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Washington, D,C. 20545

Dear Mr. Levine:

The Environmental Protection Agency's comments from the initial
phasc of its review of WASH-1400 ("An Assessment of Accident Risks in
U.S. Commercial Nuclear Power Plants'') are transmitted with this letter.

Because the asscessment reported in WASI-1400 is expected to be
a principal step toward establishing the accident risk associated with
nuclear power plants, we are reviewing it in two phases. The first phase
is represented by the enclosed preliminary comments based on a two-month
review effort. The second phase will include an in-depth review of
sclected aspects of the study with technical assistance being provided
to EPA through a contract with Intermountain Technologies, Inc. This
second phase should be concluded by May 1975, at which time our intent
is to issue a final report detailing all of our comments. During this
period of continuing review we hope to maintain a close liaison with the
Atomic Encrgy Commission so that our final report will rcflect an up-to-
date awareness of any resolution attained regarding comments by EPA or
others on the draft report.

We have reviewed the work plan for our continuing effort with members
of your staff as well as others in the technical community. We arc also
including it as a part of our review comments so that others may be
cognizant of our planned efforts.

Our initial review indicates that thce Reactor Safety Study provides
an innovative forward step in risk assessment of nuclecar power reactors.
The general methodology and approach utilized in determining risk levels
developed in the Reactor Safety Study appear to provide a meaningful
basis for obtaining uscful assessments of accident risks at nuclear power
plants, Certainly, significant improvements in obtaining and utilizing
nuclear plant operating data could considerably narrow the uncertainty
range of risk estimates. We do, however, belicve that certain aspects of
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the report require modification and information additions. In particular,
the consequence modeling assumptions appear to underestimate the health
effects resulting from the accident sequences associated with the larger
releases of radioactivity. It is uncertain what the impact of this
apparent underestimation may be on the resultant risk assessment.

Although the recport does not make an absolute judgment on nuclear
power plant accident risk acceptability, the comparative risk approach
highlighted in the summary and the main volume of the study will certainly
imply an acceptability judgment to the average reader. EPA rccognizes
that the comparative risk approach is a first step in addressing this
question, but by itself is misleading. However, studies in progress by
EPA and others indicate that judgments on "risk acceptability' are
extremely complex, with comparative risk evaluations representing only
one of numerous inputs which must be considered.

We are interested in the plans for application of this methodology
to other reactor systems and other components of the nuclear fuel cycle,
Certainly, we would recommend that studies of this type should be con-
sidered by the applicable AEC successor and that their intent in these
areas be publicly stated.

We would be pleased to discuss our comments with you if they require
any clarification.

Sincerely yours,

D e

W. D. Rowe, Ph.D.
Deputy Assistant Administrator
for Radiation Programs (AW-558)

Enclosure
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INTRODUCTION AND COUCLUSICNS

Review Perspective

The Environmental Protection Agency has completed a preliminary
review of the draft report "Reactor Safety Study - An Assessment of
Accident Risks in U.S. Camercial uclear Power Plants," WASH-1400,
prepared by the Atomic Energy Camnission. Our review process will
continue through April 1975 at vhich time we will issue a final set of
caments, During this period of continuing review, we hope to maintain a
close liaison with those responsible for the Study so our final comments
will reflect an up~to-date awvareness of any resolution attained regarding
caments by EPA or others on the draft report.

EPA's review of the Study cannot be considered as exhaustive in that
many of the calculational details and data base have not been checked.
Our focus has rather heen one of anphasizing a review of major
assumptions, concepts, methodoloqgy and approach. Although EPA's
resources are limited when compared with those utilized in the
develoment of the Study, it was deemed necessary to do as comprehensive
a review as possible due to the many significant implications the Study
has with regard to areas of EPA responsihility. EPA's primary concerns
deal with the health and safety of the public and the protection of the
environment from the consequences of accident releases. In this respect,
we are involved in the planning for mitigation of these potential
conserjuences, including the develomment of appropriate Federal guidance,
and in assuring that the public risks incurred are societally acceptable.
Within this context we attempt to maintain cognizance of accident
analysis activities so that we can be continually aware of loth the
probability of accidents and the conscquences for such accidental
releasns, Due to the importance we attach to this subject and the hroad
raixre of subject matter considered in the Study, we helieve it is
imperative that it receive a thorough and critical review by the general
technical commmnity and the public. Te realize that ruch of this reviews
that we suggest is already underway or planned. However, we feel that
comments developed on the Study should be referenced in the final version
of the Study and copies of these reviews should be publicly available.

In continuing its review, FEPA has contracted with Intermountain
Technologies, Inc. to assist us in the evaluation of the ranve of
applicability of the various analytical models and assumptions utilized
in the assessment. The preliminary work plan for this effort is
presented in an attachment to our caments. If, in the initial stages
this detailed review of the selected failure mode paths or critical
source term parameters indicates a gencral agreement with the Study's
avaluation, that portion of the investigation will he terminated and
other failure mode paths or source term parameters ray be substituted in
this work plan.



Review Format

Following this Introduction and Conclusions section, our review takes
up individual groups of volumes of the WASH=1400 document by first
presenting general comments and then specific comments. This secuence
begins with the main volume of the Study and continues with Appendix VI
(environmental consequences); Appendices V, VII, and VIII (accident
seqquence, meltdown processes, and radioactivity releases); Appendices I,
IT, III, and IV, (definitions of failure patlways), Appendix X (design
adequacy) and the swmary volume, in that order. The last section of our
review presents Additional Camments in order of the Study volumes
thenselves. These latter comments were not felt to be of the same level
of significance as those referred to in the previous sections of our
review,

Main Coments and Conclusions

EPA has made a hroad spectrum of specific caments on the Study,
realizing that they have varying degrees of impact on final results.
However, as the docunent is bound to be usedl as a reference for many
followon studies and analyses, we feel it is desirable to make it as
caplete and accurate as possible in all its facets. [©PA's nain corrents
and conclusions, altliough of a preliminary nature, are as follows:

1. The Stidy is immovative in both its concept and methodology and
provides an innovative forward step in risk assessrent of nuclear
ower reactors. In this respect, the AEC is to bhe commended. The
general methodoloies and rationale “developed in the Study to
deteniine risk levels appear to provide a meaningful basis for
obtaining useful assessnients of accident risks of nuclear power
plants.

7. Apoendiv VI (environmental oconsequences) received particular
attention in our review due to its mertinence to PN concerns. This
appendix was found to be quite weak in a nmmber of respects and not
un to the gencral thorouchness that apoears to permeate nany othor
sections. Our prelinidnary review indicates, for example, that if the
recorrendations of the BNIR Report are followed, the consequences
estinated in the Stuly may be low, in certain cascs, by factors of 2
to 5. In adliition, the evacuation nodel assuned for the referonce
case consequence calculation also appears samewhat overly optindstic.
3ased on the information presented in the Study, this could increasc
consccuences by at most a factor of 2 to 4 (i.e., no cvacuation).
Therefore, the combination of these factors could result in an
wderestimate, by about an order of magnitude, of the consequences

v associated with the "high" release accident secuences. Since the
high release accident sequences are sitmificant, but not dominating,
contributors to thie overall risk assessment, the resultant assessed



risk magnitude would be increased but by a lesser factor. It is
suggested that appropriate modifications should be made or the
rationale for utilizing other assumptions should be provided.

Furthermore, the description of certain critical portions of the
overall calculational process should be significantly expanded to
permit a clear understanding of the relationships between the
radioactive material releases, its dispersion, population
distributions, and the resulting health effects.

3. Although the Study indicates that no absolute judgment on
nuclear power plant acceptability is intended, the conparative risk
aymroach highlighted in the sumary may well implv an acceptability
judgment to the average reader. It should be further pointed out in
the report that the comparative risk approach is only a first step in
addressing this question and by itself can be misleading. It can be
noted that studies in progress by FPA, National Science Foundation,
and others, indicate that judgments on "risk acceptability" are
extramely complex, with comparative risk evaluations representing
only one of numerous inputs which must be considered.

4, As can be expected with such a voluminous report, a nuiber of
apparent inconsistencies, format Jdifficulties, ané cases of
insufficient supporting information were encountered. Particularly
in Appendix II there were inconsistencies in identification of
components and levels of detail in the various fault trees and system
descriptions. There were also problems with the lack of a readily
accessible glossary of abbreviations and with inadequate cross-—
referencing among appendices. It is suggested that the Study be
subjected to the necessary editing to eliminate abbreviations
vherever possible, glossaries be added for those albreviations used
(e.g., foldout in Appendix I) and the cross-referencing bhetween
appendices be improved. The formats employed in Appendices III and
VII are worthy of consideration for use in all appendices.

