /yr. contra
dict WASH-1270. Further, the technical basis 
for arriving at these results is much more ex
tensive and betler documented than that in 
WASH-1270. 

There are, however, those who maintain 
a "hang the cost" attitude and would require 
elimination of AlWS, no maHer what. If their 
view prevails, then the public will pay to elimi
nate a nonproblem. 

Noles and references 

1. S-confidence is a mathematical term meaning 
the probability that the value of a parameter (in this 
case, a failure rate) is less than some specified 
amount. One can write it in this case as P (rate is 
less than 1.6 X 1 o-• per demand) = 0.95. The ac· 
tual. value of the rate may lie anywhere between 
zero and 1.6 x 10-• per demand without altering 
the value of the right side of the equation. 

2. Such replacements are made on a scheduled 
basis. 

3. U.S. Atomic Energy Commission. "Instances of 
Relay Failure in Reactor Protection Systems." 
Reactor Safety Operating Experiences. ROE 
71-16, AEC 1971. 

4. Since a comparison was being made between 
the A TWS portion of risk and the total risk estimate 
in WASH-1400, it was not possible to at1er values 
in the ATWS calculation that would induce at1era
tions in the rest of the risk calculation (funds. man
power. and time available provide constraints). 

5. The Bayesian approach is based on the concept 
of conditional probability (given that A is true, what 
is the probability of B occurring). Thus it is possible 
to incorporate different types of probability esti
mates of the same phenomena to produce a single 
overall estimate. The ease of such incorporation is 
enhanced by the independence of the original esti
mates. 
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'ftle Regulatory Staff held meetings with EPRI on February 16 and February 
22, 1977 to discuss the EPRI reports. The Staff comments (as given in 
a memo dated June 2, 1977) included the following: 

The Staff met with EPRI on February 16, 1977 and February 22, 
1977 to discuss the EPRI studies on ATWS. 

At the February 16th meeting the Staff presented their esti
mates of the scram system unreliability and comments on EPRI 
evaluations (Enclosures 2 a.nd 3). In surrmary, the staff noted 
that the probability of scram system failure due to a common 
mode failure is approximately l0-4 per reactor year based on 
experience. The Navy data were included to confirm the Staff 
judgment that protection from ATWS events was required. The 
Staff further noted that the probability of unacceptable 
consequences from ATWS events is also approximately lo-4 per 
reactor year. 

The Staff comments on EPRI methodology were (See Enclosure 3 
for details) : · · 

(a) EPRI treatment of rectification could lead to biased 
estimates. 

(b) The EPRI expression misused statistical confidence 
limits, probability percentiles, and Bayesian posterior 
probability percentiles. 

(c) Expression for Prob (ATWS) in the case of an assumed 
constant failure probability was in error by a factor 
of 2. 

{d) EPRI model for multiple control rod failures yields 
results which are inconsistent with EPRI data. The 
sources of the discrepancy were their binomial assump
tions and their square root model for the prob~bility 
of multiple failures. 

'ftle EPRI representatives did not agree with all the Staff COIIII'Ients, need
less to say. 

However, consultants to the ACRS also supplied comments critical of 
specific aspects of the statistical treatment in the EPRI reports ana the 
assumptions concerning treatment of data:·-And ACRS consultant Epler, in 
a memorandum to the ACRS dated November 26, 1976, recalled that in a 
letter to the ACRS dated October 28, ·1974, he had pointed out a basic 
fallacy in draft ~H-1400 in the d~te~ination'of scram unreliability as 
it applied to A'IWS, and noted that this error had carried over to the 
final version of ~H-1400 and had been missed in the EPRI-SAI study on 
A'l.WS. In effect, Epler argued that the EPRI study had devoted consider
able effort to ' re-evaluation of scram unreliability as it applied in 
the case of a LOCA, not A'l.WS, and that the study was not relevant to A'IWS. 
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In March, 1977 the NRC FOUND A TASK FORCE ON ATWS in an effort to finally 
resolve the matter. Meetings were held with the DWR vendors. And in 
July, 1977 the Staff reported once again to the ACRS, reiterating their 
general position of December, 1975 that scram unreliability could not 
be shown to be acceptably low and that measures were required to 
mitigate the consequences of ATWS. 

It is, in a sense curious, that with this relatively unchanged position 
by the Staff over a period of many years, little was done to implement 
any actual changes with regard to ATWS. For boiling water reactors, for 
which the question first arose, and for which at least one mitigating 
design_change, the recirculating pump trip, was included as a partial 
backup to scram in all 8WRs receiving construction permits after the 
Newbold Island - Limerick reviews in 1971, many, if not most of the 
operating BWRs had not incorporated this feature by 1976. On learning 
of this situation in early 1976, the ACRS sent a memorandum to Lee 
Gossick dated March 12, 1976 advising that steps be taken immediately 
to include this change in operating BWRs, unless it was not needed to 
make the consequences of ATWS intolerable. And the Regulatory Staff 
shortly thereafter issued letters to all operators of BWRs asking for 
their specific plans to incorporate this feature. However, by mid-
1978 most of the operating BWRs had not implemented pump trip. 

Also, the year 1977 passed without issuance of a new Regulatory Staff 
position on ATWS, and this generic item remained unresolved eight years 
after its inception.* Much had been learned about the subject. There 
obviously remained wide differences of opinion concerning the safety 
significance of the matter. And, reactors continued to be designed 
and receive construction permits without incorporation of mitigating 
features. 

In April, 1978 the Regulatory Staff issued a new report, NUREG-0460, 
entitled "Anticipated Transients Without Scram for Light Water 
Reactors." Excerpts from the summary follow below: 

Based on the occurrence of transients in currently operating 
nuclear power plants, the Staff now concludes that transients 
that would result in serious consequences if accompanied by 
scram failure could be expected to occur in the future popula
tion of plants at a rate of five to eight per reactor-year. 
We also estimate that the probabilit~ of scram failure, based 
on nearly 700 reactor years of operating experience in foreign 
and domestic commercial power reactors with one observed poten
tial scram failure, is in the range of lo-4 to 10-S per demand. 

*Although it was llsted as resolved on the ACRS Generic Items list 
after WASH-1270. 
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Thus, the expected frequency of ATWS events that could result 
in serious consequences is approximately 2 x lo-4 per reactor
year. We recommend that a safety objective of l0-6 unacceptable 
ATWS events per reactor-year is more appropriate, and therefore, 
that some corrective measures to reduce the probability or con
sequences of ATWS are required. 

Although reducing the frequency of anticipated transients might 
be a means of reducing the probability of ATWS events, the 
difficulty in accomplishing the necessarily large reduction 
appears to make this approach impractical. Alternatively, 
improvement of the reliability of scram systems, particularly 
with regard to potential for common mode failures, by providing 
a second independent, separate and diverse scram system has 
been considered, but no completely acceptable design has been 
proposed. These considerations lead us to recommend that the 
provision of systems to mitigate the consequences of ATWS events, 
should they occur, is the most promising alternative for meet
ing the safety objective. This approach has been the principal 
subject of the development, analysis and staff rev.iew presented 
in this report. 

We have developed a set of requirements for the design and 
performance of systems provided to reduce the consequences or 
probability of ATWS events. Acceptance criteria are stated 
that address radiological dose limits; reactor coolant system, 
fuel and LO"+ainment integrity; core cooling capability; and 
mitigating system design and performance. Requirements are 
given for the analysis of postulated ATWS events. The require
ments would provide reasonable assurance that, considering the 
frequency of ATWS events, the probability of additional system 
failures, and the uncertainty and variation in initial condi
tions and parameters, the acceptance criteria are not violated. 

We have also considered the value and impact of these require
ments. Estimates of the impact, primarily the costs associated 
with implementing the requirements, range from 1 to 43 million 
dollars per plant, depending on the type of plant and its stage 
of construction or operation. The direct value consists of the 
cost of the averted radiological and economic consequences. 
Estimates of the value range from approximately 1 to 47 million 
dollars per plant and are generally larger than the correspond
ing impact for any one type of design. The averted potential 
for shutdown of a number of operating reactors, should an ATWS 
with severe offsite consequences occur, ~has been estimated to 
translate into an additional indirect value ranging from 1.5 
to 23 million dollars. · 



4-86 

We have found that, considering the expected frequency of occur
rence of transients, the. reliability of current reactor scram 
systems necessary to rr.~et the safety objectives has not been 
demonstrated and may well have not been attained. Therefore, 
we recommend that means of reducing the probability or conse
quences of ATWS events should be provided. Furthenr.~re, we 
envision that the initiat1on of rulemaking to incorporate ATWS 
requirements in the Commission's regulations would fairly and 
clearly resolve the long standing uncertainty in the status of 
regulatory requirements in this area. 

From the early reactions to the Staff position of April, 1978 it 

appeared difficult to ascertain whether ATWS was finally headed toward early 

resolution. The reactor vendors, the utilities and the Electric Power Re

search Institute vigorously opposed the Staff proposals. 

In early 1979 after issuance of tne report of the Risk Assessment Re

view Group concerning WASH-1400 tNUREGlCR-0400), the Regulatory Staff issued 

a revised po~ition on ATWS, one which strongly reflected the difficulties 

in bacKfitting an operating plant or even a plant under construction. That 

is, for such plants, emphas1s was placed on those changes in circuitry that 

might provide increased scram reliability, while for plants to be construc

ted, the emphasis was shifted to hardware changes to mitigate the conse

quences of an ATWS should it occur, that is to keep pressures and tempera-

. tures below acceptable limits. 

As of the spring of 1979, however, the matter remained unresolved. 
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5. SEISMIC RISK 

5.1 SYNOPSIS OF SEISMIC AND GEOLOGIC SITING CRITERIA 

General Design Criterion 2 of Appendix A to Part 50 of Title 10, Code of 
Federal Regulations {10 CFR) requires that nuclear power plant structures, 
systems, and components important to safety be designed to withstand the 
effects of natural phenomena such as earthquakes, tornadoes, etc., with
out loss of capability to perform their safety functions. Appendix A to 
10 CFR Part 100 sets forth the criteria pertaining to the effects of 
earthquakes and other geologic phenomena. These criteria also describe 
the nature of investigations and determinations required to determine site 
suitability and to provide reasonable assurance that a nuclear power plant 
can be constructed and operated at a proposed site without undue risk to 
the health and safety of the public. 

Appendix A to 10 CFR Part 100 requires that each applicant for a construc
tion permit investigate all seismic and geologic factors that may affect 
the design and operation of the proposed nuclear power plant irrespective 
of whether such factors are explicitely included in the criteria. For 
sites located in areas having complex geology or in areas of high 
seismicity, the siting criteria provide for additional and/or more conser
vative design determinations than those specified in the regulation. Pro
visions are made in the regulation to also allow an applicant to depart 
from satisfying specific sections of the criteria if he provides support
ing data whcih clearly justify such departures. 

The detail and scope of the required investigations are such that the 
geologic, seismic, and engineering characteristics of a site and its 
environs are well enough understood to permit an adequate evaluation of 
the proposed site. 

There are four major considerations required by the regulation. These 
are: (1) investigations for determining potential ground shaking due 
to earthquakes for design purposes; (2) analysis of possible surface 
fault movement at the site; (3) evaluation of the possibility for flood
ing at coastal, lake, and river sites due to earthquake disturbances; 
and (4) a consideration of the effects on the site of other adverse 
geologic conditions such as landsliding, subsidence, cavernous collapse, 
and liquefaction. The requirements of Appendix A are discussed below. 

1. Ground Motion Due to Earthquakes 

The design basis of safety features for each power plant facility must 
take into account the potential effects of two levels of earthquake 
motion. The greater motion represents a maximum earthquake potential 
and is designated the Safe Shutdown Earthquake (SSE). The lesser 
motion represents an earthquake event expected during the life of the 
plant and is named the Operting Basis Earthquake (OBE). Concerning the 
size of the region to be investigated and the type of data pertinent 
to the investigation, Appendix A to Part 100 indicates that it will be 
based on the nature of the region surroundir:19 the site. It is further 
stipulated in the siting criteria that the investigations will be 
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carried out by both reviewing pertinent literature and doing field investi
gations. 

'!he design bases for the earthquakes must be determined through evaluation 
of the geology, and the geologic and seismic history of the site and the 
surrounding region. A determination is required, in this evaluation, of 
influences due to man's activities and local site soil conditions. Tb 
carry out these determinations the types of soils and/or rocks present at 
the site and in the region surrounding the site must be determined. '!his 
type of information is required in order to describe the geologic condi
tions at the site and the surrounding region and establish their geologic 
history. In addition, an evaluation of the soil characteristics of the 
site are required since these materials can affect the transmission of 
earthquake induced motions to the proposed plant's foundations as well as 
their stability. Earthquakes which may cause ground shaking accelera
tion of at· least one-tenth the acceleration of gravity at the site's 
power plant foundations must be considered. 'lhese considerations include 
the application of appropriate empirical relationships between the size 
of earthqukes and ground motion. In addition, a compa.rison is made 
between the soil characteristics at a power plant site and at the epicenter 
of the controlling earthquake relative to the transmission of earthquake 
motion. 

The largest earthquakes occurring in the site region must be assessed for 
their impact on design. '!his must be carried out through a determination 
of whether or not those earthquakes, within 200 miles of the site, can 
possibley be correlated with geologic structure. Those earthquakes which 
cannot b6 correlated with geologic structure must be associated with 
regions containing similar geologic structural features (tectonic prov
inces). An evaluation is required to determine whether faults in the 
site region could generate earthquakes and be of significance to the 
earthquake design bases. 

After the above-described required investigations have been completed, 
a determination of the nuclear power plant's earthquake shaking design 
bases must be carried out. 'Ihe determination should be made by an 
evaluation of the resultant ground motion at the site resulting from 
the earthquakes that are associated with geologic structures, faults, 
and tectonic provinces (regions of similar geologic structure). 

Tb compensate for the limited data on the distribution, occurrence and 
causes of earthquakes, the safe Shutdown Earthquake (SSE) must be 
derived in a conservative manner. As a minimum, the maximum accele
ration of the SSE is reuired to be one-tenth the acceleration of gravity. 
The maximum acceleration of the Operating Basis Earthquake is required 
to be at least one-half the SSE. 

2. Surface Fault Movement 

Appendix A requires a determination to be made as to whether and to what 
extent a nuclear power plant need be designed to withstand differential 
ground displacement due to movement of a fault. Tb make this evalua
tion, the regulation requires the following: 
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(a} For faults greater than 1,000 feet long and within 5 miles of a 
site, a reasonable investigation must be made as to whether faults are cap
able faults. Appendix A defines a capable fault as a fault which has 
exhibited certain characteristics. These are fault movement within the 
last 35,000 years or multiple movement within the last 500,000 years, macro
seismicity, or relationship to another capable fault such that movement on 
one could reasonably be expected to result in movement on the other. The 
regulation specifies a number of geologic and seismic investigations, which 
are essentially like those required for ground shaking, to be performed to 
determine if a fault is capable. 

(b) For a fault identified as capable an analysis is required of 
fault geometry, past movement and historic earthquake activity associated 
with the fault, to assess the potential for causing surface displacement 
at or near the site. The largest magnitude earthquake related to the fault 
is used to determine the width of the zone which must be investigated. 

(c) To determine finally whether a plant should be designed to with
stand fault movement, the regulation requires consideration of the location 
of the plant with respect to the fault. If the plant must be designed to 
withstand fault movement the regulation stipulates the specific safety 
features which are required to be designed for such movement. Appendix A 
requires that the design of these features provide reasonable assurance 
that they will remain functional if such an event occurs. 

3. Seismically Induced Floods 

For nuclear power plants near bodies of water, investigations are required 
to determine whether seismically induced floods could affect the site. 
Included in the required assessment of such sites is the gathering of 
geologic and seismic data appropriate to establish the design basis for 
flooding due to local offshore earthquakes, onshore seismic events, or 
coastal subsidence. The data needed for this assessment are determined by 
procedures similar to those for determining ground motion and the potential 
for surface faulting discussed above. 

At sites located near lakes and rivers, investigations similar to those 
for coastal areas are required. In addition, the consideration of possible 
effects of upstream dam failure and landslides is required. 

4. Other Adverse Geologic Conditions 

Appendix A to 10 CFR Part 100 give guidance of a general nature concern
ing investigations and considerations to be given to other geologic hazards 
which may bear on the safety of the plant, such as sudden collapse of 
foundation material in areas susceptable to solutioning by ground water, 
landslides, liquefaction, subsidence (natural or man induced}, etc. 



5. 2 EARLY IEVELOPMENI'S :m SEISMIC SM'E'I'Y 

One of the first mentions of seismic matters in the minutes of the statu
tory ACRS occurred at its 12th meeting, December 11-13, 1958. In connec
tion with discussion of the site for the caroling-Virginia Tube Reactor 
(CVI'R) 25 miles northwest of Columbia, South carolina, mention is made of 
the sever;-e Charleston, South carolina earthquake of 1886. No seismic 
design basis for the proposed reactor is mentioned. 

The minutes of the 19th meeting, September 10-12, 1959, report that the 
proposed site for the Humboldt Bay reactor is in a moderate to heavy earth
quake region and that seismic safety factors are slightly more conservative 
than used for conventional power plants. 

According to the •survey on Reactor Safety for Nuclear Power Stations,• 
prepared by a study group on nuclear safety for the Japan Atomic Industrial 
Forum, studies and investigations on •nuclear reactors and earthquakes• 
were underway in the u.s. in 1959; however, aseismic design was hardly 
studied in the construction of four nuclear power plants in the eastern 
part of the United States, because earthquakes in the region were con
sidered to be small (Shibata, 1970). 

At a special meeting, March 5, 1960, the ACRS prepared a hurried response 
to a letter from General Manager A. R. Luedecke of the AEX: concerning the 
suitability of sites in southern california. Excerpts concerning seis
mology follow below. 

Seismolo • Holmes & Narver personnel were present for the 
1scuss1ons relative to earthquake hazards. Mr. Booth reviewed 

briefly the earthquake features of the California area as to 
location, frequency, and the scale for expressing the intensity. 
The larger shocks have aiven an acceleration in the horizontal 
direction of about one-third of gravity, "g", (measurements 
are such that this might be in error by a factor of two); the 
vertical component has always been less than the horizontal • 

. . :,_ 
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At the 25th meeting 1 May 5-71 1960, the ACRS considered the 40 MWt Experi
mental Low Process Heat Reactor for a site at Point Mugu, near Oxnard, 
California. The minutes record no discussion of earthquakes beyond the 
statement that no known faults are in the immediate area. Tidal waves 
(tsunamis) are described as occurring every five to ten years with heights 
of the order of five feet, due to distant earthquakes. 

At the 40th meeting, March 29-31 1 1962 the ACRS reviewed the Haynes Point 
site, near Long Beach, california and the Corral Beach site in Malibu. 
Both were relatively highly populated sites, Haynes Point being much more 
so. The minutes report the following presentation by Dr. George W. 
Housner, a consultant to the Los Angeles Department of Water and Power: 
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The problem of vertical shock has not been considered in 
structures to date, because they are, of course, designed to 
resist one "g". About 2,000 square miles might be affected with 
a 77-year frequency by such a large shock. The probability of 
quakes is about constant over California, except in the extreme 
northeast portion and the upper part of the San Joaquin Valley. 

There are four seismic design codes for structures, namely: (a) 
An overall State Building Code, passed in 1933 after the Long 
Beach shocks, requires a minimum of design for 2 percent of "q11 

·in the hori zonta 1 direction for a 11 structures, which is a 1 ow 
figure that does not much change normal building practices; 
(b) Uniform Building Code requires 13 l/3 percent of "g" 
(certain structures must provide for 100 percent of "g"); 
(c) The San Francisco Code requires only 7 l/2 percent "g" 
but with special calculations required showing the effects of 
resonances and the like; (d) ·rhe Los Angeles Code is much 1 ike 
the Uniform Building Code, but with more stringent features 
for certain buildings. The basis for all codes is the protec
tion of the pubHc against damage to 11 life and limb 11

, and the 
experience has been fairly satisfactory. 

Several possible results of reactor accidents from earthquakes 
were outlined, and the release of radioactive material was 
the most important. Mr. Booth concluded that simple construc
tion precautions should eliminate the possibility of release of 
radioactivity by earthquakes. However, although the frequency 
is less, earthquakes have been known to occur in nearly all 
parts of the United States, and since special seismic design 
features are not usually included in reactors, earthquake 
damage to these other reactors might lead to more serious 
consequences than would a shock in California. 

Bechtel described the method of including seismic design factors. 
The geology of the area and seismic history is used to set the 
horizontal acceleration requirements. Sites are chosen at 
least a mile from a known fault. The heavy construction around 
the region for shielding is adequate for seismic forces. The 
design of any tanks for the reactor facility would be conven
tional; however, the requirements for containment vessels 
might be eased somewhat, because these are shells while most 
tanks are build to contain liquids. The seismic design factors 
for plants are about the same as for wind load. 

Bechtel includes seismic design factors for all power plants 
build in the West, and somewhat higher values for plants in 
California. A common figure is 20 percent of "g" for horizontal 
acceleration. Most of the California coast construction is 
with values of 10 to 15 percent. The value for a conventional 
tank and a one-story building might be 10 percent and 13 per
cent, respectively. Bechtel's seismic horizontal design figure 
would be 25 percent for the containment sphere and about 20 
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percent for the balance of the plant for the 360 MWe. 

With respect to earthquakes, the heavy concrete structure 
required for the Humboldt Bay plant to sink the suppression 
chambers, because of the high water table, are such that little 
additional design is required for earthquakes. However, at 
other sites seismic factors may have to be included. Waves 
caused in the suppression pool by an earthquake could be 
minimized by baffling to prevent water loss. 

In its letter March 6, 1960 the ACRS said the following: 

In reply to the request for an advisory report from the Advisory 
Committee on Reactor Safeguards on the feasibility and accepta
bility of locating the proposed reactors in the Los Angeles area 
and in an area within a fifty-mile radius of San Francisco in 
terms of the possible hazards associated with inversion and 
earthquake conditions, the following advice is given.· 

With respect to seismic considerations, we understand that it 
is present utility industry practice in California to locate 
generating stations at least one mile from known surface faults; 
and to design and construct these stations using local codes 
supplemented by special analyses and increased seismic design 
factors for those critical plant components necessary to main
tain the station on the line. In addition, in the case of a 
nuclear reactor facility, special analyses and increased 
seismic design factors are needed for those reactor plant systems 
whose failure could result in a release of radioactive material. 
With these precautions, the Committee believes the reactor 
facility would be adequately protected against seismic di turbance. 

At the 25th meeting, May 5-7, 1960, the ACRS considered the 4 ~~t 

Experimental Low Process Heat Reactor for a site at Point Mugu, nea Oxnard, 

California. The minutes record no discussion of e~rthquakes beyond the 

statement that no known faults are in the immediate area. Tidal wa es 

(tsunamis) are described as occurring every five to ten years with 

of the order of five feet, due to distant earthquakes. 

At the 40th meeting, March 29-31, 1962 the ACRS reviewed the 

Point site, near Long Beach, California and the Corral Beach site i Malibu. 

Both were relatively highly populated sites, Haynes Point being muc more 

so. The minutes report the following presentation by Or. George W. Hausner, 

a consultant to the Los Angeles Department of Water and Power: 
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Dr. Housner [sic] went into detail about the California seis
mology and concluded that reactor designs could be made to with
stand any earthquake shocks expected in the area. He sketched 
a map showing the major and minor faults; the major faults are 
the preferred loci for earthquakes. New faults are not expected 
but many old faults may be covered and their location is unknown 
which indicates it is better for a reactor to be a reasonable 
distance from a known fault. The western part of the State is 
moving northwest relative to the eastern part of the State at 
about 2 inches per year, and a main fault is the San Andreas 
[sic]. The active earthquake zone is near the coast and extends 
inland in lower California. Strain surveys have been made 
for thirty years; recent measurements indicate a fairly large 
shock is due. A formula with an intensity factor was given for 
the earthquake energy release in ergs. The San Francisco 
earthquake (intensity 8.3) involved a release of strain ener~y 
over a distance of about 200 miles. The recent Chile and Long 
Beach quake had intensities of 8.5 and 6.2, respectively. This 
latter involved a minor fault. not far from Haynes Point 

Dr. Housner [sic] said the high frequency components of an earth
quake are damped out by distance so that a quake in the San 
Andreas [sic] fault would result in only the lower frequency 
energy reaching Haynes Point; he estimated that only equipment 
at Haynes Point with a period of over 1 second would be effected. 
A local earthquake would have additional effects. A plot of 
the spectrum intensity of vibrations from a quake against 
period peaked at a .3 or .4 seconds. Figures were given for 
the acceleration and the duration of the recent El Centro 
earthquake in the Imperial Valley. 

The local geology determines the ground motions, and Corral 
Beach is probably better from this point of view because the 
Haynes site has more alluvium. Sometimes the soils consolidate 
and sink as at Long Beach, but Dr. Housner [sic] does not 
believe this would be very serious for Haynes Point. 

. ·~ 



In its report of April 4, 1962 on these sites (which was primarily con
cerned with population densities), the ACRS stated "The Committee 
believes that it is possible with present engineering technology to over
come the potential danger from serious consequences of a major earthquake." 

In the spring of 1963, the ACRS completed a first review of the proposed 
Bodega Bay BWR, at a site less than 1/4 mile from the edge of the San 
Andreas fault. This landmark case is discussed in very considerable detail 
in the following section. 
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5.3 BODEGA BAY 

In the early spring of 1963, the ACRS completed (for the first time) its 
review of the application by Pacific Gas and Electric Company to construct 
a 1008 MWt BWR at a remote site on Bodega Bay, Sonoma County, California. 
The unique aspect of the review lay in the fact that the site was only 
about 1000 feet west of the San Andreas fault Zone. 

The minutes of the ACRS Subcommittee meeting held concerning Bodega Bay 
on March 20, 1963, report briefly on seismic matters, as one of seventeen 
items discussed at the meeting. It was reported that 

The plant is designed for motion in all directions. The same 
design criteria will be used at Bode9a Bay as have been used 
at other (non-nuclear) plants which have satisfactorily with
stood fairly severe earthquakes in this region. 

In its report to the ACRS on Bodega Bay dated April 2, 1963, the Regulatory 
Staff approved the proposed design basis acceleration of 0.3 g subject to 
the qualification that no faults existed under the plant. Their total 
discussion of seismic matters was rather brief, as shown by the relevant 
excerpt from the staff report: 

The two outstanding geographical features of the site area are 
the San Andreas Fault zone immediately to the east, and the 
two.rocky hills each over 200 feet high which make up Bodeqa 
Head. The reactor will be located between these hills approxi
mately 1000 feet from the western limit of the fault zone. The 
1.5 mile wide fault zone extends eastward from the site to the 
mainland, and· has reduced the northern portion of Bodega Head 
to crushed rock and sand dunes due to extensive movement over 
the past few thousand years. 

The hills of Bodega Head consist of quartz-diorite rock covered 
by a shallow layer of sands and silts. The quartz-diorite forma
tion is reported to be extensively fractured due to earthquake 
action, and evidence of old minor faults in the formation is 
reported. 

With respect to minor faults, the application states "no active 
faulting exists on Bodega Head and particularly under the power 
plant site." The applicant amplified this statement during a . ·:.. ' 
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meeting with the subcommittee and the staff on March 20th by 
stating that no faults have been located under the proposed 
location of the reactor power plant structures as a result of 
evaluations of several borings at the plant site. The applicant 
has described the geologic nature of the foundation materials 
(the fractured quartz-diorite) and has concluded that structures 
can be adequately anchored into this rock material and designed 
to withstand earthquake accelerations amounting to 0.3 of the 
acceleration of gravity (0.3G) unless a formation failure 
(faulting) occurs under the plant. 

The staff believes that the applicant is aware of the safety 
and design problems associated with earthquakes, and is proceed
ing with the development of an adequate design based upon the 
predicted earthquake loadings. It should be recognized that 
acceptance of this site would imply agreement that the likeli
hood of the occurrence of an earthquake which would cause fault
ing under the structures and, consequently, possible failure of 
the engineered safety components of the reactor facility is 
acceptably small. The applicant claims that slippage is more 
likely to occur in existing faults and that development of new 
faults would not be expected to occur. 

The staff does not know of any b.asis for disagreement with the 
applicant's assertions as to the existence or likelihood of 
development of faults. We believe, however, that further infor
mation should be developed on the existence of faults under the 
site through explorations made in the course of excavation. 
This information will be reviewed to determine whether or not 
the assumption that no such faults exist is factual; and if 
evidence of faults is found, the basis for approval will be 
re-examined. 

Bodega Bay was reviewed by the full Committee at the 47th ACRS 

meeting, April 11-13, 1963. The minutes of the meeting indicate that 

while there was considerable discussion concerning seismic aspects of the 

proposed plant, this was not the principal focus of the ACRS review. 

Some portions of the meeting minutes related to seismic matters are 

excerpted below. 

Executive Session 

The plant will be designed to withstand an acceleration of as 
much as .3 that of gravity from an earthquake; this would be 
sufficient to resist the largest quake recorded in California. 
The containment valving arrangements needed to resist earthquake 
damage were discussed. Mr. Osborn said he had examined several 
plants following earthquakes; there was considerable damage to 
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the masonry and the concrete but very little to the piping. 

Regulatory Staff (RS) 

The representative of the Coast and Geodetic Survey said there 
is always some uncertainty in the distance from a fault. The 
center of the active San Andreas fault zone is about 1 l/2 
miles away. The reactor will be within about a thousand feet 
of the edge of the San Andreas fault zone; the RS deems this 
to satisfy the 1300-feet requirement of the Site Criteria. No 
faults under the proposed plant site have been identified by 
drill holes; the search will continue during the excavation, 
the reactor location would have to be reassessed. Unfaulted 
gravels from the Pleistocene era indicate no seismic activity 
at the site for many thousands of years. Measuring the fault 
changes [sic] would be interesting scientifically, but the data 
would probably be of little value for this reactor design. The 
RS believes the reactor can be. designed to withstand earthQuake 
shocks. 

Pacific Gas & Electric Co. (PG&E) 

The power plant is to be on hard rock, a quartz diorite material, 
and no earth movement is expected. A consultant from California 
Institute of Technology confirmed the conclusions regarding 
earthquakes; these recommendations of experts are the design 
basis for the plant. Conventional PG&E power plants are designed 
to resist earthquake forces of .2 of the acceleration of gravity. 
A PG&E plant was subjected to an earthquake; the plant withstood 
the shock, but there was other local damage, e.g., tunnels gave 
away. 

The possibility of tidal waves in the area was evaluated by the 
Corps of Engineers when a nearby jetty was designed to protect 
the harbor. The jetty height was set at 15 feet above sea level 
because of the maximum predicted wave height. There is no record 
of the jetty or the nearby sand bar being topped by a tidal wave. 
The base of the reactor plant will be 25 feet above sea level. 

The accidents analyzed included loss of coolant accident by 
recirculation line rupture, fuel being dropped into the reactor, 
rupture of the main line outside the containment, and a rod 
falling from the reactor after it is critical. 

The ACRS reported favorably on construction of Bodega Bay in a letter 

dated April 18, 1963 to AEC Chairman Seaborg. Much of the letter related 

to engineered safety features in a general fashion. The paragraph on 

seismic-related matters is reproduced below. 

The requirements that are imposed on plant design because of 
location in an active seismic area have been considered by the 
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applicant, and the referenced documents contain the recommen
dations of seismologists who have been consulted on this question. 
Tentative exploration indicates that the reactor and turbine 
buildings will not be located on an active fault line. The 
Committee believes that if this point is established, the design 
criteria for the plant are adequate from the standpoint of 
hazards associated with earthquakes. Careful examination of 
the quartz-diorite rock below should be made during building 
excavation, to confirm this point. Furthermore, the Committee 
suggests that, during design, careful attention should be given 
to the ability of emergency shutdown systems to operate properly 
during and subsequent to violent earth shocks, and to the stress 
effects that might be introduced because the reactor building 
and the turbine building are to be anchored in different geo
logical formations. The need for earthquake-induced shutdown 
and isolation of the primary system can be considered at a later 
time. 

. ·~ 
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With hindsight, both the ACRS review and that of the Regulatory Staff 
appear to have been relatively limited, in view of the nearness of the 
proposed site to the San Andreas fault. In effect, this site represented 
one where there was a high probability that the ability of the reactor 
to accomplish safe shutdown in the face of a major earthquake would be 
challenged during the lifetime of the plant. 

Although pG&E projected schedule for approval of construction for Bodega 
Bay showed issuance of a construction permit by July, 1963, this schedule 
slipped. The foundation excavation for the Bodega Bay reactor contain
ment proceeded, and in the process of examining the exposed surfaces, 
several small faults "Nere found, one of which received the most attention 
and was labeled the Saft fault (named for the shaft which was dug for the 
reactor). Since the original review was predicated on the assumption 
that the reactor and turbine plant would not be located on an active 
fault, the entire matter was opened for re-review. 

The minutes of the Executive Session of the ACRS at the 48th meeting, 
July 11-13, 1963 provide a status report: 

Bodega Bay Reactor 

Or. Kouts commented on the geological developments. The completed 
U.S. Geological Survey report is not yet formally available; it 
is believed to support the conclusions of Pacific Gas & Electric 
(PG&E). Excavations show no recent faults; the latest was at 
least 35,000 years ago. The faults in the diorite granite.rock 
are very ancient. Faults 10 miles to the south may be from the 
1906 earthquake; there is still a question as to how this earth
quake affected the Bodega Bay area. The Johnson fault, which 
has been mentioned by the intervenors,has not been found on the 
Bodega Bay head. The unconsolidated rock sediments are more 
firm than believed; consequently the turbine to be located on 
these materials should have about the same stability as the 
reactor located on the rigid rock. 

There were comments on the appropriate design measures for 
earthquake stresses; designing for forces of .45 of the accelera
tion gravity is now planned. The Regulatory Staff has been 
concerned over the quake effects on small components of the · 
reactor system, e.g., switches in the controls, etc. Dr. 
Thompson suggested that the emergency power facilities be 
mounted on the same kind of base as the facilities served. It 
was noted that most of the damage in the San Francisco earth-. 
quake resulted from fires which went uncontrolled because of 
damage to the water lines. 

The Regulatory Staff asked the u. s. Geological Survey to review the Shaft 
fault, attempt to evaluate its past history as a function of geologic time, 
and to provide guidance regarding its potential for future movement. They 
also asked the "· s. Coast and Geodetic SUrvey to advise them on seismo
logical matters and on possible tsunami effects from off-shore or distant 
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marine earthquakes. Additionally, they had Prof. Nathan M. Newmark and Dr. 
Robert A. Williamson of Holmes and Narver to advise them on seismic 
engineering design. The ACRS obtained the consulting services of a 
seismic engineer, Mr. Karl v. Steinbrugge. 

Messrs. Julius Schlocker and M. G. Bonilla (1964) studied the matter of 
faulting on behalf of the Geological Survey and concluded that the Shaft 
fault had displaced sediments that are more than 42,000 but less than 
400,000 years old; and that the last movement on the fault took place 
during the last 400,000 years. This report goes on to say that, because 
the possibility exists that the faulting occurred during the past few 
hundred years, it is prudent to predict that fulting is a possibility 
at the site during the next 50 to 200 years (which means that differential 
permanent displacement of the foundation might occur under the plant. In 
the report, Bonilla and Schlocker also discuss the past history of "sympa
thetic" faulting, or the creation of new faults, close to the San Andreas 
fault and concluded that this possibility should be considered for any 
site close to the San Andreas. 

The report concludes that the possibility of a 2 to 3 foot offset at the 
site should not be ruled out. 

Other interpretations of the available geological information also 
existed. At a meeting with the Regulatory Staff on January 30, 1964, 
Prof. Hugo Benioff, a consultant to PG&E, stated that auxiliary faults 
would slip only a matter of inches when the main San Andreas fault 
ruptured. Dr. Don Tocher, another PG&E consultant, estimated that differ
ential motion on the Shaft fault would be less than an inch, given a major 
earthquake on the San Andreas. Benioff, Tocher and Mr. E. Marliave, 
another PG&E consultant, all concluded the Bodega Bay site was accept
able. 

Also in the Bodega Bay file are letters from several other geologists to 
AEC Chairman Seaborg concerning the Shaft fault. Professor Clyde 
Wahrhaftig of the University of California, Berkeley, voiced the follow
ing opinion in a letter dated April 29, 1964: 

Thus the only geological evidence that we have to go on is that 
there have been several episodes of displacement on this fault, 
and that the last one occurred within the last 200,000 years. 
This is a totally inadequate sample on which to base an estimate 
of the probability of recurrence. However, keeping this in 
mind, the best guess one can make for the probability of a 
reoetition in the next 200 years (the life of the reactor) is -
200/200,000 or one in a thousand. ~he probability is not less 
than l/50,000 and not more than l/50. 

Professor Wahrhaftig contrasted this with: 

A probability of 1 in 300 that thousands of people will be in 
the University of California Stadium the next time there is a 
strong earthquake on the ·Hayward Fault" [which would directly 
affect the stadium, and many other important structures, possibly 
including large dams]. 
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Professor Wahrhaftig voiced a final opinion: 

As a citizen concerned with my own health and safety and with 
the welfare of the community in which I live, I can speak further. 
·rhis average likelihood is greater than the risks we individually 
take each time we take an automobile drive or an airplane trip* 
(which, I, personally, consider hazardous enough). In my mind, 
it. is high enough to justify requiring that the engineers desiqn 
a reactor that cannot possibly release significant radioactivity 
to the atmosphere, in the event of a displacement of as much as 
5 feet through the plant. (A displacement twice that which we 
know took place). If such design specifications cannot be met, 
then the site should be abandoned. 

In another letter dated April 25, 1964, Professors Garniss H. Curtis 

and Jack F. Evernden of the University of California, Berkeley state: 

•.. we believe that the total amount of displacement of any faults 
passing through the reactor shaft that has occurred since the 
Pleistocene sedimentary beds were deposited is of the order of 
one foot ••. The age of the sedimentary beds is certainly greater 
than 42,000 years and more likely between 200,000 and 600,000 
years .•• The displacement in the sediments was probably the 
result of more than one displacement ... 

•.. If, as Schlocker and Bonilla believe and as we believe, the 
Shaft Fault has moved more than once during this time interval 
with displacements of, say, 4 inches each time, then the chances 
are about 1/500 for disruption of the site during the next 200 
years •.• It seems worthwhile noting that since all controversy 
about the seismic hazards of the site localizes on the Shaft 
Fault and possi'ble displacement along it, a simple solution 
would be to move the hole so that the Shaft Fault does not 
intersect it. 

On March 27, 1964, the large intensity Alaskan earthquake occurred. In 
addition to very considerable damage in Alaska, particularly due to land
slides, this earthquke produced an appreciable tsWlami wave at Crescent4 
City, California, providing further empirical evidence of this t:benomenon. 
How much impact this earthquake had on the Bodega Bay review is difficult 
to assess. However, it seemed to have entered into the overall considera
tions, as shown from the ACRS sunrnary minutes (reproduced on the following 
pages) of a meeting between the Regulatory Staff and the Applicant for 
Bodega Bay o~ April 14, 1964. · · 

*Prof. wahrhaftig did not quantify the risks he was comparing, or discuss 
other risks in Berkeley and throughout California due to large earthquakes, 
etc. 
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ADVISORY COMMITT'EE ON REACTOR SAFEGUARDS 
UNITED STATES ATOMIC ENERGY COMMISSION 

WASHINGTON, D.C. 20$45 

April 24, 1964 

To File (Bodega Ba.;y) 

From R. F. Fraley~~ Executive Secretary 
ACRS 

Subject: DL&R MEETING ON APRIL 14, 1964 RE BODIDA BAY 
A'IOMIC PARK, UNIT NO. 1 

This meeting was set up by DL&R to discuss seismic design criteria, 
especially Amendments 6 and 7, for the Bodega Bay Plant with their 
consultants. ACRS members were invited to ~-ticipate. 

Attendees: 

ACRS 
n:--A. Rogers 
K. R. Osborn 
H. J. C. Kouts (morning only) 
R. F. Fraley (Staff) 

DL&R Consultants 
N. M. Newmark 
R. A. Williamson 
L. Murphy 

DL&R 
'J.'""'Newell 
E. G. case 
R. B:tyan 
N. Watson 
C. K. Beck 
M. M. Mann 
L. Murphy 

Dr. Newmark expressed concern about the damping factors and Uflxjmum 

ground acceleration :proposed by PG&E, especial.J.y at the high fre· 
quency end (below 0.2 sec period) of the design spectr..llD.. B'e noted 
that it is difficult to predict frequency acc1u'Btcly in this range 
and since damping factors are frequency and stress dependent a 
conservative design curve should be used. He suggested a maximum 
ground acceleration 'VSJ.ue of 1.0 g vs the 0.66 g proposed for high 
frequency components and no attenuation of maximum component acceler
ation (Sa) for lightly damped components as the high frequency end 
J:Jf the spectrum is approached (Refer to Figure 100545 of Amendment 6) • . ·:.. 
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Be DOted that this was the same position that he had previously sug
gested in meetings with PG&E. Dr. Maml inquired as to how one deSigns 
a system with intercODnected components of differen:\ natural trequenc1es. 
Dr. Nevmark explained that it is coli:I!IOn practice to use the "worst com
ponent" (uax. acceleration) and design the whole system to this value. 
Differential movement between compo:~.ents Jll'.lSt, of course, be taken into 
account. 

Mr. Murphy stated that the Coast & Geodetic Survey bad reached about 
the same conclusic:'l regarding uax1mum ground acceleration. Before the 
recent Alaskan disturbance a value of 0.9 g looked rec.sonable to C&GS, 
but they will probably revise this U!'ltf&l'd to 1.0 c e.s a result of the 
Alaskan quake. He noted, however 1 that a final. conclusion is DOt likely 
for several weeks since the C&CS wants to review the Ala.slcan data in 
more detaU before transmitting a recom:aendation to the AEC. Some dif'f'i• 
culty may be experienced, however, in correlating the two areas since low 
trequeney waves did most of the d.ame.ge in Alaska be'::cuse of the alluvium 
foundation sterial while high trequency damag'! would be expected at 
Bodega Bay because of the rock foundation. 

Dr. Beck summarized the Bodega Ba.y study which indicates tb3.t a 2-i.nch 
differential fault movement could be e.ccoiiCIO~ted with no Cama.ge to the 
co::ltairlment and a 2-foot differential moval!IE'!\t could be e.cco:mnod.a.ted 
with some damage but no im.p:.irment of tb~ cu'ltai.m~ent fun~ti::n. Dr. 
Newmark seemed inclined to agree that a diffe~~~tia~ mov~~:nt of one or 
two feet could be accommodated oy t!l::J contai::l!:..ent in ~. Ilea.'.~ similar 
to the one proposed. He di(l suggest, however, that COI!IC de;:i~ changes 
might be required, for exat:Jp].e, use ot vermiculite ec:-n::::rc·~c rather than 
sand as the pad for the containment. AJrPS.n::ltly, tLJ.s l!".a.terial has been 
used in bomb tests to protect ~~ed structures from differential earth 
movements up to one foot. Ee did caution, howe·rer, tbat the probability 
of satista.ctory component operation mig!::J.t be seriously reduced by this 
degree of movement. Mr. Williamson seemed lsss incli~ed to agree that 
the containment and the associated syetems and components could be de
signed w1 th any certainty that they wouJ.d be able to w1 thsta"lld a differ
ential movement of two feet. He questioned specitica.J.l:r the abUi ty of 
isolation valves to close after li.J::I.E!s were twisted or bent by movement 
of the contai:tllllll!nt thro1.1gh a ·two-foot displaceme::lt. He also noted tbat 
the decay heat removal system is not selt contained e.nd rec..."Uires con
nection to the power source, pumps, etc. which are :lot integr:ll with 
the contaimDent. It was general.l.y concluded tbat t~s area would re
quire a caref'Ul ensineering evaluation. 

Mr. Osborn inquired if the Ala.ska quake would result in the revision 
of any existing building codes or criteria used on the West Coast. Dr. 
Newmark stated tbat codes specify minimum requirements and that a more 
elaborate dynamic analysis is usually made for unusual structures (e.g. 
tall bulldings). A more vigorous earthquake than the nom:i.nal value- is . ·:.. 
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also considered. He did not anticipate, therefo:oe, that any code 
requirements would be changed. J. Newell noted thJ).t ex:l.sting building 
codes are based on prevention of significant damage to structures 
whereas the AEC requires no damage to structures at least as tlr as 
containment integrity is concerned. 

Mr. Case requested that Dr. Ne\ollllS.rk and Mr. Will.iamson submit their 
conclusions concerning amendments 6 and 1 as soon as possible. 

****** 

. ··~ 
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The ACRS met with the Regulatory Staff and Pacific Gas & Electric concern
ing Bodega Bay at the 53rd meeting, February 13-15, 1964. The minutes of 
the Executive Session indicate sentiment among some Committee members to 
the effect that large displacement on the Shaft Fault was very unlikely. 
Also, as indicated in the excerpt reproduced below, the top management on 
the Regulatory Staff was having difficulty resolving the wide divergence 
in expert opinion. ·• 

Later, Mr. Price, Mr. Case, Mr. Lowenstein and Dr. Mann joined 
an Executive session of the Committee and reoorted their dilemma 
over the apparent conflict in testimony from· Mr. Schlocker and 
Mr. Bonilla of the USGS and that of Or. Benioff and Mr. Harliave, 
PG&E consultants. Further definition of the problem and more 
data seems needed. Mr •. Price noted that Mr. Anderson and Mr. 
Schlocker, both of the USGS, had somewhat different opinions 
regarding the possibility of quakes at this site. Later Mr. 
Price complained about the Department of Interior trying to 
hold a hearing on this reactor case in the newspapers. Recently, 
the Secretary of the Interior requested all the reports on geology 
be channeled through his office. 

Mr. Price said that other reactors, e.g., those at Los Angeles 
and at Haddam, Connecticut are involved; preliminary USGS reports 
on these had conclusions indicating prejudice of the Department 
of the Interior. Some of the comments could be taken as establish
ina site criteria. The early information on the USGS Connecticut 
Yankee report is that a fault at the Connecticut River near the 
plant site may make Haddam as serious a seismology risk as is 
Bodega Bay; little was made of the fact that the fault is un
likely to move as indicated by the long stability of the r~ew 
England region. Recent discussions are hoped to clarify the 
situation so that the AEC receives solely technical advice from 
the USGS. The Commission now supports the USGS and the USC&GS 
for geological consultation; this includes work at a number of 
Commission sites. The USGS has been asked by the RS for 
advice on geology only, but of late the Secretary's office has 
included seismic information. 

It should be noted that at a Special Meeting the same month {February 24, 
1964), the ACRS wrote a letter report to AEC Olairman Seaborg stx3gesting 
that over conservatism was being employed for seismic design in zones of 
relative seismic quiet in the eastern United States. we shall return to 
this point later. . ·~ 
On April 30, 1964 the Regulatory Staf:f subnitted a report on Bodega Bay 
to the ACRS for consideration at its 55th meeting, May 6-8, 1964. Several 
excerpts from this report follow below. · 
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Vibrational Effects 

PG&E has proposed to use a ground response spectrum derived from 
the El Centro earthquake of 1940 for seismic design of critical 
structures and components. A value of maximum ground accelera
tion of 0.33 g would be used for the design of these structures 
and systems at normal working stress. PG&E has also proposed to 
design all structures and components important to safe shutdown 
of the facility so that yield stress would not be exceeded or 
their functioning would not be impaired due to a maximum ground 
motion of twice this value {0.66 g). Where appropriate, 
dynamic analyses of individual systems or components would be 
performed to assure that the design would satisfy these criteria. 

Based on advice from our consultants, we believe that the method 
of design and the procedures proposed by PG&E would be suitable, 
and that the damping factors are acce9table although not parti
cularly conservative. However, in our opinion, an earthquake 
occurring at or near Bodega Head with a magnitude equal to that 
of the 1906 earthquake could result in a maximum ground accelera
tion in basement rock of about 1.0 gat the site. Thus, the 
value of maximum ground acceleration proposed as a design 
criterion by PG&E is approximately 40% too low. Nevertheless, 
it appears that the potential effects of ground vibration could 
be adequately handled by well understood design measures which 
could be modified to accomodate any ground acceleration forces 
that might be deemed necessary. This is a matter of structural 
engineering design practice widely utilized in California, and 
we are satisfied that the plant and all important components 
could be adequately designed and build to take care of the 
vibrational effects of a major earthquake on the San Andreas 
fault. 

Effects of Tsunamis 

The PG&E application does not discuss the probability, magni
tude or potential consequences of seismically induced tidal 
waves which might follow an earthquake of 1906 magnitude some
where along the San Andreas fault. The Coast and Geodetic 
Survey has informed us that a serious tsunami might resu]t from 
landsliding caused by an eartnguake of magnitude 7.0 or greater 
on the Richter scale at locations within about 10 miles of the 
coast, or from an earthquake of this magnitude on the under
water portion of the San Andreas fault north of the site. 

The Coast and Geodetic Survey has not completed its evaluation 
of the potential seriousness of this problem. Based on present 
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information, it is not clear to the staff that we could rule out 
the possibility that the reactor facility would not be damaged 
or at least inundated by a seismically induced tidal wave. An 
investigation of the off-shore contours in the vicinity of 
Bodega Head would be necessary to resolve this matter. An 
analysis of the potential effects on the reactor facility of 
a tsunami would also be required. Despite the present lack of 
information, it seems likely that even if a tsunami were to 
sweep across Bodega Head design measures could be taken in 
order to prevent loss of containment integrity from such an 
occurrence. However, it is not clear at this time that adequate 
protection could be provided for cooling and power lines 
exterior to the containment system. Our calculations indicate 
that access to a heat sink within about 12 hours is necessary 
in order to prevent over-pressurization of the containment 
system due to release of decay heat. 

Effects of Differential Ground Motion 

The Company estimates that it [the Shaft fault] is over 42,000 
years old and perhaps up to 400,000 years old. The geological 
support for this position is impressive. On the other hand, 
since geologists from the Geological Survey believe that the 
absence of traces of the Shaft fault in sediments younger than 
42,000 years could also be due to its dying out upward and 
laterally, the fault in the sediments may have occurred more 
recently than 42,000 years ago, but not earlier than a few 
centuries ago. Regardless of its age, the existence of the 
Shaft fault does show that ruptures did occur in the basement 
rock on Bodega Head outside of the main San Andreas fault zone. 
The Geological Survey has stated that the Shaft fault in the 
sediments probably had a total displacement in a single move
ment of between 1 and 3 feet. 

Because surface rupturing by tectonic faulting occurred outside 
the main San Andreas fault zone in 1906 on terrain geologically 
similar to that of the Bodega site, the geologists from the 
Geological Survey believe that the possibility should not be 
ruled out that there might also be a sympathetic movement of 
several (2-3} feet on Bodega Head in the event of a large 
earthquake on the San Andreas fault. They say that the possi
bility of such movement is low, but not low enough to be 
ignored in the design of this facility. The basis for this 
opinion is principally derived from observations of surface 
faulting outside the San Andreas fault zone which occurred 
in 1906. 

The question then becomes, can a reactor facility of this power 
level be designed and built which would safely accommodate the 
differential ground movements of the magnitude that could be 
expected. The company has proposed a design concept which would 
accommodate some relative displacement. They plan to fill the 
annular space between the sides and bottom of the containment 
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structure and adjacent rock with a layer of frangible material 
of a type yet to be selected. Theoretically, displacements of 
several feet might be accommodated by such a design concept. 
Tests have been conducted for the Defense Department in which 
polyurethane foam was successfully used to accommodate relative 
displacements of experimental structures of this magnitude. 
However, such an engineering safeguard has not been used in 
practice, nor has it been proven for structures aporoachinq 
the size and complexity of the Bodega reactor facility with 
its complicated and sensitive components. 

One of the more serious considerations involved in the use of 
frangible materials to protect against earthquake-induced 
displacements would be the vibrational effects on the structure 
from aftershocks which would be likely to follow the major 
earthquake. The deformations of these materials in the yield 
range are irreversible. Consequently, oscillations or displace
ments of the containment structure causing lateral pressures 
sufficiently intense to compress the material would leave an 
annular void. In such a situation the facility would then 
be vulnerable to additional damage from vibrational effects of 
the aftershocks. At the very least, it would appear that a 
large scale research and development program would be necessary 
in order to determine the feasibility of designing against large 
displacements. Since we must assume the possibility of large 
differential ground movement, we believe that we should not 
depend upon the integrity and reliability of unproven engineered 
safeguards to protect against such movements and the aftershocks 
that might ensue. 

CONCLUSIONS 

Although the design criteria proposed by PG&E are not in agree
ment with criteria suggested by our consultants to protect 
against vibrational effects and possibly the effects of tsunamis 
resulting from a large earthquake occurring on the San Andreas 
fault at or near Bodega Head, it app~ars that these problems 
might be adequately resolved by changes in design criteria and 
more complete analyses. However, despite the fact that the 
risk could be effectively eliminated by moving the plant to a 
location a couple of miles distant from a main fault zone. On 
this basiss we have concluded that the site proposed by PG&E is 
not suitable for a reactor of the general type and power level 
proposed. 

The conclusions expressed in this report are subject to t:e
consideration in light of any.Qew information which may be 
received at the ACRS meeting, and the recommendations of the ACRS. 
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Thus, on April 30, 1964 the Regulatory Staff conclusion was that the 
Bodega Bay site was not suitable, saying despite the fact that the risk 
of large differential ground m::>vement on Bodega Bay is low, we do not 

. believe that unproven design measures should be depended upon to solve 
this problem. 

In passing, it is noted that, in the section on tsunamis, the staff was 
not yet aware of the "China Syndrome" matter, and wrote that a twelve 
hour delay was acceptable in providing a sink for decay heat. 

The minutes of the 55th ACRS meeting in May, 1964, record large differences 
in opinion am::>ng experts concerning the probability of displacement along 
the Shaft fault in the past and in the future. The Regulatory Staff was 
inclined to consider it impossible to guarantee engineering safeguards for 

.earth movements of two to three feet. PG&E consultant, Housner, stated 
that although no structure such as the one now planned had been built to 
withstand large earth movements, he believed that this design was satis
factory for significant earth movement. He went on to discuss how the design 
could accommodate one.foot of relative displacement, and Mr. Whelchel of 
PG&E said it might be possible to design for three feet. PG&E noted that 
no steam line pipes had failed in the .recent Alaskan earthquake. And 
Professor Hausner described how much larger the vibratory motion require
ments for Bodega Bay would be, compared to the San Francisco Building code. 

Dr. Benioff said there is no evidence of any acceleration as high as 1.0 g 
earthquake, and cited how only 18% g was recorded on rock by the Japanese 
for a magnitude 7.7 quake. 

The meeting minutes conclude as follows: 

A summary late in the meeting indicated: the chances of earth
quake shear at the site are low; with proper design~ displacement 
up to two feet would cause no building damage, a displacement 
of five feet would break the primary system and might violate 
containment; finally, the engineered safeguards, e.g., core 
quench sprays, must be available. 

Although a letter on this case was drafted, it was not dispatched 
because of the wishes of the Regulatory Staff. 

A copy of this letter, which was never sent, is reoroduced below: 
. --. 
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ADVISORY COMMITTEE ON REACTOR SAFEGUARDS 
UNITED STATES ATOMIC ENERGY COMMISSION 

WASHINGTON. D.C. 105415 

SUBJECT: REPORT ON OODEGA BAY ATOMIC PARK -· UNIT NO. 1 

Dear Dr. Seaborg: 

FINAl.. DRAFT 
DAR:vb 
5-9-64 

At its fifty-fifth meeting on May 7-9, 1964 at Argonne National 

Laboratory, the Advisory Committee on Reactor Safeguards again considered 

the proposal of Paci.t'ic Gas & Electric Company to build and operate a 

1008 MW( t) boilirig water reactor on Bodega Head north of San Francisco, 

Call.t'ornia. The Committee had the benefit of oral discussions with the 

applicant and 1 ts consultants, wi tb the AEC Staff and its consultants, 

including staff of the u.s. Geological Survey; reports cited below; attend-

a.nce at Regulatory Staff meetings with the applicant and its consultants; 

and interim discussions with the staff and its consultants including staff 

of the u. s. Coast Guard and Geodetic Survey. 

This proposal was considered at the Committee's 47th meeting, 

reported 1n its letter of April 18, 1963 which stated 

"Tentative exploration illdicates that the reactor and turbine 
buildings will not be located on an active fault li:ce. The 
Committee believes that 1.t' this point is established, the 
design criteria for the plant are adequate from the stand
point of hazards associated with earthquakes. Careful ex
amination of the quartz-diorite rock below should be made 
during building excavation, to confirm this point. Further
more, the Committee suggests that, during design, careful 
attention should be given to the ability of emergency shut
down systems to eperate properly during and subsequent to_ 
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violent earth shocks, and to the stress effects that might 
be 1Z1troduced because the reactor builcliZ1g e.Di the turb1Z1e 
building are to be anchored in ditf'erent geological fo:naa
t1ona. The need for earthquake-induced shutdown and iso
lation of the priDI.a.ry system can be coDSidered at a later 
time." 

The exploration suggested 1Z1 the above cG111DeZ1t has been done, 

and the geologic features discovered have made necessary a further con· 

sideration of the design. These features include fractures 1Z1 the under-

l.yiJlg rock am aedi:ment. 

The Committee has been advised that during the life of the pro

posed reactor there is a high probability that it will experience at least 

one major earth shock. 'lbere is associated with such an earthquake a re-

JIX)te probability that the plant will be subjected to the effect of a shear

ing motion 1Z1 the rock on which it is built. The Ccm:mittee is of the opin

ion that ¥s18Jl8 of the Dature proposed can be made to withstam the effects 

of the anticipated earthquakes such that at the worst the reactor can be 

shutdown e.Di cooled without undue release ot fission products. 

Result of 1DYest18at1on of the probable Dgnitude of tsunamis 

at the site has oct been received. This investigation may sbov the need 

ot added protection ot plant and emerpncy coolant system. 

The Committee recognizes the presence of earthquake hazards at 

this site and believes that special measures V1ll be necessary. 'lbe 

Cclllm1ttee would like to be kept 1ntormed regularly as to the developments 

1Z1 areas closely related to the safety considerations arising from these 

hazards. Among others these should ~lude: 
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(1) Provisions to accommodate possible earth movements and 

effects of displacement along the fault. The applica:o.t has proposed 

orally to design the building to vi thstand up to tvo feet displacement 

along the discovered fault. The Com.ittee believes tbat the engineering 

principles are sound and, if extended to take into account the possibil-

1 ty of the same motion in a:o.y direction, will afford the degree of assur

ance required for protection of the reactor. 

(2) Consideration of model testi%3& or other experimental veri

fication of novel design features associated With earthquake protection. 

(3) Redundant provisions to assure emergency cooling water in 

case of damage to normal and emergency supply systems by earthquakes or 

tsuna.mies. 

(4) Design and tests of critical plant components such as in

strumentation and control rod operating mechanisms to withstand earthquake 

damage. 

(5) Further clarification in specific areas of seismic design 

of components. Although the criteria proposed by the applicant appear to 

be generally acceptable, amplification of some areas is needed. Included 

among these are criteria regarding: 

a. Design amplitudes to be used for high 

frequency oscillations. 

b. Design basis to be used where the response 

of the building itself. is a factor in modi

fying the response of equipment items within. 
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ADVISORY COMMITTEE ON REACTOR SAFEGUARDS 
UNITED STATES ATOMIC ENERGY COMMISSION 

WASHINGTON, D.C. IONS 

Hay 13, 1964 

: a. L. PRICE, Dli!CTOB. OP IICULATION 

: DB.. a. J. c. mrrs. CBAimWr - ACB.S ..J.t /(_ 
SUBJICT: BOOBGA BAY A'l"CHIC PAB, UNIT 110. 1 

At the ACB.S Meeting ort. JUne 12•13, 1964, we should like to coasider in detail 
the following questions, on which the etatementa that have been presented to 
us are still not clear: 

1. We viah to be sure we understand the specific methods to be usee! to 
analyze the ability of 1tructures to withstand earthquake oscillation•. 
Some new features of the malyail were introduced at our 5Sth meeting. 

2. Will the applicant modify the frequency spectrum used (11 Centro, 1936) 
to account for the rock fOUDdation of the Bodega reactor structure? 

3. Wb.a t measures are proposed to assure that the reactor can be maiatainecl 
1afely 1a a shutdown condition iadeftnitely if all vital linea to the 
reactor building are severecl·i 

4. What ia the degree of damage to the reactor building aacl the reactor to 
be expected ·from shear clisplacemeat a1oaa ay line crossing the reactor 
building shaft? !bis aaalyais should DOt aasume a size of displacemeat. 
What 1a desired la damage aa a function of diaplac..at. What diaplace
aent leads to fracture of the coacrete structurei What diaplacemeat 
would rupture the contaiameatY What displacaaent vou14 lad to np• 
ture of the primary reactor .,..t•? It la vital that these judgeMDta 
be basecl on features of the syat• u it is to be built, a.cl aot l»e 
supported only ill general tenaa. '!he effects of both shear &ad teaaile 
strains should be conaidered. 

S. What measuru. will be taken to protect against tsuuamis areater iD size 
than the breakwater at Bodega Bay would suppress·. 

we should also like to be able to discuss with your coa8ultaots these quea
tioaa and. tba auvers of the applicant, as vas the practice ill previous 
meetings. But to woicl having the pressure of time contribute to aa:y UD• 
certainty u to positiort.s taken or their meanluaa, we are pl&~mia& a two• 
clay meetiDg to 'be clevoted entirely to the locleaa Bay reactor. -

• 



---------------------- ----------

5-31 

The letter would have been favorable toward construction of the 

Bodega Bay plant, with provision in the design for surface displacement. 

Following the 56th meeting, the ACRS dispatched the following 

memorandum to Harold Price, the Director of Regulation. 
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On May 1~, 1964, the Regulatory Staff forwarded a set of questions 

to PG&E which included the ACRS questions. And a meeting was held by the 

Regulatory Staff with the ACRS Subcommittee on May 22, 1964 to review the 

matter. Excerpts from the minutes of this meeting follow. 
. 

Mr. Price opened the meeting by noting that it is especially 
important in this case, because of the opposition of intervenors, 
that he have a clear understanding of the position of the various 
parties involved and that all understand and agree on a set of 
design requirements which can be defended at the hearing. 

Mr. Case reported orally on the position that the U.S. Geological 
Survey will maintain, namely that : (1) a total fault differen
tial movement up to 3 feet in any direction should be considered 
in design of this plant. The possibility of movements greater 
than 3 feet is considered remote enough so that it can be 
neglected. Messrs. Case and Price reported further that the U.S. 
Coast and Geodetic Survey will maintain that (1) a 2.5 ft. 
differential movement should be considered at this site, (2) 
a shaking with a ground acceleration of 0.66 g and peaks up to 
1 g max. in the frequency range of 0.3 to 0.7 sec. is likely 
(DRL therefore feels that a 1 g acceleration should be used 
in the design of critical components), and (3) a 25ft. high 
seismic sea wave should be considered. A wave this size is 
apparently considered comparable in conservatism to an earth
quake with an 0.66 g max. acceleration. A preliminary report 
to this effect is being revised for editorial changes and should 
be available before June 12, 1964. 

Mr. Osborn pointed out that the tsunami situation at San Onofre 
appears to be much worse than Bodega Bay and will have to be 
considered for San Onofre as well. Mr. Osborn questioned the 
conclusions of the U.S.G.S. and U.S.C.&G.S. regarding differen
tion movement when compared to reputable PG&E consultants who 
maintain that only a fraction of an inch is likely. Mr. Price 
maintained that he would like to discuss the engineering 
aspects of design based on a 3 ft. movement, however, to deter
mine if it is feasible to design a plant to this criteria with 
reasonable assurance of its reliability. 

Dr. Newmark eventually concluded that major modifications are 
required to withstand a 3ft. movement with little plant damage. 
The major change would probably require enlarging the excavation 
to provide for building oscillation and differential fault move
ment. If crushable materials are to be used to fill the annular 
space around the containment, a gap of from 4-8' is considered 
reasonable depending on the credit to be given for symmetry of 
fault/plant slippage. If a crushable material is not to be used 
1.5- 3ft •. gap is considered necessary. Dr. Newmark noted 
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To: B. L. Price -2- May 13, 1964 

We further believe that the applicant should be made aware that shear dis• 
placements of from one to two feet are considered credible by some, and that 
the primary question we now face concerns the ability of the plant to with• 
stand such displacements without undue hazard to the health and safety of 
the public. 
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The proximity of the San Andreas fault is not, in itself, an 
adequate reason for prohibiting the construction of the proposed 
Bodega Head facility. 

The provisions for 3-foot radial clearance around the walls of 
the containment structure is satisfactory, in the writer's 
opinion, for any credible fault displacement beneath the 
structure. 

The sand base beneath the containment structure probably can 
be designed to act as a horizontal shear limiting mechanism 
within reasonable limits. The effect of vertical accelerations 
make this type of foundation somewhat unreliable with respect 
to exact values of the horizontal force at incipient sliding. 
The horizontal displacement of the bedrock beneath the contain
ment structure at the time of a design earthquake with faulting 
on the San Andreas fault complicates the problem by tending to 
shift the containment structure on its sand base. If the Dames 
and Moore study is successful, then ACRS can conclude that the 
sand base foundation will be acceptable. 

The containment ring for the sand base is necessary, and probably 
should be wider than presently planned. This is neither a 
design nor cost factor. 

Structural isolation of the plant structures as proposed by the 
Pacific Gas and Electric Company, is adequate when used with 
judgment which is experienced in earthquake engineering. 

It is recommended that the low end of the spectrum be increased 
from 0.33 G to a higher value, possibly not less than 0.50 G 
for all ductile or ductile acting members and structures. It 
must be stressed that this is a judgment decision based on 
extensive experience plus some instrumental data. 

It would be reasonable to request that the detailed earthquake 
design be left in the hands of a firm specializing in earthquake 
engineering. 

The foregoing conclusions and recommendations have been directed 
towards specific problems at Bodega Head. The findings are 
believed to be conservative, and are consistent with the present 
knowledge regarding the state of the art of earthquake engineering. 

On October 6, 1964, the Regulatory Staff issued a report to the ACRS 

concerning seismic considerations for Bodega Bay. The Report is reproduced 

below. 
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that use of a crushable material would require consideration of 
its effect on building oscillations during and after the major 
shock. If crushable material is used its support would be 
changed for aftershock considerations and this point has not been 
discussed by PG&E. If the gap is left empty however Dr. Newmark 
expressed concern over the possible impingement of rocks locally 
on the containment and the resultant high localized stresses. 
Tapering of the excavation to prevent impingement was discussed 
as a possible solution to this second problem. Mr. Williamson 
noted that practically no information has been provided concern
ing the frangible material proposed even though this is a very 
im~ortant item. The use of sand as a sliding foundation pad 
was also questioned since it acts about like a solid under high 
compressive loadings. 

