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June 13, 1985

UNITED STRTES OF RMERICH
NUCLEAFR REGULATORY COMMISSION

a.fOr. brE Rtomic Safety and chensing EDGPG

DOLK%JEF
In thé Matter of ) USNRC
)
THE CLEVELAND ELECTRIC ) Docket NOS, i%::ia QL
ILLUMINATING CO. ET AL. ) JN 17, A0 :15
)
(Perry Nuclear Power Plane, ) FH S CRETA
Units 1 ang 29 ) OCK T & SERVI I
NCH
OCRE'S PROPOSED FINDINGS OF FrCT AND CONCLUSIONS
OF LAW IN THE FORM OF A PARTIAL INITIAL DECISION
(ISSUE KB, HYDROGEN CONTROL?
Fursuant t2 190 CFR 2.754(a)(J), Intervenor Qhic Citazens for

Rezponsible Energy ("QCREY) mereby submits an the form of a
Fartial initial decision its proposed findings of fact and
conclusacons of law relating to Iszue M8, On hydrogen control.,
Tré proposed Findinges of fFact and conclusiong OF law follow the
form prgscrikbed ey the Rtomic Safety and Licensing Board
‘Board®) in 1t April 18, 1988 Memerandum and Qrder (Proposes
Findangs and Conclus:ans;,
1. QPINION
~. HISTORY OF THE CRSE
This 18 zhée thatd Partial initial decisaion in thais coOnctestea

proceedaing on the applacation For cperating licenses fFor the
Ferry NHuclear Power Flant (PNPP*)., Theée Farst partial instial
d4@s:8a30n, LBP-83-77, 1B MRC 13465 (1983, gealt with quality
agsurance;: the gacong, LEP-85-.., L.NRC.. (1985), concerning

emergency Planning and aiesel generator reliabality, included a
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rROrougk aiscussaan of the Ristory oFf the case whidlh will not be

repeE 1tea nere,
griefly, the RPPIiCGNESE, The Clevelang Electrac Illumzinatang

co,, Duauesne Light Co,, Oghio Edason Co, . pennsylvania Power CO,

4ns The Toledo Edison Co,, are seeking l1icenses t0 operate two

eciling water raactors (*BWRS®), ynits } and 2, at the Ferr;
s ke an Lake County, Omio, located approximately 33 miles
northeast of Cleveland on Lake Erae, Their applacation 18

oppoOsed by the two i1ntervencrs in the case, Ohio Citizens for

Responsible Energy (*OCRE") and cunflower pllaance Inc, et &l,,

an a numper of grounds, This partial initaal deci18iQn concerns

the last Such issue, hydrogen control, to be considered ain thais
proceedanyg, This 15Sue (*lssue HB") was theé subject of an
evaigentadary

rearing keld APril 30 through May 3, 1985 in Perry, 0Ohio,

The decisional record of the proceeging on [ssue NO, 3
~3nsigts OF the tE@stimony and exhibits failed by the Partiés, and
.h@ Other evidence contained in the transcraipes OF the rearing,
AEPENdiA A tC thid deCci1s10n 1déntifies the l1ocation oF wrateen
c@seimony inN the transcraipt, APPendix B lists the exhibits
identified, indicates tre Board’'s ruling On Gany of fer of an
sxmibit ints evidence, and identifies the locaraon of admaiteed
exhibits 1n the Ctranscripe,

In Preparing Our decision, we revaiewea and considerea the
gntire recors and trme proposed findangs Of facke and conclusions
af law submatktted by the partaes, Those propozed finaings and

zonclusicons that are not incorporated darectly or by inference



in this partial anatial decasaon are rejecced as being

unsupported by the record of the case Oor Qs beang UnNNecessary L4~

rhe renderang of this decasaon,

Thit Board’'s Jurisgadtaon a1s limited to a cetermination Of

findings of fact ang conclusione of law an matcers puUt anto

sant-oversy by the parties tQ0 the proceedang or found by the
poard ¢0 involve & serious safery, envaronmental, or common

defense and security R[uestaion, 10 CFF 2.760G6, The Board has

made nNo such agditional decerminations in this Cace,

. BRCKGROUND OF ISSUE e

m

Issu@ NO. 8 concerns the ability OF the PNPP mMark III
containment design (And €quUiIEmeNnt therein) t0 withstand the
2ffects of the combustion OF hydrogen 9as, Produceas from the
reastion Of fuel rod 215dding wikth steam during & degraded core
acgiaene,

Botm OCRE and sunrflower origsanally submnaitted hyarogen
conerol contentions, The Board denied admission of the
contentions because thkey did not meet the standard for the
admission of hydrogen control contentions articulated in

Meerepolitan Edison 0o, (Three Mile [sland, Unit 1), CLI-BO-1é.

11 HNRC &7« (1980). teg Lpecial Prenearing Conference Memoranaum
angd Oraer {onceérning Party Status, Motions to DisEmiss and to
Stay, the Admissibility of Jontentions, and the Adoprtion of
¢pecial Discovery Procedures, LBP-381-2¢, 14 NRC 173, 207-08
(1981)., CLI-80-1¢ required that an intervenor wishang o

litigate hygrogen concral had to First specify a credable



accident scenario entailaing hydgrogen
generation, combustion, containment breach or leakage, ana
offsite doses exceeding 1@ CFR Part 180 guidelines,

Several months later, Sunflower moved to resubmit 1ts
nydrogen control contention, On March 3, 1982 we granted that
mor*ion, largely due to the PUblicaction in the Federal Regaster
of a proposed rule wrerein additional protection was to be
required in Mark I11 BWR:s (such as Perry) “to provide assurance
that large amcunts of hydrogen can be safely accomogatea . . . "

4 Fed, Re9, 62281, December 23, 1981, See LBP-8I-13, 13 NRC
555, 540 (1982). APplicants then moved for directed
certification of that d22i1€i10n, Their motaion, OPpPOsSed by the
NRC Staff and the intervenors, was denied by thé AppPeal Board,
ALAB-6753, 13 NRC 1183 (198&82).

In LBF-82-15, we reworded the hydrogen control cgntention
cubmitted by Sunflower to0 read:

APPlicant has not demonstrated that the manual operation of two

recombiners in €ach OfF it3 Perry units is adequate tc assure
that large amounts of hydrogen can be safely accomodated withoue
a4 rupture of the containmeént and a release of substantial
quantities of radiocactivity into the @nvironment,
(We subsequenctly desaignated QOCRE as the lead antervencr on this
138ue, GSee September 17, 1782 Memorandum and Order (foncerning
Froceaural Motions)

Dirscovery on [ssue Hg Cclosed Septrember I3, 1982. It
includeéed one set OF interrogatories tC APPlacants by (QCRE, one
i@t Of intervogatoraies to the NRC Starfrf by QCRE (the respaonses

t0 whilh we had to compel), and a4 set OF anterrogatories and

request fFor productiaon oOf documents to QOCRE from Applicants,
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Discovery marked the onseéet OfF O two-year daspute between Staff
and APPlicante, ¢©n one hand, and QOCRE, on the other, concerning
theé S,/CPE& OF the 135U Gnd the need for the specafication of &
Zreginle accident scenario, pursuant to CLI-B8O-16. The tortuous
histOory OFf Issue HE 18 cutlined more Fully i1n our March 14, 1985
Memorandam and Order (Mations on Hydrogen Control Contention),

ORE filed &4 mOtiOon tC recpen diascovery on Issue HE and
several other issue: on November 15, 1983, We denied thas
mocaon, but suggested that APPlaicants updGte thear previous
girscovery responses, [Qecember 28, 1982 Memorandum and Qrder
(OCRE Motion tc Reopen Daiscovery), APPlaicants did s0, and the
information suPplied therewath prompeted OCRE to move for the
recpenaing oOf daiscovery on July 30, 1984 and samultaneously to
file another set Of i1nterrogatories o APRPlicants, ﬂﬁplzconts
voluntarily responded to some OFf the interrogatories and
provided some of the documents regquestad,

The COmmMi5510N adopréed the new hydrogen coentrol rule for
EWRS with Mark II! containments (and PWRS with ice condenser
contaanments) on January 17, 1985, 50 Fed, Reg, 3498, The rule
requires the nstallation 2f systems at such facilities capable
2f safely handlaing the amount OF mydrogen generated from a 75%
mecGl-water reactaion, On January 22, 1985 OCRE files a motion
s@2ding the rewording of [ssye W8 =0 as tO conform its language
Wwith that ©of the new rule, on January J&8, 1985, tnhe Scaff moved
FIr suGmary disposation OF Jssuée HS, based On ite narrow
“2"ding; the contention’s wording focused on recombiner
ige3uacy, while APPliCcanNEs 4re USINg AN i1gnhiter system fFor
degraded core

rydrogen control, CCRE’'® moti0n was oPpoOsed by Staff and

-
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APpPlicants, while the Staff’'z motion Wwas sSuUpported by APPRliCaGNESE
ang opposed by QCRE.
In our March lé&, 198% Memorandum anag Order we granted QCRE's

mOtioOn t0 reword [ssu€ HE8; Issue HB now re&Lds:
The Perry hygrogen control system 1€ inadequate t0 assure that
1arge amounts of hydrogen can be safely accommodakad waithout &
rupture of the containment and ¢ release Oof susbstantial
Quantities Of radioactivity 0 the environment,

In our view, this wording basically alleges that ApPPlicants’

hydrogen control system d40es not conform to the new regulatory

requirements of 10 CFR %0.44, OQur action rendered the Staff’'s

moEion mMopE,
On March 15, 158% OCRE filed a motion for a contanuance of

the REaring on Issue #HE /rom fPril @ to June 3, allegaing thaet

ddgiti1onal 1NfFOrmation was fFOrcthcomaing on the issue, that there

was insufficient time *0 prepare for a hearing on two complex

technacal issues [thais 1ssue and [ssue R1s6:, On diesel

generacors], the unavailability af unnamed witness(es), and the

lack OF harm to Gther parcies ensuing from the proposed

e“tension, In response t0 our Yequest, OCRE indicated that it

would not proffer witnesses on [ssue HBi APPlicants and OCRE

then agreed upon APril 1§ as the hearing date for Jssue HB, In

light of this agreement, and the fact that the Staff’'s SER on

thie 18SUE would not be available untal mid-Rpril, we continued

tha

r2aring until APral 30, cee March 29, 1985 Memorandum and Qrgsr

(Motiong for Continuance of Hearing and tc Compel Appeapance of

NRC Waitness),

on March {8, 1%95% OCRE moved to compel the appearance of Qr,
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Marshall Berman of the Sandaa National Laeorarory, OCRE alleged
that there existed ¢ Fenuine £ciencific disagreement between Dr,
gEerman and the Staff on the basis Of statements in the Grand
Gulf SER On the adequacy Of the hydrogen igniter system,
AffFidavits filed by Dr, Berman and by Allen Notafrancesco, o
Staff watness, in response ¢o0 QCRE’'s motion ingdicated that a
disagreement did not exist, and that the Staff witnesses were
familiar with the Sandia research program on hydrogen control,
Thus, the exCceptional circumstances necessary 0 compel the
appearance of a particlarly-named Staff watness were not
gresent, ang we

deniea QCRE’'€ motaon, <(See [0 CFR 2.720(m)(2)(3),) March 29,
1985 Memorandum and Qraer,

APPlicants’ witness2s at thée hearing were Eileen M,
guzzells, John D, Ricrardson, Kevin W, Holtzclaw, Roger W,
A#lley, Dr, Bernard Lewis, Bela Karlovatz, and Dr, G. Martin
Fule, Ms, Buzzelli is & sSenior licensing engineer with CEIl, and
i3 responsible for licensing i1s5ués relating to the PNPP
nydrcgen control system and for the preparation of the
preliminary evaluation, subtmiteted PUTSUGNt tO thé New Provasaions
of (8 CFR 50.4%.