5. There is sorme concern relative to a lack of certainty as to what
the follow-on actions in this program area will be. This is
intensified by the recent reorganization of the AXC and its functions
and lack of definition as to where this effort will he picked up and
continued. We would expect that some follow=—on effort should be
directed toward additional verification that the design, operational,
or other variations among the 100 nuclear plants to which the Study
is applied, do not significantly affect the overall risk calculated
hy the Study. Of major interest would he consideration of other
plant designs such as Westinghouse 2 and 4 loop reactor coolant
systems, and BWR Mark II and ITII containment desicms. Other iteins
such as the use of hydrogen recambiners and differing modes of
contaimeent spray injection should also be considered for



examination. It is realized that in many of these cases what may
appear as a significant difference on the system or camponent level
may not significantly change the overall risks but sanre documentation
of this should be presented in order to show that to be the case. A
further concern relative to continuing effort in this area but not
related to this specific Study is the application of this methodology
to other reactor systems and other components of the nuclear fuel
cycle. Certainly we would recommend that these studies should be
considered by the applicable ARC successor and that their intent in
these areas be publicly stated.



ASSESSMENT QF ACCIDENT RISKS IN U.S. COMMERCIAL NUCLEAR POWER PLANTS

MATN VOLUME

General Camments

The main volume presents a well written introduction to and sumary of
various analyses presented in the supporting appeniices; therefore,
caments on the material within this volume are gencrally covered
elsewhere in this review. The discussion in Section 5.3 pertaining to the
process of assessing release category probabilities was especially
informative. The assignment to a category release prohability of a 10%
contribution from adjacent categories certainly adds a significant element
of canservatism to the resulting probability values. The Study also
attributes additional conservatism to the Monte Carlo process used to
assess failure rate median values. However, the degree of conservatism
attached to the Monte Carlo process throughout the Study, relative to its
ability to compensate for wide ranges in available input data, may be
somewhat misleading, especially if the log normalized data are "processed"
through a series of "and” or "or" gates. It would appear that, in such
cases, the Monte Carlo process would be expected to yiel! a point estimate
similar to that attained through a straight additive or rultiplicative
process of input value median value failure rates, with an associate!l
error factor. Although the Monte Carlo process is statistically correct,
a further explanation of this process indicating the differences between
it and the point estimate approach should be presented with regard to the
evaluation of associated error factors. hLowever, it should be noted that
statistical techniques such as this, although appropriatc analytical
rethodology, can never conclusively show that all critical pathways to an
accident occurrence have been considered.

Chapter 6 of the main document presents a comwparison of the nuclear
accident risks to other societal risks. Although the Studv does not make
an absolute judgment on nuclear power plant accident risk acceptability,
the camparative risk approach certainly irplies an acceptability judgment
to the average reader. EPA recognizes that the comparative risk approach
is a first step in addressing this question; however, studies in progress
by the EPA and others indicate that judgments on "risk acceptability" are
extremely camplex, with camparative risk evaluations representing only one
of numerous inputs which rmust be considered.

Specific Caments

The question of applicability of the Study results to all current
camamercial water reactors is very pertinent. The discussion on page 27
appears to be the only place in the entire report that the question is
considered, and only a brief general assessment is attenptel. It is
generally recognized that there are certain design differences in Babcock
& Wilcox and Combustion Engineering plants as well as the Westinghouse
plants of four-loop design (more cammon than the three-loop system
selected). Similarly, the BWR containment design, in particular, has



undergone two iajor changes (the Mark II an: lark III contaimuents) since
the reference desiygn Peach Bottom plant, which would e erpoected to at
least change the details of the containment response analyses. It would
appear that the Study could benefit significantly by recogmizing these
design differences and presenting the necessary argu.ents which support
the thesis that these design amd response differences at the system design
level do not have a major effect on the overall ris!t assessient. Further
discussion appears warranted and any continuing analyses Ly the AIC to
further verify this conclusion should be included.

on page 45, the safety irproveent analogy with the aircraft and!
autanobile industries regarding increasiny safety with Jdovelomment is
questionable. In both of these cases, safety iLiprove.en:s were
accatplished by utilizing accident aperience data. Althouwgh there has
been significant variance in safety between particular designs in thiesc
industries, hopefully, sirdilar significant diffcrences will not be the
case in nuclear plant safety designs. Fucthenwore, these livlustries have
received increasing government control with the rise in concern over
inadequacies.

On page 104, the arguent for overprediction of fission product
releasce from wolten fuel appears to he partially conceqy 'icted by the
discussion in the seconxl paragraph unler eltdown Release Camponent on
page o of Appendix VII. Similarly, the large surface arca to volune ratlio
of the wolten fuel describaed on page 119 shoukd enhance the releasc of
isotopes rather than "limit" it, as inldicated. Yhe Jdiscussion on page 109
of rewuced doses associated with win. Jdirecition chgje con 'itions vay e
offsct Ly increase: evacuation difficulties. It is not clear if this has
been considered.

CALCULATION OI' ReACTOR ACCIDRITY CONSLOULNCES

Appendix VI

Ganeral Counents

sppendix VI appears to neew substantial iodification ax. infor:ation
auditions, especially with regard to the health effect calculations. he
approach ana iethodoloyy, although possibly adecuate for the purposes of
the reactor Safety Study, should not he presented as e approach anl
rethodology which calculates the consequences of accidencs "as
realistically as is now possible," as indicated in the USAIT's Interin
General statement of Policy on WASH=1400, dated Aujust 2., 1974.

Although soe of the factors affecting conscyueiices Are adequately
discussed for the purposes of this report, there is no riescription of the
overall calculational process which would permit a clear uwyvilerstaniding of
the relationships between the radioactive naterial releases, the



dispersion, the population distributions, and the resulting health
effects. Obviously, many refinements to the various calculation models
are available. Those which were assessed and found negligible in effect
for the purposes of this report shouldd be discussed to give a better
appreciation of the range of applicability of the calculation model used,

Specific Comments

The reasons given in Section 6.2 of Appendix VI for selection of
critical radioisotopes do not support the amission of plutonium-241. Data
presented by the USAEC in the draft WASH-1327, "Generic Environmental
Statement on the Use of Recycle Plutonium in Mixed Oxide Fuel in IWR," on
pages I-13, I (A)~-2, and II-20, indicate that for exposure by inhalation
of plutonium within a few years after its production in the LWR uranium
fuel cycle, Pu=241 contributes more to the dose than Pu-239. Similarly,
the data referenced by the Study (ICRP~II) and the plutonium isotopic mix
of WASH=-1327 indicate that Pu-241 contributes more to the dose than Pu-239
in the majority of the organ doses considered in Table VI-15 of Appendix
VI, the proportion of their contributions depending upon the solubility of
the plutonium aerosol.

The discussion of meteorological models and assuiptions should be
expanded to discuss the expected calculational differences incurred with
the Study's use of a simplified model as opposed to the more conventional
but cawplex rodels in general use. For example, it is inferred fram the
discussion on page 16 of Appendix VI that much of the meteorological
frequency information is taken from greater heights than the release
heights predicted in this Study. Since wind velocity generally increases
with altitude, using such information will tend to Jdecrease the estimated
downwind dose levels. The acute health effects, therefore, could be
underestimated. Furthermore, the uniform distribution in the crosswind
direction used in the atrmospheric model, as describex! in Section 6.4 of
Appendix VI, is also likely to produce an underestimatce of acute health
effects, since the sector averaged dose estimates should bhe lower than
actuval peak doses. Finally, without consideration for wind meander, the
constant angular widths chosen appear to broaden the plume more than would
be expected (Ref. Figure A.2, page 408, of "Meteorology and Atamic Energy
- 19638"), again contributing to lower peak doses and thus fewer acute
health effects. It is judged unlikely, however, that any underestimate of
acute health effects resulting fram the treatment of meteorological
information and the dispersion model is greater than a factor of two.



The maxlel selected to account for the cffect of cvacuation on the
calculation of medical conscequences is describec: on page 31 of this
appendix. An oPA report, "Lvacuation Risks = An Lvaluation," IPA=520/6-
74-002, is referenced in support of certain asswptions se. in the
evacuation moael. Although a nuiber of paranetric calculations relatiing
to the evacuation lodel assumptions are presented in fable VI=21
(including a no evacuation case study), we pelieve the nse case
evacuation model to be overly optimistic.