Mr. Price asked if a building can be designed with as much 
reliability to withstand a 3 ft. movement as to withstand a 
smaller movement. After some discussion it appeared that known 
factors could be adequately taken into account by conventional 
design and construction techniques, however, some unknown 
factors may become more significant for movements of large 
magnitude. 

Dr. Newmark also expressed concern over thelack of sophistication 
in the single degree of freedom, shock spectrum technique proposed 
for design of the plant to resist shaking. The use of a static 
analysis rather than a dynamic study for plant/fault slippage 
is also considered very elementary. He noted that more elaborate 
computer techniques have been developed and used for buildings 
to analyze 3 degree of freedom systems for different input pulses. 

At a Regulatory Staff-arranged meeting on June 17, 1964, Mr. Whelchel 

of PG&E agreed to design the plant for a movement of three feet, including 

the necessary engineered safeguards. At the same meeting PG&E consultant 

Housner stated that he would recommend against construction at this site if 

he felt that a 3 ft. differential movement were a possibility. 11 Mr. Price 

pursued his reasons for this position which are apparently economics and 

reputation rather than concern over the ability to construct a safe plant 

for these extreme conditions .. " 

On August 17, 1964, the ACRS received a written report from its 

consultant Karl Steinbrugge. His conclusions were as follows: 

Summary, Conclusions, and Recommendations 
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BODEGA HEAD NUCLEAR POWER PLANT 

SEISMIC CONSIDERATIONS 

A 325 Hwe Boiling Water Nuclear Power Plant with pressure absorption 

containment is proposed for .construction by the Pacific Gas and Electric 

Company on Bodega Bead sixty miles northwest of San Francisco. The plant 

aite is located roughly 1000 feet west of the western edge of the San Andreas 

fault aone, a band of frequent earthquake activity running generally north 

and south along most of the State of California. The choice of this particular 

location has necessitated prolonged and intensive study of factors affecting 

the safety of the installation in the event of the occurrence of a severe earth

quake at or near the location of the plant. 

Since the field of earthquake structural design is highly specialized, 

it has been necessary to call upon the services of reputable expert consul

tants for help, in analyzing the various problems involved, and to rely heavily 

on their advice in arriving at a decision on the tec:.hnical feasibility of 

building the Bodega plant at the proposed location with reasonable assurance 

that it will safely withstand the maximum earthquake that might credibly occur 

during the life of the plant. The design consultants employed by the applicant, 

PG&E, include Dr. George W. Housner, Professor of Civil Engineering and Applied 

Mechanic:.s at the California Institute of Technology, Dr. Hugo Benioff, Engineer

ing Seismologist also of Caltech, and Mr. E, C, Marliave, Consulting Geologist. 

The AEC Regulatory Staff bas retained the services of Dr. N. M. Newmark, Pro

fessor of Civil Engineering at the University of Illinois and Mr. Robert A. 

Williamson of Holmes & Narver. . ---
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ATOMIC ENERGY COMMISSION 

DIVISION OF REACTOR LICENSING 

ffT "s 1964 

REPORT TO ADVISORY COMMITTEE ON REACTOR SAFEGUARDS 

ON 

BODEGA HEAD NUCLEAR POWER PLANT ••• SEISMIC CONSIDERATIONS 

Note by Director, Division of Reactor Licensing 

The attached report has been prepared by the 

staff of the Division of Reactor Licensing for 

consideration by the Advisory Committee on Reactor 

Safeguards at its October 1964 meeting. 
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maintained in a safe condition in the event of the occurrence of an earthquake 

of the severity postulated by the USC&GS and USGS. The technical basis for 

their conclusion was also requested. 

While continuing to disagree strongly with the credibility of such an 

extreme earthquake, the applicant has nevertheless proposed a design which 

the company and its conaultants feel confident will safely ride through a 

2/3g earthquake, with peak ground acceleration up to l.Og, which is accompa

nied by differential shear ground displacement under the reactor containment 

of up to 3 feet either horizontal or vertical. If such an earthquake should 

in fact occur, the containment might be tipped or rotated slightly, but there 

would be no breach in ita leak-tightness and no release of fission products, 

in the opinion of the applicant. 

The general description of the postulated earthquake involves a pattern 

of ground motions similar to that recorded by the Coast and Geodetic Survey 

in the El Centro Earthquake of May 18, 1940, but with approximately twice the 

intensity, corresponding to a maximum acceleration of two-thirds gravity, a 

maximum velocity of 2.5 ft/sec, and a maximum ground displacement of 3 feet, 

and with occasional intermittent pulses of acceleration up to l.Og. The 

structures are considered to be subjected to simultaneous shear displacements 

ranging up to 3 feet, along linea extending under the containment structure 

or other parts of the plant, with motions in either horizontal or vertical 

directions along the fault. It is also assumed that aftershocks of intensity 

equal to the El Centro quake might be suffered before remedial action could 

be taken. •··. 
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There is a substantial difference between the viewpoint of the applicant 

·and that of the U, S. Coast and Geodetic Survey and U. S. Geological Survey 

with respect to the maximum credible earthquake that should be taken as the 

design basis for the Bodega Bead plant. The PG&E earthquake consultants feel 

strongly that the maximum ground acceleration to be expected during any cred

ible earthquake at or near the plant site is 0.33g, and they consider it 

incredible that there should ever be more than a few inches of differential 

ground motion under the site. rhe USC&GS, .on the other hand, has ree0111111end'ed 

that the reactor and its containment structure be designed to withstand a 

ground response spectrum of 2/3g, with peak accelerations up to l.Og together 

with possible differential shear ground motion of up to 2-1/2 feet, wh1le the 

USGS goes even further in recommending consideration of shear displacement of 

up to 3 feet. There is also a wide difference of opinion respecting the size 

of the tsunamis that may be expected to result from offsi.vre earthquakes. 

Consultants to the·applicant are firm in their opinion, based on all available 

records along the West Coast, that no tsunami will ever push water more than 

15 feet above mean water level at the plant site, However, the USC&GS has 

recommended that protection against SQ-foot tsunamis be provided in the design 

of the plant. 

The applicant was made aware of the recommendations of the USC&GS and 

USGS almost a year ago, and bas been asked a number of questions designed to 

determine whether the applicant considered it feasible to design the Bodega 

plant so as to provide reasonable assurance that the integrity of the reactor 

containment would be preserved and th.it::.tbe reactor would be shut down and 
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-73 feet to yard elevation at +25 feet. The walls of the reactor containment 

pit will be lined with reinforced concrete to prevent possible spalling of 

material into the pit. The annular apace will be permitted to fill with water. 

The reactor containment structure will be founded on a layer of carefully 

selected sand of known characteristics which will permit horizontal movements 

up to 3 feet without impairing the function of the containment structure, al

though the structure might be shifted or rotated~ Differential vertical 

motions up to 3 feet may cause the containment structure to tilt or shift, but, 

in the opinion of the applicant, in no case will the containment function be 

impaired. 

The plant will be designed with no rigid structural interconnection 

between any major components. The reactor containment structure will be struc

turally independent of the turbine generator foundation, the plant control 

building, the radwaste facility, the stack, and the plant service buildings. 

Piping and wiring interconnections important to safety between the reactor 

containment structure, the control building and the turbine generator will 

have sufficient flexibility to accommodate 3 feet of relative movement. In 

order to prevent overstress at points of penetration for piping connecting 

the dry well with the turbine, the company proposes to provide adequate anchors 

and bracing adjacent to the contaiument shell and beyond the·doable isolation 

valves. These anchors will be adequate to withstand all piping loads due-to 

differential motion in any direction up to 3 feet between the reactor contain

ment structure and the turbine generator foundation • 

. ·:. 
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There are two major problems posed by the postulated earthquake. The 

most unusual one is that of providing for a shear ground displacement of as 

much as three feet underneath the reactor building. The other is that of 

vibrational stresses. 

Although there is a substantial design effort involved in computing the 

vibrational stresses. and judgment has to be exercised as to the proper vi-

brational spectrum and structural damping factors to use in assuring that the 

reactor containment structure and all the equipment inside it will safely 

withstand the vibrational aspects of the earthquake. the technology is well 

understood. The critical area here is the ability of vital structural com-

ponents to withstand the stresses put on them by the simultaneous occurrence 

of the maximum postulated accident (rupture of reactor coolant system) and 

maximum postulated earthquake. Under these extreme conditions the question 

focuses on the maximum allowable stresses that should be used in the design 

computation relative to the yield stress of the various materials under con-

sideration. While many of these details have not yet been resolved, there 

appears to be no reason to believe that anything of a fundamental nature will 

arise that cannot be successfully handled. 

Building the reactor structure and its foundation in such a way that it 

will safely survive a shear ground movement underneath it of as much as 3 feet 

poses a more troublesome problem. The applicant proposes to accomplish this 

by a design which provides for a 3 foot unobstructed radial clearance between 

the outside of the reinforced concrete containment structure and the inside 

of a containment pit. completely around the circumference, from elevation . ·~ 
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in the difficult position of having to arrive a1 ·a technical evaluation of 

the public safety risks in an area where there is little or no experience 

background. Other reactor inatallations have presented seismic design 

· problema, but not in the extreme fom presented by Bodega Head under the 

earthquake postulated by the Coaat and Geodetic Survey and the Geological 

· Survey. One problem which the Bodega plant has in CO'IIIDOD with all other 

nuclear power plants subject to special seismic design considerations is 

the inability to conduct any sort of perfomance test on the finished struc

ture that will demonstrate that the design objectives have been achieved. 

The uncertainty presented by this situation has been accepted as a reasonable 

risk at all of the other nuclear reactor installtions meeting specified 

seismic design cri.teria. There would be no difficulty in applying the same 

philosophy at Bodega Head were it not for the extreme earthquake postulated 

by the Coast and Geodetic Survey and Geological Survey. 

Even so, we believe with our consultants that, with proper attention to 

several specific items still in the discussion stage, the earthquake design 

proposed by the applicant, Pacific Gas and Electric Company, is technically 

feasible for earth~uakes up to the magnitude postulated by the USC&GS and 

USGS. Although the likelihood of earthquakes is high, the seismic design of 

the plant is commensurate with the proposed dimeDJions of those possible earth

quakes. so that the probability that clamage to the plant of sufficient magnitude 

to cawae fission product release appears to be quite low. Even if the plant 

were to be severely damased there are .any safeguard systems of different types 

that also would have to fail before any damage to the public would result, 
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Although the foregoing proposal for safeguarding the Bodega Reactor 

~d its containment structure against the postulated differential ground 

motion embodies concepts which are in many respects novel and for which 

little or no vrecedent exists, the Regulatory Staff Consultant, Dr. N. M. 

Newmark, has come to the conclusion after carefully studying the bas1s of 

the proposal that the structural integrity and leak-tightness of the con-

tainment building can be maintained under the conditions postulated. He 

points out, however, several items that will have to be given special 

attention during the design phase in order to achieve the desired objective. 

Perhaps the most important of these items is the main piping system leading 

from the reactor pressure vessel to the turbine and other equipment outside 

the containment building. The piping would have to be made sufficiently 

flexible to accommodate a relative movement of 3 feet without failure, and 

at the same time be damped to reduce its dynamic response to earthquake 

oscillations. Adequate provisions would also have to be made to have enough 

emergency power available locally to operate the emergency cooling system 

and other engineered safeguards in the event of earthquake damage to over-

bead power lines from outside power sources. Protection of the plant against 

the possible occurrence of large tsunamia has not yet been satisfactorily 

resolved but does not appear to offer any unsurmountable design barriers, 

Both Dr. Housner, who prepared the design proposal for safeguarding the 

Bodega Reactor Installation against the postulated earthquake, and Dr. Newmark 

who has reviewed and concurred in it, have excellent professional reputations 

in the field of earthquake structural de$ign. The Atomic Energy Commission is . . 
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expected to coasider and answer within ita own top ~~&nagement echelon. The 

fact that the company has not proposed an alternate location despite the vig

orous opposition which the proposed location baa generated in certain sectors 

of the public, may mean that there is no 1uitable alternate. If this is the 

cue, the question of justificat1oa still remains but might coaceivably be 

answered in the affirmative on the basia that: (1) suitable locations for 

nuclear power plants in California are quite limited; (2) there is a rapidly 

increasing demand for electric power from "1aog-free" sources in this aost 

populous 1tate in the union; and (3) the Bodega Bead aite has fairly good 

isolation and is otherwise satisfactory for the proposed plant. 

Since the deciaion on whether or not to grant a construction permit 

involve& both technical and policy considerations, both aspecta of the problem 

will have to be siven careful consideration in arriving at recommendations 

pertinent to th.::: decision. 
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There are, nevertheless, policy considerations as well as technical con-

siderations which must be weighed in arriving at a decision as to whether or 

not to grant a construction permit for the proposed reactor. The fact that 

the proposed site is adjacent to the San Andreas fault zone makes it almost 

certain that it will be subjected to one or more severe seismic disturbances 

during the lifetime of the plant. While there is a high probability that the 

plant under the proposed design can survive even a very large earthquake with-

out damage, there is no way of being certain that this will be so. It is 

possible to have all seismic design criteria, computations and structural pro-

cedures checked by competent outside experts, but this will not necessarily 

prevent design and construction errors from creeping in unnoticed_by anyone. 

Nor will it provide absolute assurance that all important parameters have been 

taken into consideration in the seismic design of the plant. These kinds of 

uncertainties are present in the protective systems of other reactors, but 

would probably exist to a higher degree in this plant. 

The question then arises as to whether the public benefits to be gained 

from operation of the Bodega Nuclear Power Plant are high enough to justify 

building the reactor in close proximity to an active fault zone, which appears 

to involve somewhat greater problems than for other reactor locations. Stated 

differently, the question is, "Should a reactor be located where there is a 

relatively high probability of its being subjected to severe earthquake 

stresses, even though designs are provided which, in the opinion of experts, 

are adequate to counteract those stresses, if there is a possibility of placing 

the reactor at another location with less probability of earthquakes?"- This 

is a question which the Pacific Gas and Electric Company might reasonably be 
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Mr. Steinbrugge predicts the confinement would hold whether on 
sand or not. Added safety is seen if both the turbine and the 
reactor are located on sand; however, both located on bedrock 
is preferred by him. The Committee concluded that even though 
there is divided opinion as to whether the rock or the proposed 
sand foundation is better, the applicant has proposed the sand 
design for a large movement; and, consequently, the Committee 
must consider this. 

Mr. Price and Or. Dean joined the Committee briefly during this 
Executive session; some of the Committee professed a lack of 
understanding of the RS report on the reactor. It was pointed 
out to Mr. Price that if the applicant complies with the design 
precautions for the largest quake possible, even though he 
sees this quake as incredi·ble, there is no reason left for RS 
concern over the magnitude of quakes. 

Regulatory Staff (RS) 

The Regulatory Staff has had an increasing number of questions 
to the Pacific Gas and Electric (PG&E) Bodega Bay ~eactor Group. 

Or. Ooan reviewed the position of the Regulatory Staff; although 
novel designs to resist a large earthquake of perhaps three feet 
movement can be realized, these are untestable. The quakes are 
deemed likely because of the history of the San Andreas fault. 
To him, the public benefits from such a reactor must be balanced 
against the hazards. Mr. Osborn pointed to the inability to test 
other reactor arrangements, e.g., the pressure suppression 
systems. Mr. Rogers said that other structures, e.g., bridges 
and dams, have been built to resist earthquakes without testing; 
consequently these present plans for the Bodega Reactor do not 
seem to him to be a very great extension in existing engineer
ing practice. Or. Williams recounted the change in RS position 
as to the amount of quake movement possible. Or. Thompson 
recalled the contradictory statement about a reactor being 
safer close to a fault (as claimed earTier) than further away; 
he noted that any requirement of reactor sites away from faults, 
coupled with the need for cooling water, could lead to decisions 
against reactors in California, and rejection of the Bodega 
site might generate questions from utilities which would be 
difficult for the RS to answer. Or. Beck also commented that 
if this site is excluded it will be difficult to approve other 
California reactors. Mr. Price reported that the large earth 
movement was mentioned relatively late in the review and at a 
time not allowing changes in the procedures. If the excavation 
fault had been known earlier, past actions of the Regulatory 
Staff would have been different; however, Mr. Price said he 
must act on the situation as it now stands. 

There was a review of the site criteria as applied to Bodega 
location. According to Or. Silverman, the site had been 
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The Staff report was accompanied or followed by opinions from its 

various advisors. The U.S. Coast and Geodetic Survey recommended that 

the plant be designed for a maximum ground accelaration on rock of 2/3 9 

and that ground accelerations as high as 1 g should be taken into account. 

They also recommended design for 50 feet tsunamis from nearby severe 

marine earthquakes and 30 feet tsunamis from distant generating areas. 

Consultant Newmark wrote a fairly lengthy report in which he concluded 

that: 

The structural integrity and leak tightness of the containment 
building can be maintained under the conditions postulated. 
However, certain precautions must be considered, especially in 
the design of umbilicals and of penetrations to the contain
ment building. 

The ACRS completed its re-review of the construction permit appli

cation for Bodega Bay at the 58th meeting, October 7-10, 1964. A few 

excerpts from the meeting minutes follow: 

Mr. Steinbrugge considers the site suitable for a reactor, 
from a seismic point of view. According to him, reactors can 
be safely build near a fault {but not on it) if the foundations 
are good; this is preferable to being away from a fault on a 
poor structure, e.g., on a mud flat. 

Mr. Steinbrugge acknowledged the large amount of judgment in 
designing for seismic forces; however, he believes that designs 
to resist earthquakes are feasible. He sees .33 to .5 g as 
the seismic forces which the design should resist. 

The Bodega Bay rock is a granite, which Mr. Steinbrugge considers 
as ideal foundation; he prefers building on the Bodega rock 
rather than on the proposed sand since the latter entails many 
design features that may not necessarily make the plant more 
reliable. Although he has not analyzed the design in detail, 
e.g., the connections, he predicts that the containment 
structure anchored in granite would move with the granite. 

Mr. Steinbrugge does not prefer the three foot annular space 
around the confinement, although possible from an engineering 
point of view; allowing the reactor structure to move with 
respect to the rock adds many engineering problems. If he 
really believed a three foot movement was possible, he would 
recommend another location to avoid the design complications. 
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ADVISORY COMMITTEE ON REACTOR SAFEGUARDS 
UNITED STATES ATOMIC ENERGY COMMISSION 

WASHINGTON. D.C. ZON!I 

loaorable GlMm ~. S.bcra 
CbaUWoD 
u. s. Atold.c Baers7 ec.u.ssiOD 
Waa!W:IgtOD, J). c. 

Octaber 20, 1964 

Sub.1ect: BIPORT OR IOIII!QA MY A'DIIC PA!IIC • UII~ II). 1 

Dear J)r. Seaboq: 

At 1ta n.tty-titth -.etiDa oa May T-9, 1964 at Arsom~~e, IlliZIOia, aa4 
at ita 1'Ut7-etpth -.tiDS OD October 7·101 1964, the A4V.S.eoey ec.
ld.ttee 011 Reactor Sa.teprdl apin considered the P'f"'lli8&l, ot Pacitic 
Gas • Electric Colllpa.D.y to coaatru.et &Dd operate a i008 MW( t} bo111Da 
water ~ OD Bodes& 8Md D01"t!l ot San Pranciaco, Calitol'Dia. !be 
Coaaittee ha4 the benefit ot oral d1acuas10D v:lth representatives ot 
the applie&At &Dd 1ts C011sultallts, with the AEC Beplatory Statt &Dd 
ita coD8Ul.tazats, 1Dcludi.lla atatt --.rs ot the U. 8. Geolog1cal 
Suney (USGS) and the U. 8. Coast and Geodetic Survey (USCIGS) &114 
ot the reports citect below. Su'bcola1ttee MetiDas wre laelct July 31, 
1962 &1114 March 20, 1963 aa4 ..albers ot the Coaaittee ecam v.s.aitect 
the excavated site OD JUDe 3, lg61... llullerous 1Dtolw.t1oa -.t1Dp 
'Were hel4 with the applicant, the ABC Replatory Statt, &lid v:l.th 
c01l8ultuta. 

'Dlis proposal J:.a4 beeD conaidered. at the Committee 'a tort7•MMDth 
... t1Da &Dd reporte4 011 1:D ita letter ot April 18, 1963 Vbich atatect: 

"IJ!eutatiw exploratiaD iDdicatea that the reactor &1:14 
tUl'tliDe 'bu1ld1Da• v:I.U ZIOt be located 011 u active 
fault l.1Dt. 'b ec-d.ttee believes that it' this poiDt 
ie eatabliebed, the 4eaip criterta tor the plaDt are 
adequate troll the staadpoiDt ot hlt.&v4a a.uociatect v1 th 
ee.rtbqla.kea. Cll.:retul. a:am:t,.t101l ot the quarts-diorite 
rock below abou14 be .a 4ur1Da lnanajaa excaw.tioc, to 
CCDt1rll th1e poiDt. l'urt:hel"'IIre, the CCIIID1 ttee .ugesta 
that, 4v:1Da cleaip, caretul atteDtiOD should be pwn 
to tbe abillty ot emersency shutclowl1 syatema to operate 
proptr~ du:riDa &Dd lubsequea.t to 'Violent earth lhocka, 
8D4 to the .tress ettects tbat lli&ht be 1Jltroduce4 becauae 
the reactor build1aa aZI4 the turbi:De bn1Jd1aa an to be 
uchored 1D d1tterent geoloaieal tonatiou. 'Die DH4 tor 
eartbq'lake•iDduced abutctown aD4 1aolat10D of' the pr1ary 
8711ta caD be COD814ered at a later t~. " 
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considered a very good one originally and, to him, the important 
question is can the plant withstand three feet of earth mov,ement 
and still be shut down safely to protect the public. 

Dr. Newmark (RS consultant) commented on the reactor design to 
resist quake forces; although expensive, he conceives no tech
nical problems in designing the reactor to resist large quake 
movements. Although major structures, e.g., bridges, have not 
been subject to planned testing with earth shocks, earthquakes 
have given much information. Bridge failures have added know
ledge and there is much information on dynamic behavior of 
structures from the nuclear weapon tests. Dams have moved a 
matter of feet in quakes and earth dams have failed. All this 
leads Dr. Newmark to be confident about the integrity of the 
proposed reactor structure. However, Dr. Dean stated that 
none of these tests had involved ground shear motion. The 
sand pad is to damp the pulses from an earthquake, and, even 
if compacted, Dr. Newmark believes it should still shear easily; 
he prefers the sand rather than the reactor structure on the 
granite. As a parallel to the behavior of concrete structures 
under dynamic forces, Dr. Newmark pointed to the concrete 
ships, which have successfully withstood acceleration and 
explosive forces at sea (these ships contained about 70% as 
much steel as an all steel vessel of the same size, but the 
steel is of a cheaper variety). 

The ACRS completed and issued a letter report on Bodega Bay at its 

58th meeting. The letter, dated October 20, 1964, is reproduced below. 

followed by a public announcement released by the AEC on October 26, 1964. 
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lloDarable GleDD '1'. SeabcrS .. 3 - October 20, 1964 

ot testiDS or other experimental ftrif'ieation ot structural deaip 
teatures associated with earthquake protection; provisions to assure 
adequate cooling water in ea.ae of <lamge to nol"''JJILl and -rseney 
supply systems; core behavior during earthquakes; design and testa 
of critical plant components, such as instrumentation, isolAtion w.J.,.., 
and control rod operating mecballisms to Withstand earthquals.e damage; 
add.itional considerations wbich ay be needed it zirconilml clad tuel 
is to be used. 

The CO'IIIIIittee reeogmzes that the applicant bas accepted wry conaerva
tive values tor earth shear mov-nt, earthquake J1116Ditudea, and 
tsunami heights as des!gn criteria. 'l'llese criteria should aot be con
strued as preccd~nts for use elsewhere. 

With due eonsi~.e"'tion being given to the items discussed above, tbe 
Advisory Committee on Reactor Safeguards is of the opinion that the 
power reactor facility as proposed may be constructed at this aite 
With reasonable assut'9.nee tbat it ay be operated Without undue hazard 
to the health end safety of the public. 

References Attached. 

Sincerely yours, 

/ s/ Herbert Kouts 

Herbert Kouts 
Chairman 
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October 201 1964 

!be exploration suasested in the a'btm! coment baa been cempl.eted, 
and the polcgie features disccmtred bave led to further structural 
ccnaidera.t10118 1n the design. 'fhese geologic features inClude tra.c
turea in the underl.yi.rlg rock. One bas been identified as the so• 
called "abaft tault". i'he char&cter, extent, and ap ot the 110st 
recent activity of this fracture are controversial. lleverthelese, 
the applicant has considered its s1p1t1caDCe 1n the proposed struc
tural protection. 

Proxilllit7 ot the site to the san Andreas fault system has been gl.ven 
careful consideration. 'lbe Couaittee has been advised by several 
consultants that' d'lll"illg the life of tbe pr"oposed reactor, tbere i• 
a h18h probability that the re&ctor site will experience at least 
one l!Bjor earth shock. '~here is associated with such an earthqtake 
a remote possib~lity that the plant will be Sltbjected to the etrect 
of a ebearing motion in the reck en which it -would be built. The 
USGS and USC8GS have proposed wJ.uis tor the intensity and aceOliiJI&Uy• 
1ng earth motiorts, including shear, 'Which could be anticipated during 
the worst earthquake. Determination of these values has been hampered 
by lack of auth::>ritative historical records and reliable measurements. 
'fhe applicant and his consultants believe that lower values are more 
realistic. The Committee considers that the USC&GS and USGS w.lues 
are conservative. 

'fhe applicant has proposed methods for mechanical and structural 
design to :oeet the predicted seismic occurrences. The applicant also 
bas proposed to design the buildins to W1 thatam up to tbree teet ot 
shear displaCement along any plane at the site. The COIIIIllittee belie'fte 
that the engineering principles and general design proposed to incorpo
rate them are sound. These considerations afford that degree ot assur
ance required for protection ot the reactor in the unlikely event ot the 
predicted caxtr.•.=:n earthquake • 

'fhe USCW3 has recommended a design he18ht tor tsUI:II!ll.lll1 run-up at lodep 
Bead. The :l.pplicant stated that the tacility design and sategtard pro· 
cedures Will be such the plant would w1 thstam such a tSUJ:IIUI1 saf'ely. 

The Coalad.ttee is of the opiDion that the applicant's desigD objective• 
•Y be aceaaplished within the sco::pe ot present engineering lalowledge. 

Many details of the proposed design have not yet been completed. It 
is understood that the applicant W1ll continue to give caretw. attention 
to the following items durii"..g design and construction: lilllitatiooa en 
the liBXimum reactivity of iu"L.:tvidual control rods; provisions to aceomo
clate possible seismic earth movements and shear displacement; couider&tion 
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reactor at the south end of Bodega Head, a peninsula separating 

Bodega harbor from the Pacific Ocean. The proposed reactor site 

is approximately 1000 feet west of the western edge of the San Andreas 

fault zone. 

The application for a provisional construction permit was made 

on December 28, 1962. Nine amendments to the application have been 

received. In addition to information provided by the company and its 

consultants, the ACRS and the Staff have received data from a number 

of AEC consultants, including the U. S. Geological Survey, the U. S. 

Coast and Geodetic Survey, and Dr. Nathan M. Newmark, Professor of 

Civil Engineering at the University of Illinois. 

Copies of the report of the ACRS and the analysis by the AEC 

Regulatory Staff are attached. Copies of PG&E's application and 

amendments to the application, and copies of the reports of the 

Geological Survey, the Coast and Geodetic Survey, and Dr. Newmark are 

available for inspection in the Commission's Public Document Room, 

1717 H Street, N.W., Washington, D. C., and at the Commission's office 

at 2111 Bancroft Way, Berkeley, California. 
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PUBLIC ANNOUNCEMENT 

AEC RELEASES TWO REPORTS ON PROPOSED REACTOR AT 
BODEGA HEAD, CALIFORNIA 

The Atomic Energy Commission today is making public two reports 

concerning the safety aspects of a nuclear power plant proposed by 

Pacific Gas and Electric Company at Bodega Head, approximately 50 

miles north of San Francisco. 

One report is from the Commission's Advisory Committee on Reactor 

Safeguards, a group established by law to advise the AEC on safety 

matters involved in reactor construction and operation. The ACRS has 

concluded that there is reasonable assurance that the proposed reactor 

can be constructed and operated at the Bodega Head site without undue 

hazard to the health and safety of the public. 

The other report, by the Division of Reactor Licensing, has been 

issued by the AEC Director of Regulation, whose staff makes safety 

reviews of reactor licensing applications. The Regulatory Staff has 

concluded that "Bodega Head is not a suitable location for the pro-

posed nuclear power plant at the present state of our knowledge." 

Under AEC regulatory procedures, a decision by the Commission on 

PG&E's application will not be made until after the holding of a public 

hearing and issuance of an initial decision by a three-member atomic 

safety and licensing board. 

Pacific Gas and Electric Company has applied to the Commission 

for a permit to construct a 325,000 electrical kilowatt boiling water 
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emergency equipment designed to assure the safety of the reactor. 

The fact that a novel method is proposed for safeguarding the 
Bodega Head reactor against differential ground movement of its 
foundation rock is not in itself a cause for concern. The nuclear 
power industry is replete with new methods of coping with a 
large variety of problems never previously encountered until 
the arrival of the atomic age. What is of concern is the lack 
of any experimental or experience proof-test of the proposed 
novel method that could form an acceptable basis for the 
required safety evaluation. 

The pressure-suppression concept of reactor containment was 
completely novel when it was first proposed for use at the 
Humboldt Bay Nuclear Power Plant. In many respects it was 
much simpler than the pedestal concept for safeguarding against 
shear movement of foundation rock proposed for the Bodega Head 
reactor. But it was not approved for use as reactor contain
ment until after the successful conclusion of a long series of 
engineering tests at the PG&E's Moss Landing power generation 
plant which proved beyond reasonable doubt that the concept 
could be utilized safely for boiling water reactors. Similar 
proof-test standards have consistently been applied to other 
new and previously untried features incorporated from time to 
time in nuclear power plants. 

The fact that meaningful proof tests are difficult to achieve 
in the case of seismic safeguards does not, in our opinion, 
constitute a valid reason for accepting these safeguards in 
critical areas on the basis of theoretical reasons along. Nor 
does it justify relying on opinions as to the feasibility of 
the proposed seismic safeguards unless these are are supported 
by somewhere near the same kind of experimental evidence 
required of:all other safeguards. We do not see such evidence 
in support of the pedestal concept for safeguarding the Bodega 
Reactor against differential ground motion. 

Whether the public benefits to be gained from operation of 
the Bodega Nuclear Power Plant are high enough to justify 
acceptance of the added uncertainties involved in the seismic 
design of the plant to withstand several feet of shear ground 
movement is, of course, a matter of judgment. 

The regulatory requirement that there be "reasonable assurance" 
that any licensed nuclear reactor can be built and operated 
without undue risk to the health and safety of the public 
recognizes that there is no way of eliminating all of the 
uncertainties; experienced judgment is therefore required. 
The standard of "reasonable assurance 11 is mor·! difficult to 
meet when it becomes necessary to take into consideration 
external forces having the potential of invalidating some of 
the safeguards build into the reactor installation. The 
difficulty is enlarged when there are uncertainites in the 
design measures intended to counteract the external forces. 
Somewhere along the line enough uncertainties will create 
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Some excerpts from the Summary Analyses of the Regulatory Staff 

follow: 

The foregoing proposal for safeguarding the Bodega Reactor and 
its containment structure against the postulated shear differen
tial ground motion embodies concepts which are in many respects 
novel and for which little or no precedent exists. The Regula
tory Staff Consultants, Dr. N. M. Newmark and Mr. Robert 
Williamson have come to the conclusion after carefully studying 
the basis of the proposal. that the structural integrity and 
leak-tightness of the containment building can be maintained 
under the earthquake conditions postualted. 

They point out, however, that certain precautions must be 
considered, especially in the design of umbilicals and of 
penetrations to the containment building. 

It is difficult to evaluate the public safety risks involved 
in a new type of construction for which there is little or no 
experience background. Other reactor installations have presented 
seismic design problems, but not in the extreme form presented by 
Bodega Head under the earthquake postulated by the Coast and 
Geodetic Survey and the Geological Survey. One problem which 
the Bodega plant has in common with all other nuclear power 
plants subject to special seismic design considerations is the 
inability to conduct any sort of performance test on the 
finished structure that will demonstrate that the design objec
tives have been achieved. The uncertainty presented by this 
situation has been accepted as a reasonable risk in the seismic 
design at other locations where the only problem involved is 
the ability to withstand vibrational stresses, since this 
aspect of earthquake design is well understood and has a 
considerable amount of experience background. There is difficulty 
in applying the same philosophy at Bodega Head, however, because 
of the necessity of considering the additional problem of design
ing the reactor structure to safely withstand differential 
ground motion as well as high vibrational stresses, and because 
there is no realistic way of evaluating the proposed solution 
to the problem. 

The fact that the proposed site is adjacent to the San Andreas 
fault zone makes it almost certain that it will be subjected 
to one or more severe seismic disturbances during the lifetime 
of the plant. While there is a high probability that the plant 
under the proposed design could survive the vibrations from 
even a very large earthquake without damage, it must be recog
nized that if such an earthquake should also involve several 
feet of shear ground movement as well as ground accelerations 
as high as 2/3g to l.Og there is presently no sound experimental 
or experience basis for predicting the extent of damage that 
might be incurred by the reactor containment structure and 
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safety of the public. We have carefully considered the views of 
the ACRS. We have the highest respect for those views and we 
do not lightly reach an opposite conclusion. This is a kind of 
case, however, on which reasonable men may differ. In our view, 
the proposal to rely on unproven and perhaps unprovable design 
measure to cope with forces as great as would be produced by 
several feet of shear ground movement under a large reactor 
building in a severe earthquake raises a substantial safety 
question. 

In all respects except one the proposed design of the Bodega 
Nuclear Power Plant provides reasonable assurance that the 
plant can be built and operated without undue risk to the health 
and safety of the public. However, the single exception is quite 
important if one accepts the credibility of an earthquake of 
sufficient magnitude to cause a major displacement of foundation 
rock underneath the plant. Although there is a wide difference 
of expert opinion on the credibility of such an earthquake, 
prudent judgment favors accepting the conservative recommen
dations of the USC&GS and the USGS. On this basis and for reasons 
given above, it is our conclusion that Bodega Head is not a suit
able location for the proposed nuclear power plant at the present 
stage of our knowledge. 
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a situation in which the "assurance" can no longer be said to be 
11 reasc.1able-. 11 We believe that this situation would exist if 
the proposed pedestal concept of seismic design were to be 
approved without more convincing evidence of its validity than 
is afforded by presently available information. 

Conclusions 

The containment and all of the emergency equipment for shutting 
down the Bodega reactor and maintaining it indefinitely i-n a 
safe condition in the absence of seismic disturbances are designed 
on the basis of well-established engineering principles. They 
can also be tested to ascertain that the design objectives have 
been achieved. Consequently, there is a high degree of assurance 
that the reactor can be built and operated without undue risk to 
the health and safety of the public in the absence of seismic 
disturbances. 

The seismic design of the reactor structure to withstand purely 
vibrational effects is alsobased on well-established engineering 
principles which in some cases at least have been verified in 
the presence of earthquakes. Thus, while it is not possible to 
carry out any measurements on the finished structure to assure 
that the seismic design objectives have been accomplished, there 
is sufficient experience background to justify a conclusion 
that the specified seismic vibrational criteria can be achieved 
and that the plant can therefore be safeguarded against any 
credible earthquake that does not rupture the foundation rock. 

We believe there is room for reasonable doubt, however, that a 
comparable situation exists with respect to that particular 
aspect of the proposed seismic design of the Bodega reactor 
structure intended to assure that the containment and reactor 
shutdown functions will remain intact in the event of a shear 
displacement of its foundation bedrock as great as three feet 
in any direction. While the proposed engineering principles 
appear reasonable, experimental verification and experience 
background on the proposed novel construction method are lacking. 
If approved, this would, to the best of our knowledge, be the 
first attempt on record to design a building structure and its 
associated vital equipment to withstand the effects of substan
tial movement in its foundation simultaneously with the vibration 
accompanying a severe earthquake. Because of the magnitude of 
the possible consequences of a major rupture in the reactor 
containment accompanied by a failure of emergency equipment, 
we do not believe that a large nuclear power reactor should be 
the subject of a pioneering construction effort based on 
unverified engineering principles, however sound they may appear 
to be. 

The Advisory Committee on Reactor Safeguards has reached the 
conclusion that the reactor can be constructed and operated at 
the proposed location without undue risk to the health and 
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5.4 THE MALIBU NUCLEAR PLANT 

The Malibu (or Corral Canyon) reactor site and reactor had received pre
liminary consideration by the ACRS and Regulatory Staff as part of the 
review of potential reactor sites and reactor concepts which was con
ducted for the Los Angeles Department of Water and Power {LADWP) in 1962. 
By mid-1964, when a construction permit review was reaching its culmina
tion, additional seismic questions had arisen, partly from matters 
directly related to the site, such as landslides, and partly from the 
increased consideration of seismic matters in California arising from the 
Bodega Bay review and the Alaskan earthquake of 1964. 

The ACRS Subcommittee meeting of June 18, 1964, on Malibu considered 
several seismic design questions, but no very difficult obstacles seemed 
to arise. At the 56th meeting, July 9-11, 1964, there was considerable 
discussion of seismic matters, particularly the potential height of 
tsunami waves at the site. The ACRS concluded it could write a letter 
favorable to construction of the Malibu reactor, subject to certain 
reservations, as shown in the ACRS report which is reproduced on the 
following pages. 

The Regulatory Staff had brought the u.s. Geological Survey and the u. s. 
Coast and Geodetic Survey into the case as advisors, and the Staff report 
to the ACRS which was received on July 1, 1964 concluded that a seismic 
design acceleration of 0.3 was acceptable and that the probability of 
potential hazard to the public from differential ground movement due to 
an earthquake at the site was low enough to be disregarded. 

In the months following July, 1964 there was a ve~ considerable discus
sion between the applicant and the Regulatory Staff and its consultants 
concerning tbe actual seismic engineering criteria, stress limits, and 
analytical methods to be used. This was probably the first reactor to 
receive such detailed evaluation of seismic engineering considerations, 
and out of this review evolved much of the approach which was generally 
adopted for upcoming reactors. Among other matters, the capability of 
the containment to withstand concurrent loads from a postulated LOCA 
and SSE was required and examined in detail. 

By December, 1964 the Regulatory Staff had satisfied itself with the 
seismic engineering approach which had been developed, and in that 
month the USGS issued a report which accepted the proposed seismic 
design bases and concluded that "the probability of pennanent ground 
displacement by faulting in the Corral Canyon site in the next 50 years 
is negligible," although faulted deposits, probably less than 100,000 
years old, had been exposed in a recently opened test trench at the 
site. 

At the 60th meeting, December 10-12, 1964, and the 61st meeting, 
January 14-16, 1965, the ACRS reviewed the Malibu reactor, and in a 
letter dated January 25, 1965 concluded that the seismic engineering 
approach was adequate and that, subject to previous reservations, the 
reactor could be constructed with reasonable assurance that it could be 
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Thus, the final positions of the ACRS and the Regulatory Staff disagreed 
with regard to the acceptability of the Bodega Bay site. Such a disagree
ment had not occurred previously and it created a considerable stir when 
it occurred. 

Although the Regulatory Staff position of April 30, 1964 had been to 
reject the Bodega Bay site, the Regulatory Staff position in their report 
to the ACRS for the October, 1964 ACRS meeting had been less definite. 
The latter report acknowledged that reputable seismic engineers stated 
that a design for surface offset of 2 feet could be made; it also acknowl
edged there were policy considerations involved. However, no final con
clusion was drawn in the report; and in their discussions with the ACRS 
at the October meeting, the Regulatory Staff did not state that their 
final position was to reject the site. 

Undoubtedly, the ACRS thought that its recommendation was going to 
become that of the Regulatory Staff. '!he ACRS appeared to be rather 
skeptical that displacements as large as 2-3 feet were an appropriate 
design basis; and when Housner, Newmark and Steinbrugge all said that a 
design could be accomplished, the Committee accepted this as adequate. 

PG&E withdrew its application in the face of the Regulatory Staff 
decision. Looking back with roughly 15 years of hindsight, it appears 
likely that the proposed design bases for vibratory motion might not 
have been acceptable, after the experience obtained from the 1971 San 
Fernando earthquake. As more strong motion accelerograms were obtained 
from locations near the source of major earthquakes, and as increased 
knowledge of earthquake generation developed, the specification of 
accelerations much larger than 2/3g for sites so close to a major 
fault has occurred. '!he Bodega Bay reactor, as proposed in 1964, 
might have difficulty in satisfying today's increased vibratory motion 
requirements. Additionally, since the probability of a large earth
quake at the site is close to unity over the reactor lifetime, this 
could have posed very difficult problems for an already constructed 
reactor. 

The difference in final opinion between the ACRS and the Regulatory 
Staff came as a surprise to the ACRS, and there was considerable 
discussion concerning the procedural and technical aspects of the 
matter. It was agreed that, in the future, steps would be taken so 
~;at the final positions of each group were known to both groups 
prior to issuance of final reports. 

• 
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-2- Jul.1' 15 I 1964 

'!be total CODtaiment teature ot tbe buildizls 1a to be acb:lne4 by 
provi41.z:ls two ccaplete steel li.Den tept.rated by a la)'er ot porous 
ccmcrete. '!be space between the UDers v1ll be a1nta1Ded at a wb
at'rllo8pher1c pressure by COil't~ pamp1.:Dg back air to tbe CODtatD• 
ment vol1111e. An air recirculatizls IID4 cool 1 ns system ia req,uizecl to 
remove &1:liY heat that 1a gemrated vit.b:!.D the ~ vol'UIIIe. Paver 
and water to assure operation ot these ayatems uzder aU COD11t1ona 
liiUSt be prov::t.cJecl. 

Detailed clesip ot the reactor core baa act been establi.lhed )let 1 but 
the geraeral features v1ll be similar to tboae of other aw:le&r plaD.ta 
proposed tor conatruct1on by the 1&1111 au.clear contractor, &rid expected 
to be tested in operation prior to CCIII,Pletion of the MIJ.ibu. plant. 
lfuclear reactivity coe:tf'icients are expected to be Degatiw in tbie 
reactor. The probabil1 ty 8Jld e:tf'ects of control rod ejection require 
fUrther eva.luati01'l. The applicant has susgested sever:!'~ possible me&DS 
of' llmitiDg the co1'18equences of' sueh an accident, and the Ccl!mittee 
believes that this question can be resolved satisfactorily dur:i.DS the 
design stage. 

Although stainless steel cladd1ng is planned for the first core, it 1& 
anticipated that zirconium alloys ay be used in future cores. Complete 
inf'o:rmation on the effect of' a possible zirconium-water reaction on the 
course of accidents is not available. Bence, further review v1ll be 
needed prior to use ot zirconim alloy cllld. cores. 

The Ccl!mittee was inf'ormed that the geology of the site was suitable 
for the proposed cODStruction. It was reported that no active geologi· 
cal fault• are present at the site. Orad.il2g of' the ca.eyon slopes is 
proposed to ensure that potential l..amsllae motion does not present a 
hazard to the plant. It is proposed that critical structures be clesiped 
for a sui table responae spectrum associated vi th an earthquake which has 
a _...,_ acceleration ot 0.3 I• ocC'Ul"l'1128 vheD the contaiaDimt 11 \IDder 
the preaaure uaociated with an accident. '!be reaultinS atreeaee v:Ul 
mt exceed eo; of the m1n1mnn y.lelcl 'ftlue. Oclllponents Within the buJld1as 
Yil1 be cleaiSne4 to Yithsta.nd 0.3 &• acceleration acting simultaneously in 
borizontal 8114 ftrtical planes. 

9le ab1l1t7 ot tbe pl.aa1t to vi thstazd tbe effects of a ta\mam:L tol.l.old.Dc 
a -.1or eartbqualte has been discussed vith the applicant. !1'.bere baa DDt 
been asreement amons conaultants about the heiaht ot water to be a;pected 
abould a tauDam1 occur in this area. 9le Oolmlttee 1a not prepared to 
resolve the contlicting opin1ons, 8114 susgeste that 1ntenaive et.torts be 
made to establish rational and consistent pa.rameters to:r this pbenoawDOD. 
'!be applicmt has stated that the conta.11:ant structure v1ll DDt be 1JD.. 
paired by immdatioD to a heisht of tuty teet above mean sea lnel.. IDle 
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ADVISORY COMMITTEE ON REACTOR SAFEGUARDS 
UNITED STATES ATOMIC ENERGY COMMISSION 

WASHINGTON, D.C. 20545 

BoDOrable Glem:l T. Seaberg 
Cbairma.z1 

July 15 1 1964 

tJ. S. Atomic Eaers;y CoDII.l:tsaion 
Waah:lngton, D. C. 

SubJect: REPORT ON CITY OF LOS ANGEIJlS .. MALIBU .N'OCIEAR PI.Am' -
UNIT NO. l 

Dear Dr. Seaberg: 

At ita fifty-sixth meeting at Brookhaven Jlationa.l Laboratory on 
Jul.y 9·111 1964, the Advisory COmmittee on Reactor Safeguards 
reviewed the proposal of the City of los Angeles to construct and 
operate a 1473 W(t) pressurized water reactor, M!Ll1bu Nuclear Plant -
Unit No. 1, at Corral C&l:l;yon, twenty-ni.ne miles west of los Angeles. 
'!he Comittee had the benefit of discussiom with representatives of 
the Department of Water & Power of the City of los Angeles, Westag
house Electric Corporation, Sto.ne & Webster Engineering Corporation, 
the AEC Staff 1 their consultants 1 and of a SubcOlllllli ttee meeting on 
June 18, 1964. The Oomm1 ttee also bad the beaet'i t of the d.oCUIDI!tlta 
listed below. 

The proximity of large population centers and the probable growth 
of population in the vicinity of the proposed reactor site require 
depe:cdence on engineered safeguards to l1m1 t the consequences in the 
'lml.ikely event of a maJor credible accident. For this reason, aate
gual.'d provisions more extensive than those DOr!lll&lly employed in nuclear 
power reactor plants 121'U.It be provided in lieu ot the distance factor to 
protect the public. 

The applicant bas propoaed u eng:i.Deered s&fquards a novel coa.ta.iaDent 
structure inte:cded to prevent any leakage to the envil'C%1111ent, and addi
ticmal. features consisting ot: 

1. A reinforced concrete containment structure. 

2. A containment volume spray system, fiJ:Id 

3· An emergency borated-water iDJection system. 
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operated without undue risk to the health and safety of the public. 

Construction of the Malibu reactor was contested at the hearing of the 
Atomic Safety and Licensing Board (ASLB) where the adequacy of the 
seismic design was one of the major points of contention. The inter
venors in the case had the benefit of several well qualified consultants 
in the fieldt and a considerable technical discussion ensued. 

The unfolding developments in the next several months are summarized in 
an interesting way by several documents which are listed and reproduced 
below. 

l . Memorandum from R. F. Fraley to ACRS members dated March 18t 1965. 

2. Letter from Thomas B. Nolan (Directort {USGS) to Harold Price dated 
March 19 t 1965. 

3. Memorandum from M. c. Gaske (an ACRS Staff Engineer) dated July 26, 
1965. 

4. Memorandum from R. F. Fraley to ACRS members dated September 28, 1965. 

On March 28, 1967~ the Atomic Energy Commission issued a final decision 
{USAEC, 1967} in which they upheld the decision of the ASLB. The landmark 
decision, in which an intervenor against a nuclear plant won his case, is 
reproduced on the following pages. Of some general interest is that, by 
not accepting, as having established an acceptable risk, the data that 
movement had not occurred in the last 10,000 years and possibly for 
180,000 years, the AEC was establishing, in a crude way, a benchmark on 
11 How Safe is Safe Enough? 11 
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Honorable Glenn T. Seaborg -3- July 15, 1964 

integrity of emergency in-house power supplies should also be assured 
by location at a suitable height and by using water-proof techniques 
for the vital pover system. The emergency power system should be sized 
to allow simultaneous operation of the containment buildi:og spray system 
and the recirculation and cooling system. Ability to remove shutdown 
core heat under conditions of total loss of normal electrical supply 
should be assured. If' these provisions are made, the Coml:littee believes 
that the plant v1ll be adequately protected. 

The applicant has proposed to deny entrance to the containment while the 
reactor is operatiiJg. T.b.is mode of operation does not permit frequent 
surveillance of equipment and prompt detection of incipient defects. 
Operating experience at other pover plants has demonstrated the value of 
accessibility for inspection. The Committee suggests that the applicant 
reconsider this question and. explore design modifications which 'W'1ll allov 
entrance without violating the containment integrity. 

As the Colmnittee has commented in its earlier letters, the bold-up of 
routine gaseous and liquid releases may be necessary during unfavorable 
conditions. In this connection, it will be necessar-J to conduct addi
tional pre-operational meteorological and oceanographic survey programs. 

The Advisory Col!l!nittee on Reactor Safeguards believes that the items 
mentioned above can be suitably dealt with during construction, and that 
the proposed Malibu Nuclear Plant can be constructed with reasonable 
assurance tmt it can be operated at the site without U!ldue :-isk to the 
health and safety of the public. 

References Attached. 

Sincerely yours, 

/s/ Herbert Kouts 

Herbert Kouts 
Cbairman 
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UNITED STATES 
DEPARTMENT OF THE INTERIOR 

GEOLOGICAL SURVEY 
WA&HtNGTON, D.C. 20142 

Mr. Harold L. Price 
Di:t"ector of_ Regulation 
u. s. AtOIDic Energy CCimliasion 
4915 St. Elmo Avenue 
Betheada, Mar,yland 

Dear Mr. Price: 

212 

tAAR 1 9 1965. 

The enclosed report entitled "Geologic Investigations, December 1964 
to March 1965 at the Propoaed.lfuclear Power Plant Site, .Corral Canyon 
loa Angeles County 1 California," by c. M. Wentworth and R. F. Yerkes 
is the result of the investigations we have carried on at the Corral 
Canyon site in the last few months. The primary purpose of' these 
investigations vas to determine the age of' the youngest faulting that 
bas occurred in this area. From study of' the soils and the faulted 
su.r.""":f'icial dep-~si ta, 1 t has been determined that faulting occurred more 
than 101 000 years ago. In addition, we have estimated the probability 
of pel"JD&Qent surface around displacement in the Corral Canyon area f'rom 

. u earthquake ot asrd tude 1 to 1· 5, occurring in the Vicinity ot the 
site as postulated recentJ.¥ by JCamb ud Benioff'. We have concluded that 
;pel'Dinent surface ground displacement vould occur but that the fiiiiOUDt ot 
displacaent c0\114 aot be predicted frca the polosic evidence • . 
We ao DOt obJect to Mk1ng this report a part ot the piblic recol'd. 

IJ:I.Dcezoeq JOUr&, 

,.. 
Cit 

c=; 
.... 
1 

f 

212 
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ADVISORY COMM11TEE ON REACTOR SAFEGUARDS 
UNITED STATES ATOMIC ENERGY COMMISSION 

WASHINGTON.U, D.C. 

March 18, 1965 

MEMORANDUM 

From 

ACRS Members . "'/ 

R. F. Fral~utive Secretary ACRS 

To 

Subject: MALIBU NUCIEAR PLANT 1 BEARING TESTIMONY 

The hearing testimony of the LADWP consultants has been 
developed for the Malibu hearing which begins on March 23, 
1965 .. 

The testimony of Hugo Benioff has raised a serious question 
regarding the magnitude of an earthquake which could occur 
on faults in the vicinity of the site. He predicts a magni
tude not greater than 7. 25 in contrast with the USC & GS 

conclusions that at 5.5 magnitude quake is the largest that 
could occur on the Malibu fault at the site. The LADWP con
sul ta.nts conclude tbat the plant design is adequate to with
stand this situation (e.g. 0.3g maximum acceleration and no 
ground surface displacement). I understand, however, that 
the USC&GS does not agree with these conclusions if one 
accepts a 7.25 quake at the site. They apparently feel 
that an acceleration as high as o.6g could occur and surface 
displacement is a possibility for this size disturbance. 



L. Silverman 
W. D. Manly 
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-2- July 26, 1965 

center near Corral Canyon will occur during the next 50 years is very 
low. • •• the probability of permanent displacement of the ground sur-
face by faulting at Corral Canyon during the next 50 years is very-low ••• ". 

It is not clear whether the above report is favo~able or not to the 
granting of a construction permit for the Malibu reactor. No ACRS 
action regarding the above appears warranted. 

Attachments: 
1. USGS letter dated 7/14/65 
2. USGS Report dated July 1965 

cc: Remainder of ACRS, w/o encs. 
D. Duffey, w/o encs. 
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UNITED STATES GOVERNMENT 

Memorandum 
TO L. Silverman, Ci~y of L.A. (Malibu) Subc~e Chmn DATE: July 26, 1965 

W. D. Manly 
,l).,..c:,J:l-

FROM 

SUBJECT: 

M. C. Gaske, ACRS Staff 

CATEGORY B REPORTS - CITY OF L. A. (MALIBU) - USGS REPORT 1 DATED 
JULY 1965, AND TRANSMITTAL LETTER, DATED JULY 14, 1965. 

At the request of the Commission, the U •. s. Geological Survey made a 
geologic study of the mouth of Corral Canyon and the adjoining area 
near the proposed Malibu reactor site. Results of this study are con
~ained in the USGS repor~, 11Structure, Quaternary History. and General 

.Geology of the Corral Canyon Area. Los Angeles County. California," 
· dated July 1965o This report was forwarded by the USGS to the Director 

of Regulation by letter dated July 14, 1965, and copies were then trans
mitted by the Regulqtory Staff to the Atomic Safety and Licensing Board 
by letter of the same date. The report is accomPanied by detailed maps 
and sections of the proposed Malibu reactor site. It contains data ob
tained from exploratory trenches and laboratory analyses subsequent to 
recess of the public hearing on April 1, 1965 as well as previously re
ported information regarding the site. 

The recess of the public hearing on April 1 was to permit excavation at 
the site to obtain further information regarding the geology and seis
mology of the site area. The public hearing was originally scheduled to 
reconvene on June 21, 1965 but was postponed until July 19, 1965 to per
mi~ the USGS to complete the report on the results of their study. 

Faults of several magnitudes have been found to be present in bedrock at 
the proposed reactor site. All demonstrable fault movement at the site 
is reported to be more than 10,000 years of age. Eighty feet of a 270 
foot long exploratory trench exposed mudstone and sandstone that is with
in a landslide. A fault crosses one of the excavated trenches at a point 
approximately 35 feet from the center of the proposed reac~or location. 

The USGS report states that "Because surface faulting has commonly 
accompanied earthquakes of Richter Magnitude 6.0. or greater in Nevada and 
California, and because estimates of the largest earthquake ever to be 
expected along the Santa Monica fault system range as high as M.7t, the 
probability of future surface faulting at Corral Canyon must be based in 
part on the location of any future large-magnitude shocks in the Santa 
Monica fault system. • •• the recurrence interval for large-magnitude 
faults in this system ••• is greater than 200 years ••• and may exceed ••• 
10,000 years.... • •• the probability that a large-magnitude shock with 
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within the site but the displacements have not been detected because of 
ge~erally poor exposures. On the basis of this record the probability 
of ground displacement at Corral Canyon in the next 50 years is very low." 

Th~ Committee in its letter of July 15, 1964 interpreted this report and 
oiscussions at the meeting as follows: 

"The Committee was informed that the geology of the site was suitable 
for the proposed construction. It was reported that no active geological 
faults are present at the site." 

The USC&GS report considered by the Committee at the 60th meeting (January 
1965) included the following summary: 

"The Corral Canyon site is bisected by the east-trending Malibu Coast 
fault, which is part of a wide, east-trending zone of north-dipping faults, 
asymmetric folds and shears, the Malibu Coast Zone." "Evidence indicates 
that the zone is active C'ln a regional scale." 

"Based on available ge:-l.:>gical evidence the probability l1f permanent 
displacement on the gr0~~d surface by faulting in the Corral Canyon site 
during the next 50 years is negligible. Seismic shocks can be expected at 
the Corral Canyon site: :::.·re than 54 seismic events of magnitude 4 to 6.3 
have been recorded ~it~l: 62 miles of the site in the past 112 years.'' 

The Committee, in it; lc::tter of January 25, 1965, "reiterates its belief 
that the proposed Halibu Nuclear Plant can be constructed with reasonable 
assurance that it car. b~ operated at the site without undue risk to the 
health and safety of tho= public." 

Exploratory trenches were dug at the site during April 1965, at the sugges
tic~ of the ASLB and a subsequent USC&GS report was issued in July 1965. 
lhree copies \vt:re pnwided to thE< ACRS as a Category 6 Report, (!his 
rep.~rt \vas sul"l!7.arized in a mem.:> by M. C. Caske \~hich was distributed to 
all ACRS Members on ~tuly 26, 1965.) The follo\ving co'!llnents \vere included 
i:" th1s :-ep.:-rt: 

"Faults of several magnitudes are present ir: bedrock cf the Corral 
Canyon site. The Malibu Coast fault, about 800 feet north of the reactor 
location is cf regional significance and large magnitude of displacement; 
where well exposed, its trace is marked by a zone of brecciated and sheared 
rock as much as 75 feet wide. Faults of lesser magnitude such as fault 
A near the north boundary of the plant, separate different formational 
units and are characterized by zones of sheared and brecciated rock up to 
several feet wide. Such faults can be traced for only hundreds to thou
sands of feet: they probably have displacements of hundreds of feet. 
lntrafor~aticnal faults, such as fault F, exposed in C0rral Creek and 
trench 3 (lhe ~eactor-location trench), are characterized by local trunca
ti.:>~ "1f structure and are commonly marked by thin, but re::.::•g:1izable zo:1es 

- 2 • 
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ADVISORY COMMITTEE ON REACTOR SAFEGUARDS 
UNITED STATES ATOMIC ENERGY COMMISSION 

WASHINGTON. D.C. 20S45 

September 28, 1965 

MEMORANDUM 

To 

From 

ACRS Members -IX 
R. F. Fraley~~::cutive 
ACRS 

Secretary 

Subject: MALIBU NUCLEAR PLk~T, UNIT NO, 1 - QUESTIONS RELATING TO 
SEISMIC DESIGN RAISED BY THE ATOMIC SAFETY AND LICENSING 
BOARD 

The Atcmic Safety and Licensing Board has recessed the Malibu Hearing until 
October 19th with an 0utline of some of the matters that have occupied the 
Board's concern. This cutline, summarized in the attached list, was sub
mitted to the partic1pants "for consideration, comment or submission of 
evidence, if they deem it necessary, in the October session." E. G. Case 
has indicated that he would like to discuss item 4 with the Committee during 
the October ACRS Meeting to determine if the absence of an active fault at 
the Malibu site was an ACRS requirement, as interpreted by the Hearing Board, 
or merely a state~er.t of the information presented to the Committee at the 
56th ACRS Meeting (July 1964). 

It should be noted that the draft USC&GS report considered at the 56th meet
ing included the following statement: 

"All of the known surface ground displacement on the Malibu Coast fault 
zone is prehistoric - that is, more than 200 years old. If the band of 
deformed rocks just south of the Malibu Coast fault trail is considered 
to be part of this fault zone, the most recent ground displacement occurred 
sometime between about 200 and t,oo,ooo years ago. 

"The likelihood of ground displacement at the site due to earthquakes 
depends on the frequency and severity of earthquakes along the Malibu Coast 
and related Faults. 

"The Mali.bu Coast fault is considered to be part of an e.ctive system 
that includes the Newport-Inglewood zone. Only 3 to 5 magPitude shocks 
have been associated with the Malibu Coast fault; none of these has resulted 
in known displacement at the ground surface in historic time. However, in 
prehistoric time faulting at eight known localities along the general trend 
of the Mali.bu Coast fault has displaced rocks no older than 400,000 years. 
It can be inferred from these data tha~ similar faulting may have occurred 
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Summary of Matters Identified by the Malibu ASLB 

1. Since the containment building is not specifically .:esi~?r. ..; to 
withstand ground displacement, has it been estab 1 i she .. am on 
what basis: (a) what is the ground displacement that it can 
withstand; (b) what would be the amount of fission r-ro<iucts re
leased if a displacement greater than that identifiec; in (a) 
occurred; and (c) what would have to be provided in the ~esign 
to give such resistance? 

The Board suggests that experience with relative ground movement 
be used as the basis in the Southern California area for the 
selection of useful values in these parameters. 

2. ls it acceptable to grant approval on the basis that the structural 
requirements are 11\vithin the range of accepted practice and estab
lished knowledge" even though the detailed design has not been 
presented? 

3. What is the meaning c•f the phrase "without undue risk to the health 
and safety of the public" as understood by all participants, 
especially the word "undue"? References to appropriate authority 
are requested. 

4. The Board interprets the ACRS Report of July 15, 1964 as carrying 
"the admonition that this reactor should not be located over an 
active fault." The Board requests standards or suggestive standards 
to measure an active fault. 

September 27, 1965 
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of sheared rock or breccia. Such features can be traced tens to hundreds 
of feet; their displacements are probably on the order of tens of feet. 
Finally, innumerable shears, locally continuous or concentrated in narrow 
bands, pervade the mudstone of the Corral Canyon site. Minor displacement 
has occurred on these features, as indicated by disrupted sandstone beds 
and slickensides. Aggregate displacement across several feet of such 
sheared rock may amount to several feet. All demonstrable fault movement 
in the Corral Canyon site is pre-Recent (more than about 10,000 years) in 
age. 11 

"Comparisons of degree and time of deformation in different parts of 
the fault system indicate that future faulting is at least as likely to 
occur in the Malibu Coast zone as in any other part. The available 
seismic record is not sufficient to establish the recurrence interval for 
large-magnitude faults in the system; this interval is greater than the 
approximately 200 years of historic time and it may exceed the approxi
mately 10,000 years of Recent time. As this recurrence interval is large 
compared to 50 years, the probability that a large-magnitude shock with 
center near Corral Canyon will occur during the next 50 years is very low. 
This very low probability, coupled with the lack of evidence for surface 
faulting in the Malibu c;,,ast zone during Recent time, indicates that the 
probability of permanent displacement of the ground surface by faulting 
at Corral Canyon during the next 50 years is very low (this same very low 
probability was described in the U. S. Geological Survey report of 1964 
as negligible, which was used there in the sense of very low). This 
assessment implies nr.· judgment of public risk; it is not intended as a 
judgment of the c~nsequences of surface faulting in any particular utili
zation of the Corral Ca11yon site. 11 

It should be noted that fault F is about 35 feet northeast of the center 
of the reactor building which means that it passes under the reactor con
tainment structure. 

E. case will be prepared to discuss this information in more detail. 

Attachment: 
Summary of Matters Identified by the 
Malibu ASLB dtd. 9/27/65 

- 3 -
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.i'lfi !-C~.TBIL!TY .QE ! CtllGRESS ICH.~ !!lVE.STI\7,\ !!Q!! was raised by Sen. Murphy in a 
l&~tc~ ~o the AEC, wherein he ~~cs~ion~d <.LC's site selection criteria and the bc
:::::·:i:-:- of Af.C :Regulatory SU:lff in connecticn with reactor proposed by the los An::;i"l&s 
De~a~~~~nt of Water & Power at Malibu, Calif. 

S~n. Murphy stated that going any f\U"''ther with the project would tmdermine the 
pwblic 1s confidence in the nuclear power indus~.r• 

P.e recommended to the Commission that AEC 11Staff should be candid with the ap
plicant", that its site selection program be revised, and that the AEC take a "ver.r 
close look" at its stat! procedures. 

The Senator questioned whether AEC Staff had made a "hasty" and 11ill conceived" 
judgment in favor ot cons~ruction or the Malibu reactor and now desired to "savo 
face" by taking exception {See our v.12, ;.;.;6) to the decision of the .:..tonic Safety 
& Licensing Board which recommended plant ccnstruction witb the condition that de
sigr. criteria provide tor permanent grour.d displacement (Sea our V.l2, U.29). 

Responding, Dr. Glem T. Seaborg, .AEC Chairman, told Sen, 1-turpby in a Dec. 6 
l3t.ter: - .-

"Your letter of November 21, 1966, raises substantive issues conc~rning the: 
ap~lication of the City of los Angeles for a construction permit for a nuclear ro
actcr near r~libu, California. The initial decision dated Ju~ lh, 1966, by the 
~tc~i~ Safety and Licensing Board appointed to hear this case is now urAcr revial 
by the Commission. You will understand that for this reascn it would be ir~pprcpri
ate !or me to discuss the merits of the matter at this tim£• 

"In your letter you object to the right of the Cor.~ssi~n's regulator, stat! 
to file exceptions to the initial decision of the licensing board. The Cor.~ssion's 
~iles constitute its reeUlatory starr as a party to proceedings such as the instant 
one :.n order that tho staff my participate fully therein. In this respect, our 
rules follow these of other regulator,y agencies for adjudications under the Admini
strative P.rocodure Act. The Coromission•s regulator.r ata!r has the uame r1ght to 
appe~l a preliminar.y decision of a licensin& board as anr other party. 

"Your letter also suggests that the Cor.:missionts •site selection program' should 
be r~~isad to prevent consideration of a site which you consider unsui~ble troa a 
s~ety standpoint and ubich also lies outside the service area of the applicant~ 
Under the licensing procedures established by the AtO~C Energy act, the Co~~ssion 
1s obliged to consider the iasuance ot a construction permit tor a proposed facility 
at the site selected by tho applicant." 

On Nov. 21, the Senator had written ::>r. Seaberg: 

•.kbout two ;years ago some ot If¥ constituents called to ~ attention problecs 
which ~ere arising because ot a prcposal to build a nuclear power generator at 
Corral Ca.n;yon 1n the •alibu community. These proble::s arose because: 
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On July 14, 1966, the ASLB issued a ruling that it would be necessary 

for the plant to be designed to withstand differential ground displacement 

if it were to be constructed but without specifying a quantitative figure; 

the ASLB thereby sided with the intervenors .and against LADWP and the 

Regulatory Staff. The Regulatory Staff appealed the decision of the ASLB 

to the Atomic Energy Commissioners themselves. An interesting exchange of 

correspondence occurred between the United States Senator George Murphy 

of California and AEC Chairman Seaberg. The exchange is reproduced below 

in an excerpt from the Atomic Energy Clearing House dated December 12, 1966. 
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"I:Y view of the Staff's attitude and activities might be more charitable t-1erc it 
not for the fact that during the course of the hearings it was proved that the Staff 
had caused the wording of a key conclusion of the United ·states Geological Survey to 
be changed against the wishes of the authors of the report. Thi::; change \lould mak"! 
it appear that the u.s.o.s. had concluded that the risk of per~anent ground di=pl~ce
i'ler~t at the site uas 'negligible', i.e., could be disregarded. The in·~olved t~.nd ~::-.

convincing eA.-planations produced by the Staff to jL;stify what seems to Me to le hit:h
ly i!;proper conduct boiled dotm to the point that the Staff seemed to uish to avoid 
eo1..parisons uith the report of the u.~.o.s. in the Bodega Head case, t-rhere the 
u.s.a.s. had noted., as here., that the risk of permaner.t ground displace:-:ent nas 1low' 
hut not 'negligible.• 

11 ln the Bodega Head matter, as I" am sure you recal~, P. G. & E. proposed a de
si;zn of t:&e facility that specifically took ground displacement into consideration. 
The P. G. & E. design, however, was rejected b,y the P.e~ulatory Staff on the grounds 
tta.t the design t-Tas untested. 