Mr, Rifmardson 1% emPployed by gnercon Servaces and serves as
a consultant to0 CEIl on the hydrogen control issue, He also was
enployed by MississipPi Power angd Light Co,, the grand Quilf
licensee, and handled all licensing and technical issues
relating €C the Grand GQulf hydrogen ignater system,

Mr, Holtzclaw 18 a licensing enganeer with General Electrac

o, He has managed the (GE Severe [ccaident Program, whaich has



includea the the CWR,/¢ Standard Plant Probubilistic Raisk
ASSEsSEmENt and GeEsocliated evaluations, including hydrogen event
risks,

MPr, Alley 15 employsd by Gilbert/Commonwealth, Inc, the PNPF
Archaitect-Engineer, where he 1S the manager of tne Structural
Nucle@ar Engineerang Sectaon, Mr, Alley was involvad in
developing the originul ASME contaanment design specifacation
for PNPP and has ceen responsible FOr fFanite @lement and stress
analyses ©f the PNPF zontaainwant ang arywell,

Dr, Lewis and Mr, Karlovatz are founders of (ombustion and
Explosives Research, Inc, (*Combex*), a consulting fFarm
Froviding services to government, research institutes, and
industry an the fundamentals of comsustion, fFlames, ignition,
and explgsaonse Of gases, ligquids, angd solids, Pr, Lewis ang Mr,
karlovits: have extensaive experience in tmne field of combustion
and have guthored many papers on this subject,

gr. Fuls hae a PhD an mechanical engirneering and developed
tme CLASIX-3 computer program, used to evaluate the consequences
of hydrogen burning in thé PNPP containment,

The NRC Staff's witnesses were Dr, William Trevor Prats,
Allen Notafrancesco, L3 Yang, and Hukam Garg, bDr. Pratt 1s the
Frincipal Investigatrar oOf the AcCci4gene ANAlysis Group of the
Brookhaven National Laboratory ang 1s familiar witn the MARCH
;omputer code, He has conducted ¢ number of studies On cfore
meletdown &Locidents and reviews Oof probabilistil risk
assessments. 1ncluding che GESSAR-II PRA, Or, Prace holds a PhD

i mechaniIcsGl engineerang and has auvtnored Or Cco-authorea many



Publications,

Mr, Notafrancesco i1s a Containment Systems Engineer in the
NRC’'s Containment Systems Branch, He 135 the lead staff reviewer
of the PNPP hydrogen igniter system,

MPr, Yang is & Structural Engineer ain the Seructural and
Geotechnical Engineering Branch of the NRC, He is responsible
FOr review of S@ismic and structural subJects in the Perry Final
Safety Analysis Report and has contributed to the Perry SER.

Mr, Garg it employed as an electrical engineer in the
Equipment Qualification Branch of the NRC’s Division of
Engineering, His rezponsibilities include review OF lacensee
programs for envaronmental Qualification of saf2ty-related
equipment and OF equaifPment survivability during and after a
nydrogen burn 2vent,

QCRE Presenteéd no girect tescimony, but cross-examined both
Scafrf's and Applicants’ witnesses, In response t0 this Cross-
e<amination, APPlicants presented 4 rebuttal witness, James H,
Wilcox, a CE]l] welding engineer,

C. APPLICARBLE STANDARRDS

The regulation governing our disposition of Jssue HE8 18 the

Commigsgion’'s new hydrogen contrcl rule, 10 CFR 50.44(C) (3)(av)~=
(vid), This Fanal rule was published an the Federal Reg.ster gon
Janu ~“y 25, 1985 (350 Fed, Reg. J&98).
This new rule requires that BWRs with Mark III contaainments and
FURE wWith i@ condenser containments implement hydrogen control
systems capakle of ranaling large amounts of hydrogen, a3 would
resulet from a Three Mile Island-type accident,

Ak the cutset 1t muUs: be stressed thac compliance with the

fTule cannot be avoided by arguing that a degradea core accadent



resulting in the generation Qf substantial quantities of
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hyarogen i1s unlikely ¢&C ococur, as Applaczants mave dJone
(RPPlicants’ Testimony at (0-1&). Such an argument 18 in erffect
an impermissible challenge to the rule, The commaission
consigered (and rejected) comments allesing that dgegraded core
accidents are unlikely duraing the rulemakang process, SO FR
215499,

10 CFR 5B6.644(C) (3) (av){(R) reguares Mark [II plants to have a
hy3drogen conerol system capakle of handlang the amount OfF
hydrogen generateg from & 75% metal water reaction without 10ss
af containment integraity, This system must be supported by a
suitable program of experiment and analysis,

10 CFR 50.446(Cc) (3)(va) requares that the analysais (B) (1)
evaluate the consequences of the generation oOf large amounts OfF
rydrogen (that eguivalent to & 75% metal-water reaction),
includaing consideration Of thée hydrogen control measures; (2)
inZlude the period of recovery from degraded core conditions;

() use accCident sCenarios describing the behavior of the
reaceor system during and following 4 degraded core accident;
(&) SUPPOrt the design of the selected hydrogen control system;
and show that (S5) (1) conkainment structural intagrity is’
maintained and (5)(31) necessary equaipment will survive the
gnvaronment ¢reated by the burning of hkydrogen,

Thé latter two POANtE Gre exploineo more Fully an Sectaions
(av) (B) andg (v) of the rule, Section (av) (B) regquares that
concaanment strultural antegrity be demonscrated by an
analytical technique whaich describes the containment response to

the structural loads involved, Two examples OF acceptable



analytical techniques Aare given:
one is an undescribéd method including the se of actual
material properties with suitable margans to account for
Uncertainties in modeling, material properties, construction
tolerances, etc, The Other is a showing that steel containments
meet the requirements of the ASME Code, Service _evel C Limats,
considering pressure and dead load alone,

gection (v) requires that systems and componentes needed to
establish and maintain safe shutdown and to mainkain containment
integrity must be capable of performing thear functions during
And after exposure to the environmental conditions created by
the BUFNing of the amount of kydrogen resuleang from &a 73%
metal-water reaction, including local detonations, unless such
detonations can be shown unlikely €0 occur,

While the *Supplementary Information® section of the Federal
Register notice is not technically part of the regulation, 1t 1%
part Of 1¢% *legislative history* which is useful in
interpreting this regulatien, From that discussion we find thare
rhe COmMmMission’s policy for preventing excessive radiation dose
b0 the Public 1% best Gssured by MAiNtaining a leak tight
~ontainment, This 15 t0 be gemonstrated by compliance with
tgction (1v) (B), Whith reaquires a showing of ‘*stcructural
integrity with margin,* 50 FR 3350@.

The methode specifically outlined in the rule are meant as
axamples only; otker methods may be acceptable, providad that
CLONVINCANG @V1dENcE" 13 Presented regarding their suitabilaty,

56 FR 23501.

similarly, the dascussion gt S@ FR 3361 illuminaces the
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requaremente of Sectaon (V! on equafFmént survavabalaity,
Equipment survavability 15 €sséntially equapment Jualification,
e~xCEPt that the margins considered adequate are less that those
reguired for design-basis equipment qualification, There must
be adequate evidence, generated by the qualification methods OF
18 CFR 52.4%(f), that components needed fOr mitigating the
consequences of an accident, FOr maintaining integraty of the
containment pressure boundary, fOr maintaining the core in a
safe condition, and for monitoring the course of an accident are
copable OF functioning durang and following exposure to the
gnvaronmental

CONditiONs Created by chée POstulated accadent, including the
surning of hydrogsn, Ths @18CUSS10N 483Cribes an acceptable
mermOd OF QnalyBi8: Farge 4an Gcceptable containment chermal

-
13

ANGlysis mMUsSt ce performea, Tren, the cthe"mAl réesponse of

-

dUipmEnt anal;2eg thereby Ehould be compared 0 the Thermnd.

L

"SEPCONE® OFf BSUIFMEeNnEt zUring Sualificavicn tésting, Tre
SUAlificataon TresPONEE EhCoUld eNVELCRERe the Rya3rogen burn thermal
*"S8ECNE®, Calacteg cést: ma 1130 £@ necessary o assurse
purvivasslisty,

TRe SPErGaeidn oF the rydgrogen Ccanecrol g :Etém MUuBe NOY
LT ERSr QASETAVEYY thE ZSSUNESE JFf EnE Gcocigents of Snasnger che
plant guring normal operaricns, S8 FR 1500.

Further guaidance fraom the "Suppleéementary [nformataion®
$80L10N Will B8 uS€s 1N SQuUr determindation OF Ccompliance with the
rule, infra,

Section (vii) OF the rule contains an uUnusual implementarion

schedule, Each applicant 318 reguared by Section (vii) (A) to
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Submit by June 25. 1985 a schedule for me2ting the requairements
Sf the rulse, s@ctacr “Yaz) (B) requares OJL applaicants to comply
with Seceion (iv){(R) Prior o exteedaing S power; "however,
complete fFinal analyses are not requared if an acceptable
prelamanary analysis has been submitted, The rule gaives no
c¢riteria for determining what shall be addressed in the
Preliminary analysis and what may be deferred to the final
analysis, although 1t is the Commission’s obJjective that the
rule be complied with without undue delay, Section (vii) (D),

We reserved cur judgement regarding this matter until the
2vidence was received, Qur conclusions On the adequacy of the
$Cope Of the preliminary analysis submitted by APPlicants are
presented celow,

A final word is needed, Section (vii) (B) and other parts of
the rule ((iv) (B) and (vi) (B)(3)) appear, if taken lizerally, te
3ive the Staff the sole power to determine whether compliance
“ith the rule hae been achieved, The testimony presented by
Staff and ApPplicants, not sSurprisingly, endorses this
interpretation, I.e,, they would have us summarily affirm the
Staff's Fandangs, We cannot accept this interpratation; were we
to do s0, we would b2 abdicating our responsibility as judges,
Tre NRC Staff 18 not the erier of fFact in this Eroceedang; we
are, The Staff is just another party, the views of which cannot

e Siveén any more weight than thOose OF the Other parties,

Jermont
e ——————

yankee2 Nuclear Power (Jorp, (Vermont Yankee Nuclear Power

station), RLAB-138, & AREC S20, S32 (1973):; Consoligated Edason

(Indian Point Nuclear Generating Station, ynits 2 & 3)., ALAB-
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304, 3 NRC 1, & (197&); Southern California Edison (San (Onofre

Nuclear Generating Station, Units 2 & 3), ALAB-268, 1 NRC 383,
3B® (1925).