‘“he SPA report on-evacuation risks was privarily lirectec at an
assessient of the risk of death and injury, and the costs associatedi with
past evacuations of population groups. Thw data airl inforation utilized
in this study were obtained by contacting persons and orgacizations
involved with previous evacuations precipitated by nat wal or man—rade
causes. Factors which were hypothesized to influence e tine require!
for the historic data base cvacuations included: (1) tie lapse before
onsct of incident, (2) availability of evacuation plans, (3) time of day,
(4) weather conditions, (5) pooulation size, (6) arca size, (7)
charactoristics of the area, {(3) conditions of roads, (9) nature of
incident, (10) warning time, and (11) population density. No correlacion
with evacuation ties could Ix deterined for parameters (1) throagh (9).
Similarly, since warning tise was generally not separaple fro: the tine
associated with accaplishiment of the evacuation, no duanhitative
evaluation of this parareter was made. A correlation of evacuation tines
with population density, however, was perfonael assu dio inlepenience fram
othier paraweters. A traend showing an increase in tie regiived for
evacuation was inadcatal as population density tecrcase's  In applying
this conclusion to evacuations which ay result fran potointial nuclear
accidents, an clenent of caution needs to be exercised. It shoull e
reerbered that the data on historic evacuations generally incluile
situations applying to small areas or in the case of larcer arcas, when
there is a lengthy forewarning tiie. lbore significant is the fact that
evacuation travel uistances verce almost always short an” safe destination
points were dgenerally obvious.

Since the evacuations called for in the larger conseuence accirionks
appear to involve evacuation areas of a few lumiredt sjuare 1dles, the
application of cvacuation tire requirenmcnts fraa the !PA evasiation stu'y
to areas of this size is uestionable.

Althiough the Appendisr VI discussion stabes Chat a: outernost 11 4t for
evacuation of 20 1dles vas assumed, it is not clear hou this evacnated
vopulation segrent is treated in temms of actual J'ose roceiva™.

Sidlarly, in the assessient of nroperty damage on pagc L0, the
clfectiveness of the 10 rem calculated yearly dosc as a basis for
tauporary evacuation is wnclear since the expecte! Jose rate as a finiction
of time is not indicatad.



The assumption stated on page 63 regarding a first vear projecta’ dose
of 10 ren as the criteria for determining the decision to cvacuate ay 1x:
uwarranted. A suggeste! valuce of 10 to 20 rea is cited, Ian the
reference, althouj: relevant, does not contain such a sugjestion. In it,
the recamendation is made that for small population groups, the use of
evacuation as a protective action be considered if thw anticipated
exposure Jduring 30 days might exceed a whole body .wse of 2 rad or a
thyroid dose of 10 rad. The reference suggests that -m or less favorable
circuastances cvacuation ruight not be considered as « proteccive action
unless larger cxposures were anticipated. The refereice “oos not support
the irplication that 5 ran per year or less is acceptable hxcause it is
lelow the occupational dose limit, nor Jdoes it suggest 10 re. or any othor
projected dose as a criterion for cecontamination.

‘“he evaluation of health effects appears to ropuire significant
modification and information additions. Our preliminary indications arc
that if the LEIR keport (The Effects on Populations of iigposure to Low
levels of Ionizing Radliation, :BS/ATC, itovader, 1972) reecoirendations are
followed, the assessed latent cancers arc low by a factor of four (excess
rortality by a factor of two), genetic effects are low by a factor of
five, and acute deaths and acute illnesses are low by an undetexrmine:
factor. Although such changes in calculated health cifects do not
necessarily alter the results of the Study, either these changes should be
made or the rationale for utilizing other assamptions should be justificd.
The following discussion highlights our evaluation in this regard.

Section 6.0 appears to totally neglect the 2% of the population in
utero. A list of applicable references relatad to this subject is
included in the additional cawents section of our review. This rather
inportant segment of the population shwould be considere” with regard to
the effects of radiation.

On page 34 and 4¢, a staterent is made that the IR righ costiates
are upper linit valaes. In fact, the inIR Caradttee osti ates, as thoy
state, nay be too hilgh or too low. Although the valuce of zcro could not be
excluded by the data, use of this number was rejecte! on a nwiber of
cogent bases (pages 2 and 38 of the SLIR Report). Also, on pages 31 ami
453, the samatic excess Jeath risk used (50-165 deathis/10° nan-rerd) only
reilects the range of absolute risk estirmates fraa the IIIN Report.
Consideration should be given to the estimates which, i cabination with
the absolute risl estimates lead to the DEIR Cauuittee "rost lilely®
mubers (150-200 deaths/10° man=ren). Using oDI2 "most 1izely" nubors
for a lifetime plateau instead of a 30 year plategu for mpression of
effects, the LPA cstimate of 200 excess deaths/10° ran—re has been
doveloped (page 167=-174 IR).

he BDIR Cawadttee genetic effects estirates reforre! to on page 35
.8y be construed as ieaning that 108 ran-rem would procace 10-100 waminant
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diseases and 1-100 congenital ancmalics ia the first goneration after
sgoosurc.  Hovever, this is 1/5 of the total Lnpact opectel. An
additional 40-400 uaminant diseases and 1-400 congenital ancamalies shouls
be attributed to future generations (page 53 BLIR) .

The reference for the nurbers in rads used as criteria for estimabting
acute cffects is not presented. The average Jdose which will cause
fatalities to 507 of the people so exposai in ol ays is given by
Lushbaugh, Cawas, L.hards, and Andrews (Secc 17 1. AT 700 230410, 1944)
as apout 245 rads. 7These authors estiinates for the osc vhich will cause
fatalities to 10% of the people so expose., Ljg, is of ine orwer of 75-40
rads with a ranye of about 40-120 rads. .Jhis estiatce i1s of the sae
order of magnitude as the cstiiate of iess than o5 wortalivy in the Jose
range of 40~140 rads given in NCRP Report #:29. Tihwvrelcor:, he stateent
on page 37 that therc is little chance of deathy fraut voses elow 100 rads
appears somewhat optindstic for estimating the possible effects on a larye
population. A wore accurate estimation of effects woul - he pace using an
appropriately justified probit analysis with perhaps a cu:off at 10-50
rads.

Uil page 50, a stateient regarding the deleterious gonetic chaxjes
expected per 100 nan-rem of exposure is presentexi, wirich also appears to
Le a misinterpretation of the BEIR Report. The LLIR Catdrtee estimate’
that the average nmutant persisted in the population for five generations
not "...in the first and also in all generations..." cherefore, the -otal
increments shown in Table VI-14 should he five tires jroater,

Sidlarly, the quotation fran the IR Depori (page 1) appearing on
pages 52=-53 is truncated to an extent that, in ocur opinion, a
misinterpretation of the IR Report results. The paracraph quote’
concinues: "y exttrapolation, it can be estinatel thab he nutboer of
deathis per 0.17 rau por vear in the entire U.S. population may range
roughly fran 3,000 to 15,000 with the rost likely valie falling in klx
- range of 5000 to 7000 (or 3500 per 0.1 res per year)." Utilizing chis last
estiiate, the excess .ortality fran all forms of caver calceulated! inm VASH
1400 would he almosit Jdowbled .

™

Possible clinical z2ffects fra: acute radiation ¢osuwe other tian
ceath and radiation siciness are discussed only briefly o mage 45. For
canple, taporary aspernada in the male has been ohsarve ' following
exposures as low as 12,5 R, The personal traw a of bhoeing wmable to
reproduce or of it beiny recamended. that no attape o ivt:c L0 concelve a
ciiild for some extended period after exposure is not nviligible, at least
for norraal "peacetime" operations. Furtherwore, the disruption of the
homeostasis of the finely tuned endocrine svster), wiille possibly asenable
to honvne replaccnentc therapy, does not necessarily reprosent
insignificant individual trauma or financial burden. Therefore, a
significant expansion of this presented discussion appears wvarranied.
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ACCIDIITT SHOUmMYCDS, REACIOR MELTOOWI PROCIGSES AN
RADIOACTIVITY RILASES Appendices V, VIT anxd VIIT

General Caments

These apperdices, which follow various accident sacuences through the
meltdown process and associatel releases of radioactivity, represent a
significant effort to guantify the conswuences of reactor iaeltdovm
accidents. It is recognized that to present a rneaningful discussion of
the inany accident sequences evaluatel, to relate these soquences to the
tindng and physical processes associated with a reactor meltidlown, anxd to
nrelict the resulting radicactivity releases via several containment
failure rechanisms is a formidable task bhoth technically an
documentarily.

Of these three appendices, Appendix V (possilly because it pulls
together ruch of the information presented in Appeniices VII and VIII)
appears to require sone additional effort to resolve apuarent
inconsistencics and to supply additional informwation on accidlent sequences
other than the large 1OCA. Furthemwore, the Stulv shoult highlight and
expani the sensitivity analyses on iCCS functionanility and the evaluation
and significance of the various containment failure ruxdle probabilities.

Our caments on both Appendices VIT and VIII arce dealt with in the
sprcific cament section which follows.