11 l realize that factually each case must be considered separately, but it also 
zee~s clear to me that there must be a high degree of consistenc7 in the safet7 
staLdards applied to each case. S~:rely, it would be strange, t~ say tta least, for 
-the Staff to reacb one judar..ent on Bodega F.ead, and the opposite jud~me::t on Corral 
c.;:..;,.-~:~n, '!:hen the U. s. G. S. had found in each case that the ris!c of pe:u.•t.ont ;;rot1ud 
di.:Jolo.ce:-:ant is •lowt but cannot be neglected. An addi ti,11~l ~]('sucn,t of the proble~ 
r:,! ~c;r.si.:;ter.t &pl .. lit:at.ior, Of COIIRist.eht crlt."'J:ia i.s tbiS: 

"Hot~ can a BodAea Head facility ::Jpoc;.fically designed to rcsi::;t the effP.ct:; of 
-pc":'':'!'!:tnent c.round displacement be rojected on the ttronnds th:!t it is unt&::Jte,l, :&nd a 
~nrral Canyon facility, even if similar~v radesiened, not meet the sa~e t~t4 on 
:ex:actl~, t.~1e s&i:'iC grounds? 

• 
11You retllr,rked recently in a pre::as conference in california that tLc AEC only 

Sf'ems to encounter these problelllS in C:;li~orr.ia. I believe your refere::ce r.erhaps 
ran more to the determined opposition which has been ~anifested to both Eodcga Head 
and Corral Canyon in J.talibu, but your re::iult uas also true in another ::Jense: I don't. 
knou of al'\Y\"1here else in the countrJ t-rhere applicc:.r.ts have tried to locate nuclear 
reactors in close proximity to faults in a s~ate which bas an unparalleled history 
of tectonic activity. 

11liearint;t all this in mind, it becor.'les easier to understand -:.-my the Staff secr:s 
so anxious to absolve the Corral Canyon site of ar.y geological taints, why it is 
'tdlling to force crucial change in l-rording in a key conclusion in a report by an 
indeper.dent government agency, rJhy it blandly accepts all the evidence t-:hich 3'J~;>orts 

its position, and blithely rejects all the evidence 1-mich disagrees with that posi
tion, and t«~y it takes exception to a finding or the ASLB which the applicant itself 
is willing to accept. 
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11 (1) It t-~~5 consid<'red that the lanrt might be subject to earthquakes boca::::::e of 
~n r~l~tinrr fault; 

11 (~) The site is cln~o to a t·:ell developed coJT..munity r~hich appear:: to be ex
l':mJ:i i1,~ i:1to one of tho r.:ost attracti vo baach communi ties in the area, ar.d, 

11 (3) In the event there ever Has an unfortunate experience conr~ected ~-~ith this 
eonstruction, the prevailing winds woule carry whatever radioactive material was re
lca~cd directly to the adjacent city of los Anr.eles. 

"One o£ the constituents i:1volved has been knov:n to me for r.~any years as one o£ 
the t.:>p geologists on the iJest Coast. Decause of this information, I have \·:<:~.tched 

l~itb Cl·eat ir.terest subsequent developments a:1d hearings. 

*'In my opinion, the important point for decision r:as ~·lhether or not the risk of 
· permanent ground displacement exists at this site \·:hich t-muld preclude the construc
tion and operation of a plant spP.cifically not designed to t~thst~-'d the effects of 
pcrma::ent ground displacerr.ent and v1hethar or not this condition l·;ould cre<:~.te ur.cue 
hc:.z.ard to the public health, safety and Helfare. It Hould seem that the i::tervenors 
have prevailed before the ASL9 on this central point of controversy, 

11It has nat·7 come to my att.ention that the Regulatory Staff has filed exceptions 
to the initial decision of the ASLB, a3!\in~, in effect that the ASLB tc rcvcracd on 
~he very point to l-1hich the vast bulk of testimony· in the 41 days of hearings was 
d€voted, to 't·:hich the ASLB obviously attaches great ~'Tlportance 1 an:i to l·lhich the 
Beard ~embers plainly gave the most careful consideration. 

"It seems to me proper to inquire just w-rhat point the ASLB is competent to decide. 
if r.ot this one. Is it the position of the Staff that if the ASLB (after more th~n a 
mo:1th of hearings, visits to the site, the opportunity to cross examine all the ex
pe:~t uitnes'ses involved, and an intimate first hand knotrledge of the entire case) 
disagrees tvith the Staff, the ASLB has to be~~"ong? 

110r do we bave.here in fact a situation in which the Staff, having made a hasty 
and possibly ill considered judgment in the first place, based on incomplete and 
erroneous information, nol-7 finds itself backed into a corner, its infallibility 
s~ccessfully challenged, its 'facts• controverted and its conclusions £ound wantL,g, 
is trying to save face? Hay I remind you that the applicant in this matter did no+. 
appeal the initial decision and that follot·ring that decision i-iayor Samuel l·!. Yort;r 
of the City of Los Angeles announced that the Dl·lP •.:as going to attempt to redesign 
the proposed plant to meet the objections of the ASLB. ~my1 if the applicant itself 
was Nilling to acc_ept an unfavorable decision of the ASLB, did the Staff find it 
necessar.y to object to the decision? 
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11 2. Your site selection program could easily be revised, as was suggested 
during the course of the ASLB hearings by a number of prominent geologists, to 
the end that thorough assessment of the geological factors involved~ and other 
important considerations of acceptability of this type of construction in the 
areas, all precede the initial application, and not follow it. 

113. The AEC itself might take a very close look at its Staff procedures 
in regard to these applications. To my mind, the Corral Canyon case raises 
serious questions concerning your criteria and procedures for licensing nuclear 
facilities as well as questions regarding the competency and objectivity of~e 
Regulatory Staff in making judgments to the public health and safety. 

"These questions are so serious that I have been urged by some of the in
terested parties to consider whether a Congressional investigation into this 
whole field may not be necessary. I would be reluctant to ask fnr such a hear
ing when such simple, corrective measures seem to be so available." 

On March 28, 1967, the Atomic Energy Commission issued a final decision (USAEC, 
1967) in which they upheld the decision of the ASLB. The landmark decision, 
in which an intervenor against a nuclear plant won his case, is reproduced be
low. Of some general interest is that, by not accepting, as having established 
an acceptable risk, the data that movement had not occurred in the last 10,000 
years and possibly for 180,000 years, the AEC was establishing, in a crude way, 
a benchmark on "How Safe is Safe Enough?" 
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11 The fact is, Dr. Seaberg, that as far as California is concerned 3t lenst, 
there seems to be something seriously l·Jrong Hith vour site selection procedure. 

"It seems to me to be quite obvious that the geological risks involved in build
ing this pl~nt at Corral Canyon should not have been forced to emerge only through 
a protracted and costly adversar,y proceeding after the Dl~ has selected a site which; 
in addition to the fact that it is seolo~cally and seismically unsound, also lies 
in territory not under its jurisdiction and for which the D\iP bas been twice refused 
a zoning variance by the goverrm1ent body·having jurisdiction, i.e., the Los Anseles 
County Board of Supervisors. The Corral Canyon site lies in the heart of one oi 
Californials finest residential a.'"ld recreational co~r.munities and the D\·l? 1s choice of 
Malibu for a major industrial facility flies in the face of the Los Angeles County 
master plan for the development of this beautiful beach community for residential 
and recreational purposes. · 

"A much sounder approach, it seems to me, is the one taken by the State of Cal
ifornia, l-lbich in contemplation of .future development of nuclear facilities., bes<ln 
with an independent evaluation of a number o.f possible coastal sites. I am informed 
that oi' all those surveyed by the State, i•;alibu was regarded as tile t-zorst. If you 
have not already been informed of the details of this avaluation, I a~ sure that the 
California State Department of \-later Resources ~·!ould be ~lad to supply it to you. 

"I am convinced that to go any furthEr ·Hith the I;alibu project ~zill only lead 
to further bitterness, and controver~J and cost that will undermir.e public confidence 
in the entire nuclear pot>Ier industry and danage the development of nuclc::!r pc~··er in 
California uhich is so necessary to our development. I am afraid tb~t flVC:-: if 'tt:c 
AEC ultimately issues a license for-the construction of this facilit7, protr~ct~d 
litication 't-rill inevitabl;v follotv in the state courts on questions invol,rine the 
legal authority of the D~·~ to acGuire the l~d ar.d use it for a nuclear po~~r plant, 
including arr:ong other thinP.s, the question of '1.-mether or not tr.e Dt'P r.as the rit;r.t 
to ru.."'l roughs!;od over the zoning la't·lS of t.~e Cour.ty cf Los Angeles. lt seer::s that 
the!"e is a rnuch rnore practical Hay to achi·!ve our go::..!.. 

11 In sur.mary, to my mind the co~troversy over tr.e Corral Canyon site has ione on 
long enou~h. Extensive public r~arir.crs have ceen held, ~~th the res~lt that the D~P 
ar.d tr.e Starr have lost on the central question before the ASLB -- ~:hetr.ar the hazard 
of permanent ground displacement can be r.ellected in the design of the facility. The 
matter should not be dragged out aqy longer. 

11\·lhat should be done nO\!' 1 in m.y opinion, is the !ollor:ing: 

"1. The Staf.f should be car.did t·Tith the applicant, and point out to the DHP 
that once the risk of permanent ~·ound dis?lace~ent has been established, it will be 
no:Jt dif.ficult -- indeed, impossible ~Jith any· consistency -- !or the Staf!' to an:)rove 
any ~ntestcd design in view o.f the possibility of public dL~ger ar~ the precede;t of 
tr.o e3l"licr Sta.ft decision .on Bodega Sead. ·The t-''JP should be assured that reappli
e~~i~n tor another and sounder site will not enta1l-lo~s of federal subsidies and 
tt.o D':1P should be encouraeed to r~apply on this basis.- · 
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for design against permanent ground displacement but, like the staff, 
takes exception to the issuance of a provisional construction permit 
with the design eondition. Marblehead's position has been endorsed 
py The Maliou Citizens for Conservation, Inc., and Lester T. (Bob) 
Hope, also intervenors in this matter. The applicant filed no exception 
to the initial decision but did submit a brief in support of the staff's 
exception to the need for design against permanent ground displace
ment and, should this staff exception be denied, in support of the 
present issuance of a provisional construction permit with the design 
condition, as ordered by the board. · 

A~plication for a construction permit and a license pursuant to 
Sectton 104(b) of the Atomic Energy Act of 1954, as amended, and 
Part 50 of our regulations was filed by the Department of Water and 
Power on November22, 1963. The application and eight amendments, 
the last of which was filed on January 8, 1965, were reviewed by the 
regulatory staff and the Advisory Committee on Reactor Safeguards, 
both of which concluded that there is reasonable assurance the pro
posed facility can be constructed and operated at the proposed site 
without undue risk to the health and safety of the public. 

A "Notice of Hearing" was ~published in the Federal Register on 
February 9, 1965. This was followed by a prehearin~ conference on 
February 26, 196'5, and 41 days of hearings held m intermittent 
sessions thereafter, commencing on March 23, 1965. A posthearing 
conference on ~fay 19, 1966, concluded this phase of the proceedings. 
~farblehead Land Companv, The Malibu Citizens for ConserY"ation, 
Inc., and Lester T. (Bob) WHope, intervened in the proceedings and 
opposed construction of the proposed facility. The County of Los 
Angeles also intervened in opposition to the application. The State of 
California, while it intervened and introduced two geological witnesses, 
did not formallv take a position. In addition to the intervenors, there 
were 62 limitea appearances, 11 of these faY"oring and the balance 
opposing the application. 

The proposed 310-acre site is located in Los Angeles County, but 
outside the territ6riallimits of the City of Los Angeles. It is situated 
at the mouth of Corral Canvon along a stretch of east-west Pacific 
Ocean coastline, approximately 10 miles west of Santa Monica and 
30 miles northwest of the c.epter of Los Angf'les. The south side of the 
site abuts 'C.S. Highway Alternate 101 which separates the site from 
Corral Beach, the proposed nuclear containment structure to be 
located approximately 550 feet from Corral Beach. The Santa Monica 
~1ountains lie immediately north of the site and rise to about 2,500 
feet, separating the site from the San Fernando Valley. The area 
surrounding the site is used primarily for residential and recreational 
purposes. 

The facility would utilize a closed cycle pressurized light water 
reactor, designed to operate at 1,473 megawatts thermal and to pro
duce 490 megawatts electrical. The reactor would be similar in sub
stantial respects to the Yankee, Connecticut Yankee, Saxton, and 
San Onofre reactors. A significant sa!egua.rd feature of the facility 
is the proposed housing of t~ primary s~tem in a massive contain
ment structure, designed so that -there woUld be essentially no leakage 
to the environment. The cdntainment would consist of an exterior 
shell of about four feet of reinforced concrete, with two steel liners 
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DocKET X o. 50-214 

IN THE 1\JATTER OF DEPARTl\fENT OF WATER AND 
POYfER OF THE CITY OF LOS ANGELES (~fALIBU NU
CLEAR PLAXT UKIT KO. 1) 

ls8ued Jfarch ei, 196i 

Co:-.nnssiO:-\ERs: 
Gr.Exx T. ~EABORG, Chairman. 
JA:\11:.:8 T. R.UIEY. 
UERALD F. TAPE. 
S.urrEL ~I. X ABRIT. 
\YILFRID E. JoHxsn:-\. 

D:ECISlOX 

This matter comes before the Commission for final decision upon 
exceptions filed by the regulatory staff and by three interrenors to an 
initial decision of an atomic safety and licensing board dated July 14, 
1966. In its initial decision, the board ordered that a prorisional con
struction permit be issued to the Department of 'Yater and Power of 
the City of Los Angeles (hereinafter the applicant) to build a pres
surized water reactor to be located at Corral Canyon, :Malibu, Cali
fornia. The board, while finding that the proposed facility in all other 
respects met the safety requirements of 10 CFR § 50.35(a), imposed 
the condition that the design criteria be modified and supplemented 
to include adequate prorision for permanent ground displacement 
(ground rupture) from earthquake acthity. The initial decision directs 
that the modified and supplemented design criteria be ma.de available 
for such reriew procedures as the Commission may provide. 

The regulntory stuff has filt>d f'X<:eptions to the initial decision on 
t \\·o grounds. The stnff <'on tends, first, t.hat the board erred in its 
holding that the probability of l)ermanent ground displacement at the 
Corral Canyon site is suffieient y hi()'h that the proposed design must 
be modified and supplemented t<; include criteria for such displacement 
before there is reasonable assurnnce the facility can be constructed 
and operated at that site without undue risk to public health and 
safety. The staff contends, further, that if the Commission decides the 
fneility must be designed to withstand permanent ground displace
ment, the criteria for such design accommodation are '~principal 
architectural and engineering criteria" "·ithin the meaning of § 50.35 
(a)(l) of our regulations and the initial decision should be set aside 
and the proceeding remanded to the atomic safety and licensing 
board to determine: (1) the amount of permanent ground displace
ment which the facility must be designed to withstand; and (2) the 
adequacy of the design criteria which may be proposed by the appli
cant to accommodate the permanent ground d1splacement. 

1\farblehead Land Company, an int.ervenor in this proceeding, sup
ports the board's findings and conclusions with respect to the need 

179 
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upon the request of the hoard. There was considerable dispute during 
the course of the hearings on the question of whether or not fault F 
is in fact a fault and then on bow large fault F might he. The initial 
decision states that fault F extends eastward from the containment 
site about 2,000 feet and that it may extend westward under a land
slide as far as Solstice Canyon (an additional 2,000 feet), in which 
eYent it maY be truncated by another fault. Each of these faults, as 
well as the ~falibn Coast fault, is associated ";th a band of sheared 
or fractured rock of Yal);ng ,,·idth. 

According te the interpretation of the United States Geological 
SurYey (USGS), formation of faults A and F could ha,·e been sympa
thetic or secondary to the mo,·ement on the ~f alibu Coast fault. In 
anY eYent, it is the Yiew of the VSGS that faults A and F cannot be 
discussed in isolation from the ~~ alibu Coast fault. 

~Iuch time at the hearings was spent in dispute o\·er the origin of 
the deformation of the rock underlying the proposed facilit~y. The 
initial decision describes the rock materials as haYing been folded, 
faulted, and sheared! and rom·h1des that. a tectonic origin is supported 
by the weight of the eYidence. In this c~mnection, th~ rs~s has 
stated: "The intensel~· deformed bedrock m the plantslte might be 
a locus for future disphwement along the general trend of the ~Ialibu 
Coast zone." 

The ::\Io.libu C'oast zone lies ,..;thin an arrangement k11own as the 
Santa ~Ioniea fault system. The area of the system wherein this zone 
is located is described by the initial decision as being tectonically 
acth·e at depth. '\\~hile there are no actual measurements of the cur
rent amount or rate of local strain arcumulation in the :Malibu C'oast 
zone, the initial decision recites that the general structural and tec
tonic enYironment that produced the strong faulting, folding and 
shearing in the zone probabl~· still exists. 

It was e:;;tablished to the board's satisfaction that "the youngest 
known displarements at. the proposed reartor site most probablY oc
curred more than 10,000 years ago, and possibly as much as 180~000 
years ago." The board adds: "There is no known eYidence for mo\·e
inent of the rock in Recent time (younger than 10,000 years) on the 
faults in the ~Ialibu Coast zone." 

As the initial derision indicates, the central attention of the board 
in the proceedings helm\· \\·as direc.ted to the assessment of geological 
and seismological data and opinion bearins on the need for design 
against ground displacement. The extenstYe presentations of the 
parties in this regard-which we ha ,.e summarized in part-reflect 
numerous areas of disagreement with respect to both regional and 
local geological and seismological considerations. In the exceptions and 
briefs filed with us, howeYer, these areas of dispute ha,·e been greatly 
reduced and the positions of the parties brought into sharper focus. 
Neither the applicant nor the interYenors take exception to the geo
logical and seismological findings of the board, and the staff, in fram
ing its first exception, has accepted all pf the board's findings in this 
re]lRect and disputed only the board's conclusion therefrom under 10 
C § 50.35(a). :Moreo\'er, as the staff presents this exception, it 
has narrowed the safety issue to the problem of assessin~ the signifi
cance, with respect to the probability of future ground displacement, 
of the accepted fact that there has been no surface faulting at or in 
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separated by two and one-half feet of pervious, "po~om", concrete. 
The pervious concrete zone would be maintained at a slightly negative 
pressure with respect to the atmosphere by a pump-back system. 

The facility design contains several other important sa.feguard 
systems, including: (1) a safety injection system to inject borated 
water into the core; (2) a seal water injection system; (3) an·internal 
air recirculation and cooling system to decrease the pressure within 
the containment structure; and (4) a containment spray system to 
decrease pressure. 

The proposed facility is specifically designed · to withstand the 
effects of ground shaking resulting from earthquake activity. It has 
riot been specifically designed to withstand ground displacement 
(ground rupture) resulting from earthquake activity. 

While the lengthy proceedings before the board involved consid
eration of a number of safety questions raised with respect to the 
Malibu facility, the board's initial decision and the parties' exceptions 
reflect that all of these questions saYe that relating to the probability 
of ground displacement from earthquake activity were satisfactorily 
dealt with to the extent required at the construction permit stage by 
10 CFR § 50.35. The board specifically found that the applicant's 
design criteria for accommodation of the shakin~ caused by earth
quake actiYity met the requirements of § 50.35. Our own review of 
the record leads us to agree that the only present outstanding safety 
question is the one relating to design for ground displacement which 
the parties haYe submitted to us on this appeal. It is to that question 
we now turn. 

To facilitate understanding of the basis for our decision today, 
a brief discussion of the g~ology and seismicity of the site is appro
priate at the vtitset. Sine~ the parties haYe not excepted to any of the 
board's geological and seismological findings, our summary is drawn 
substantiallY from the contents of the initial decision. 

As is well known, California and other sections of the western 
United States haYe a number of areas in which there is earthquake 
acthity. The Corral Canyon site is located in the :Malibu Coast zone. 
This is an east-west trending zone of tectonic deformations, about a 
mile wide, which runs along the California eoastline and includes a 
number of roughly parallel faults of Yarying size. On the northern 
edge of the 1falibu Coast zone lies the ]..falibu Coast fault. This fault 
bisects the site area about 800 feet north of the proposed reactor con
tainment building. The initial decision recites that the Malibu Coast 
fault separates two quite different kinds of basement rock, which 
suggests that it is one of California's major crustal boundary faults. 

Among the other faults in the :Malibu Coast zone, two warrant 
specific mention: fault A, which crosses Corral Canyon about 150 to 
200 feet north of the proposed containment location and extends 
eastward therefrom about 8,000 feet, with a westerly extension which 
is not well defined; and fault F which lies directly bene ~h the pro
posed reactor. 1 Fault F had not been discovered at the time of the 
ACRS and initial staff considerations. It was uncovered during the 
hearings when a trench was dug across the proposed reactor location 

1 The designations of these features correspond to those used hy the board In its Initial decision. For pur
poses of more graphic description, we are appending to our decision the maps of the site which were included 
In the Initial deCJSion. 
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It might be noted, parenthetically, that this same eYidence appears 
to be the basis for the opinion in the l:'SGS report that the probabil
itY of surface displarement through faulting at the site during the 
next 50 years is \·ery low. 

,, .. e see no need here for an extended semantic discussion of whether 
this evidence should be characterized as "negative" or "posith·e". 
In our view. eYidence indicating the absence of an occurrence of this 
tvpe plainlY has some probative V'alue. This evidence, howe,·er, 
cannot mark the end of our inquiry, since we must proceed to ascertain 
its signifi.cance in the light of geological and seismological knowledge 
aYailab:1e to us in the record. 

rnfortunatelv, the expert witnesses at the hearing could not, in 
the light of the "evidence, speak with much assurance regarding future 
surface faulting during the life of the proposed facility. The initial 
derision notes that all of the seismologists in the proceeding implied 
or stated that more data were needed before worthwhile predictions 
rould be made and the board eites similar uncertainties wtth respect 
to the present state of the art of geology. Thus, while the board accepts 
that the probability of surface faulting during the lifetime of the 
facility may be "low'', uncertainties in ~he data a\·ailable lead it to 
find ultimately "that· reasonable certamty or assurance does not 
exist regardin~ all pertinent phases of earthquake activity." 

The foregomo- are necessarily considerations to be taken into 
account in making the judgment required by Section 50.35(a). 
These ron..,.irlf'ratiml~. moren\·er, must be vie\\·ed in the light of the 
followin~ mtlt ter~ of reel'rd: that the general structural and tectoni<· 
em·ironment which produced the strong faultin~, folding and shearin~ 
in the :\Ialibu Coast zone probably still exists; tnat future fault mO\·e
ment, if any, is likely to occur along existing breaks; that fault F 
pa:o;ses dire('tly through the ground upon which the proposed reactor 
is to stand; and that, aside from fault F, the intensely deformed 
bedrock in the plant site might. be a locus for future displacement 
along the trend of the :\f alibu Coast zone. 

In the proceedings before the board, the applicant attempted to 
proYide a basis for the inference which it draws from the lack of sur
face faulting for 10,000 or more years, in its interpretation of the 
"rerurren<·e interval theory". It assumes that the earthquake phenom
enon ran be described by a model in which there takes place a series 
of cycles invoh·ing a slow accumulation of strain followed by a sudden 
release of energy and that these cycles will have a roughlv constant 
recurrence inten·al. The applicant reasons that the a\·erage probability 
of an earthquake occurring in a year "ill be the inverse of the average 
recurrence interval and that the longer the time since the last disp!ace
ment the more likely it is that the recurrence interval is large. How
e,·er,as the testimony of the l:"nited States Geological Survey indicates, 
it is not known whether the recurrence interval concept has validity. 
We note, further, the response to this argument by the intervenors 
that, even assuming the validity of the theory, the regular repetition 
of events which it envisages implies instead that the probability of 
earthquake e'\·ents increases progressively as the time since the last 
e\·ent passes and we approach the next event. 
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the "\icinity of the site for at least 10,000 years and possibly as long 
as 180,000 years. 

In reachin~ our decision in this matter, we are called upon to apply 
the standard. enunciated in § 50.35(a)(4) of our regulations, i.e., 
whether there is "reasonable assurance" that: 

''(ii) taking into consideration the site criteria contained in Part 100, the 
proposed facility can be constructed and operated at the proposed location 
without undue risk to the health and safety of the public''. 

The only elements of our regulations bearing specifically on this 
design-siting problem are to be found in 10 CFR § IOO.lO(c)(l) and 
(d): 

"(c) * * * (1) The design for the facility should conform to accepted build· 
ing codes or standards for areas having equivalent earthquake histories. X o 
fncilitv should be located closer than one-fourth mile from the surface location 
of a known acth·e earthquake fault." 

• • • • • • • 
"<d; Where unfavorable physical characteristics of the site exist, the pro

posed si~e may nevertheless be found to be acceptable if the design of the 
facility includes appropriate and adequate compensating engineering safe
guards." 

"~hile the second sentence in subsection (e)(l), aboYe, was the sub
ject of much discussion during the hearings, the initial decision states 
the botud's Yiew-with "-hich we are in accord-that "[n]o standard 
for decision can be deriYed from this section of the rule" as presently 
formulated. Thus, the Commission at this time must apply the more 
general standard of "reasonable assurance" of no "undue risk to the 
health and safety of the public", as broadly expressed in § 50.35(a). 

Because of the importance and no,~elty of the questions raised by 
this appeal and the complexity of the material to be considered 
in reaching our Jecision, we have devcted considerable time to the 
eYaluation of the ,~aluminous record (over 13,000 pages of testimony 
and exhibits) which these proceedings have generated. Our evaluation 
has, of course, taken appropriate aceount of the findings and con
elusions of the board. A board's assessment of record evidence and 
the conclusions it draws therefrom are entitled to respect on our 
part. In the present case this respect is necessarily enhanced in con
sequence of the board's lengthy and direct involvement \\'i.th the data 
and expert aualvses (much of it. conflicting) relating to the critical 
geological and seismological questions. Our assessment of the record 
evidence and opinion, within the foregoing framework, leads us to 
the same conclusion as that of the board in that we are not afforded 
the assurance required under Section 50.35(a) for a determination 
that the proposed facility need not be designed to '\\'i.thstand ground 
displacement from earthquake activity. 

As indicated, in support of its position that the probability of 
ground displacement is so low the facility need not be designed to 
\\'i.thstand such displacement, the staff r~laces principal reliance on 
the record evidence indicating absence o surface faulting at the site 
for at least 10,000 years and perhaps as long as 180,000 years. This 
e·ddence, the staff urges, is the best ~de for estimating what might 
reasonably be expected to occur dunng the lifetime of the facility. 2 

2 The maximum period for which a license may be issued under our regulations is 40 years. 10 CFR § 50.51 
In the proceedings below, the parties assumed a physiealliCetime for the facility of 50 years. 

263-905-68-18 
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for establishing new Part 100 criteria. The record here-massh·e 
though it is-is hardly of the scope required for this task. Nor do 
we here haYe access to the ,·ariety of Yiewsfrom within our own agency, 
from industry, from the scientific communit~· and from the public, 
which are essential to our reaching an informed judgment with respect 
to the necessary criteria. These are matters which lend themseh·es to 
our rule mnkin!!' function. 

Our regulntorY staff has been deYoting efforts toward the deYelop
ment of redsed criteria for Commis::;ion consideriltion 'dthin the 
rulemaking frume"·ork. \Ye haYe not reached any conclusion as to the 
approa('h new criteria should take, but our experience· with this 
proceeding indicates that such criteria might well coYer the need for 
design agnin!'!>t ground di~plncement from earthqna~e acth·ity and 
might nbo address themseh·es to the amounts of d1splncement for 
whieh J>I'OYisiou must be made. 

In a related conneetion, accelerating research on earthquake predic
tion and the nature of surface faulting nutY offer a better opportunitY 
in the future to plan ne"· facilities ~)n a ~more calculable basis witl1 
respect to seismic risk. 'Vhile hopes in this re~ard must be tempered 
by an appredntion of the task, the frontiers of knowledge concerning: 
these matters hnxe been undergoing expnnsinn and efl'urts are pre~
enth· underw11Y on seYeml fro.nts fnrther to ineren:-<e that knowle<hre. 
The· Conuniss1un will folluw de,·elupments in thi~ nren with great 
interest. 

Since we uphold the determintltiun of the atomic safet\· and lieensing 
botlrd thnt the design criteria for the protwsed fn<:ility must be 
modified nnd supplemented to include adequnte proYision for ground 
displneement from earthquake ncth·ity, we must no\\· ron:-<ider the 
nropriety of the board's isswmce of a proYisionfil construction permit 
before a determination hns been mude on the mntter of design ade
quaey in this respect. Tbis course is disputed here by both the staff 
and the inten·enors as not meeting the requirements of 10 CFR 
§50.35. 

Section 50.35(a)(1) of our regulntions requires that before a pro
Yisionnl construction permit may be issued, the Commission must 
find that: · 

"* * * the applicant has d('scrib('rl the proposed design of the facility, including, 
but not limited to, the principal architectural and engineering criterill for the 
design * * *." 

In ·dew of our earlier determination today as to the need for design 
against ground displneement. to safeguard the inteszrit) of the facility 
and in vie"· of the relationship of such design accommodation to the 
basic structure of the facility, we thi- 1~ it clear that design criteria in 
this respect must be considered to be among "the prindpal architec
tural and engineering criteria. for the design". Such criteria, therefore, 
must be appropuu.tely described by the applicant and rede" ed in 
accordance 'dth our procedures before a proYisional construction 
permit may be issued. 

It is plain from the record, and the initial decision itself demon
strates, that the requisite criteria ha\""e not been submitted for con
sideration. 1\foreover, to be meaningful, any such consideration of 
design adequacy must be preceded by a determination of the amount 
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A different approach to this matter, indicated in a 1965 article by 
Allen, St. Amand, Richter and Nordquist,3 involves correlations be
tween earthquake magnitude and frequency of occurrence. Further 
study of this method may indeed prove prof. table, but as used in the 
record it would not appear to offer support for the applicant's position 
that the probability of ground displacement at the proposed site can 
be disregarded. 

As the foregoing discussion would indicate, we are not persuaded by 
the record that because there has been no surface faulting at the site 
for 10,000 or more years the probability of ground displacement during 
the lifetime of the facility can be disregarded in its desi~n. The geol
ogy and seismicity of the proposed site bespeak some nsk in this re
gard. The time factor relied upon to demonstrate a sufficiently !vw risk 
1s not, in our view of the record, adequate for this purpose and does 
not, we conclude, satisfy the standard of reasonable assurances which 
underlies Section 50.35(a). 

Our determination in the above respect has necessarily taken into 
account the proposed placement of the facility ,,;thin Corral Canyon. 
Particular concern arises from the fact that fanlt F cuts across the 
ground upon which the intended reactor \Yould stand. Should the ap
plicant propose a different location for the farility at Corral Canyon, 
It may well be that the relevant geology and seismicity would still 
require design for ground displac·ement from earthquake activity. 
Howe,·er, the location of the facility in relationship to faults in the 
area could ha,·e a bearing on the amount of displacement for which 
design accommodation must be made. These are matters which we 
cannot pass upon here in the abstract but rather are ones to be ron
sidered by the board should a relocation of the facility on the site be 
put for\\·ard by the applicant. 

A further comment is in order before we leaYe this aspect of the 
case. Both the staff and the applicant have expressed concern that 
the board, in reaching its determination, has con,·erted our standard 
of "reasonable assurance" of no "undue risk" into one of assurance of 
absolute safety. '\Ve do not take the board's decision to mean this and, 
if there be a residue of doubt on this point, we \dsh to make dear that 
no stH·h implications should be dra\\·n from our action today. As we 
ha,·e stated in the past, both our statute and implementing regu
lations show that such an absolute guarantee was never contemplated, 
and that Hthe concept of reasonable assurances of safety must be 
sensibly, though seYerely applied". (In the Matter of Pou·er Reactor 
De·l'elopm.ent Company, 1 AEC 65, 73; see also, 1 .AEC 128, 147.) 

Turning now to a matter of which earlier mention was made, we 
note that the applicant in its brief to us expresses concern as to the 
adequa<·y of the ptesent Part 100 criteria to deal "--ith the problem of 
reaetor siting in seismicall:y actiYe areas and urges further Commission 
guidance. '\\.bile these criteria may, in the light of knowledge existing 
at the time of their issuance, have marked the outer limits for possible 
guidance in this respect, we agree that Part 100 calls for reexamination 
and elaboration in the light of present-day needs and knowledge. 
This ajudicatory proceeding is not, of course, the appropriate forum 

a Rtlati~mahip Pttwtm &i1111idt11 and Gt«c!1fe Str"UCtflrt m tAt Soothem California Rtti~m, Bul!etin ot the 
Selsmolo11ieal Society of America, Vol. 56, pp. 753-797 (Auaust, 1965}. 
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3. The matter be remanded to the atomic safety a.nd licensing 
board where, upon submission by the applicant of appropriate 
amendment to its application and after redew by the reJ?;ulatory 
staff and the AdlisorY Committee on Reactor Safeguards, there 
be further proceedings~ pursuant to Parts 2 and 50 of our regulations 
to determine: 

·(a) The amount of differential ~round displacement which the 
farilitv must be designed to withstand; and 

(b) 'The adequae\· of the design rriteria which may be proposed 
by the applicant to permit the facility t.o accommodate the 
amount of differential ground displa(•ement determined in accord
ance with (a), abo,·e. 

BY THE COMMISSIOX, 

W. B. 1\fcCooL, Secretary. 

APPEl\ DIX "A" 
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l\f AP oF A PoRTION oF THE PROPOSED SITE SHOWING FAULTS MENTIONED IN THE 

TEXT AND TRENCHES Dt•G BY THE DEPARTMENT, TOGETHER WITH THE APPROX
IMATE LocATION OF A PoRTION OF THE INNER PLANT SITE AND OF THE REACTOR 
CoNTAINMENT Bt"ILDING 

This map i~ a reproduction of Fi~urc ld from the Department's rebuttal testi
mony of October 19, 1965, as supplcmcnt(•d by Staff Exhibit 14, which latter 
portrays the inferred extt>nsion and connections of Fault F to the east. The map 
also l'lhows Fault B, which is believed by t.he Department's geologists to truncate 
Fault F, and if it does so, may interrupt the latter's extension westward to Solstice 
Canyon. A landslide between the reactor site and Solstice Canyon prevents 
CE'rtain identifieation of Fault F westward. 

Fault X is not shown on the map because its exposure was too short and its 
extension difficult to infer. A number of smaller faults with displacements of a 
few feet are recognized throughout the plant Bite but are not projected on this 
map. A solid line apparently to designate a fault, which, however, was not identi-
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of ground displacement the proposed facility need be designed to 
withstand-and the record is clearly not sufficient for this purpose. 
Accordingly, further proceedings to deal with these matters will be 
necessary. · 

While our holding on this aspect of the initial decision fixes a differ
ent procedural course than that deemed appropriate by the board, 
it does not signifv any lessening of Commission reliance on atomic 
safety and licensing boards for effecting appropriate resolution of 
safety issues in proceedings of this type; nor does it mark a curtail
ment of the procedural latitude which we haYe left to boards for this 
purpose. (See, e.g., }.,fatter of Jersey Central Power & Light Company, 
3 AEC 28, :May 6, 1965.) That reliance, as indicated in the discus
sion attendant our earlier holding, and that latitude, continue. The 
scope accorded to boards, howeYer, must be exercised within the limits 
defined by our regulations. The descriptiYe requirement of § 50.35 
(a)(1 )-specifying a cardinal element for consideration at the con
struction permit stage-is such a limit and, accordingly, must be 
obserYed here. 

Because of the furth~r proceedings which our holding today makes 
necessary, some comment is here warranted with respect to deter
mining the charaCter and amount of ground displaeement the proposed 
facility must be designed to withstand and the adequary of de~:,i~n 

criteria which may be proposed in that regard. The initi11l decision 
and the presentations to us bv the parties ha Ye used the phrnse 
"permanent ground displacemetit" to characterize the rupture of the 
ground which may result from earthquake acth·ity·. 'Ye belie.,·e, 
hmreYer, that the matters yet to be considered with respeet to des1gn 
accommodation are better described in terms of "differential s:rround 
displacement", which more aptly denotes that the relath·e mo,:ement 
of the two sides of a fault (horizontal, vertical, or both) is of signifi
cance. Accordingly, in our Order we haYe used the term "difi'erential 
ground displac.en1ent" to describe the matters to be taken up in the 
proceedings to follow. 'Ve would expect, of course, that any factors 
which properly bear on the matter of design accommodation receh·e 
appropriate attention. 

It is anticipated that at some time in the future, determinations 
as to the amount of differential ground displacement a facility must 
b~ de~igned to withstand ~\-ill be aided by more specific Co~1miss~on 
cr1tena of the type to which we made reference m connection with 
possible redsion of Part 100. The proceedings to date on the instant 
application haYe not dealt with this determination, so we cannot 
assess whether the present lack of such criteria ,..;,n gh·e rise to diffi
culties in the further proceedings which are required. This being the 
case, and because we do not w1sh to impose unnecessary delay in a 
matter which has already consumed much time, we leave it to the 
parties to go forward under our regulations as thev presently exist. 
In this connection, it may be that information generated in the course 
of developing revised criteria will be of assistance to the parties and 
board. 

It is therefore ORDERED. that: 
1. Exception "A" filed by the regulatory staff be denied; 
2. The order of the atomic safety and licensing board authorizing 

issuance of a provisional construction permit be set aside; and 
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In the second half of 1963, the San Onofre Unit 1 reactor on the Camp Pendelton 
Marine Corps Base near san Clemente, California was reviewed for a construction 
permit. At the 48th ACRS meeting, July 11-13, 1963, representatives of Southern 
California Edison described their planned approach to seismic design in terms of 
an acceleration of about 0.2g as shown in the excerpt from the meeting minutes. 

July 11-13, 1963- 48th ACRS Meeting 

The earthquake characteristics of the area were discussed in 
detail. There was a map showing the location of faults near the 
plant. The Newport-Inglewood fault is to the north. Another 
fault goes through San Diego to the south and there is an Elsinore 
fault inland to the northeast; one eastern seismologist attempted 
to connect these two known coastal faults, which would bring the 
projected fault to 10 to 12 miles off shore from the site. How
ever, there seems to be little evidence supporting this extension. 
There are no measurable strains or surface ruptures in the near
est fault. 

There were comments on the consultation from seismologists 
engaged; one is a non-Californian. Hindsight is the only basis 
for earthquake predictions. The San Diego Gas & Electric Company 
has built conventional power plants south of the Camp Pendleton 
site using .2 of the acceleration of gravity (g) for an earth
quake safety factor, and SCE has built a number of plants north 
of the site using the same factor. At the present time, the 
plan is to design the nuclear plant for forces of about 0.2 the 
acceleration of gravity. There were comments on the earthquake 
damage to a steam plant operating in the 1933 Long Beach earth
quake; this experience formed the basis for much of the later 
design precautions. The El Centro earthquake intensity was .33 g 
in one direction; there were seismographs at San Diego, Santa 
Ana, and three at Long Beach to record this intensity. The El 
Centro quake area was over water soaked sediments which is believed 
to have aggravated the intensities felt. It is not believed that 
forces of .33. g would exceed the yield strength of the nuclear 
plant. 

For an earthquake analysis, or so-called ground response spectrum, 
the experts assign intensities expected in different rock types, 
which are mainly rigid materials in the area; this is then related 
to the center of the earthquake to predict the forces on the 
plant. Such studies indicate forces corresponding to .07 g are 
expected in the underlying sandstone material with a value of 
.15 gin the overlying earth where structures such as switchyards 
might be anchored; this is the basis for .2 g figure. There was 

further information on the method of earthquake analysis as re
lated.to typical quak~s, kinds of earth, and the geographic 
locat1on which determ1ne the natural frequencies expected. 

Southern California Edison does not feel that a nuclear plant 
need be designed with any more attention toward earthquakes than 
a conventional steam plant with the exception of the critical 
sections, e.g., safety injection systems. Mr. Gould said the 
design ~ould cons?der the .2 g factor as a minimum with a 
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tied by any alphabetical designation, is located above Fault A, just easterly of 
Corral Canvon and wit.hin the plant site. 

The trenches dug by the Department are Fhown by numbered designations. 
The );' o. 5 trench was dug after the April 1965 re :ess of the ht>arings. 

The certainty of location of faults is roughly indicated by the continuity of 
the lines representing them. 
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ADVISORY COMMII IE£ ON REACTOR SAFEGUARDS 

UNITED srATES ATOMIC ENERGY COMMISSION 
WASHINGTON U. D.C. 

:BbDOrable Gle:rm 1'. Seaborg 
Cba1rman 
u. s. Atomic EDer&Y Coumission 
Washi~Jgton1 D. c. 

SubJect: SEISMIC DESIGN OF !riJcrl:AR POWER PI.Alf.l'S 

Dear Dr. Seaberg: 

.. · 

~e question of appropriate seiSl!l:ic design of nuclear power pl.ants 
has recently occupi&d the attention of the Advisory Comm:1 ttee o:c 
Reactor Safeguards. }t:)st of this study baa been call~d for becr.1ce 
of proposals to construct nuclear power plants 1n seismica.lly active 
zoraes. ~re have 1 .howver 1 also been questions relative to plants 
to be built 1n regions 't'".lere seismic activity is lov or vhere th• 
seismic history is based on uucertain documen-:&tion of earth movement 
tbat took place long aso. 

~ C'.o:mmittee believes that, especially in eases of th~ latter kind1 

uncertainties in the seology or the seismicity my c&use a tre:ld 
toward ehoosinB desi,gn methods or design pa:t"P..tllf!ters. w1 th more con
servatism than is necessary. .Adequate seismic C.esign gu1de:s that 
provide protection comparable vith tbat provided by other safety 
teattw.·ea t:tt nuclea~ plants are needed. 

Before seismic desisn guides or ~ters are adopted .tor zones ot 
relative seismic quiet., the Cormaittee sugests :rurtller cons:J.dere.t!on 
ot the question ot ear+~.nl.te probe.bUity and rnegnit,ld.e for these 
zones, and of the question of adequate ~eri.Da tor smell earth 
m:::wements. 

811lcerely yours, 

/s/ Serbert Kouts 
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However, by the 49th meeting, September 5-6, 1963, the seismic design 
approach was more specific and more conservative. Southern California 
Edison stated that the plant would be designed for a safe shutdown earth
quake of O.Sg. During this same time period, the proposed seismic design 
basis for Bodega Bay was also being increased from 0.3g to about double 
that figure for safe shutdown. 

In late 1963 - early 1964, the question of seismic design basis for an 
eastern reactor (Connecticut Yankee) introduced some relatively modest 
controversy. At the ACRS Subcomrni ttee meeting held December 13, 1963, 
Mr. L. E. Minnick, speaking for the applicant, pointed out that earth
quakes are generally not considered in New England. 'Ihere had been 
minor earthquakes in Connecticut in the last 150 years, and the site 
was stated to lie on the boundary between seismic zones 1 and 2. He, 
therefore, suggested that a O.lg design basis for safe shutdown would be 
appropriate. 

'Ihe Regulatory Staff obtained the advice of the u. S. Coast and Geodetic 
Survey (USC&GS) who recommended that a larger peak acceleration be used 
for the SSE, namely 0.17g. This contrasted to the recommendation in a 
letter sent by Father John J. Lynch, a consultant to the applicant, who 
stated that 0.03g was a suitable safety factor for the design. 

Mr. Roger Coe agreed to the design basis recommended by the Regulatory 
Staff on behalf of the applicant, but complained about the extensive and 
costly engineering necessary to study seismic safety for the staff's 
recommended value. The Committee did not disagree with the Staff in its 
report of February 19, 1964 on Connecticut Yankee. However, at least 
some of the ACRS members appeared to question the need for as high an 
acceleration as proposed by the Staff. And, at the Special Meeting 
held on February 24, 1964, the Committee wrote a letter suggesting this 
point of view. The letter is reproduced on the following page. 

The ACRS also requested advice from an independent consultant concern
ing a suitable seismic design basis for the Haddam Neck (Connecticut 
Yankee) site. 

The consultant, Dr. Perry Byerly, in a letter dated August 12, 1964, 
stated "the design factor of 0 .17g is reasonable and just. I would not 
accept a lower factor." 

Thus, Dr. Byerly supported the recommendation of the USC&GS, and 
differed widely from Father Lynch. Connecticut Yankee had introduced 
a wide variation in expert opinion on seismic events for the eastern 
U. S.; and it brought the need for increased attention to seismic 
design for eastern sites into focus. 

In May, 1964, Dr. R. A. Williamson prepared a report for the Regula
tory Staff in response to ACRS interest in two questions: 

1) To what extent do seismic considerations influence reactor 
costs? 
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MEETING OF 
SEISMIC DESIGN CRITERIA SUBCOMMI'l'!EE 

Washington, D. c. 
September 281 1964 

Draft #l 
BI'.F:vb 

10/'i!l/64 

This meetil:Jg was called to determine what course ot action should be fol
lowed in establish.i.Dg seismic desiB;n criteria for nuclear power plants. 

Attendees: 

ACBS General Counsel -
c. R. Williams~ Subcommittee Chairman G. F. liadl.ock 
W. D. Manly 
D. A. Rogers 
R. c. stratton 
K. v. Steinbrugge, Consultant 
P. Byerly, Consultant 
W. G. Van Dorn, Consultant 
R. F. Fraley I StaJ."f mas 

Division of Reactor L:lcensing 

C. K. Beck 
E. G. Case 
s. LeviJ:Ie 
J. F. Newell 
L. Xornblith 
R. R. Maccaey 
R. H. Beyazl 
D. Knuth 
R. A. Will1amson, Consultant 

(Holmes & Barver) 

A. Clebsch 

USC&GS 

B. D. Zetler 
A. M1ller 
R. J. Br:-azee 

Executive Session - Dr. Williams opened the meeting by expressing concern 
over the policy of DRL to accept standards recommended by other goverDDent 
agencies without e:s:ry substantive technical backup. He also expressed CODo

cern over the fact that many reactors in the past bave been approved w:l.th 
little review of seismic effects a:a4 that points which get ~or emphasis 
by DRL appear to be determined by the interftl30rs. .. 
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2) How much seismic resistance is available in facilities not 
designed to withstand seismdc forces? 

Dr. Williamson estimated that seismic engineering mdght add 20 to SO% to 
the engineering costs but only 2 to 4% of the total construction costs. 
He also estimated that the effects of seismic design on actual construction 
costs W'Ould be very small, except for a reactor like Bodega Bay, where 
there might be an increase of 5 to 15%. He advised that containment 
vessels would have a considerable inherent degree of seismic resistance, 
but that equipment items and related systems tend to be vulnerable and 
are not normally supported for seismic forces. Dr. Williamson concluded, 

It is strongly recommended that no projected power reactor 
faci1ities for location in areas current1y regarded as seismi
cally inactive be designed without complying with certain minimum 
standards for earthquake resistance. 

On September 28, 1964, the ACRS held a meeting of a newly formed Seismic 
Design Criteria Subcommittee, tne complete minutes of which are reproduced 
on the following pages. 

In retrospect, this was a very important meeting. Not only was there a 
general concensus on the need for seismic design of reactors and the 
establishment of seismic criteria or guidelines; it was a beginning of the 
development of criteria for all natural phenomena such as floods, wind
waves (seiches), etc. The minutes record some rather different, possible, 
philosophic approaches among the participants with regard to the establish
ment of appropriate seismic design bases. 

The Regulatory Staff initiated work with its consultants to develop more 
specific seismic engineering criteria in 1965. And in a letter to Chair
man Seaborg dated March 31, 1965, the ACRS recommeooed the formation of a 
specially qualified panel to recommend a long range research program on 
seismic phenomena. In that letter the ACRS also recommended that all power 
reactors be equipped with strong motion monitoring instrumentation. 

In a letter dated May 22, 1967, Edson case, then Director of Reactor 
Standards in the AEC Regulatory Staff, forwarded to the ACRS a draft 
document entitled •seismic and Geologic Siting Criteria for Nuclear 
Power Plants•, and requested ACRS review and conrnent, initially via an 
appropriate subcommittee. To assist it in accomplishing this task, as 
well as to enable an independent review of sites having difficult seismic 
questions (such as the proposed Bolsa Island site in California), the 
ACRS obtained the services of several well qualified consultants in 
seismology and geology. 

The draft criteria (dated May 11, 1967) represented a considerable effort 
by the Regulatory Staff and their consultants, and provided a very good 
starting basis for the development of criteria. The criteria included a 
minimum design basis earthquake (or floor) of O.lg. The seismic engineer
ing criteria were not included in ·the draft and were stated to be under 
development. 
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3· Provisions must be adequate to ma1nta1n containment. 

Mr. Case ~ed that 2 and 3 are redundant but indicated that he consider
ed this a necessary and reasonable conservatism. 

Criteria making use of appropriate intensity zones \7as discussed. Mr. 
Williamson cautioned that the establishment of appropriate zones v:ll.l be 
difficult since neither Richter zone maps or Unif'orm Blilding Code (UBC) 
maps are necessarily applicable. The UBC maps are based pr1ma.ril:y' on 
the vorst recorded event but are decreased with time if no repeti tiona 
occur. Mr. Case noted that a zone concept appears adequate for general. 
guidance but that a "tiner" structure or method of eve.luation is needed 
to settle on a specific site. Dr. Byerly &pin recommended use of' the 
max1nn1m recorded event at a specific site as the basis for design. Dr. 
Beck noted that this presents a problem at locations where there is 110 
recorded history. Since records concentrate on loss of life and money, 
bad shocks in remote areas often are unrecorded. In addition, there h&ve 
occasionally been "bad,.' shocks in areas of previously recorded low in-
tensity. ·· 

Mr. Brazee explained the USC&GS rationale behind their recommended 
figures for a specific site. The ma.ximum quake of record on the appro
priate fault is translated to the location of' the fault closest to the 
site. The intensity of' shaking at the site from this quake at this loca
tion is then predicted. A vibration spectrum assum:i.ng rock as the fOUDia
tion material is used. Mr. Brazee llOted that engineer:.llJg Judgment 1s used 
in selecting the appropriate fault a:cd the ma.:ximum quake of' record {e.g., 
unconfirmed reports are discounted). The assumption that future quakes 
can be predicted by the maximum recorded is in itself' an assumption s1Dce 
they might in fact be larger. Mr. Steinbrugge and Dr. Byerly stated that 
too much emphasis is being placed on which faults are active and vl:ich aft 
not since this is difficult to predict. Dr. Van Dorn noted that new faults 
frequently develop from most maJor quakes. Often they occur as far as 
lO to 100 miles from causative faults. Be suggested that tbe l/4 m:Ue 
criteria is real.ly meaningless. This 1ntrod.uced the possiblity tbat 
design for differential fault movement as vell as grou:ad shald.ng might be 
required. 

It appeared generally asreed that the definition of' a ''fault" must be 
improved, however, since many small cracks vhich could be called "faults" 
are of' small consequence. Dr. Beck noted tbat the USGS is doing a stuC;y 
of fault systems in the United States. 

Col. Stratton proposed that the time aspect should be considered in 
establishing criteria since the life ot a plant is smaJ.l. compared to the 
interval between -.lor disturba.Dees. -
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A brief period vas devoted to a discussion diz'ected. toward the developnent 
ot a better appreciation of the competence of the 40 seismologists1 geolo
gists, seismic engineers, etc. who have been involved recently in several 
reactor cases. 

The need for design statldards was then discussed. Mr. Steinbrugge reca.m
meiided that a set of seismic design standards be developed for reactors 
as soon as possible. !lllis would: provide guidance badly needed by appli
cants and woul.d establish a basis tor consistent and comprehensive evalua
tion of plant design. Mr. Steinbrugge expressed concern over the fact that 
l!l8llY of the studies and desiglls today consider only major systems am com
ponents. "Smaller' systems are constructed by conventional practice (e.g., 
piping runs laid out by pipefitters rather than designers) with m appre• 
cia.tion of their importance to plant safety. 

Dr. ~rly noted that the AEC must decide if it is vil.J.irlg to gamble (prob
ab111 ty approach) or take into account the worst disturbance which could 
occur. He recommended use of the worst recorded event in an area as the 
basis for design. He noted that Richters Seismic maps are based on the 
geologic foundation and. therefore predict wba.t miSht happen in e.n area 
rather than what has happened. 

Mr. Steinbrugge ooted that ma..ny deficiencies in plant earthquake resistance 
result from a lack of coordination between the various professions involved 
(e. g. 1 structural vs systems vs electrical e:Dgineers). The necessary co
ordination to provide adequate design would add little to plant costs. It 
was general.l.y agreed1 however 1 that cost is not an important factor to be 
considered where safety is involved. Mr. Rogers noted that limits for 
safety should be adequate but not "impossible" however. 

Dr. WiJJ1a:ms inquired if there is a miilimum level of activity where seismic 
considerations can be iscored. It was generaJ..ly agreed that there is 110 
level at which a design review for seismic adequacy can be neglected (e.a., 
:ndnizmm design criteria should be developed for all reactors). This re
view '111B."'h of course, indicate that no special provisions are requ1red in a 
specific plant at a specific site. 

Meetil:!g w1 th Regulatory Staff - E. Case reported on the inter!lal guides 
used by DRL in the evaluation of seismic design. These are basica.lly that : 

1. A plant is not required to operate nor.ma.lly during and 
after a disturbance. 

2. Provisions must be adequate for shutti:tlg down the reactor 
alld remov:ing decay heat. 
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2. .All plants west of the Rockies should have a strong ztion seismo
graph 1nstelled. 

3. Damage studies and investigations should be supported by the AEC. 

w. G. Van Ibrn: A 50 foot tsunami is arbitrarily large but a smalJer 
wave carmot be defezx3.ed as a general, worst case wave. Smaller waves 
can be accepted on a case basis. 

P. Byerly: Seismc parameters shOuld be based on the worst recorded 
event. 

W. D. M:u:Uy: The possible generation of new faults by seismic distur
bances is a question which appears to need resolution. 

The follO'W'iDg general conclusions were reached: 

Nomi.DS.l guidelines would be very helpful and would reduce delay 1 uncer
tainty and paperwork involved in . review of reactor proposals. A detailed 
review would be required to adjust the nominal values for each specific 
site •. Development of these guidelines should begin as soon as possible. 

*** 

-
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There vas a br:tef discussion of' the situation tor plants aJ.ready built 
end those under construction. E. Case reported that design parameters 
tor plants reviewed recently (e.g. 1 San Onofre 1 Connecticut-Yankee) are 
considend adequate. ~ design of plants approved some ti:me ago (e.g., 
Humboldt Bay 1 Ya.Dk.ee) will require review. Dr. Bryan indicated that a 
set of criteria would be very helpful in a review of plants already bu:Ut. 

The question of tsunamis was then discussed. It was suggested that DRL 
should also consider, in the development of criteria, other natural phe
nomem such as forest fires, wind waves, land slides, floods, etc. 

Mr. Zetler1 in respcnse to a question from Dr. Williams, stated that tsu
namis are a problem on the west coast but not on the east coast because 
of the larger width of the continental shelf on the east coast. Storm 
driven waves on the east and Gulf coast of 14 to 15 teet must be consider
ed, however. storm waves on the west coast would be on the order of 
2 feet. Be reviewed the record of tsunamis on the west coast and noted 
that, in general, they are on the order of' 10 to 15 feet. There is a 
report of a 50 foot wave near los .Angeles in 1812 but this figure has 
not been confirmed. In 1946, bowever, a lighthouse with a base of 50 
feet above sea level was washed away by a tsunami. Mr. Zetler noted that 
most tsunamis recorded on the east coast have been from distant earth
quakes and that those resulting from nearby earth movement can be much 
higher (50 feet). Dr. Van JlJrn stated that tsunami damage 1s often very 
local (e.g., at l:Jilo, Hawaii a distance of 6o feet along the beach made 
the difference between no damage and complete destruction). Prediction 
of the exact point at which a high point will occur is difficult. Dr. 
Van JlJrn cautioned that a local fault movement will generate a wave only 
if a vertical displacement occurs. Be has suggested addjtional study of' 
the San Andreas fault to determine it it can, in. fact, ac.t as a tsunami 
generator, since liiOVement along this fault is primarily llorizontal. Be 
also suggested that at sane sites 1 (e. g. 1 wide, flat, level pla.ins) the 
predicted height can, even now, be reduced considerably (e.g., to a height 
ot 10 feet) below the nominal 50 foot value. 
Executive Session: 
Various participants made specific cOJXm.ents which are DOted bel.aw: 

D. A. Rogers: Maximum quake requirements should be used and specit1ed 
from the start. It's the delays and stepwise development of criteria 
which cost the applicant liJOney. 

K. v. Steinbrugge: 

1. 1'he start of guidelines is mandatory. Applicants would be much 
"happier" with specified guidelines 1 even it severe at first. -
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One important potential difference of opinion between the ACRS and the 
Regulatory Staff was discussed by the Camni ttee at its 94th meeting, 
February 8-10, 1968. It was reported in the Executive Session that all 
the consultants to the Seismic SUbcommdttee had expressed concern over 
whether the approach being taken to earthquake acceleration (SSE) east 
of the Rocky flbuntains was sufficiently conservative. It was reported 
that Mr. Case of the Regulatory Staff had agreed to examine the possibi
lity of defining a higher, base-level (or minimum) acceleration east of 
the Rockies. 

In discussions with the Regulatory Staff, Mr. Case was asked if he had a 
basis for comparing the cost of construction employing a minimum value 
of 0.2g compared to a minimum of O.lg. He replied he did not know how to 
make a comparison (although Mr. Williamson had responded to this question 
in a memorandum to Mr. Case some years earlier and estimated that only 
small differences in cost would ordinarily occur, and later estimates 
tended to confirm Williamson's early report}. 

'lbe matter of what "floor" on seismic design should be used remained an 
open question for a long time; it was .eventually resolved by accepting 
the original Staff position of O.lg, without benefit of a comprehensive 
study of the matter. 

It was in November, 1971, after very many major redrafts, that the 
Atomic Energy Commission fianlly issued a Notice of Proposed Rule-Making 
to amend the Commission's regulations, 10 CFR Part 100, to add a new 
appendix, Appendix A "Seismic and Geologic Siting Criteria for Nuclear 
Power Plants." The proposed criteria reflected the practice which had 
been followed in actual construction permit reviews and were reasonably 
specific in their definition of a "capable" fault. They also gave 
guidance as to the general extent of the geologic and seismic investi
gation required. However, they did not provide a quantitative criterion 
for establishment of the design basis (or safe shutdown) earthquake, and 
as time went on, the wording used proved to provide great flexibility, 
i.e., required the exercise of judgment wherein seismic experts could 
and would continue to differ greatly. 

effect the Bolsa Island project. In summary. Mr. Price reported 
that he was still awaiting DRD&T comments on the draft seismic 
criteria dated May 6, 1968. Mr. Price said that he was tryinG 
to arrange a meeting with Mr. Shaw to attempt to resolve the · 
DRD&T c~nts. Mr. P:ice.further stated that he was prepared 
to subm1t the draft cr1ter1a to the Commission with or without 
DRD&T input. It was noted that DRD&T may have a conflict of 
interest between the seismic design criteria and tentative 
RD&T comments were forwarded to ACRS members on June 10, 1968. 

Seismic Design Criteria - Mr. Price reported that DRS had finally 
been able to meet with DRD&T and that the January 8, 1969 draft 
of the "Seismic and Geologic Siting and Desiqn Criteria" re
flected the resolution of the DRD&T comments. The Committee was 
advised that the Regulatory Staff would like to schedule a 
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One of the most controversial aspects of the first draft related to a 
curve, based on a report under preparation by M.G. Bonilla, of the U. S. 
Geological Survey, which related surface displacement to magnitude of 
earthquake on a surface fault. Also controversial was the choice of 
the minimum distance from the center line of a fault beyond which a 
reactor might be located. Another item which received much scrutiny 
and comment was the definition of a •capable fault,• meaning a fault 
having surface expression and which was deemed capable of exhibiting 
permanent relative displacement on the two sides of the fault as the 
result of an earthquake. 

A very large number of meetings were held between the ACRS and the Regula
~ory Staff, and many revised drafts were prepared. In the latter half of 
the 1960's, the Regulatory Staff seemed to have the requirement that it 
obtain comment and preferably concurrence from the AEC Division of Reactor 
Development and Technology on such criteria, although the latter repre
sented the AEC •promotional side."* And, during the period when the Bolsa 
Island project was active, the seismic criteria were held in a state of 
abeyance by Mr. Price while their potential impact on Bolsa Island (a 
project important to the AEC) was assessed. 

*See following excerpt from the 98th meeting, June 5-8~ 1968, and the 
105th rueeting, January 1969. 

~8th Meeting, June 5-8, 1968 - Seismic Design Criteria 

Or. Okrent inquired into the status of the seismic design 
criteria. Mr. Price reported that a draft of the proposed 
criteria had been sent to DRD&T. A copy of the draft had been 
reviewed with Dr. Lieberman, and then it had been sent to 
Mr. Shaw about six weeks ago. Mr. Price said that he did not 
want any more unmanageable comments. He stated that a couple of 
days prior to this meeting he rece·ived a· draft memo and comments, 
however the date established for that meeting was the day prior 
to this meeting, however it did not materialize. Mr. Price 
said that he expected such a meeting to be held within the next 

week or so. He said his present mood was to submit a draft seismic 
design criteria to the Commissioners with or without Mr. Shaw's 
input, however he said he was trying to reach agreement with 
ORD&T so as to approach the Commission without conflict. 

Or. Okrent noted that even if Mr. Shaw didn't have a conflic~ of. 
interest, that ORO&T should not control the regulation of cr1ter1a. 
Or. Okrent said that he would like a copy of the draft that ~r. 
Shaw is looking at now. He suggested that if there is a ser1ous 
disagreement between the Division of Regulation and ROT that the 
disagreement should be taken to the Commission. He pointed out 
that it was a Committee privilege to recommend criteria. Mr. 
Price said that he would like to know the areas of disagreement 
between Regulation and RD&T, and he would be pleased to provide 
Or. Okrent with a copy of the present draft. He pointed out 
that there seemed to be some technical difficulties between 
Regulation and DRD&T. and he is not sure how this criteria would 
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Project: Vir&il Summer 

StatuJ:. C.P. review, aeology-seiamicity, letter requested 

Chronology: 

)ackground: 

9/8/72 
9/14/72 
10/6/72 

Site visit, Subcommittee meeting 
ACRS review 
Subcommittee meeting, aeology-seismicity 

10/17/72 

Immediately prior to the September ACRS meeting~ a question vas brought 
up regarding the adequacy of the O.lSg DBE for the Summer site. The 
question was based on the proximity of this site to Charleston (125 
miles) and on a recent paper by Bollinger, VPl, from which some had 
concluded that he felt that "structure" extended from Charleston to 
the northwest and through the area which includes the Summer site. 
The inference here is that perhaps one might have to assume that the 
1886 Charleston event (Int. XI) could occur at the site. A 1pecial 
Subcommittee meeting was held on October 6, 1972, with ACRS consultants 
present, to revie~ this aspect of the project. 

Results of October 6 Meeting: 

The Regulatory Staff is satisfied with the O.lSg. They feel that this 
is consistent with values being applied to other sites, and that to 
require moving the Charleston event violates their seismic siting 
criteria. The Staff's consultants from USGS and NOAA, and the appli
cant feel that the event was a local one and that there is no justifi
cation for moving it away from Charleston. 

The ACRS consultants are not so optimistic, however, and are unanimous 
in their feeling that a research or investigation program should be 
initiated to help explain the cause of the event, and therefore give 
more confidence in the conclusion that what happened in 1886 cannot 
occur elsewhere. The problem is that 2 years might pass before any 
real conclusion can be drawn~ and what does one do about nuclear plant 
licensing in the interim? (The plants in this general area include 
Farley, Hatch, Oconee, Robinson~ McGuire, Brunswick, Harris, etc., and 
could include those all the way to N. Jersey). Some possibilities were 
explored by the Subcommittee~ and included: stop licensing plants on 
the east coast for 2 years, increase the DBE for Summer while the ex
ploration program is in proaress, tell the Summer applicant that they 
are proceeding at their own risk, assume the Charleston earthquake 
can occur anywhere. 

Meanwhile, there is no obvious source of funding for an investigation 
proaram thouah there was a s~gaestion that the AEC might fund one. A 
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In 1972, seismic design basis ~ain blcaiDe a utter of .,.. controversy 
in connection vith review of the Virgil St.lmler plant. An AaS Staff 
engineer prepared the following status report prior to the Special ACRS 
meeting , October 26-28, 1972, tm ich is reproduced on the following pages 
together vi th an excerpt from the •eting llinutes (which -..narizes ACRS 
review action on the matter) and excerpts from the ACRS report on Sl.mner. 

conference with industry representatives to review these criteria 
as soon as possible and possibly before the ACRS review was 
complete. Members of the Committee expressed a concern about 
requesting industry comments on the proposed criteria before the 
ACRS has made its comments. 

Subsequent to this meeting a Subcommittee meeting was scheduled 
to review the changes 1111de as a result of the DRD&T connents. 

Seismic Engineering Design Criteria - Mr. Case reported that a 
document was being developed that would set forth the engineering 
that would be required for the design of a plant that would with
stand the accelerations and displacement specified in the site 
criteria. He hopes to have comments of the most recent draft 
from his consultants in the next several .anths. 
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rtGlL C. SUMMER NUCLEAR STATION, UNIT NO. 1 (C.P.) 
. 

Executive Session 

Dean Palladino reviewed the history and design of t~e Summer 
plant. It is a three loop, 2775 MWt Westinghouse reactor. 
The project was initially considered at the September, 1972 
ACRS meeting at which most of the outstanding issues were 
discussed. The primary issue for consideration at this meeting 
was the zero frequency ground acceleration for the safe shutdown 
earthquake (SSE). The SSE was put in question based in part 
on a paper by Dr. G. A. Bollinger that suggested the earthquakes 
in the Charleston area might lie on a NW trending line that 
could extend near the Summer site. The ACRS called in its 
seismic consultants and the Subcommittee met with them and the 
applicant on October 6, 1972. The general feeling as a result 
of that meeting was that it would be well to have the same 
margin of conservatism in sei.smic design throughout the U.S. 
and that further information was needed to decide if the 
Charleston earthquake of 1886 should be moved closer to the 
site. There is nothing particularly alarming about the Su~~er 
site but the consultants felt there was little evidence to 
prove that the Charleston earthquake could not occur at places 
other than at Charleston, including locations nearer the site. 