ThUS, WE MUSt subject the Staff’s POSiItiION t0 the same scrutainy
a8 that of the other parties, and re,ect it if necessary,

D. COMPLIANCE WITH THE RULE

1. Operation Oof the System

We will confine our attencion t0 the hydrogen cantrol -system
used fFOr degraded core events, the distriputed igniter system,
Findaing &, We ncte that another hydrogen control system, the
combustible 965 control system, 15 used for design basis evencts,

Findang 3, Because [ssue HE concerns the degree of compliance
with the QCOrmission’s neéw rule on degraded core hydrogen control
(Finding 2), weé will not consider the design basis system
Furcher,

The daistributeg agniter system consists of glow pPIuUg
iGNsters distributead throushout the containment, wetwell, and
drywell, Finding &, The system is powered by diesel generator-
backed RC Class 1E power systems, Id, The system is designed
to burn Off the hydrogen resulting from a degraded core accident
at low concentrations, so a8 to prevenc accumulation of more
dangercous, higher concentrations, 14,

The System 15 ¢t0 be manually actuated, in ACCOTdance with
FNPF emergency instructions, when the reactor water level
reaches the top of the active fuel, Finding &, MOowever, these
iNstruceidns, and thé generi’ emergency procedure® guidelines an

whilh they are bated, are still under development, Finding 7,
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The vent patk fOr containment venting, t0 be used for
overpressure threats to the containment, has not even beern
@stablished, Faindang 2,

Although APPlacants claam that the procedures wall be
available before PNFP exceeds 5% power (Tr, 3424), we cannot
APProve Procedures which wé navé not seen and which are vet
unfinished, 10 CFR 50.%«(c)(3)(vii)(B) regquares the hydrogen
2ontrol system t0 pe ansctalled and operable before exceeding 8%
power, (Compare 5@ FR 350@.) We interpret this section to mean
that the procedures for operating the system must also be
finalized, APPlicants appareéently share this interpretation,

The record indicates that these procegures are of suffaicient
complexity 0 warrant our thorough evaluation, For example, an
analysis oOf Containment hydroBen concentration is necessary ain
EhOSE SitUAtiONS (SUCh G8 & BtatiONn bBlackout degraded core
accident) where hydrogen concentration may be migh, Fainaging 13,

potential radiological releases are evaluated before
sontainment venting is dene, Tr, 3443 (Richardson), We note
that APPlicants’ design basis offsite dose calculations are in a
state Of Flux (Tr, 3265-70, 3660, 3652-57 (Buzzelli)), and the
Flow path and rates fFor contaanment vencing are undetermined,
Findang 8§,

W& therefore have N0 way of assurang that the procedures
Jsed will be appropriate, that instruments relied upon by tne
JPerotors are availakle or reliable under accident fonditions
(compare OCRE Ex, 21 at 194), or that 1@ CFR 100 guidelaines will
Le met FOr conetainment venting, We will require that the

finalized Procedures be provided fFOor our scrutany (and that of
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the parties) and approval wefore PHFP coperates acove 5% power,
s Scenaraos

10 CFR S@.44(C) (3) (va1) (B)(3) requares ApPlacants to use in
their analysis accident 3cenarios that describe the behavior of
thé reactor system during and following a degraded core
accident, REPlacants in their preliminary analysis svaluated
twlO ScCenarios;, 4 small breéak ain the drywel]l with extended ECCS
faslure (*DWB"), ana a transient with & stuck-open relief valve
with @xtended ECCS failure (*SQORV*), Fingdaing §, RecoOvery was
OSsSumed to CCcour at the poant of a 75% metal-water reaction,
Fingang 10.

Both Scenarics used igentical steam and hydrogen release
hiStOriés calculacted by the MARCH code, Fandang 11, The steam
and hydrogen were assumed t0 be released to the drywell as well
4% tC the SUPPression Pool in the DWB case. Id, The MARCH
Analysis did NOt model recovery, but was modified to yield a 75%
nectol-water reaction, la,

Sance the Commission considers the use of o single ralease
NAEEOTY, With variaeion of L@y parameters, tC b# acceptable (50
FR 3502), we consaider AFFlicants’ GPProachk with reéspecet to the
release histories fFOr theése two scenarios to be acceptable, &
75% mecal-water reaction was assumed, as required by the rule,
We are aware Of the UncCeErcainties aszo0Ciated with the MARCH cocde
(QCRE Ex, 21 at 11, 18; Notafrancesco Testimony Il at 4=%);
nOwe@ver, saince the analysis did use an amount of hydrogen
corresponding k0 a 75% metal-water reackion, and it is not
Gpparent that better analytical tools exist (compare OCRE Ex. 21

af 11), we find the use oOF MARCH acceptable,
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QUr fFindings on Other aspects OfF these 2 scenarats, such as
those used 1N the Containment response analysis, Gare presented
in thaot section of our opinion, infra,

W@ are concerned that the sSCenarios chosen 4o not represent
the most severe challenge to containment from hydrogen
combustion, as 1% required to be considered, S50 FR 3302. The
stotion blackout degraded core accident is such a scenario, The
igniters would not be available during a station blackout
accident, Finding 12, The hydrogen would accumulate; a 75%
metal-water reaction would result in a concentration of 28% ain
the containment, Jd, A deflagration of this amount Of hydrogen
(0% wWould result from i1gnaiter system actuation wheén POWEr is
restored) would Produce high overpressures, 14,

nlthough‘ﬂﬂplsconts‘ emergency procedures will have
Frovisions fOr such situations (Finding 13), we cannot conclude
thar these Provisions (measuring containment hydrcgen
concentration and containment venting) are acceptable. AsS
di1sCussed above, we cannot accept these unfinished procedures on
Faith, Even if Such Procedures Could be accepted, we are not
convanced that they will prevent deflagrations caused by random
18Nition sQurces, We therefore find APElicants’ specsrum of
5cenarios tO0 be geficient; station blackout must be
gatisfaceorily adodressed tcefore exceeding 5% rower,

At the hearing RPPlLCONES Obgyected tC any discussion of
S$eation Blackout, Claiming that i1t 18 an 158U MOre appropriate
for eme final analysie and inplyang that the nNew rule promibits
1ts conssideracion, Tr, 3428-30., We can easily reject thear

lateer gobjection, The Staff 13 requaring that station blackout
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be considered in Rpplicants’ fFinal analysas, unless there 18
justification for i1ts exclusion, MHotafrancesco Testimony I at
8. We don’'t see how this fact can be squared with an
interpretation that the rule precludes a consideration of
station blackout, Moreover, as APPlicants admitted (Tr. 3429)
the sentence at S8 FR 1502 on which they rely peértains to the
Staff's Findings at
ice condenser plants, The CommissiOn goes On to state that
applicants at different reactors may have to address other
scenarios, Furthermore, we 40 not interpret the Commission’'s
statement that the rule doeés not require backup Power for all
rypes OfF hydrogen conkrol systems at all affected plants as a
crohibition Of a fFainding that BOCKUP FOWEr 18 nNecessary in a
particular proceeding,

as for @APPlicants’ first objection, we would first note that
a thorough discussion of the issue of preliminary vs, fanal
analyses i% given below, Weé think that this issue is Of such
importance that it must be addressed now, [ndeed, we see no
valid reason to d4efer it t0 khe final analysas, It may even be
t0 APPlicants’ benefit t0 consider the issue NOw, a8 any design
SrONgEs We MAy reguire might bBe made more easily now than after
power coperation,

NOP d0 we cOnsider 3pplicants’ dascussion (Tr, 3409-10) of
the 10w Probability of an extended station blackaout leading t0 o
degraded core accident (eBased on an analysis supposedly showing
that PCIC would keep the core cooled for 9 hours) to be

disposrtaive, First, APPLlIiCANtS’' WibtnNEess HOlEZClOW wds unsurae

whether analysis assumed that the RCIC system toOk suction first
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from the SUPPression FOOLl Or the Condensate storage tank, Tr,
3448, On redirect he said that he believed that RCIC tcok

suUCtion First from the suppression pPcol and then from the

condensate storage tank, Tr, 3éé&.

This method of Operation i1s contrary to that normally occurrang,
Normally RCIC takes suction from the condensate storage tank,
and automatically switches to the suppression pool on low CST
water level, NUREG-@887, PNPP SER, May 1982, at 7-25 to 7-27,
It thus Oppears that th@ method of operation claimed by
APplicants would involve cverride of automatic functions, This
fact, along wWith the uncertaainty expressed by APPlicants’
witness, and the unavailabilaity OF the analysis FOr Qur scrutany
{and that Of other parties) leads us t0 reJect RPPLicants’
claim, We believe this 1§ cOonsistant with the Commission’'s
fingding that the new hydrogen rule 1% necessary to cope with
unexpected events,

regardless Of the likelirnood Of hydrogen generation therefrom,
S2 FR 3499. "

We therefore conclude that station bBlackout must be analyzed
for degraded core hydrcgen contrgl, with our approval, before
PNFP exceeds 5% power,

I, containmeéent Integratcy
(a) Contaanment Vessel Capacart)
i1) POsitaive Internal Pressure

APPlacants have performed analyses of the PNPP Mark II1l
containment vessel t0 derermine i1ts ultimate internal pressure

capacaty, Finding &, Their analyses included determination of

gtatic shell capacity, bucklang analyses, and evaluations of
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PEN@LTrOtiONs acCcOrding o Service Lamats C and D of the ASME
code, Findings 15, 14, L9 APPlicants’ Testaimony at J4-2E.

The Staff reguested that APPlicants perform an analysas of
the PNPP containment demonstrating that the requirements OFf the
ASME Code, Service Level O, of Subarticle NE-3I220 are met for an
internal pressure of 45 Fs1§ (fnhd censaidering dead load),
Finding 17, This 18 essentially the some os the ‘acceptacle
notho;' of 18 CFR 50.46(8) () (av) (B).

Appliconts performed this analysis; they believe that the
most limiting penetration (Pélée) has a pressure capacity of 350
PSig. APPlicants’ Testimony at 23, However, we note that dead
1cad, which the Staff and the rule require to be considerea, wWas
neglected fOr PeNELrations other than the pPersonnel airlock ang
equipment hateh, Fainding 20, Oead load contributes a maxamum
of &,7% OF the stress intensity contributed by tne internal
pressure, 1ld,

APPlacants also neglected the effect Of elevated
temperatures due t0 hydrogen combustaion on material propertaes,
Finding 24, APPlacants admit that this Could decrease material
strength by 1G., I9,

Applicants 4ls0 neglected the effects on stresses resultansg
From the as-built, out-of-tolerance conditicons of the PNPP
sontainment vessels, Finding 25. ANGQlyses at the design
pressure, 15 PSig, showead stress ancreases from & to 2@ eercent,

iIs,

ApPPlicants have gefended theéir neglect of these 1tems oy
2laiming that they are ineignifacant, See, @.9., RPPlLacants’

Ex, 8=4 ak 1e (dend load); Alley, Tr, 358é-87 (elevated



temperature, claimed t0 be insignifacant because there 13
Sufficient margin between the mMinimum properties used and the
acetual material properties Of the limiting penetration, Pé&lé);
Alley, Tr, 3596 (out-of-tolerance condition, said to be
insignificant as the vessel shell capacity 13 greater than that
Of the limiting penetration),

We disagree, We note that containment capacity is an
important faceor in determining the adequacy Of the mydrogen
COnNErol system, S0 Much SO that an INCrease Or Jecrease of 5-10
P81 con be saignifaicant, QCRE Ex, 21 at 9-10., If we make the
BAMPlASELC GESUMPEION that th§ abOye-noted effegts are addative,
the containment capacity could decrease by (8.7 to 34,7 percent,

l.e., instead of 50 psig, the Capacity would be 32.4 t0 40.é

Fs193,

We G180 d13039T@® wath APPLlicaNts’ rationNalizations of these
effects, The hydrogen rule requires dead 10ad to be considered,
régardless Of its magnitude, APPLlicaNnts’ ASSErtion that the
Qut-of-tolerance condition is insignificant is predicated on the
ASEUMPELION that Only the vessel shell, and not the penetrations,
Wwill be affected thereby, This assumption is unsupported by
2vVidence, as no calculations were performed to consider higher
internal pressures, Fanding 25, ,

APPlicants’ argument that there 1s SUFFiCi@nt MArgin in the
MOtErial Properties ucted to Gccount For the effectes of slevated
temperature also fails, AN examination of APPlicants’ Ex, B-4
$hows that Pale 18 not the lamiting penetration; P20S is. For

Ehis PE@netracion, the stresses exceeded ASME Code allowables,

GSSUmInNg minamum specified yield serength, APPlicants’ Ex, B-4&
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at Table 18. APPlicants therefore tOo0k Ccredat for the actual
material properties, which allowed a pressure lamat OF 5¢.8
P3ig., ld.; Findang Z@0. Had P2BS been treated the same as all
other penetrations, the limiting pressure would be 57088/635@88 x

45 Or 40.4 PSig, USiINg the stresses and factorang method of
Table 10 of APPlicants’ Ex, 8=¢.
A decrease Of (0% in strength due tC hydrogen burn

temperatures for P2@5 would result in a pressure capacity of 49.3

PS&Q. USing the actual material strength, While thas 18 aonly

siightly 1ess than the pressure fOr P4lé, 49.7 Psig (Finging
2@), it illustrates that the use Of actual material propertaies
for P2@S results in no margin tQ account fFor uncertainties ain
material properties, modeling technniques, Or construction
tolerances, At required by 10 CFR 50.44(2) (3)(av) (B) (contrary
t0 APPlicants’ assertcion at Tr, 3589-90).,

APPlicants’ andalysis "did nOt Ccohsider the effect Of
defecstive containment welds, The PNPP containment vessels
contain welds deviataing from ASME Ccode requirements, Finding

5 W fragcture ang fFoatigue analysis was performed, fOr aesagn

L ]
o

pas18 lOoGaings, by APtEch Enganeering services whilh andicated
that the defects would not propagate fFor the loads consagered,
Finding 27, 33.