Specific Camnents

Apperdiss V

One problai in reviewing Appendix V involves appareni inconsistencies
between the various tables which relate accident sequences to releasc
categories. Ior example, on pages 21 anl 24 (Tables V=7 anl V=4), it is
not clear how thesc lists were capiled. Doth taldes lo not inclwdle some
of the dawinant larje TOCA secuences fran Table V=6 (e.j. AF= % and AD-g
in category 1, and Al'-§ in category 3) but do include sequcnces whicli are
not considered dadnant (e.g., 2CDGI- o ). Lase!l on the liscussion (page
140), it is also not ohvious why sequence ACDGI ~a is classified as
release catejory 1 instead of category 3. TFurthewmwore, in coawmaring the
propabilities gyiven in Table V-f with the relative contaibinent failure
wode probabilities listea in table 2 page 124 of tie at:aluent, cortain
sequences listed as "other large TOCA accident seuencos" apuear to he
significant contributors to a release catcgory Hroiaility (e.d., catejory
2, i -9, 3x1071% n-5, 4 x 16-11), If these contrilutions are
adrerically correct, the sum anpearing at the bottom of the table rust
only represent the sum of the listed daaninant secucence protal.ilitics,
Since the large TOCA's Jo not dauinate the nrolatilities of Tahle V=14,
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information similar to that presented in Table 2 of the attachment, page
124, applicable to small IOCAs and transients would appear pertinent for
inclusion in this appendix.

We would like to emphasize at this point that inclusion in a release
category probability estimate of a 10% contribution fram adjacent release
categories adds considerable conservatism to certain sumed release
category probabilities; however, an attempt should be made to correct and
clarify the interpretation of these sumary tables.

In the discussion of the smoothing of release category probabilities,
p. 50, it is not clear how the smoothing technique necessarily swamps any
common mode failure contribution. The presentation would also be
clarified if even just an illustration were included which would show the
bar chart in Figure V-1 reversed in relation to the severity categories.

Considering the interest attached to the ECCS functionability, the
discussion on pages 52=55 is especially pertinent. This sensitivity
analysis discussion might be considerably improved by not only relating
the ECF contributions to overall release category probabilities but also
to the "large LOCA" contribution. This latter - tionship would show a
larger percentage contribution. For example, given a large LOCA (3)
Followed by ICF (&), one accident sequence would be AC- ¢ with the same
consequences as AD—€ (category 7). The probability would be AE~e¢ = (1 x
10-4) "(10-2) (~ 1) = 1076 assuming the high end of the ICF failure rate.
Although this and other sequences would have a moderate influence on large
LOCA release categories, the limited impact on the overall release
category probability would be highlighted., Since the ECF failure
probabilities are of general interest, it would appear appropriate to
identify the rationale for assuming the failure occurrence range utilized
(10-2- 1075). Considerable confusion is also caused by not including ECF
sequences in Table V-16 while including such sequences in Table V=6,

With regard to the BWR transient tree quantification on page 68, it is
not clear fram this discussion, in conjunction with Table V=19, which
transients were slow enough such that credit for reserve shutdown can be
taken .

In attachment 1, Table 2, certain sequences are shown with
"containment rupture - vessel steam explosion" failure mode probabilities
of zero which are nevertheless estimated as 0.01 in Table V=-6. Since
similar tables are not included for S; and Sj initiating events, the
relationship between the various containment failure mode probabilities
shown in Table V=7 and V-8 cannot be determined (e.g., the relationship
between S, C-6 and S, C-a ).
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Appendix VII

The information contained in Appendix VII is well presente !,
sufficiently documentel, and based on our preliminary review, presents a
reasonable appraisal of the extent of raliocactivitv reloases.

In discussing the rieltidown release caponent for al:aline earths and
noble wetals (p.p. 11; 13), the probable values selecte’ appear sarvwhatl
low if consistency with the selection basis of other relsasal cawmonents
(e.g., halogen, alkali wetals) is to be maintained. In fact, the tevi:, in
discussing the alkaline earths, indicates a release range of 2-20% anl
suggests that the probable value should lie in the upner nortion of this
range, vet selects 10% as a 1ost probable value.

On page C-1, last sontence, it is not clear what is referred to hv
"...the TOCA's postulated; i.e., successful iXC an! recovery," since the
Study is concernei with many IOCAs in which successful (X7 andl recovery
are not assumeld,

In outlining the accident sequence and core response on page C=2, the
basis for the 100% rod failure at a maxirum clal teuperature of 2200 °F
should be stated since this failure value appears to he cuite conservative
in view of vendor calculations (eg. SuEry, Final Safety Analysis Report).
Also, in the discussion of six critical points involved witi the
evaluation of the IOCA prampt release fission product source-term, the
term "release coefficient" (escape fraction) should be male consistent
with nomenclature used elsewhere in the report.

In Appendiz ¥, p. K=19, it is not clear if the text is implying that a
potential important pathway for release of fission products, hetween the
containnent shell and cofferdan, was not considerel in the Study.

Appendix VIII

The discussion under "Limitations" on page 3 of Appendix VIII contains
a disclaimer regarding the potential non—applicability of "these studies"
(presunably core neltdown studies) to other PMRs and I%Rs. As mentione!
previously under the specific comiaents on the main volume of the Stuly,
the discussion on this topic should he expandel.

In discussing the basic assuptions for the analysis of degraded
accident behavior (p. 7), the hasis for assudng that "core melting woula!
take place without significant metal=water reaction anl that there would
ke no possibility of stean esplosions in the reactor vessel" wunder
conxlitions of accumilator ani purped TCI failure needls further explanation
to account for the possibility of residual water eindg left in the vessel
fram the blowdown process. With regard to the accilent tine scale, the
10- 11 second tire quoted for essentially camplete primary systan
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depressurization and the time of accumlator discharge appear a factor of
2-3 too short camparcd to the results in the paper, "Corparison of
Thermal-iidraulic Raesponse of IOFT and a Large PR to IOCA Corxlitions,"
authored by P. Davis arxl J. Ductone, presented at tho topical meeting on
water reactor safety. OQWF-730304, March 1973.

On page 12, the dismissal of the potential for a large enerqy relecase
fran a steam explosion hetween the molten core anv. water laden gravel
seas to e contralicted by the Arco Incident describe! on page T=2,

Tn describing contaimment response (p~13), the assuwvtion of TPRS
cavitation at the time of containent failure searis pessimistic, if
Regulatory Guide 1 is followed. The quide states, "wrjency core cocling
and containment "eat rawval systens should be designe” so that al~puake
el vositive suckion head (SH) is provided to systan mmrrs assuwaing
mezliam expectel terperatures of pupel fluids an . no increase in
containment pressure fraeo that present nrior to nostilate? TOTA"

The reltdon segquence fdscussion, which inclides 7D an ' TETRS
failurcs (p. 17), describes the molten core vesscl penchration an?
interaction vith the water in the reactor cavity an' bhe O8RS water. Our
wxlerstanding is that the CSRS water should not be azx»ote? in the reactor
cavity exceopt for nossibly a small arount of lealwage. IE this
interpretation is correct, all sources for reactor cavity wvater noel
furcher clarification. Sinilarly, on page 21 it appears that CSIS is
assu . not to deliver water to the reactor cavity while the opposite is
true for CSRS.

The assessment of containment failure aode prolaidlities includes e
probaiility of contai:ment failure resulting from a stean explosion
cstiatel as P = 102 (+1,-2). Since we are not awvare of any discussion
vhich indicates that this probability is sequence depenient, the
probabilities associated with certain sequences in Table V=15 are not
‘uncerstood (e.9., S)b-a, 3 x 10-8 vhile 5;D =, b x 10-6an’ no, 53 =g
vhiich should be at least 2 3 108 hasel on S, C-a  of 2 :x 10°°). The
latter exaple may be climdinated because contain.ent overpressure failure
occurs before initiation of core rmeltdown., If this or otliarr sequences are
logical exceptions to the containent failure probability associate’ vith
vesscl steam explosion, the exceptions should ke discussed.

The assessments of containment failure probabilities fram hydrogen
cadpustion or overpressurization bhoth are strongly dependont on the
assuwx norral distribution of contaimrent failure prossures of about 100
psia with a 15 psi standard deviation and containent relt-through tine
(for vhich the meaning of the skewed distribution, 13(+10,-5) hours, is
not clear). Given the information in fiqures 4 through S, general
correlation with contairment failure ode probabilities listed in table 2,
attaciment 1, Appendiz V could be observed. Lowevoer, such was not the
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case for sequences NIF=-§ an!l AB=§ . It would he helpful if the text
provided an example of such a calculation, which would define the various
probabilities listed in the text.