Oneproblem is that the Regulatory Staff is convinced that the 
Charleston quakes are a local phenomena and the seismic design 
value of 0.15g is adequate •. The Committee's consultants believed 
that additional work needs to be done to explain the Charle~ton 
events and suggested values Per the site ranging from 0.2 to 
0.3g with a tendency toward 0.2g. 

The applicant was asked to evaluate the changes in plant design 
that would result from adoption of 0.2g. 

The Committee's consultants, Page, Philbrick, and Wilson, were 
present and Dr. Allen had sent in his written comments. 
Dr. Philbrick thought the Charleston earthquake could be moved 
anyplace on the eastern face of the Appalachian mountains and 

· as far north as New Jersey. Dr. Wilson estimated the ground 
·acceleration at Charleston at 0.4-0.Sg. If it had occurred in 
California it would have been on a fault about 100 km long. 
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Virgil Summer - 2 -

6 
$2-3 x 10 program seemed to be the scope visualized by one of the 
ACRS consultants. 

For the October Special Meeting: 

The applicant has been asked to be present to discuss the site seismi
city. He was told that the Subcommittee was leaning toward some in
crease in g value, and that he should be ready to discuss how this 
affects the plant. The economic breakover point was of particular 
interest. Other areas in which there might be questions were identi
fied. They included: ECCS, in-core monitoring, pipe whip, Class I 
dam design. The applicant is also to bring certain information re
quested by Dr. Isbin. 

* * * * * 
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The Staff consultants studied the earth's magnetic field and 
gravity field in the vicinity of the site. They also looked· 
at geothermal manifestations (hot springs) to try to ~stablish 
some correlation with the geology and seismology of the region. 
The basement rock in the Charleston a~ea is overlain with 
several thousand feet of coastal sediments. ~eisudc profiles 
show what may be a fault south of Charleston and there is a 
sharp magnetic anomaly in that region. Seismic refraction 
studies suggest a ridge in the basement rock (called Yamacraw 
Ridge) in the vicinity of Charleston. The northern extension 
of this ridge appears to end about Charleston while the southern 
extension is not clearly defined. 

Mr. Devine claimed that, even without the 1886 earthquake, other 
evidence would indicate the Charleston area as one of high 
seismic activity. 

In response to a question by Dr. Okrent, Mr. Devine said that, 
in the presence of a fault 60,000,000 years old with magnetic 
anomalies and some seismic activity, one would have to consider 
a quake as severe as the 1886 Charleston event. It was also 
noted that there is no place in the U.S. where the absence of 
earthquakes can be guaranteed. 

No one had a good explanation of a geologic structure that 
would be essentially a point source for earthquakes. 

In response to Dean Palladino's question, Mr. DeYoung (L) stated 
that the applicant had studied the full range of break sizes 
in his ECCS analysis. 

Mr. DeYoung also stated that lt ~ the S~aff's intent to require 
fixed incore neutron detector\ in cores where the flux peaking 
factors are required to be below 2.5. The applicant claima 
the peaking factor in Summer is 2.4 so 1 although no fixed incorea 
are beina required, the Staff will require added aurveillance. 
The applicant is retaining some flexibility to install·fixed 
.incore monitors if that becomes necessary. 

Mr. DeYoung said that he expected the applicant to come in with 
a completely new core design by the time of the operating . 
license review. He recommended a meeting of the Westinghouse 
Subcommittee to discuss the new core design. (A Westinghouse 
Subcommittee meeting baa been sche4ulad for November 18, 1972) • 

. . 
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Since there was no surface rupture, the deep fault would be 
about 40 km long and would produce a shock with a higher 
frequency than those observed in California. 

Dr.·Siess told the Committee that the Staff's NOAA consultants 
would show a map plotting the frequency of occurrence of 
earthquakes of greater than a given magnitude in the eastern 
U.S. It will show a bullseye around the Charleston ~rea. 
Dr. Wilson tended to question the value of such a plot and 
said that in California, where the frequency of earthquakes 
is much higher, if one made a similar plot for a 50 year 
record one would get similar bullseyes but if one took data 
from a 200 year record the bullseyes would be smeared out 
somewhat. 

The Committee and its consultants discussed the value and 
delay of a more detailed seismic and geological study by the 
applicant. It was decided that this applicant could do 
little more on h'is own that would be useful on a reasonable 
time scale. Dr. Wilson pointed out that there is a finite 
possibility that the Charleston quake is tied to a NW trending 
geologic structure and not until the applicant can come in 
with an extremely strong case can the possibility be ruled out. 
The probability of the Charleston quake moving to the NE is 
greater than of its movement to the NW. There is also a 
possibility that it won't move at all. The Regulatory Staff 
and its consultants believe that it won't move. 

Dr. Siess noted that the seismic design basis proposed by this 
applicant provides the same degree of conservatism as exists 
at other plants in this regi~n. 

MEETING WITH THE REGULATORY STAFF 

Mr. Devine (NOAA) presented the Staff's case for considering 
the Charleston earthquakes as local phenomena. Be showed a 
plot of eastern U.S. earthquakes for which there is high 
confidence in their occurrence. He pointed out some seismic 
patterns that include a NE trend with specific concentration 
areas and some lineations. Be had prepared a contour map 
using seismic events with an Intensity of V and above. The 
contours were based on a geometrical progression (2, 4, 8, 16, 
32, 64) of frequency of occurrence per 10,000 sq km. He noted 
that there has been a strong earthquake near the center of 
each of the 64 contours and not outside of the closed 64 contour. 
Mr. Coulter (USGS) confirmed that ~here had not been a major 
earthquake on a totally new structure. Some have occurred on 
previously unrecognized structures however • 

. . 
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The applicant reviewed the status of research and development 
being done in support of this application (See Section 1.8 
of the PSAR). The applicant is monitoring Westinghouse's 
tests in support of the ECCS analysis. The applicant doesn't 
plan to perform any tests himself and doesn't believe any 
R&D beyond the Westinghouse effort is required. 

The applicant has been exploring with Westinghouse a system 
for detecting vibrations or loose parts in the primary system. 
Westinghouse claims there is not yet a system to do this. 
The applicant is pursuing the matter with other manufacturers 
and is keeping up with the technology. lf such a system is 
developed in the next five years the applicant will look at 
it to see if he would want to install it at Summer. 

The applicant described his three leak detection systems; 
each of which will be able to detect leaks as small as 1 gpm. 

Caucus with ACRS Consultants 

Dr. Page stated that he was aware of the Savannah River 
drilling data and he thought that it ruled out the possibility 
of. a great fault running NW-SE. He doubted the existance 
of a NW trending fault. 

Dr. Wilson did not feel that the relatively shallc~ geology 
(several thousand feet) was significant for the deep earthquakes 
that occur in this area. 

All three consultants present thought that a ground acceleration 
of 0.2g would provide about the same level of conservatism at 
this site as was finally obtained for S~ Onofre Units 2 and 3. 
Neither Page nor Wilson wer~ particularly distressed at the 
prospect of the Committee accepting a design value of O.l5g but 
Dr. Wilson was afraid that it would become a precedent for 
future plants. Dr. Philbrick, however, thought that 0.2g was 
at the low end of acceptable values. 

Everyone agreed that more information about the Charleston 
earthquakes would be very desirable. 
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MEETING WITH SOUTH CAROLINA ELECTRIC AND GAS COMPANY 

Hr. Fischer presented the applicants analysis of the basis 
for the proposed seismic design values. He pointed out , 
that the site is located in a different geologic province 
(Piedmont) than is Charleston. The applicant took the largest 
earthquake that had occurred in the Piedmont province (Intensity VII) 
and transferred it to the site. Be also considered the 
largest Charleston quake (at Charleston) and attenuated it to 
obtain accelerations at the site. On this basis he had proposed 
a design value of 0.12g but the Regulatory Staff had asked for 
more and they finally agreed on a value of O.l5g. 

Because of the questions raised by Dr. Bollinger's paper, the 
applicant wrote a letter inquiring into his studies. 
Dr. Bollinger replied and a copy of his letter is available 
in the ACRS file$. Dr. Bollinger said that the nature of the 
fault system in the South Carolina-Georgia Seismic Zone is 
unclear. Mr. Fischer noted that Dr. Bollinger's paper reports 
a NW trending zone of seismic activity; he does not conclude, 
however, that there is a NW trending tectonic fault. 

In addition, the AEC 1s Savannah River Laboratory made a 
detailed geologic study of a region around the Savannah River 
site in connection with a radioactive waste storage proposal. 
The area covered lies across the proposed ~1J trend line. The 
study included many bore holes that confirmed the presence of 
buried triassic basins that had been implied from aeromagnetic 
data. No evidence of faulting was observed from the data taken 
from bore holes drilled into bedrock on two mile centers. The 
lineations in the triassic basins are oriented in the NE·SW 
direction. ' 

~ 

Hr. Fischer pointed out that, geologically speaking. things 
change when you get to Charleston. There is a lump in the 
basement rock, called the Yamacraw Ridge. It is believed to 
be a fault that was active between 14 and 20 million years 
ago. Here one sees geologic structure that ia different from 
anyplace else and may be the source of the over 400 earthquakes 
felt in the Charleston area since 1698. The basement rock is 
brittle and will not deform in a ductile manner. 

The applicant stated that he was maintaining the flexibility 
to install four strands of fixed incore monitors consisting _ 
of seven detectors per strand. More strands could be installed 
if some of the moving incore monitors were replaced with fixed 
units. 
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Honorable James R. Schlesinger -4- November 15, 1972 ,. 

Additional Remarks by D. Okrent 

Significant uncertainties exist concerning the probable cause of the 
major 1886 Charleston earthquake, and the ACRS has received conflicting 
opinion& regarding the probability that a major related earthquake 
might occur closer t~ the applicant's site. Sevarsl geologic and 
seismic experts reco.:eended that use of a higher Safe S'1utda-."n Ettrthc.&uake 
bedrock acceleration of 0.2 g would be prudent unless the applicant 
can confir~ by field studies his theory that the Yaoacraw ridge is a 
fault r~sponsible for the 1886 Cbnrleston earthquake ar.d tlaa.t there 
are no structures t·:hich might lead to extension of the Charleston 
earthquake activity tonard the site. or confirm the existence of some 
other source of the Charleston earthquake which permits the same 
conclusion with reg~rd to the Su~r site. I agree uith these recom
mendations. 

Refercnees 

1. South Carolinn.Electric and Gas· company letter dated June 30, 1971; 
Arplication for Licenaes; Preliminary Safety Analysis Report (PSAR), 
Volumes I thro~gb VI • • .... 
. 

2. Amendments 1, 3•14. 16 and 17 to PSAR 

3. Safety Evaluation by Directorate of Licensing, dated August 29, 1912 

References - ACRS :OFFICE COPIES OnLY. 

1. DL Preliminary Report dated August 25, 1971 

2. Fish and Wildlife Service letter dated June 22, 1972 

3. 3. A. Blume Report, dated September 29. 1972 

•. . . 
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Caucus (ACRS Members Only) 

The Committee agreed to accept the applicant's and Staff's 
propos~d seismic design value of 0.15g on the basis of the 
work that was presented and th~ stated intent for the ACRS 
to write a letter to the Commissioners urging that additional 
seismic research be performed in ~he Charleston area. 
Dr. Okrent could not agree with this position and indicated 
that he would append additional remarks to the Committee's 
letter on Summer. 

The Committee agreed that a letter favorable to the constructiou 
of the Summer plaut could be written and that there will 
probably be additional remarks attached. 

The consultants w~re advised of the Committee's aecision. 

Conclusion 

The Chairman informed Mr. Virgil C. Summer that the Committee 
believes it can Write a letter favorable to construction of 
the Summer station with the seismic design values proposed 
by the applicant. There probably will be additional remarks 
appended to the letter th~t will relate to the seismic design 
values. 

. . 
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'Ibis ACRS request was acknowledged in a response by Lester Rogers of the 
Staff to ACRS Chairman Mangelsdorf, dated July 3, 1973. A study as re
quested was promised; however, the results of any such study by the Staff 
did not surface in the next several years. 

Seismic engineering criteria had been developed and were being applied on 
construction permit reviews during this period. However, rather than being 
incorporated into the AEC Rules and Regulations via a rule-making procedure, 
they were made public and implemented via a simpler procedure, namely, 
Regulatory Guides. 

Thus, the need for seismic criteria was recognized relatively early in the 
Regulatory process, and with time such criteria were developed. For rea
sons which are obscure, however, only a very mdest, seismic safety re
search program was funded by the AEC during this time period. In a report 
dated January 17, 1968, the ACRS noted the formative stage of the AEC seis
mic safety research program and recommended work in several areas, includ
ing soil-liquefaction and soil-structure interaction. It also recommended 
development of a detailed program of earthquake engineering research al
though there apparently did not exist strong support for such a program 
within the AEC. 

In a letter to Mr. Price dated May 17, 1971, the ACRS noted that its geo
logical and seismological consultants had expressed concern that seismic 
conditions in the eastern U.S. were poorly understood and had reconrnended 
that emphasis be placed on the early development of information that would 
aid the AEC Regulatory groups in the determination of conservative para
meters for the SSE. 'lhe latter identified the Charleston earthquake as 

· requiring accelerated study, and made some other specific recommendations. 

The thoughts in this memorandum were repeated in an ACRS report to AEC 
Chairman Dixie Lee Ray, dated May 16, 1973, which discussed the entire 
eastern u.s., and called out areas warranting special attention, including 
South Carolina, the St. Lawrence Valley, southeastern Missouri, western 
Ohio and the Cape Ann region of Massachusetts. Dlring the review of the 
Greenwood Enerqy Center at the 172nd meeting 1 August 8-10, 1974, Dr. carl 
Stepp of the Staff gave an estimate of the SSE return frequency which led 
to an ACRS memorandum to Mr. fttmtzing 1 the Director of Regulation, as is 
reproduced on the following page. 



5 -113 

Appendix A to 10 CFR Part 100 was adopted by the AEC in 1973. In giving 
its assent to publication of the seismic criteria as a proposed rule, the 
ACRS again raised the question of using a higher minimum design basis ac
celeration in its memo to Mr. Muntzing which is reproduced below. 

L. Manning Muntzing 
Director of Regulation 

June 11, 1973 

PROPOSED SEISMIC AND ·GEOLOGIC SITING CRITERIA, APPENDIX A TO 
10 CiR PART 100 

The Committee believes it acceptable to publish the draft Seismic 
and Geologic Siting Criteria, dated June 7, 1973. However, the 
Committee notes that the minimum acceptable accleeration currently 
in use (0.1 g SSE) frequently leads to considerable debate among 
seismic experts concerning an acceptable seismic design basis, even 
in regions of low seismicity. The Committee recommends that a study 
be initiated to determine the practicality and cost of raising the 
minimum design basis acceleration to 0.15 or 0.2 g for future 
reactors, except where foundation conditions and geological and 
seismic information are recognized by a clear consensus of expert 
opinion to warrant a lesser value. The Committee expects that an 
increased minimum design'basis acceleration would assist in standard
ization, would provide increased margin to cover uncertainty, and 
would facilitate seismic aspects of regulatory review for many sites, 
without involving an important increase in cost, if factored into the 
original design. 

cc: L. Rogers, RS 
R. Minogue, RS 
P. Bender, SECY 

Is/ 

H. G. Mangelsdorf 
Chairman 
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The Regulatory Staff response to this memorandum was twofold. First, 
they argued that the use of Appendix A did not introduce any require
ment for a quantitative criterion on return frequency for the SSE. 
Secondly, they argued (qualitatively) that there were many large safety 
factors inherent in the seismic engineering design so that, overall, 
serious reactor accidents due to earthquakes should have a very low 
probability per year of occurrence. 

More details are to be found in the letter from Muntzing to Stratton 
which is reproduced on the following pages. 