We celieve thal hydrogen combustion loads (as determined
from an Qppropriate containment responseé analysis) should be
evaluated for their effect On thecse defects, We realite that
the APtECh Gnalysis CONtQing Cconservatisms, such as the
temperdature assumed for determanaing fracture toughness, Finaing

33 Tr, 3590-91, However, we note that the minimum ratio of

fracture toughness to applied stress aintensity factor as |.3%,
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Finding 33, l.e, a 4% increase in scress would result ain
fracture initaation, (According to the pranciples of lainear
elastic fracture mechanics, fracture results wnen the arplied
stress intensity factor equals Or exceeds the fracture

t- ghness, OCRE Ex. 13 at 2-4.)

We 0ls0 believe that conservatism is necessary, as the rule
requiTes that there be structural integrity with margin, We
als0 ore concerned that the technique used by APtech toO
determine Fflaw size may not be sufficiently accurate, We note
th@ amportance of fFlaw 5iZe in the fracture mechanics
evaluazaon, Findaing 2I0. The Staff considers the digital
radiographic enhancement technique used by APtech to be
acceptable Only when the radiographe used are of good Quality,
and that it Ccannot be considered a standard technigque without
further demonstrations of accuracy, Finding 29, The PNPP weld
radiographs 17 question are of poor quality, Finding 24, The
welds are now inaccessible for

repair or re-radiography, OCRE Ex, 18 at 1. We would not
characterize the *results of calibration® of the digatal
enhancament ctechnigque gaven 3n Takle 2, P, 11 of APPENdix B of
OCRE Ex. 13, showaing thit the technique can be from 2 to 90N
off, 4% a demonstration Of accuracy, Given thes® uncertaanties,
and the severe consequences of fracture initiation (Findangs 31,
32), Wwe believe that an evaluation of containment Capacity must
include a thorough assessment Of these defects for hyarogen
combustion loads,

At the mnearaing Applicants Claimed that they had evaluated

the Stressces at these welds for 50 Psig and fFound that the
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Seresses at the higher internal Pressure were less than ac 18
psi9, 4% analyzed by APtech, Alley, Tr, 3306, 3313. We can
Jave this tescimony no weight because the calculations ars noe
available foOr the scrutiny of thée poard ang parties (Tr, I3135).
pecause the claimed stress reguction seems preposterous, and
LECAUS® W@ have serious problems with Mr, Alley’'s créedibilaty,
For example, Mr, Alley stcated that the stresses i1n the
containment vessel are less than those analyzZeéd by APrech, aue
0 the aodition of the annulus concrete, Tr, 3313-13, Mr,
wlleéy laecer stated

thGt the APteCh analysis did not credit For the annulus concrete
(Tr., 3593), which i3 coneradacted by OCRE Ex, 18, & Staff
summary of Q4 meeting an tke subyect whaich Mr, Alley attenaes,
Mr, Alley claimed t0 be unaware Of the Probleéem with the surface
roughness of the welds (Tr, 33264), a3ain discused at the meeting
iunmarized by OCRE Ex. 18, Rather than admit that the 3igital
anhancement te@ChNique could be inaccurate by a faceor of 16, Mr,
Alley Questaicned the accuracy of a table in the APtech report
(Tr, 3323), which he later characterazed as an‘oxcexlont report
(1Tr, 3341)., Mr, Alley’'s contradaictory and evasavs responses ac
not meet Qur sctandard of reliableée, Probative evidence,

INGT 480 wé consider the Staff’'s testimony ONn this mGtter 0 meec
emi® standard, Rlermcugre Mr, Yans stated that Applicant’s
Aanalyses demonsecrate tha agequacy If thé as-buillt Jontaanmenc
SresSEUre capacity (vang Testimony at 2), his OPinidh is bhsEad ON
4 review OF ché analyses contained in APPlicanes’ Ex, B-4.
WRifcR, O8 discussed previously, did not consigder the as-buailt
sendation Of the Containment, AND his statement that the

defective welds would not ampair the anktegraty of the
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containment (Tr, 3I733) was based on an apparently limited revaiew
Of the Aptech report, which Only addreszed dezign basis looads,
Finally, we must state *hat we Ffind the cursory, "rubber-stamp’
nature of the

seaff's ktestimony t0 fall short of Qur rquirements, The Staff

$hould not support an applaication, gcarolina Power 5 Laight

(Shearon Harris Nuclear Power Plant, Units [-&), LBP-75-19¢, 18

NRC 107 (1979), modified and affirmed, ALAB-S77, 11 NRC 18

(1%8@ .)
.

As discussed above, the hydrogen rule basically requires
that the containment serve as A leak-tight barrier to the
release of radiation, Applicants agree that this 15 the
containment’'s function, Finding 35, We are not convinced that
meeting the ASME service level ¢ limits ensures o leak-tight
contasnment,

The PNPP equipment hatch 18 unseated by increasing internal
pressure; the Only force OPPOSANG thi§ action is the preload on
rhe closure boles, which i% overcome at 1,6 PE1@, Finding 37,
Applicante take credit fFor the spring-back of the (Q-ring seonls
*o0 prevent leakage, Finding 318, However, gpplicants neglect
the phenomencon OFf COMPTresEion Set, whilh L1NIreases as a result
of thermal and radiation aging, Finding 39,

We cannot accept Applicants’' rakrionaliZations OFf khis
problem at the hearing, Mr, Alley cloimed that maintenance
procedures, which he could not identify, would prevent
compression ser from becoming a problem (Tr 3I278), Mr, Alley,

who Previously did not know {Ff the hatch 0-Trings were mode OF
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ethyleéne propylens, later testified that the JO-rings (NOw naming
th® SPOCific COMPOUNT) would Not be SuUbJeCt t0 COmMPreEsion set
FOr the temperatures ang pressures expected in o hydrogen burn
evene (Tr, 3I582). Mr, Alley mentioned theé Arrhenius equataion as
A method by Which this was determanead, But, later he didn’t
KNoWw WROt Synergistic effects are (Tr, 36%5Q)., We take official
notice of the facte
trat the ArTReNiIUS methOodology 1% & merhod Of Ggdaressing
acceleraced aging for the purposes Of equipment qualaficarion,
See NUREG-0588, Rev. 1, *Interim Staff POsSition on Environmental
Qualification of Safety-Relateg Eleceracal Equapment® atvr 146,
Fage 1% of that documene aadresses synergistic effeces, which
Ehould bEé Cconsicereg i1n accelerated aging programs, (See also
10 CFR 50.4%9(&)(7),) Weé d& noec believe that a witness who does
not KNow what Synergistic effects are can be considered
comper@nt to t@stafy oOn the offecte OF elevated temperature on
J=ring benavior and agang,
(W@ likewise regece Mr, flley’'s testamony (Tr, 3583) on the
SMOOEhNEess Of hatch seating surfaces as lackang in Credibilacey,)

We therefore conclude that eguipment hatch leakage
(iNCluding the effects Cf Compreéssion set) due t0 elevated
r@NPEFGEUr€sS OnNd Pressures must be fFormally considEred, WE must
518C mave reliable evigEnce concernang the effeces OF seal wedar
ana Seating surface roughness on seal leakage during degraded
core accident conditions,

We likewise are concerned about the abaility OF the
inflartable seals used i1n the personnel Qarlocks 0 resasc

legakage, Fanding 40. The, are consigered to have poar
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resistance against severe GCCident conditions, and an anflatable
3201 uUs@a n drywell airlocks foirled qualificataion testang, 14,
We are not persuaded by APplicants’ arguments that hyarogen
COMBPUSEION CONditiaoNs aGre expected t0 be less severe than design
bASis cONditions, a5 this expectation is based on the CLASIX 2
code, Tr, 3363, 3523, Our disapproval of the CLASIX 3 code 13
adaressey velow,

Finally, we must address the ability Of Applicants’
analytical techniques t0 agescribe the containment response tO
the seructural loads involvea, At the hearing, APPlicants
argued that questioning the validity and applicability of thear
analytical methods was in effect challenging the rule, Tr,
1736~8%, We disagree, The rule does not require the use of the
HSME code,; bBut permits other analyses, The evidence in our
record indicates that the RSME code may not be the most
conservative metmoa for all parts and conditions encountered in
the PNPP containment, The ASME method does not consider leakage
fFraom the Pressure-unseqting equipment ratch,' A fracture
meshanacs analysis 18 the
APPTOPTIAte MEtROAOLOPY for evaluating defective welds, Ang the
ASME code would allow the dome Knuckle to reach 32 Psijd
(S7000/31203 % &5, from Table B8 of APPlacants’ Ex, 8=-¢, based on
minamum specified yield stress), which 1§ GbOove the buckling
pFressure (;otorn;nod Ffrom methods which may not be conservative)
at whaich shell fracture may occur, Fanding 1é.

t

We therefore find no Promribition tO0 Qquestioning theée validity

of RPFlacants’ analysis, we are particularly concerned that

GPPlacants used finite clement techNiqQuUes 1n thear analyses of
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concanment vessel penetrations, Fandang 21. Experiments
conducted by the Sandia pataonal Laboratory to qQualify such
EE€ChN1ques have shown that they may be nonconservative, Finaang
o8, Although APPlicants Cclaimed that their techniques are
applicable for the linear, #last:iC stress ranges under
consideration (Tr, 3393), we are not sure that their analyses
are an facet confinea to these stress ranges, The ASME coge 1%
baGsed ON redistraibucion OFf stresses, Findang 23, Even the less
severe servace

igvel R Oor B lOoGdings MAay Proguce OGl10OWOGB1E SEresses exceedaing
yield and approachaing uleimate setrengen, Id, APPlacants’' early
dnalyses of penetrations showed that local yielding occurs at
22.3 P13 fOr the maan sceam penetration, Applicants’ Ex, 8«4
At Toele éA: Alley, Tr, 3359, We thus cannct find that the
fanite element technidues used by APPlicants are qualified rfor
the akress ranges considered,

In conclusion, we 40 not accept APPlicants’ analysis of
tontGanment vessel Capacity OF thear Finding that the PNPP
conraanment vessel can withsktand an internal pressure of 50
PEL3, We are not convinced that their analyses demonstrate
structural integrity wath margin at this pressure, let alone
that theéy Properly evaluate containment leakage, (We 40 noe
consager APPLICANES’ Assercions crhat their service level D
caleulations establash margin, APPlicants’ Testimony ot 28,
This analysis usea actuGl material serengeths, again without
marging, fFor the equipment hatch and personnel airlock and a
Flaseac analysss for P2OS., APPlicants’ Ex, 8-¢ at 22.)