Additional clarifying raesarks would seem appropriatn at several points
vithin Zppendiz: A, which discusses the therrmal evaluetion model. On pagc
A-16, the assumptions used for the core temperature “istribution an’
vessel water inventory following blowdown should he statel and justifiel,

Regarding the fission product release fraction equition, the hasis
referred to should be specifically reforenced. Sizullarly, the reasoning
for assuning no chinge in stean properties due to hylrogen mixing should
be presentcd. Under the heading "Convective lleat Transfer” the values
chosen for T, and hg should be discusse’ since it would apoear that R

W
should vary with Q , and pressure.

m
dmdt L
"D"RA

On page A=33, a question arises as to whether vessal failure can oconr
v fracture duc to thermal stress occurring when the 1we'ten core contacts
the lower vessel nead.

It is not clear on Page A—-36 if the continued adlition of water on top
of the core melt could cause a steam explosion similar to t'e Hast Geriwvan
incident described on page B-3.

The containment failure mode evaluation presento? in Appenlizt &
consicers several factors which could affect the ultinnte ~ontainrvnt:
strencth. Further discussion or clarification of the notrdal
sicnificance of thiese factors on the assuwd 100 + 15 psia failurn
pressure appears warranted. Since the assumed failure tessure couls!
alter the containnent failure mode probabilities for soveral accidont
sequences, an indication of the sensitivity of the releane catedgory
probabilities to a change in the assuwed containaent fail wre pressurc
should }xe provided.
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ILPINTTION OF PATVURE DATA AND PATIMAYS

(Appendices I, IT, III, AD IV)

Seneral Corments

Our review of Appenlices I and IT has, for the post part, hoen lidin,
to questions reqgarding the treatment of (1) specific failixe pathwavs
whichi are not actmowledgad in these appendices or (2) e rationale for
disdssal of other failure pathways or their relationshinh o assiyne?
containient failure rnode probabilities. Review of cortain sections of
Apperklix IT is presently anticipated in our continuing review of the
Study.

In our limited review of Apperdix IV, the role of £ "cozon noie
failure" in the overall rish assessiient process is (ifficilt to assess.
Sane 1ethods, quantification technicues, causes an results arc discusse !
in Appendix IV, but the material necessary to properly ailerstan?! the
total role arxi significance of caawon 1ode failures an! to Jletenaine that
a reasonable degrcee of campleteness has beon developo: amsxars to he
spread through Appeniices I, IT, IITI ant V, Many sutary stataents in
the carlier and later sections of the report assert the siqnificance of
coxon 1ode failures without cuantification or refercence vhon, in faot,
the necdo] material is in other appeniices. Further cross-referencing to
such analyses and quantifications which support the asscriions of this
appendix could resolve these concerns.

Specific Caanents

Appendix T

In the IOCA functional event tree development (p. 13 foolnote), it
appears that the containment building purge systen has a probabkility of
failure which is not achknowlalged. Similarly, the possiiility of
containaent overpressure failure prior to core melt vhich is treate? in
subsecuent appendices, is not included in the discussion on page 21.

In che developient of the PR small LOCA event troe, S, p-132, it
would seam possible that vessel melt—through coulll occur while the privwary
systan oressure is above the accumlator injection preossiwre. After vessel
nelt-through, the primary systaa pressurc would he rapi 'lyv reiuce!,
allowing possible accuulator water injection onto the rwlten core,
potentially causing containment rupture frai a stean xmlosion. It could
not e Jetermina? if the contaimrment failure mode probhalilities for
LOCA's considered this wossibility.

99}
N
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1ith regard to PR reactor vessel rupture, p. 141, it is not clear how
the polar cranc presents an effective missile barrier for the entire upper
portion of the containment,

mn page 145, the reason for not considering rupture of stean generator
tubes aixdl subsequent overpressurization of the seconlary systam with
potential for rupture outside the containment, should be statol.
Similarly, on page 159 it is not cbvious why the situation of autanmatic
trip failure occurring with loss of electric power saecuence was eliminatod
from consideration.

Appendiz: II, Vol. 2

The discussion of the electrical power systan, offsite caaon oo
failures (p. 33), does not specifically inlicate vhether earthquakes have
Leon considereld in assessing caanon mode failures, esmecially for nower
suwesvstans which are not specifically designed for ecary < aln response
(desel fuel systen). Sindlarly, in the text on pas~ 35, a discussion of
how the failure analvsis of the diesel generator systen accounts for the
failure modes discusse” would be an important ad ition o this se~iion.

The evaluation of the reactor protwriion svstom (1.200) Jisdssas Hy
Iyact of a orossurizer vapor space rutoe on the PPE (sig-al indtiation)

failir:e probebility.  Since it is possible for the Tov oronsurizor Lovel
signal not to function dae to frothdng, the effoct of siv 7 a faiwmn
should ha adlressc . On xage 155, wnder 2CI6 fndla o 'es, 1L aspoars
that vy Pefueling Vater Storage Tani (X0T), "suchior Tine SLaogpy!,"
should also e listel wdnr single failure resuliingy in mavellability of
e vater.

T Consaquence Ti diting Coptrol Syste: (T77X) lencription on page 174
is confusing since it apocars fran this “iscission thal. £ onorator -ay
noc he able to swilch fran CSIS to OO0 mtil the oconbthiv ot ressur
falls o =0.5 wsisg (swh a pressurs ray oL ocow in i, to prrdh
succossful switch of these systens).

Tho results of analysis of systaii interfaces 'micr Lo Prassure
Injection Systatr (LPIS) in‘icates, on padge 200, that o ntary
anavailalility of water at the start of TRIS pump opxretion is nob
considored a failure, vAule uwnavailability of waker +o £ 0807 i
consicuered a failure for the sane reason (Appenriizc I, . 102). A
clarification of this situation appcars varrante’. MAlso, in listing the
single failure-fallure :wodes for IPIS (p. 204), consiloiinion shoal te
given to pipe ruptures betyween J3 and elther V4 an” V5 (figpae II=53) an’
to RIST pup suction drain plug.

In the examination of potential faults for the Low Progsure
Recircalation Systam (LPR5) on page 498, it is not clear that pine



ruptures between P1, P2 and J3 will not cause system failure. The flow
would split between the path to the cold leg and the rupture and,
depending on relative flow resistances, the delivery of water to the cold
leg may not achieve the necessary 300 gpm.

I_\E@dix II - Volure 3

In the evaluation of the BWR electric power system, an assuption is
made on page 27 that all emergency bhuses are available immediately prior
to a IOCA based on the Technical Specification requirement that the
reactor be shutdown if an emergency bus is not available. However, it
appears there should be a finite probability that all emergency buses are
not available which should be dependent on the failure probability of the
failure detection system. Also in discussing offsite power common mode
failures, the omission of earthquake as an initiating event should be
addressed.

Discussion on page 134 relates failure of vacuum breaker valves in the
open position to the defeat of the vapor suppression function. It would
seem appropriate that the assumptions regarding the two or more valve
failures required should be justified with calculations or referenced to
pertinent information. Similarly, the assumption on page 243 that rupture
of branch piping of 2-inch diameter or less will not significantly affect
core spray injection system operation at the time of a LOCA or during
injection requires justification.

Appendix IIT

This appendix on failure data is well written, well organized and
appears to be appropriately integrated into the Study. In our continuing
review, reflected in the attached work plan, EPA does intend to perform a
selective review of the failure rate data base.

Appendix v

Our review of Appendix IV, to date, has been limited, especially with
respect to the analysis and cquantifications applied in the Study;
therefore, our comments at this time are very general in nature. The
concept and influence of the "cormon mode failure" appcar to need
additional develomment. A distinction should be provided between the
causative effects of certain common mode failures in initiating accident
situations vs the influence effect of camon mode failures resulting
during an established accident sequence (e.g., the influence of a check
valve slam and subsequent water harmer damage as a common mode initiator
vs the consequence of such an event occurring during an accident in

progress) .
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The capleteness of the consideration given to potential sources of
camon mode failures also appears to require same expansion. Althoudgh,
through secarching in other appendices, it is evident that particular tymes
arxl areas of camon mode failures are considered, sources, such as the
requiranent for pump inlet subcooling for emergency coolant recirculating
systems, pump bearing lubrication systeits, instrument and camponent
service water and air, heat tracing for plateout prevention, control roat
and cable tray fires, drain plugging of storage water systens, etc, ought
to be discussed and treated in Appenuix IV to support the claims and
assertions developed.

Tinally, the treatment of the methal of screening for relevant caxon
mode sources discussed on pages 18 through 39 appears credible but is
unsupported and in need of tabular listing of (ar reference to) the
"numerous” types of sources considered in order to deronstrate that the
method is indeed camprehensive in identifying all conceivable camponent,
systen, and operation vulnerabilities to cammon mode failures. The
examples cited are useful but create cquestions of "what else," "how rany,"
and what does a camplete list look like.