L. IYarsSq taltaf.D& 
Dii'Cto1r of ~ClaD 

Sll34IC DISIQI BASES 

5 -115 

AUG 1 2 1974 

:aa!fu~ ~ =:c:!,~tat~f::rg.~-:p=:,:~y
1

=· 
~ of exceGdlua u. p~ecl aafe lhutdcN:l ~ (SSt) ol. o.l~ a 

"" -~-.. t 

At the fOtlDdatlara. ~ Sc.aff.Da:lbft atatecl tUI"tba: tbat t.bJ.a ctast;r.a bula 
1• equivaleDt to that ••t.lmDt.ad fol' m•t ol the ncccly nrl.euad 
coa.a~ruct1GD pemita u:~c of the Pocl·tu. Na p1/Dbeb!llt7 1a c.laaJ:ly 
cltffkalt to uau• Ill YiCN of the l!.cllted hl•tot'lcal data and \GCJ.ustaadlaa 
of MR.~ IOUI"C.Ca. iioYIYU, 1o•5 1.1 a faet.ol" ol ltO Ltar~ thaD the 
valua of to-7 Sdct.lfled b7 t.he 011"1£tol' of RecuJ..otlca aDd the ~toi"J 
~catt foJ: pou1ble 80UI'Cea of u=ontftlled ecclckmt.a lD. c:oa:lOC:tloa vt.th 
cor..a14a'aU.oaa of cst1c.1patecl t=analCDt..l wlt!::Dut .era =cl of loc.g-tem 
safety objectlvu to be eoapt lD tba ccctat of lal';e n.tcbu:a cf 'I'UCCOn. 
':11u'e aay ba aD ad4.ltioaal f.x.tol' of eafety aYa.U.able .I.D otber aapecc.a of 
MiiiClc cles1:D• but it Sa UQt c.un"C!!tly quaDUflocJ. ':1la c..a:nlttoe, 
~~~f~re, nque:~t:J tlJe :;,eu':ll.a&ozy Sta!f to addz'e.1g t.'ll.:» ~nret 
!r.cosui~~Y .w provieo t:2ca CQcaitteo tw'tt..., t.boM juatiZ:.t.:.lU.cn.s ad 
ncfi'!IIM!nd.otior&e ~tch azo requll'GCI to tr.auzoo c<qmtibUity f.;.i titi3 upect 
of aa.fety dai;a ,.71tll t:.. o!IO'I'all oi.Jjectlvo. 

Filed: CRI ... 10 

ACRS 
IXhbjw .' 

-..;. ,. - St:'at t.ar1 
t:hd.=-a 

24 



5-118 

2 

g-values selected for given sites. The estimated probability of 10-5 
per year for the Greenwood site noted in your letter was one such staff 
judgment. Other experts might have different judgments about this 
probability for Greem·:ood and other sites. He believe that 1·:hile such 
judg~ents are interesting, they do not yet rest on a suffici~ntly 
developed technological base to be used in making licensing decisions. 
The difficulty of ~aking probatility estimates results from the short 
sample of available earthquake data, the inco~pleteness of the data 
resulting in an inhomogeneous sa~ple, the lack of kno~ledge about earth
quake source regions, and the lack of information regarding maximum 
earthquakes in most regions. 

We wish to emphasize that the selection of the SSE and the geological 
and seismological bases for the design of all nuclear plants are deter
mined by the criteria and procedw~es prescribed by the Commission • s rules 
as set forth in 10 CFR 100, a~~ n0t on the basis of the above or any other 
quantified probability estimates not contained in those rules. 

It is worth noting that conservatisms in the establishment of the safe 
shutdown earthquDke acceleration spectrum and in the design of structures 
to \·!iH.st?.nd the Sc;fe shutdo.m earthquakes provide substantial margins 
of safety. Th~ rcsuHs of c!l1 ear tL(!t:cJke ..;a;;·,:.ge study thJt has b;:::n 
completed for the Febt~uc;ry 1971 San Fernando ~arthquuke (Ref. 5) sho·il 
that ~any seismically designed conventional buildings experienced little 
damage, despite the fact that the majority cf these buildings were 
designed in accordance with m~ch less strin~ent seismic design require
ments (Ul3C lateral force design require;:;c-n~s) than those applicable to 
seismic design of Categ01~y I stt~uctures in nuclear plants. For example, 
the following significant additional conservatisms are inherent in the 
seismic design bases required for all Category I structul~es. systems, 
and components: 

a. An elastic dynamic analysis is performed using, as input, 
wide-band response spectra with conservative amplification 
factors. The use of wide-band spectra is conservative 
since the response spectra of recorded earthquake motions 
do not normally exhibit sut;h \·li de-band characteristics. 
The amplification factors JSed are, in general, greater by 
one standard deviation than the mean amplification factors 
of actually recorded strong motion earthquake spectra. 

b. Damping values, that are used in seismic analysis, are con
sidel·ably smaller than those indicated by currently available 
test results. This tends to increase seismic responses 
significantly and thus provide a large margin of safety. 
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Your letter dated August 12, 1974t request.ed that the Regulatory staff 
address \'lhat the ACRS termed an apparent 1nconsistency bet\·teen the 
staff•s long-term safety objectives and co~ruents ~ade by the staff 
during the ACRS review of the Greem·Jood Energy Center regarding the 
probability of exceeding the safe shutdo\'m earthquake. 

As Y'u noted, in discussions of anticipated transients without scram 
(An:s) and else\'lhere, the staff has identified as a desirable safety 
objective for a large population of reactors that the probability of 
an accident with consequences that would significantly exceed the 
Part 100 guidelines from one accident source should be lo-7 per re~ctor
year or less. For postulatEd accidents \'there we have been able to 
quantify or bound +he probabilities (for exampie, in the AT.·JS case, 
and in considering aircraft crashes), we have used probability assess
ments in making licensing decisions (i.e., jn the selection of design 
criteria}. · 

In the case of seismic design, however, we are faced with very limited 
historical data on earthquake frequencies as a function of intensit··. 
Rather than set design criteria on the ba:is of probability analyses, 
the Commission has chosen to develop the methodology given in 10 CFR 
Part 100, Appendix A, for selection of saf~ shutdown earthquakes (SSE) 
for proposed sites. We recognize that attempts have been and are being 
made (Refs. 1, 2, 3, 4) to define site seismicity quantitatively by 
probabilistic approaches. Although these appt·oaches are of interest, 
much work remains to be done to achieve sufficient confidence in the 
methods to permit their use as a basis for specifying seismic design 
criteria. 

Nevertheless, in response to persistent questioning in various forums 
(including ASLB hearings and ACRS meetings), knowledgeable members of 
the Regulatory staff have from tirne to time expressed their personal 
judgments as to the probability of equaling or exceeding the SSE 

. r • • i . . 
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c. Use of state-of-the-art soil structure interaction analysis 
procedures accounts for the deforr1abi1 ity and co;np1 iance of 
plant foundation media and provides conserv~tive system seismic 
response. In the soil structure interaction analysis) variations 
of soil properties are considered in order to assure conservative 
responses. 

d. Seismic responses are determined by accounting for three con
servatively defined input conpon£nts (i.e., the ~axinum accelera
tion amplitude is assumed for both horizontal co~ponents and 
b·lo-thirds of the r.:axir:1um hm~izontal acce12ration ar.1plitude is 
assumed for the vertical co~ponent, at near rigid frequencies). 

e. Either the time-history analysis ~=thod or the response 
spectru~ method of analysis is used for seis~ic analysis of 
Category I stn1ctures, systems and co;.;pcn:;nts, acco:mting 
for all significant modal responses. This is significantly 
more conservative than the essentially single-~ode response 
and one-directional input consideration usually employed in 
the design of conventional structures. 

f. The alloweble stresses and strains used in design of all 
safety-related structures, s_vstcns and c0r:·.ponents are s2lected 
such that the structures, systeGs and co~ponents are capable 
of withstanding, without failure, the design loadings with 
margin beyond the specified loads. 

On the basis of such considerations, individual staff members and consult
ants have on occasion expressed their judsments as to the probable margins 
inherent in Category I structures, systems, and components. However, as 
your letter notes, the margins of safety inherent in use of our seisr.tic 
design requirements are not currently quantified, nor do we believe that 
they can be, at this time, with sufficient rigor to be used in w~king 
specific licensing decisions. 

Sincerely, 
{- .. 

, ........ ·. 
r 

l 
... -.. 

.... 
L. Manning Muntzing 
Director of Regulation 

·. 
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The Seabrook Station site is near what is generally recognized 
as the Cape Ann-to-Ottawa Trend. Mechanisms for earthquake 
generation in the New England area are not well understood, 
and expert opinion differs concerning the potential for and 
probability of relatively large earthquakes at or near the 
site. 

The Regulatory Staff have ultimately based their judgment as 
to an acceptable safe shutdown earthquake on the application 
of 10 CFR Part 100, Appendix A, rather than a probabilistic 
estimate of earthquake size versus recurrence interval. It is 
of interest to note that Appendix A provides only general 
guidance; furthermore, it specifically refers to the possible 
choice of a safe shutdown earthquake larger than that found in 
the historical record for a tectonic structure or province. 

During the ACRS review the Regulatory Staff did state that 
the seismicity of the tectonic region applicable to the Seabrook 
site could be interpreted to be about an order of magnitude 
larger than other tectonic provinces having a similar maximum 
historical seismic event. Furthermore, a member of the Regula
tory Staff stated that his estimate of the probability per year 
of occurrence of an earthquake of intensity MM VIII at the Sea
brook site is about l0-4, and the Staff did not rule out the 
possibility of a larger earthquake occurring within the region 
under consideration. They stated that conservatisms in analysis, 
stress limits, and other factors decrease the overall probability 
of a seismically induced accident exceeding 10 CFR Part 100 
would be acceptably low. However, earthquakes are almost 
unique in their ability to fail each and every structure, system, 
component, or instrument important or vital to safety, and, 
in my opinion, the Staff evaluation of additional margin avail
able from stress limits, methods of analysis, etc., did not 
consider all such systems, e.g., D.C. power or emergency A.C. 
power. 

It is clear that the capability of a reactor to achieve safe 
shutdown, assuming its SSE occurs, cannot be fully demonstrated 
by test. Those limited, detailed and independent audits of 
seismic design of actual plants that have been published indicate 
that some inadequacies in design and construction exist. Equally 
or more important, it appears to be unlikely that the plant 
could survive safely, with a high degree of assurance, a larger 
earthquake having one or two orders of magnitude lower probability 
than the proposed SSE. 

Given this background, and recognizing the substantial surround
ing year-round population density and the very high nearby 
population during the summer months at Seabrook, I am left un
easy and believe it would be prudent to augment the proposed SSE 
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Since Appendix A did not provide any real guidance on how to allow for 
the very limited empirical data which was available (i.e., the short 
history of earthquake records) the matter was left to the judgment of 
the individual reviewer when snall return frequencies were sought, 
and differences of opinion continued to exist. 

As more return frequency estimates were provided t:7y the Staff or the 
app~icants for construction permit reviews following Greel'liiiiO~, the 
est1mates tended to become larger, and values larger than 10 per 
year for the probability of exceeding the SSE were introduced into the 
record. 

Some seismic engineers began to provide their estimates of a rough 
quantification of the risk from earthquakes. For example, Professor 
Whitman of MIT, speaking for the Atomic Industrial Forum Ad Hoc Commit
tee on Seismic Design Bases at a meeting held September 19, 1974·, dis
cussed conservatism in seismic design and listed the chain of steps and 
associated probabilities that combined to give the overall probability 
of an accident, as follows: 

Structure (probability of failure due to an 
overstress) 

Analysis (probability of overstress occurring 

Response (response/intensity) 

Seismic risk (intensity for earthquake and 
probability of earthquake) 

Over a 11 risk 

PF/0 = 10_, - 10-2 

PO/S = 10-4 - 10-S 

? 

p = 10-4 - 10-6 

In 1974, the review of the Seabrook reactors again provided a focal point 
for the question of seismic design adequacy. Additional camments by 
member Ckrent to the ACRS letter of December 10, 1974 are on the followin:~ 
pages. 
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considerable body of information which suggests that its esttmate of 
seismic risk, and that of Whitman, may be much too low. 

At a meeting of the ACRS Seismic SUbcommittee held March 22-23, 1976 
on Seismic Activity in the Eastern United States, a large body of new 
information appeared, as did a continuing wide disparity of expert opin
ion on the adequacy of 200 years of history to predict future low prob
ability seismic events. At a next meeting of the Seismic Subcommittee 
on February 8-9, 1977, which dealt primarily with matters related to 
the soil-structure interaction part of seismic engineering, many dif
ferences of opinion concerning the adequacy of previously accepted 
practice were expressed. 

Papers were published which disagreed with the methods and the results 
concerning seismic risk which had been given in WASH-1400 (NRC, 1975) 
including differences of a few orders of magnitude. {Hsieh, 1977). 

Seismic risk estimates performed for Diablo Canyon 1 and 2 (Brunot, 
w. K., 1977) and for the proposed Clinch River Breeder Reactor (CRBRP-1, 
1977) both disagreed wi~ the conclusion in WASH-1400. 

The controversy over what constitutes an adequate design basis appeared 
directly within the framework of the regulatory process. In connection 
with the operating license review for North Anna Units 1 anit 2, the ACRS 
noted that its consultants favored a higher minimum seismic design basis 
(0.2 g) for future reactors in the eastern u.s., and recommended that 
the Regulatory Staff assure itself that there was considerable margin 
in the existing seismic design (SSE = 0.12 g on rock) with regard to 
equiJ;ment needed for safe shutdown of the reactor. The ACRS also made 
a similar recommendation in connection with an operating license 
review of the Davis-Besse Nuclear Station, as shown below: 

Excerot from letter of January 14, 1977 on Davis-Besse 

The structures and components of Davis-Besse, Unit 1, were 
designed for a Safe Shutdown Earthquake (SSE) acceleration of 
0.15g at the foundation level. Because of changes in the regula
tory approach to selection of seismic design bases, the Committee 
believes that an acceleration of 0.20g would be more appropriate 
for the SSE acceleration at a site such as this in the Central 
Stable Region. The Applicant presented the results of prelimi
nary calculations concerning the safety margins of the plant for 
an SSE acceleration of 0.20g. The Committee recommends that the 
NRC Staff review this aspect of the design in detail and assure 
itself that significant margins exist in all systems required to 
accomplish safe shutdown of the reactor and continued shutdown 
heat removal, in the event of an SSE at this higher level. The 
Committee believes that such an evaluation need not delay the 
start of operation of Davis-Besse, Unit 1. The Committee wishes 
to be kept informed. 
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acceleration of 0.25 g. 

I also wish to reiterate my conclusion previously stated in con
nection with the review of Grand Gulf Units 1 and 2, namely that 
it would be prudent to provide some additional margin in the 
seismic design bases for most future nuclear plants sited east 
of the Rockies. 

The Reactor Safety Study, WASH-1400 in 1975 provided support to those who 
estimated a low risk of a serious reactor accident from seismic causes. 
The estimate given ~ere was that seismically induced core melt has a 
frequency of 5 x 10 per rea9tor year for a reactor on an average 
foundation, and less than 10- per reactor year for a reactor on a 
rock foundation. 

In a preliminary evaluation of WASH-1400 issued November 15, 1975 by a 
Review Group from the NRC Regulatory Staff, the conclusions on seismic 
risk in WASH-1400 were generally endorsed, as follows: 

Seismic Considerations 

Comments on the WASH-1400 draft report identified large earth
quakes as a potential mechanism for causing multiple system 
failures and questioned the probabilities given for seismic 
failure modes. The Study has revised its treatment of this issue 
to include explicit recognition of the observational data regard
ing the distribution of earthquakes with respect to intensity. 
Also examined were the safety margins in a facility when sub
jected to earthquakes larger than used for desiqn purposes. The 
calculations refelct the views of acknowledged authorities and 
current information. 

The Study provides a significant perspective on the relationship 
between basic ground motions, the energy absorption capacity of 
a structure, and the probability of exceeding design limits. 
The Study conclusions relating to the probability of failure 
may be open to question in view of the differing seismic margins 
in the design of electrical, mechanical, and structural com
ponents and the potential for common mode failures. While a 
more detailed application of the Study's methodology would be 
needed to definitively establish the meltdown probabilities, 
it does not appear that seismic events are strong contributors 
to risk. 

However, since issuance of the Reactor Safety Study, there has been a 
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And in connection with ACRS review construction permit application for 
the Cherokee-Perkins reactors in 1977, there were additional remarks 
which questioned the adequacy of the proposed SSE and the correctness 
of the treatment of seismic risk in WASH-1400. Excerpts from the ACRS 
letter on Cherokee-Perkins follow: 

ACRS letter on Cherokee-Perkins, April 14, 1977 

For the safe shutdown earthquake for both the Perkins and 
Cherokee Stations, an acceleration of 0. 15g will be applied at 
the foundation level of rock-supported structures. For struc
tures not supported on rock, the design ground motion will be 
applied at the level of continuous rock and propagated upward 
to the foundation level. The operating basis earthquake acceler
ation will be 0.08g, similarly applied. 

Additional rema'rks by ACRS member D. Okrent 

I believe that the philosophy and criteria of Appendix A of 10 
CFR 100, and their application by the NRC Staff in setting SSE 
values, should be re-evaluated as part of an early overall re
assessment of the current approach to seismic safety design. 
I believe that the estimates of the contribution of earthquakes 
to overall nuclear reactor safety risk, as given in the Reactor 
Safety Study (WASH-1400) are not without fault, and that seismic 
contribution to risk is underestimated in that study. 

I find the Applicant's estimate of the return frequency of the 
SSE at the Cherokee and Perkins sites of greater than l0-4 per 
year to be unsatisfactorily large, particularly in view of his 
arbitrary cutoff at MM VII of the earthquakes permitted to 
contribute to this probabilistic assessment. For Cherokee/ 
Perkins, I find the proposed SSE of O.lSg marginally accept
able and would prefer that a value of 0.2g be employed at the 
foundation level on rock. 

In 1977, the Nuclear Regulatory Commission initiated a major new research 
program in seismic safety including the possible application of probabilis
tic techniques. 



6-2 

IV. BKOWNS FERRY 

A. Executive session 

The Committee considered the format for d1scuss1on with the 
applicant, which Dr. Monson had prepared. 

During the discussion, Ur. McKee indicated his concern over 
leaving any items of significance to the operating license 
review, in view of the Committee's present difficulties with 
the Connecticut Yankee project. 

Dr. O'Kelly thought that the approach which cal led for proving 
out the diesel generator startup mode prior to operating license 
was a good one. 

Dr. Okrent, however, was in sympathy with Dr. McKee. He an
ticipated overwhelming pressure at the time of operating 
license review when the Committee might be faced with as many 
as 20 Browns Ferry type reactors. Dr. Okrent was skeptical 
that all of the reservations could be satisfactorily answered 
and felt that the Committee should consider carefully the 
wisdom of proceeding in this way. 

Or. Gifford did not think that there was any alternative. 

ur. Ukrent observed that answers to such questions as the mode 
of fuel failure are in fact necessary to an adequate ACRS 
review. He pointed out that the Committee would be told by 
the ~onnecticut Yankee group that over a wide range of accidents 
40 - 50 - 75% of the fuel fails. Their picture is ot the clad
ding ballooning out and finally rupturing and of fairly un
desirable results for a large number of accidents. In addition, 
the meltdown/meltthrough Task Force has concluded that the 
course of a loss-of-coolant-accident is uncertain after many 
fuel failures. 

Mr. Palladino commented that he had realized in the course of 
the Connecticut Yankee Subcommittee meeting that all of the 
larger power reactors sustain considerable fuel damage after 
loss of coolant and there is no information about what follows. 

Dr. Bush felt that definitive answers to the questions should 
be postponed and that if they were not forthcoming the app
licant would simply have wasted 200 million dollars. Dr. 
Hanauer thought that that was not a realistic appraisal of what 
the situation would actually be. 

B. Kegulatory Staff 

Or. Morris reported that the Committee's reservations had been 
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6.1 GENERIC ITEMS 

Although matters of generic importance either to a class of LWRs or to all 
LWRs had been previously identified, for example the recommendation for 
improved primary system integrity in the Indian Point 2 and Dresden 3 
letters, the ACRS review of a construction permit application for Browns 
Ferry Units 1 and 2 early in 1967 can probably be considered to be the 
genesis of the generic items list. This was a very difficult and contro
versial ACRS review. While the Browns Ferry site was quite remote, these 
BWRs represented a large increment in power level over those BWRs pre
viously approved for construction and were a very large factor in power 
above any operational BWRs. They came after the pressure vessel letter 
in late 1965 and the "China Syndrome" matter of 1966, wherein major 
safety issues had been raised and had been either resolved in only a pre
liminary (conceptual way) or where only limited steps had been taken by 
the industry to improve the situation. Furthermore, a higher power 
density was being proposed for Browns Ferry, bringing fuel performance 
limits and potential safety concerns related tofeul melting more into 
focus. And finally, Browns Ferry was expected to be the prototype of 
similar reactors soon to be proposed for much more populated sites. 

By the time of the 83rd meeting, March 9-11, 1967, the ACRS had prepared 
a draft position which included a very considerable number of specific 
matters on which more information was required. The applicant had been 
advised of the specific nature of each, and had been requested to be pre
pared to discuss these in detail. The Committee members had mixed 
opinions about the proper course to follow. The summary of the 
Executive Session, reproduced on the following pages, illustrates some 
of the thinking. 

Also included is the-brief session with the Regulatory Staff. 



nature or extent as to interfere with heat 
removal sufficiently to cause clad melting 
would not occur. The Committee believes 
that additional evidence, both analytical 
and experimental, is needed and should be 
obtained to demonstrate that this model is ade
quately conservative for the power density 
and fuel burnup proposed.* 

The applicant considers the possibility of melting and sub
sequent disintegration of a portion of a fuel assembly, by 
inlet coolant orifice blockage or by other means, to be re
mote. However, the resulting effects in terms of fission 
product release, local high pressure production, and 
possible initiation of failure in adjacent fuel elements 
are not well known. Information should be developed to show 
that such an incident will not lead to unacceptable con
ditions.* 

A linear heat generation rate of 28 KW/ft is used by the app
licant as a fuel element damage limit. Experimental verif
ication of this criterion is incomplete, and the applicant 
plans to conduct additicnal tests. The Committee recommends 
that such tests include heat generation rates in excess 
of those calculated for the worst anticipated transient and 
fuel burnups comparable to the maximum expected in the reactor.* 

The Committee continues to emphasize the importance of 
quality assurance in fabrication of the primary system and 
of inspection during service life. Because of the higher 
power level and advanced thermal conditions in the Browns 
Ferry Units, these matters assume even greater i·mportance. 
The Committee recommends that the applicant implement those 
improvements in primary system quality which are practical 
with current technology.* 

* . The Committee believes that these matters are of significance for 
all large water-cooled power reactors, and warrant careful attention. 
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transmitted to the applicant. TVA has requested that, if a 
letter is written, items which are not specific to the Browns 
Ferry system but are rather industry-wide problems, should be 
so identified. such things as the fuel damage limit, mode of 
cladding failure, effects of flow blockage, etc., would be 
included. 

The Regulatory Staff feels that a construction permit can 
be issued. The reservations on fuel element failure mode, 
adequacy of the core spray system and results of meltdown of a 
subassembly wi 11 require that more information be developed 
between now and the time of review for a provisional operating 
license. The rest of the Committee 1 s concerns can be resolved 
by further Regulatory Staff works or appropriate limits in 
the Technical Specifications. 

Following the discussion with the applicant, the ACKS decided it could 

issue a letter having many reservations. And it asterisked those items that were 

properly identified as industry-wide problems and not specific to Browns Ferry. 

The asterisked items from the Browns Ferry letter of March 14, 1967, are re

produced below. 

EXCE~PT FROM ACRS LETTER 3/14{67 - BROWNS FEKRY ITEMS 

WHICH HAVE BEEN NOTED WITH * 

Th~ complex of emergency core cooling systems for Browns 
Ferry is similar to that proposed for the Quad-Cities reactors. 
Each reactor is provided with a high pressure coolant inject
ion system; a low pressure coolant injection, or flooding, 
system; and two core spray systems, Because of the higher 
core power density and power level, substantial increases have 
been made in the flooding system and core spray system 
capacities. The Committee feels that the emergency core 
cooling systems proposed have a high probability of pre
venting core meltdown in the unlikely event of a loss-of
coolant accident. It notes, however, that although cal
culated peak fuel temperatures in such an accident are sim
ilar to those for the Quad-Cities reactors, the calculated 
number of fuel elements reaching undesirably high temper
atures is greater. Also, the time margin available for 
actuation of the systems is less. Because of these factors 
and the importance of the effective functioning of emergency 
core cooling systems, the Committee believes the adequacy 
of these systems should be further corroborated by the 
following two measures: 

1. Analysis indicates that a large fraction of the 
reactor fuel elements may be expected to fail in 
certain loss-of-coolant accidents. The applicant 
states that the principal mode of failure is 
expected to be by localized perforation of the clad, 
and that damage within the fuel assembly of such 
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II. Meeting with the AEC 

The ~ommittee was joined by Commissioners ~amey, lape and 
Johnson, and by tne General Manager, the Director of Reg
ulation, and members of their staffs. 

Safety Research Programs 

Mr. Palladino noted that he wished to discuss with the 
Commissioners the implementation of work necessary to the 
solution of technical problems identified in recent 
ACRS letters as common to the nuclear industry. It is 
the opinion of the Committee that these matters need 
early attention so that they may be resolved in a time
ly fashion. Mr. Palladino thougnt, in particular, that 
it would be most helpful if the industry were informed 
of what could be expected in the way of solutions to 
such problems from AEC-sponsored research programs. 
He cited the example of the Oconee Nuclear Power Station 
review during which the applicant had indicated his 
dependence on AEC research programs for the solution of 
his problems. Mr. Palladino pointed out that the Comm
ittee was not aware of programs specifically aimed at 
providing such solutions, noting that he did not intend 
to imply whether or not the AEC should be sponsoring 
such research. 

Commissioner Ramey thought that the Steering Committee 
should provide a mechanism for making such identifications. 

Mr. Hollingsworth agreed that the direction of AEC
sponsored research should be identified for industry. He 
suggested that he and Mr. Price discuss a mechanism for 
doing this. Mr. Price agreed, but added that it was 
really necessary to indicate to the applicants that they 
alone must carry the burden of proposing a mechanism for 
solution of such problems. This mechanism could be their 
own research programs, AEC-sponsored research, research 
programs funded by other industrial concerns, etc •• 

Mr. Kavanaugh agreed that there was room for a better under
standing of what is now being done. 

Commissioner Johnson asked if the Committee had identified 
the problems of concern, specifically. Mr. Palladino replied 
that this had been done beginning with the Committee's 
letter on the TVA proposal. At that time, it was rec
ognized that some of the outstanding problems were industry 
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When the ACRS completed its review of the Vermont Yankee BWR in June, 1967, 
it repeated several of the items from the Browns Ferry letter, once again 
labeling them with asterisks. And in July, 1967, when the ACRS wrote a 
report on the Oconee PWRs (supplied by Babcock and Wilcox), it tagged 
several reservations with asterisks, including two new ones, one concern
ing the possible effect ofthermal shock from ECCS operation on pressure 
vessel integrity and a second relating to the effects of blowdown forces 
from a large LOCA on core and other primary system components. 

At its 89th meeting, September 7-9, 1967, the ACRS discussed the matter 
of resolution of asterisked items with the Commissioners, as per the 
excerpt from the minutes on the following pages. 
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After the meeting with the Commissioners, the ACRS discussed the matter 
further. There was some general unease about how to get the asterisked 
items dealt with on a timely basis. It was decided to send letters to 
Mr. Price, the Director of Regulation, and to Mr. Hollingsworth, the 
General Manager, asking how each was addressing matters raised by the 
ACRS as significant to all large tWRs. A copy of the letter to Mr. Price 
is reproduced on the following page. 

At its December, 1967 meeting, the ACRS completed a construction permit 
report on the Diablo Canyon Unit 1 FWR (Westinghouse) which included 
several asterisked items, including one on separation of protection and 
control. At its 93rd meeting, January 11-13, 1968, the ACRS discussed 
how to proceed further with the matter of asterisked items, both proced
urally and technically. There was sentiment among some Committee members 
not to continue repeating the items on all future letters. It was decided 
to include a detailed list on the upcoming Fort Calhoun report (a Combus
tion Engineering PWR), so that each lWR Reactor vendor had received at 
least one such list. It was also decided that a Sllbconpi ttee should be 
appointed to attempt to resolve the items, and that the Subcommittee 
should try to complete its work before completion of ACRS action on 
another reactor at a site which was similar, population~ise, to Indian 
Point 2. (The Zion Station was on the horizon for ACRS review.) 

The ACRS began using a brief paragraph in succeeding letter reports on 
LWRs in the form "other problems related to large water reactors have 
been identified by the Regulatory Staff and ACRS and cited in previous 
ACRS reports. The Committee believes that resolution of these items 
should apply equally to the ( ) reactor.• 

New items continued to be identified in specific letters, and at least 
initially, were asterisked if they were deemed generic; and sometimes 
an old item was specifically emphasized in the report on a particular 
case. 

The Regulatory Staff responded in several months to the ACRS request of 
September 22, 1967, with a status report on the various asterisked or 
other generic items. And on July 28, 1968, the General Manager wrote the 
ACRS and provided a brief evaluation of how and to what extent the AEC 
Reactor Safety Research Program was responding to ACRS concern. 

By the time that ACRS action was completed on the construction permit 
application for Zion Station Units 1 and 2, it was clear that progress 
was slow and was going to remain slow on most of the asterisked items. 
The Zion letter is reprocuded in Chapter 2. The list of items was 
continuing to grow (for example, the question of anticipated transients 
without scram, A'IWS, was raised in 1969. See Chapter 4). 

By joint effort of the Regulatory Staff and the ACRS, acceptable regula
tory positions were developed on many of the open or unresolved topics 
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wide and these were identified in the letter by 
asterisks. Mr. Palladino noted that he had been 
specifically addressing himself to those questions. 

Mr. Shaw felt that the AEC had identified its R&D 
programs and the time scale on which they will be carried 
out. He suggested that even in the case of cooperative 
undertakings with industry, the Commission could not 
be put in the position of fulfilling license requirements 
for specific ·applications. 

Dr. Okrent felt that, if the approach of making indiv
idual applicants responsible for indicating mechanisms 
of resolving the outstanding safety problems is followed 
strictly, the question will come to a head at the 
Committee's next meeting. Mr. Price agreed that that 
might well be the case and added that the Committee 
should get assurance from the applicants involved that 
there exists some R&D program which has a reasonable 
chance of providing solutions. He suggested that the 
feeling seems to be that the asterisked items in Comm
ittee letters call for information which is beyond, or 
which will be needed before, that to be derived from 
AEC programs. If this is, indeed, the case, the appl
icants~sbould be made aware of it as soon as possible. 
Dr. Zabel noted that while the asterisks referred to a 
footnote on industry-wide problems, the content of the 
paragraphs was addressed to the applicant specifically. 

Mr. Kavanagh noted that he had been trying to determine 
whether the total program was adequate based on the 
Committee's letter of October 1966, and other needs. He 
has been having some difficulty doing this. 

Dr. Okrent pointed out that with two new reactor types 
either under construction or planned and with the in
dication that there are continuing safety problems in 
water reactor designs, more money might be needed for the 
research program. He pointed out that new reactor types 
bring with them whole new classes of problems. Mr. 
Kavanagh felt that it would not be possible to go much 
further in terms of additional funds. In answer to a , 
question by Commissioner Ramey, Mr. Shaw noted that the 
1968 budget has 60% of the safety research funds 
allocated for water reactor problems, about 15% for fast 
breeders, and about 1% for high temperature gas cooled 
reactors. Mr. Shaw pointed out that the present high 
temperature gas cooled reactor proposal carries with it 
its own funds for safety research. There is no way to 
obtain funds and solve problems on a short time scale. 
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and some of the asterisked, or generic items began to be resolved with 
the issuance of Safety (or Regulatory) Guides.* 

And by late 1972, the ACRS wrote its first formal report on the status of 
generic items. The letter is reproduced on the following pages. 

As noted in the letter, the Committee employed a limited definition of 
the term •resolved", namely that a specific conclusion or policy decision 
had been reached by the Regulatory Staff and ACRS. ~st of the time, this 
meant that a modification acceptable to the Regulatory groups should be 
employed in future plants. The problem of b::>w to backfi t, if changes 
were desirable or necessary, was frequently a thorny one, and ended up a 
matter of engineering judgment. 

Clearly, in 1972, many of the asterisked items identified in Browns Ferry 
and succeeding plants were still not resolved, even though these reactors 
were requesting operating licenses. The Regulatory Staff and the ACRS had 
to arrive at a judgment aS to whether power operation was acceptable while 
a large number of generic items remained unresolved. The judgment made 
was that such operation would not pose undue risk to the public health and 
safety, and that when these items were resolved, a backfit decision would 
have to be made. 

In a 1975 paper entitled, "The ACRS- Generic Issues and Standardization", 
(Bush, 1976) long-time ACRS member Spencer Bush, who devoted a consider
~ble effort to the resolution of many such issues by the development of 
safety guides, provided comnents on the question of generic issues re
solved by that time. Twenty-one had been resolved by means of a Regula
tory Guide, seven by the pevelopment of acceptable codes and standards, 

* The first safety guides were issued in the Fall of 1Y70. A letter 
dated December 8, 1971, from L. M. Muntzing to E. J. Sauser, Exec
utive Director, Joint Committee on Atomic Energy gives a definition 
of 11Safety Guides II. 

"Safety guides are not regulations nor are they intended 
as a substitute for regulations; therefore, compliance 
with safety guides is not required. These guides are used 
to describe solutions to safety issues in facility licensing 
cases where it has not yet been determined that a particular 
solution to a specific safety question should be made a 
Commnssion requirement and included in the regulations. 
Specifically, the guides serve to identify safety issues 
that should be considered in the design and in the eval
uation of nuclear power plants and to describe a set of 
principles and specifications Which, if satisfied, represent 
a solution of these issues acceptable to the regulatory 
staff and the Advisory Committee on Reactor Safeguards. 
Solutions other than those set out in the guides will be 
acceptable if they provide a sufficient basis for the findings 
requisite to the issuance of a construction permit or 
operating license by the Commission." 



6-9 
~-· •i 

ll 
ADVISORY COMMITTEE ON REACTOR SAFEGUARDS 

UNITED STATES ATOMIC ENERGY COMMISSION 
WASHINGTON, D.C. 20545 

Mr. Robert E. Hollingsworth 
General Manager 
U. S. Atomic Energy Commission 
Washington, D. C. 

Dear Mr. Hollingsworth: 

September 22, 1967 

During the eighty-ninth ACRS meeting, there was some discussion of the 
Commission's reactor safety research program and the contribution it 
will make to the resolution of· items identified in recent ACRS reports 
as matters which are significant for all large water-cooled power reac
tors. 

As a follow-up to this discussion, the Committee has asked me to request, 
for use by the ACRS, a summary of the work related to these topics which 
the Commission is currently carrying on or has planned as part of its 
safety research program and an indication of the dates by which signifi
cant results on each item can be expected. The Committee would also be 
interested in a summary of the bases used in deciding what work is to be 
included in the Commission's safety research program for water-cooled 
reactors. 

In this connection, it should be noted that the Committee plans to continue 
its investigation of each of these items in its review of specific reactor 
projects. 

Sincerely yours, 

Is/ 

N. J. Palladino 
Chairman 

' ... \ 7 
... !'1 

-~: L1 
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Honorable James R. Schlesinger - 2 - December 18, 1972 

possibly, implemented. In fact, requirements may differ for 
specific plants because of such factors as site characteristics 
and construction authorization dates, especially as they apply 
to backfit requirements. 

Group I of the attachment includes generic problems that have 
been resolved together with the specific action that resulted 
in the resolution. Group II includes those items for which 
resolution on a generic basis is still pending. The ACRS and 
the Regulatory Staff will continue to consider Group II items 
and their significance to safety on a case-by-case basis until 
generic resolution is reached. Formal actions, such as issuance 
of Regulations or Safety Guides, are anticipated for many of 
the Group II items. 

The ACRS expects to report to you from time to time on the 
status of generic items. 

Attachment: 
Generic Items 

Sincerely yours, 

/s/ 

c. P. Siess 
Chairman 
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ADVISORY COMMITTEE ON REACTOR SAFEGUARDS 
UNITED STATES ATOMIC ENERGY COMMISSION 

WASHINGTON. O.C. 20545 

Honorable James R. Schlesinger 
Chairman 
U. S. Atomic Energy Commission 
Washington, D. C. 20545 

December 18, 1972 

Subject: STATUS OF GENERIC ITENS RELATil~G TO LIGHT-'tvATER REACTORS 

Dear Dr. Schlesinger: 

The Advisory Committee on Reactor Safeguards and the Regulatory 
Staff have identified a number of safety problems during recent 
years that are common to a specific type of light-water reactor 
or to all light-\~ater reactors (UvRs). The "generic items" 
discussed herein have been cited in Committee reports pertaining 
to the construction or operation of LWRs; additional generic 
items not cited in the report have been identified by the 
Directorate of Licensing. The ACRS customarily has used a 
general paragraph to cover those generic items noted in its 
previous reports. This paragraph reads: "Other problems 
relating to large water reactors, which have been identified by 
the Regulatory Staff and the ACRS and cited in previous reports, 
should be dealt with appropriately by the Regulatory Staff and 
the applicant as suitable approaches are developed". The use of 
such a paragraph has permitted the ACRS to emphasize either new 
or particularly significant generic problems without listing in 
detail those problems cited in the past. 

The Committee believes that many of the generic items cited in 
its reports have been resolved by actions of the applicants or 
decisions of the Regulatory Staff, in cooperation with the ACRS. 
Resolution of the remaining items are pending. 

The Committee defines "resolved" to mean that a specific 
conclusion or policy decision has been reached by tr.e Directorate 
of Licensing and the ACRS. Resolution of an item indicates that 
the Committee is satisfied in a generic sense; however, this does 
not mean that improvements should not be im•estigated and, 
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15. Pressure Vessel Surveillance of Fluence and NDT Shift: 
Covered by 10 CFR 50, Appendix A and proposed Appendix H; 
and ASTM Standard E-185-70 

16. Nil Ductility Properties of Pressure Vessel Materials: 
Covered by 10 CFR 50, Appendix A and proposed Appendix G; 
and ASME BPV Code, Section III 

17. Operation of Reactor With Less Than All Loops in Service: 
Covered by ACRS-Regulatory Staff position that manual 
resetting of several set points on the control room 
instruments under specific conditions and procedures is 
acceptable in taking one primary loop out of service. 
This position is based on the expectation that this mode of 
operation will be infrequent. 

18. Criteria for Preoperational Testing: 
Covered by Operational Guide for the Planning of Initial 
Startup Programs, December 7, 1970 

19. Diesel Fuel Capacity: 
Covered by ACRS-Regulatory Staff position requiring 7 days fuel 

20. Capability of Biological Shield Withstanding Double-Ended Pipe 
Break at Safe Ends: 

Covered by ACRS-Regulatory Staff position cited in several 
letters that such a failure should have no unacceptable 
consequences. ACRS-Regulatory Staff position document will 
be prepared. 

21. Operating One Plant While Otber{s) is/are Under Construction: 
Specific requirements have been established by ACRS
Regulatory Staff. Position will be prepared. 

22. Seismic Design of Steam Lines: 
Covered by Safety Guide 29 

23. Quality Group Classifications for Pressure Retaining Components: 
Covered by Safety Guide 26 

24. Ultimate Heat Sink: 
Covered by Safety Guide 27 

25. Instrumentation to Detect Stresses in Containment Walls: 
Covered by Safety Guide 18 
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GE~"ERIC ITEMS 

Group I - Resolved Generic Items 

1. Net Positive Suction Head for ECCS Pumps: 
Covered by Safety Guide 1 

2. Emergency Power: 
Covered by Safety Guides 6 and 9 and portions of IEEE-308 (1971) 

3. Hydrogen Control After a Loss-of-Coolant Accident (LOCA): 
Covered by Safety Guide 7 and Supplement 

4. Instrument Lines Penetrating Containment: 
Covered by Safety Guide 11 and Supplement 

5. Strong :Hotion Seismic Instrumentation: 
Covered by Safety Guide 12 

6. Fuel Pool Design Bases: 
Covered by Safety Guide 13 

7. Protection of Primary System and Engineered Safety Features 
Against Pump Flywheel Missiles: 

Covered by Safety Guide 14 

8. Protection Against Industrial Sabotage: 
Covered by Safety Guide 17 

9. Vibration }ionitoring of Reactor Internals and Primary System: 
Covered by Safety Guide 20 

10. Inservice Inspection of Reactor Coolant Pressure Boundary: 
Covered by ASME Boiler and Pressure Vessel (BPV) Code, Section XI 

11. Quality Assurance During Design, Construction, and Operation: 
Covered by 10 CFR 50, Appendix B; AS~m BPV Code, Section III; 
ANSI N-45.2-1971; Safety Guide 28; and Proposed Standard ANS-3.2 

12. Inspection of BWR Steam Lines Beyond Isolation Valves: 
Covered by ASME BPV Code, Section XI 

13. Independent Check of Primary Sytem Stress Analysis: 
Covered by ASME BPV Coce, Section III 

14. Operational Stability of Jet Pumps: 
- Tests and operating experience at Dresden 2 and 3 and other 

jet pump BWRs have satisfied the ACRS concerns for this 
generation plant. 

0
\ ... ,,... ..... ..,, 
, , , ".: ·,'.' I 
",l !j _;. ,., 
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Generic Items 
Group II (Cont'd) 

. - 4 -

10. Anticipated Transients Without Scram: 

Data provided by applicants. Evaluation is required to permit 
a decision to cover BWRs and PWRs operating and under construction. 

11. R.adwaste Management : 

10 CFR 50, Appendix I, covers in part: Formal rulemaking decision 
required to implement fully. 

12. Possible Failure of Pressure Vessel Post-LOCA by Thermal Shock: 

13. 

14. 

Safety Guide 2 covers current information. Ultimate position 
as to significance of thermal shock requires input of fracture 
mechanics data on irradiated steels from the Heavy Section 
Steel Technology Program. 

Instruments to Detect Fuel Failures: 

Instrumentation exists to detect fuel failures: ACRS-Regulatory 
Staff believes progress is satisfactory; however, continuing work 
is required. 

Monitoring for Excessive Vibration or Loose Parts Inside the 
Pressure Vessel: 

State-of-the-Art results appear promising. MOre work may be 
required prior to decision as to installation of equipment. 

15. Common MOde Failures: 

·~equirements for diverse components should be established. 

16. Emergency Core Cooling System Capability: 

Need for improvement cited by Regulatory Staff and stated in 
ACRS report of January 7, 1972. Further studies and evalua
tions are in progress. 

17. Behavior of Reactor Fuel Under Abnormal Conditions: 

!his includes: flow blockage; partial melting of fuel 
assemblies as it affects reactor safety; and transient effects 
on fuel integrity. The PBF program will address some of these 
items. 
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Generic Items - 3 -

Group II - Resolution Pending 

1. Adequacy of Primary System Leak Detection and Location: 

ACRS-Regulatory Staff position requires systems in addition to 
sump measurements. 

2. Positive Moderator Coefficient: 

One solution is use of fixed burnable poison in core. 

3. Use of Sensitized Stainless Steel: 

ACRS-Regulatory Staff position is to minimize use.* 

4. Protection Against Pipe Whip: 

5. 

6. 

Ultimate decision will depend on review of available information 
on pipe br~ak probabilities.* 

Turbine Missiles: 

Turbine failures for past 16 years have been evaluated and a 
statistical probability analysis has been completed. 

Fixed In-Core Detectors on High Power PWRs: 

Some information is available. 

7. Performance of Critical Components (pumps, cables, etc.) in 
Post-LOCA Environment: 

Substantial information available in topical reports. Evalua
tion is required to determine if all necessary information is 
on hand.* 

8. Effective Operation of Containment Sprays in a LOCA: 

Extensive documentation in topical reports. Review and 
evaluation are required. 

9. Relief Valves Controlling Bypass Paths on BWRPressure Suppression 
Containments: 

Analyses made in topical reports. Evaluation required by ACRS
Regulatory Staff. 

* A Safety Guide is in preparation. 
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and twelve by the adoption of a staff p:>sition or other means. In a few 
cases, information coming from safety research programs provided the 
basis whereby a new requirement was developed or an item was judged to be 
a non-problem. en occasion, particularly A'IWS, an item has been placed 
in the "resolved" category prematurely, because what was thought to be a 
regulatory p:>sition became "unstuck" and was not implemented. 

The ACRS has reported periodically on the status of generic items 'in 
letters to the Chairman of the Commission. Reproduced on the following 
pages are portions of Report No. 6. 

The attachment to this report includes a brief description of each unre
solved item and a priority listing. A few descriptions are included for 
information purposes. 

An examination of the generic items covered in the ACRS rep:>rt of November 
15, 1977, both resolved and unresolved, shows that they cover a wide range 
of topics, that they vary considerably in their specificity, and they vary 
considerably in their potential or probable impact on reactor safety. 
They varied as well in the way they arose. 

Item 1 in Group I of resovled generic items relates to net positive 
suction head from ECCS pumps. This matter arose from philosophic con
siderations. During ACRS review of one or two specific BWRs during the 
late 1960's, it was ascertained that the designers assumed containment 
integrity in assessing the containment pressure head available to prevent 
cavitation of ECCS pumps. The containment is very much a safety-related 
structure and its ability to withstand LOCA forces is carefully analyzed. 
Hence, this assumption by designers ws not unreasonable. en the other 
hand, it could be argued that it was desirable that ECCS function not 
depend on containment integrity, so that some low probability event 
involving a major loss of containment integrity in a LOCA, e.g., gross 
failure of a large containment penetration, not lead automatically to 
core melt. Furthermore, it was clear that reactor design could equally 
well proceed without relying on containment integrity for adequate pump 
head, if the approach was adopted from the beginning. The ACRS flagged 
the matter as a desirable change, and it was adopted after not too long 
a time had passed. 

Item 7 in Group 1 related primarily to the integrity of flywheels on 
primary system pumps in PNRs. The potential for missile generation 
from various sources had received review from time to time. During the 
ACRS construction permit review of Indian Point 3, the matter of the 
possible failure of pump flywheels and the potentially adverse affects 
on steam generator integrity and other safety-related comp:>nents was 
raised. Experience with flywheels of that type had been good, and it was 
judged that with proper care in design, fabriacation and inspection, the 
probability of unacceptable affects from gross flywheels failure should 
be acceptably low. While the existing quality assurance efforts in the 
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6-17 

- 5 -

18. Emergency Power for Two or More Reactors at the Same Site: 

Additional work is required on protection systems for 
multiple units. 

19. Main Steam Isolation Valve Leakage of BWRs: 

A definitive position is required of ACRS-Regulatory Staff 
in the light of continuing experience. 

20. Instrumentation to Follow the Course of an Accident: 

Some equipment exists; further analyses are required to 
establish equipment requirements. 

21. BWR Recirculation Pump Overspeed During LOCA: 

Topical reports prepared. Decision required by ACRS
Regulatory Staff. 

22. The Advisability of Seismic Scram: 

Further studies required to establish need. 
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Honor able Joseph M. Hendrie -2- November 15, 1977 

"Resolved" as used in the Generic Itens reports refers to the following: 
In same cases an ite~ has been resolved in an administrative sense, recog
nizing that technical evaluation·and satisfactory implementation are yet 
to be completed. Anticipated Transients without Scram represents an ex
a!l'ple of this category. In other instances, the resolution has been ac
c~lished in a narrow or specific sense, recognizing that furL~er steps 
are desirable, as practical, or that different aspects of t:J1e problcil re
quire further investigation. Exa~les are the possibility of improved 
meL'lods of locating leaks in the prirnary system, and of improved nethods 
or augmented scope to inservice inspection of reactor pressure vessels. 

Attac..hJTients: 

Sincerely yours, 

M. Bender 
Chainnan 

{1) GLoup I; (2) Group IA; {3) Group IB; (4} Group IC; (5) Group ID; 
(6) Group IE; (7) Group II; (8) Group IIA; (9) Group IIB; (10) Group 
IIC; (11) Group liD; (12) Group IIE; and (13) Table 1, Priorities For 
Resolution of ACRS Generic Items. 



UNITED STATES 
NUCLEAR REGULATORY COMMISSION 

ADVISORY COMMITTEE ON REACTOR SAFEGUARDS 
WASHINGTON, 0. C. 20555 

Honorable Joseph M. Hendrie 
Chainran 

Nove.rnber 15, 1977 

u. s. Nuclear Regulatory Commission 
Washington, DC 20555 

Subject: STATUS OF GENERIC ITEMS RELATI!\G TO LIQIT-~'VATER REACIDRS: 
REPORl' NO. 6 

Dear Or. Hendrie: 

, 

The Advisory Comnittee on Reactor Safeguards has previously reported on 
the "Status of Generic Ite11S Relating to Light-water Reactors" in its 
letters of Dec~~er 18, 1972, February 13, 1974, March 12, 1975, April 16, 
1976 and February 24, 1977. Since the Committee lL~ts its definition of 
generic it~us to those cited specifically in its letters pertaining to 
projects and related matters, the attached listing is not all-inclusive; 
the Nuclear Regulatory Commission Staff has additional generic items. 

Groups I through ID of the attachments are a reiteration of the generic 
it~~ considered resolved at the t~~ the Committee issued its Report 
No. 5 on February 24, 1977. Group IE includes those items resolved SL>Ce 
February 1977. Following each resolved item is a brief statement of the 
specific action that resulted in the resolution. Groups II through IID 
include it~Ts previously listed as those for which resolution on a generic 
basis is still pending. Group liE includes those added in the p~esent 
report. The ACRS and the NRC Staff will continue to cons1der the safety 
significanc~ of items in Groups II through IIE on a case-by-case basis 
until generic resolution is reached. Formal actions, such as issuance of 
Regulations or Regulatory Guides, are anticipated for many of these items. 

Owing to questions raised concerning the scope and intent of various 
generic issues, the.Committee has incorporated into the atta~~nts a 
brief description for all unresolved items cited in this report. 

With regard to the status of generic issues, as they apply to each plant, 
the NRC Staff addresses the status of the pertinent issues in the appli
cable Safety Evaluation Report. The ACRS identifies those that it believes 
relevant in its reports on individual projects. 

The ACRS has received requests concerning the priorities to be placed 
on the resolution of outsta~ding generic issues. Such priorities are 
shown in Table 1, attached. 
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Group I Continued 

15. Pressure Vessel Surveillance of F1uence and NOT Shift: Covered by 
10 CFR 50, Appendix A and Appendix H; and ASTM Standard E-185. 

16. Nil Ductility Properties of Pressure Vessel Materials: Covered 
by 10 CFR 50, Appendix A and Appendix G; ASME BPV Code, Section III; 
"Report on the Integrity of Reactor Vessels for Light-water Power 
Reactors," {WASH-1285) by the Advisory Cornmdttee on Reactor Safe
guards dated January 1974. 

17. Operation of Reactor With Less Than All Loops In Service: Covered 
by ACRS-Regulatory Staff position that rr~nual resetting of several 
set points on the control room instruments under specific conditions 
and procedures is acceptable in taking one primary loop out of service. 
This position is based on the expectation that this mode of operation 
will be infrequent. Cited in Standard Review Plan Appendix 7-A, 
Branch Technical Position EICSB 12. 

18. Criteria for Preoperational Testing: Covered by Regulatory Guide 1.68. 

19. Diesel Fuel Capacity: Covered by ACRS-Regulatory Staff position 
requiring 7 days fuel {Standard Review Plan 9.5.4). 

20. Capability of Biological Shield Withstanding Double-Ended Pipe Break 
at Safe Ends: Covered by ACRS-Regulatory Staff position cited in 
several letters that such a failure snould have no unacceptable 
consequences. 

21. Operating One Plant While Other (s) is/are Under Construction: 
Specific require~nts have been established by ACRS-Regulatory Staff. 
Covered in Regulatory Guide 1.17, 1.70 Section 13.6.2; 1.101; ANSI 
N 18.17 and Standard Review Pla,n 13.3 Appendix A and 13.6. 

22. Seismic Design of Steam Lines: Covered by Regulatory Guide 1.29. 

23. Quality Group Classifications for Pressure Retaining Components: 
Covered by Regulatory Guide 1.26. 

24. Ultiir.ate Heat Sink: Covered by Regulatory Guide 1.27. 

25. Instrumentation to Detect Stresses in Containment Walls: Covered 
by Regulatory Guide 1.18. 



GENERIC ITEMS 

Group I - Resolved Generic Ite7S 

1. Net Positive Suction Head for ECCS P~ups: Covered by R~;ulatory 
Guide 1.1. 

2. ~1ergency Power: Covered by Re;ulatory Guides 1.6, 1.9, and 1.32 
and portions of IEEE-308 (1971). 

3. Hydrogen Control After a Loss-of-coolant Accident (LCX:A) : ACRS 
concurred in proposed Staff position, covered by NRC Standard 
Review Plan for Nuclear Power Plants. 

4. Ir..strument Lines Penetrating Contain'Tent: Covered by Regulatory 
Guide 1.11 and Supplement. 

5. Strong Motion Seismic Instrumentation: Covered by Regulatory 
Guide 1.12. 

6. Fuel Storage Pool Design Bases: Covered by Rc~ulatory Guide 1.13. 

7. Protection of Prirrary Systa~ and Engineered Safety Features Against 
Pump Flywheel Missiles: Covered by Regulatory Guide 1.14. 

8. Protection Against Industrial Sabotage: Covered by Regulatory 
Guide 1.17. 

9. Vibration Monitoring of Reactor Internals and PrL~ry System: 
Covered by Regulatory Guide 1.20. 

10. Inservice Inspection of Reactor Coolant Pressure Boundary: Covered 
by ASME Boller and Pressure Vessel (BPV) Code, Section XI and 
Regulatory Guide 1.65. 

11. Quality Assurance During Design, Construction and Operation: 
Covered by 1U CFR 50, Appendix B; ASME BPV Code, Section III; 
ANSI N-45.2-1971, Regulatory Guides 1.28, 1.33, 1.64, 1.70.6 
and Proposed Sta~Jdard A.~s-3.2. 

12. Inspection of BWR Steam Lii1es Beyond Isolation Valves: Covered 
by ASHE BPV Code, Section XI. 

13. Independent Check of Primary System Stress Analysis: Covered by 
ASME BPV Code , Sect ion II I. 

14. Operational Stability of Jet PI..1Ii1pS: Test and operating experience 
at Dresden 2 and 3 and other jet p~~ Bh~ have satisfied the ACRS 
concerns. 
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Group IB - Generic Items Resolved Since February 13, 1974 

1. Positive Moderator Coefficient: PWrts presently have or expect to have 
zero or negative coefficients. Where some Tec~nical Specifications 
allow a slightly positive coefficient, the accident ~td stability 
analyses take this into account. Burnable poison provisions have been 
designed into Pwrts to reduce otherwise excessive positive coefficients 
to allowable values. 

2. Fixed Incore Detectors on High Power F~Rs: Fixed incore detectors are 
not required for FWRs since reviews of potential power distribution 
ano.ualies have not revealed a clear need for continuous incore 
monitoring. 

3. Perforrrance of Critical Components (p~~s, cables, etc.) in post-LOCA 
Environ~nt: Qualification requira~nts of critical components are 
now covered by Regulatory Guides 1.40, 1.63, 1.73 and 1.89 and IEEE 
Standards 382-1972, 383-1974, 317-1972, 323-1974. 

4. Vacuum Relief Valves Controlling Bypass PaL~s on B~;R Pressure 
Suppression Containments: On designs prior to GE ~~rk III con
taia~nt, resolution lies in surveillance and testing of vacuum 
relief valves. For ~ark III containments, an additional require
ment is that the design be capaole of accommodatL~g a bypass 
equivalent to one square foot for a given flow condition. 

5. Emergency Power for Two or More Reactors at the Same Site; Resolved 
by issue of Regulatory Guide 1.81. 

6. Effluents from Light-Water-cooled-Nuclear Power Reactors: Resolved 
by issue of Appendix I to 10 CFR 50. 

7. Control Rod Ejection Accident: Resolved for PWRs by Regulatory 
Guide 1.77. 
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Group IA- Generic Items Resolved Since D2Cernber 18, 1972 

1. Use of Furnace Sensitized Stainless Steel: Covered by Regulatory 
Guide 1.44. 

2. Primary Syste.rn Detection and Location of Leaks: Covered by 
Regulatory Guide 1.45. 

3. Protection Against Pipe wnip: Covered by Regulatory Guide 1.46. 

4. Anticipated Tr~~ients Without Scram: Covered by Regulatory Position 
Docl.li'ilent, "Tedmical Report on Anticipated Tra'1.Sients Without Scram 
for Water-Cooled Power Reactors," WASH-1270, September 1973. 

5. ECCS Capability of Current and Older Plants: Covered by RuleiTaking 
as a general policy decision, although acceptable detailed 
imple.:'T.entation remains to be developed. Docket R.~S0-1, "Acceptance 
Criteria for Emergency Core Cooling SystB~ for Light-Water-cooled
Nuclear Power Reactors," Deca~r 28, 1973. 
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Group ID - Generic Items Resolved Since April 16, 1976 

1. Instruments to Detect (l:imi ted) Fuel Failures - NFC docu.-nent, "Fuel 
Failure Detection in Operating Reactors," B. L. Siegel and H. H. Hagen, 
June, 1976 resolves issue for limited fuel failures, but not for severe 
failures {See II-4). 

2. "Instru;rentation to Follow the Course of an Accident" Regulatory Guide 
1.97 Revision 1 resolves ACRS concerns. 

3. Pressure in Containment following LOCA - NfC document, "Containrrent 
Subcolii?artment Analysis" Septe.Tber 1976. 

4. Fire Protection. Resolved by Branch Technical Position 9.5.1, and 
Regulatory Guide 1.120. 
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Group IC - Generic Items Resolved Since March 12, 1975 

1. Main Steam Isolation Valve Leakage of BWK1 S: Covered by Regulatory 
Guide 1.96. 

2. Fuel Densification: Covered by 10 CFR 50 Appendix K plus case-by
case review of vendor fuel models. 

3. Rod Sequence Control Systems: Covered by NRC Staff Review and 
Approval of NED0-10527 and Presentation to ACRS. 

4. Seismic Category I Requir~Tents for Auxiliary Syst~s: Covered 
by Regulatory Guides 1.26 and 1.29. 
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Group II.- Resolution Pending 

'/ 
/ 

1. Turbine Missiles: Turbine failures for past 16 years have l:::een 
evaluated and a statistical probability analysis has been completed. 
An ACRS letter (April 18, 1973} diso~sses the preble~.* 

2. Effective Operation of Contairnent Sprays in a UX:.~: Extensive 
do~~ntation in topical reports. Review and evaluation are r~-uired. 

3. Possible Failure of Pressure Vessel Pcst-r..cx::t\ By Thermal Shock: 
Regulatory Guide 1.2 covers current inforrration. Ulti~te position 
as to significance of the~! shock requires input of fracture 
meci1anics data from the Heavy Section Steel Technology Program. 

**4. Instru."llents to detect (severe) fuel failures - N:R: docurr.:nt, "Fuel 
Failure Detection in Operating Reactors," B. L. Siegel and H. H. 
Hagen. Ite~ ID covers limited failures. More work is required for 
~1e severe failure case to establish instrurrentation criteria. 

iSA. Monitoring for Loose Parts Inside the Reactor Pressure Vessel: 
State-of-the-Art results appear prorr~sing and s~ equi?ment 
has been ir.stalled. 

iSB. :·lonitoring for Excessive Vibration Inside the Reactor Pressure 
Vessel: Neutron Noise Analysis has been successful in detecting 
vibration of sorre COITiflOnents, hcwever, additional work may be 
required concerning systems for detecting vibration in other 
components within the Reactor Pressure Vessel. 

*6. C~nnon Mode Failures: This neading covers a multiplicity of 
diverse co~onents for which requir~uents should be established. 
Due to their diversity the ACRS feels that specific items should 
be separated into subsets under the general heading of common 
mode failures; 

6A - Reactor Scram Syste~ 
6B - Alternating Current Sources onsite and offsite 
6C - Direct Current Systems 

The arove ite:ns are easily identified, other specific items may be 
added to this listing in the future. 

*Regulatory Guide is in preparation. 

**Identified in ~~e Committee's Report of April 16, 1976 as "Instruments 
to Detect Fuel Failures." 

*These are a separation of iteTs included under ~~e same numbers in 
previous reports. 
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Group IE- Generic Items Resolved Since February 24, 1977 

1. Control Rod Drop Accident (Bh"Rs): Resolved through NRC revier.v and 
documentation establishing such an event as not having severe con
sequences {He.'iOrandum for l-1. Bender, Chairman ACRS, from Denwood 
F. Ross, Jr., Assistant Director for Reactor Safety, OSS, dated 
February 11, 1977.) 

2. Rupture of High Pressure Ljnes Outside Containment: Resolved by 
positions in Standard RevieW Plan 3.6.1 and 3.6.2. 

3. Isolation of Low Pressure from High Pressure Systems: Resolved by 
positions in Standard Review Plan 5.4.7. 

! 
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Group IIA.- resolution Pending - Itens Since ~r 18, 1972 

1. Pressure in Contair:nent FollO'..,ing I.OCA: Further criteria and methods 
are needed to better evaluate local dynamic pressures in a I.OCA to 
establish more definitive design margins. 

, 
· 2. Control F.:id D:cp A~cid~nt (E:::S) : Calculations indicate that the 

reactivity rcgpc~e ~iffers fr~ earlier values. New analyses are 
req,uired, ir.cludir.rg t.a'lrec-OLT.ensional effects. 

3. Ice Cor.c.::l.Ser Coritaln-r::nts: 1-~ditio!"!.al analr.Jo(!s are required to 
establish response during a u:x::'A, and to ezte.blish design margins. 

. 4. Rupture t>f High Pressure Lir.;::s 0-ltside Ccnta~nt: ~e p::>ssibility 
exists that f.::ilure of a high pressure li!1e such as a steam pipe 
can prevent op-~r.::ticn of critical safety cc.::pcnents. 

S. PNR Plrl'!p CNerspeed D.lring a ICCA: Problem arises in similar manner 
to that of E::·;.;ts (ItE-11 8 Group II). 

6. Is:;latic:t of I.cw P'essure Frc:n High Pre.:3ure Systsr.s: Assurance · 
required that lc-« Fresscre S.i'Ztcs ca.:-.111ot inadvertently be inter
CO:'-~c::::tcd \lith a hish Frc~~I.Ae systC!n leading to failure. 'lhere 
are pot~~tial inte~.::cticn Frcbl~~ beth~en Class 1 and Class 2 or 
Class 3 pressure connections. 

7. Steam Generator 'I\lbe leakage: Partially resolved by issue of 
Regula tory Guide 1. 83 "'hich addresses the concern fran a pre
ventative p::>int of vie«. 

8. ACRS/NF.C P~ricrlic lQ-Year Ravie-ll of all rc·.:-er Reactors: A more 
effective·, continuous alternative aP?ro=~"-~ to periodic reviews 
is beil!:J pr<:•;:x>sed. Pending ACP.S rc'lie«, this item is still 
considered unresolved. 
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Group II Continued 

7. Behavior of Reactor Fuel Under Abnormal Conditions: This includes: 
flow blockage; partial melting of fuel assQ~lies as it affects 
reactor safety; and transient effects on fuel integrity. The PBF 
program will address same of these ite7S. 

8. B\'i""R Recirculation Pl.ll"ip Overspeed During LOCA: Decision required 
by ACRS-NRC Staff. 

9. The Advisability of Sei&uic Scram: Further studies required to 
establish need. 

10. Err~rgency Core Cooling System Capability for Future Plants: 
Partially resolved by amendments to 10 CFR 50 [50.34(a) (4), 
50.34{b) (4), 50.46, and Appendix K]. LOCA evaluation model 
complete. ACRS feels new cooling approaches should be explored. 



Group IIC - Resolution Pending - Itens Added Since M3rch 12, 1975 

1. I.ocking OJt of ECCS J:Ower ~rated valves: 'Ihe Corr:nittee su;gests 
that further attention be given to procedures involving locking out 
electrical so~rcQS to specific r.otor-o~rated valves r~~ired in the 
engineered safety fClcticns of ECCS. 

2. Fire Protection·: 'lbe Corr:ni ttae recanmends review of design features 
intended to prevent the occurrence of ea"::.aging fires and to minimize 
the con~equcnccs to safety-related equi~ent should a fire occur. 

3. resign Features to Control Sc:lb:>tage: At~'1tic!l should be given to 
aspects··of design that could i>r.prove plant security. 

4. Decx:mtznination c::d ~co:::nssioni.ng of F:ec:ctors: Specific plans 
sh-;,:.:1d b~ C::;·:2lc..-:: ~ ::, including c.:~t::.nitive CO.::~s and standards 
covering pla."lt ceccr.,tnissioning. Also ex~ricnce sho:.Jld be gained 
in reactor C::cont.:-.:nination so that such information is available 
when nce-.:ed. 

5. vessel Sur7=>rt s:.ructures: (tlestions that have arisen concerning 
the loi:~S c.:1 p:c~~mre vessel SL~rt structures due to certain 
p:>stulatcd loss-of-coolant ~ccide.'1ts s!~ould b:! resolved. 

6. water Hammer: Several cases of water slugging or ·water hanmer 
have occur rtd in both F\iR.s and BNRs. Corrective measures should 
be taken to minimize such events. 

7. fl.a intcnilnce and Ins~tion of Pl~ts: Provisions should be included 
in th~ design of future plc:...'1ts ,.~ic..'l anticipate the rraintenance, 
insp~tion and o:>erCJtional n'!Cds of the plant throughout its service 
life. 

s. &:havior of s:·:r. ::.:.-lrk I Contai.T.ients: various aspects relevant to the 
O:·:R t:Jrk I Cont.zir.::~:;nt ~!1ould b;! rc~ol•;od. Inclucro are such ite.:ns 
as relief valve rcztraint, co:1trol of local dyna:nic loz.ds in the 
torus, vent clc::rin3 and ezt.blisl::-.::nt of torus \.~ter t~rature 
limits during a to:.~. 'Ihis is an extension of Item 1 in Group IIA. 
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Group IIB - Resolution ~nding - Items Added Since February 13, 1974 

1. Hybrid R.?actor Protection System: Systens should be qualified for 
reliability, particul~rly LixOL~h in situ tests and under various 
envirorcental cc;:ditio:l.S, prior to use in reactor systsn. 

2. QJali.ficatic:l of r.ew fu~1 geo:retries: 'lhe 16x16, 17x17 P:·m and 
8x8 r: :R fc~ls should ur.c~rgo testing to m::et Iten 2 in Group IC 
and Item 7 in Group II. 

3. ~havior of E::rt r::rk III Contairrr:ents: Various asfeCts, including 
vent clearir.J, v2nt coolant interaction, p:x>l S\>.~11, p::x>l strati
fication, p:c::;sure locds and flo·,., byp~ss st-..ould be resolved. ~is 

is an e:<ten . .3icn of Ite..11 1 in Group IIA. · 

4. Stress Corrcsicn Cr<:cking in E":·:R Pi~i'"lg: Several failures have 
occurred in c;.era.ting r .:s. rr.·;e i:.::i::.S letter of February 8, 1975, 
discus~:s p:.:siblc- <:cti::::s th~t should le.:d to gen::ric resolution 
a."'ld extensive rr0:3rz.: • .s a1.:e t..iC:.:n;ay by il~ustry, E?.D.;, ar..d 1~. 
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II-3 - Possible Failure Of Pressure Vessel Post-LOCA By Thermal Shock 

Earlier nuclear reactor pressure vessels subjected to fluences of 
19 

1-4 x 10 nvt, which are anticipated in the last 20 years of a 40-year 

life, may suffer severe radiation damage denoted by a pronounced shift 

in impact transition te~erature at the inner surface. There will be a 

da~age gradient which decreases sharply, so that the properties halfway 

through the wall are essentially those of the as-fabricated material. 

If a LOCA occurs near end-of-life, the injection of cold water on the 

region of degraded properties rray initiate and propagate a crack because 

of high local stresses near the surface. Analytic procedures indicate 

the stresses drop rapidly with dista.11ce through the wall so the flaw 

should not propagate beyond some limiting point. The lack of experimental 

evidence and ~~e relative width of the error band in the analytic results 

are such that some eX?eriments are required to validate the analytic 

model. These are planned under the HSST program. 
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II-1 - Turbine Missiles 

Turbine failures for the past 16 years have been evaluated and a 

statistical probability analysis has been completed. An ACRS letter 

(April 18, 1973) discuses tne problem. 

Three issues require answers to resolve the turbine missile problem: 

(1) The first relates to the appropriate failure probability value: 
-4 

based on historical failures the probability is about 10 • IndustrY · 

predicts a much lower failure probability based on improv~~nts in 

materials and design. To date the ACRS has accepted the more conservative 

value; (2) The second issue is strongly dependent on turbine orienta-

tion with respect to critical safety structures. Strike probabilities 

from high angle missiles are acceptably low for single units and may be 

acceptable for multi-unit plants, depending on plant layout; however, 

lower angle missiles with non-optimum (tangential) turbine orientation 

have unacceptably high strike probabilities; (3) The third issue is one 

of penetration and damage of structures housed in the containment. The 

lLuited experLuental data pertaining to penetration of large irregularly 

shaped missiles are not sufficient to determine structural response to 

imping~~nt of turbine disc segments. Most missile penetration formulas . 
are not relevant to this cpse. Some experiments with irregular missiles 

might resolve this issue, paxticularly for older plants with non-optL~um 

turbine orientations • 

.. 

, 
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IIC~7 - Behavior Of BWR Mark I Containuents 

Recent tests on the BWR Mark I ContaiDr.ent design revealed phenomena not 
• 

anticipated on ~~e basis of earlier tests where pressure loads were L~osed 

oy insertion of air. Specific proble~s SQtewnat co~ar~le to ~~ose under 

review for the :1ark III Contair:ient, include relief valve dischar9e, pipe 

restraints in the torus, local crtnanic loads on the torus, vent clearing, 

and influence of torus tc~erature on the LOCA. 

On-::;oing experi..-rents are e>..-pected to develop the necessary data to confirm 

the adequacy of the existing design or to permit necessary r.odifications. 
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IlC-2 - Design Features To Control Saootage 

Considerable attention has been devoted to control of industrial 

sabotage of nuclear power plants, particularly with regard to control 

of unauthorized access, and potential modes of sabotage by individuals 

or groups external to L~e operating organization. The ACqs believes 

that deliberate attention should be given to aspects of design that 

could improve plant security. With the e~hasis being placed on 

standardized plant designs, it becomes especially ~~~ortant to 

introduce design ~asures that could protect against industrial 

sabotage, or mitigate ~~e consequences ~~ereof. 
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industry seemed to be adequate for the most part, there did not exist a 
code of accepted practice. Hence, the matter was identified as a generic 
item which again was to be resolved by issuance of a regulatory guide. 

Item 14 of Group I on operational stability of jet pumps represented 
nothing more than a possible operational problem for 8WRs with jet pumps. 
The question was raised when the first jet pump BWR (Dresden 2) was 
reviewed for construction. 'lbe designer was confident that no such 
difficultis would arise. However, to be conservative, the ACRS flagged 
the possibility as one to be alert for. Operational experience proved the 
designers to be correct. 

Item 4 in Group IO, fire protection, was made a generic item after occur
rence of the fire at Browns Ferry Units 1 and 2. .Actually, the matter of 
how to deal with protection against fires had been a thorny issue for many 
years. A significant cable tray fire had occurred earlier at San Onofre 
1, due to thermal overload (a design deficiency \lbich was corrected at 
San Onofre and watched for routinely at all reactors thereafter). The 
difficulties in postulating the causes of realistic serious fires and in 
assessing their consequences left the subject in an ill-defined state. 
And while progress had been made in improving protection against fires via 
criteria on separation of redundant systems, progress had been slow. 
Opinions varied as to the adequacy of existing approaches, as the minutes 
of an ACRS Subcormnittee meeting on Fire Protection, held on January 19, 
1973, show. Ironically, representatives of ~ came to that meeting and 
discussed Browns Ferry Units 1 and 2 to provide background as to the 
adequacy of existing practice. 

After the Browns Ferry fire, the Regulatory Staff mobilized a major ef-
. fort on the matter of fires and fire protection. Identification of the 
matter as a generic item was •proforma•. And its •resolution• came about 
with agreement on the pertinent Regulatory Guide. Actual implementation 
of the guide proceeded its adoption, in part. However, in this matter as 
in many, there are various possible approaches, each having its pros and 
cons, and differences of opinion have continued to arise with regard to 
acceptable detailed practice. 

Item 1 in Group II on turbine missiles is a safety issue which was raised 
many times, beginning in 1965 or 1966, before it was identified as a 
generic issue. In some of the initial discussions on the subject, it 
was argued by reactor vendors that the existing design provided protection 
against missiles. Continued consideration indicated that this was not 
necessarily so for missiles generated at the design overspeed condition, 
and less so if higher energy missiles were generated by rutpure of the 
turbine at much higher speeds. A statistical analysis of existing turbine 
experience by ACRS member Bush ind!gated that.historically the failure 
rate of turbines had been about 10 per turb1ne year. Reactor vendors 
argued that new turbines were of much higher quality and predicted very 
much lower failure rates. 
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IID-1- Safety Related Interfaces Between R~actor Island ~. 

And Balance-of-Plant I 

Questions have been raised concerning both standardized balance-of-plant 

and nuclear steam supply syste~ on ~~e one hand and custom-designed site-

related structures and components on ~~e other hand. The depth of detail 

required at the stage of Preliminary Design Approval may not be adequate 

for construction approval. Procedures for instituting quality assurance 
.· 

progr~~ covering design, procurQ~nt, construction, and startup with 
. 

emphasis on t~~ly and appropriate interdisciplinary systa~ analyses to 

assure functional compatibility across the interfaces as well as for other 

systews, are necessary to assure functional corrp~tioility for the postulated 

design basis accident conditions. 

, 
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Analytical studies indicated that the probability of serious damage to 
the reactor from turbine failure was reduced markedly if a "peninsular" 
arrangement, rather than a "tangential" geometric relationship existed 
between the turbine axis and the containment. With continued pressure 
by the ACRS, most new construction permit applicatons adopted the 
•peninsular" approach. Hence, while the matter has not been completely 
resolved, nor is there agreement that the 'tangential' layout used in 
earlier reactors poses a significant risk, this design change, as well as 
some improvements in turbine overspeed control, have taken place. 

The generic items on ATdS and steamline breaks outside containment are 
discussed in detail in Chapters 4 and 3. They represent items which 
arose by other paths, and whose resolution (or lack thereof for A'IWS) pro
vide still other examples. 

The Regulatory Staff, as a consequence of their more detailed review, 
developed a much longer list of safety related issues to be settled (NRC, 
1978). In fact, it is a continuing list. As some matters are resolved, 
new ones arise, partly as a result of operating experience, partly from 
changes in design approach, and partly from the surfacing or resurfacing 
of questions about existing criteria, designs, etc. 

An interesting perspective on generic items as their resolution relates to 
standardization of nuclear power plants was provided in 1978 by ACRS 
member Bender. (Bender, 1978). He distributed the unresolv~ generic 
items into five groups according to the nature of the item and the action 
needed to resolve it, and then discussed the different needs for reso
lution of each group and the possible impact of reactor standardization. 
Excerpts from this paper=follow below. 

For the first group, the requirement is primarily to analyze . 
the existing situation and sometimes perform supporting ex
perimental work in order to establish whether the concerns 
arising from undefined consequences deserve attention. Final 
judgment is not available until the work is completed. 

For the second group, the interest is in providing warning of 
impending difficulty in order to allow opportunity for circum
venting safety problems. This may require diagnostic ca~ability 
through instrumentation or perhaps separate exp~rimenta~1on to. 
provide a basis for using existing instrumentat1on as d1agnost1c 
tools. 

A third group applies to matters correctable by appropriate de
finition of operational limits intended to assure that the 
safety integrity of the system is not challenged excessively. 
Resolution of these may come through technical specifications 
or relatively minor design changes involving electrical interlocks 
and operational trips. 

The fourth group addresses materials degradation where the ul
timate life of the installation is uncertain be~ause · 
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degradation controls are not well understood, Since the de
gradation is sensitive .to lapsed time, the corrective measures 
are not normally of immediate concern, but continuing 
effort is anticipated to establish an understanding of the 
problem in order that safety controls can be exercised be
fore public safety becomes jeopardized by the potential con
sequences of accidents related to the degradation. 

The fifth group is associated with plant configuration includ
ing equipment arrangements, redundancy provisions, control 
schemes, physical separation of vulnerable safety features, 
and structural strength of the physical plant. The matters 
in this fifth category usually must be preestablished during 
design if they are not to cause costly backfit actions~ 

These five groupings provide a characterization different from 
that which the ACRS has used to address the progress toward 
resolution of safety issues. You can judge the resolution 
status from the most recent ACRS report on generic safety 
matters dated November 15, 1977, What I will attempt to do 
here is consider how each of these groupings interacts with 
standardization. 

Engineering Analysis 

The fact that a generic safety issue has been listed is 
evidence that one or more knowledgeable people are uncertain as 
to whether attention is needed to minimize threats to public 
safety. It often turns out that the uncertainty is a matter 
of risk judgment influenced by the state of knowledge. Hence, 
improvement in the understanding can eliminate the concern. 
A number of matters have been dealt with in this way, including 
fuel densification, ECCS capability, control rod ejection acci
dents, and containment resistance to LOCA loads. The issue may 
arise because procedures for analyzing the events have an in
adequate relation to the safety circumstances and do not pro
vide sufficient basis for safety judgment. The result of re
fined analysis in some cases leads to engineering changes, but 
in most cases affirms that practices selected arbitrarily 
have sufficient margin to satisfy the design needs. 

Accident Diagnostics 

The second grouping is directed to accident diagnostics. The 
interest is in determining whether a safety problem exists and 
making certain that there is enough information provided to 
address the problem. Two types of diagnostic capability are 
_involved. The first type is directed to matters where damaging 
conditions exist or have occurred and there is a need to know 
the extent of the damage, The v1bration detection devices for 
measuring in-core vibration of loose parts and the physical 
movement of the core structure are representative of this type. 
Provision of strong motion seismic instrumentation, in-service 
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inspection capability for the coolant system pressure 
boundary and leak detectian features of operating plants are 
similarly of interest. They indicate whether the install~ 
ation is performing as intended by design and provide a 
basis for affirming the effectiveness of the quality assur
ance program. 

The second type is intended to address the unknown elements 
of public safety. No one can say with absolute assurance that 
all accidents are known and there is a need to determine the 
nature of unexpected occurrences. The need for instrumentation 
to diagnose accident symptoms tn order to follow the course of 
an unexpected accident has been identified by the ACRS as a 
generic safety issue providing confidence that contingent 
public safety actions to deal with unexpected events can be 
implemented promptly. In order to make such provision, some 
diagnostic approach must be identified. For example, the 
extent of fuel melting, if it occurs, might be determined 
by measuring the energy spectrum of radioactivity at one 
or more points within the coolant system so that specific 
radionuclides peculiar to such accidents could be detected, 
If the same activity were released to the containment system, 
detection devices within the containment might serve a com
parable purpose. The need for such devices has not been 
adequately evaluated. A notable circumstance of the Browns 
Ferry fire was that the almost complete loss of instrumentation 
in the late stages of the fire left the operator with the un
comfortable obligation to guess at the safety adequacy of the 
installation. In a comparable circumstance at Ft. St. Vrain, 
the nature of the instrumentation made it impractical fnr the 
operator to distinguish tne level of difficulty associated with 
a minor coolant system leak, causing unnecessary national pub
lic alarm. The actual public safety need for such diagnostics 
is not likely to be frequent and hopefully, is infrequent 
enough to justify some arguments that the capability is unnecess-

. ary. Nevertheless, the two cited incidents indicate the appropri ... 
atness of requiring such capability.for public safety purposes. 
No standardized designs yet include complete treatment of these 
generic safety matters and the implementation actions associated 
with the resolution of the issue remains in doubt. The fault 
is not attributable to the standardization process but only 
to the lethargy of those promulgating standardized design 
approaches. 

~t~rials D~gr~a~ion 

One of the bugaboos of nuclear power plant safety is materials 
degradation that may ultimately lead to operational demands on 
the engineered safety features. Of the matters which have 
drawn public attention, this is the dominant category. The 
defense-in-depth principle was advanced mainly in response to 
the anticipation that degradation may not be wholly predictable 
and that safety can be best assured by multiple lines of 
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I ines of defense. I he principle is v~l id, however, only 
if the degradation rates are controllable and difficulties 
are anticipated. We are not expecting nuclear power plants to 
match the perfonnance of the "one horse shay". Some portions 
of the system will degrade at different rates from others and 
degradation may occur in ways which we do not anticipate. 
In recent years, questions have been raised about radiation 
damage to pressure vessels and its effect on gross rupture, 
to stress corrosion of stainless steel components, to en
vironmental damage to important instrumentation and power supplies 
by LOCA environments, and to the general problems of aging 
and related deterioration factors from the steady state 
working environment of safety related portions of the plant. 
Thus, many of the generic safety issues involve an understand·ing 
and control of materials degradation that neither analysis 
nor short range experimental work will provide. In relating 
such matters to standardization practice, one concern is that 
the standardization action will establish a position based on 
status quo conditions that may not allow for longer term 
difficulties. 

If, for example, the selection of newer materials would eliminate 
problems of stress corrosion in boiling water reactor systems, it 
would hardly be good regulatory practice or even good engineering 
judgment to preclude the use of new materials by standardization 
restrictions. The evolution of pressure vessel materials practice 
has finally reached a stage where there is no longer concern 
in newer plants about pressure vessel radiation damage as a cause 
of pressure vessel rupture. If the thrust of standardization ·
had begun prior to the implementation of this improved pressure 
vessel materials practice and applicants had been inhibited by 
standardization from making materials improvements, the value of 
the standardization process would be doubtful. Many people are 