Until the uncertainties addressed above are resolved, we
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MUSt consider the PNPP containment capacity t0 be indeterminate,

We note that the ability Of the containment tO withstand aits
4esi1gn bAS1S Pressure has not yet been established, Finding 3é.
This t0C must be rectified before we can approve operataon
apaove 54X Power,

{33) Negative Internal Pressure

ABPlicants did NOt evValuatE® the NegaTive Rressure capacity
of the cOntainment, but relied uPan a conservarive FSAR analysas
of vocuum Breaker action For design basis events Q0 §hOWw that
468190 NEGALIVE Pressure i3 NOt @xceeded, Finding 34, We wouls
Find this acceptable, but FOr the uncercanty as to the ability
.

OFf th® VAaCUUM breaker €0 Survive hydrogen burn pressures, as
di15Ccussed below,

(k) Drywell Capacity

APPlicants did noc gerform an analysis OF the PNPP drywell,
bUt relied on an analysis of Grand Qulr, Finding +1. The Grand
Gulf analysis did not consider "the @ffeces OF voide an tHe
F

drywell wall, voide have been found in the PNFP drywell wall,
Finding 42, Altmough k@ vOoids have beéen repairea, and
AERLACONES Claim that they are reasonably sSure that there are no
Jem@rs in Places nos inspected for them (Tr, 3417), we cannot
ACCEEE ERAE WithOuUt Further 3crutany, We Cannot be sure that
APPlacants’ evaluation of the voids Jetermined the couse of the
problem, which apparently NArrowed the iNSPeCTiIon process, Wwe
AP@ Qls0 concerned thaot there may not be @ffective
nengestruceave

GXAMANAELON MEethods FOr detectang voids an the arywell wall,

Alley, Tr, Jels.
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The Grand Gulf analysis 1§ not available for our scrdtany Or
for that OFf other parties, The Sandia National Laboratory, an
its review Of the Grand Gulf agniter system, did not advocate
taking GGNS calculations at face value, but recommended
abtaining independent estimates, OCRE Ex. 21 at 10. Given the

importance of drywell integrity (Finding 43), we cannot accept

the GCHS analysis on faith either, We find AppPlicants’ approach

on this matter to be unacceptable,
4, fontainment Response Analysas

U@ examine herein the adequacy Of the containment response
code used by ApPplicants, CLASIX 3 (Finding 45), and assumptions
and models used therein, e will concentrate first on the input
parameters assumed FoOr thé SCENnArios analyzed, then on the coge
Les€lf, and Finally on variakions OF these SCeEnarios whilh ma,
represent o more severe challenge ¢0 the contaanmeént than was
analyzed,

Qur assessment relies heavily on the review Of the Grand
Gulf igniter system performed by the Sandia Natignal Laboratory
contained in NUREG/CR-2530, QCRE Ex., 21. Fanding 48, We find
*hiE dOCuUment tO Be thé mMOET cComPrenensive Gnd scholarly
aualuaeion Of the i1gniter system in Our record, At the rearang
Appliants and Staff ¢ri@d t0 Jdiscredit this document By claimang
that 1t was out of date ana that the HECTR computer model
chErein was crude ana dig not model & Mark II] containment,
Notafrancesce, Tr, 372«¢, We re,ject this reasonang for several

i)
reasons,

1
-J NOt theé least of our reasons is the fact that Mr.
NOSAFPraNCesco 18 OBViIOUEly NOt 4 Combusticon expert (TP, 3672).,




W@ d0 not doubt that Sandia has been refaning its HECTR
models; indeed, this 15 t0 be expected in any faield of
scienctific endeavor, Qur record d40es not indicate that these
10E@r VErsions predice lOwer Pressures and temperatures than
ehat in QCRE Ex. 21 an fact, a later version of what Mr,
NOLQFrANcEsco termed o realistic representacion of ehe Mark 111
containment (Tr, 3738) Pproduced higher peak pressures than an
OCRE Ex, 21, Tr, 1741-42., In any event, when Jealing with
thOS® fi@lds OF science thae are rapidly changang, 4 laine muse
B@ drawh SOMEWREr&; we cannct waist fFor the Final version oOf
HECTR before we render our decision, APPlacants and Staff have
bOth urged that that lane
L@ 4arawn at Grang Gulf; i1.,8,, nNOthing more should ce expected oOf
aPplicants than was requared of Grand GuUlfFf fFor operation above
&% power, Notafrancesco, Tr, 3743, APPlicants’ Ex, 8-2 and §-3,

cince OCRE Ex, 21 (and no subsequent HECTR calculations) was
relied upon by the Staff an aQpproving pPoOwer gperation for grand
Gulf (Notafrancesco, Tr, 31744-44), we feel that it 16
APPropPraiate t0 rely on the document for Qur decaision,

MP, NOtafrancesco’'s arguments that HECTR ove estimates flame
sPeeds and combustion completenvss (Tr, 3737) are alsd without
nerst, THES® Gre iNFUt PArGMEters which were setc to be
identical to CLASIX 3 assumptions in some of runs in OCRE Ex,
el., Fandangs g0-6«. While other HECTR cases we have examined

’
JEe higher values for flame speed aNng Combustian complateness,
thEy are offset by use of a smaller hydrogen source term and

less conservative propagation paramsters, Faindangs 81, 8%, B4,
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87.

Mr. Notafrancesco’ s comments apduc HECTR lackamg & drywell
(TP, 3738, 3742) are also unpersuasive, Sandia evaluated thais
emrough MARCH sensitivity studies, and found that presence of
the drywell might lower paak pressures by less than 10 Psi,

OCRE Ex, 21 at (a8, (We believe this is also verified by HECTR
cose® A=1l, which models CLASIX 3 case 5, which 13 a one-
comparement conctainment model, Peak pressures from nECTR were
only amout L@ Psis greater tman CLASIX 3; this suggests that the
10w CLASIX 3 pressures result From Other phenomena, Buch Qs
:ompargnontaxxzat;an. rather than the presence of the drywell,
Findings 8¢, 88.)

applicants finally tried to use the affigavat oFf Dr,
Marsmall german of Sandia filee an response 0 OCRE's motaion ¢
compel his appearance at the hearing, discussed above, to Ob,ect
tc the use of OCRE Ex. 21. Tr, 3725, 3I745. Or. Berman, due o
Skaff and APPlicant OppoOsi1tiOn to QCRE’'S® motion, was noe
available at the hearang for crose-examination, We feel it 18
unfair and inconsistent for ApPPlicants to oOb,ect to Dr, Berman’s
appearance at rhe hearing and then Ery to0 useé his staremencs in

an affidavit (whichm 1€ not pare of Our hearing record) to

puctress thear posivirln,
.

A Jud@es wikk Considerable teChNICOl expertise, Weé are
capable Of evaluataing the gocument ourselves, Wwe have done 80,

and Find the document competgnt, Sandia recognized thar none of
< ———

.ﬂJ We Find this document to0 be far more <credible than tne
c@stimony of Or, Fuls, who claimed familisarity with the MARCH
sode (Tr., 3125%) but 4i1d not recognize that & listing oOFf input
values was not for MARCH but fFor CONTEMPT=LTZIEB, and was apour &0
ery €0 correlate the CONTEMPT listing with the MARCH manual (Tr,
3843-46), and thar of Mr, NOtafrancesco, who, as noted above, 1¥
ROt O COMBbUSBSE.ON @xXpErt and Whose testimony we foung ¢00
protecrive of gpplicants,
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ehe available Zontainment réesponse models are sophisticated
enNough t0o predict burn Pressures and temperacures withkh high
accuracy, OCRE Ex. 21 at 1@8. Qur purpose in relying upon this
Jocument is not k0 consider the HECTR results as absolutes, but
rather tc compare tre @ffects of different input and modeling
AESUMPELONG with CLASIX I, We faing the Qualatatave insights
(For ease OfF

gained therefrom t0 be egsential to our gecasaon,

COMPArisoON, wWe hRave Ccompiled in APPENAiX C t0O thi§ decision the

magor

ANPLUE PAram@ters and resules, an unafaorm units of mMeasure, For

the CLASIX 3 anad HECTR rung for PNPP (from Applacants’ Ex., 8=1)
and GGNS (from OCRE Ex. 21).)

The First iNPUt paramecer we will examaine 18 ignition lamat,
The PNPP CLASIX I analysis used an agnation limat oF 35
hydrogen by volume, Finding 51, APPlicants claim that thas 13
rongervative, ABRPlicants’ Testimony at &4, HOwever, wWeé note
rrat ER@ the flammability limits FfOor hydrogen are geometry-
dependent, Id., B% hydrogen cConcentration Corresponss to the
doWnward propagation limit, although Dr, Lewis later stated that
thas limit is 8.5-10%. Finding 60, The lateer figures compare
wall with thqt used by Sandia (9%). OCRE Ex, I1 at 13,

gandia found that the placement of the agniter asgemblies at
Grand Gulf close to ceilaings (ana the spray shield of the
hOUBINg) WOUld inkikit cembustion effectiveness, Findang 460,
sandia fele ehat ignition would reliably Occur at the downard
propagation limit, bBut not ac lower concenkrations, Id, Thas

raE been verified by hydrogen combustion testE at the Nevada

Test Cicve, Fandang 41.
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(W2 must reject PDr, Lewig’ stactements that the test which faaled
tC ignNite was Jdue to 1ncomplete mixing (Tr, 3520), and that
Proximity OFf the ignaiter assembly t0 ceilings has no effect on
1ts effectiveness (Tr, 3I523-14) as unsuppor.ed by the NTS aata,
It 18 obvious that Dr, Lewie has not kept L p with the latest

1
research in this field, Tr, 3517-18, 3522, 3627, We alsc
rejecet his assertions that the Fenwal testes proved the
reliability of the ignition system, Tr, J&627. These testcts used
central ignition in & I-foot diameter vessel (Karlovikz, Tr,
3639, 3649), Which Wwé d0 not consider applacable tO0 conditaions
in the Mark III concaanment,)

Sandia reported that, at Grand GuUlf, all but a few igniters
are located withan 2 feet of ceilang serucctures, OCRE Ex, 21 at
195, We note that the placement of ignaters at Perry 1% samilar
t0 that ' at Gtund Gulf, ApPlicants’ Testimony at~ 34, OQCRE EX.
14 corroborates thie, (We realize that much discussion was held
G% th@ hEaring on whether this document Could be relied upon to
33€88 i1gniter locations, Although 31t KRGS been superceded by
eme ligt OF agnater locations in APPlicants’ Ex, 8-1 (Tr, 3%5@4).
the docCument provides valuable descriptions Of the locations of
tgniters and Of structures an close proximity, a8 the Staff
round important (QOCRE Ex. 1% at 2,.