DESIGN ADEQUACY
(Appendix X)
General Cauments

This appendix does not appear to be tied in with the rest of the
Study. There is no mention of how the results of this Stucy were utilizo!
in the risk assessients. Since Appendix X indicates that a significant
nuder of the systeas exanined were either not properly cualified, not
properly analyzed, or didn't reet current standarris, it wouldl seen verv
irmportant that these deficiencies be readily traceable to the quantitative
risks, or that they be shown to be peculiar to the plant analvzed.

Specific Caments

The section on seisnic loads (p. 47) appears incaplete in that current
design response spectra were not evaluate(l for the structures aryl
equipment. On pages 52 an: 57, it is stated that the cuarent spectra
would increase seismic loads (by as ruch as a factor of 2). It is not
clear what these increases mean relative to the gencral sceismic
vulnerability of the 100 plants and what risks arc associatet with the
increases.



SUMMARY REPORT

General Comments

The sumary document is a relatively well written volume, which
satisfies its intent through a question and answer format. Our comments
on certain quantifications of assessed impact are incorporated into our
review of the Appendix VI volume. Of particular interest was the
discussion camparing the Study predicted consequences with the earlier
WASH-740 evaluation. It would appear that the significance of the four
factors leading to differences in the two studies is substantial. Plume
rise and evacuation and possibly population, as treated in WASH-1400, have
relatively little impact on consequence when campared to the effect of the
differences in assumed release of radiocactivity to the environment. The
Study indicates that given a PWR core meltdown event, a chance of only
about one in one hundred exists that the resultant containment failure
mode will be other than melt~through with its relatively insignificant
radiocactivity release. A samewhat similar case exists for the BWR
meltdown event where a chance of only one in ten exists that the
containment failure mode will be other than containment isolation failure
in the drywell with, again, a relatively insignificant release of
radiocactivity. It would appear appropriate that the discussion of this
variable in the sumary document should be expanded.



Additional Comments

Main Volume

Clarifications

1. Page 122, Table 5.2 - It is not clear why AB, ACIF, 518 and S,B do
not lead to containment failure by overpressure since loss of containment
heat ramval should lead to overpressure failure,

2. Page 126, Section 5.3.2.1 = The definition of a large LOCA being
a rupture equivalent to a hole greater than 6 inches in diameter is not
consistent with the definition used by vendors, ARC-Regulatory, etc.,
which is a 0.5 ft? (9" hole). It is not clear why a different definition
was chosen here.

3. Page 154, item (1) - The SI~1 accident was a military power
reactor nuclear accident which resulted in 3 fatalities. It appears that
the statement ignores the SL-1 accident.

4, Page 216, last sentence in Section 6.4.7 and Figure 6-10 = The
stataicnt that the calculated probability of a dam failure resulting in
10,700 fatalities "...agrces with the extrapolation of the data..." does
not appear justified, A straight line can be drawn through the threc
data noints (as was done in Figure 6.9), and, if anything, an upward
inflection of the curve is indicated by the data, rather than dovmward as
drawn, to include the calculated point.

Txiitorial

1. Page 146, Section 5.4.4 = The source for the probability of
aircraft impact accidents should be referenced.

Ze Page 150, Section 5.4.6 ~ lear site explosions, which must be
considered for reactor sites, are not mentioned.

3. Page 200, Section 5.4.1, 1lst sontence - The reference does not
agree with the refercence at the end of Table 6.83.

4, Page 204, reference 1 - This reference appears incorrect,
"...Jorth Atlantic lurricanes...” since the Galveston hurricane is
apparently included (#1, described on page 200).

5. Page 205 - The average number of tornado fatalities is stated as
113 while the division indicated yields a value of 46,



égpcndix I

Clarifications

1. Page 83, TFigure I-13 ~ It is not clear why the success pata for
containment leakage is chosen as the drywell and the failure path, the
wet well. Wet well leakage should produce the lesser consequences due to
fission product scrubbing in the torus (see Appendix I, page 37).

2. Page 102, 3rd sentence, and page 134, item F, - The basis for
the CSRS failure assumption is not clear since CSRS should eventually
operate,

3. Page 199 - Further justifications of the unanticipated transient
probability of 10~° per year should be presented.

4, Page 205, Figure I-23 (also Footnote 1, page 207) - The RPS
failure probability for unanticipated transients (Part C) has been
increased from 4 x 10~/ to 4 x 10~® to account for the fact that only the
scram system may be effective for reactor shutdown. This reduction does
not agree with the fault tree at the bottom of page 68, Appendix V, which
assigns the failure of RPS to scram a value of 1.3 x 1073,

Editorial

1. Page 45, 3rd paragraph, lst sentence = It appears that CR=VSE
should be CR-CSE.

2. Page 77, Figure I-10 = The IPIS is missing from the ECI segment
of this figqure.

3. Page 198, 1lst paragraph - The apparent distinction between a
transient which causes a IOCA and a transient which causes a ruptured
reactor coolant system is not clear.

4, Page 222, 4th sentence under RIRS — This sentence is not
complete.

5. Page 233 = These footnotes appear to bhe used in Table I-13, but
the heading does not match the heading for Table I-13.

6. Page 259, item 5 - This item appears out of place in that it is
not a "...design feature provided to keep the likelihood of loss of pool
water small..."
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Appendir II, Vol. 1

Editorial

l. Page 11, last paragraph - This disclaimer paragraph scans to
indicate that if data did not exist for a particular systaem failure
contribution, it was not considereaq.

Appendix II, Vol 2

Clarifications

1. Page 253, item 3 at top of page = There does not appcar to he any
basis for the assurption that pipe ruptures of 2 inch Jdiameter or less
will not cause failure of accumilator injection.

2. Page 385, Introduction = It is not clear if the SICS analysis
also applies to the small break case.

3. Page 490, top of page, and page 529, lst paragraph = It is not
clear how realignment of the LPR system to the hot legs will prevent an
"undesirably high boron concentration or accumulation of residue and
debris in the core that could result from continuous boiling.” LPR systam
water injected in the hot legs will enter the upper plenun, run down the
outer (cold) core and core structure region into the lower plenum, anl be
available for boiling in the hot central core region.

4. Page 490, top of page - It appears that closure of V;g is also
required to effect the realignment.

5. Page 501, 2nd paragraph - It is not clear why air suction fran

the RWST occurs for this failure in view of the discussion under itam (2),
page 493,

Appendix II, Vol. 3

Clarifications

1. Page 92, Section 3 - It is not clear why Q _ (1.3 x 10-5) is
oonsiderabl% different fram the RPS unavailability vn in Figure II-131
(2.47 > 10-°9),

Editorial
1. Page 359, item 2 - The use of the term "suppression chamber® is

inconsistent with "wetwell" and "vapor suppression system" used elsewhere
in the report.
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Appendix IIT

Editorial

1. Page 187, first line = The bibliography section mentioned here
appears to be missing.

Appendix IV

Clarifications

1. Page 43 = Results of the susceptibility analysis are presented
but no specific reference is given to where the analysis is presented and
the specific fault and event trees to which it was applied.

Editorial

l. Glossaries and definitions are sorely needed for this appendix,
not only to track the latter sections in relation to Appendix II, but to
understand the distinctions between the PWR and BWR treatments,

2. Page 8 - The treatment of ideas at this early stage in the
appendix requires the reference to other unspecified appendices in order
to understand the terms used and messages developed. An introductory
tutorial treatment with a description of the other appendices which
intimately interface with Appendix IV is needed.

3. Page 9~15 = This section could benefit by specific cross
references, examples and limited numerical results to give significance
and meaning to this important portion of the report.

4, Pages 40-41 = The list of "classes of potential common mode
mechanisms” could benefit by a sub~category of items under each major
topic to provide an index of completeness, e.g., where would failure
causes fall for wearout due to exercising a given component, or for
partial or delayed performance due to degradation from lack of service,
or for transient hehavior of a component (check valve water hammer).

5. Pages 40-63 - Although Sections 3.3 through 4.0 portray a
reasonable description of the methods applied to the "quantifications" in
the study, the interpretation could be considerably aided hy examples
with numerical results or tabulations, such as that of Table IV-4 on
ocoupling probability.

6. Pages 65 and 87 —= These two sections are intended to treat PWRS
and BWRs separately and this should be stated in the introductory
paragraphs.