still concerned about whether standardization will create such 
inhibitions since many manufacturing organizations would find 
difficulty in obtaining management support for materials improve
ments once the current practices were accepted if there were no 

· profit incentive. 

Using the recent experience with steam generator tubing as an 
example, one must conclude that not all of the materials degrad
ation questions are known for nuclear power systems. The in
teractive effects of aging, radiation, temperature, humidity, 
chemistry, and intrusive containments all suggest caution in 
allowing standardization to interfere with improving the ability 
of nuclear power systems to face adverse circumstances. The 
standardization mode of regulation is certain to foster preference 
for the status quo and to the degree that it is overly restrict
ive, the standardization process could interfere with the 
resolution of such generic safety matters. 

Configuration Changes 
I 

Undoubtedly, the most difficult group of generic matters to be 
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treated during standardization are those requiring redesign. 
Some organizations have chosen to be innovative in selecting 
the standard design for which a PDA would be sought. It is re
assuring to see that the concepts pursued by the TVA and 
Duke groups have both incorporated provisions for better sep
aration of redundant safety related features contributing to 
both improved fire protection and sabotage resistance. The 
SWESSAR concept appears to be equally creative in providing 
a design that eases the problem of safety feature separation. 
Although innovative design decisions are not without peril 
because what appears straightforward during initial design 
may prove to be complex when the design detail is ultimately 
developed, deliberate decisions to improve safety features in 
the standardized designs will go a long way toward resolving 
generic safety concerns. 

Bender went on to discuss the differing points of view on how to 

address, if at all, the long-standing ACRS recommendation for improvements 

in ECCS system performance and reliability. He also directly addressed 

the question of Class nine accidents, as follows: 

Ever since the completion of the WASH-1400 study, the arguments 
have ceased about whether core melts are possible. The discussion 
has shifted to the question of acceptable public consequences 
from core melt. Studies within the regulatory organization 
are addressing alternatives such as filtered containment as a 
means of providing ultimate containment pressure relief or other 
ways of limiting public exposure from radionuclides if the 
loss-of-cooling features should prove less effective than 
anticipated. None of these approaches negate the argument that 
the likelihood of a core melt is low and may for most purposes 
be ignored as a public safety issue. lhe question is only 
whether there are important values in further improving the 
ability to handle the ultimate low probability accident. If 
standardization interferes with the opportunities for·such 
improvement, it would be hard to defend its value. 
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GENERIC SAFETY MATTERS 
RELATED TO PLANT CONFIGURATION CHANGES* 

1. FUEL STORAGE POOL DESIGN 1-6 

2. PROTECTION AGAINST PUMP FLY WHEEL MISSILES 1-7 

3. INSERVICE INSPECTION OR REACTOR COOLANT SYSTEM BOUNDARY 1-10 

4. SEISMIC DESIGN OF STEAM LINES 1-22 

5. PROTECTION AGAINST PIPE WHIP lA-3 

6. ANTICIPATED TRANSIENTS WITHOUT SCRAM 1A-4 

7. EMERGENCY POWER FOR TWO OR MORE REACTORS 1 B-5 

8. ROD SEQUENCY CONTROL SYSTEMS 1C-3 

9. FIRE PROTECTION lD-4 

10. RUPTURE OF HIGH PRESSURE LINES OUTSIDE CONTAINMENT 1 E-2 

11. TURBINE MISSILES 11-1 

12. COMMON MODE FAILURES 11-6 

13. BWR RECIRCULATING PUMP OVERSPEED DURING LOCA 11-8 

14. ECCS CAPABILITY FOR FUTURE PLANTS 11-10 

15. PWR PUMP OVERSPEED DURING LOCA 11A-2 

16. BEHAVIOR OF BWR MARK III CONTAINMENTS 11B-3 

17. DESIGN FEATURES TO CONTROL SABOTAGE 11 C-2 

18. MAINTENANCE AND INSPECTION OF PLANTS 11C-6 

*Roman numerals indicate ACRS Designation {ll/77 Report) 
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GENERIC SAFETY PROBLEMS 
POTENTIALLY RESOLVABLE BY ANALYSIS AND EXPERIMENTATION 

ACRS DESIGNATION 
ITEM (11/77 REPORT) 

1. TURBINE MISSILES 11-1 

2. POST LOCA VESSEL THERMAL SHOCK 11-3 

3. REACTOR FUEL BEHAVIOR UNDER ABNORMAL 
CONDITIONS 11-7 

4. NON-RANDOM FAILURES 11-6 

5. BWR PUMP OVERSPEED 11-8 

6. ADVISABILITY OF SEISMIC SCRAM 11-9 

7. PWR PUMP OVERSPEED 11A-2 

8. ICE CONDENSER CONTAINMENT llA-1 

9. COMPUTER REACTOR PROTECTION SYSTEM 11 B-1 

10. BEHAVIOR OF MARK III CONTAINMENT 11 B-3 

11. LOCKING OUT OF ECCS POWER OPERATED VALVES 11 C-1 

12. DECONTAMINATION OF REACTORS 11 C-3A 

13. VESSEL SUPPORT STRUCTURES 11 C-4 

14. BEHAVIOR OF MARK I CONTAINMENTS 11 C-7 

15. SOIL STRUCTURE INTERACTION 11 E-1 

16. QUALIFICATION OF NEW FUEL GEOMETRIES 11B-2 
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ACTIONS TO RESOLVE GENERIC SAFETY ISSUES 

l. PERFORM ANALYTICAL AND/OR EXPERIMENTAL 
INVESTIGATIONS TO ESTABLISH SAFETY MARGINS. 

2. PROVIDE FOR ACCIDENT DIAGNOSTICS TO WARN 
OF SAFETY JEOPARDY AND EVALUATE ACCIDENT 
PROGRESSION. 

3. APPLY OPERATIONAL CONSTRAINTS THROUGH TECH. 
SPECS. TO ASSURE ACCEPTABLE PUBLIC SAFETY. 

4. ESTABLISH MATERIALS DEGRADATION RATES BY 
OPERATIONAL SURVEILLANCE INCLUDING TESTS 
AND INSPECTION. 

5. MODIFY OR ALTER DESIGN CONFIGURATIONS TO 
ATTAIN SAFETY IMPROVEMENTS. 

GENERIC SAFETY PROBLEMS 
ADDRESSED BY TECHNICAL SPECIFICATIONS* 

1. A-C SYSTEMS {PARTIAL) 11-68 

2. 

3. 

4. 

DIRECT CURRENT SYSTEMS (PARTIAL) ll-6C 

STEAM GENERATOR TUBE LEAKAGE 
(PARTIAL) 11-A3 

ISOLATION OF HIGH PRESSURE 
FROM LOW PRESSURE SYSTEMS 
{PARTIAL) l-E3 

*Roman numerals indicate ACRS Designation 
(11/77 Report) 
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GENERIC SAFETY PROBL~MS 

KEQUIRlNG UIAGNOSTIC CAPABILilY* 

1. INSTKUMtNTS TO UETECT SEVtRE 
FUEL FAILURE 11-4 

2. LOOSE PARTS MONITORING 11-SA 

3. EXCESSIVE VIBRATION MONITOKIN~ 11-58 

4. INSTKUMtNTATION TO FOLLOW THE 
COURSE OF ACCIDENTS nD-2 

*Roman numerals indicate ACRS designat1on 
(11/77 report). 

GENERIC SAFETY MATTERS 
RELATEU TO MATERIALS DEGRADATION* 

1. ST~AM GENERATOR TUBE LEAKAGE llA-3 

2. STRESS CORROSION CRACKING 
IN BWR PIPING 118-4 

3. WATI:::R HAMMER 11C-5 

4. DECONTAMINATION OF REACTORS 11 C-3A 

5. MAINTENANCE AND INSPECTION 
OF PLANTS llC-b 

6. ASSURANCE OF CONTINUOUS 
LONG TERM CAPABILITY OF 
HERMETIC SEALS UN INSTRUMENTATION 
AND ELECTRICAL EQUIPMeNT llD-2 

*Roman numerals indicate ACRS Designation 
lll/77 Keport) 
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6.2 Some Sidelights on ~-ECCS 

The matter of loss-of-coolant accidents (LOCA) and emergency core cooling 
systems (ECCS) has probably been the major topic of public discussion 
in regard to light water reactor safety. And it is probably the topic 
which has received the greatest attention in licensing reviews. It has 
certainly received the bulk of the resources expended in nuclear reactor 
safety research. And it was the subject of a very long public hearing 
conducted by the Atomic Energy Commission in connection with the establish
ment of Acceptance Criteria for ECCS in 1972-73. 

We shall not try to examine in detail this long and extensive history of 
LOCA-ECCS or even to cover all major developments up to the present time. 
Rather, we shall emphasize some of the earlier developments, provide a 
few selected sidelights, and look at some of the trends. 

The first conmercial LWRs, such as the Indian Point 1 FWR and the 
Dresden 1 BiR had very limited EX:CS capability by current standards. As 
originally built, Dresden 1 had a low capacity, diesel-driven, emergency 
feed pwnp that took water from the condensate storage tank to the primary 
system steam drum (at full system pressure). 

Indian Point 1 had its three normal makeup feed pwnps. Analysis indicated 
that these three pumps could handle up to a two inch diameter break below 
the core or a four inch diameter break above the core. 

The Connecticut Yankee and San Onofre FWRs, approved for construction in 
1963-64, included substantially augmented ECCS, intended to cope with 
rupture of the largest pipe connected to the primary cooling system. 
On-site AC power was not adequate to power the EX:CS in the originally 
designed plants. Oyster Creek, Nine Mile Point and Dresden 2, large BWRs 
approved for construction about 1965, each had an ECCS comprised of two 
core spray systems, with on-site AC power capable of operating at least 
one core spray. And the Brookwood FWR and Millstone Point Unit 1 BWR, 
approved in early 1966, were similar to their ~iate predecessors 
with regard to EX:CS design. 

During the period through early 1966, the Applicants for I.WR construction 
permits presented rather limited information pertaining to the perfor
mance capability of the proposed ECCS or the methods employed for perfor
mance analysis. The AEC Regualtory Staff itself did not possess the 
capability to evaluate the claimed performance. While the Regulatory 
Staff and ACRS were beginning to request that some experimental confir
mation of EX:CS be obtained, as is recorded in the ACRS minutes of the 
review of Oyster Creek in 1964, ECCS was not treated as a vital safeguard. 
The ACRS letter report to AEC Chairman Seaborg of November 18, 1964 on 
Engineered Safeguards summarizes the regulatory attitude of that era. 
This letter, which was prepared in response to a Conmission request for 
a review of how engineered safety features were being substituted for 
distance in the siting of reactors, places primary emphasis on contain
ment and on features to clean up the containment atmosphere, assuming 
the postulated fission product release of 10 CFR Part 100. 'While not 
crediting ECCS with preventing core melt, and hence the occurrence of so 
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large a fission product release, the ACRS report of November 18 did not 
dismiss EX:CS as unnecessary. 'Ihe ACRS sunmary on EX:CS are reproduced 
below. 

Core spray and safety injection systems cannot 
be relied upon as the sole engineered safeguards 
in a nuclear power plant. Nevertheless, prevention 
of core melting after an unlikely loss of primary 
coolant would greatly reduce the exposure of the 
public. Thus, the inclusion of a reactor core 
fission product heat removal system as an engineer
ed safeguard is usually essential. 

Another example of the relatively modest emphasis on EX:CS in this period is 
available from the proposed "General Design Crieria for Reactors," published 
for comment by the AEC in November, 1965. Relatively little is stated con
cernng ECCS design in the 1965 Draft. 

Then a revolution in UWR safety occurred in 1966. As has been discussed in 
detail in Section 2.8 entitled "Pressure Vessels, ECCS and the •china 
Syndrome" and Section 2.9, "China Syndrome, Part 1," the diret correlation 
between core melt and a loss of containment integrity was recognized and 
strongly influenced ACRS review of construction permit applications for 
Dresden 3 and Indian Point 2 in 1966. Emphasis shifted from containment 
to the prevention of core melt; and the LOCA received primary attention as 
the most probable source of an accident which might lead to core melt. 
The ACRS reports of August 16, 1966, on Dresden 3 and Indian Point 2 
recommended much greater emphasis on the prevention of a LOCA, and greatly 
improved capability of the ECCS. Actually, when the core melt issue came 
to a head, General Electric modified its previously proposed ECCS for 
Dresden 3 and added a separate core flooding system to the two core spray 
systems. General Electric argued it also had redundant and diverse 
systems for small breaks in that its single high-pressure core injection 
system was backed up by an automatic depressurization system, which could 
open a set of valves, thereby reducing the primary system pressure 
sufficiently to permit the core spray or core flooding systems to function. 

Westinghouse had not proposed an improved ECC pystem at the time of the 
August 16, 1966 ACRS report on Indian Point 2 and Dresden 3, and only 
preliminary examination of the newly proposed General Electric system 
had been possible. Hence, the ACRS had recormnended that both the ACRS 
and the Regulatory Staff review the ECCS designs for these two plants 
before irrevocable commitments were made in fabrication and construction. 

Actually, Turkey Point Nuclear Units 3 and 4 were the Westinghouse PWRs 
next in line in the regulatory review process, and in the fall of 1966, 
Westinghouse proposed a modified ECCS, employing accumulators containing 
large amounts of water under gas pressure, plus a system of p.unps. '!his 
new ECC system, while not employing diverse principles (flooding and core 
spray as in the B-lR) , was supposed to be redundant, and was to meet the 
criterion of no clad melt for the rupture of any primary system pipe. 

-
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As can be seen from the excerpts from meeting minutes and the ACRS letter 
on Turkey Point, this approach was judged to be generally acceptable, and 
was implemented in similar although not identical fashion on all succeed
ing PWRs including those sold by Babcock and Wilcox and Qombusiton Engi
neering. 

Mr. Beckjord reported regarding the engineered safeguards. 
Air coolers and containment sprays are to be provided to cool 
the containment building. Core cooling will be provided by the 
high head and low head safety injection systems and an accumu
lator system. The containment spray systems for Units 3 and 4 
are not interconnected. The high head system is similar to that 
for recent Westinghouse reactors, except that three high head 
safety injection pumps are shared by Units 3 and 4. The contain
ment spray pumps are not shared. Mr. Palladino inquired re
garding Westinghouse's philosophy concerning sharing of com
ponents. Westinghouse representatives reported that two con
tainment spray pumps had been provided for each of the Turkey 
Point reactors because of convenience in layout of the 
facility. They stated, however, that three shared containment 
spray pumps might well be acceptable. Westinghouse believes 
that the shared high head safety injection system is adequate 
for any interaction which might occur between the two facilities. 
The containment is nOt, however, being designed for simul
taneous accidents of the same type. The low head safety in
jection pumps function for shutdown heat removal and may be 
required by both facilities at the same time, whereas operation 
of the high head safety injection system is anticipated for 
use only durjng accident conditions and for a short period of 
time. 

Westinghouse described a new accumulator core flooding system 
that was being contemplated for addition to the Turkey Point 
reactors. This system would consist of three large storage 
tanks which would inject water into each of the three main 
coolant loops. The system would act sufficiently fast and 
would have sufficient flow rate to prevent significant melting 
of the fuel cladding in the event of a loss-of-coolant accident. 
The system would actuate if reactor pressure decreased to the 
range of 400 to 600 psi. There would be approximately BOO 
cubic feet of water in each accumulator. In the event of 
rupture of a main coolant loop, water would begin to be in
jected within 10 seconds following the rupture, and injection 
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of water into the vessel -would be completed in 40 seconds. 
At the end of that time, the pressure vessel would be refilled. 
The flow rate of this new system would be approximately five 
times the flow rate of the low head safety injection system. 
Mr. Beckjord indicated he believed that the main issue re
lative to the adequacy of core cooling is not whether there 
will be some clad melting but whether the core will remain in 
place and intact so that it can be adequately cooled. 

The refueling water storage tank has approximately a 20-
minute storage capacity, The low head safety injection 
system pumps are connected to the containment sump through 
a heat removal system. An operator must be present in the 
control room to shift the system from the refueling water 
storage tank to the containment sump source of water. 

Mr. Beckjord stated that additional core cooling was needed 
on a previous Westinghouse reactor (Indian Point 2}. He 
said that an accumulator system would be added to this previous 
reactor as well as to the Turkey point reactors. Although 
the design is not complete, the design objective (i.e., to 
hold the core intact in the event of the maximum size break} 
has been· established. Mr. Beckjord indicated he believed there 
would be no problem in meeting the design objective if less 
than 1% of the core were to melt. 

It was pointed out that tnere is a single line through the 
containment wall from the residual heat exchangers, and the 
system is vulnerable to a single component tai lure at this 
point. There is also a single line from the high he~d 
safety injection system pumps through the containment wall. 

If there were a hole in the reactor pressure vessel, approx
imately 20 minutes would be required to flood the bottom 
of the containment and raise the water level to the height 
of the center of the core. Westinghouse believes that, even 
if the core were to melt and fall to the bottom of the pressure 
level, the core would not melt through the bottom of the vessel. 
Mr~ Beckjord stated that he knew no reason why the core would 
melt through but that he could not guarantee that it would not. 
Dr! Okrent inquired as to what design consideration led to the 
proposed degree of flooding of the containment. Mr. Beckjord 
stated that consideration is being given to revising the 
plant layout in future facilities to provide for flooding of 
the pressure vessel to a greater height. 

Mr. Beckjord stated that the proposed accumulator system is 
to be installed in response to a new problem, i.e., main
taining the core in place following the occurrence of a double 
ended pipe break. He said that it is a static system and 
that nothing should go wrong with the system. There would be a 
small, insignificant amount of core melting and metal-water 
reactton durtng the 30-40 seconds after a main coolant line 
break before the core can be recGvered. 
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After operation of the accumulator tanks has re-covered the 
reactor core following a pipe break, boil-off can be made 
up with the residual heat removal pumps, which can operate 
at 150 psig. One of these is expected to more than account 
for decay heat boil-off and the water level in the pressure 
vessel will continue to rise until the entire core is 
covered, 

The cooling system has been modified so that the residual 
heat removal pumps now discharge into the coolant loop 
cold legs. The high pressure injection system discharges 
into two of the coolant loop hot legs and two of the 
cold legs. The charging pump outlet is connected with 
the third hot and cold leg. This modification allows the 
cooling system to keep water flowing through the core in 
the direction of any small break which might occur. 

The latest information is that in the event of a 29-inch 
break the accumulators will cover the core mid-plane in 16 
seconds and that the low-head pumps will completely submerge 
the core in 78 seconds. 

3.3 Emergency Core Cooling System 

The applicant has provided a complex of emergency core 
cooling engineered safeguards in order to mitigate the 
course of the thermal transient following a loss of coolant 
accident and to prevent the occurrence of a subsequent 
core meltdown. These are the accumulator system (discussed 
in section 2 of this report) and the high head and low head 
safety injection system (discussed in detail in section 4.1 of 
Report No.1). These systems with a brief description of their 
capabilities are listed in Table 3.5. 

Because of the rapidity of the thermal transient as presented 
above, the sole use of a pump system, especially with an extra 
built-in delay when operated by auxiliary diesel power, is 
undesirable. The applicant has consequently proposed the 
passive accumulator system which is capable of very rapid 
additions of borated coolant to the cold leg of each coolant 
loop. In the case of the 29'' double-ended break all the water 
is discharged in the time period of 5 to 19 seconds after in
itiation of the break. For this break size the accumulators 
have dtscharged their contents completely before a pump system 
operating on auxiliary power could be started, For a 3 square 
foot break the accumulators discharge in the period 17 to 34 
seconds after the break. · 

The accumulators are sized to re-cover half the core 
column with one of three units discharging through the break. 
Some uncertainty that the remaining flow will reach the core 
remains. It is conceivable that in the case of a cold leg 
break significant flow from the two remaining accumulators could 
be led out of the vessel through the inlet plenum. Analysis 
is continuing in this area. 
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One interesting aspect of these records frQro 1966 is that 

the Regulatory Staff at that time stated ''It is conceivable that, in 

the case of a cold leg break, significant flow from the two remaining 

accumulators could be led out of the vessel through the inlet plenum". 

This slight concern rose with a vengeance some years later following 

a series of experiments on the Semi Scale Facility in Idaho in 1971. 

Florida Power and Light 

Engineered Safeguards 

The modifications to the emergency cooling system were 
described. Westinghouse had been concerned about methods 
of preventing any significant amount of fuel melting over 
the entire spectrum of break sizes. The prime necessity was 
a large amount of flow in the first few seconds following a 
break. The accumulator tanks are now considered to be 
reliable way of achieving this. There are to be three 
tanks (one per coolant loop) which discharge into the 
reactor cold le9slactually, the residual heat removal system 
discharge lines). The remainder of tne system is relatively 
unchanged. 

The criterion to which the accumulator tanks have been 
designed is that a sufficient volume of water be delivered 
into the two unruptured loops in a short enough time after 
a break that no "significant number of rods" will melt. 
The fuel would then be kept in place and only a small amount 
of molten fuel would fall to the bottom of the vessel and 
would not coalesce. There was not a specific limitation 
on the amount of metal-water reaction, but this accrues as 
a result of meeting the objectives outlined, In fact, for 
Turkey Point, calculations indicate that no clad melting 
occurs and the Zr-H2o reaction is limited to less than 1%. 

The size of the accumulator tanks was fixed by determining 
the amount of water necessary; the pressure at which they 
are charged by deciding the flow rate required to re-cover 
the core. The tanks will be statically charged with gas at 
about 600 psig and thus represent a passive engineered 
safeguard. The gas pressure is used to drive the coolant in~ 
to the core. 

The line connecting the accumulators with the coolant loop 
cold legs will be about 10 inches in diameter and will 
contain a check valve in series with the already existing 
check valve in the residual heat removal lines. There will 
be two isolation valves, also in series, available to is
olate each tank when the reactor is depressurized, These 
will be normally open during operation. 
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ln conclusion, we believe the proposed emergency core 
cooling system can be designed to perform its intended 
function, There are four areas for which additional 
information and analysis are necessary. These include: . 

1) Thermal~mechanical stability of the core 
during the temperature transient. 

2} Mechanical stability of the reactor internals 
during the blowdown transient, 
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Late in 1966, the Quad Cities BWRs were reviewed for construction permits 
and the ECCS approach previously outlined for Dresden 3 (and backfitted to 
Dresden 2 and Millstone Point 1) was judged to be generally acceptable. 

The revised draft General Design Criteria published for comment in 1967 
reflected the greatly increased emphasis on ECCS. Criterion No. 44 
specifically stated: 

At least two emergency core cooling systems, preferably of 
different design principles, each with a capability for 
accomplishing abundant emergency core cooling shall be 
provided. Each ECCS and the core shall be designed to 
prevent fuel and clad damage that would interfere with the 
emergency core cooling function and to limit the clad 
metal water reaction to negligible amounts for all sizes of 
breaks in the reactor coolant pressure boundary, including 
the double-ended rupture of the largest pipe. 

Some side effects potentially associated with the sudden, complete break 
(and possible offset) of a large pipe included pressure waves leading to 
blowdown forces inside the pressure vessel, and dynamic forces in those 
sub-compartments within the containment which house major components such 
as the steam generator. (The latter effect received renewed attention 
after safety studies on the subject were reported by German research 
groups in the late 1960's.) · 

The matter of whether large primary system pipes of high quality had a 
significant probability of gross rupture, and especially of essentially 
instantaneous rupture 1 has been controversial. Although some simulated 
tests involving large pre-existing cracks have led to complete piping 
failure, and there is some history from the past of the gross failure of 
large pipes in non-nuclear systems, there existed a school of thought 
that the sudden "double-ended guillotine break was an inappropriate basis 
for sizing ECCS and the other safety features associated with this postu
lated break. In connection with the review of the Browns Ferry 1 and 2 
BWRs, which represented a large increase in power over the previously 
reviewed Dresden and Quad City reactors, the double-ended pipe break 
controversy arose within the ACRS. After a long, difficult review 
which saw many issues, new and old, discussed at great length, the ACRS 
report of March 14, 1967 on Browns Ferry not only saw the birth of the 
"asterisked items," (the forerunner of the "generic items"); the letter 
also included a dissent by member Hanauer, who was dissatisfied with the 
proposed emergency AC power, among other things. And 1 during Committee 
preparation of the report, ACRS member Bush at one point indicated he 
would also have additional remarks to the effect that the use of the 
double-ended pipe break was inappropriate and was leading to less safety. 
Bush did not actually attach his remarks to the final letter, when the 
ACRS agreed to initiate a generic.study of the double-ended pipe break 
question. This matter was pursued by a special Subcommittee over the 
next year, with the conclusion that the double-ended pipe break should 
remain among the spectrum of pipe breaks to be analyzed for ECCS per
formance. Actually, the "dominating" break in ECCS analysis was not 
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ADVISORY COMMITTEE ON REACTOR SAFEGUARDS 
UNITED STATES ATOMIC ENERGY COMMISSION 

WASHINGTON, O.C. ZOS<IS 

Honorable Glenn T. Seaborg 
Chairman 
U. S. Atomic Energy Commission 
Washington, D. C. 

January 18, 1967 

Subject: REPORT ON TURKEY POINT NUCLEAR GENERATING UNITS :~0. 3 AND NO. 4 

Dear Dr. Seaborg: 

At its eighty-first meeting, January 12-14, 1967, the Advisory Committee 
on· Reactor Safaguards co:npleted its revietJ of the application of Florida 
Power and Light Company for authoriz~tion to construct Turkey Point Nu
clear Generating Units No. 3 and No. 4. This project had previously been 
considered at the sev~nty-ninth r:leeti~g of tl1e Conunittee, :·,.,v,.~mber 10-12, 
1966, and at Subcoillrnittee meetings on Septe~ber 7, November 3, and Decem
ber 7, 1966, .and January 7, 1967. Representatives of the Co:nmittee visited 
the cite on Dec~mber 16, 1966. uuring its revie~, the Co~ittee had the 
benefit of discussions ~ith representatives of Florida Power and Light 
Company, Uestin:;house Electric Corporation, Bechtel Corporation, and the 
AEC Regulatory Staff and its consultants. The Committee also had the bene
fit of the documents listed. 

The Turkey Point Units are to be located in.Dade County, Florida, on the 
west shore of Biscayne Bay approximately 25 miles south of Miami. Each 
unit includes a pressurized water reactor to be operated at an initial 
maximum pot·ler level of 2097 t-it\'t but designed to operate ultimately at a 
maximum pot-1er level of 2300 ~&~t. 

The containment structure·for each unit consists of a steel-lined concrete 
shell t·7ith shallow spherical dome and flat slab base. The shell and dome 
are fully prestressed. ~ith steel tendon systems carrying the principal 
loads. Provisions arc made for in-service inspectability, rcp1iceability, 
and corrosion control of the tendons over the lifetime of the structure. 

The complex of emergency core cooling systems provided for each unit in
cludes a high head safety injection system and a lo~ head residual heat 
removal sy5tem with an accumulator subsystem. The accumulators are cap
able of very rapid addition of bor~ted water to the reactor in the unlikely 
event of a large scale loss~of-coolant accident. and increase the time 
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Honorable Glenn T. Seaborg - 2 - January 18, 1967 

margin available for initiation of emergency cooling flow by pumping. 
The high head safety injection system pumps (three) are shared by Units 
3 and 4. These systems appear to be adequate for the Turkey Point re
actors. The AEC Regulatory Staff should review carefully the final de• 
sign of the emergency core cooling systems, including the analyses of 
system characteristics and the effects of blot,"Clot-m on reactor internals. 

The reactor is calculated to have a positive moderator coefficient during 
a portion of core life. The applicant will give careful at:.tention to the 
influence of positive coefficients on reactor transients, including the 
loss-of-coolant accident, rapid control rod motion, and·xenon oscillations. 
If necessary, the moderator coefficient \~ill be modified ty the addition 
of solid burnable poison to the core. The Co~~~ittee feels that the· Regu
latory Staff should follov closely the status of this aspect of design. 
The ACRS would like to be kept informed \vith respect to both the emergency 
c~re cooling and the moderator coefficient studies. 

The frequency and intensity of .hurricanes at the Turkey Point site present 
problems of potential flooding ~nd wind damage. TI1e applicant has made 
preliminary estimate~ of Hind forces, l·1ater levels, and 'V7c.::r. heights asso
ciated \vith the maxir:ium pro]:>able hurricane against \vhich vi•.:al components 
of the plant are to be protected. Remaining questions on the appropriate 
degree of protection will be resolved bet\veen the applicant and the AEC 
Regulatory Staff. 

The applicant desires to ~ontinue uninterrupted operation of the reactor 
in the event one of t\~O or more redundant active components in an engineered 
safeguard system becomes temporarily inoperable. The associated operable. 
components would be maintained in continuous operation~ however, until the 
inoperable component is again ready for service. The Committee feels that 
this matter may require review at the time of application for an operating 
license. 

The Advisory Committee on Reactor Safeguards believes that the various items 
mentioned can be resolved during construction and that the proposed reactors 
can be built at the Turkey Point site with reasonable assurance that they 
can be operated \vithout undue risk to the health and sa.fety of the public. 

Mr. Rarold Etl'1erington did not participate in review of the Turl:ey Point 
Nuclear Generating Units No. 3 and No. 4. 

References Attached. 

Sincerely yours_, 

Is/ by N. J. Palladino 

N. J. Palladino 
Chairman 
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always the largest break. And interestingly, during the subcommittee re
view, representatives of industry generally agreed that the double-ended 
pipe break was applicable (although thre were differences of opinion con
cerning the time for actual rupture which influences blowdown forces in 
the reactor vessel for a PWR). 

The ACRS report on Browns Ferry 1 and 2 are reproduced on the following 
pages. 

Among other things, the ACRS raised questions concerning the potential con
sequences of fuel melting at power, and indicated strong reservations con
cerning the high fuel damage threshold !Unit proposed by General Electric. 
And the ACRS specifically identified the possibility that derating of the 
reactors might be necessary if important matters were not resolved satis
factorily. During the same time period .in which the ACRS was completing 
its review of Browns Ferry, the final report of the Task Force on Emer
gency Core Cooling was received. (The detailed conclusions given in that 
report are presented in Sectrion 2.13 entitled •Chinese Syndrome Part 2•.) 

To a considerable extent, the Task Force report states the nuclear industry 
position of that time with regard to LOCA-ECCS. It was relatively opti
mistic that methods and knowledge were in hand for design and analysis of 
ECCS to cope with the full spectrum of pipe break sizes, and that suitable 
criteria existed. 

However, with the passing m:mths and years a variety of matters not antici
pated in the Task Force report arose. One of the first was the observ
ations by Ivins, et al. at Argome that Zircaloy clad exposed to LOCA-
like conditions and reaching peak temperatures in the vicinity of 2S00°F 
(well below the Zircaloy melting point of 3310°F} embrittled and 
ruptured, or even shattered oo cooling down. This threatened the integ
rity of the core geometry and hence its continued ooolability. Therefore, 
instead of the criterion'of no (or very little) clad melt, which had been 
proposed by the vendors and had been accepted for some months, a much 
lower limit on peak clad temperature was indicated, somewhere around 2200-
25000F. This change was formally recognized in the ACRS letter of 
April 29, 1968, on Surry Units 1 and 2, among others. 

Prior to 1966, the Regulatory Staff had essentially no in-house (or 
consultant) capability to analyze the LOCA. Following the Dresden 3 and 
Indian Point 2 cases in 1966 and the ACRS safety research letter of 
October 12, 1966, the AEC began to institute a strong safety research 
program on LOCA-ECCS experiment and analysis, and a begiming was made 
on forming a LOCA analysis group aroong the Staff. The vendors all 
instituted substantial efforts on the development of LOCA-ECCS codes for 
their individual reactors, as well as limited experiments. 

When Indian Point 2 was reviewed for an operating license by the ACRS in 
September, 1970, fairly detailed discussions of the anticipated ECCS 
behavior were held. The reactor vendor and the Regulatory Staff each 
expressed confidence in the acceptability of ECCS performance and their 
understanding of ECCS function. Following blow-down of the primary 
system from a postulated large pipe break, core reflooding rates of 5-10 
inches per second were predicted, and peak clad temperatures of about 
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ADVISORY COMMITTEE ON REACTOR SAFEGUARDS 
UNITED STATES ATOMIC ENERGY COMMISSION 

WASHINGTON, D.C. 

Honorable Glenn T. Seaberg 
Chairman 
U. S. Atomic Energy Commission 
Washington, D. C. 

March 14, 1967 

Subject: REPORT ON BROWNS FERRY NUCLEAR POw~R STATION 

Dear Dr. Seaberg: 

At its eighty-third meeting, March 9-11, 1967, the Advisory Committee 
on Reactor Safeguards completed its review of the application of the 
Tennessee Valley Authority for authorization to construct Browns Ferry 
Nuclear Power Station Units No. 1 and No. 2. This project was previ
ously considered at the eighty-first and eighty-second meetings of the 
Committee, January 12-14, 1967 and February 9-11, 1967, respectively, 
at a special meeting on February 28, 1967, and at subcommittee meetings 
on November 26, 1966, January 4-5, and January 28, 1967. Representa
tives of the Committee visited the site on February 27, 1967. During 
its review, the Committee had the benefit of discussions with represent
atives of the Tennessee Valley Authority, General Electric Company, and 
the AEC Regulatory Staff. The Committee also had the benefit of the 
documents listed. 

The Browns Ferry Units are to be located in Limestone County, Alabama, 
on the shore of wbeeler Lake approximately 30 miles west of Huntsville. 
Each Unit includes a boiling water reactor to be operated at a maximum 
power level of 3293 MWt, the highest power level for any reactor 
reviewed for a construction permit to date. The average core power 
density is about 40 percent higher than for the previously reviewed 
Quad-Cities boiling water reactors. The increase is achieved by 
flattening the power density distribution and employing an approxi
mately.20 percent higher fuel element maximum linear heat rate. The 
margins between thermal operating limits and fuel element damage limits 
are thereby reduced. In relation to margin on critical heat flux, the 
applicant uses new heat transfer correlations developed from recent 
experimental data. 

The complex of emergency core cooling systems for Browns Ferry is 
similar to that proposed for the Quad-Cities reactors. Each reactor 
is provided with a high pressure coolant injection system; a low 
pressure coolant injection, or flooding, system; and two core spray 
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Honorable Glenn T. Seaborg - 2 - Mar 14, 1967 

systems. Because of the higher core power density and power level, , 
substantial increases have been made in the flooding system and core 
spray system capacities. The Committee feels that the emergency core 
cooling systems proposed have a high probability of preventing core 
meltdown in the unlikely event of a loss-of-coolant accident. tt notes, 
however, that although calculated peak fuel temperatures in such an 
accident are similar to those for the Quad-Cities reactors, the calcu
lated number of fuel elements reaching undesirably high temperatures 
is greater. Also, the time margin available for actuation of the 
systems is less. Because of these factors and the importance of the 
effective functioning of emergency core cooling systems, the Committee 
believes the adequacy of these systems should be further corroborated 
by the following two measures: 

1. Analysis indicates that a large fraction of the reactor fuel 
elements may be expected to fail in certain loss-of-coolant 
accidents. The applicant states that the principal mode of 
failure is expected to be by localized perforation of the 
clad, and that damage within the fuel assembly of such nature 
or extent as to interfere with heat removal sufficiently to 
cause clad melting would not occur. The Committee believes 
that additional evidence, both analytical and experimental, 
is needed and should be obtained to demonstrate that this 
model is adequately conservative for the power density and 
fuel burnup proposed.* 

2. In a loss-of-coolant accident, the core spray systems are 
required to function effectively under circumstances in which 
some areas of fuel clad may have attained temperatures consid
erably higher than the maximum at which such sprays have been 
tested experimentally to date. The Committee understands that 
the applicant is conducting additional experiments, and urges 
that these be extended to temperatures as high as practicable. 
Use of stainless steel in these tests for simulation of the 
Zircaloy clad appears suitable, but some corroborating tests 
employing Zircaloy should be included. 

The applicant stated that the control systems for emergency power will 
be designed and tested in accordance with standards for reactor protec
tion systems. Also, he will explore further possibilities for improve
ment, particularly by diversi:ication, of the instrumentation that 
initiates emergency core cooling, to provide additional assurance 
against delay of this vital function. 

Steam line isolation valves are provided which constitute an important 
safeguard in the event of failure of a steam line external to the contain
ment. One or more valves identical to these will be tested under simulated 
accident conditions prior to a request for an operating license. 
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Operation with a fuel assembly having an improper angular orientation 
could result in local thermal conditions that exceed by a substantial 
margin the design thermal operating limits. The applicant stated that 
he is continuing to investigate more positive means for precluding 
possible misorientation of fuel assemblies. 

The applicant considers the possibility of melting and subsequent 
disintegration of a portion of a fuel assembly by inlet coolant ori
fice blockage or by other means, to be remote. However, the resulting 
effects in terms of fission product release, local high pressure 
production, and possible initiation of failure in adjacent fuel 
elements are not well known. Information should be developed to show 
that such an incident will not lead to unacceptable conditions.* 

A linear heat generation rate of 28 KW/ft is used by the applicant 
as a fuel element damage limit. Experimental verification of this 
criterion is incomplete, and the applicant plans to conduct addi
tional tests. The Committee recommends that such tests include 
heat generation rates in excess of those calculated for the worst 
anticipated transient and fuel burnups comparable to the ~aximum 
expected in the reactor.* 

The Rod Block Monitor system should be designed so that if bypassing 
is employed for purposes other than brief testing no single failure 
will impair the safety function. 

The diesel-generator sets for emergency power ~ppear to be fully 
loaded with little or no margin (on the design basis of one of three 
failing to start). They are required to start, synchronize, and carry 
load within less than thirty seconds. The applicant stated that tests 
will be conducted by the diesel manufacturer to demonstrate capability 
of meeting these requirements. Any previously untried features, such 
as the method of synchronization, will be included in the tests. The 
results should be evaluated carefully by the AEC Regulatory Staff. In 
addition, the installed emergency generating system should be tested 
thoroughly under simulated emergency conditions prior to a request for 
an operating license. 

The Committee continues to emphasize the importance of quality assurance 
in fabrication of the primary system and of inspection during service 
life. Because of the higher power level and advanced thermal conditions 
in the Browns Ferry Units, these matters assume even greater importance. 
The Committee recommends that the applicant implement those improve
ments in primary system quality which are practical with current 
technology.* 
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The Browns Ferry t~its have been designed to provide the same accessibility 
for inspection of the primary system as for the Quad-Cities plants. A 
detailed inspection program has not yet been formulated by the applicant. 
The Committee will wish to review the detailed in-service inspection 
program at the time of request for an operating license. 

Considerable information should be available from operation of previously 
reviewed large boiling water reactors prior to operation of the Browns 
Ferry reactors. However, because the Browns Ferry Units are to operate 
at substantially higher power level and power density than those on 
Which such experience will be obtained, an especially extensive and 
careful start-up program will be required. If the start-up program 
or the additional information on fuel behavior referred to earlier 
should fail to confirm adequately the designer's expectations, system 
modifications or restrictions on operation may be appropriate. 

The Advisory Committee on Reactor Safeguards believe that the items 
mentioned above can be resolved during construction of the reactors. 
On the basis of the foregoing comments, and in view of the favorable 
characteristics of the proposed site, the Committee believes that the 
proposed reactors can be constructed at the Browns Ferry site with 
reasonable assurance that they can be operated without undue risk to 
the health and safety of the public. 

The following are additional remarks by Dr. Stephen H. Hanauer. "It 
is my belief that the substantial increase in power and power density 
of the Browns Ferry reactors over boiling water reactors previously 
approved should be accompanied by increased safeguard system margins 
for the u~expected. The emergency core cooling system proposed should 
in my opinion be redesigned to provide additional time margin and to 
reduce the severe requirements for starting of large equipment in a 
few seconds. !he dependence on immediate availability of a large 
amount of emergency electrical power, using diesel generators operating 
fully loaded in a previously untried starting mode, is of special concern, 
as are the high temperatures and numerous fuel-element failures pre
dicted even for successful operation of the emergency core cooling ·· 
system in a large loss-of-coolant accident." 

Sincerely yours, 

Is/ N. J. Palladino 

N. J. Palladino 
Chairman 

* The Committee believes that these matters are of significance for all 
large water-cooled power reactors, and warrant careful attention. 

References Attached 
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2000°F were calculated for a proposed power level of 2758 MWT. 

Unfortunately, the physical modeling of ECCS performance for both PWRs and 
BWRs in the mid and late 1960's was deficient, and even wrong, in many 
significant areas. Fortunately, there appears to have been enough margin 
in other areas to roughly compensate for the deficiencies. 

In early 1971, some tests in the Semi-scale Facility at the Idaho National 
Reactor Testing Station showed that the modeling of water flow from the 
accumulators in a PWR ECCS had been deficient, and that much of this 
water would leave the reactor vessel during blowdown following a cold leg 
break, rather than reflood the core immediately • 

• 
During roughly the same time period it also became clear that previous 
analysis of core reflooding in PWRs had failed to allow properly for the 
backpressure in the core built up by the resistance to the escape of 
steam through the intact loops on the way to the broken pipe. '!his latter 
phenomenon had a very large effect of the rate of core reflooding, which 
now dropped to the vicinity of 1 inch per second (or less). This resulted 
in a much longer time during which the fuel elements were uncovered (and 
poorly cooled) and during which fission product decay heat raised the 
temperature of both fuel and clad more than had been previously allowed 
for during this regime. 

Similarly, a very different concept of how the core spray system in a BWR 
actually behaves, compared to the traditionally proposed picture, evolved; 
and there were other significant deficiencies uncovered in the physical 
modeling of LOCA-ECCS for both the 8WR and PWR. 

In late 1970 an ACRS Subcommittee initiated a review of LOCA-ECCS for BWRs 
and in March, 1971, Mr. :Price, the Director of Regulation, asked a Task 
Force under Dr. Hanauer to review the status of LOCA-ECCS for 8WRs and 
PWRs. 

'lbe ACRS meeting summaries from February, 1971 thru June 1971, provide 
some background on the development of the Interim Acceptance Criteria 
by the Regulatory Staff. 

Meeting with the Cha)rmar of the Atomic Safety and L~censing Board 

Trend of Interveners'' uestions at Public Hearings - Dr. Buck 
rev1ewed t e trend of interveners' questions at public hearings. 
Prior to 1967, intervention was based primarily on matters re
lated tcr anti-trust issues. Some questions on iodine releases 
were also raised. During the 1967-1969 era, questions related to 
radiological monitoring and QA began to appear. In 1970, quest
ions related to safety aspects of the reactor started to appear 
even though the major interventions were by environmentalists. 

The recent {1970-1971) Monticello hearing (.OL) was the first 
of such major cases to challenge "as low as practicable" limits, 
the QA program and the redundancy of the ECCS. Division of 
Compliance reports were also requested. 
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AS&LB hearings of the Palisades plant (OL) are still being con
ducted. The intervenor has produced an 1n .. depth cross examination and 
has raised questions regarding QA, Compliance reports and daily work 
logs at the plant. The objective is to obtain a zero radiological 
release plant and to eliminate any thermal increase into Lake 
Michigan. He does not really expect to stop plant operation·.in the 
final analysis but has a sincere concern regarding environmental effects. 

At Shoreham (CP hearing) the intervenor apparently is making an all-out 
effort to prevent the plant from being constructed or operated. A major 
attack has been made on the adequacy of the ECCS. The intervenor has 
referred to the ACRS LWR reactor safety research letter of 1969, 
WASH 740, LOFT scheduling, etc. to supplement in his argument. 
An effort is being made to find a credibility gap. Other questions 
have been raised regarding the containment, industrial sabotage, pipe 
whip, safe ends, metal-water reaction, hydrogen generation and other 
major concerns raised during the last five years. The intervenor has 
stated that he does not expect to win with the ACRS; AEC, AS&LB stacked 
against him. 

Dr. Buck noted that the Dresden 3 and Midland interventions are taking 
on the same approach as has occurred at Shoreham. 

The AS&LB is now having to ask for ROT witnesses to address R&D 
efforts in areas of concern. 

Mr. Wells stated that he does not believe an early site review would 
be helpful unless a specific reactor was identified for use and the 
technical concerns were understood. Otherwise, another hearing would 
have to be held to address technical questions. 

Mr. Wells did not know if such things as benefits versus risks could 
be admissible evidence. 

Dr. Buck felt the best way to go was to recognize where the intervenors 
are heading and be prepared to answer their concerns, The AEC and 
·industry have to be candid enough to place in the record any risks that 
exist. 

Dr. Bush noted that the Conrnittee was considering having a ''classified" 
discussion on industrial sabotage and invited Mr. Wells and Dr. Buck 
to attend if a meeting is arranged. (They expressed interest in 
attending.) 

Turkey Point Nuclear Generation Plant Units 3 & 4 - The Committee 
reviewed the proposed repairs' of the Unit 3 containment dome. The 
Committee informed the applicant orally that the proposed repairs 
appear to be a reasonable basis for initialing dome repairs and that 
the remaining unresolved matters for an o.L. will be considered at a 
Subcommittee and full Committee meeting in the near future (probably 
theApril ACRS meeting). 

The applicant was asked by Dr. Okrent to consider the results of 
recent INC experiments on ECCS. 
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ECCS - The Staff reported that they have arrived at an 
agreement with the applicant regarding adequacy of the 
ECCS. The core peaking factors will be limited to values 
which would limit the maximum estimated peak clad temperature 
to 2100°F. This provides a margin until the remaining uncer
tainties are cleared up to the Staff's satisfaction. 

Mr. Zane, Inc. reviewed results obtained from experiments using 
the "semiscale PWR" at INC to investigate the effects of flask 
injection water bypassing the core during blowdown, A sig
nificant fraction of the water bypassed the core and was blown 
out of the break. 

Regulatory ''Task Force''- Mr. Price noted that the task force, 
established to review generic matters, has asked INC to provide 
assistance in the review of issues related to ECCS. The task 
force will develop a position paper and provide the paper to the 
ACRS for its comments at the next ACRS meeting. 

ECCS Mr. Price stated that he has informed the AEC that he 
nas-asked the Staff not to say anything in public on PWR ECCS 
system until the Staff can agree where it stands on the issues 
raised. He hoped the ACRS would not write a report on Turkey 
Point this month (a PWR} unless the Committee can state the 
reasons why it believes ECCS is satisfactory for PWRs. It would 
be no help to state that the matter should be resolved by the 
Staff. He wanted another 30 days for the Staff to work on this 
matter. He did not think it was necessary to take any action 
at present on operating PWRs. He will convey the problems to 
FPL (Turkey Point) before the ACRS review if this is found 
agreeable to the Committee. 

(In executive session, the Committee decided to ask Mr. Price to 
convey to FPL the message that the Committee would listen to the 
FPL position but that the committee could not write a report at 
this meeting because the Staff had not completed its review of ECCS.J 

Meeting with Working Group on ECCS 

Dr. Hanauer reviewed the status of the Working Group on ECCS. They 
have found no major questions for BWRs which need answers at the 
present. 

Obtaining some suitable heat transfer coefficients is the tenure 
of concern for BWRs. 

He identified three areas of concern for PWRs in the order of concern: 

(l) Fate of accumulator water during blowdown. 
l2) Cooiing by core flow during blowdown. 
(3) Steam binding after blowdown. 
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Steamoinding calculations should satisfy this. This time 
to cool the core may be longer than before. 

Core Flow Cooling: More tests will be necessary to answer 
this concern. 

Accumulator Water Fate: This is intractable. The concern is 
whether enough water will flow down the downcomer to provide 
cooling. There is some probability that a large portion of 
the water will flow around the ring header and out the break. 
The net result is that some hardware may be needed to solve 
this problem. 

The basic concern of the Regulatory Staff is that they are 
now not able to testify with reasonable assurance that the 
ECCS is adequate for Palisades, Midland, or Turkey Point. The 
Staff is working with INC to try and establish an interim pos
ition, e.g., derate the· plants, install hardware. Mr. Price 
indicated that the Staff will reach a position hopefully within 
a month. 

Meeting with the ~egulatory Staff 

Ade~uacy of ECCS for PWRs - Dr. Hanauer reviewed the status 
ofCCS for PWRs. Westinghouse has calculated peak clad tem
peratures using a number of "best estimate" parameters (e.g., 
C of 0.8 versus 1.0}. This calculation indicates that for 
TBrkey Point (2200 MWT) a peak clad temperature of 1917°F would 
be reached. If all accumulator water were dumped on the floor 
(during the blowdown phase}, the peak clad temperature would be 
2333oF. The Staff is evaluating the validity of these best 
estimate values. 

Dr. Hanauer indicated that B&W has a number of sensitivity studies 
to complete. CE is apparently not planning to conduct any further 
studies. He indicated that Westinghouse has requested that the 
Committee hold a special meeting on Turkey Point as soon as 
this matter is resolved within the AEC. He believes a position 
can be reached for Westinghouse plants in about two weeks. 

Emergency Core Cooling System 

1. REG Task For~e Recommendations- The Committee was informed 
that the Commissioners had met with each of tne reactor ven
dors to discuss the REG Task Force•s recommendations, which had 
been provided to the Committee in draft. The Director of 
Regulation indicated that REG was considering issuing the 
final evaluation techni~ues as an appendix to 10 CFR Part ~0 
in order to 11 stabilize the licensing process. 11 

The current REG position included acceptable evaluation 
models, and prescriptions for their use, forGE and West- . 
inghouse and an AEC model based on INC-developed codes 
(RELAP 3 and THETA 18) which could be used generally. No 
satisfactory models have been developed by Combustion 
Engineering or Babcock and Wilcox. The Task Force estimated 
that B&W could have an acceptable evaluation model within 
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2 or 3 months, but CE no.d only begun \'<Ork which had even the pot~ 
ential for a satisfactory conclu$ion, For perhaps the next year~ 
CE designs would have to be evaluated using the AEC model with 
the result that Palisades, for example, might not be licensable 
at more than half-power during that time. 

The Task Force also recommended that plants currently in operation 
without ''modern" ECCS and unable to meet the Task Force Criteria 
(Dresden 1, Big Rock Point, Indian Point 1, San Onofre, Yankee 
Rowe, etc.}, be required to accelerate their schedules for the 
design and installation of adequate ECCS systems, and to per-
form increased in-service inspection, etc., in the interim. 

Dr. M. Rosen presented a 11 minority report'' in which he contended 
that the codes used in the evaluation models were developmental 
enough, and the recommended prescriptions for their use were 
arbitrary enough, that the evaluation models should not be used 
as the sole basis for licensing plants. Instead, he suggested: 

1. A limit on peak linear heat generator rate to 
be applied to all plants. 

2. A moratorium (short-term} on further increases in 
peak heat generation rate. 

3. Cooperative AEC-Industry funding and utilization of 
resources leading to long-term solutions. 

2. Meeting with the Commissioners - Commissioners Seaborg, 
Ramey and Johnson attended •. After a brief summary of the 
current status of the commission review, Dr. Bush expressed 
the Committee position as follows: 

"The Committee would like to emphasize that the following 
opinions are an initial reaction to the proposal, as presented 
orally by the Staff, because of the limited time we have had 
the draft paper, the limited discussion with the Staff, and 
the lack of substantiating documents. With- these provisos, the 
following represents suggested positions concerning the 
specific regulatory problem with ECCS systems as well as longer 
term suggestions with regard to emergency core cooling: 

(1) The Committee does not feel the document in its 
present form should be released as a part of 10 
CFR 50 regulations. 

(2) The Committee suggests that a preferred mechanism 
would be a two stage approach. 

(a) The current paper, with appropriate 
modifications such as those suggested 
below, could be used as an interim 
staff position. This could be publicized as 
appropriate. 
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(b} A desirable second step would be to release the 
position as a safety guide after sufficient 
additional information and other appropriate mod~ 
1f1catfons and clartffcations are made. This second 
step might require several months, as was the case 
with problems of comparable magnitude such as 
hydrogen generation and anticipated transients 
without scram. 

(3) Alternates to the suggestion of the Staff regarding 
reductions in power should be explored tfor example, 
with respect to Palisades consider peaking factors, 
probability considerations, etc.). The Committee 
feels that increased levels of inspection and fixed 
deadlines to complete necessary system changes re
present preferred routes. 

(4) The Committee reiterates its belief that the ECCS 
problem is a very real one requiring substantially more 
analytic and experimental work by the AEC and industry. 
The ultimate solution ~Y require revisions in hardware 
or in cooling concepts and too little attention appears 
to be dir.ected in this direction, compared to analytic 
studies. 

{5) Some reservations concerning the suggested AEC approach 
particularly with regard to publication as a 10 CFR 
Part 50 rule include: 

(a) The acceptance of the AEC Codes Theta lB and 
RELAP-3 as a benchmark is questioned on the basjs 
of the limited number of test runs made. 

{b) The approach suggested in the document appears 
to be conservative; however, past experience 
leads us to believe that this may not be the case 
over the spectrum of breaks. Alternatively, the 
approach may be excessively conservative. 

(c) The approach is a "cookbook" one and does not 
really attack the basic problems. Regulation may 
require this but its a problem to the Committee. 

(d) Plants having no or inadequate ECC systems should 
be given a fixed period to complete acceptable 
designs and a definite time schedule for install" 
ation. 

(e) The document is not clear as to the times of im
plementation of the alternate proposals. 

(f) Some criteria are mixed in the statement of 
objectives. 

Mr. Price strongly supported the publication of the AEC position 
on ECCS as a 10 CFR Part 50 rule although the Commissioners did not 
seem as committed to this course of action. 
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Mr. Price maintained that it was necessary that a position on 
ECCS have Commission endorsement in order to stabilize the 
licensing process, He ~intatned that a Staff position on this 
matter would have little effect on AS&LBs who would decide 
matters on an ad~hoc basis without a policy or guidance from the 
Commission. 

Various committee members expressed the following thoughts. 

(l) The adequacy of the INC codes {RELAP and THETA-lB}, 
used in the AEC Evaluation model has not been 
established. 

{2) The degree of conservatism in the proposed 
prescriptions for evaluation models is not clear. 

{3) It is disturbing that this ECCS review was not 
handled in a manner similar to the way in which 
ATWS and hydrogen generation were handled (e.g,, 
without stopping the licensing process and the pub~ 
licity which has accompanied this review). 

{4) The derating of CE plants which may result is of 
concern. Plants that are already built {but not yet 
licensed) might be considered "grandfathers" as well 
as plants that are already operating. 

(~) The instability in what is considered an adequate 
code is of concern (e.g., in 6 weeks the Staff has 
changed its position regarding the adequacy of CE low 
pressure injection flasks with respect to the large 
pipe break). 

(6) The high degree of sensitivity of the analysis to 
small changes in assumptions and parameters is of concern. 

(7) The use of a long list of conservative assumptions 
in the model may result in a conclusion that is 
unnecessarily restrictive. 

Commissioner Johnson noted that the Commission must have a pos~ 
ition on ECCS before the JCAE hearings begin on June 22, 1971. 
Dr. Hanauer noted that it is necessary for the Staff and the 
ACRS to agree on the mechanical aspects of the proposed position 
otherwise there w·i 1 1 be disagreement regarding the adequacy of 
proposed plants. 

It was noted that the ACRS is not necessarily in disagreement with 
the technical position proposed but believes that it has not 
received the review and consideration appropriate for a Commission 
rule. 

The Commissioners noted that they would very much like to 
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develop a position by June 19, 1971, which the ACRS can support, 
The Committee agreed to continue its consideration of this matter, 

3, Meetfn9 wtth the Regulator' Staff .. Or, Isbin gave a detailed 
report on his view of the' ask Force recommendations. In 
particular he questioned the acceptance of the CE model without 
an independent evaluation since independent analyses of 
portions of the CE model have led to significant changes being 
required. He also questioned the AEC model as a basis for 
licensing plants-(and that is all that is now available for 
use with B&W and CE designs) since the codes involved have not 
been used widely in the way now required. Consequently, 
there is no way to predict what the outcome would be when this 
model was applied, It is not even possible to predict that an 
evaluation of a Westinghouse design, which would be found acceptable 
under the approved Westinghouse code, would also be acceptable 
using the AEC model, 

After a detailed technical discussion of current Regulatory 
Staff approaches to BWRs and PWRs and a caucus, the Committee 
informed the Regulatory Staff that many members were par
ticularly troubled by the suggestion that the draft Task Force 
proposal.be published as a Commission regulation. 

Dr. Hanauer noted that a statement of Commission policy is 
needed but not necessarily a rule. The aim is to have each 
hearing board use an "identical yardstick'' to measure emergency 
core cooling systems. 

With respect to currently operating plants, several members 
noted the inconsistency in allowing continued operation of 
plants which are currently licensed, but which have no adequate 
core cooling systems, while simultaneously prohibiting or severely 
limiting the operation of a plant such as Palisades with a 
much more complete ~ore cooling system. 

In closing, the Commrtttee asked the Regulatory Staff to 
provide the following for its special meeting on June 16-17, 
1971: 

(1) As much information as possible on the plugging 
phenomenon, particularly as it applies to Combustion 
Engineering reactors. 

(l) ~ written support paper with all technical material 
available, over and above what has already been 
provided by the Committee. 

(3) What the application of the draft task force recomm
endation wil 1 mean in terms of Combustion Engineering 
and Babcock and Wilcox plants which will be reviewed 
shortly as well as ice~condenser systems, to the 
extent that this is known, 
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(4) Tbe degree of m~rgin in power density between a 
calculated 2300 P pe~k clad temper~ture and clad 
melting following a LOCA for designs other than 
Westinghouse. (It had been noted previously that an 
8% increase above the 15.8 kw/ft limit established 
for Turkey Point under the Task Force proposal would 
lead to calculated clad melting following a double
ended, cold leg break using the calculational 
methods of that proposal). 

(5) Whatever RELAP 3/THETA lB computer runs are available. 

l6) The rationale behind the various choices which were 
made in establishing the prescribed assumptions for the 
Westinghouse calculations. 

A discussion, to the extent possible, of the rationale under which 
systems which ha·ve no emergency core cooling are allowed to con
tinue operation· was also requested. 

The detaiTed comments on the draft recommendati-on were also to be 
incorporated in a new draft in time for the Special ACRS meeting. 

SPECIAL ACRS MEETING 
JUNE 16-17, 1971 
WASHINGTON, D.C. 

Executive Session 

Independent Evaluation of ECCS for Boiling Water Heactors 

The Committee considered recommending to the Regulatory Staff 
than an independent evaluation be provided of the efficacy of 
ECCS for all classes of BWRs. 

Comments by members included: 

1. Additional consideration is also needed of the current 
AEC evaluation model for PWRs. 

2. The Safety Research Subcommittee should have meetings on 
this subject so that the ACRS can have more effective input 
into the development of the model. 

3. Independent analyses of systems important to safety could 
go a great deal beyond ECCS. 

4. While this might be a desirable action, the Committee 
should consider whether it would be using the (always) 
limited available resources in the most effective way. 

The subject was tabled until the 135th ACRS meeting. Members 
were urged to provide opinions, points of view, etc., in writing 
if possible. 
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The Committee had been provided wtth a new draft policy statement, 
dated June 16, 1971, incorporating the suggestions and comments 
made during the 134th ACRS meeting, a listing of reactor plants 
indicating the effect of various effective dates for implementation 
of the interim policy, and was later given a further revised draft 
of the policy statement dated June 17, 1971. 

ACRS Consultants' Discussions 

During the course of the meeting, the Committee held several 
discussions with its consultants in this area. Some of the points 
made included: 

Dr. Yba rrondo 

1. The blowdown and heatup codes used by the reactor vendors 
have been improved substantially during the past year, but 
since a substantial amount of technical judgment is still 
involved, they should be used with caution. 

2. All of the codes currently in use are in a state of flux. 
Detailed and accurate system representation has only been 
attempted during the past year or so, and not all of the 
vendors have done this yet. 

3. It is necessary to assure that solutions to the various 
equations being used are being approximated closely enough 
to assure stability of the codes. 

4. The resulting programs are extremely complex (12,000 
cards are used in RELAP) and must be checked very 
carefully. 

5. Standard problems should be worked out as checkpoints for 
all the codes. 

6. Simplified equations are solved in the codes and this 
requires the use of many simplified or empirical correlations, 
For example: 

critical heat f1 ux 
post-critical heat flux 
refl ooding heat transfer 
spray cooling {GE only) 
two-phase pressure drop 
critical flow at break {and orifice coefficient) 
pump coastdown representation 
phase separation 
fuel-cladding gap coefficient 
metal-water reaction rate (usually Baker-Just) 
thermal properties 
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In using these and others, it is necessary to compare 
their range of applicability with the range Gver which they 
are to be used, the geometry, and the aptness of extrapolations. 

Dr. Ybarrondo thought that the application of safety factors 
to the results was appropriate because of the current insufficiency 
of data, 

Or. Ybarrondo also noted that the recent series of semi-scale 
blowdown and injection tests had been intended only ~o compare the 
code-calculated decompression with measurements, check on appropr
iate orifice coefficients, the amount of water left in the vessel, 
the nature of the initial core flow reversal, etc •. 

In general, Dr. Ybarrondo did not feel that the assumptions 
currently being used in the PWR calculations were too conservative; 
in some specific cases, they might not be conservative enough. 

Dr. Carbiener 

Dr. Carbiener felt that the Draft AEC Policy Statement reflected 
his feelings well. The approach is adequate, and may even be 
overly conservative, although this could not be proven now. 

Given a double-ended cold leg break, an emergency core cooling 
system which met the criteria laid out in the policy statement would 
only have a one-in-a-thousand chance of failing. (Dr. Ybarrondo 
agreed with this conclusion of BWRs, but was not so confident of 
the situation for PWRs.) 

Meetings with the Regulatory Staff 

The Committee met with REG representatives several times during the 
meeting to discuss the revised draft of 6/16/71, the Commissioners' 
comments on the draft, the effective date of the proposed policy 
statement and its effect on operating and soon-to-be operating plants, 
the final revised draft of 6/17/71, etc •• Detailed, page-by-page 
technical comments were offered and, in many cases, incorporated 
intG the final draft. Some of the items which were discussed at 
length or about which Committee members seemed to feel most strongly were: 

l. Form of Policy Statement- With respect to the Committee's 
previous comments, Mr. Price indicated that the Commissioners 
felt that a statement of Commission policy, in the Federal 
Register, was necessary. It would not be an appendix to 
Part 50, however. 

2. Criteria - The section on 11 Criteria for Specific Reactors" 
was too inflexible in the 6/16/71 version of the draft. It 
was later rewritten to indicate that the specific evaluation 
models listed were 11 examples'' of acceptable approaches, 
allowing appropriate changes, additions, etc., without 
Commission approval and a notice in the Federal Register. 



6-73 

3~ ·Effect]ye Date - The altern~t1yes which had originally 
been presented' were to apply the policy to plants for which 
operating 11 censes were tssued on or before either January 
1, 1968 or July 1, 1972, Later fn the meeting, it was reported 
that the Commissioners did not feel they could support any 
approach beyond exempting, for some interim period, plants 
with operating licenses issued prior to January 1, 1968. (This 
would include only .eight reactors of relatively low power 
level.) 

Several members felt that extending the exemption date to 
July, 1972 would only mean exempting a few plants from any 
real requirements {such as reducing power or peaking factors) 
since most plants scheduled to be licensed for operation by 
that time are expected to be acceptable even under the new 
policy. Also, it seemed inconsistent to permit operation of 
older plants with essentially no emergency core cooling, 
albeit with augmented inspection and surveillance programs, 
while restricting operation of plants (e.g., Palisades) 
with a much more complete emergency core cooling system. 

4. Margin Between an Acceptable System and Calculated Clad 
Melting 

Several members noted that, as the REG prescription is now 
written, there is a0margin between a calculated peak clad 
temperature of 2300 F and clad melting of only 8% in the peak 
linear heat generation rate (in Turkey Point, for example)t 
The REG representatives indicated that they had been driven 
to the conservative prescriptions in the calculations largely 
through an inability to define a .. realistic" computation. 

5. Fraction-of-Clad-Reacted Criterion - Objecttons were raised 
to the inclusion of a 1% metal-water reaction limit fn the 
criteria for acceptability. The Regulatory Staff agreed that 
an average of 1% of the core reacted implies a degree of 
local reaction which is clearly unacceptable. The suggestion 
of extending the criteria·to.include a. limit on the length 
of time during which cladding can remain at high temperatures 
was made. 

In the 6/17/71 draft the implication that an average limit 
of 1% precludes local clad embrittlement had been softened 
and the limited-time concept included, but the criteria re" 
mained at least partly objectionable to some members. 

6. Improvement for Future Reactors - Some members, and at least 
one ACRS consultant, were concerned over the possibility that 
a detailed prescription leading to regulatory approval would 
tend to "freeze11 the technology at its current level. 

Others felt that, while the policy statement did not provide 
the maximum incentive for improvement, it did not preclude 
progress. REG felt that the policy statement was not the 
appropriate place to urge additional improvements. 
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7. Lack of an Accepted Evaluation Model for BWR LPCIS .. Qb .. 
jection was raised to the lack, in the accepted GE model, 
of an evaluation model for the LPCI system. The Regulatory 
Staff felt that if evaluations for two different systems 
were required for BWRs, they could not license BWRs with 
only a single type of ECC system. 

8. Requirement to Evaluate Effect of Nitrogen Gas in BWR 
Accumulators - The requirement, under both the AEC and 
Westinghouse evaluation models, to evaluate the effects 
of the nitrogen in the accumulators was objected to on 
the basis that such a calculation had never been done, 
and it was not clear that one could be done with any 
precision within a reasonable time. The requirement was 
modified in the later draft to indicate that only the 
effect on steam binding during reflooding need be considered. 

Executive Session 

The Committee held several discussions to arrive at a statement of 
Committee position for presentation to the Commission later in the 
meeting. Items which were of importance were: 

l. Public Statement of AEC Policy- The Committee agreed to 
approve hand1ing the interim policy statement as described 
by Mr. Price, i.e., publication, as Commission policy, in the 
Federal Register, but not as part of an AEC Regulation. 

2. Effective Date of AEC Policy -Several members felt that 
to adopt an approach which implied derating Palisades by a 
large amount ("Alternate A11 of the 6/16/71 draft} was not 
defensible without more justification than had been given; 
others felt as strongly about any approach which would 
exempt upwards of 50 plants for three years. 

3. 

Other comments included: 

a. It is not compatible with derating Palisades by 50% 
to all9w operation of essentially unprotected plants 
for three years. 

b. There is no reason why CE can not do more on ECCS 
analyses and avoid the need to derate Palisades. 

The Committee voted to approve the application of the 
interim AEC Policy on ECCS to all plants for which operating 
licenses are issued after January 1,1968. 

Evaluation Model forGE LPCI Slstem ~Some members felt that, 
since the LPCIS was the basis, n part, of favorable con
clusions concerning BWRs (e.g., on Shoreham), the Committee 
should advise the AEC that an independant evaluation model 
is necessary for LPCIS. Others could not defend requiring 
two diverse systems for BWRs, but only one for PWRs. It was 
also noted that silence on a point, in the policy statement, 
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does not mean it is not included in reviews of individual 
projects. 

Tne Committee agreed tnat the GE evaluation model in the 
interim policy statement (6/17/71 draft} was acceptable. 

4. Inclusion of Evaluation for Small and Hot Leg ~reaks - It 
seemed to be the consensus of Committee opinion that mention 
of smaller breaks and hot leg breaks was desirable, but the 
Committee would not insist on ft. The later draft of the 
policy statement covered this point by reference to analysis 
of "a spectrum of breaks. 11 

5. Use of a Conservative Rather than Best-Estimate Fit for De
privation of FLECHT Heat Transfer Coefficient - Some members 
were troubled because they had originally been led to believe that 
every choice in the evaluation models was the most conservative 
one possible, but had since learned some of the prescriptions 
were less conservative than was possible. 

The Committee adopted the following statement of position on ECCS, 
for presentation to the Commission: 

ACRS STATEMENT REGARDING ECCS 

The ACRS believes that the draft, "Interim Acceptance 
Criteria for ECCS for Light-Water Power Reactors," dated 
June 17, 1971, is satisfactory for release subject to some 
clarification of the language. 

The Committee concurs with the suggested approach of publishing 
the criteria in the Federal Register as an interim policy 
statement by the Commission. It agrees that Alternate A 
setting January 1, 1968, as a cut-off date is reasonable. 
It agrees with the relaxation in the criteria in Section IV B 
as promoting greater flexibility without freezing design and 
codes. 

The Committee believes that the document represents an interim 
solution only, and that more work is required in code development, 
safety research oriented to LOCA-ECCS, and work on improved 
ECCS. The Committee is prepared to work closely with Staff 
and vendors through appropriate Subcommittees. We believe ; 
this approach may lead to an orderly solution of the outstanding 
problems. 

With regard to the course of events of the last few months, the 
Committee now feels that there has been an over-all gain in 
that the level of work on ECCS evaluation has increased and more 
specific goals and objectives have been established. However, 
the Committee believes that more experimental work is needed 
to supplement the further analytical development of the evaluation 
models. 
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The Committee reempha$izes that the Commission should 
indicate publicly the need for continuing work on new 
ECC systems or significant JIJOdiftcations to current de .. 
signs. It should be.indtcated that increases in power 
or power density will require larger margins. 

The Committee believes its oral concurrence in the policy 
statement is the preferred mechanism of communication 
rather than a letter. We believe our approval of pending 
cases is the best mechanism for publicly indicating our 
approval of current designs of ECCS. 

Some members wish to comment personally on this 
matter. 

Meeting with Commissioners 

Commissioners Seaborg and Larson attended, 

Or. Bush read the statement of ACRS position on ECCS. 

Dr. Stratton added a personal comment to the effect that he had 
seen no evidence which supported a requirement to derate any 
plant, particularly Palisades. Mr. Price commented that he, too, 
did not want to require derating of any plant, but that it was 
difficult to defend the technical basis which CE and Consumers 
have so far provided in support of their request for a full-power 
operating license. 

Or. Okrent noted a potential omission in the interim policy in 
that it ignores any requirement for evaluating the adequacy for 
BWR LPCI systems. He also noted that he, personally, was less 
certain of the conservatism of the accepted evaluation models 
than the Regulatory Staff seemed to be, His own conclusion 
that plants could be permitted to operate was based not only 
on a high probability that ECC systems woul,d coo 1 the core after 
a large pipe break, but on the very low probability of such a 
break occurring. He suggested that the latter approach should 
form at least part of the basis for allowing continued operation 
of plants with little or no ECCS. 

Chairman Seaborn expressed interest in the Committee's feeling 
that there had been an over-all gain through the events of the 
last few months. The added effort on ECCS evaluation was mentioned 
in response. 

During the 134th meeting, the ACRS heard from Dr. Hanauer concerning 

the tentative Staff position on Interim Acceptance Criteria. It also heard 

a dissent from Regulatory Staff member Dr. Morris Rosen. In Dr. Rosen's 

opinion, computer codes should not form the sole criterion for licensing 



6-77 

nuclear power stations, particularly with the k1n~s of assumptions 

in use. He discussed the sensit1v1ty of the calculated results to 

more or less arbitrary assumptions inherent in the Task Force recomm

endations. He suggested for the short term on arbitrary limit on peak 

linear heat generation rate of 15-16 KW/ft. 

The ACRS did not endorse either position. Rather the Committee 

gave only limited approval to the Interim Acceptance Criteria, and 

emphasized the need to work both on improved evaluation models and on 

improved emergency core cooling systems. 

At the 139th meeting, November 11-13, 1971, the ACRS discussed 

at some length the matter of how to develop and implement improvements 

on ECCS, as the excerpts below indicate. 

1.1.2.8 Leadership in ECCS Research and Implementation of 
Improved ECCS Designs 

Shortcomings of the AEC interim evaluation model for 
ECCS, urgency of need for improvement of both the 
criteria and systems based thereon and alternate 
means for achieving desired ACRS objectives were 
discussed at length. Dr. Isbin expressed the op
inion that priority attention should be given to 
improvement of the interim evaluation model and that 
two to six months would be a reasonable time for 
completing this. · 

Dr. Okrent pr9posed a possible approach regarding im
proved ECCS (see attachment 2) and the Committee 
approved a motion by Dr. Okrent that the Chairman 
initiate early action to accomplish the desired ob
jective by assigning appropriate tasks to suitable 
existing or new ACRS groups or subcommittees. 

(Note: Dr. Bush has appointed an ECCS Subcommittee 
to handle this matter). 

1.1.2.11 Publication of Paper on the 11 Calculated" Loss-of
Coolant Accident - A Review, L. Ybarrondo, c. W. 
Solbrig 2 and H. S. Isbin 

Dr. Isbin reported on recent developments regarding 
AEC release of the subject paper for publication. 
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DRD&T has turned over responsibility for release 
of this paper to Aerojet Nuclear with st1pulations 
which, in Or~ Isbin's opinion, made it difficult for 
Aerojet management to actually approve release. 

2.0 MEETING WITH THE REGULATORY STAFF 

2.1 PROGRAM FOR DEVELOPMENT OF IMPROVED ECCS DESIGN 

Mr. McEwen (ORO & T} reported on AEC accomplishments on 
ECCS projects since adoption of the AEC interim ECCS 
criteria. rhe following items were noted. 

New FLECHT tests 

GE Blow Down Heat Transfer (BDHT) Program 

. 1-l/2 Loop Semi-Scale modification and issuance 
of a Preliminary System Design Description for the 
facility. 

RELAP AND THETA-18 improvements 

. ~~tiple injection capability included in LOFT 
and Semi-Scale 

Preliminary PWR BDHT program initiated at ORNL 

Design modification of the PBF initiated. 

ROT bases and plans for future programs and the scope of 
contemplated ECCS studies were also described. 

Mr. McEwen noted that ROT has initiated only those programs 
which are considered adequately defined; that funding is a 
problem; that water reactor safety should be the concern of 
those who are building the plants; that ROT has entered into 
a joint program with industry, which is funded by AEC at a 
level of 25 percent; that none of the programs are directed 
toward development or testing of advanced ECCS concepts or 
investigation of metal/water reactions; and that the program 
includes attention to BWRs through code modifications. 

Although the approach, scope and progress of the ROT program 
was viewed with disappointment by many members of both the 
Committee and Regulatory Staff, there was no unanimity of 
opinion. Major points of disagreement revolved around the 
issues of ECCS shortcomings and organizational responsibility 
for implementing programs for improvement of either the eval
uation criteria or the systems. Viewpoints were too divergent 
to permit either resolution of the matter or adoption of a 
solution-seeking course of action agreeable to both ACRS and the 
Regulatory Staff at this meeting. (An ACRS Subcommittee has 
been assigned to consider this matter). 
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Dr. Hanauer referenced the DRD&T report by Mr, McEwen, 
which reflected lack of AEC progress in 1mplement1ng 
programs and achieving timely results in this area, 
and he expressed the opinion that although it is 
possible that things may not be as bad as they seem, 
indications are that performance of DRD&T in this 
area could be improved. During discussion of alternate 
approaches to ensure maintenance of a viable water re
actor safety program, Mr. Squires informed the Director 
of Regulation that the Committee had previously 
recommended that the Regulatory Staff should have its 
own budget for independent work in this important area. 
In response, Mr. Muntzing stated that he felt the recomm
endation had considerable merit, and that it would be 
particularly desirable for the Regulatory Staff to 
have such funds, particularly if separation of regulatory 
and promotion activities of the AEC should become a 
reality. 

The following specific points were noted: . 

• Neitner the AEC nor the NSSS vendors understand 
the problems of ECCS well enough to know what is an 
improvement in system design. 

• Problems associated with the interim evaluation model 
must be cleaned up. 

• The adequacy of existing ECC systems must be confirmed. 

It is not entirely reasonable to require NSSS 
vendors to comply with the interim criteria model 
and at the same time require them to improve the 
model and their systems. 

-
At the 140th meeting, December 9-11, 1971, the ACRS heard extensive 
presentations on proposed amendments to the Interim Acceptance Criteria 
and prepared a report on this matter for use by the Commission in the 
upcoming rulemaking hearing on Acceptance Criteria for ECCS. This 
version of the letter was not sent in order to take into account comments 
by the Commissioners regarding: (1) the desirability of including a more 
positive statement with regard to the safeguards adequac¥ of reactors 
designed in accordance with the Interim Criteria, and (2) the possi
bility of greater exposure of minority commenters to subpoena during 
rulemaking hearings. 

1.2 SUBCOMMITTEE AND OTHER REPORTS 

1.~.1 Report of Subcommittees on ECCS Analysis forCE and B&W Reactors 
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The Committee heard presentations by the respective 
Subcommittee Chairmen in preparation for joint meetings 
to be held with the Staff and each vendor on Friday, 
December 10, 1971, The purpose of the meetings was to 
evaluate vendor~proposed ECCS analytical methods and 
models against the requirements of the AEC Interim 
Acceptance Criteria for ECCS. Dr. Bush indicated that the 
Corrmittee should be prepared to inform the Staff of 
its conclusions regarding the acceptability of the vendor 
proposals, but that a letter might not be required. 

1.2.1.1 CE Subcommittee Report 

Dr. O'Kelly reviewed the information developed by the 
Subcommittee concerning CE progress in achieving a 
satisfactory method and model for analyzing ECCS 
performance for their nuclear plants. In discussion, 
the Commission was informed that its consultant was not 
much impressed by CE's 1/5-scale experimental work in 
the sense that he did not think the model accurately 
reflected ECCS phenomena to be expected in the full
scale reactor plant. It was pointed out, however, 
that the work to date was directed toward achieving event
ual solution of the problems, and that the possibility 
for existence of imperfections was recognized. It 
appeared that most of CE's effort since last June had 
been devoted to improving the model. 

1.2.1 .2 B&W Subcommittee Report 

Dr. Hendrie reviewed the status of B&W's work in this 
area and observed that their proposed evaluation code 
applies only to the vent-valve plant. For these plants 
the accumulators inject directly into the reactor vessel 
annulus. 

There was considerable inconclusive discussion among 
Committee members regarding 1) variations in PWR plant 
design among Westinghouse, B&W, and CE, and reasons for 
same, 2) shortcomings of the AEC Interim acceptance 
Criteria for ECCS, 3) differences in blowdown/injection 
phenomena among the plants of the various PWR NSSS 
vendors, and 4} B&W interest in continuing participation 
in the joint AEC/industry ECCS R&D program. 

1.2.1 .. 3 Meeting with Regulatory Staff 

During the subsequent meeting with the Regulatory Staff, the 
following information was provided in the form of indiv
idual opinions regarding ECCS problems and uncertainties 
associated with the current evaluation criteria and the 
models, techniques and designs used by NSSS vendors • 

• The proposed rule change will grant equal 
acceptability status to GE, B&W, CE, and W models. 
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, A standard is needed for determin1ng the 
acceptabil it¥ of ECCS eval uat19n codes, 

• There can be more than one type of ECCS 
fix, but a destgn fix fs required for every 
plant. ECCS fix problems are generic in nature. 