Applicants’ witness pucztells farst 846id that an sgniter-oy-

.l/ THi® 18 Ql80 appareént Fram the sranscript oF the MegQuire OL
profeedanyg, in whacth Dr, Leéwis testifaied, We take ofFFacial
rceice of the Following Pportidns of that transcripty Tr, 212985~
¥4 (February 28, 1981, wnere [Dr, Lewis insasteéed that getonations
Are smpOssicle 1N hydrogen concentrations leéess thoan 18X,
coneErary to the statementcts OFf otrmer experts); Tr, S0%% (March
19, 1981, where Dr, Lewis Gamitted he was noe fFamiliar with the
Work of pr, JOomn M, S. Le€ until learing of 1t from cerer
witnesses av the nearang); Tr, 5062 (March 17, 1988, where Dr,
LEW1IE was not familaar with the results OFf tests of glow Flug
Lgnieers conducred at Lawrence Livermore Nataional Lakoratory),



igniter comparaison Could be performed 0 determine wheéther the

exhibit lOCQtions wers representative of the current locations,
Ter. 3506. Then, PEersons who Wwere not witnesses informed
Applicants’ counsel that locations with the same elevation,
azimuth, and radi sl d4imension may not be aidentaical, Tr, 3512,
M8, Buzzelli subsequently, On redirect, changed her tegtimony t0O
mateh counsel’'s stacements, Tr, 3407-08. Later, she admitted
that specifying the 3 coorgdinates i1gentified G precise locartaon,
Tr, 3459, We agree with the latter poant, and believe the
Josument is adcurate enough for our purposes,)

Comparing OCRE Ex. 1é& tb Applicants’ Ex, 8-1 (Table Z2.s-1),
“& find that the following 1gniters have identical locations ana
Aare lacated Close tO the i1dentified structures:
IMS6~054 through -2606., IM56-098, ~-108, and ~-1061 (room ceilang);
iMS56-067 through -@7E%, 1MS54-077 and -@78 (underside of polar
Lrane SUuPRGrt ring); IM54~080 through -@%90 (containment vessel
domne) ,

The following agnaters do not hove identical locarions but
are very close to the identifaied structures:
1M54-G076 (same elevarion and radial dimension, but & degrees
gifference azamuthal, underside of crane sSuUPPOrt ring); LMSse~01ls
through =822 (all located withan | foot Of location identified
a8 1nside roce Of drywell top $1ab); 1M36-024 throughn -03Q (all
located apout | foot below the $20' elevation, the HCU floor
(8@e Fingdang &2))i 1M34~032 and -Q33 (withan a foot of the
Jnderside of fFloor slab for refueling pocl); IM54-060 (wathin @

foot of steanm tunnel Ccerlang); LIMSE-062 throush ~0e5, -093



through =896, ond -B899 {(witrin o foot Of room ce:11:1m9s8); 1MSé-
@91 (within 2 fe, of room ceiling),

Inus, we fing from tme anformation available that 41 Of the
182 PNPP agnicters are ilc.oted 1n ClOosSe Prox.maity tC structures
whiCh COuld i1nhibit uPward Fflame propagation, (It is not
POSSible tC determing this FOr the remoaning igniters,) Sandad
concluded that suckh an arrongemgnt will relicely aghate hygrogen
in the 18% range, bBul nNnotc at lower concentrations, QCRE Ex. 21
at 195 Fandaings 5%, ¢0. We therefore believe thar an
SGEPTORTAIGEE, CONSE@rvarive agnitaon lamit FOr Contaanment
response analyses 18 Gt the cowhward propagation lamit range of
8.5 t0 10X, Fincang &0. This is somewhat greater than the
value used an CLASIX 3, Faingang J1.

The SECONg LhPputr PATrORMETtEer wé@ EXamane 18 Propagzation lamats,

This refers to the concentration Of hyarogen needed for fFlame
PropagaotioOn into on adyacent compartment, OCRE Ex. 21 at S&,
Tre CLASIX 3 model assumes a pPropagation limait of 8% hydrogen,
Finaing %1, Sandic considered O mOre realistic input for
Froéagat;on Xxn»é;atc oe ;hl oasorvod‘écocctéy-deacndent l;lxts
($Gm@ a8 the 18Nition lamits menticned above), Finding 87, The
CLASIX 3 value should be conservactave,

The thirg input parameter 1§ Jcmbusticn comFleteness, A5 a1t
gxpected, complece Comabusticon results in higher pressures, as
mOTre hydrogen is consumes, Findings 79, 89. CLASIX 3 uses &
sombuUStiOn completeness of BS%, Findaing S1, Howsver, Nevada
Tes: Site results Show COmplere COmbuSticon FOor mydrogen

gncenerations asove 7,75 Fanding 32. YR therefore cconsager

. .

L

ene CLASIX I value nonconservative,
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The fOUrth parameter we Consider 1§ flame speed, [ncreasang
the flame speed will increase Peqk burn Pressures, as there as
iess time ror 'KFeat 1055 during the burn, " Finding 53, CLASIX 3
JUses o flome speed OF & feet/second, [d, Based on theair
experiments in the YGES tank, the Sandia researchers considered
this valu® tO0 be 10w by @ factor of three or more, Id.,; OCRE
Ex., 21 at 1%, Althougn Staff witness Notafrancesco claimed that
the flome speed based on VYGES data was t00 high (Tr, 3737), we
pelieve that an important factor affecting flame speed has been
neglected - the effect OF io0niZing radaiation,

The action of i10nizing radiation will increase flame speed,
Finding S¢., It even appears that 10NiZing radiation, through
the creation of radacals, can initiate G detonataon, although
tme levels OF radiation in the containment are too low ©0O
Gchieve this, Lewis, Tr, 3526-27, 3415. (Detonations result in
supersonac flame speeds, (OCRE Ex, 21 ot 187.) Sandia also
celigved that Fflame acceleration (t0 speeds greater than
dJetermined in VUGES) 18 likely, OCRE Ex, 21 at 15, 17, 194.
Given these uncertainties, We& are ccnvinced that a higher flame
speed than that usea in CLASIX I 18 necessary,

The fFiftn parameter 1% COonNtaanment spray operation,
Coneainment SPrays are an important heat transfer mechanaism that
results in a significant reduction Of pressure and temperature
during a hydrogen burn, Fanding 56&; OCRE Ex. 21 ot 17, CLASIX
I assumes that the containment sSprays are automatically actuatred
after the fFirst burn, Findang S§5.

The PNPP containment sprays are 4 sussystem of the RHR

system, which Qlso functions to cool the core, Finding §7, The
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SPrayE Share common pumps, PiPing, and electrical systems with
an ECCS subsystem, Jd, Since o degraded core accident 1g
premised On the assumption of a loss of core cooling, it may not
e conservactive to assume sprays are available, Id.; OCRE Ex.
19 at 4, The Staff has stateg that the sprays should not be
consadered af their availability i% questionable, Findang 58,
Although APPlicants stateg that it may not be infonsastent to
A38UMe GPray OP&rGticn 1N 4 degraded core accadent i1f a valve
failure 15 postulated (Tr, 3445), we b2liéve that more than &
valve

faalure is nNecessary to cauze a degraded core accident, We find
spray availability t0 ke Qquestionable, and agree with the Staff
that SPrays should not be considered in APplicants’ containment
response analysis, CLASIX 3 is nonconservative in this respect,

The final input parameter we will consider is the wetwell
spray carryover fraction, This OF course assumes spray
availapility, OCLASIX I sensitivey studies mnave shown that
decreasing the wetwell spray carryover fraction will increase
Wwetwell temperature, Fainding &3, (The wetwell refers to the
lower comparement in theé Containment and 1% bounded by the
suppression pool and the HCU floor, Finding 42,) The PNFF
CLASIX 3 model assumez a wetwell spray carryover fraction of @,
9, Finding 43.

The containment spray headers are located far above the
wetwell, Finding 45, The cross-sectional fFlow areas below the
refueling Flo0or in the Perry Mark II] containment are quite low,

Finding 45, The fractions of totol containment cross-sectional

area at the various elevations are (assuming total Ccross-
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seéctional area to be 11,310 square feet, uUusing an inside
contaanment ragius Of 40 feet, ApPPlicants’ Ex, B-4 at Figure 1):
689'~6* elevation, 2778/11310 = ,246: &64'-7* elevation, ,224;
6642'-0" elevation, ,271; 420'-&* elevation, ,148., Thus,
assuming SPray droplets are not impeded by Structures and
components at elevations above the HCU Floor, the maximum amount
Of direct spray impingement that could reach the wetwell is
aeQut 17%, The remainder of the assumed carryover fraction is
composed of sheet flow, whach 135 assumed to have half the heat
tronsfer effectiveness as droplet Flow, Finding &4, However,
Ehis QSSUMPtiOn has NO experimental e0sis, Jd., We believe that
1t 15 1MProper to0 tGke 30 mMuch credit for an unverified
assumpeildn, “This tod 1% noncdnservatave,’

0fF all the CLASIA I input parameters we have examined, we
have found all but the propagation lamits t0 te nonconservatctive,

We Nnow turn to the Gadequacy of the CLASIX 3 code itselfr, We
fand that the appropriate standard by which o evaluate a
computer model i1s that used by APPlicants, This standard
requires that the code either be available in the pPublic domain
Gna have & history Of proven use Or that it be validated by
COmMParieon wath results OFf Otheér accepted codes Or experimental
fdata, Fingang &&., Sance CLASIX 3 is a proprietary code
(Fanding 45), the firsk t2st 1% inapplicable,

RPPlacantes claim that CLASIX 3 has been validated by
COMPArison wath results of hydrogen combustion tests at Fenwal
ang the Nevada Test Site, Finding 44, CLASIX 3 gave
consErvataive predictions for all but one test, 1d, However, we
dCc not believe that these cests are similar enough to the Mark

IIl contaanment tQ Consider the Ccode validated, The Fenwal
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t@SLtS Were COonguctes in o small (I-Footr dioamecer vissel), id.
The Nevaas Test Sice vessel Contaings N compartments, 1d.

We do not fing i3t surprising that CLASIX 3 can mangle such
sigple configQurations, as the Cause OFf ats pregacticn of low
BUrn Pressures 15 apparently i1ts compartamaencalilacion, Finaaing
E8. e note that the CLASIX 3 case § reportes ain OQRE Ex, 1
gove Pressures only coout 10 £si less cthan the HECTR Preaaccaion

(GNe GbOUt threée times hagher than those pregacted oy the usual

CLASIX 2 configuratigon;, Fanding Be. This Case used & Cone-

compartsent containment configuration, 1d.

This indacates that
*validotion® with Such simplée test Configuratidns 35 NGt
ingicative of proper code performance for the mark II1
sontainment,

COBMPGrisSON Wwith Othér accepteg COodes 1S the last
alternarcive, The Gepropriate coaes for coaparison are HECTR one
CONTEMPT, Findings &9, SB6. 73.

TRe NRC Stoff conduclted comparisons of CLASIX 3 wigh
CONTEMPT-LT2E ond found that CLASIX 3 uncderpredilts GtROSPheric
CEMPRrOtUres becouse i1t Cverpredicts meat cransfer, Findang 73,

The Staff foung thig 0 b€ NONCOoONSETVAative Ona sected thar
CLASIX 3 ahoulo not be useas, Ja. {APPlicants an thear fangangs
Jrgec tmat this 13%5u@ be geferred to the final anolysais, e
celieve, FOr reasons Jislussed below, that it 15 GPPrOoFTaGte tO
fonsrger a3t NOw, )

omparisons with HECTR show that JLASIX 3 greatly
Unae~pregicts peak purn pressures, Fandaing 88. HECTR cose g-:
mcgelead CLASIX 3 case |, Findiny 81. These coases used o higher

Preburn pressure, a8s would oCccur in the DWEB accigent From the
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addeéd drywell air mass, Finding 79, Thas was the only HECTR
Cas® USING the same hydrogen source term a5 CLASIX 35 Gll other
HEQTR runs astumed l&ss mnydrcgen was released., Fanding 81.
Ignition and propagation limits were 106%, wath 100% complete
combustion, & Ft/sec flame speed, and automacac spray action,
CLASIX 3 produced a peak pressure of J1,1 Psig; HECTR Progduced a
Ppeak aof 67.6 P319, 14,

CLASIX 3 case 2 and HECTR cases B-2 and B-2’' used input
parameters similar to thosé in case |, except th@ HECTR hyarogen
30urce term 13 1€ss and the Preburn pressure is not 2levated,
Finding 99. CLASIX 3 predicted a peak pressure of 7,4 PSag,
Whil2 HECTR predicted peaks of 54.5 (B-2) and 59.¢ (B-2') Fsag,
Idg.