7. Pages 65-98 - This Section, "Summary of Results," acknowledges
the performance of the "fault analysis" in Appendix II and from those
results identifies selected "sequences in the event tree...chosen
because... (of) some potential susceptibility for cammon modes" and
develops "impact" conclusions as "insignificant," "minor impact," etc.
The support for and meaning of these conclusions should be identified.

The event sequences selected for the follow-on discussions appear
without comparative discussion to other cases which have been dismissed.
Although these discussions improve one's insight to the "controlling”
common mode sequences, tabulations or some form of overall results
presentation should be developed to enable the reader to gain a "feel"
for the relative influence or "impact" of other sequences which could be
important to plants of newer design than those chosen for analysis. The
companion treatment given to the BWRs (page 87), although different in
style, is equally obscure in portraying understanding and confidence that
the treatment of common mode failures is comprehensive and complete.

APPENDIX VI

Clarifications

1. The description of the release and dispersion calculation in
Appendix VI appears sketchy in that there is not a clear description of
the radiocactive material release magnitudes as a function of time over
the release durations presented. Thus, any interaction of the airborne
release with the population heing evacuated cannot be evaluated. The
description suggests that the fraction of core inventory released is
modeled as a uniform release over the indicated duration of release. An
alternative model could be a distribution of discrete releases as shown
in Figure J=-8 of Appendix VII. A clarification of this subject is in
order.,

2. The discussion of the consequence calculation arxi population
distribution patterns of Appendix VI does not describe the model of the
population distributions used for calculation of consequences within 70
miles; i.e., it is not discernible fram the information presented whether
the sector population, originally obtained as a function of distance fram
the reactor, was averaged over the first 70 miles or averaged over
seqments of sectors using differences in the cumilative populations from
Table VI=6, or whether same other distribution model was used.

3. A more careful explanation of the population averaging method on
page 24 would be helpful. In particular, the top 1% sectors are
reflected in the peak case consequence results. The range of populations
averaged into the top 1% would clarify the nature of the top population
category.
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4, The application of the plume broadening for meander over
extended periods of time, described in Section 6.43 of Aprendix VI, nexls
to be specified more clearly. Table VI-2 shows categorics K 6 and PWR
7 having a duration of release of 10 hours and all other categories
having shorter releases; it is not clear whethor categories PR 6 and PWR
7 are the only catcgories having "releases that last for many hours,"
i.c. categories to which the broadening was applied, or whether the
broadening was applied to shorter releases as well.

5. Because this appendix does not present the necessary information
reciarding individual organ or whole body doses as a function of releasc
category and dovnwind distance, several questions arise as to the
significance of certain omissions from Table VI-16; namely, (1) lung dosc
contribution fraom noble gas inhalation, (2) consideration of Pu-241, An,
1, and U releases, (3) releases of longer lived isotopes, such as I-129
and 1I-3, and (4) any possible significant release of activation products.

6. With regard to the evacuation rmodel, clarification is needed of
the manner in which the warning time for evacuation T: (time betwecen
awarcness of impending core melt and leakage for acci&ent type j) was
detormined, It is observed that, in Table VI-2, this time is constant
for each reactor type and independent of the containment failure rmode,
and also that for release category PR I, awareness of irmpending core
rnelt is immediate at the outset of the accident.

7. Page 36, Section 6.6.3. = This section is based on available
data and is apparently extended for standard man only. The uncertainties
in the estimates, particularly as they apply to differences in age and
state of health, should be at least underscored and, if possible,
explored further.

%« Pagc 37 = The listing of peripheral blood element response
should be compared to data given by Wald (Chapter 23, Haematological
Parameters after Acute Radiation Injury, pp. 253-264 in !anual on
Radiation Haematoloqy, IAFA Technical Report Series to. 123, 1971).

Q. Page 47, Section 6.6.4.4. = Reference and justify assumptions,
particularly the "...slightly increased number of induced rutations." If
a value judgment is to be made, a frame of reference rust be established.

10, Although reference is made to the BEIR Report, the discussion
regarding Table VI-13 is misleading., This table, taken from p. 171 of
the BIIR Report, refers to the "...absolute risk for those aged 10 or
rore at the time of irradiation..." This is neither the caplete estimate
of the BEIR Cammittec nor the only population considered.

11. Page 49, Section 6.6.4.3 = This section doas not mention the
rather generalized "increased ill-health" considered in the BFIR Report.
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12. The discussion of thyroid illness on pages 53 and 54 appears to
need oonsiderable clarification. In particular, the apparent treatment
of production of nodules as an illness requiring a surgical process is
not understood. For an estimate of nonfatal malignancies, reference to
the BEIR Report would seem appropriate.

13. Page 54, first paragraph - The assumptions on incidence of
nodule formation following thyroid exposure discussed on page 54 should
be justified. For example, data in Reference 42 of the subject draft
report suggest that, in a mixture of external and internal radiations,
gamra and beta exposures are equivalent. The BEIR Committee points out
studies evidently showing a species difference in response to beta
irradiation of the thyroid and also points out the problems in sone
available human and I-131 data (a thyroid ablating dose is used).

VWhile Reference 42 does mention thyroid nodularity incidences ranging
from 0.47% to 1.6%, it should be pointed out that the 1.6% incidence was
in a population of 30 to 59 years of age and 0.47% was in a general
population. The 0.36% to 1.7% values in controls in various studies
reflect small numbers in the populations and, perhaps, the regions of the
country from which the populations were derived.

Iilien, et al (AM Lilienfeld, M. L. Levin and I. I. Kessler, Cancer
in the United States, Harvard University Press, 1972), suggest a thyroid
cancer incidence rate of 40/10% persons based on state turor registry
data. Even if the ratio of fatal to occult cancers of 1 to 100 (ABCC
Tech Report 25-68) is used and the incidence of 40/10% thyroid cancers is
considered fatal, the total incidence of thyroid cancer would be 4000/10°
persons. The relationship between these occult carcinomas and the total
number of nodules has not been established yet, but some nodules are
occult thyroid carcinomas. The nodules, as pointed out in Reference 42,
represent malignant and benign tumors, but also nodular goiter,
Hashimoto's thyroiditis, colloid diseases, local hyperplasia, local
lymphnodes, etc.

14. Table VI-15 is somewhat misleading in that it apparently refers
only to acute or subacute fatality and to "illness" in which thyroid
should not he included since nodularity is not an "illness." The table
does not include all effects, e.g. effects of pituitary injury or
carcinogenesis, aspermia, etc,

15. References pertaining to in utero acute fatality and acute
somatic injury are as follows: Evaluation for the Protection of the
Public in Radiation Accidents; IAFA Safety Series # 21, IABA Geneva
(1967) ; Nokkentved, K. Effect of Diagnostic Radiation on the Human
Fetus; Munksgaard, Copehagen (1968); Griem, M. L. The Effects of
Radiation on the Fetus; Lying in: Journal of Reproductive Medicine
1:367-372 (1968) ; Hammer-Jacobsen, L. Therapeutic Abortion on Account of




Y~ray Dxamination During Pregnancy; Danish Medical Bulletin. 6:113-122
(1959); Brent, R.L. and Gorson, R.0. Radiation Exposure in Pregnancy
Current Problams in Radiology Vol. 215 (1972); Craham, S., Ievin, M. L.,
Lilienfeld, A.M., Schuman, L.", Gibson, R., Dowd, J.D., and Hempelmann,
L. Prcconception, Intrauterine, and Postnatal Irradiation as Related to
Leukemia. pp. 347-371 in Epidemiological Approaches to the Study of
Cancer and Other Chronic Diseases National Cancer Institute Monograph 19,
NCI (1966).

16. There is also no indication that individual organ doses have
been aggregated as "organ-rem" for sumation in the estimate of "latent"
cancers and genetic effects. Estimates of some isotopes and the
distrihution of organ doses and variations with age can he obtained fram
such publications as ICRP-17 (ICRP Publication #17, Protection of the
Patient in Radionuclide Investigations, Pergamon Press. 1971).

17. Page 55, Section 6.7.3 = The use of ICRP-2 dose models, while
defining what was done, does not seem adequate in light of advances in
the ficld of physiology and dosimetry. As pointed out by Eve (I.S. Lve.,
"A NReview of the Physiology of the Gastrointestinal Tract in Relation to
Radiation Doses from Radiocactive Materials," Health Physics 12:131-161,
1966) residence times and mass of contents for the GI tract used in ICRP-
2 may be in error by factors of 2 or 3 in various segments and the values
used for the stomach may be in error by a factor of 24 when residency
time for inhaled material is being evaluated,

olphin and Fve (G.VW. Dolphin and I.S. Eve, "Dosimetry of the Gastro=~
intestinal Tract", llealth Physics, 12:163-172, 1966) suggest that
differences of the order of a factor of 2 result, when a more
sophisticated GI tract model is used rather than the ICRP-2 rodel.

we also made pertinent comments on the dose to the ovary from GI
tract contents and the insensitivity of mucosal cells to radiation
exposure at a depth of less than 140 microns.