• The Regulatory Branch is guided by a desire 
to avoid establi'shing obstacles to the licensing 
of plants. 

• The reduction of data from the FLECHT program 
made no allowance for radiant heat transfer 
to the walls. Corrections are being made. 

The principal ECCS problem for PWRs is steam 
binding . 

• Present reflooding rates are considered marginal. 

• Better definition of PWR blowdown heat transfer 
characteristics is needed. 

A crash program to achieve the optimum resolution 
of all · ECCS problems is not warranted in 
view of the extremely low probability of the LOCA. 

• Some consideration should be given to the need for 
avoiding excessive margins of conservatism. 

1.2.1.4 Meeting witn CE 

Spokesmen fOr CE reviewed their analytical and experimental 
work on ECCS in considerable detail. lhe presentations 
included information on their past and future experimental 
programs and on the essential features and uses of: 

• The CE FLASH 4, STRIKIN, RELBOT, and PERC 
codes and hand calculations 

• the 1/5-scale model tests 

brittle fracture tests of Zircaloy cladding 

• tube-bund 1 e fl ow and burst tests • 

On the basis of CE studies and experience, Mr. West ex
pressed the opinion that ~he AEC Interim Criteria peak clad 
temperature limit of 2300 F was too conservative; that 
emergency coolant injection would not be blocked by steam; 
that the present trend of the regulatory process was in 
the direction of licensing methods rather than plants; 
and that the objective of the presentations would be to 
show that injection blockage would not occur in CE systems. 
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The following major points of info~mation were provided 
by vendor representatives in discussions with Committee 
members; 

CE injection tests showed no flow blockage 
indications and no pressure fluctuations. 

Test results will be exploited to the maximum 
practical extent for ECCS improvement. 

Important vendor incentives would be the potential 
for safe operation at higher core power densities 
or confirmation of greater safety margins in 
current designs. 

CE bundle-blockage tests resulted in only about 
twice the original (pre-blockage)6 P. 

B~ndle distortion is expected to have only a 
minor effect on peak clad temperature. 

External surfa.ces of cladding can be exposed 
0 to steam of 2300 F for 130 seconds without 

embrittlement exceeding the CE standard. 

1.2.1.5 Meeting with B&W 

B&W representatives presented a summary of their activities 
related to emergency core cooling, including their accom
plishments and future plans related to code and model im
provement. 

Mr. Montgomery stated that B&W's evaluations are based on the 
equilibrium model of the CRAFT code~ which was capable of 
following the entire course of the accident in one calculational 
sequency. Their analyses of ECCS show peak clad temperatures 

0 of less than 2300 F and less than 1% metal/water reaction. 
Although they feel that an improved CRAFT will become a major 
analytical tool of the future, their work on the non-equilibrium 
version of CRAFT has been suspended, because of B&W's feeling 
that the time required to obtain Regulatory approval would be 
too long to avoid plant licensing problems. In order to ex
pedite code acceptance by AEC, they are working on the dev
elopment of a code similar to RELAP by adaptation and modification 
of published codes. 

Other vendor spokesmen provided the following information in 
discussion with Committee members, 
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For B&W plants, assumption of a locked 
primary pump rotor during blowdown is not 
conservative, but the assumption is conservative 
during reflood, 

The B&W method of analysis correlates satisfactorily 
with results of the early semi-scale tests (through 
test 859). 

(Note: The Committee position with respect to acceptability 
of the ECCS evaluation models, codes, program and plans proposed 
by these vendors was formalized in its letter report* to the 
Commissioners on the proposed public rule-making hearing regarding 
l) the AEC Interim Acceptance Criteria for ECCS, and 2) the 
addition of the CE and B&W evaluation models to the present list 
of acceptable models. 

1.2.2 Report of Subcommittee on ECCS- ACRS Position Regarding AED 
Interim Criteria on ECCS 

Dr. Bush referred to the November 26, 1971 AEC public notice of an 
ECCS rule-making hearing to be held on January 27, 1972, and 
reviewed the chronology of past events and the projected schedule 
of future events with regard to this announcement. He pointed out 
areas of possible Committee concern and emphasized the need for 
prompt action by the Committee to establish a position on the total 
matter and to provide guidance with respect to implementing 
whatever actions might be required by that position. He stated 
that he had discussed the matter with the Director of Regulation 
and had advised him of a possible Committee dissent. There was 
considerable discussion among Committee members regarding: 

the poor timing of related past events and lack 
of sufficient advance notice. 

extent of AEC understanding and appreciation of the 
Committee position of last June on the AEC Interim 
Acceptance Criteria for ECCS. 

whether ACRS opinion or comment was desired and, if so, 
the proper form of ·comment. 

ways and means for conveying Committee comment if 
comments should b~ deemed appropriate. 

possible misinterpretation of phraseology of the 
announcement in regard to ACRS participation in the 
review of the interim Criteria. 

The general consensus was that comments/recommendations should be 
made, and Dr, Okrent· expressed the opinion that Committee advice on 

*Letter, Spencer H. Bush to Dr. Schlesinger, REPORT ON INTERIM 
ACCEPTANCE CRITERIA FOR ECCS FOR LIGHT-WATER POWER REACTORS, 
dated l/70/72. 



6-84 

significant matters should be in writing to avoid misunderstanding. 
During a meeting with the Regulatory Staff on the following day 
(December 10), Dr. Hanauer indicated that a letter would avoid 
any possibility of a misunderstanding of the Committee position. 

Subsequent deliberations of the Committee resulted in a fourth 
and final draft of a letter* to the Commission which would 
correctly reflect the position and recommendation of the 
ACRS with regard to the ECCS criteria and the proposed adoption 
of evaluation models. A motion for acceptance of the final 
draft was unopposed. 

With regard to the manner of transmittal, the Committee approved 
a motion by Dean Palladino which would require hand delivery 
of the letter to the Commissioners prior to December 20, with 
opportunity for discussion. If: this could not be accomplished 
the letter should be sent. The motion was not opposed, but 
one member abstained. Dr. Bush noted that if the Commissioners 
identified serious problems with the ACRS report:he would refer 
it back to the Committee for further consideration. 
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ADVfSO":Y COMMITTEE ON REACTOR s)....·EGUAROS 
UNITED STATES ATOMIC ENERGY COMMISSION 

WASHINGTON, D.C. 20$.t5 

Honorable James R. Schlesinger 
Chainr.an 
U. S. Atomic Energy Co~~ission 
Washington, D. c. 20545 

January 7, 1972 

Subject: REPORt ON INTERn1 ACCEPTANCE CRITERIA i'OR EMERGENCY C.ORE 
COOLING SYSmiS FOR LIGHT-t~ATER POWER REACTOr~ 

Dear Dr. Schlesinger: 

At ;.ts l.40th meeting, December 9-11, 1971, the Advlsory Committee 
011 Reactor Safeguards completed a review of proposed amendments to 
the Interim Acceptance Criteria for Emergency Core Cooling Systems 
for Light-l·later Polver Reactors, published as an AEC Interim Policy 
Statement on June 29,. 1971. The ·proposal was considered at a 
Subcornittee. taeet:ing held on December 4, 1971, in :Iashington, D. c.· 
Further consideration was given to the interim criteria at the 
Committee • s 141st meeting, Januat"Y 6-8, 1972. The proposed amend
ments add new evaluation models by Co~bustion Engineering, Inc. and 
the Babcock and Wilcox Company to the existing list of acceptable 
evaluation models. 

The Committee concluded that the proposed amendm~nts w~re accept
able~ on the same basis as the original Policy Statement evaluation 
models. Both the original and the amer,ded criteria involve a 
number of provisions which are clearly conservative as well as some 
vhich may not be conservative~ but on b~lance r.eflect adequate 
conservatism for interim use with plants similar in design to those 
lw-hich have been reviewed for construction v~rmits. The Comt:littee 
believes that each plant should ba reviewed on a case by case basis 
to determine the extent to which these criteria are satisfied or 
nodifi.cations to tbe dcs:lan o;: opr:ratL•r: of th~ (!.ant a:re n:qt:ired. ·-
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Honorable James R. Schlesinger - 2 - January 7, 1972 

At th~ time adoption of the Interim Acceptance Criteria was under 
consideration, the Committee had opportunity to discuss the draft 
Criteria with the AEC Regulatory Staff.aod the Commission, and 
to offer comments. The Committee comments, made orally_to the 
_Commission on June 17, 1971 included the following: 

''The ACRS believe·s~hat the draft, 'Interim Acceptance Criteria 
for ECCS for Light-Water Power Reactors', dated June 17, 1971 
is satisfactory for release subject to some clarification of the 
language. 

''The Committee concurs t~th·the suggested approach of publishing 
the criteria in the Federal Register as an interim policy state
ment by the Commission. It agrees that Alternate A setting 
January 1, 1968 as a cut-off date is reasonable. It agxees with 

· the relaxation in the criteria in Section IV B as promoting greater 
flexibility tdthout freezing desig11 and codes. 

''The Committee believes that the document represents an interim 
solution only, and that more work is required in code develop
ment, safety research oriented to LOCA-ECCS, and work on improved 
ECCS. The Committee is prepared to work closely with Staff and 
vendors through appropriate Subcommittees. We believe this 
approach may. lead to an orderly solution of the out.standing 
problems. 

'~ith regard to the course of events' of the last few months, the 
Committee now feels that there has been an over-all gain in that 
the level of work on ECCS evaluation has increased and more specific 
goals and objectives have been established. However, the 
Committee. believes that more experir:iental 't·tork is needed to 
supplement the further analytical development o£ the evaluation 
models. 

''The Committee reemphasizes that the Commission should indicate 
publicly the need for continuing ,.;ror1t on net-: ECC systems or 
significant modifications to current designs. It should be 
indicated that increases in pO'tfer or pO\·Jer density will require 
larger margius." 
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Honorable James R. Schlesinger· - 3 - January 7; 1972 

Some of the restrictive assumptions imposed by the Interim Criteria 
have been introduced because of uncertainties in the behavior of the 
ECCS. The Committee believes such restrictions should be removed, 
as_possible, either by design changes, or by demonstration. that they 
arc unnecessary. The Committee believes that it is timely for further 
implementation of the statement in the Commission's Policy Statement 
of June 29, 1971, that "in connection with the water power reactors yet 
to be designed and constructed the possibility of accomplishing by 
changes in design lurther improvements in the capability of emergency 
core cooling systems should be considered." Although the Interim kcept-. 
ance Criteria should be useful and helpful in the licensing process, the 
evaluation models prescribed in these criteria are recognized to have 
only limited usefulness as design tools for improving emergency core 
cooling systems. The nuclear industry should respond in a more direct 
fashion with realistic design methods, based upon additional scaled ex
periments and analytical studies. Design changes which would clearly 
eliminate any potential steam binding problem during a loss-of-coolant 
accident represent an example of the type of improvement considered to 
be of particular importance. The Committee recom:llends that design 
changes to improve ECCS capability should be sought and~ to the extent 
practical, employed in plants for which construction permit applications 
are received in the future, irrespective of whether the plant design 
without such changes appears to meet the provisions of the Interim Accept-
ance Criteria. · 

the Committee believes that there is reasonable assurance that, with 
appropriate use of the Interim Acceptance Criteria and other applicable 
design and evaluati.on criteria, water reactors of current design can be 
operated without undue risk to the health and safety of the public. 

Sincerely yours, 

~~ 
C. P. Siess 
Chairman 
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The ACRS reconsidered its letter at its 14lst meeting, January 6-8, 

1972, and arrived at a new consensus which incorporated the bulk of 

the minority opinions which had been appended to the December letter. 

The letter of January 7, 1972, and excerpts from the meeting minutes 

follow: 

SUMMARY 
141ST ACRS MEETING 

WASHINGTON, D.C. 
JANUARY 6-8, 1972 

1.0 EXECUTIVE SESSIONS 

1.1.2 Chairman's Report: Status of ACRS Report on the AEC Interim 
Acceptance Criteria for Emergency Core Cooling Systems. 

r--:z-:-?report~d _on ~~e December 15, 1971, meeting of ACRS 
represent'atives ) .:l 1 with Chairman 
Schlesinger and other members of the Commission for the puti) 
po~e of t;~~~i~ting and discussing the ACRS letter report 
from the !40th meeting. 

The ACRS representatives agreed to withhold the report in 
order that the Committee might consider Commissioners' 
suggestions regarding (1) the desirability of including a 
more positive statement with regard to the safeguards 
adequacy of reactors designed in ~ccord~nce with 
the Interim Criteria 1 and (2) the possibility of 
greater exposure of minority commenters to subpoena during 
rulemaking hearings. 

Although it had since been determined that rulemaking hearing 
procedures would not include the right of subpoena, it was 
the consensus of the committee that an attempt should be made 
to prepare a revised draft of the letter to accommodate 
the considerations of Item (1) above for presentation to 
the Co~21sioners during the !41st meeting. A revised 
report was drafted by the Committee and approved without 
opposing vote in Executive Session on January 7, 1972. 
This report represented a consensus of opinion so that no 
additional remarks by minority members were required (as 
was the case in the previous report). 
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3.0 MEETING WITH THE COMMISSIONERS 

3.1 Certificate of Appreciation 

Chairman Schlesinger presented to Dr. Bush a Certificate 
of Appreciation in recognition of his service as Chairman 
of the Advisory Committee on Reactor Safeguards during 1971. 

3.2 ACRS Position on.Interim Acceptance Criteria for ECCS 

Copies of the ACRS report were distributed to the Commission 
and others at the meeting, including the General Manager, 
General Counsel, Directors of Regulation, Licensing and 
Standards and members of their staffs. 

Dr.Hanauer and Mr. Muntzfng noted that it indicated that 
the ACRS feels the Interim Criteria are inadequate to protect 
the public health and safety and that improved systems must 
be considered on a case-by-case basis, which is inconsistent 
with the implementation of criteria. Commissioner Johnson 
raised a question about proceeding with the rulemaking 
hearing with this ACRS position, and there was considerable 
discussion directed toward clarifying the philosophy of the 
ACRS with respect to ECCS and the Interim Criteria. 

The following major points were covered in the discussion. 

The report does not negate the Interim Criteria 

The interim Criteria are not, per se, sufficient determinants 
of the adequacy of all safeguards required to protect the 
public health and safety. 
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The Inte~im C~ite~ia are minimum requirements and are 
not 7 per ~e, sufficient determinants of the suitability 
of ECCS design. Interpretive application of the 
Criteria is required to be made on a case-by-case basis. 

Programs for improvement of the Criteria and,where 
indicated, any designs based thereon should be 
accelerated. 

Apparent redundancies in the report we~e necessary to 
achieve a sufficient degree of consonance with the 
views of Committee members to eliminate the need for 
additional clarifying or dissenting comments by members. 

Although report statements in reference to future 
matters apparently go beyond what the Commissioners 
intended for the Committee to include in the letter, 
and while the Committee was previously unaware of 
the precise requirements of the Commissioners in regard 
to content, the Committee feels that these statements 
are not inconsistent with ACRS responsibilities. 

It is improbable that any attempts by the Committee to 
revise the report would be fruitful. 

Although the Committee report has emphasized the 
importance of ECCS R&D, the Committee also fully 
recognizes the importance of all other factors critical 
to the design and operation of plants for elimination 
of undue risk to the public health and safety. The 
Committee's concern for these other criteria is intended 
to be reflected in certain statements of the report, 
such as those referring to "case-by-case review" and 
"other applicable design and evaluation criteria." 

The Committee's recommendation that ECCS design improvements 
should be sought and employed, to the extent practical, 
for future plants, irrespective of whether the proposed 
plant design appears to meet the Interim Criteria,is 
based upon awareness of the uncertainties and weaknesses 
of the Interim Criteria and an appreciation of the 
statistical relationship between accumulated reactor 
years and the expectation of a LOCA. 

Chairman Schlesinger accepted the Committee's report 
and indicated that the documentation of the Committee's 
views on the subject would be useful and helpful and of 
value in the rulemaking hearing, 
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ADVISQ,,Y COMM1TTEE ON REACTOR S~.·EGUARDS 
UNITED STATES ATOMIC ENERGY COMMISSION 

WASHINGTON, D.C. 10545 

Honorable James R. Schlesinger 
Chairman 
U. S. Atomic Energy Commission 
Washington, D. c. 20545 

January 7, 1972 

Subject: REPORI ON IN'IERD1 ACCEPI.ANCE CRITEBIA l:'OR EMERGENCY C.ORE 
COOLING SYSmiS FOR LIGHT-WATER POWER REACTOr~ 

Dear Dr. Schlesinger: 

At 5.ts 140th meeting, December 9-11, 1971, the Advlsory COimnittee 
on Reactor Safeguards completed a review of proposed amendments to 
the Interim Acceptance Criteria for Emergency Core Cooling Systems 
for Light-Hater Pot.;er Reactors, published as an AEC Interim Policy 
Statement on June 29, 1971. The pro~osal was considered at a 
Subcor.rnittee meeting held on December 4, 1971, in ;Jashington, D. c. · 
Further consideration v1as gjvcn to the interim criteria at the 
Committee's 14lst meeting, Janua1."Y 6-8, 1972. The proposed amend
ments add new evaluation models by Co~bustion Engineering, Inc. and 
the Babcock and Wilcox Company to the existing list of acceptable 
evaluation models. 

The Committee concluded that the proposed amendments \-7~re accept
able, on the same basis as the original Policy Statement evaluation 
models. Both the original and the amr::r.ded criteria involve a 
number of provisions which are clearly conservative as well as some 
vhich may not be conservative, but: on balance r.eflect adequate 
conservatism for interim usc with plants similar in design to those 
w~ich have been reviewed for construction p~rmits. !he Committee 
believes that each plant should ba review~d on a case by case basis 
to determine the extent to which these criteria are satisfied or · 
m.odifications to the desi6n Oi7 oper.atL>n of the plant are reqcire<l. 
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( 

January 7, 1972 

At th~ time adoption of the· Interim Acceptance Criteria was under 
consideration, the Committee had opportunity to discuss the draft 
Criteria with the AEC Regulatory Staff.and the Commission, and 
to offer comments. The Committee comments, made orally~to the 
Commission on June 17, 1971 included the following: 

''The ACRS believes that the draft, 'Interim Acceptance Criteria 
for ECCS for Light-Water Power Reactors', dated June 17, 1971 
is satisfactory for release subject to some clarification of the 
language. 

"The Commit tee concurs \rl.th ·the suggested approach of publishing 
the criteria in the Federal Register as an interim policy state
ment by the Commission. It agrees that Alternate A setting 
January 1, 1968 as a cut-of£ date is reasonable. It agxees with 

- the relaxation in the criteria in Section IV B as promoting greater 
flexibility without freezing design and codes. 

''The Committee believes that the document represents an inter~ 
solution only, and that more work is required in code develop
ment, safety research oriented to LOCA-ECCS, and work on improved 
ECCS. The Committee is prepared to \-lork closely \vith Staff and 
vendors through appropriate Subcommittees. We believe this 
approach may. lead to an orderly solution of the outstanding 
problems. 

'~ith regard to the course of events of the last few months, the 
Committee now feels that there has been an over-all gain in that 
the level of work on ECCS evaluation has increased and more specific 
goals and objectives have been established. However, the 
Committee believes that more experiwental work is needed to 
supplement the further analytical development o£ the evaluation 
models. 

''The Committee reemphasizes that the Commission should indicate 
publicly the need for contiltuing \·:-or1<: on net.: ECC systems or 
signif:i.cant modifications to current designs. It should be 
indicated that increases in pot-7er or po\-1er density will reqnire 
larger margius.u 
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Some of the restrictive assumptions imposed by the Interim Criteria 
have been introduced because of uncertainties in the behavior of the 
ECCS. The Committee believes such restrictions should be removed• 
as possible, either by design changes, or by demonstration. that they 
arc unnecessary. The Committee believes that it is timely for further 
implementation of the statement in the Commission's Policy Statement 
of June 29, 1971, that "in connection with the water power reactors yet 
to be designed and constructed the possibility of accomplishing by 
changes in design further improvements in the capability of emergency 
coxe cooling systems should be considered." Although the Interim .k.cept-. 
ance Critexia should be useful a~d helpful in the licensing process, the 
evaluation models prescribed in these criteria are recognized to have 
only limited usefulness as design tools for improving emergency core 
cooling systems. The nuclear industry should respond in a more direct 
fashion with realistic design methods, based upon additional scaled ex· 
periments and analytical studies. Design changes which would clearly 
eliminate any potential steam binding problem during a loss-of-coolant 
accident represent an example of the type of impxoventent considered to 
be of particular importance. The Committee recommends that design 
changes to improve ECCS capability should be sought and, to the extent . 
practical, employed in plants for which construction permit applications 
are received in the future, irrespective of whether the plant design 
without such changes appears to meet the provisions of the Interim Accept-
ance Criteria. · 

The Committee believes that there is reasonable assurance that, with 
appropriate use of the Interim Acceptance Criteria and other applicable 
design and evaluatf.on criteria, water reactors of current design can be 
operated without undue risk to the health and safety of the public. 

Sincerely yours, 

~~ 
c. P. Siess 
Chairman 
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In its letter of January 7, 1972, the ACRS reiterated the statements made 
orally on June 17, 1971; the Committee also recommended that design 
changes to improve ECCS capability be sought and employed in plants for 
which construction permit applications are received in the future, even 
ff the plants appear to meet the Interim Acceptance Criteria without such 
changes. 

A long and controversial rule-making hearing on acceptance criteria for 
ECCS was held during 1972-1973. In August, 1973, the Atomic Energy Com
missioners requested the ACRS to comment on the matter, and at its 16lst 
meeting, the Committee prepared the following response. 

The Committee generally supported the new position taken by the Regulatory 
Staff in their "Concluding Statement of Position" (April 16, 1973). How
ever, the ACRS reaffirmed its position that 

"in the future, design changes to improve capability 
should be sought and to the extent practical, employed, 
irrespective of whether plant design without such changes 
appears to meet the provisions of the Interim Acceptance 

h . i " Criteria and the proposed changes in t ese cr1ter a. 

In its decision on the Acceptance Criteria for ECCS for UWRs, the AEC made 
relatively modest modifications in the final Staff position. In an 
accompanying statement, the AEC included a recommendation for work on 
improved ECCS. 

However, the reactor designs proposed for construction in the period 1973-
1977 show rather little change in this regard, except for a general trend 
toward smaller diameter fuel pins, which permitted the same or higher 
power densities with lower peak linear heat generation ratings, and hence 
somewhat lower calculated peak clad temperatures in a LOCA. 

Despite a rather considerable experimental and analytical effort in the 
ensuing five year period, the basis by which performance of an ECCS is 
determined has remained imperfectly defined; and for the PWR, for example, 
it has remained a controversial matter whether the possible effects of 
water carryover to the steam generator, with a resultant increase in 
steam binding, might not lead to a worsening of performance, if both cold 
and hot leg injection of ECCS water were used,' as in the German IWRs. 

In addition, the NRC Safety Research Program refrained from any aggres
sive p.~rsuit of possibly improved ECCS features, taking the position 
that the law required that the NRC do only "confirmatory" research. And 
the Electric Power Research Institute, the research arm of the utilities, 
chose not to pursue such possible improvements. 

What changes will be produced by Congressional action in 1977 requiring 
that the NRC develop a safety res~arch program on new and improved 
safety concepts and features remains to be seen. 
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In the meantime, the Regulatory Staff has been applying the Acceptance 
Criteria as if they were "the law." It has permitted relaxation in 
restrictive features included in the evaluation models first accepted 
following the AEC decision in 1973, as specific experiments indicate 
a basis for such relaxation of an individual (or piecemeal) basis. It 
can be argued that the NRC safety research program or LOCA-ECCS, 
rather than •quantifying" the safety margins in.the existing LOCA-ECCS, 
is being used to reduce these margins where the Staff believes such reduc
tion is justified. 
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ADVISORY COMMITTEE ON REACTOR SAFEGUARDS 

UNITED STATES ATOMIC ENERGY COMMISSION 
WASHINGTON, D.C. 2.0545 

Honorable Dixy Lee Ray 
Chairman 

September 10, 1973 

U. S. Atomic Energy Commission 
Washington, D. C. 20545· 

Subject: REPORT ON ACCEPTANCE CRITERIA FOR EMERGENCY CORE COOLING 
SYSTEMS FOR LIGHT-WAXER-COOLED NUCLEAR POWER REACTORS 

Dear Dr. Ray: 

In response to your August 30, 1973, letter, the Advisory Committee on 
Reactor Safeguards at its 16lst meeting, held on September 6-8, 1973, 
submits the following comments with regard to Acceptance Criteria for 
Emergency Core Cooling Systems (ECCS) for Light-Water-Cooled Nuclear 
Power Reactors. The Committee previously commented on the Interim 
Acceptance Criteria for ECCS in its report of January i, 1972. The ~ 

Committee has also addressed matters related to the Interim Acceptance 
Criteria in its reports on various reactor applications during the past 
two years and in its response to a set of questions addressed to it by 
the Hearing Board on Docket No. RM-50-1. 

The ACRS believes that the Concluding Statement of Position of the 
Regulatory Staff's Public Rulemaking Hearing on Acceptance Criteria for 
Emergency Core Cooling Systems for Light-Water-Cooled Nuclear Power Re
actors (April 16, 1973) represents an improvement over the Interim 
Acceptance Criteria. The Committee notes that some sections still re
ouire interpretation. The Committee believes that the Position should 
represent a living document which will be responsive to added inputs of 
substantive information acquired through both analytical and experimental 
studies. The Committee believes also that it is essential that tbe 
Position provide flexibility for changes on a reasonable time scale. 

In ge~eral, the Position retains previous r~strictive assumptions, and 
several others have been added. Although there is evidence to support 
less restrictive evaluations, the Committee believes that a more sub
stantial demonstration in terms of analyses and experimental data is 
required before relaxation of the restrictions can be effected. In 
achieving these goals, the development of the needed technical bases 
would be considerably enhanced if the proprietary aspects could be 
minimized. 
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The Committee continues to believe that more work is rP.auired on code 
development, safety research oriented to LOCA-ECCS, and improved ECCS. 
The Committee wishes to emphasize its opinion that a major portion of 
current and future research on LOCA-ECCS should be oriented toward the 
development of significant improvements in ECCS. 

The Committee reaffirms its position that, in the future, design changes 
to improve ECCS capability should be sought and, to the extent practical, 
employed, irrespective of whether the plant design without such changes 
appears to meet the provisions of the Interim Acceptance Criteria and the 
proposed changes in these criteria. In its approach to nuclear safety, 
the Committee has sought to make allowances for the state-of-the-art know
ledge on issues, to encourage further acquisition of background knowledge, 
to determine whether added safety improvements or margins are achievable, 
and then to encourage incorporation of practical improvements. It is the 
Committee's judgment,that for an expanding nuclear industry, the cumulative 
effects of the added improvements represent prudent goals. In particular, 
reactors proposed for standardized units should incorporate design improve
ments. 

The Committee views the following as examples of measures which contribute 
to design improveme~ts: 1) improvea reliability of the ECCS and system 
components, including approaches intended to minimize the potential fo~ 
common failure modes; 2) reactor core designs and operating modes which re
duce the potential for high temperatures, clad swelling or perforation in 
postulated LOCAs; 3) ECCS whose proper functioning is relatively insensitive 
to reactor or ECCS design parameters and to proper functioning of other com
ponents such as steam generators o~ reactor containment; 4) ECCS having re
dundancy, diversity and abundance of flow such that its adequacy is subject 
to evaluation without undue requirement for complex evaluation techniques; and 
5) other measures which further reduce the probabil~ties.and consequences of 
a LOCA. 

For existing ECCS designs, the ACRS encourages the ongoing efforts to de
velop evaluation methods, which are subjected to rigorous quality assurance 
measures, which are validated by experiment and theory, and which receive 
independent confirmation by the Regulatory Staff. 

Acceptance Criteria for ECCS are not viewed by the Committee·in isolation 
from other applicable design and evaluation criteri" and guides. The 
Committee seeks to identify and to evaluate all pert.inent factors for each 
case reviewed, as well as to be responsive to new information and experience. 
As noted in the Committee's December 18, 1972, report, Status of Generic 
Items Relating to Light-Water Reactors, resolution of some items on a generic 
basis is still pending. Other items which have been identified, studied or 
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are under study, include pressure vessel integrity, steam generator 
tube integrity, reactor coolant pump overspeed, independent capability 
to analyze the ECCS, evaluations of containment pressures, independent 
analysis of the ice-condenser containment time-pressure history, and 
structural responses to a LOCA. All such items are taken into account 
in arriving at Committee positions. 

For those plants Which are licensed to operate under acceptance criteria 
such as those of the Regulatory Staff's Position, the Committee recommends 
conrinued study of means to improve ECCS reliability and performance by 
such design and operational measures as appear practical and significant. 
When such studies indicate that a significant safety improvement can be 
achieved, it should be considered for backfitting on a timely basis in 
accordance with the Commission's backfitting policy. 

the evaluation of ECCS capabilities must, of course, include the possible 
effects arising from fuel densification. Several restrictive assumptiom; 
have been introduced by the Regulatory Staff in their densification evalua
tion models that, when combined with the Interim Acceptance Criteria, re
sult in more severe limitations being placed on maximum linear heat genera
tion rates for PHRs and maximum average planar (bundle) linear beat genera·· 
tion rates forB\~. These restrictions result in the requirements for more 
intensive incore monitoring. In some cases, such restrictions have also l~d 
to lo•:;er initial power ratings for reactors having operating licenses. In 
this new phase of bringing into operation reactors having both higher power 
and higher po,:;er density, the Committee agrees that some initial limits on 
power may be appropriate in achieving the following objectives: 

a) prudent approach for gaining operating experience 
b) more thorough demonstration of fuel behavior 
c) more detailed measurements of maximum linear beat generation 

rates and peaking factors for PWRs, and maXimum ~verage planar 
(bundle) linear heat generation rates for Btm.s 

d) resolution of more generic items, and 
e) implementation of the proposed new requirements for the accept

ance criteria, including evaluation of analytical and experi
mental data relating to model and code developments. 

The initial restriction on power ratings and/or on flexibility for power 
operations and the duration of these restrictions sho:.tld be evaluated on 
a case-by-case basis until a standardized approach has evolved through 
tmplementation of the Position. · 
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Xbe Committee believes that the Concluding Statement of the Regulatory 
Staff represents an acceptable Position, that possible ECCS design im
provements should be pursued for plants in operation or under construc
tion, and that reactors filing for construction permits after January 7, 
1972, should have significantly improved ECCS capability. 

Sincerely yours, 

J( ~.0::::-:d-~i 
Chairman 

. References: 
1) Concluding Statement of the Regulatory Staff entitled "Acceptance 

Criteria for Emergency Core Cooling Systems for Light-Water~Cooled 
Reactorsi'April 16, 1973 

2) Final Environmental Statement concerning the Proposed Rulemaking 
Action: Acceptance Criteria for Emergency Core Cooling Systems 
for Light-Water-cooled Nuclear Power Reactors, dated May 9, 1973 
(Volumes 1 and 2) 

3) Supplementary Concluding Statement of.Positio~·of the Regulatory 
Staff's Public Rulemaking Hearing on Acceptance Criteria for ECCS 
for Light-Water-Cooled Nuclear Power Reactors, dated August 9, 
1973 

• 

9 3 Zf l'!d I f d3S fl61 
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6. 3 I.WR SAFETY RESEARCH 

Reactor safety research, in a general sense, began essentially as soon as 
nuclear reactors began. Safety studies were done by many of the groups 
working on reactor development. At the third meeting of the statutory 
ACRS in December, 1957, there was a major presentation made on a new, 
fairly comprehensive program on the safety of fast reactors. And prior 
to this time, there had been major experiments performed relating to the 
behavior of light water reactors during severe reactivity transients, for 
example, the BORAX 1 destructive experiment and the subsequent series of 
SPERT experiments (Thompson, 1964). 

At the 11th ACRS meeting, November 6-8, 1958, Mr. Hembree of the Division 
of Reactor Development reported the total dollar volume of the Experimental 
Reactor Safety Program as being $7 million in fiscal year 1958, $8 million 
in fiscal year 1959, and $11 million in fiscal year 1960. This program 
covered three areas, namely rector kinetics and control, chemical re
actions, and contairunent. During the meeting, a presentation was given 
on the work at ORNL on fission product release fractions (and behavior 
thereafter) from molten fuels. 

At the 12th meeting, December 11-13, 1958, the representatives of Atomics 
International reviewed their safety research work on the development of a 
fuse (for backup shutdown of reactors). 

At its 21st meeting, November 12-14, 1959, the ACRS wrote a letter report 
to AEC Chairman McCone in which it recommended that a comprehensive review 
be prepared of the available information on reactor safety. (This recom
mendation culminated several years later in publication of the book 
"The Technology of Nuclear Reactor Safety.") 

At its 34th meeting, May 18-20, 1961, the ACRS wrote a letter report to 
AEC Chairman Seaborg calling attention to problems of reactor vessel 
embrittlement which could arise with high neutron irradiation doses. 

In 1961 the post of Assistant Director for Reactor Safety Research was 
established within the AEC Division of Reactor Development, and at the 
45th meeting, December 13-15, 1962, the ACRS sent a letter report to 
AEC General Manager Leudecke concerning aspects of the AEC safety 
research program. The letter is reproduced on the following pages. 

The letter of December 31, 1962 shows the strong interest of the ACRS 
at that time in incresed knowledge concerning large destructive re
activity transients. Such transients were not a "design basis" or 
"maximum credible accident" for the light water power reactors then 
under regulatory review. However, a damaging reactivity transient 
had occurred in the small, experimental boiling water power reactor, 
SL 1, the previous year (Thompson, 1964); and reactivity transients 
had probably been the major safety issue during the 1950's. 

At its 48th meeting, July 11-13, 1963, the ACRS completed a second 
report on reactor safety research to General Luedecke, as is repro
duced on the following pages. 
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ADVISORY COMMilTEE ON REACTOR SAFEGUARDS 
UNITED STATES ATOMIC ENERGY COMMISSION 

WASHINGTON 25, D.C. 

·- -,--- -··· 

A. R. Luedecke 
General 1-ianager 
U. S. Atomic Energy Commission 
~·Tashington, D. C. 

December 31, 1962 

Subject: REVIEW OF REACTOR SAFETY RESEARCH PROORAM 

Dear General Luedecke: 

The Advisory Ccmrnittee on Reactor Safeguards has completed the following 
stages of a review of the program in reactor safety research that ta 
supported by the Division of Reactor Development: 

1. A complete summary of the program by Dr. J. A. Lieberman and his 
branch chiefs. (Summary Report, Nuclear Safety Research ~ Develop• 
ment Program, Division of Reactor Development, June 1962, by I. E. 
Jackson, Jr.) 

2. Review of the Spert and Step programs at the National Reactor Testing 
Station presented by the Phillips Petroleum Company's research group 
and others. 

In addition, a number of reports on the Spert program have been made 
available to the Committee. !tecently, information on tests of fission• 
product relea~e and transport has been received but 'this bas not yet 
been studied by the Committee. 

~ I $ • 

The Co~ittee commented on the safety aspects of the Spert I destructive 
tests in our letter to Chairman Seaborg dated August 30, 1962. The pres• 
ent letter presents further opinions on the conduc~ of individual testa 
at the NRTS, and provides the initial response to a request from th~
Director, Division of Reactor Dcvelop~ent, for Committee comments on 
the entire reactor safety research program~ . 

. • 

• 
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General Remarks on the Spert Program 

I 
I 

The Committee believes that the present series of Spert destructive tests, 
which are carried out with small fission-fragment inventories, cannot con
stitute a serious hazard to the health and safety of the public. Such 
experiments provide information very useful to the understanding of re
actor accidents, and any 4elay of such experiments increases the proba
bility that safety evaluations of other reactor projects may be erroneous 
due to lack of the new information. It is therefore recommended that re
view of such experiments by the ACRS, and possibly by other safety groups 
within the AEC, be eliminated if the operator of the experiment files with 
the AEC a document sho\·ling that the radiation· limits specified in 10 CFR 
Part 20 will not be exceeded for the general public, even in case of dis
persion to the atmosphere of the whole fission fragment inventory of the 
reactor at any time throughout the test. This simple procedure should be 
modified at the request of the AEC, the ACRS, or the contractor, if unusual 
circ~stances so warrant. 

The Co~ittee also suggests that a planned program of press releases be 
instituted to educate the g¢neral public that releases of fission products 
from tests of the Spert t)~e will not constitute an undue hazard to anyone 
either on or off the site. The publicity should emphasize the point that 
such releases are an inte6ral part of a reactor-safety research program 
whoce c•bjcctive is to protect the health and safety of the public. 

Specific ~ecommendations on the Spert Program 

The Spert group has built up experience and skill. There 
which give a good basis for~planning future tests of this 
of the tJhole pro6rar:l should grow. The analytical part of 
progress, but it would profit from further strengthening. 
adequate computer facilities sho~ld be provided. 

are many results 
type and this part 
the work is making 
For example, more 

The Committee recommends that destructive tests be perfo~ed as soon as pos
sible on low-enrichment oxide cores, since such cor~s are used in th~ ma
jority of power reactors. The tests on highly enriched metal cores'have to 
be relatively widely spaced to allow adequate analysis between tests. Since 
oxide fuel for about two cores is available .at the Spert facility, consid
eration might be given to performine destructive tests on oxide cores while 
the analysis of a metal-cor~ test is underway • 

. · 
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The Committee suggests that the following areas be studied: 

1. The influence of slow acting, small, positive temperature and void 
coefficients (in particular positive coefficients extending over a 
limited range of temperature and voids) on destructive or other 
severe transients. Such limited positive coefficients ~dy prove 
to be 'dthout much influence on these transients; and, if this is 
the case, they may be used to reduce the reactivity change from 
cold to hot-operating. Such reduction would improve the reactivity 
lifetime and economics of the reactor, or it could be used to re
duce the excess reactivity that has to be controlled. 

2. The possible existence of mechanisms by which catastrophic local 
disturbances in a large reactor can propagate. ~erhaps large re
actors could be built in such a manner that destruction of more 
than s small part of the reactor is demonstrably U1possible. 

The c~~ittee wishes to encourage a program consisting of destructive 
testing of fuel assemblies, and employing a re-usable reactor as source 
of the neutron burst in order to supplement the whole core destructive 
tests. Such a program for the. testing of small fuel assemblies is in 
progress at the KEWB facility. The Fast Burst Facility, proposed by 
Phillips Petroleum Company, would allow testing of somewhat larger assem• 
blies. The fuel assembly destructive testing program would have the 
follolving advantages: 

a. It would save the cost of loss of material and cleanup involved 
in tests of whole·reactor destructions. 

b. It could provide answers more rapidly than can be obtained in 
the case of mlole-reactor destructive tests. 

c. If tests were performed with "dirty" fuel, only a small amount 
of radioactivity would be dispersed. 

, . 
d. It would extend the range of available reactor periods into the 

important region of fast transients by more than an order of 
magnitude beyond that available at the transient facilities which 
are now in operation and could accommodate large samples'. 

The recent Spert I destructive test seems to indicate that the destructive 
effect is separate from the reactivity-feedback effects, and it is essen
tially this feedback which requires whole-reactor tests • 

. · 
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The Step Pro~ra!!! 

The Step program is in the formative stage. It is our understanding that 
the loss of coolant accident will figure prominently in these tests. The 
ConEittee reconuncnds that the investigation of this potential accident be 
carried out in two steps: 

(a) Coolant loss from the reactor. at a controlled rate and correlation 
of this rate of loss tdth quantitative information on the behavior 
of the core; 

(b) Study o£ the nature of piping failures and their effects on the 
rate of coolant; this study should take full advantage of and 
should not duplicate work done outside the Step aroup. 

Iriasinuch as acc!.dent analyses usually assume that the pressure vessel con• 
taining the reactor trlll not fail, and since brittle failure of this vessel 
may lead to catastrophies far in excess of the nmaximum credible accident"• 
the Committee recommends that additional support be given to the groups now 
investigating brittle failure starting at defects in pressure vessels. Of 
particular interest would be tests using pressurization by gases rather than 
liquids and the effect of environment on crack propagation. Continued attcn• 
tion should be giv~n to radiation damage on pressure vessels and the study of 
t~e elfects of the significant variables on radiation damage specimens. 

The results of the Reactor Safety Research Program are inportant in the work 
of the ACRS. Quantitative data of general applicability are req~ired to 
permit precise evaluation of reactor safety and for design and ope~ation of 
economic nuclear pouer systems. The revicvs to date have been extremely 
valuaille to us. 

.· 

Sincerely yours, 

/s/ F. A. Gifford, Jr. 

F. A. Gifford, Jr. 
Chairman 
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ADVISORY COMMITTEE ON REACTOR SAFEGUARDS 
UNITED STATES ATOMIC ENERGY COMMISSION 

WASHINGTON 25, D. C. 

A. R. Luedecke 
General Manager 

August 1, 1963 

U. s. Atomic Energy Commission 
Washington, D. C. 

SUBJECT: REVIEW OF REACTOR SAFETY RESEARCH PROGRAM 

Dear General Luedecke: 

The Advisory Committee on Reactor Safeguards has been reviewing the 
safety research program of the Atomic Energy Commission for several 
months. This review, undertaken at the request of the Division of 
Reactor Development, has been very timely because it has come during 
a period when engineered safeguards are increasingly used to justify 
sites that would otherwise be unacceptable. At the outset, the 
Committee wishes to thank the Division of Reactor Development for 
the opportunity to hear of the progress being made in reactor safety 
research and to comment on it. In a previous letter to you, dated 
December 31, 1962, some views of the Committee on the Spert and STEP 
projects were transmitted. In this letter additional comments are 
offered only on those portions of the program designed to provide 
further information on the release of fission products from fuel 
elements and the place and extent of their removal in passing through 
successive spaces and barriers. 

The Committee would like to stress that dependence on engineered safe
guards to reduce the effects of credible reactor accidents must be 
supported by confidence that the safeguards would act as expected. 
There must be assurance that the conditions to which the devices would 
be exposed are correctly foreseen. The effectiveness of the devices 
under these conditions must be established. 

The safety research program devotes much of its attention to questions 
about the nature and magnitude of fission product releases by various 
mechanisms. Most of the research concerns the releas.e of fission 
products by fuel that has been melted by afterheat. In most instances, 
the fission product heating is simulated by other means: plasma torches, 
electrical heating, induction heating. Several kinds of fuel are being 
investigated. Those being studied and proposed for study include the 
principal reactor fuels for the converter reactors. 
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To: A. R. Luedecke -2- August 1, 1963 

In the spirit of the statement made above, that confidence in per
formance as planned is essential, the Committee would like to comment 
on aspects of these fission product release studies. Most of the 
comments simply reiterate views on which the research has been based, 
and these are stated again here only for completeness. 

The two basic questions to be answered by fission product release 
studies are: (1) how much of what fission product of significance 
is released, and (2) in what form are the fission products released? 
There are no simple answers to these questions, because the answers 
depend on a variety of environmental conditions. These include: 
(1) the chemical composition of the fuel (e.g., uranium metal, uranium 
oxide, uranium carbide, alloying constituents), (2) the physical nature 
of the fuel (for instance, sintered oxide or vibratory compacted oxide), 
(3) the degree of burnup, (4) the temperature history of the melt, 
(5) the kind of cladding, (6) the kind of atmosphere in which the melt 
takes place (air, steam, air-steam mixture, noble gas). Amplification 
of the basic questions in the light of the environmental effects leads 
to such questions as: What fraction of the release of volatile fission 
products, particularly halogens, is in elemental form? What is the 
particle size distribution of released nonvolatiles? What is the 
expected degree of adsorption of volatiles on these particles? What 
chemical compounds are formed? What is the size distribution of the 
particles with which these are associated? The answers as functions 
of the environmental conditions must be known if the behavior of the 
engineered safeguarcs is to be assured. 

In addition, the. Committee would like to draw attention to the presence 
of large amounts of plutonium and other transuranic species near the 
end of reactor core life. The possible release of these, the effect 
of their release, and their effect on fission product release should 
be studied. 

Throughout, care must be taken to assure that the history of signi
ficant fission products is followed. In circumstances where halogens 
are released in easily removable form, the effectiveness of the 
engineered safeguards will probably depend on other fission products. 

It appears that some increase in the Atomic Energy Commission's safety 
research program will be needed if satisfactory answers to the above 
questions on fission product release are to be available for inter
preting the consequences of integral experiments such as LOFT. 

, __ ... ! •• 
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To: A. R. Luedecke -3- August 1 s 1963 

The release of fission products from fast reactor fuels should also 
receive growong attention. The fission product distribution curve 
differs somewhat with fission neutron energy. Fission product !!~lds 
from plutonium fission are somewhat different from those from U 
fission. The fuels themselves will differ from those used in thermal 
converter reactors. 

Before leaving the subject of fission product release research, the 
Committee would like to comment on the proposed studies of fission 
product release by methods other than simple fuel melting. The 
releases associated with nuclear excursions or chemical reactions 
(such as those between water and metals) will differ from the ones 
discussed above. The series of Spert destructive tests will shed 
some early light on the nature of such releases as well as on other 
questions. But the basic physical understanding of the releases will 
depend on research such as is projected for the Power Burst Facility. 
The Committee wishes to emphasize the need for the PBF, and to support 
its early construction and use. 

The retention of released fission products on the inner walls and 
internals of the reactor vessel will reduce the magnitude of the re
lease by an amount that is so far unpredictable. This reduction 
factor will depend on complicated circumstances: The geometry and 
composition of the surfaces. the form of the fission products (gaseous, 
elemental, particulate), the temperatures of surfaces, the size of 
the reactor vessel or pipe rupture, and the atmosphere in the reactor 
vessel. It will be necessary to identify the cause of the reduction, 
to establish the dependability of results. The Nuclear Safety Pilot 
Plant should help to answer a number of the questions influencing 
the expected retention of fission products in the reactor vessel, but 
it may be that the complication of structural members and fuel element 
surfaces will only lead to a lower limit on the advantage to be gained 
from vessel retention. The need for careful control in these experi
ments is stressed. It is noted that a plasma torch will be used to 
melt the fuel. This torch will be located in a separate chamber out
side the simulated reactor vessel. Attention has been given to assuring 
that the release into the simulated vessel resembles that from an after
heat meltdown: this must be assured. The variable nature of the re
lease as influences by features of the melting, discussed earlier, 
should be taken into account. The course of the deposition in the 
vessel should become well enough understood on purely physical and 
chemical grounds to permit mathematical justification of vessel 
retention factors that might be assumed in reactor plants. 
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To: A. R. Luedecke -4- August 1, 1963 

Beyond the escape from the vessel, released fission products to be 
a major hazard must still escape whatever containment or confinement 
is provided. The tests of retention by containment or confinement, 
and the effectiveness of air cleanup devices under actual conditions, 
are planned for the LOFT facility. Releated test facilities have also 
been proposed: the Pressure Suppression Facility, and more recently, 
Spert-II. 

It is difficult to specify the features important in finding the 
degree of retention in the containment or confinement building 
except by reiterating the need to justify whatever retention factors 
may be claimed in the future. This justification must rest on a 
foundation.of physical and chemical understanding. The same sources 
of complication as pertain to vessel retention factors will also apply 
here. 

In view of the recent finding of almost total release of several 
significant fission products, transport effects assume very great 
importance. The various engineered safeguards that have been proposed 
to reduce further the extent of final release should be tested under 
conditions under which they must be expected to perform. These engi
neered safeguards include spray washdown systems in the vessel and in the 
reactor building, building air recirculation systems, and final air 
cleanup systems. The variability of possible fission product releases 
will affect the performance of all of these. The temperature and 
steam content of the atmosphere will affect the performance of recircu
lating and final air cleanup systems. The possibility of saturation 
of air cleanup systems should be investigated. The rate of re-evaporation 
of halogens washed down by spray systems should be known. 

The pressure suppression scheme that has been designed for some re
actors bears further testing over a somewhat larger range of variables. 
In relation to the ~ission product retention problem, however, it would 
be useful to establish experimentally to what degree this sCheme can 
be relied on for reduction of fission prodvct escape. 

The proposed Pressure Suppression Facility seems to be the one device 
that has been proposed for systematic study of the effectiveness of 
engineered safeguards such as building spray systems, air recirculation 
cleanup systems, and pressure suppression. The Committee wishes to 
encourage further development of this proposal, with emphasis on the 
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To: A. R. Luedecke -5- August 1, 1963 

goal of physical justification of the reduction factors to be assigned 
such engineered safeguards. 

The Committee views the LOFT experiments as being in the nature of 
necessary full system tests. These would establish whether the more 
specific research on the individual and successive aspects of the core 
meltdown and fission product release have made it possible to predict 
accurately the complete sequence of events, and whether any effects 
of importance have been overlooked. As corollaries to this view, the 
Committee believes that the research that is to be correlated on a 
full system basis must be at an adequate stage for this test when it 
is performed, and that the LOFT experiment must be well instrumented 
to establish quantitatively the physical and chemical nature of the 
release from the fuel, the vessel, and the building, and the environ
mental features influencing the release. It is doubtful that a 
single LOFT meltdown will be adequate to provide the confidence in 
predictability of the magnitude and kind of fission product releases 
after core meltdown. 

The proposed use of Spert-II to provide some information prior to 
the LOFT experiments would be of questionable value. Because the 
basic experiments needed for interpretation would almost surely not 
be finished in the ~wo yedrs before a Spert-II meltdown can be done, 
this test could not be considered as a systems test of the nature of 
LOFT. Without the physical understanding of the more elementary 
processes, any results achieved could not be depended on as guides 
to predicting fission product releases following meltdown of other re
actors. It seems that at best a Spert-II meltdown might give some 
further guidance to the conduct of the later LOFT tests. 

The Committee has been favorably impressed by the emphasis that the 
Division of Reactor Development gives to research on nuclear reactor 
safety. This rese~rch should be of real value in helping to ease the 
problems of reactor siting and the assured performance of engineered 
safeguards. 

The Committee will forward further comments on research aimed at re
ducing or clarifying the possibility of serious accidents when the 
review of these portions of the research program has been finished. 

It is clear that some facets of reactor safety are more important than 
others, and the degree of urgency in attaining useful results varies. 
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To: A. R. Luedecke -6- August l, 1963 

In the near future, the Committee will forward to you their views 
on the coverage of these facets, on the general scope of the pro
gram, and the relative emphasis that should be placed on various 
aspects of the program. This critique will be based on our opin
ion of the relative tmportance of safety problems being faced in the 
siting, design and construction of large power and test reactorso 

Sincerely yours, 

Is/ 

Do B. Hall 
Chairman 
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ADVISORY COMMITTEE ON REACTOR SAFEGUARDS 

UNITED STATES ATOMIC ENERGY COMMISSION 

WASHINGTON, D.C. 20S.CS 

A. R. Luedecke 
General J.ansger 
u. s. Ato:cic EnerLtY Co::::::Ussion 
\;ashington, D. c. 

November 19, 196.3 

Subject: REVID.f OF REACTOR SAFErY RESEARCH PROGRAM 

Dear C~n~ral Luede~e: 

In its letter of A~lst 1, 1963, the Advisory Co~ttee on Reactor 
Safeguards stated an intent to co~~nt further on the Reactor 
Safety Research Froe:ra.::1. Some additional cocents, wl-ich are now 
trans:rnitted, re:pre$ent views of the Cof'ltlittee on the ar:;a of 
research that requires the &rreatest eqphasis, vtith some discussion 
of the bases for these views. 

The Co~tt~e believet teat it is of primarJ importance to determine 
to what e:::teut er>.gineered safegu:::.rds can be relie:d on in relaxing 
reactor site restrictions. 

In the light of present knowledge, it seems unlikely that general 
principles will ren~er incredible the possibility that high power 
nuclear reactors can have large·pover excursions, or that they can 
have substantial core meltdown. Therefore, it must be expeLted 
that the safety analysis for locating and designi~g nuclear reactors 
will continue to assume such accidents to be possible, even if only 
remotely so. 

Reactor accidents leading to te~ratures and pressures representa
tive of l!Uclear vea.pons can b~ considered incredible on physical 
srounds. Alsol reu~cing theJdirect,raaiation effects of nuclear 
excursions to tolerable levels seems to pose no insuperable design 
problems. Prima.-y attention will h~ve to be given to potential 
release ot f'ission products to the environment.· 

.• 

II ~t 
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A. R. Luedecke -3- November 19, 1963 

proof tests such as LOFT may ~~e a contribution. It is doubtful 
that experiments done vi th the nuclear Safety Pilot P~ ant will 
by th~~~elves ~rovide the upp~r limits relevant to large scale 
core ~ltdawns in real reactor vessels. 

P~ indicated in our letter o~ August 1, 1963J the dcte~ination of 
decont~ination factors for air cle~~ng syste~ and similar.devices 
't'I.T.der actual ccndi ticns of release to the e.taOSJ..I~~ere is en i:'lpor'i:.ant 
research area. 

Some of t~e other r~jor studies that will eluci~~te the probability 
ar...d. severit;' of accidents and hence the chances of fission ~rod.uct 
release are the follcuing: 

1. Research on th"! :,orob.::.i)ility of g::-6ss .rupture of pr:i.J::lary 
prc!jsure vessels and oth~:· j?r-:.ssurized CO!:J?or:ents is r:eeC.ed. In--.:'or
m.tion is needed on o::t:1ods to pr.:;tect the contain.me::1.'t or confineJ:lent 
fro~ possiblc.rdssiles. 

2. Further studies of the brittle-d.uct5.le trar.sition of steels 
are n~eded. The effects o! radiation, ra~ation rates, raQiation 
under stress 1 and 11elding variaLles on the brittle-ductile transition 
phenor:ler.on need t'urther C);:"?lorir.g. The results need i:,o be anal. ·,rzed 
both in ten:s of fract-.:tre stress ~nd ene::-gy absorption. 1!-::lre infor
r...a.tion on the change of e.1~rgy absorption a."ld crack propagation with 
irradiation rate would be U$eful. 

3· 'Ele SP"'....RT-I destructive test on t:ovenber 5, 1962, shcr.;· d 
evidence of an ~1C>~ected threshold phenomenon that increased the 
destructiveness of a nuclear ex~ursion. The nature of this phenom
enon should be clarified. The e~;:istence of other threshold lihenomena 
should be va.tched for in subsequent SPEl\T-type destructive tests on 
water cooled syste~~. 

Recent rcr.cwed emph~sis on tbe 1~ ranae role of large fast breeder 
reactors points up the need for a vell dcvc.!.op~dJ long term, compre
hensive research progr~~ on the safety of such re~ctors. A strong 
res~a.rch progr:::un started r.ov should develop in.fon:lS.tion very useful 'J1o 
the first generation of' very larce f~st reactors. Some of the matters 
carryina special sa.fcty implication are as follows: The !bppler coef
ficient; reactivity effects due to coolant voids and f\tel mov~nt; 

.:.. I • ., 





6-118 

At its S2nd meeting, January 9-10, 1964, the ACRS heard encouraging re
sults concerning the ability of the low-enrichment uranium oxide fuel 
and SPERT reactor to withstand a severe reactivity transient with 
essentially no damage. As expected, the transient was terminated by 
the Doppler reactivity effect; and the experience was directly 
applicable to the PWRs and BWRs under consideration in the regula-
tory process. 

In a letter to AEC General Manager Hollingsworth dated September 17, 
1965, the ACRS provided some detailed suggestions concerning the pro
posed LOFT core melt experiment, as well as coornents concerning the 
development of ~roved containers for the shipment of highly 
irradiated fuel, improved methods of inspecting pressure vessels, 
and improved reliability for a large number of reactor cOmponents, 
including containment penetration seals and emergency power supplies. 

In the sunmer of 1965, the AEC had formed a Steering Committee on 
Reactor Safety Research, canposed of the members of the Regulatory and 
the reactor development sides of the commission with the charter (in 
part) of developing information and criteria pertaining to metropolitan 
siting of reactors. 'Ibis group met with the ACRS at the 70th meeting, 
February 10-12, 1966 and the 72nd meeting, April 4-6, 1966, to discuss 
implementation by the AEC of reconmendations made by the ACRS in its 
letter of November 25, 1965, on reactor pressure vessels. 'Ibe AEC 
stated they were initiating a very considerable program in the pressure 
vessel area, aimed principally at gaining improved integrity, and that 
discussion papers on missiles, metal-water reactions, emergency core 
cooling, air cleaning systems, containment, and seismic effects were 
under preparation by ORNL. 

At its 78th meeting, October 6-8, 1966, the ACRS completed a very 
significant letter rept to AEC Chairman Seaborg on reactor safety 
research. 'Ibis letter, which was prepared after •resolution• of the 
•China Syndrome• issue for Dresden 3 and Indian Point 2, am agreement 
to the establishment of a task force (as discussed in previous chapter 
placed major emphasis on research on core melt t:nenomena, on LCX:A-ECCS, 
and on ~roved primary system integrity. 'Ibe letter is reproduced on 
the following pages. 





6-119 

To: Honorable Glenn T. Seaborg -2- October 12, 1966 

2. Because of the importance of emergency core cooling as an engi
neered safeguard, studies on core cooling processes already underway with
in the AEC and industry should receive continued attention. Coolant dis
tribution and heat transfer phenomena which could influence emergency cool
ing significantly should be examined to remove existing uncertainties, in
cluding those related to an assumed course of events where cooling is mar
ginal or inadequate in sections of the core. Tests of actual spray cool
ing and core flooding systems under accident conditions warrant careful 
consideration. 

3. Development of practical, effective methods for extensive periodic 
inspection of pressure vessels is of great importance. The current pro
gram in AEC and industry should be augmented, as necessary, to assure this. 
One or more practical systems for such inspection should be developed as 
soon as possible. 

4. A strong program on the properties, homogeneity, and behavior of 
thick steel pressure vessel sections, including research areas described 
in the recently proposed program of the Pressure Vessel Research Committee. 
should be implemented by industry and the AEC. The work on thick-walled 
vessels should include a thorough study of potential failure modes under 
pneumatic loading for various flaw sizes and types, and the significance 
of the reduction in the energy absorption shelf as a function of neutron 
irradiation. 

5. Because the Commission may be called upon to consider proposals 
to construct reactors utilizing prestressed concrete pressure vessels, 
the nuclear industry and the AEC should promptly institute a very active 
safety research program into such vessels, including their design for 
seismic effects. This program should include research into anomalous 
failure modes of such vessels, particularly under pneumatic loading. 
This work should encompass effects of potential structural defects or 
overloads and problems associated with closures, penetrations, and anchors. 

6. The further development of advanced methods of calculating de
structive reactivity transients in water-cooled reactors, including pre
dictions of damage to the primary system, is recommended. Important 
phenomena, such as the mode, time-sequence, and effect of fuel element 
failure, should be identified and studied so that the phenomena are 
dealt with adequately in the over-all analyses. Also, the role of space
dependent kinetic effects should be fully identified. 

When it reaches the operational stage, the planned PBF program 
should play an important part in identifying fuel failure modes. The 
large transient experiments in the Spert program have already been very 
useful. Further experiments with low-enrichment-fuel water reactors 





To: Honorable Glenn T. Seaborg -4- October 12, 1966 

Some computational methods are already being developed in con
nection with various safety research programs. Others could be developed • 
. In expanding this program, the Division of Reactor Development and Tech
nology should work closely with the Regulatory Staff to establish an 
appropriate series of standard methods or reference problems. 

5. In view of the large amounts of recycled plutonium fuel that 
will probably be used in thermal reactors in the future, potential 
safety problems arising from the use of such fuel should be identified 
and appropriate information developed in timely fashion. 

6. Since early detection of small leaks in primary coolant systems 
of reactors can provide considerable protection against more serious 
difficulties, existing leak detection methods should be evaluated from 
the safety standpoint and new techniques developed, if appropriate. 

7. The dilution, dispersion, and transport of liquid radioactive 
wastes in surface waters (rivers, lakes, estuaries, bays and 9pen ocean) 
are tmportant factors in the siting of nuclear reactors. In addition to 
these phenomena, attention frequently needs to be directed toward bio
logical concentration of radionuclides in aquatic life. It may be desir
able to review previous work on this subject, including related research 
on discharge of municipal and industrial liquid wastes. Preparation of 
a state of the art review of current knowledge, and delineation of areas 
where further research is needed, would be useful. A special evaluation 
of the impact of siting many reactors on the shores of the Great Lakes, 
in relation to retention and flushing characteristics and to accumulation 
of radionuclides in aquatic organisms, may also be desirable. 

It should be noted that information developed in connection with several 
items listed above would not only help to enhance public safety, but 
would also contribute toward a more expeditious review of the large 
number of reactor projects anticipated for the future. 

Sincerely yours, 

Original signed by 
David Okrent 

Chairman 

(0•,' 
' 
~-,;;. 
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ADVISORY COMMITTEE ON REACTOR SAFEGUARDS 
UNITED STATES ATOMIC ENERGY COMMISSION 

WASHINGTON, D.C. 201<15 

April 14, 1967 

Honorable Glenn T. Seaborg 
Chairman 
U. S. Atomic Energy Commission 
Washington, D. C. 

Subject: COMMENTS ON WATER REACTOR SAFETY RESEARCH 
PROGRAM 

Dear Dr. Seaborg: 

In response to a request from the Director, Division of 
Reactor Development and Technology, the ACRS has reviewed 
the draft document entitled '~ater Reactor Safety Research 
Program, Summary Description" and has transmitted comments 
on this program in a letter to the Director, DRD&T, dated 
April 14, 1967. 

A copy of this letter is attached. 

Attachment: 

Sincerely yours, 

Is! 

N. J. Palladino 
Chairman 

Letter from N. J. Palladino, Chairman, ACRS to Mr. Milton 
Shaw, Director, DRD&T, dated April 14, 1967. 
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April 14, 1967 

The ACRS recommend·s that all of the above areas of safety research be 
prosecuted vigorously. 

Sincerely yours, 

Is/ 

N. J. Palladino 
Chairman 
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Dr. Beck (REG) pointed out that at no time in the last 20 years 
has the AEC been able to answer all safety questions. He stated that 
1n the past we have assumed pessimistic conditions that we felt 
would not occur. He asked the participants to identify the 
urgent problems that are amenable to resolution. He said that 
if the AEC must have all of the answers then we must stop building 
reactor plants. 

Mr .. Case (DRS) asked if the R&D proposal was required to assure 
safety or was it to determine the de,gree of safety. 

The representatives of the reactor designers asked what the 
AEC wanted in the way of safety margin. They expressed their 
opinion that they have sufficient information for current 
designs and plan no major changes in the immediate future. 
They expressed their opinions that their designs are adequately 
safe without further major R&D. They said that if the AEC did 
not agree, then the AEC should provide information as to what 
it considered to be adequate safety. 



r 
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ADVISORY COMMITTEE ON REACTOR SAFEGUARDS 
UNITED STATES ATOMIC ENERGY COMMISSION 

WASHINGTON, D.C. 20U5 

Honorable Glenn T. Seaborg 
Chairman 
U. S. Atomic Energy Commission 
Washington, D. C. 20545 

March 20, 1969 

Subject: COMMENTS ON WATER. REACTOR SAFETY RESEARCH PROGRAM 

Dear Dr. Seaberg: 

During the past year the ACRS has been reviewing various aspects of water 
reactor safety research, including the January. 1969 draft document from 
the WRSPO entitled "Preliminary Water-Reactor Safety Program Plan". Com
mittee comments on the water-reactor safety research program have been 
transmitted to the General Manager in a letter dated March, 1969, a copy 
of which is attached. 

The Committee wishes to take this opportunity to emphasize the continued 
great importance to the health and safety of the public of the Commission's 
Nuclear Safety Research Programs on water reactors and on other power re
actor types, and urges contir.ued vigorous support of this work. 

Attachment: 
ACRS Letter to Mr. Robert E. 
Hollingsworth, dated March, 
1969 

Sincerely yours, 

Is/ 

Joseph M. Hendrie 
Acting Chairman 
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Mr. Robert E. Hollingsworth - 2 - March 20, 1969 

Consideration should also be given to research aimed specifically atim
proving the potential for siting of large water reactors in more popu
lated areas than currently being utilized. For example, studies should 
be undertaken to develop reactor design concepts providing additional 
inherent safety or, possibly, new safety features to deal with very low 
probability accidents involving primary system rupture followed by a 
functional failure of the emergency core cooling system. 

The ACRS agrees with much of the general emphasis placed by the Plan on 
various facets of water reactor safety research. However, the Committee 
believes that, in view of overall funding limitations, the considerable 
expenditures projected for the LOFT facility and its nuclear experimental 
program warrant re-evaluation with the benefit of a careful review of the 
specific objectives and anticipated accomplishments of this portion of 
the program. The Committee also believes that more effort should be de
voted to gaining an understanding of modes and mechanisms of fuel failure, 
possible propagation of fuel failure, and generation of locally high pres
sures if hot fuel and coolant are mixed, and that effort should commence 
on gaining an understanding of the various mechanisms of potential impor
tance in describing the course of events following partial or large scale 
core melting. either at power or in the unlikely event of a loss-of-coolant 
accident. 

The Committee urges that increasingly strong direct support be given the 
Regulatory Staff by capable, experienced personnel working in the AEC's 
safety research program. Quantitative evaluation of safety questions 
arising in construction permit applications will not only help ease the 
current workload problem of the Regulatory Staff but should make for more 
meaningful research efforts. 

Comments on specific sections of the draft Program Plan follow: 

Section 1. Accident Prevention 

The ACRS believes accident prevention to be an important matter and gener
ally supports the high priorities placed by the Plan on most parts of this 
section. Specific attention and considerable emphasis should be placed on 
questions relating to the integrity of core structural support members in 
operation or under accident conditions. 

1.1.1 Material Properties 

The current strong programs in industry indicate that the lead role in 
l.l.la, b and c probably should be shared by AEC and industry. Topic 
l.l.l.d on the effects of cleaning agents warrants careful pursuit. 
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important that improved means be developed for testing and assuring the 
workability of these systems in the unlikely event of a serious accident. 
The safety research program should continue to probe for unexpected 
phenomena and to attack gaps in our knowledge, such as the possibly rapid 
mechanical interaction between molten fuel and water. 

New means of assuring adequate core cooling under still more severe 
postulated accident conditions, such as large pressure vessel leaks or 
severe core deformation, should also be studied. 

~ Decompression and Heatup Prior to ECCS Initiation 

2.1.1 Behavior of Coolant 

The Committee supports a priority of A to studies of coolant behavior, 
since such knowledge is essential to prediction of blowdown forces, heat 
removal, and other phenomena. Mechods of predicting flow behavior in the 
unlikely event of large pressure vessel leaks should be considered for 
potential future use. 

2.1.2.2 Temperature of the Primary System and its Internals 

Experiments which assure conservatism rather than precise prediction are 
needed. 

Although there is a limit to the amount of detail that should be incorpo
rated in the Program Plan, it seems advisable in 2.1.2.2b to indicate at 
least the approximate maximum temperatures, power densities, kw per foot 
values, and similar conditions to be investigated within the experimental 
efforts described. This would help to make clearer the intended extent 
of validation of analytical models anticipated, and would amplify recogni
tion of the assertioL that the need for improved predictions of thermal 
transients during blowdown and heatup arises from the sensitivity of ECCS 
performance to the potential for higher power densities in future reactors 
(bottom p. II-2-14 and top of p. II-2-15). 

2.1.3 Mechanical Response of the Primary System and its Internals 

The question of fuel rod response (both prior to initiation of and during 
ECCS injection) in respect to distortion, ballooning, perforation, etc. is 
one of the more critical questions still requiring resolution. The experi
mental work being undertaken to provide such resolution, as described in 
2.1.3.lb (and 2.2.2.lb), appears inadequate in extent and urgency. Also, 
the lead role is assigned to industry. The AEC should at least share the 
lead role in this vital area. 

" ' ·.:.· ; IJ 
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3.3 Structural Design 

No AEC safety research effort appears to be warranted with regard to 
current license applications. 

3.4 Antiseismic Design 

The Committee continues to support the need for research in support of 
antiseismic design. 

3.5 Leak Tightness 

The Committee believes that industry efforts are warranted to assure leak 
tightness under accident conditions, particularly to assure acceptable 
behavior of penetrations in the presence of steam and of accident tempera
tures. 

3.6 Containment of Molten Core 

No AEC work is currently planned on containment of a molten core. Interest 
in this question continues, however, and the problem may be of more criti
cal concern for large reactors in much more populated locations than are 
used at present. Some work in this area, in the nature of seeping studies 
of possible solutions, is appropriate. Also, research aimed at providing 
a better understanding of the more important phenomena involved should be 
undertaken. A priority of B is warranted. 

Section 4. Behavior and Control of Fission Products 

4.1 Release of Fission Products from Overheated Fuel 

The Committee concurs in the D priority. 

4.2 Prompt Release of Fission Products 

Some seeping effort may be of value, especially if the effort is aimed at 
bounding release fractions to be anticipated for the higher burnup, higher
rated fuel which is likely in the future. A major AEC effort to make pre
diction quantitative does not seem justified. 

4.3 Transport and Deposition of Fission Products 

A priority of C is generally appropriate for the AEC p~ogram. 

~ Fission Product Trapping in Emergency Core Coolant 

A priority of C is generally appropriate for the AEC program. 

!""-· , 
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Finally, in connection with fission product transport, the Committee 
wishes to call attention to the possible long-range need for improve
ments in knowledge of and methods for controlling the routine release 
of radioactivity to the environment and suggests that consideration be 
given to possible research bearing on this matter. 

Section 5. Power Excursion Accidents 

5.1 Reactivity Insertions 

Current LWR's are designed to limit the reactivity and reactivity inser
tion rates which might be inserted in the unlikely event of a rod dropout 
or rod expulsion accident. Analytical studies might be devoted to a 
preliminary investigation of reactivity insertion accidents in future, 
larger LWR's, also to other potential mechanisms of rapid reactivity in
sertion, such as positive pressure or void coefficients of reactivity. 

~ Reactor Kinetics 

The theoretical study outlined on p,··II-5-15 appears to be worthwhile. 
It should be performed partly in direct support of the Regulatory Staff 
with regard to current reactors, and partly to assess potential problems 
of future larger LWR's. Other space-time kinetic effects having safety 
significance for larger LWR's, such as the potential for large distortions 
in power distribution, should also be given preliminary study. 

Studies of this kind, coupled with an assessment of uncertainties in avail
able calculational methods of the margins likely to exist to core damage 
thresholds in future reactors, should provide a basis for determining the 
need for an experimental program in space-time kinetics. 

5.3 Transient Fuel Failure Phenomena 

Work should be seeping or semi-quantitative in nature, except where needs 
for a more extensive, quantitative program have been demonstrated. Experi
ments should be aimed primarily at previously unexplored or poorly explored 
effects, such as high-burnup fuel and fuel-coolant interactions. These 
studies should be coordinated with those recommended in 6.1 below. 

5.4 System Damage Effects 

Work on this task should depend on previous assessment of the nature of 
a severe reactivity excursion, including its source (5.1). In connection 
with evaluations of the capability of the primary system of larger, higher 
power density reactors to withstand pressure pulses, etc., preliminary 
study of accidents involving considerable fuel melting at power is war
ranted. 

I 
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The letter reflects the general emphasis on primary system integrity and 
LOCA-ECCS, and again asks for work on core melt. It also recommends work 
on new safety features to deal with the very low probability events. A 
low priority is placed on fission product release and transport under ac
cidental conditions, in contrast to the pre-1966 days. The letter recom
mends the availability of increasingly strong support to the Regulatory 
Staff by experienced personnel working in the safety research program. 
Actually there had been a beginning of the Regulatory Staff's Technical 
Assistance Program in 1968, following earlier ACRS recommendations to 
this effect. 

In a letter to Chairman Seaborg several months later, the ACRS expressed 
considerable concern about a reduction in reactor safety funding for 
FY 1970 and 1971. This letter is of historical interest also in that 
it provides a pro and con discussion of the continuation of the LOFT 
program under conditions of financial exigency, and indicates a major 
division of opinion among the ACRS members themselves. 
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In its comments of March 20, 1969, the Committee also recommended that 
" ••• considerable attention be given now to the potential safety ques
tions related to large water reactors likely to be proposed for construc
tion during the next decade. Larger cores, higher power densities, and 
new materials of fabrication are some of the departures from present 
practice likely to introduce new safety research needs or major changes 
in emphasis in existing needs." 

The Committee further recommended that consideration be given to " ••• 
research aimed specifically at improving the potential for siting of 
large water reactors in more populated areas than currently being utilized. 
For example, studies should be undertaken to develop reactor design con
cepts providing additional inherent safety or, possibly, new safety fea
tures to deal with very low probability accidents involving primary system 
rupture followed by a functional failure of the emergency core cooling sys
tem." 

It appears that, because of funding limitations and for other reasons, the 
recommendations of the ACRS will not be implemented at this time. 

Liquid-Metal-Cooled Fast Breeder Reactors (IlrrBRs): 

The ACRS, in its report on safety research of November 19, 1963, stated that 
"Recent renewed emphasis on the long range role of large fast breeder reac
tors points up the need for a well developed, long term, comprehensive re
search program on the safety of such reactors. A strong research program 
started now should develop information very useful to the first generation 
of very large fast reactors". The Regulatory Staff and the ACRS have re
cently undertaken a preliminary review of a proposed site to be used for 
construction of a 500 MWe LMFBR. Construction permit reviews of one or 
more IliTBRs are anticipated in the next few years. 

While an extensive LMFBR sefety program plan has been formulated, and a 
growing program in LMFBR safety has been started, many safety-related de
sign decisions will have to be made by applicants and the regulatory groups 
without the benefit of needed safety research, in part, because of a lag in 
the implementation of studies of high priority matters. 

High Temperature Gas-Cooled Graphite Reactors (HTGRs): 

In its safety research report of October 12, 1966, the ACRS recommended that 
'~ecuase the Commission may be called upon to consider proposals to construct 
reactors utilizing prestressed concrete pressure vessels, the nuclear indus
try and the AEC should promptly institute a very active safety research pro
gram into such vessels, including their design for seismic effects. This 
program should include research into anomalous failure modes of such vessels, 
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Representatives of DRDT stated that the current LOFT integral test schedule 
provides for completing the reactor and facility by the end of calendar 1973 
and shows the first experiments involving reasonably high fuel temperatures 
in 1975. This program will require a very substantial proportion of the 
limited funds currently available for reactor safety research. The ACRS be
lieves that relevant arguments can be made both for and against continuation 
of the LOFT integral experiment program with the current budget limitations, 
and that a straightforward decision regarding implementation of this program 
is difficult. 

Some of the arguments that favor the continuation of LOFT under current bud
get exigencies are as follows: 

1. While the components of the LOFT integral facility are different 
from those employed in large water power reactors, and while there 
are large differences in scale that will be difficult to account 
for, the importance of proper function of emergency core cooling 
systems to the saf~ty of large water-cooled reactors is suffi
ciently great that a full test through the entire accident sequence 
is important enough to warrant the considerable expenditures in
volved. 

2. Confirmation of many out-of-pile, single and multiple effect meas
urements can be obtained; many effects, including nuclear heating, 
are simultaneously combined in the integral experiments, and some 
previously unanticipated events may be observed in this way. Also, 
the entire emergency core cooling system wou!d be called upon to 
function in an accident environment. 

Arguments against the continuation of LOFT under the current circumstances 
include the following: 

1. Whereas the LOFT integral tests will provide some confirmatory re
sults for the emergency core cooling system, no design-related or 
operation-related regulatory decisions for large water reactors 
have been identified that the LOFT integral experiments will re
solve. 

2. Reactor vendors have stated they will still have to rely primarily 
and directly on analysis to demonstrate the efficacy of their emer
gency core cooling system designs in large water reactors, even 
should the LOFT integral series be performed. The single- or few
effect, out-of-pile experiments concerning phenomena important to 
a loss-of-coolant accident have been stated to be more directly 
useful in confirmation of the analytical methods. 

' ~ . 
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The period 1970-71 saw renewed examination and recommendations con

cerning possible measures to cope with core melt, as is discussed in 

Section 2.13, 11 China Syndrome Part 2". 

During this period there was discussion with the ACRS of possible 

recommendations for changes in administration of LWR safety research in· 

order to make it more responsive to regulatory needs. For example, the 

following memorandum was submitted by an ACRS member for Committee con

sideration at the 122nd meeting, June 11-13, 1970. 

AN ARGUMENT IN FAVOR OF DIVERSE SUPPORT 

OF SAFETY RESEARCH 

The reactor safety research programs of the Commission 
have traditionally been administrated by the Division 
of of Reactor Development and Technology. In recent 
years, with the great increase in the number of reactors 
being reviewed for licenses, there has been an increasing 