CLASIX 3 case I ana HECTR case B-3 assume the same ainput
parameters as were used in the PNPP analysis, Finding 82,
CLASIX 3 produced a peak pressure of 4,7 Psig; HECTR’s peak was
+l.6 PS19, Id, CLASIX 3 -case ¢ and HECTR case B-4 used the
;ame QSSUMPEtIONSE, EXCEpPt the SPrays were assumed off, Findang
83. CLASIX 3 produced a peak of 10.3 Ps13; HECTR, 53.4 Psig,
14d.

Jther HECTR runs were conducted with ainput parameters
cgnsidered more realistcic By Sandid, i1.,e,, flame speed and
propagation limits, Finding 85, These runs (with the exception
3f case B-¢, the significance OoFf Wwhich is discussed below) gave
peak pressures ranging from 57 to 49 psig, 1Id.

The cause Oof QLASIX 2’'s predaiction of low burn pressures is
its comparementalization model and heat transfer assumptions,

Findaing 28. Wetwell burns will 9ive small pressure excursaions,
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Wwhile BUrns in the containment compartment Ccause rRigher
pressures, Jd. CLASIX 3 overpredicts OXxygen transport back
1Nt0 the wetwell, thus avoioang wetwell inertainsg, Id. In
reality, hydrogen would also be pPushed into the containmnent
compartment., OCRE Ex. 21 at 9?3; Notafrancesco, Tr, 3749. 1Il.e.,
intercompartmental mi<ing 1% more rapid than assumed, OCRE Ex.
21 at 93, PBetter mixing makes global burng, wWith thear
attendant high peak pressures, more likely, Id, at 17, 93,

We must conclude that the CLASIX 3 code is unacceptable, as
it Joes not compare favorably with thée accepted codes HECTR anda
CONTEMPT. Indeed, comparison with these codes has identified
serious nonconservatisms in the CLASIX 2 approach, CLASIX 3
fails to predict more than minimal pPressure rises even assuming
conservative input parameters, We therefore concur with the
staff (OCRE Ex. 208) that CLASIX I should not be used,

We Finally turn our attention to conditions which could
present a more severe threat to0 scontainment integraty than was
previously examined, Combustion in the drywell for the DUWB
accident only Occurred when the transient was extended beyond
the end Of tne hydrogen release, Finding 75, MOore severe
cOomMBUStiION Might OCcur af core reflood Qas assumed at an earlier
time, Finding 77, E.3., recovery at 5500 seconds into the
transient would condenze the large steam fraction in the
drywell, raisang theé concentrations of hydrogen and OXygen, 18,

ROtion OF the drywell vacuum preakers would Gdmait mOTe OXygeEn
ang limit the dJdegree Of depressurizacion, 1d, A simplaifaed

calculotaon oF thais

event sShoweda that pressures in the ranrnge of S$@-55 Ps1 Could be



attoined, assuming preburn atmospheraic pressure, Id, This as
more severe than previgusly calculated for the DWB scenario (see
Fanaing 47) and exceeds design basis pressures, We believe that
the effects of early recovery on drywell combustion shouls be
investigated using & reliable analytical model, and special
attention should be pPaid to the resultant wetwell hydrodynamic
loads from suppression pool swell (OCRE Ex., 19 at 35).

We are also concerned thnat the base Ccases may have been
cerminated too early, The SQRV transient was terminated wren
thé hydrogen release went ¢c Zero, Finding 74. At the and oOf
the transaient, wetwell hydrogen concentration was 24%; OxXygen,
3% steam, 23%. 14, In the sontainment, there i1s 5% hydrogen,

Je ¥

o% oxygen, and seeam as Iin. Id, (Similar 2ONditions é€xist at
tn® 2ng OF tne DWB ctransient, ctermanated arter the drywell burn,
Fanaing 75.) gventually, the steam will Condense, raisaing the
nyarogsen and C<«ygen concencrations, OCRE Ex. 21 at 29, The
Jontaainment vacuum breakers (not modeled by CLASIX 3I; Finding

7&) will OPen t0 equalize pressure and will aamat Oxygen, like
the drywell vacuum breakers ain the case Just discussed, Finding
3w,

The effect OFf termanating these transients early may be
significant, HECTR cases B-¢& and B-4’ 1llustrate this, Both
cases used identical input parameters, except that case B-4 was
cerminated at the &nd of the hydrogen releacse, as was the CLARSIX
3 S0RV ¢ase, Finding 8é6. C(Case B-4é’ was allowed to containue
past that tame, 14, Cfase B-4 produced a peak pressure of 21.&
P81g, similar to the results obtained from CLASIX 3. 14, Case
B-4' pProduced a peak pressure of 49 psig, Id, The early

tgrmanation of these transaients may be another factor
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contributang to CLASIX I nonconservatism,

Sandia statea that a more savere threat to containment
.intcgrity WOould be posed by hydrogeh releases’entering- the
contoanment Or wetwell without first traversing the suppression
Pool, OQCRE Ex., 21 at 197-198. The PNPP analyses assume that
hydrogen flows through the pOoCl and enters at the bottom oFf the
weétwell for both SORV and DWE cases, Fandang &5, Drywell
bypass leakage 15 not mogeled in QLASIYX 2. Finding &8. Tre
maximum drywell learage Gllowed by technical specifications as
SVer 5 rtimes the raoted capacity of the drywell purge
compressors, Fainaings 4%, 70; Raichardson, Tr, 3498, In some
€onoitrions, drywell leakage may be g9reat enough to prevent rlow
through the supepressaicon
8021, Fainding 72, ApPPlicants admit that leakage of hydrogen
tArough the drywell wall leak paths could occur, Finding 71.
They assumed that 14-19% Of the total hydrogen could bypPass the
POO1L, Id, They also Cclaim that this effect would not affect
the operation OF the hydrogen control system or thexr‘analytical
cenclusions (Tr, 3I50@, 3449, but no confirming calculations
have been performed, Fainding 71,

We are not convainced that the amount of leakage will be
limited kC 14~-1%%, 0% neither we nOor the othér partieés have kbeen
aple ¢0 review the GE calculations, We also beslieve tnat
il2akage of hydrogen to the Zontainment compartment will alter
the mixing and CONCentration assumpeions OFf the containment
F@sponse analysais, making global burns more likely, The effects
CFf arywell leakage on containment response 0 o degraged core

dcligent musc be thorcughly and formally evaluated, as the Stafr



hoE required, OCRE E~. 19 at 5; OCRE Ex. 2@ av _,
§, Equipment Survivability

Applicants’ evaluGaetion of eQuUipment survivab:lity is boses
N CcONtainment Pressure anog temperature profiles getermanec by
use Oof the CLASIX 3 code, Finding %2, Since we found Gbove
that the CLASIX 3 coce 15 inadeguate and pProguces
UNrealistically low Pressures ond temperatures, e must fains any
anolysis of @Quipment survivabilaty relying On i1t 0 b@ laikewise
gefaicaient,

We alsc hOve Problens with the GppProach used by APRlaicants,
whe wWoulo havée uUs sumuarily affairm their analysis because it 18
ccung by Grand Gulf’s, Wwhilh was accepted by thée Staff butr 1€
not gart of our regcord, Id4., We have no way to confirm that
rreir heat transfer code, HEATING-&, 1% conservative, Or that
GEPTOPriote modeling Gssumptions have been used, We muse
sonclude that equipment survivability during and after hydragen
dJeflagraticns has not been proven,

(Though not necessary for our decision, we would state that
the apparent survival of electrical cables at the Nevada Test
5it@, desPite BUrning and cracking of ccble ansulation (Tr,
3714-17) may not pe indicoative of survival in an actual
aPplicaticon, Je mave ng information cn whetrér the cablées ware
a98d to an end-of-lif@ conditidn, G TFequired i1in EeQUIFmENT
qualification teses ey 10 CFF 58.4%9(€)(5), EQquipment
qualification ang survivabilaty are considered by the (ommission
t0 b@ essenticlly the same, angd 10 CFR 50,69 is referenced oy
thée rule, 58 FR 35@i.:

We are concernsd that certain components hove very low

| JualarFricotion pressures, Fandang %3, mPpPlicants’ Justafacataon
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for accepting these 1s apparently not confirmed by any testing,
Id, We Find the use ©of tnhnese components, not Qualified to the
higher pressures weée believe wll occur fFrom hydrogen burnang, to
be unacceptable, €specially since the vacuum breakers are relied
UPON in determining containment negative pPressure capacity,
Fanding 34,

We believe that a sShowang that e@ssencial egquapment can
survive detonations i3 unnecessary, Gs detonations are unlikely
t0 occur, even if detonable concentrations were to farm,

Finding %4,

Diffusion flames pose another form OF thermal threat to
equipment, “Tests condultad By "thé Hydrogen Qontrol Qwnery Group
("HCOG*) 3an o 1/20 scale fFacility Showed that diffusion fFlames
X188t wheén the hydrogen release rates exceed @0.4-0.5 lbssec,
Finding 95, Preliminary results from thece tests indicated that
Jiffugion flames resulting from a 75% metal-water reaction will
fesult an unacceptable thermal loading to equipment, Id.

The 1/4 scale tests planned by HCOG will defaine cthermal
envaronments resulting from diffusion fFlames, However, H20G
will not consider daiffusion fFlames resulting a release history
correspondaing to a 75% metal-water reaction, Finding 94, The
reason for this is that the hydrogen release rates needed for
daffusaion flames are supposedly not realistic for a 75% metal-
~aoter reaction, Richardson, Tr, 3568, 2422-232.

Although we recognize that the |/4 scale tests will be
adgoressed in the fainal analysis, we cannot defer thiz issue, 10
CFR 38.64(C) (3)(Vv) (B) requaires that evaluations of equipment
survivability consider a 75 metal-water reaction, APPlacants

FGve announced thear defaance OF this regulation; we cannoc
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ignore such & blatant violation Oof the Commis3siOon’s regulations,

We are not convinced by RPplicants’ arguments about the
hnydrogen release rates leading to diffusion Flames beans
unrealistic for a 75% metal-water reaction (as a sustained
nydrogen release rate at that level would supposedly lead to an
unrecoverable degraded core accigent), Richardson, Tr, 3422-23.