“he lack of information on particulate aerosol characteristics of the
espected releases used in this section precludes applving the nore
accurate Task Group Lung Model or determining the extent of departure
from the simple ICRP-2 model which would be expected. However, the
current biological half=-times for the various isotopes could be enployed.

3. In the evaluation of damage from an accident, the health effects
and dollar costs appear to be considered as ruatually exclusive. This
fails to consider the dollar costs of health effects. 'There is of
course, the obvious cost of lost productivity but it is also noted, for
instance, that thyroid nodules are passed off as being surgically
treatable with no consideration as to the dollar cost of that treatment.
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19. 1In Section 6.8.4, Non Core Accidents, Table VI-23 appears to
over estimate the consequences by up to three orders of magnitude.

Editorial

1. In Section 6.4.4, for the phrase in parentheses, "vertical
velocity toward the ground," substitute "ratio of the ground
concentration to the integral over time of the adjacent air
concentrations." This substitution will avoid furthering the false
impression that the deposition velocity is indeed the vertical velocity
toward the ground.

2. The PWR 7 category description on page II of Appendix VI needs a
few more words of clarification, since the sprays do not act on the
leakage occurring upward around the containment.

3. In the second paragraph on page 14 of Appendix VI, insert the
word "acute" before the word "illness."

4. On page 14, the sentence "It was found, in particular, that the
wind blew 0.1% of the time toward the 0.1% highest population density
sector" needs clarification. The explanation on page 119 of the main
volume is much clearer.

5. In Section 6.5.1, the reference to the isolated Idaho Falls site
is of questionable interest, since Idaho Falls is not the site of any
commercial nuclear power plant.

5. Table VI-6, on page 28 of Appendix VI, needs correction in that
it shows, for categories 11 and 12, that the cumulative population
decreases as the distance increases from 2 miles to 5 miles.

7. Page 32 - Experience with human radiation effects is not small
and includes much rore than Japanese data. The experience with acute
effects is much less.

5. Page 35, Section 6.6.2 - The question of prophylaxis and adverse
effects thereof is an open question. The fact that the treatment may be
worse than the disease in some cases should also be considered.

9, Table VI-II, page 40 indicates up to 5% mortality at 165 rad
(250 R} and a cutoff around 100 rad (150 R). Uncertainties in population
response suggest that there must be a range around these values and that
effects at lower exposure levels are possible.

10, Page 47, Section 6.6.4.2 = There is sone confusion about the
data studied by the BEIR Cammittee. Probably rost of the data is on



relatively acute exposure to low LFT radiation, the type most applicable
to the emergency situation studied in the subject report.

11. In Section 6.8 of Appendix VI, the last sentence on page 67
implies that a Monte-Carlo type of determination was employed, as
contrasted to the assertion in the second paragraph on page 3.

12. The title to figure VI-8 on page 76 should be changed since the
thyroid nodules do not include all thyroid consequences to be expected.

Appendix VII
Editorial

1. Page C-2, item 2 - The core, taken as a whole, cannot "heatup"
from sensible heat as stated here.

2. Page C-9 - The "Little Mamu" program should be referenced to
supporting documentation.

3. Page I-2, equation (3) - Since this equation involves an
integration over time, a distinction in the various time parameters is
required since Cg is a function of "t".

Appendix VIII

Clarifications

1. Page A-3, lst paragraph under Fission-Product Release - It
appears that the pin rupture temperature was assumed to be 1500°F in the
BOIL code calculations. This does not correspond to either of the two
temperatures cited in Appendix VII.

2. Page A-12, last sentence under Bottom Flooding - The meaning of
this sentence is not clear, particularly the reference to "these"
flooding rates, and the reasoning that heatup of cores at elevated
temperatures is not prevented.

Editorial

1. Page 6, top of page - Nomenclature problem: The ECR system
described here appears to be the same as the LPRS system used in most of
the rest of the Study documentation.

2. Page 7, last sentence - The starting time for CSIS is important.
The fact that it must operate for a considerable length of time has
nothing to do with start time considerations.
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3. Page 8, lst paragraph under Core Meltdown - It is not clear what
is included in SIS failure (not previously defined).

4, Page 34, Accident Time Scale - A discussion similar to this for
the PWR case would clarify the PWR containment discussion.

5. Page A-1l, lst paragraph under Core Heatup Calculations - In view
of the application of the core heatup results to other PWRs and BWRs, the
statement that some of the results apply only to the specific designs
considered needs elaboration.

6. Page A-6, equation (A-9) - QMELT apparently should be QQU]E}NCH

7. Page E-9 - The pressures in this assessment should be labelled
psig or psia, whichever is appropriate.

Appendix X

Clarifications

1. Page 6, first paragraph - Although the site geology is
described, a description of what the plant is actually built on
is not mentioned, as was done for the BWR on page 7.

2. Page 45, Note (4) - The Bijlaard formulae have not been defined
in the text.

3. Page 94, first paragraph - It is indicated that the IHSIS (LPIS
elsewhere) injects into the RCS hot legs. Figure II-53 of
Appendix IT, Vol. 2, shows injection into the cold legs and the
text associated with the figure also indicates cold leg
injection.

4, Page 94, third paragraph - The discharge pressure of 300 psig
does not appear compatible with the 225-foot head stated on page
275 of Appendix II, Vol. 2.

5. Page 168, item 2 at bottom of page - This item states that the
assumption of a 40°% tilt of the MSIV actuator axis is a
conservative assumption since "one expects vertical installation
to be the usual practice." It is not clear why the actual
orientation for the Surry plant was not determined in order to
establish the validity of this conservatism. (Figure 28 shows
an MSIV with about a 40° tilt to the actuator).
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Editorial

1. The nomenclature used for the various reactor systems is not
consistent with the rest of the Study. ramples are:

App A, Page 18 = Low ilead Safety Injection Syvstem vs Low Pressure
Injection Systams

High Head Safety Injection System vs High Pressurc
Injection Systems plus Accumulator Systens

Containmnent Recirculation Spray Systems vs Containment
Spray Recirculation Systems

Core Spray Systems vs Core Spray Injection System

Residual Heat Reroval Systems vs Post Accident Heat
Reroval.
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Additional Comments

Sumary Report
Editorial

l. Page 2, lst sentence - The sources for the results i i

. ent . in Figures 1, 2, &
3 sbould be 1;1entlf:|.ed, .and the figures explained in nore detail (ie's t':Jme
period covered, population covered, etc). ’

2. Page 38, 1lst paragraph, last sentence Dependin '
- Fage ' - J on schexiules and
definitions, this statement may be incorrect. Fort St. Vrain (330 Myie~

HIGR) should start up this year, and Fulton ) Mie
for startup in 1979. ’ 1 (1140 MWe-l/TGR) is scheduled

3. Page 26, Section 2.21, lst paragraph - A more effective qualification
of the WASH-740 results would be to quote the cover letter transmitti
the Study to the JCAE in March 1959. This letter, presunably written

the authors of the report, says, in part:

"pessimistic values, leading to great hazards, were chosen for the
nmerical values of many uncertain factors which influence the final
magnitude of the resulting damage. It can therefore be concluded that
these thecretical estimates are greater than the Jasages which would
actually result in the unlikely event of such an accident."
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CONTRACT WITH INTERMOUNTAIN TECHNOLOGIES, INC.

QONTINUING WASH-1400 REVIEW TASKS

Failure Mode Paths Selected for Review

1. BWR-Reactor Protection System-Review to determine credit taken

2. BWR-Transient #1 for hackup Boron injection under
3. BWR-Transient #2 BWR transients selected following
4, PBWR-Transient #3 investigation of BWR PReactor

Protection Syster.

5. PWR-Electric Power Systems - Independent evaluation of Flectric
Power System Availability-

6. PWR-High Pressure Injection Review to determine the extent that
System possible troublesome hreak 1 ocations

7. PWR-Small Break #1 have been accounted for.

8. PWR-Small Break #2

9. PwWR-lLoss of Power Transient -~ Review relationships considered
between this accident sequence
and specific containment failure

modes.
10, PWR~ILow Pressure Injection Peview to determine range of
System applicability of assurmed failure
11. PWR-ILow Pressure Recirculation paths and sensitivity of results
System on accident risk mecnitude.

Critical Radiological Source Term Parameters Selected for Review

l. COore conditions prior to meltdown calculation
a. vessel residual water
b. blowdown heat-transfer
c. blowdown duration
2. COore meltdown calculation
3. Containment response
a. failure pressure

b. containment safeguards and containment pressure response.