need for technical support of the Regulatory Staff. 
To date, the Regulatory Staff has employed consultants for 
this purpose, with some help on reactor physics and loss-of
coolant accident calculations from ROT contractors. 

The use of consultants is not effective on some of the 
major Regulatory problems in reactor safety where a 
substantial and sustained technical effort is needed to 
define the problem fully and to examine the ramifications 
of possible solutions. 

On the other hand, the use of ROT contractors, supported 
by the ROT safety research program, suffers from the cumber
some administrative procedures that are required to 
establish a study effort and to maintain its direction 1n 
response to Regulatory Staff needs. This difficulty in 
the present arrangement arises because the ROT safety re
search funds, always in short supply, are fully assigned 
each year. The introduction of a new effort in response to 
Regulatory needs then means that some portion of the ex
isting program has to be terminated to make funds available 
for the new effort. More often than not, the best contractor to 
do the new work is different from the terminated contractor, 
and all the time and dollar consuming difficulties of contract 
phase-out must be endured, together with the disrupting 
effects of the termination on the over-all ROT program. 

There is, therefore, a very strong and understandable re
luctance on ROT's part to respond rapidly to a Regulatory 
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on May 27, 1 961 • 

REACTOR SAFETY RESEARCH SUBCOMMITTEE MEETING 

O'HARE FIELD, CHICAGO, ILLINOIS 

May 27, 1971 

The Reactor Safety Research Subcommittee met at O'Hare Field 
on May 27, 1971, to discuss the AEC water reactor safety research 
program. Present at this meeting were the following: 

ACRS 

D. Okrent 
J.M. Hendrie 
H.G. Mangelsdorf 
H.O. Monson 
A.A. O'Kelly 
M.C. Gaske, ACRS Staff 

Regulatory Staff 

B. Grimes 
S. H. Hanauer 
R. B. Minogue 
J. A. Norberg 
M. Rosen 

DRO&T 

G. Bright 
G.M. Kavanagh 
W. H. Layman 
J. E. McEwen 
J. L. Mershon 
A, J. Pressesky 
S. A. Szawlewicz 
G. F. Brockett, Inc. 
W. A. Carbiener, BMI 
L. Ybarrondo, Inc. 

Meeting with Regulatory Staff Representatives 

Mr. Minogue said that some of the areas of safety research 
relate to reactors to be proposed in the future for difficult sites. 
Some safety problems can be resolved through use of acceptably 
conservative design approaches. Dr. O'Kelly inquired regarding the 
ACRS and Regulatory Staff's influence relative to the priority 
for reactor safety research by the AEC. Dr. Hanauer stated that 
the two groups have an influence and are listened to but that the 
safety research program has a certain amount of momentum and takes 
some time for changes to be brought about. Dr. Hanauer indicated 
that the Commission fs short of safety research funds and that the 
situation is going to become worse. He said the Bureau of the 
Budget sees the large water reactor industry, and they question 
the need for the AEC to provide funds for water reactor safety 
research. Dr. Kavanagh stated at a recent Joint Committee Hearing 
that an additional $30 million/year is needed for reactor safety 
research. DRD&T has been attempting to obtain industry partic
ipation in a joint reactor safety research effort. 

Dr. Hanauer thought that some difficult decisions may have to be 
made regarding water reactor safety research. He felt that people 
will really have to mean what they say if industry is to be told 
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addition. Mr. Pressesky stated he believed that this would 
be a reasonable value, since in his opinion, the number of 
changes in water reactors will peak and there will only be 
a small number of changes from year to year. Mr. Pressesky 
stated he believes that government spending for water reactor 
safety research should be decreased and industry spending 
increased. Dr. Okrent inquired whether the total amount being 
spent will decrease. Mr. Pressesky replied that, if the LOFT 
and PBF capita costs are neglected~ the amount spent should 
remain about constant. 

At the 139th meeting, November 11-13, 1971, the ACRS had considerable dis

cussion on how to get improved ECCS. The excerpt below from the minutes 

indicates dissatisfaction with the approach taken by the Division of 

Reactor Development and Technology, as well as divergent points of view 

among the ACRS members and the Regulatory Staff on how to proceed in this 

regard. 

EXCERPT FROM SUMMARY 
139th ACRS MEETING 

WASHINGTON. D. C. 
NOVEMBER 11 -1 3, 1971 

MEETING WITH THE REGULATORY STAFF 

2.1 PROGRAM FOR DEVELOPMENT OF IMPROVED ECCS DESIGN 

Mr. McEwen {ORO & T) reported on AEC accomplishments on ECCS 
projects since adoption of the AEC interim ECCS criteria. The 
following items were noted. 

• New FLECHT tests 
GE Blow Down Heat Transfer (BDHT) Program 

. 1-1/2 Loop Semi-Scale modificatio·n and issuance of a 
Preliminary System Design Description for the facility . 

. RELAP AND THETA-lB improvements 
• Multiple injection capability included in LOFT and 

Semi-Scale 
Preliminary PWR BDHT program initiated at ORNL 

• Design modification of the PBF initiated. 

ROT bases and plans for future programs and the scope of con
templated ECCS studies were also described. 

Mr. McEwen noted that ROT has initiated only those programs which 
are considered adequately defined; that funding is a problem; that 
water reactor safety should be the concern of those who are build
ing the plants; that ROT has entered into a joint program with 
industry, which is funded by AEC at a level of 25%; that none of the 
programs are directed toward development or testing of advanced 
ECCS concepts or investigation of metal/water reactions; and 
that the program includes attention to BWRs through code 
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ADVISORY COMMITTEE ON REACTOR SAFEGUARDS 
UNITED STATES ATOMIC ENERGY COMMISSION 

WASHINGTON, D.C. 105.5 

Honorable James R. Schlesinger 
Chairman 
U. S. Atomic Energy Commission 
Washington, D. C. 20545 

February 10, 1972 

Subject: REPORT ON WATER REACTOR SAFETY RESEARCH 

Dear Dr. Schlesinger: 

In several previous reports the Advisory Committee on Reactor Safe
guards has emphasized the need for high priority for safety research 
work aimed at gaining a better understanding of the phenomena impor
tant to the course of postulated loss-of-coolant accidents (LOCA). 
In connection with its review of the Interim Acceptance Criteria, the 
Committee has stated its belief that more work is required on code 
development, on improved emergency core cooling systems (ECCS), and 
on safety research oriented to LOCA-ECCS. 

The Committee has recently reviewed the general plans of the AEC and 
the nuclear industry for water reactor safety research. In this re
view, the Committee had the benefit of a Subcommittee meeting held on 
Decemb~r 7-8, 1971, with representatives of the Division of Reactor 
Development and Techn~logy, the AEC Regulatory Staff, and the nuclear 
industry. 

In this report, the Committee confines its attention primarily to safety 
research pertinent to LOCA-ECCS. Continuing progress must be made in 
improving our knowledge in these areas because of the increased number 
of reactors soon to be operating and because some of these reactors are 
to operate at higher power densities. 

1. The Committee finds that a desirable increase in ECCS-related re
search by reactor vendors and the AEC has occurred during the past 
year. Also, it appears that the electric utility industry may in 
the future take an active role in funding, directing, and applying 
such research. 

However, the Committee finds that the relative roles and respon
sibilities of the utilities, the reactor vendors, and the AEC with 
regard to safety research have not been clearly defined. Further, 
the Committee finds that, while a Water Reactor Safety Program Plan 
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document has been published by the AEC, and there are activities 
in process or planned for modification and augmentation of the 
plan, there has not yet been formulated a sufficiently specific 
definition of the national safety research needs for water re
actors, including the means and schedules to be used in resolving 
problems. 

The AEC has frequently stated that the ultimate responsibility for 
safety rests in the hands of the owner, the utility. However, cer
tain safety questions are generic, applying to a class of light
water reactors, or to all light-water reactors. The ACRS believes 
that responsibility for the solution of such generic questions 
should be assumed by the nuclear industry. The Committee recommends 

that the Regulatory Staff assure itself that the overall industrial 
program is well delineated, is funded and implemented, and is ade
quate to provide proper assurance of public safety. The ACRS be
lieves also that ~he AEC should continue to support at a high funding 
level a continuing light-water reactor safety research program de
signed to provide independent confirmation of the adequacy of solu
tions of identified problems and improved engineered safety features. 
This program would also provide a valuable and important source of 
expert consultants to the Regulatory groups. 

The ACRS recommends that, in the future, the AEC safety research 
program should reflect more directly in extent and in detail the 
recommendations and needs of the Regulatory Staff and the ACRS. 

2. While the current programs give attention to many problem areas re
lated to ECCS" including those which seek to substantiate more fully 
the conservative nature of the design bases, the Committee believes 
that special emphasis should be given to the following areas: 

a. Flow phenomena during system depressurization and emergency 
coolant injection. Particular attention must be given to the 
interaction of the injected coolant with the primary coolant 
in hot and cold legs, in the downcomer annulus and lower 
plenum, and in the upper plenum. Model tests of suitable size 
should define the phenomena involved and should provide improved 
criteria for design and evaluation. 

b. Reflooding rates as affected by steam binding. Model tests of 
suitable scale should bound system and component flow resistances 
important to steam binding. Experiments should also characterize 
designs which enable high reflooding rates. 

;~~~.· .~~-~ :~ ~.,/ 
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c. Flow and heat transfer during blowdown. New AEC-funded programs 
are underway in this area. System effects should be given care
ful attention. 

d. Improved ECCS computer codes. The mathematical modeling of the 
reactor system should include both improvement in current capa
bilities and the development of new and improved integrated com
puter codes which better represent the actual phenomena involved. 

e. Fuel rod failure. Experimental programs should be continued to 
better establish margins of safety related to time-temperature 
exposures of cladding to steam environments. Experimental 
programs with bundles of fuel pins, heated electrically or, 
preferably, with fission heat, should be started to investigate: 
(1) the effectiveness with which extreme fuel rod temperature 
transients can be quenched, including transients in which clad
ding temperatures approach the melting point; and • (2) the ex
tent of Zircaloy-water reactions during such extreme conditions. 
Additional understanding should be sought of the possible types 
and magnitudes of loadings that potentially could be imposed 
upon the cladding during the course of the LOCA. Further defi
nition of the potential effects of extensive flow blockage re
sulting from rod damage should also be sought. 

3. The Committee has in several reports recommended safety research on 
interactions between water and molten fuel in experiments which 
simulate the range of accident situations of interest. This matter 
has not been pursued in recent out-of-pile studies and, while the 
Power Burst Facility (PBF) may be used to perform some experiments 
relevant to this matter, the current PBF program is unclear as to 
the scope or scheduling of such work. Out-of-pile experimental 
bases should be established for interpretation of the more diffi
cult in-pile experiments; a capability for theoretical analysis of 
such events should also be developed. 

Although the ACRS has recommended that research and design studies 
be undertaken on systems which might be capable of coping with a 
largely molten core, little such work appears to be underway. 

4. The Regulatory Staff has need for independent analyses of the various 
accident conditions considered in safety reviews, including ECCS per
formance and accident loads on containments and other vital structures. 

r·· ~ ...... ·'.1 
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Implementation requires a stronger program, which would permit 
an accelerated development of computer codes for use by the AEC. 
The ACRS recommends that a substantial increase in funds be made 
available for regulatory support of these activities and for re
actor safety experiments which can be initiated in prompt response 
to items identified in regulatory reviews. 

References: 

Sincerely yours, 

Is/ 

C. P. Siess 
Chairman 

1. Water Reactor Safety Research Program Plan, dated February 1970 
(WASH-1146) 

2. Augmentation Plan for Water Reactor Safety Research Program, 
dated November 1971 

3. Preliminary System Design Description 1-1/2 Loop Semiscale 
System, dated September 24, 1971 

rr:: :'?":'· . -.... ! '.1 
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The ACRS made several fmport~nt general recommendations in the 

above letter, including the following: 

(1) The AEC safety research program should reflect the needs of the 

Regulatory Staff and the ACRS. 

(2) The AEC should continue LWR research at a high funding level to 

"provide independent confirmation of the adequacy of solutions of 

identified problems and (to provide) improved engineered safety 

features 11
• 

(3) There was need for a national program of research in which the role 

of the reactor vendors and utilities was broad and well-defined. 

An independent comment on the AEC's water reactor safety program 

during thelate 1960's and early 1.970's was given by Ralph Lapp in 

testimony to the AEC Rule Making Hearing in Interim Acceptance Criteria, 

which is reproduced below. 

STATEMENT OF RALPH E. LAPP, Jan. 27, 1972 
AEC RULE MAKING HEARING ON INTERIM ACCEPTANCE CRITERIA 

Nuclear Power Safety and Emergency Core Cooling 

MY name is Ralph E. Lapp. A Statement of Qualification was 
filed with this Board on Jan. 7, 1972. 

I appreciate this opportunity to appear as a participant in 
discussing an issue of serious concern to the future growth 
of nuclear-electric power in this country. MY studies in 
the fossil fuel sector of our energy economy convince me 
that new power sources are essential to the nation's 
well-being and that uranium-based power represents the only 
avail able option for the United States in the near ·decades. 
Thus I appear before this Board as an advocate of nuclear 
energy. However, I am deeply concerned that the present 
light water generation of nuclear power reactors may not 
employ an adequate margin of safety to create public confid
ence in them. 

As of Jan. 1, 1972, a total of 23 nuclear generating units, 
rated at 10 mill kilowatts of electrical power, are in operation. 
Industry has accumulated about 100 reactor-years of ex-
perience with power reactors. It might be thought that th1s record, 
laudable as it is, should instill confidence in the safety of 
this new power source. However, this experience has been primarily 
with reactors of modest power; Shippingport (90 Mw), Yankee (175 Mw) 
and Oresden-1 (200 MW) for which emergency core cooling is less 
of a challenge than. in the 500-800 Mw class, for which about 
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a fifth of the experience applies. Of course, there is no 
experience with the 1,000 Mw and larger nuclear units. 
If we reckon reactor experience in 1,000 Mw units, then we 
have about 18 reactor-years of record, i.e. 18 years of 
operation of all reactors normalized to a 1,000 Mw level. 

The fact that there has been no major thermal emergency (ECC 
accident or LOCA, loss~of-coolant accident) in the past is 
of little statistical significance. An accident probability 
of 0.01 per reactor per year or one chance that a reactor will 
exhibit an ECC accident in 100 years' operation is not accept
as a public risk. This would mean a 25% chance of accident 
over the 25 year life of the power unit. Life time operation 
of four such units would obviously be hazardous in the extreme. 
Deployment of large numbers of reactors requires that the 
indavidual reactor risk must be extremely small since the total 
risk is summed. 

The ECC challenge is greatest in reactors exhibiting the 
highest power densities and I believe it is instructive to 
reproduce here the AEC charts displaying the time sequenc~ 
growth of power plant size. 

The dramatic increase in power levels imposed upon reactor 
design and concomitant rise in power density and this, in turn, 
posed an emergency core cooling problem which, apparently, pre
sented itself to the AEC's Regulatory Staff with the Consolidated 
Edison application for a construction permit {Indian Point 2 
application of Dec. 1965, awarded Oct. 14, 1966, for an 873 
Mew PWR). 

It was on October 12, 1966, the Director of Regulation appointed 
a task force "to conduct a review of power reactor emergency 
core cooling systems and core protection." A year later, the 
Ergen task force fn ed its first report "Emergency Core Cooling" 
containing 12 conclusions. The Ergen report defines a large 
number of technical unknowns in the ECC field and makes many 
recommendations. The report could scarcely be regarded as 
a confidence builder for the nuclear industry. It is significant 
ACRS (letter of Feb. 26, 1968) found itself in "substantial 
agreement" with some conclusions of the Ergen report. It 
is even more significant that, thereafter, in letters dated 
March 20 and Nov. 12, 1969, ACRS reemphasized its recommendations 
on additional safeguards and research on ECCS. This repeated 
emphasis, including reiteration on June 22, 1971, in testimony 
before the Joint Committee on Atomic Energy, supports my view 
that safety research in the ECC sector is lagging behind time 
goals consonant with the safe deployment of large power reactors. 

This safety gap which has opened up between the accomplishments of 
AEC-industry research and development and the reality of the AEC's 
Regulatory approval of nuclear-electric stations appears to me 
as most significant and for this reason I would like to direct 
my testimony to it. 

As a specific example, I call attention to the long-time delays 
which have been occasioned in the LOFT, loss-of-fluid test 
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facility at the National Reactor Testing Station (NRTS). I 
whh to emphasize this particular facility since LOFT essent
iarfty to reactor safety is described by the AEC as follows: 

''LOFT h the only integral test in the world planned to 
carry out a major loss-of-coolant accident experiment 
which integrates all of the accident initiations response, 
and consequence phenomena into a single test with engin
eered safety systems in operation. 

Additionally, it can be noted that 
1) LOFT is the focal point which provides a fundamental 

sense of direction to water reactor safety investigations. 
2) as a 'live reactor in an accident mode, it makes 

investigators face reality and 
3} it provides a central vehicle to build and hold a 

competent technical staff in a vital national program." 
(source: Joint Committee on Atomic Energy hearings, 
FY70, pt 2. p. 957.) 

The conceptual design of LOFT was completed in 1963 and Kaiser 
Engineers was the firm selected as architect engineer for the 
facility. AEC testimony in 1964 stated: "This experiment is 
scheduled for test operation in late 1966." (JCAE Authorization 
FY65, p. 764.) Testimony last year (JCAE Au. FY72 Pt. 2, p. 855) 
stated that LOFT was 60 percent complete in its construction 
and that initial operation was scheduled for late 1973. 

Thus it appears that LOFT is seven years behind schedule and that 
high temperature operations will be delayed until 1975. Given 
the present timetable for deployment of nuclear stationss the 
LOFT experiments take on the character of a post facto safety 
program. 

LOFT is not an isolated example of slippage in time-framing of 
the reactor safety research program. If we look at the AEC's 
WASH-1146 "Water Reactor Safety Program Plan" (Feb. 1970) we 
find a tabulation of 50 individual programs in reactor safety, 
15 of which are classified as Class A Priority defined (p. 1-14): 
"A: This is applied to very urgent, key problem areas, the 
solution of which would clearly have 'reat impact, either 
directly or indirectly, on a major cr tical aspect of reactor 
safety." (Emphasis as in original document). In addition, 20 
of the programs are stipulated as Class 8 Priority meaning, "Tbis 
is applied to problem areas which are demonstrably of high interest 
due to their potential effect on reactor safety. 11 Many of these 
programs relate to the ECC issue, yet the document shows them 
extending over a 4 to 5 year time span, beginning in fiscal year 
1970. 

It is difficult for me to reconcile the fact that much AEC safety 
research is in the future tense, whereas power reactors are in 
operation. It seems to me that this situation places the AEC's 
Regulatory Staff in an awkward positdon .. when it is called upon 
to approve new plant construction and operation. The position 
will be very much more awkward when utilities come in with re
actor designs employing higher power densities. It is pertinent 
to note that the ACRS (JCAE au Hrg FY71 Pt. 1 p. 133) stated: 
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"While the resolution of the ECCS issue is believed 
acceptable for most present reactors at 1 hted powers 
and power densities, the Committee is not now prepared 
to advise on the acceptability of ECC systems for 
higher power density cores. Experimental work is re
quired to provide a bsis for evaluation of operating and 
accident behavior at higher power densities. The ACRS 
also notes that more experimental work is required to 
establish the degree of safety and conservatism in 
current ECC systems." 

I note that the Dec. 28, 1971, statement of Aerojet Nuclear 
Corporation (pg. 11-22) states: 

11 The development of analytical models used to analyze 
and predict the events of loss-of-coolant accidents 
in water-cooled reactor systems should be complemented 
with experimental tests which provide data to evaluate 
and verify the solutions of the analytical models. 
Without such experimental tests and resultant data, 
meaningful confidence limits cannot be established for 
the analytical models. 11 

When, over a year ·ago, LOFT semiscale tests indicated a 
deviation of experiment from the predictions of calculational 
codes, the Regulatory arm of the AEC established a task 
force to review the data and in June, 1971, Interim Criteria 
for ECCS were stipulated. In a number of public statements 
(New Republic, Jan. 23, 1971) I proposed application of 
limits to reactor power levels and conservative siting 
policy to r.educe the population at risk to the radioactive 
consequences of a thermal catastrophe. The AEC Regulatory 
Staff (p. 1-32 of its January 27, 1972 testimony) rejected 
such proposals in favor of the evaluation model approach. 
But how good is such a model when it lacks experimental 
verification?LOFT experiments later in this decade will test 
the predictive capabilities of analytical models but com
plete verification may not be attained since LOFT is a 55 
Mwt reactor and application of the results involves a scale
up of more than a factor of 60. Furthermore, a limited 
series of LOFT experiments can test only certain ECCS 
efficacies. Indeed, a full-scale test with an operating 
power reactor would provide only a single set of results 
applicable only to the specific accident mode and core 
history of the reactor. There will always remain unresolved 
aspects of verification and for this reason the AEC will have 
to exercise conservatism in its regulatory role. This is 
tantamount to saying that reactors can not be made ab
solutely safe and that there will always be some element 
of risk for people living in the vicinity of a power re
actor. 

The siting of nuclear electric stations adjacent to large 
populations imposes extraordinary responsibilities on 
the regulatory agency which must license these plants. A 
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nuclear power plant constitutes a unique metropolitan 
hazard both in nature and in potential magnitude. I can 
think of only one parallel of comparable risk, namely, 
siting a large population in a valley directly below a 
high dam. In such a case, there.is direct, line-of-vision 
perception of the threat and graphic comprehension of the 
consequences of a dam failure. It is, of course, a low 
probability event. Given no earth disturbance, such as 
a seismic shock, people could put confidence in the engin
eering record of the dam builders but rare events, such as 
earthquakes, can have high consequences and this is 
precisely the statistical situation posed by siting 
nuclear plants near metropolitan populations. 

However, the layman is not apt to have line-of-sight per
ception of the nuclear risk. If he objects to the siting 
of a nuclear plant in his vicinity, he is at a disadvantage 
in intervening to oppose the nuclear action. In order to 
match wits with the nuclear utility, the intervenor needs 
time, money and availability of competent technical 
authQrity. I would estimate that perhaps $500,000 is the 
sum needed to fund an adequate intervention. Very often 
an intervenor finds it almost impossible to obtain the 
services of qualified persons to serve as experts. Too 
often, the intervenor has felt that he was in contest with 
not only the utility and the nuclear vendors, but also 
with the Atomic Energy Commission. If local intervention is to 
serve as a check on deployment of unsafe reactors or on 
unsafe siting, then intervenors must have access to some 
independent authority with which to challenge the organized 
technical resources of the utility. 

As an example of the problem of democratic application of 
checks and balances in a nuclear issue, I cite the 163 page 
statement submitted here today by the AEC Regulatory Staff. 
On Page 2 of~the forward it is stated: 

"As the testimony indicates, the technical data 
available today have been combined with complementary 
conservative assumptions and procedures in the eval
models. Together, these give reasonable assurance 
that a design meeting the criteria will provide 
adequate protection to the health and safety of the public." 

But if we were to turn back the clock to the days before the 
Semiscale tests 845-851, and assume that the Regulatory Staff 
had then been required to prepare a statement like the 163 
page testimony submitted today, would it not have been 
quite different in its character? Would "reasonable assurance" 
as now posited have been as conservative as today's? We are not 
given a definition of what the Regulatory Staff means by 
"reasonable". In any event the health and safety of a large 
population is being decided by a small population of experts who ~ut 
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their trust in evaluation models whose predictive capabilities 
are subject to future verification. It is significant that 
neither the statement of Aerojet Nuclear Company nor the testimony 
of Milton Shaw defines the time scale for LOFT. The long delays 
in bringing the LOFT reactor into operation constitute a serious 
deficiency in the AEC's reactor safety research program and 
point to a need for examination of the mechanisms by which the 
AEC Regulatory Staff coordinates its research needs with the 
AEC's Division of Reactor Development and Technology. It would 
be pertinent to know how the Regulatory arm of the AEC has 
expressed its concern over the long delays in the LOFT and other 
safety programs. 

In his testimony (p.3) Mr. Shaw states: 
"The background and pertinent information pertaining to 
our safety R&D program and its relationship to other 
ongoing R&D programs and to the U.S. civilian pc~1er· 

program nave been presented in many official A;;C putlicm-. 
tions and covered in depth in annual testimony before the 
Congress( 7,10,11)." 

I submit that the AEC's safety program is deficient in publication 
of up-to-date and critical evaluations. I admit that this 
deficiency is being corrected and the situation is improving. 
But I have taken the time to recheck the literature references 
cited by Mr. Shaw and I find that the AEC's safety program has 
been inadequately dealt with in Congressional hearings. In some 
years the Joint Committee on Atomic Energy glossed over the 
issue with no critical examination of the program. The most 
recent literature cited by Mr. Shaw (AEC Licensing Proceedure 
and Related Legislation, Hearings before the Joint Committee 
on Atomic Energy, 4 parts,209'pages.) is almost exclusively devoted 
to regulatory matters with only little attention given to reactor 
safety. One would have thought that the Idaho Semiscale Experiments 
would have been treated in detail by the Joint Committee. Instead, 
the issue was dealt with by calling Mr. Shaw from the audience 
during a hearing to testify briefly on the problem. The Joint 
Committee concerned itself with studying means of expediting the 
licensing procedures. There exists an urgent need for the 
Jo.int Committee on Atomic Energy to hold public hearings on 
the vital issue of reactor safety. 

I do not wish to appear to be unduly critical of the Atomic 
Energy Commission, but the nature and magnitude of potential 
nuclear risks demand a public accountability which imposes 
unusual responsibilities upon the AEC. Our democracy must invent 
mechanisms for dealing with technological risk so that checks 
and balances are applied to the decision making of the AEC. 
The emergency core cooling issue involves such complex technology, 
as illustrated by the technical details of the 163 page AEC 
Regulatory Staff tesimony, that I doubt if we have arrayed here 
today adequate talent to challenge the testimony. I note that 
a total of ten Regulatory Staff personnel sponsor the testimony. 
We have almost a full score of AEC or AEC contractor personnel of 
high technical qualification to back up the AEC's presentations 
before this Board. 
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Summarizing ~ position, I believe that the Atomic Energy 
Commission has allowed reactor safety research to lag so that 
its Regulatory Staff is called upon to judge reactor applic
ations without an adequate experimental base which verifies 
the evaluation models and checks out the calculational codes 
of the .safety statements submitted by the utilities. Further
more, it is my opinion that new mechanisms are required to 
provide independent checks and balances for the protection 
of the public health and safety in areas where high power 
reactors are sited. 

It appears to me that part of the explanation for the 
faltering AEC safety program fn ECCS may be ascribed to the 
undefined role of the nuclear industry in this area. There 
was apparently a belief within the Atomic Energy Commission 
that it had fulfilled its promotional aspects of reactor 
development during the late 1960's and that ft was up to 
industry to assume responsibility for the reactors which were 
being marketed. In this connection, the Advisory Committee 
on Reactor Safeguards (JCAE Au. Hrg. FY71 Pt'l p. 115) commented. 

"We are unable to determine what factors determine 
industry vs. AEC funding of reactor safety research 
programs, other than in those cases where the AEC dis
continues support. Then the decision is clearly up to 
industry." 

It is my own impression that interest within the AEC shifted 
from safety research on water reactors to programs oriented 
toward the power-breeder and that this also accounts, 1n part, 
fa~ deficiencies fn the present water reactor safety program. 

The proprietary nature of certain reactor safety information 
developed by nuclear vendors may be tantamount to a class
ification of data which denies intervenors access to information 
vital to their efforts. I believe that this point will be 
amplified by attorneys who are participating in this hearing. 

In conclusion, I wish to summarize some suggestions and 
recommendations which may be constructive tn increasing public 
confidence in nuclear power safety:· 

1. Require the Atomic Energy Commission to submit an annual 
report on progress fn nuclear reactor safety programs. 
I would suggest that this report include the separate 
comments of the Regulatory Staff and of the Advisory 
Committee on Reactor Safeguards. 

2. Amend the Atomic Energy Act to require biennial public 
hearings of the Joint Committee on Atomic Energy for the 
purpose of investigating the current status and adequacy 
of the AEC-Nuclear industry safety programs. 

3. Direct the Atomic Energy Commission to issue specific 
criteria for the siting of power reactors. defining the 
allowable population of risk as a function of distance 
from the reactor site. (The absence of specific criteria 
has allowed escalation of the population at risk to a point 
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where the Newbold Island facility would, if approved, 
"see" 0.75 mtllton people within a radius of 10 miles.) 
4. Encourage the nuclear industry to redesign reactor 
cores to effect a reduction in power densities so as to 
ease the burden on the ECC system in the event of a coolant 
accident. 
5. Require power derating of the 1 ,000 Mwe class reactors 
of the pressurized water type which are sited so as to 
have more than 10,000 persons at risk within a radius 
of 10 miles from the reactor. 
6. Direct the Atomic Energy Commission to initiate a 
program to develop core restraint systems (i.e. "core-catchers 11

) 

as part of a defense in-depth safety system to insure the 
public safety and protect the environment. {I would add that 
such a safeguard becomes essential for offshore reactors 
since a melthrough could result in extensive marine con
tamination). 
7. Consider type certification of power reactors, treating 
the reactor core and primary coolant system with ECC systems 
as a unit, so as to facilitate licensing of nuclear reactors. 

A very considerable controversy swirled around the management of LWR 

safety research under Milton Shaw during the early 1970's. Some of this was 

aired in a series of articles by Robert Gillette in Science (Gillette, 1971-75}. 

Among other things, Gillette reported allegations that: 

1) Between 1968 and 1971, the Division of Reactor Development 

and Technology bootlegged money from water reactor safety 

to accelerate the breeder, and in the process killed or 

cut back a number of key research projects that had begun 

to raise questions about nuclear plants coming up for 

11cen~ing. 

2) Shaw had shown considerable indifference toward urgent needs 

of the regulatory branch for technical help during this period, 

and fOr several years forbade direct contact between safety 

researchers and AEC's regulatory staff. 

Gillette discussed major delays in the LWR safety research program and 

their controversial causes, as well as the trend to reduce the AEC program 

on LWR safety research. Gillette reported that the AEC under Chairman 
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Schlesinger had considered and rejected removing the water reactor safety 

program from the development side of the AEC and placing it under the wing 

of the regulatory and licensing authorities. 

In 1973, Dixie Lee Ray, the new Chairman of the AEC, reorganized 

the safety research program, taking the LWR safety program away from 

Shaw and placing it in the hands of a new Division Director, Herbert Kouts, 

a former ACRS member. There was also a major expansion in the funding 1eve1 

for LWR safety. The ACRS letter of November 20, 1974, to Chairman Ray 

reflected satisfaction with this change, which led to an LWR safety 

research program which was much more ,responsive to the requests of the 

Regulatory Staff. 
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ADVISORY COMMITTEE ON REACTOR SAFEGUARDS 
UNITZD !}TATES ATOM:C ENERGY COMMISSION 

WASHINGTON. D.C. W54S 

Honorahle Dixy Lee Ray 
Chairman 
u. S. Atomic Energy Com::1is.sion 
Washin~ton, D. C. 20545 

November 20, 1974 

Subject: REPORT 0~~ WATER REACTOR SAFETY RESEARCH 

Dear Dr. Ray: 

At its 175th meeting on NoYember 14-16, 1974, the Advisory Committee on 
Reactor Safeguards conpleted a report on· certain aspects of the water 
reactor safety research programs and r.eeds. In its review the Committee 
had tlte benefit or 2 Reactor Safety Research Subcommittee Heeting on 
July 23-24, 1974, of the Emergency Core Cooling System (ECCS) Subcor.1mittee 
on Septembr~r 28, 1974, a.nJ of Subcommittee meetings on generic matters 
and applications, and of an Information Meeting held by the Reactor Safety 
R~se11rch Division (P.S:k) on September 19-20, 1974. The ACRS has most 
recently reported on facets of water reactor safety research in its lett£=s 
of February 10, 19i2~ and l·Iarcl:-. 20, 1969, ir. its letters on ECCS Acceptance 
Criteria of January 7, 1972, ar.d Scrttmb~r 10, 1973, and in its testimony 
to the Joint Corrmittee on Ato~ic Energy of September 27, 1973~ June 22~ 
1971, end April 5, 1967. !n this report, the Committee 'v:i.ll go into some 
detAil on matters pertaining to t.he loss of coolant accident (LOCA) a11d take 
up some other subj~cts more generally. 

LOCA-E~CS 

In its previous reports ~he ACRS has consistently emphasized safety research 
oriented to LOCA-ECCS ar1d has strongiy encouraged the understanding a11a 
development of improved cmer.s;~r.cy cc•re cooling systems. In the perio::l 
follo;;i.,g o'l1:· R.enort en llat::r Reactor Safety Research of Febrt,ary 10, 1972, 
the AEC reacto-r s~fety r.ese?.t:ch progr~.m has been ·.ceorganizad, r.edirec..t.:d 
aud auol'en;:ed, And a substar.tial industry-spt::-nsored program through the 
Electric Power R~se3~cn Institute (ErR!) he$ been initiated. Vendor ~ponscred 
research ::md dcveJ opwer..t p::ogrc!!!s haYc been continued. Problem ar.-e~s .:nd 
needs in safety rHsea::-ch have been more effectively defined by the Re;;ubtm:y 
Steff and RSR. Progra:ns being •Jnc.krtak.::~ o.re responsive to such needs, 
though some, because of their co~r.plexity and exp,mded requitern.:•nts: tt::.\; 

appear lo have sigt;.ific::n~':ly exten'.:!ed schedules for ccrr:pJ.et:ion. Otl:e·· 
pr.ogram:>, st:r:rt as tE"st5x.(, a larger scale reactor cool.:mc pur::p, have bt:~!'l 

discussed, ~~t n0t yet funded. The programs for LOF~, Semiscal~ ar1ci Po~~r 
BuL's t Facility (r :;.F) hc:;.v e .mcountcrr.:d sien:i.ficnnt delays, .and the plenum 
fi 11 experiment ·NiH require a sullst..:::.ntial increase in fun::Li.ng to achl"·'e 
the currnnt objec~iv~s. 

\ 



6-165 

Honorable Dixy Lee Ray -2- November 20, 1974 

A balance between research seeking basic understanding of the phenomena 
involved and research directed toward empirical correlations suitable for 
application in nuclear reactor powc!r plants is being sought by RSR. It 
appears to the Committee that in the future greater emphasis on gaining a 
basic understanding would be appropriate. The Committee finds the progr~s 
of RSR to be well conceived and is impressed with the influx of technical 
expP.rts into the management and programmatic work. The varied experirr.ental 
programs will require periodic reviews so as to ensure that they are 
structured to obtain compatible and mutally supportive goals. The Committee 
supports the RSR requests for its expanding programs. 

As noted in its February 10, 19i2 report, the Committee finds that the 
relative roles and responsibilities of the utilities, the reactor vendors, 
and the AEC with regard to safety research have not yet been sufficiently 
clearly defined. More specifically, it is not clear that industry, as an 
entity, has devel~ped a comprehensive progr&~ of scope and schedule 
commensurate with the need. The role of architect-engineers in safety 
research warrants examination. Clarification of the roles and responsibilities 
should be pursued to insure that nced'ed prograrns will have the appropriate 
attention and funding priorities. 

RSR has throubh its review groups and thr.ou£h its coordinators, a good 
representation of the expertise from the ALC, industry, nai.:ional laboratories, 
and the uniYe7.:sities. Since the ACRS has not seen report$ of the revieti 
groups and coordinators, it is at this tirr.e unable to corr:ment on the 
effectiveness of these bodies in shaping meaningful programs. For some of 
the programt, more attention should be given to assuring that a proper mix 
of analytical and experimental efforts will be brought to bear on specific 
problems, that the working groups will not be isolated from one another, 
and that the influence of personnel experience~ in reactor systems will be 
ia~luded. The Committee er.phasizes the icportance of strong analytical 
support of complicated experiments. 

The Committee also notes the progress being made by th~ AEC in furthering 
international exchange and participation programs. These are significant 
steps in advancing reactor safety anu are to b~ encouraged. 

The AEC safety programs include studies of al~ernate and advancedECCS concepts. 
The flexibility of the LOFT and seruiscale facilities provides some opporturdtiE>.:. 
for EJI..""Perimental investigatio11s. The Cor.l!r.ittee believes that r::uch mor~ 
should be done on ir:1proved ECCS conct:.pts, including conr:.eptual <.lesign llork 
and analytical studies using impro,red codes, and the :l.np·.1t of the experi:::untai 
studies lo investigate ho\V' ECCS pc.rformanc.e might be opcimized. The ~tu-:iie.s 

should also include asse~scents on th~ overall r£liability of the ECCS snd 
what additionc.l measures, if any, ne:ed to be; taken. 
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The RSR advanced code development program has been extended from one to 
three contractors. The Committee concurs in obtaining a broader-based 
participation for technical inp•.tt into the A.EC's ad·.ranced code, Reactor 
System Trans~_ent (F.ST). The RST code is tc have the capability of utilizing 
inputs based up0n l"C'el:i.stic estimates, as -well as conservative estimates, 
so that safety margins can be more quantitatively deterniined. Special 
effort is needed to develop analytical predictive ~ethods for realistic 
evaluations. Najor benefits from a successful R3T code would be in -resolving 
questions relating to the significance of modeling techniques and parameters, 
and in allowing the use of scaled experiwents in place of full-scale tests. 

The Committee emphasizes the need to assur~ the adequacy of the current 
LOCA-ECCS research plans in the following areas: 

a. system P.ffccts inblowdown of BWR's 
b. P\~R pump overspeed for a postulated downstream break 
c. be::at transfE-r and flow during reflooding 
d. processes involving counter flow of different phases 

Also, the effects that eteam generator tubes with degrnded properties have 
on the course of events in a LOCA-E.CCS =equire furtber attE-ntion. 

lv~id:i.ti0!:!.1l 'J'c:;ic~ ___ .. _,, ___ ......, __ 
The C0:r!m~.ttee h:a..:: oC! s~veral occasions in the past recor:-:ncnded a vigor0us 
research progra:n to investigate Ya.de>us fe.cets of fuel element behavior, 
ir:.cluC:ing po¥;er-flow mismatches, the potential for fuel-failure p':opag2tion, 
and.the better establishment of acceptable li~its. The Power Burst Facility 
has long been intended as a major ir:.-reactor tool for such llork and its 
proper use should receive priority. A necessa·ry program of development of 
tools for thcot'etical analysis of fuel element behavior in transier.ts and 
accidents has been initiated, but much addition..,l progress is required to 
obtain the needed prediction capability. Out-or-reactor tests such as 
fuel-coolant interaction experim;nts should receive. careful consid•.!ration 
as possible means of fscllitating ,;nde:c:.:;tand:i.ng of p:J?.f experiments.. Also, 
~dditioruJ. exp~=imc;ntal and theoretic.:.! knov~le•Jge of the; microsc.::>ptc 
bchavio•· ana effects of fissiou ;;ases in trz:1sients should be sou.;:.t so 
that the understanding c;;£ the behavior of irradiated fueJ. in tran~"ients 
can be plac.ed on a ~ounder footi.ng. · 

The Corr;;dttee supports the RSP, prograM of cont5.nuing probabilistic a.ccideT'.t 
sttJd:i e!'>. Con;:i.derc.t.ion sllould bt> given to those risk asse::ssm:mts id,ich :nay 
need fu:rther exrerimcntal and an:!lytical st'..dy to mo;:r:; fi;:=raly eetabli£h J3. 

better und::.r:;tandiHg and to reduce unce:ctaintie::;. 'rh;;; Cc·mmittec reiter..:~.::.<;:s 

its pre·:ious rccorr:nend.~>ti':lns (or research ioto phenomena i.:1vo:v:Ed. ~n r.-.or~ 
meltdown, including the mc·~h.::.-ds•r.s, rate an.d m:.gn:ttudc of rad:..oDc•~Jve .. 
releases and the study of means of retaining molten cores or emel~orat~ug 
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the consequences. In this connection, more knowledge of the possibility 
an~ extent of st:ear:~ e~losions i:n the presence of large qusntities of 
molten fuel and steel is of particular importance. 

The Cor::littce reco~nizes the value of the RSR progr<Ims in "Hctallu:rgy and 
1-1aterials, .. "Fuel Behavior, 11 and "En-.•iron!'ncntal a0.d Siting." The Committee 
acknov:l e:d<fe::; :.:he co."!tritutions frot'!'l the AEC Heavy Sccticn Steel Technology 
Program in F'ractm:a Hechanics, Fatigue, Irradiation Effects at-:.d Inspection 
and :·:<mitoring. In this regard, the Cor.:;~ittee notes its recon~rrendations 
ar.d interest in ir.:pron:d means for nondestructive testing, in increased 
understa;:;.dlng cf pneu."'latic failure, in the adequacy of experimental in.forr:.-'-dcn 
in all categ,cries rcl<:!vant to the sai:ety of new pressure Vl:!ssel st€els, and 
in the study of concepts of withstanding or ~1nelior...1.ting the dfect.s o.E 
pressure v..:ssel rupture. 

With re;;ard to 11Em·i~:-on1nental and Siting," the Cormnittee particularly wishes 
to emphasize the need .Lor ii<:proved understar.ding of carthqy:::.kc causes, 
probabiUties, m~;nitud~s, and e:tiects. 

The Corr~nittee rf;<.:.O~izes there are three principal sources c£ funding fo·: 
reactm: suftty research: The. AEC, Electri.c Po't.zc-r Research Institut~, and 
the re.:~c.tor vend<..•rs. H::.tl-:in the frar.iC'ivork of total availablE:. funds, it is 
esser.tial t 11at p·rogt's.~s be optirr.ized. Further efforts are desirable to 
assure rh.1;_: prS~Jrit:.c: en the use of aY.:.iLa~le MD resources arc zppropriatclr 
asslgm:C: ~::d .to .;;.;;Lablish -o;.:h;:;ther additio1..;l fu':'.d·t::;:; :i.s need2d. 

A fiDal CQl"'!T.enc ':.:'(::latE:s to the availablli ty of .s.:,fety··relate;d infn:-:r:ation. 
At'..:: and E.t'~-,l pro~rc7~~ are in the public dac:1.in. 1'!1r: f.CP.S reconn<:>:-.d.s a policy 
of inc2:ea::.~.1 ciL;cl(•::a:re of saiety··re.l ateci in£o-rn~ti<..'n a:1d sugges;.s that 
rea~to~ vendor~ r~~val~at: their prop~iet~ry catc~ories ir an att~~pt to 
plP.ce as rr.u~~ inJ=o:rr.:atio:. as pc.:>sihle .tn th"= public domain. 

S.incerely you-rs'... J.~ .{ . . I I : - .• 
,""" f • , I ,· • ·: ... ,.,,;_I -'-~~~ .. t-· ........ 

£ • * 0 ~· , ' ,/ If "" • • 
I I • ....... :.. , t 

l·' :.· • J " 

\>1 • R • S t. r:: t t c n 
Chain<.a!l 

-· 
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7. SOME FINAL CCM."1ENTS 

7.1 ON WASH-1400: SCME EFFECTS AND IMPLICATIONS 

The Reactor Safety Study, ~H-1400, may have had part of its genesis in a 
letter from Senator Pastore to AEC Chairman Schlesinger dated October 7, 
1971, which is reproduced on the following page. 

It seems that one formal report produced by the AEC in response to this 
letter was a report entitled "The Safety of Nuclear Power Reactors (Light 
Water-coled) and Related Facilities," ~SH-1250 (FINAL DRAFT) dated July, 
1973, an earlier draft version of which was circulated for comment in late 
1972. However, this report did not provide a quantitative assessment of 
risk in a probabilistic fashion as discussed in the enclosure to Senator 
Pastore's letter. 

In the summer of 1972, the AEC initiated a major study on LWR risk assess
ment with Professor Norman c. Rasmussen of MIT serving (half-time) as the 
study director. Mr. Saul Levine, a former member of the Regulatory Staff, 
served as full-time staff director. A separate group was established 
within the AEC which performed the study with the aid of many contractors 
and consultants. 

The first draft report (Draft, WASH-1400, Reactor Safety Study) was issued 
by the AEC for comment in August 1974; the final report, WASH-1400 (NUREG-
75/014} , was issued by the Nuclear Regulatory Commission in October, 1975 
and was comprised of a main report and eleven appendices. 

When draft WASH-1400, Reactor Safety Study, was issued by the AEC for 
comment in August of 1974, it drew a very substantial response from many 
quarters of industry, government and the public. The principal architects 
of the study, Messrs. Rasmussen and Levine, sometimes summarized the 
results by noting that, while the probability of core melt was estimated 
to be hi'3her than many people had expected,* the magnitude of the 

*For example, E.G. Case of the AEC Directorate of Licensing, in testi
mony at the Public Hearing for Operating Licenses for Prairie Island Units 1 
and 2, and in an article in Nuclear Safety, Vol. 15, No.3, May- June, 1974, 
presented the Staff conclusion that the "likelihood of a· sudden major LOCA 
accompanied by failure of the ECCS to cool the core to the degrees necessary 
to prevent breach of the containment is so extremely small -i.e., less than 
one chance in ten million per reactor year - that the environmental risk of 
such an accident can be considered to be negligible". -3 

This probability appears to be the product of a~ estima4e of 10 to1. 
lo-5 per reactor year of a sudden major LOCA, and 10· to 10- of the like ,_ 
hooG of ECCS failure severe enough to lead to containment breach. 

Core melt associated with LOCA was estimated to have a much higher 
probabi11ty per reactor year in WASH-1400. 
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Honorable James R. Schlesinger 
Chairman 
U. S. Atomic Energy Commission 
Washington,D.C. 20545 

Dear Dr. Schlesinger: 
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October 7, l971 

I understand that when you met with Congressmen Price, Holifield, Hosmer, 
Hansen, and Senator Bennett, at the Geneva Conference in September, one 
of the subjects you discussed was nuclear power plant safety. I under
stand the members suggested that a comprehensive assessment of the safety 
aspects of nuclear reactors be made with the intent of setting down for 
the industry and public a clear-cut summary of what the facts are in 
this matter. 

This idea has always appealed to me. It is my view that a basic docu
ment of a type similar to the 1962 Report to the President on Civilian 
Nuclear Power could be developed which would be just as valuable in pro
viding the industry and public a basic understanding of our status and 
objectives in this critical field as the 1962 Report was to the formula
tion of the civilian power program. Accordingly, I join my colleagues 
in their suggestion and, as they promised, I hereby forward to you more 
specific suggestions prepared by the Committee staff. 

If you think the Committee can be of assistance in this matter, please 
let me know. 

Enclosure: 
"Status of Nuclear 

PO\'t'er Plant Safety" 

Sincerely yours, 

John o. Pastore 
Chairman 

. 
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STATUS OF NUCLEAR PO,VER PLAN! SAFETY 
AND ASSOCIATED SAFETY RESEARCH 

There appears to be growing concorn ln the public arena, 
and certainly in AEC public hearings related to reactor licensing, 
re~;arding the sa.!ety o£ nuclco.r power plants and their as sociatecl 
safety research programs. The recent activities in regard to 
n1.1clear power plant emergency core cooling systems are an ex
ample o£ this type o! development. 

It is important £or the AEC to be able to document in as clear 
terms as is possible tho levels o! sa!ety it deems necessary in 
nuclear power plants ae well as the levels of safety that arc actually 
being provided in current dee~gne. One way of o.ccomplishlng thie 
objective would be to prep::1.re a report which, by a.ddreesins the 
probability o! occurrence and consequences o! the spectrum cf 
4!-ccidcnts which could be!all a nuclear power plant, would represent 
an assessment oi the risko involved in. the use o£ nuclear plo.nts. 
0£ course, it would also be ne·ccssary to compare these risl~a with 
those involved iD. other fields o! ende;).vor in our eociety in ordor 
to put them into proper perspective. 

Such a report could also add res e tl'ua sa!ety margins that a.re 
ee!ligned and built into plants, both in. terms o! engineering mnrr;ins 
tlncl in terms of specific safety !eature:s provided. For instance, 
•.he report could discuss in quantitative terms the probability o£ 
occurrence of a loss of coolant accident, the prob<1.bUity of tl1o 
emergency core cooling system fuUilling ite intended function and 
t!1e consequences o! the loss o£ coolant accident \•lith and without 
emergency core cooling functioni~g properly. As another exan1ple, 
it could consider, under a number of nppropdate conditione, tho 
probability and. related~ consequences o! the failure o£ both normal 
and emergency electric po·wer supplies. · 

Of course, any sa.!t;t.,Y aJee,ert]ent euch as this should addrcAe 
t!1e adequacy of the technical eubsb.ntia.tion being provided by the 
industrial a.nd AEC water reactor safety research programs. '!"hie 
will require an examination o£ the adequacy o!·the progrees being 
m:1.de as well aa the reas'ona for lack of progress should it be ' 
t.~etermined to be inadequate. It should also include an examination 
o! the relationship bet\"ICen the industrial and AEC t".Jater reactor 
D!\!ety research pro:r:uns and of the relationship between divisions 
in t'!le AEC that are involved ln the establishment and approwl of, 
t:;.e direction o£, and the use oi the resulto of t.1-tese programs • 

. . 
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7-4 r UNiT£0 STATES 

ATOMIC ENERGY COM!v.lSSI0!\1 
WASHING':'ON, O.C:. 20US . 

Honorable John 0. Pastore 
Chairman. Joint Co~~ittee 

on Atomic Energy 
Congress of the United States 

Dear Senator Pastore: 

.· 

Thank ·you for your letter of October 7, 1971 on nuclear power 
plant safety. As requested, we have :aken ste~s to initiate 
a comprehensive assessment of the safety aspects of civilian 
nuclear reactors and a su~ary re~ort will be prepared based 
on the outcome of this asses.s:nent. In this regard, we 
appreciate the suggestions by the Cor.:nittee Staff enclosed 
with your let:er and your offer of assistance on this matter. 

Since an assessment of the scope suggestec by your letter 
will undoubtedly re~uire a considerable effort, we would plan, 
as we have done in the paat, to summarize the statue and 'lana 
for conducting 'it during the FY 1973 Hearings and to keep 
you informed thereafter of significant progress. 

.• 

:.·. . - . -.... 

Sincerely. 

,zt~e4~-
.Chat:trm.an , II "' ' ' • 

t . 

. -·~·-··!' 

. ·- ... I . ' 

. ~ . .. . ~ 
\ -· . . . 
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potential consequences of core melt has a wide range of values, and the 
probability is high that the consequences will be modest compared to 
other risks, and small in absolute value. 

Appendix XI of the final version WASH-1400 is devoted to a discussion of 
what the authors of the report considered to be the principal comments on 
the draft report, and their response to these comments. 

In April, 1975, the ACRS sent a relatively concise letter report on WASH-
1400 to NRC Chairman Anders, in which it noted it was giving primary 
attention to the implications of the report on the reactor licensing 
process. In July, 1976 and in December, 1976 the ACRS sent letters to 
Congressman Udall in response ot his request for comment on eleven issues. 
The letters to Anders and Udall are reproduced on the following pages. 

One opinion given by the ACRS, which was comm:m among mariy of those 
reviewing WASH-1400, was that the uncertainty in the results was larger 
than that assigned in the report • 

. , 
The report of the American Physical Society Study Group on Light Water 
Reactor Safety (APS, 1975) and the comments by the Environmental Pro
tection Agency are among the most interesting on draft WASH-1400. The 
record of the Oversight Hearing before the SUbcommittee on Energy and 
Environment, Committee on Interior and Insular Affairs, House of 
Representatives, June.ll, 1976 provides a good crosssection of comment 
on the final report. 

The following paragraphs provide some of the effects, implications and 
issues arising from WASH-1400. 

1. Tb the extent that WASH-1400 is correct, it appears that the large 
emphais placed upon improved primary system integrity and on improved 
ECCS from 1966 on, was effective, both in that the large LOCA was 
found not to be the dominate source of risk and that the oveall risk was 
low. In fact, the results of the study suggested that, if more effort 
was needed on reactor safety, reactor transients requiring reliable shut
down (residual) heat removal for extended periods of time were a strong 
candidate for attention. And the equipnent needed for residual heat 
removal might be the focus of such attention. 

Another candidate from the results of WASH-1400 for emphasis in any 
effort to reduce the probability of core melt lay in the removal of un
anticipated adverse interactions between separate systems, a topic 
which the ACRS had earlier flagged as requiring attention. Also, as 
noted in the chapter on seismic safety, earthquakes appear to be a 
potentially significant contributor to the total risk, contrary to the 
results of WASH-1400. And as had been argued by Levine many years 
earlier in discussions of General Design Criterion No. 17, an extended 
loss of all AC power appeared to be an important contributor to overall 
risk. 

2. WASH-1400 illustrated clearly that there are many different individ
ual accident paths having the potential to cause core melt, only some of 
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UNITED STATES 
NUCLEAR REGULATORY COMMISSION 

ADVISORY COMMITTEE ON REACTOR SAFEGUARDS 
WASHINGTON, D. C. 20555 

December 16. 1976 

The Honorable Morris K. Udall, Chairman 
Subcommittee on Energy and the Environment 
Committee on Interior and Insular Affairs 
United States House of Representatives 
Washington, oc 20515 

Dear Congressman Udall: 

At its 200th meeting, Decenber 9-11, 1976, the Advisory Canmittee on Re
actor Safeguards (ACRS) continued its consideration of the points raised 
in your June 14, 1976, letter on the Reactor Safety Study (RSS, \·JASH-1400, 
NUREG 75/014). The ACRS had previously considered these matters at its 
l96th and 199th meetings and had responded to issues 1, 3, 4, 6, 8, 9 
and 10 in its letter to you dated July 14, 1976. In its further con
sideration of the remaining four issues, the Committee had the benefit of 
meetings of its Reactor Safety Study WOrking Group with the Nuclear Reg
ulatory Commission Staff in Washington, DC, on October 12, 1976, and 
November 10, 1976. 

The ACRS is continuing to evaluate the considerable body of information 
presented in the RSS report, its appendices, and the contnents received on 
it, giving primary attention to the potential implications of the report 
for the reactor licensing process. This letter provides the Committee on 
Interior and Insular Affairs a brief resume of current ACRS thought on 
issues 2, 5, 7 and 11. 

"2. Adequacy and appropriateness of analysis used in NUREG 75/014 for 
purposes of esti11ating the likelihood of low probability, high con-
sequence events." · 

The ACRS believes that the nethodology of NUREG 75/014 is useful for 
purposes of identifying important accident sequences and for attempting 
to develop comparative and quantitative risk assessments for low prob
ability, high-consequence accidents. However, the ACRS believes that. 
considerable effort by roore than a single group over an extended period 
of time will be required to evaluate the validity of the results in NUREG 
75/014 in absolute terms. Among the matters \·lhich will warrant emphasis 
in such an evaluation are the following: ~roved quantification of acci
dent initiators; the identification and evaluation of atypical reactors; 
the influence of design errors: improved quantification of the role of 
operator errors: improved quantification of consequence modeling; and the 
development of ~roved data for systems, components and instruments under 
normal and accident-related environmental conditions in a nuclear reactor. 
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The IJonorabl•~ Horris K. U:Jall -2- July 14~ 1976 

4. "Sensitivity of ~nnmG 75/014 conclusions to differences in reactor 
design, in site chara~teristics, in local ~nateorological conditions 
and in p:>pulation distributions." 

All of the factors noted ~ve will have so~e effect on the probability or 
con~equences of : serious accid~nt. The Committee has reco~ended that the 
m2tho::Jolo3Y of the Study be applied to other types and de.:.;igns of reactors, 
other site conditions ond otlJer accident initiators and sequences. If this 
is done, it will provide greater insight into the sensitivity of differing 
reactor designs and safety feai:ures. · 

6. "A-:1equacy of 1-fuH .. SG 75/014 methodblogy to take account of gradual 
degradation of plant safety over plant l~fetime." 

The Com.rnittee believes the methodology is capal:>le of taking into account 
\o:ear out of components and degradation of equipnent over the lifetime of 
·the plant but. an appro,t>riate dr.1ta base needs to be dev;~lop....od. 

8. "Need for periodic ~p.:iating of NIJR1:."'G 75/014 to take account·of ne\'t' da-ta." 

The Committee believes that a continuing effor.t is desirable in the application 
·of t.l'te methooology developed by t..~e Reactor Safety Study not only to factor 
in ne\>1 data but also to consider design variations a11d new concepts. 

9. "Need for continuing analysis of NUREG 75/014 for ·purposes of delineating 
are:s of research and data collection." 

The Cornrnittee believes that the NUREG 75/014 methodology should be used to 
aid in delL~e~ti~g areas for furtl1er research. Special emphasis should be 
given to quantification of the initiators, probabilities, and consequences 
of core !nel ting. 

10. "The extent to which NUREG 75/014 can oo used to aid developnent of 
regulatory policies concerning design, construction, and operations." 

T'ne Committee has recom.rendcd to. the NRC that many of the techniques used 
i.rl the Study can a"'ld should be used by the reactor designers to improve 
safel:y and by the NRC Staff as a 'supplement to their safety assessment. 

1\ttnchnent: 
. r.tr. to Hon. w. Anders from D. w. 
Mo~ll•)r, dtd 4/8/75 re: i·A.Sn-1400 

.• 

'!: 

Sincerely yoU!s, 

&cub. 70 '7JiJ}»( 
Dade l'l'. Hoeller 
Chah1nan 



I 
• 

. .... . ...... 

7-8 

ADVISORY' COMMITTEE ON REACTOR SAFEGUARDS 
NUCLEAR REGULATORY COMMISSION 

WASHINGTON, D. C. 20555 

Honornble Uilliao A. Anders 
ChainJan 
U. S •. nuclear Rc3ulatory Co;.,nis~ion 
Uashincton, D. c. 20555 

April 8, 1975 

Subject: REACTOR SAF1-;_TY S'fUDY, UASH-1400 . 

Since the release of the dr:1ft neactor S.:lfety Study, UASH-1400 
(RSS) in Au::;ust 1974, the Advisory Connittee 'on Reactor Safegi1arl· s 
has been revie>lin;z the considerable body of infom.ation presented 
ira the report, its appcndice::;, and the connents received on it, 
siviue prir:'!ary attention to the potential it~plications of ti•e draft 
report on the reactor licensins process. In its reviC\! 1 the Co::n.1ittee 
has had the benefit of Subco':"U"littee rneetin~s iu~ld on October 9, 
november 22, and Deccnbe~ 20, 1974, and !inrch 5, 1975, and of full 
Co;:r.1ittec neetings held on October 10-12, October 31-~!ovcnher 2, 
Hover.1ber 14-16, Decenber 5-.7, 197'•• and Jar.uary 9-11, February 
6-8, Harch 6-8, April 3-5, 1975. 

The ACRS believes that the RSS represents a valuable contribution 
to the understanding of light uater reactor safety in its categorization 
of hypothetical accidents, identification of poter.tial t~ea!t links 
for the tuo reactors studied, and. its efforts to develop cot::~parative 
and quantitntive risk assess~ents for accident sequences exaeined. 
The Concittee believes that a continuin~ effort and better data 
''ill be required to evaluate the validity of the quantitative results 
in absolute tert<lS';. Srecial eophasis should be siven to quantification 
of the initiators, probabilities, and consequences of core nelting. 

The CoL~itt~e b~lieves thar the methodology of the RSS should 
he applied to other types and ~esigns of·reactors, other site c~nditions 
and other accident· initiP.tors 'and sequences, and that tl1e current 
efforts to co~pile, catccorize,,?n~ ev~lutte nuclear experience 
should be extcm!ed in breadth and depth to ii!lprove the da.ta base 
for future studies of this type. 

'l'hc Conrlittee believes, further, that the RSS can serve as a model. 
for similar ::;tudie::; of the failure probabilities, consequences, 
and resulting risks of other hazards (both nuclenr and non-nuclear) 
to the health nnd r.~fety of the public~ 

TI1e C~ittee believes that mnny of ~he techniques used in the 
RSS cn.n and sho.ulct be used bf reactor d~sir..ners to itnprove safety 
and by the NRC Staff as a sullplcment to safety assesstnent. 

.· 
• 
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Honorable tlilliam A. Anders April 8, 1975 

The Co:-:u:littee"s revie~~ of the RSS has not caused the Committee 
to alter its judgencnt that reactors now under construction or 
in oper<ltion do not represent undue risks to. the health and safety 
of the public. 

The Con.r1:!.ttee Hill c0ntinue to review the l~SS ~nd ~·7111 cor:t'1ent 
furth~r on it in the ft~ture. 

Sincerely, 

0!-i:;i.~al !,;!.r.;r.y:! /;·y.,; 

• i\V.l.\e-'1: .~· 

Hilliata Kerr 

.· 
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UNITED STATES 

NUClEAR REGULATORY COMMISSION 
ADVISORY COMMITTEE ON REACTOR SAFEGUARDS 

WAS~INGTON. D. C. 20555 

' · December 16, 1976 

The Honorable Horris K. Udall, Otairman 
Subcorncrdttee on Energy and the Enviro~uent 
Committee on Interior and Insular Affairs 
United States House of Representatives 
Washington, DC 20515 

Dear Congressrnan Udall: 

At its 200th meeting, December ~-11, 1976, the Advisory Committee on Re
actor Safeguards (ACRS) continued its consideration of the points rais~ 

. in your June 14, 1976, letter on the Reactor Safety Study (RSS, ~·~H-1400, 
NUREG 75/014). The ACRS had previously considered these matters at its 
!96th and 199th me~tings· and had res};.Onded to issues 1, 3, 4, 6, 8, 9 
and 10 in its letter to you dated July '14, 1976. In its further con
sideration of the r~~ining four issues, the Co~ttee had the benefit of 
meetings of its Reactor·safety StL~Y h~rking Group with the Nuclear Reg
ulatory Com:nission Staff in iiashington, DC, on October 12, 1976, and 
Nove:nber 10, 1976. ·· 

The ACRS is continuing to evaluate the considerable bo~J of inforwation 
presented in the P..SS report, its appendices, and the coii'l:i"ents received on 
it, giving pri~ary attention to the potential implications of the report 
for the reactor licensL~g process. This letter provides the Co~ttee on 
Interior and Insular Affairs a brief resurr~ of current ACRS thought on 
issues 2, 5, 7 and 11. 

•2. Adequacy and appropriateness of analysis used in ~~ 75/014 for 
purposes of est.L-na.tinq the likelihood of low probability, high con
sequence events." 

The ACRS believes that the me.thodology of NtJREG 75/014 is useful for 
purposes of identifying important accident sequences and for attempting 
to develop co~arative and quaneitative •isk assessments for low prob
ability, high-consequ::nce accidents. However, the ACRS believes that 
considerable effort by more than a single group over an extended period 
of time will be required to evaluate the validity·of the results }h ~lJREG 
75/014 in absolute terms. Among the 11'.atters ,.,.hich ,.,.ill warrant emphasis 
in such ~n evaluation are the following: .~roved quantification of acci
dent initiators; the ioentification and evaluation of atypical reactors: 
the influ~nce of design errors: improvcd~qu~tificotiqn of tile role of 
operator errors: improved qu~ntifi~ation of con~equcnce modeling; and the 
development of improved data,for systems, components and inztru~nts under 
normal and accident-related cnviron~ntal conditions in a nuclear reactor • 

. · , .. 
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The Honorable Morris K. Udall -2- December 16, 1976 

The ACRS believes that NUREG 75/014 represents a very considerable con
tribution to the understa~ding of reactor safety and provides a point 
of departure for quantitative assessment. 

"5. Adequacy of t.T{]REG 75/014 methodology to take account of multiple, 
correlated errors in procedures, design, jL~gment, and construction 
such as those leading to the Bra~s Ferry fire."· 

The ACRS believes that the methodology of N"t.JREG 75/014 is useful in ac
counting for that portion of t~e risk resulting from identifiable potential 

·common r.:Ode or dependent failures, and can be used to search out the p:>s
sibility of multiple correlated errors. However, the methodology carnot 
guarantee t~at all ~jor contributors to risk will be identified, ~~d a 
considerable el~ent of subjective judgment is involved in assigning ~any 
of the quantitative input paraT.~ters. Both for nuclear and non-nuclear 
applicatior.s, for complex syst=~, where multiple, correlated failures or 
cornrr.on cause failures ~~y be significant, the record sh~ds that investi-

. gators \·;or king independently· \vill frequently rP..ake estirr:ates of system 
unreliability \vhich differ from one ai'10t.1-!er by a large factor. At this 
stage of its revi~.,, the AC?S believes that a substantial effort may be 
required to develop and apply dependable ~ethods for quanti~atively ac
counting for the very largs n~~ber of multiple correlated or dependent 
failure paths and to obtain the necessary failure rate data bases. 

~ntether multiple, correlated errors will do:ni.nate the overall risk, hawo
ever, is subject to question, particularly if si~ler postulated accident 
sequences are generally the dominant contributors to the likelihood of 
system failure. · 

•7. Extent to which the final version of NUREG 75/014 takes into account 
comments on the draft varsion." 

The ACRS is in the process of revi~Ning the dispOsition of selected co~nts 
received by the Reactor Safety StUdy Group, particularly as they have i'iipli-:
cations for short or long-te~ iupr~euents in reactor safety. The ACRS 
plans to continue this type of activity: however, it is beyond the scope 
or available \.,orking ti.:-ne of the ACRS to review in detail the extent to 
which the final version of NUREG 75/014 takes into acGount the comrrents 
received. ' 

"11. Validity of NUREG 75/014 conclusions regarding accident consequences.• 

As stated in its· report to you of July 14, 1976 and. as indicuted in its 
response to other questions in this group, the ACRS believes thut consi
der~bly more cffort·on the part of vurious contributors is needed to 

.· 
... 

~· 

.. 
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'l'be Honorable Harris K. Udall - 3- December 16, 1976 - · ·r 

evaluate the quantitative validity of NOREG 75/014 conclusions regarding 
accident consequences. Based on information currently available, the ACPS 
would assign a greater uncertainty to the results than that given in h~G 
75/014. 

The ACRS believes that the past and current practice of trying both to r.ake 
accidents very L~probable and to provide ~eans to cope with or ~eliorate 
the effects of accidents has been the correct approach to n~clear reactor 
safety. 

The ACPS revier11 of the Reactor Safety Study has not caused the ACRS to alter 
its judgment that operation of reactors now under construction or in oper
ation does not represent a~ undu~ risk to the health a~d safety of the p~lic. 
The ACRS believes t.ltat m.JRE:G 75/014 has suggested r.any fruitful areas for 

·study and evaluation for potential :L-..provements in light W'Jater ]?0\ver reactor 
safety. The ACRS also believes that the extension of such risk asses~ent 
methodology to the total spectr~ of ac.tivities involved in the production 
of nuclear po'..;er and in the production of electric p::r.ver by o~"ler rr.ea~s, as • 
\vell as to other technological aspects of society, could add significantly 
to our overall u•·1derstantling of risk. · 

• • 

. . 
. . 

.· 
, 

, 

Sincerely yours, 

G~'V.~AIPA 
Dade W. f-1oeller 
Chairman 

• ,, ' rr 

.... 
. . 
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which are peculiar to the design of a specific reactor. Hence, it becomes 
difficult to reduce the risk by a large factor, say 100, by trying to 
reduce the probability of those few events most likely to cause core melt 
for a particular reactor. If the few leading accident initiators are made 
far less probable by design changes, a large number of other initiators 
become candidates for importance. Also, because of the uncertainties 
arising from failures due to common or related causes, it is frequently 
difficult to accomplish major redu~tions in accident probability with high 
confidence, once the probability is already low. 

3. WASH-1400 demonstrates fairly unequivocally that accident risks from 
reactors arise from Class 9 accidents, even though the AEC-NRC environ
mental assessment of radiological risks includes only accidents up to 
Class 8 on the basis that the probability of Class 9 accidents is suffi
ciently low to render their effect negligible and even though Class 9 
events are, with rare exception, not treated in Safety Analysis Reports 
or Staff Safety Evaluations. 

4. WASH-1400 vividly illustrates the inconsistencies in the methodology 
of the 10 CFR Part 100 Site Criteria, and suggests the possible use of 
probabilistic risk criteria. However, the potentially large uncertain
ties inherent in most estimates of low probability hazards makes it 
difficult to devise a workable and defensible quantitative probabilistic 
risk acceptance criterion which, in practice, would not require large 
elements of judgment. Some examples of the kinds of questions which 
arise are as follows: 

If a best estimate value is to be used in meeting a risk acceptance 
criterion, should there not, nevertheless, be some limit on the 
uncertainty? 

Should a probabilistic risk acceptance criterion include risk aversion? 
If yes, how much and why? 

For low probability events, what confidence level is likely to be mean
ingful at successively lower return frequencies? 

When experts differ markedly, as they do on the probability of large 
seismic events, how shuld such a situation be factored into decision 
making with a probabilistic criterion? 

5. The containment failure made studies of WASH-1400, coupled with 
later studies, show that different containment designs {e.g., the 
large dry PWR, the ice condenser and the Mark I BWR pressure suppres
sion types) may seem to lead to similar off-site doses for the 
"standard11 design basis accidents, yet be quite different with regard 
to their protective capability against the family of core melt 
scenarios. WASH-1400 has led to a growing effort to study containment 
modifications which have the potential to provide a reduction in risk 
from core melt (Gossett, 1977). A dozen years after the "China 
Syndrome .. came into focus, serious attention is being given to the 
possibility of mitigation of the consequences of core melt, in consider
able part due to the action of the u. s. Congress (NUREG-0438). 
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6. 'l'he Department of Interior has raised questions concemiB;J the p.>ten
tial effect on water resources of the solidified residue of the molten 
core which has penetrated the containment foundation in the unlikely event 
of core melt. This question has not been p.>sed as part of the licensiB;J 
process for land-based reactors* but has become part of the regulatory 
review of the Floating Nuclear Plant, on the recommendation of the ACRS 
(ACRS, 1972). A limited study of the question was performed for WASH-1400, 
and mre extensive studies are underway. It remains to be seen whether 
new criteria for site criteria with regard to hydrological considerations 
will result. 

7. WASH-1400 sug9ests a low aver89e risk for u.s. sites. However, it 
did not provide specific evaluation of the risk for the most populated 
sites and of the very rei!K)te sites. Such a ccmparison may provide 
additional input into the judc;ment of site acceptability for future 
reactors. 

a. WASH-1400 represents the most detailed risk estimate for any tech
nology. · The rep.>rt exploited most existing techniques and data, arxl 
pioneered some new approaches, but it did not incll.de sabot89e,** various 
effects such as desi~ and construction errors, or several forms of 
system degradation. 'lbere are also questions concerning its treatment 
of health effects and its estimate of risk from certain accident initia
tors such as earthquakes. 

Neverhteless, WASH-1400 tends to indicate that nuclear power is safer 
than most, if not all, sources of central station electric power, as well 
as many other existing technoloqies. And, the uncertainties which apply 
to the risk estimation in WASH-1400 can lar9ely be expected to apply 
directly or to appear in similar for:m for other technologies. 

* The effect of rout1ne releases of radioactive 11qu1d waste products or 
of small accidental spflls on ·dr1nking water supplies or other •quat1c re
sources has been reviewed routinely. However, only on rare occasion prior to 
1974 was the potential effect ol a core melt on a large water resource dis
cussed even informally as part of J power reactor licensing review. One such 
occasion was 1n connection with the proposed s1t1ng of an UfR on the edge of 

.a relatively small, poorly flushed,. Important lake; for other reasons this 
rev1ew was never completed and the issue did not receive great emphasis. 

Presumably, the prevailing thinking was that to the extent that a risk 
existed from core melt, it was the airborne rad1oact1v1ty, and not the 11qu1d 
pathway, which was dominant. , 

** A separate section on sabOtage considerations· his not bien included 1n 
this study fOr various reasons. In part1cular, 1t fs inappropriate to discuss 
in such a document any specific avenues that a prospective saboteur might 
take. Although sabotage was called dut as a potentially important safety 
consideration as early as 1950 1n WASH-3, it began to receive continuing 
attention and emphasis 1n the regulatory process 1n the early 1970's. and 
has been a pap1dly developing aspect of reactor safety. However, 1t remains 
a matter which 1s very d1ff1c~lt to quantify for purposes of overall risk 
eval uat1on. 



9. It seems inevitable that Class 9 accidents will be introduced more 
and more into the licensing process. They already are entering in the 
sense that there exists an effort to reduce the probability of certain 
initiating events. And, it appears likely to enter from the consequence 
point of view, as well. 

10. ~H-1400 reinforced an already existing point of view that the 
single failure criterion is useful but is not necessarily adequate. 
~H-1400 suggested several specific systems for which the single 
failure criterion may have provided less reliability than desirable. 
It is to be expected that some modification of the single failure 
criterion will evolve, possibly in the form of supplementary quantitative 
reliability estimates, plus an evaluati.on of the consequences of system 
failure, in order to provide additional factors for judgment on the con
tinued acceptability of the single failure criterion in each specific 
application. 

11. There is a strong trend to use the probabilistic methods (and data) 
of ~H-1400 to make comparative studies of alternate designs and to 
judge the acceptability of existing situations subject to such analysis, 
even though an overall probabilistic risk criterion has not been formally 
adopted. The approach spelled out in the Regulatory Staff Standard 
Review Plan - ~ely, to neglect an initiating event ~~ving a frequency 
of less than 10 /year on a best-estimate basis or 10 /year on a 
"conservative" basis, will probably be subject to modification. There may 
be proposals to accept larger frequencies for individual initiating events 
on the basis that ~H-1400 suggests that a relatively high core melt 
frequency does not lead to unacceptably high risk. Some ANS standards 
groups have already suggested this; the Regulatory Staff has not accepted 
the proposal, but has not categorically rejected it. And the Staff some
times appears to lean in that direction in individual scenario evaluations. 
However, the Commission itself has not defined "acceptable risk." 

There may also be a modification which requires that some evaluation of 
the uncertainty accompany a best-estimate evaluation, and than an 
"expected value," rather than a best estimate, may become the preferred 
route. 

7. 2 CONCLUDING RDIARKS 

In writing this history, it was hoped that by examining several aspects 
of light water reactor safety in varying detail, the way in which safety 
evolved and continues to evolve would be illustrated by example. Such 
a treatment inevitably leads to a discussion of differences of opinion, 
of changes in specific policy, of errors and omissions in technical 
judgment, and of imperfections in the reactor licensing process. It 
must be recognized that such phenomena are a oormal part of any regula
tory process for a complex system. It is the borad record of accomplish
ment and the overall integrity of the process which should provide the 
basis for evaluation of its success. 
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In retrospect, the conscious policy of trying to make nuclear power 
reactors safer than other industrial or technological enterprises, a 
policy which was adopted in the 1950's and which was spelled out in 
the ACRS letter to AFI:. Chairman McCone of OCtober 22, 1960, was 
particularly vital and long-lasting. Over the years the detailed 
aproach toward implementation of this policy varied among the regula
tori groups and even within a single entity such as the ACRS. However, 
this continuing policy provided sustained general guidance. 

The complex history of reactor siting records several major changes in 
technical approach by the A.EC. However, despite several efforts in the 
1960's by the nuclear industry to introduce urban and even truly metro
politan siting in the United States, the Indian Point site, which was 
approved in 1955-56, remains the most densely populated site approved for 
a large power reactor. The reasons for failure to gain approval of more 
densely populated sites varied from case to case. Although prior to 1966 
containment was viewed as an independent protective bulwark against most 
accidents involving core melt, the various regulatory groups were unwil
ling to approve metropolitan siting at that t,ime, at least for the reactor 
proposed. 

With recognition of the interrelation between core melt and containment 
failure in 1966, a revolution in lWR safety and licensing occurred. 
Although the 10 CFR Part 100 site criteria still remained as an AEC regu
lation to be satisfied, the major emphasis shifted from containment and 
its associated engineered safeguards to reducing the probability of 

. occurrence of potentially severe initiating events, and to preventing 
core melt, should .:.'1 event occur. Some interest in metropolitan siting 
continued to exist withinthe nuclear industry, but not as much as before. 
And, with recognition of the problems associated with core melt, the A.EC 
position tended to move away from favorable consideration of such sites. 

Within the AEC, some differences remained between the philosophic 
approaches of the ACRS and the Regulatory Staff on whether increased 
safety measures were appropriate for the most densely populated sites 
receiving approval (beyond the somewhat artifical requirements tmposed 
by Part 100). The staff tended to treat all acceptable sites as equal, 
while the ACRS tended to try to balance the increased ru.unbers of people 
at risk with additional safety features. The Staff's "black or white" 
approach may have arisen, in large part, from legal constraints, namely 
that all reactors which were approved had to meet the existing Rules and 
Regulations which differentiated among sites only via Part 100. 

In retrospect, the results of consequence studies like those in WASH-
1400 show large relative differences in the risk between sites like 
Indian Point/Zion and the more remte sites. Of course, if the risk 
is acceptably low at the most densely populated site which has been 
approved, then it is still 10\!ler at other sites, and one can argue that 
the Staff approach is appropriate. However, some philosophic questions 
then arise concerning the basis by which still more densely populated 
sites were rejected. 
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One trend that emerges from the historical review is the general reversal 
in relative conservatism between the ACRS and the Regulatory Staff with 
regard to seismic safety requirements. In the late 1950's conventional 
industrial seismic design practice was applied to the eastern reactors. 
In the early 1960's, the utilities and their seismic consultants first 
proposed seismic design bases for reactors in california similar to 
those previously used for fossil-fueled electricity generating stations 
in the same area. 'Ihen, during the review of Bodega Bay, Malibu and 
San Onofre, the applicant's originally proposed seismic design basis 
was- made more conservative. This seemed to occur more because of 
the initiative of the Regulatory Staff and the advice of its consul
tants than because of the ACRS. Of course, the Staff ended up opposing 
Bodega Bay while the ACRS wrote a report favorable to its construction. 
(In retrospect, both were probably nonconservative in their decision 
on acceptable vibratory motion). 

Similarly, for Connecticut Yankee in 1964, the ACRS seemed to feel that 
the seismic requirements recommended by the Staff and its advisors might 
be excessive. 

After 1966, to the extent that differences on seismic safety design basis 
arose between the Staff and the ACRS, the ACRS was usually, though not 
always, on the more conservative side. Why this change occurred is not 
obvious. It might be due to changes in personnel both on the Staff and on 
the ACRS. It might be due to the fact that the Staff formed an in-house 
capability and called less often on the USGS for advice. Or it may be 
that before 1966, containment was receiving ACRS emphasis rather than 

_accident initiators, while after 1966 the emphasis changed to reducing 
the probability of an event which could lead to an accident involving 
core melt. 

The various generic safety issues have exhibited very different courses 
toward resolution. The stemaline break issue, A'IWS, and the matter of 
fires provide three illustrative examples. Fire had been recognized as 
a potential safety concern of considerable importance for at least a 
decade before occurrence of the Browns Ferry Fire in 1975. There were 
large differences in opinion concerning the magnitude of the threat to 
safety and in the measures needed to make the probability of a serious 
accident from this cause acceptably low. Significant fires did occur 
at San Onofre and Indian Point, and these led to some changes in specific 
requirements. In addition evolutionary improvements were being made in 
the LWRs under construction, and an industry standard (later shown to be 
inadequate) was developed. In retrospect, an early clean cut decision 
to take strong design measures with regard to limiting fire damage 
would have been preferable to the actual course of action. However, no 
harm to the public health and safety resulted from the semi-empirical 
process of learning which was followed, culminating in the Browns Ferry 
Fire, and the changed requirements which resulted from it. 
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The steamline break issue represents almost the opposite extreme in 
regulatory action. \\ben it was recognized in 1972 that the existing 
design basis for high energy steam and other process lines outside 
containment did not include gross rupture of the largest pipes, the 
Regulatory Staff promptly initiated a program which required appropriate 
changes in existing plants and established new design requirements for 
those to be constructed. No such accident (that is, rupture of a large 
steamline) had occurred in a reactor. However, it was judged and judged 
quickly that all plants had to be protected against such an eventuality. 

For obscure reasons, A'IWS has had a very different history. Not long 
after the matter was identified, the Staff judged that scram unreliabil
ity was unacceptably high. A quick solution was indicated as needed 
at least for BWRs where the safety concerns seemed to be relatively 
well-defined. And, not too long afterwards, at least some of the FWR 
designs seemed to have unacceptably high primary system pressures for 
ATWS events. 

In the period 197o-71, the ACRS exercised some delaying effect on regula
tory action while more detailed technical information was being developed 
on both the effects of an ATWS event and possible remedial measures. And 
since 1972, the Regulatory Staff has been struggling to try to reach a 
firm position, while more and more reactors have gone into operation, and 
many more have continued to be designed and constructed without including 
measures to accommodate ATWS or even the flexibility to incorporate such 
measure~ readily. 

Fires, steamline break and A'IWS, all represent potential safety concerns 
whose probability is and was very difficult to assess, let alone quantify 
with confidence. It is possible that, in the future, essentially all the 
reactors will be judged to have been adequately designed without additional 
provisions for any of these matters. Or, it may be detennined in the 
future that still more would have been preferable. 

The absence of a quantified risk acceptance criterion, as well as the 
lack of ability to quantify the risk from such events with high confi
dence, leaves engineering judgment as the means for resolution of such 
matters. 

That such problems are reviewed and judged in advance of the occurrence 
of an accident having severe effects on the public health and safety, 
is relatively unique in the regulatory field. Most technological 
ventures have approached safety empirically, with corrections made after 
the occurrence of one or more bad accidents. So, if the process has been 
imperfect, at least it has existed. 

.. 
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