We believe that kthis 10312 challenges the Commission’ rule,

The Commission specafically states that the 75X metal-wacer
reaction is 4 limitang case degradea core accident, and that
2XiuOtiOn beyond that point wall be unrecoverable, 58 FR 3499.
In the rulemaking Process the Commission rejected comments which
0GRt Q reduction in the extent Of metal water reaction to be
considered, Id,

W@ alsoc fand the HCOG approach illogical, If the 1/20 scale
tests indicated that equipment survival is a problem for
diffusaion flames from & 755 metal-water reaction, then the
l10gical approach 1% tD test these conditaions in the (/4 scale
facility, Rather than resolving the problem, HCOG appears to ke
niging from it,

We therefore rule that ApRlicants’ approach to this issue is
1lle3al. APPlicants must commit to evaluataing the thermal
2NvVironment, and equipment response thereto, resulting from
aiffusion flames using & hydrogen release hastory resulting from
a 75 metal-water reactaion as a condaition of licensing,
¢, Qcher Effects OF System Qperation

INn this Section we COonsider whether other effects oOf
rRydrcgen control system operation will agaravate the course of

an accadent, 58 FR 3500.




ta) Drywell PoOol LoQgs

gensitivaity studies ac Grand Gulf Usang the CLASIX 3 code
have Predicted violent overflow Of thé SUPPression pool ineto the
drywall fOr some cases and assumptions, Finding 97, Sandia
likewise predicted pool surge into the drywell, Id, It is not
clear fram Mr, Richardson’s evasive responses (Tr, J485-96)
whether the effects of these loads on equipmént and components
Wwithin the drywell have been evaluated, In any event, there i
rno evidence in our record for Perry on these loads (Qs
calculated from an appropraiate containmant response code) and
their effects, This problem must be evaluated, See QCRE Ex. 19
at 3,
(b; Decay Heat Removal

Tre design basis for the Mark II] containment assumes that
secay heat is added to the suppression pool and 1s transfered to
the uUltimate meat sink by the Tuppression pool cooling mode of
the Residual Heat Removal (*RHR*) system, APplicants’ Ex, B-1
atr 25-24, In a degraded core accident, hydrogen combustion adds
heat to the containment atmosprere, in addition to the decay
r2dec addition t0 the pool, It 15 thus QPPropriate to examaine
decay heat removal capability"in this sieuation, ™" 77

The @vidence in Our re2ord indicates that long term decay
weat removal 1s essential to maintaan the core in G safe
consition, and cthat operation of & loop of the RHR syscem :n the
pool cco0ling mMOde 15 NEecessary to 2nsure decay heat removal,
Finaging 98,

WHen Containment acmoOsSphereé prezsures exceed ? FsSig,
sontainment sSprays, a subsystem of the RHR system, automatically

actuace, Fingang 99, If préessure remaine apove 9 Psag, the
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SPrays remaan OPerating; SPrays take precedence over other RHR
moges. 1d, Operactor action 13 necessary to alagn the system =o
otheér modes, id.

gperation of both spray trains waill degraae pCOl ¢ocoling ang
mixing, Finding 108. APParently no calculations of pool
tamperature responsé with both RHR 100PS 1N the sSpray moge have
sein performed. at least not ON OuUr record, Holezclaw, Tr,
3478, Although APPiicants later claimed tnhat the pool
CEMPEroture PEGks abOUt & hOUPs after G <Cesign basas GoCigent
(whilé nydrogen pburnaina, as analyled by RAFPlicants, Occurs
Within 1=2 hours) (wachardson, Tr, 3é611). this may not be true
fOr Other sCenarios not considered by APPlicants; NOr 18 a1t
clear that that theé d@si13n BAsis colcoulation did not take Crecat
for BHR POGl ¢ooling,

We fFind thac the =ffecets of hydrogen Combustadn ON o€las
heat removal capability must bé evaluated, The effeccs
predicted by Mr, Jokn HumpPhrey, o former GE contaanmeéent systems
engineer, s£hould receive specidl Consideration, (See Tr, 347%-
3%5.) The @ffe@cts OF pCOl temPEratuTe ON MAKEUR SYStems,
including the potential For pump cavitation, must be evaluareas
far PNPP, considéring any 1c2ally elevated pool temperature dus
0 the Proximikty of the succion strainers to safety-relisf

diascharge quenchers, (cee OCRE Ex, 15: Richardson, Tr, 346%.)

EL} Jlthouchk ApfFliccones Claimed that calculations have peen

Eerformed which ShOwW that PUmE Cavitation is A0t o proplem for
nig3r POOC1 temperatures (Tr, lé0é)., these calculations are not
available for our scrutany (or trat of tre parties, Tr, 3&59-

59, NOr iS it OpPparent that the effects of taking sultion From
the vicinity of the safgty-relief valve quencners was Cconsigerea
in that calculataon, W€ cannot accept on faith analyses whaich

w@ have not séeen,



o It
;cf.Seéondnry Fires

APPlicants have not @valuated the potential for sggongary
Fires (burning of combustible material in the containment,
ignited by hydrogen burning), although APRlicants claimed that
an anaclysis for Grand Gulf showed no potential for secondary
fires. Richardson, Tr, 3580-81. Thear 1l09i¢ 18 that sance the
CLASIX 3 containment response results for PNPF are bounaed by
GGNS, secongary fires won't occur at Perry either, Id.

Ve Must reject chis l0g9ic, a3 it relies upon the Fauley
OLASIX 3 code, Furthermore, we cannot accept on faith analyses
performed for Grand Gulf which are not part of our record, The
2vidence in Oour record indicates thot secondary fires are likely
¢0 oceur, and will affect the containment pressur2 and
cemperature profiles, Finding 101,

?. Scope OF the Preliminary Analysas

AS discussed previcusly, the new hydrogen rule permits the
final analyeis of the nydrogen control system to be deferred if
an acceptable preliminary analysis i€ submitted, But, there is
no guidance as what constitutes an acceptable preliminary
analysis, APPlicants in their proposed findings urge us to
interpret the rule such that the preliminary analysis includges
onﬁy the general requirements of 10 CFR 58.44 (<) (3) (iv) (A) and
not the more substantave requarements of sectaons (iv) (B), (V)
and (vi), claiming that the language of section (vii) indacates
that the Commission meant t0 exclude these sections From the
Preliminary analysis, We cannot agree, The Federal Register
notice

.ndicates that the language of section (vii) underwent last-
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minute changes, 58 FR 3362. We thererfore cannot infer from the
WOrding of that the section what the Commission may have had aim
mind, A% i1t is likely bthat its language «as not chosen waith

care,

W2 believe thar che Commission ainténded a prelimanary
showing to be mace on Gall facets OfF the rule; this is consistent
with What wés required Fbr 1c@ condenser pPlafits, Sequoydamn ans
McGuaire, where equipment gurvavabilaity was demonstratea (S@ FR
3501); the analyses for these plants are apparently equivalent

t0 theé preliminary analysis under Section (vii) of the rule,

1d.

i

APPlacants and Staff agreed on the s:op; of the preliminary
analysis before Applicants submitted the document, Finding 182,
Not surprisingly, both APPlicants and Staff objected to many of
the matters raised by QCRE ot beyond what they considered the
proper scopPe of the preliminary analysis,

Weé find guidance for resclving this 1ssu@ in section
{(vii) (D) Of the rule, This section lists the factors the Staff
1§ t0 consider in settang the fainal schedule for compliance with
the Tule, These fFactors are the status of efforts to comply
Wwith the requarements, the ampact Of the requirements oOon other
plant mogificaticons, and the Commission’s goal of cagmpliance
without undue delay, Thus, the standard is that of
reasonableness, We find this to be the correct standard for our
purposes,

It i3 obviously unreasonable to require Applicants to
complete their final analysis (now scheéduled for completion an

mid-1984, Fainding 104), ancluding results of experimental
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preliminary analysis 1S based Oon what was required at Grand Gulr
fFor operation above SX% power, Finding 163, The applicable GGNS
SER supplement includead G discussion OF the 1/28 scale tests and
comparisons of CLASIX 3 with CONTEMPT-LTZ28. Id, An earlier SER
SUPPlement addressed Other matters, such as the Sandia
evaluation, Id, We take official notice Oof the fact that Grand
Gulr SSER I (NUREG-0821, Supplement I, July 1982) also covered
secondary fires (pp, 22-20 and 22-21). We therefore consider it
GPETOpriate to consider these matters now,

Tv 18 apparent from OCRE Ex, 19 that ApPPlicants hkave been
aware ofF mOst OF the 1SsSUEsS We have considered above (includang
drywell po0Ol loads and drywell bypass leakage) since 1982, we
feel there has been enough time For ARPPlicants to address these
matters, TO defer them any longer would contradict tha
cemmission’s goal of prompt compliance with 10 CFR 58.M4
() (3 (iv)=(vai),

Wikth the exfeption of diffudion fFlameés to bé &tudied in Lre
1/4% scale tests, we find no valid reason to defer any of the
matters we have addressed kerein, We regquire a commitment from
APPliCGNts t0 address daifrfusion fFlames resulting fFrom & 75%
metal-water reaction in compliance with the rule, as discussed
garlier, but for all cocther matters the deficienciez we have
noted musr be corrected before operation above 5% power,

I1. FINDINGS QF FRCT

1. Issue HB was admittead &S & CONtENntion in thas proceedinsg oy
Memorandum and Order (Concerning Late-Filed Contentions; Qualicy
Assurance, Hydrogen Explosion, and MNeed for Increased Safety of

Contrcl System EQuipment), LBP-B82-15, 15 NRC 55§ (1982). Issue
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B8 wOas subsequeéentl, reworded oy HCMOFOH&QI aﬁd Qraér (Motions Cn
Hydrogen Control (Contention), LBP-85-.., 21 NRC ... (MGrch le,
1985). OCRE 15 the lead intervenor on the i1ssueé and the only
intervenor which participated an aits latagation,

= Issue HE, as litigated, reads as follows:

The Perry hydrogen control system 13 i1nadéquate t0 assure thare

large amounts of hydrogen can te safely atcomogated wathour

rupture of the containmént and a release Oof substantial

quantities of radiocactivity to the environment,
This wording basically Glleges that the hydrogen control system
do@s naot comply with 19 CFR 850.42(2) () (avi=(vii), HMarch ls
Memorandum and Qrder at 7,
F 3 Th@ PNPP hydrcgeéen conergl system Used fOr design basas
gvents is the combustible gas control system, ApPPlacants’ Ex,
3-1 at 3; APPlicants’ Testimony at 35-37. Thas System cConsasts
of thé hydrogen mixing or drywell purge subsystem; two 1@8%
caPGCity TecOomBiners; che ny&rogenvanalys;s subsysées{ and a
BGCKUP Containment purge subsystem, Id,
4, The degraaged core hydrogen control system i1s G distributea
igniter system, Applicants’ Ex, 8-1 at 5-12, 22-25; Staff Ex, @
ar 4-2; Notafrancesco Testimony [ at 3I-4&; APPlicants’ Testamony
at 29-34., This system consists of 182 thermal gl w Plug
igniters placed throughout the grywell, wetwell, anag upper
soncaanment, lag, at 32-34. The system is powered from 128 VRC,
50 Hz, Class 1E POwer distribucion panels capcble of being
Fowered by the emergency dJdiesel generators, Id. a; 32;
APPlicants’' Ex, 8-1 at &, The sysetem 1§ desagned tCo burn
hyarggen at 10w concentrations (8X%X), thereby preventing high

cenc2nerations of mydarosen, whilch might i1gnite randomly and

threaten containment integraty,
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from accumulactang, Id, at 21; Notafrancesco Testamony I at 3-4.
S. The PNPP igniter system 18 of the same design, and uses the
same igniter assemblies and locations, as the Grand Gulf Nuclear
Station (*GGNS*), ApPplicants’ Ex, 8-1 at 23; APPlacants’
Testimony at 34, The PNPP containment and engineered safety
system designs are also similar to those at GGNS. ARPPlacants’
Ex, B8-1 ot Sectior 5,

é. The igniter system 135 manually initiated, in accordance with
the emergency Procedure Juidelines, when the reactor water level
reaches the top of the active fuel, APPlicants’ Ex, 8~-1 at 12;
APPlacants’ testaimony at I4; Buzzella, Tr, 3424,

7., The PNPP emergency instructions for cperation of the igniter
system, Gnd the gGeneric emergency procedure guidelines On which
cthéy will be based, are currently under development, Buzzelli,
T, -3 &7

3. The PNPP emergency instructions will include pProvisaicons rfor
venting the containment in the event Of overpressure,
Richardson, Buzzelli, Tr, 3441-43. The vent path for PNPP (ana

resultant Flow rates) has not peen established, Buzzells, Tr,
J6s3, |

9., The degraded core accident scenarios considered by
AFPlicants in assessing the igniter system are (1) a small break
an the drywell (*DUWB*) with extended EQCS failure, and (2) &
cransient with 8 stuck-cpen relief valve (*SORV") with extendea
EQCCS failure, Applicants’ Testimony at 39; Notafrancesce
Testaimony [ at §,

i6. For these scenarios, no ECCS Flow is assumed until just

Prior ¢0 reaching a metal-water reaction equivalent to 75% of

the actaive fuel cladding, at which taime reco<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>