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UNITED STARTES OF AMERICA
NUCLEAR REGULATORY COMMISSION

Before the Atomic Safety and Licensing abbﬂd'hxﬁegad
Mg
In th2 Matter of )
THE CLEVELAND ELECTRIC ) Docket Nos., S0-440 OL
ILLUMINATING €0, ET AL, ) 50-441 OL
/
(Perry Nuclear Power Plant, )
unite | and 2) ) 3
MOTION TO COMFEL THE APPEARANCE OF DR, MARSHALL BERMAN
1, Introduction
intervenor Orio Qitizens for Rezponsible Energy (*OCRE")
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LETERy MOVEeSs the Licensaing B2:
te@s3timony ar the evidentiary hearing of Or, Marszhall Berman,
supervigor of the Reactor Safety Studies Davizaion of the Sandida
National Laboratcry, Albuquerqus, NM, OCRE resqueste that Dr,
Berman appear as o Staff witness and pregent tescamony
addressing experimental and analytical efforts at Sandia
concerning the generation, combustion, and control of hydrogen
in degraded core accident: angd the threat to contaanment
integrity posed by hydrcocgen, These matters are relavint and
macerial t0 lssue HS, an kydrogen control, in thie Froceeding,
Specifically, Dr, Berman €hould present testimony on the

findings and conclusions resulting From the research progranm
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described in Section IIl telow, especially that concernang
hydrogen deflagration characteristils; detonations, Flame
acceleration, and deflagration-to-detonation Eransation;
analytical efforts concerning MARCH, HEQTR, ane HYBER: and
gandia analyses and assessments of Mark III hydrogen control,
including the distributed igniter system, the CLASIX=-3
derlagration code, and continuous diffusion flames, ang the

grfects of Mark 1! hydrcgen combustion on containment integraicy

and equipment survival. Br. Berman shovld he available Sor

1ib@ral Cross-examinotion on these matters as well,
I11. The Stancards for Cocmpelling the Appearance of & Staff

‘:‘-'Hiul kant

accorsing =0 10 OFR 2.4fp), Or, Berman, as on employee Of

sandia, Which ig a NRC contractor, 18, fOr the pPuUrpozes ef 10

i o -

CFE 2,720, to be classified as #NRC personnel,* () ) 10 CFR 2.

(MY (2Y (1) states .tnat

rm@ attencance and tegvimony OF the COMMisEi0ONnEreE Gnd names NRC
personnel at o REaring cr cn depOSitioNn MGy NOt BE requirEas;
the pPresiding officer, bysubpoena Or otherwise, pProviced that
the presiding OffFicer may, UPONn a showing of @xceptional
CircuUmMELaNcEes, SUCK Q% o CAate in Wwhich & partidular names NEC
employee has dairect personal knowledge of a material face noe
KnOWn &0 the wiktnesses made available by the Execurive Direlcor
for Gperations require the attendance &nd testamony of named HNRC

personnel,

THe APPeal Board in Metropclitan Edison (Three Mile Island,

(1) 1t shouls Be noted that 10 CFR 2,4(P) was promulaated (12
Fed. Reg., (%00, January 185, 1872, contrary t0 thé notice ans
cOmmEnt reguirements OF the Adminigtrative Procecure Ace, § UST
££3, and in effect reversed the reasoned decision of the Arppeal
goard in Wigscongin Eleckrsc Fover fcompany (Point Beack, Unik 20,
ALAB=63, & REC 245 (1972), which held that employee: of the

National Laporatories Gre nov LEenc) perscnnel ang ore fresly
sub, eCct t0 subpoena,




Unat 1), ALAB-715, 17 NRC 182 (1%83) stated that, since 4
genuine scientific disagreement on & central decisional issue 1t
the type Of matter that should be raised 7or adversial
exploration and resolutior in the adjudicatory context,
compelling the appearance of NRC percsonnel holding different
views ONn sucCh an issue 1§ neceseary, This situGstion 18 aGnother
2xample Cf *excepticnal carcumstances,’

Both examples Of ‘exceptional circumstances" are present
nere, OCRE mag ascertained, through & conversation with Skaff
counsel, that the Staff does not intend to present Dr, Berman
{or anyone 132 from Sandia) at the hearing on Jssue #E, The
Sandia Reactor Safety Studies Division, under Dr, Berman’'s
d1rection, hOf COnNdultes evtensive evperimental research on
hydrogen combustion and contrel, Much of this work i ongo:né;

o
{This research 1€ described in greater detail below,) Since the
Staff does not conduct i1tg 2wWwn regearch On these marters, i1t is
likely that the Stoff witnesses dO0 not have all the facts an Or,
german’s potsession,

candia has also conducted analytical studies oF hydrogen
cgontrol in the Grand Gulf Mark IIl1 containment, This srudy
(NUKREG/CR~-2830) demonstrated the non-Congervative nature o; the
CLASIX=-2 computer code, relied upon by APPlacants 1n theéar
preliminary analysie filed with the NREC on March 1, 19885, ane
the MATrginal nature Of thme distrituted igniter system at Grdng

GuUlf, conceded by APPlicants t0 be virtually identacal to
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Perry’'s,

Sandia’s analyses oOf Grand Gulf result in part because the
NRC Staff sought Sandia’'s technical assistance in evaluating the
Grong GuUlf hydrogen conktrol sysetem, The Staff *summarizesd®
Sandia’'s findings in Grand Gulf SSER 3 (NUREG-0831),
*Mischaracterized® migsht be o better term, as the Stafrf
Expressly rejected Sandia's Finding that the igniter concept is
marginal, and claimed that Sandia’s analysis supported the
Staff’'s anterim approvas of the system, GSee Exhibit L, There
thus @x18tS a genuine scientifil gisagreement on a cerntral
188UE, Which, according o ALAE-71S%, consticutes excepcional
carcumstances for compelling the appearance of Dr, Berman,

R 8imilar situation occurred in the McGuire OL ha2arings on .
fydrogen control, There Dr, Berman testified at the request o%

-

the Licensing eo‘_qrd because Sandia’s evaluation of the S.QUO}’O";\
[+

plant, an ice '.‘Oﬂd!'hlstr like McCuire, revealed dangers in the
UEE OF the Jistributed 1gniter syetem not CONsideres by tne
Staff, The Staff had not planned to present Dr, Perman, Gcee
the McGuire QL Transcraipt at 3270, Exceptional carcumseances
therefore exist in this proceeding as well,

For the Board's information, OO0RE has attachkhed as Exhibit 2
& CoPy OF Dr, Bermar’'s profesgsional gualifications, tﬁk.ﬂ'fPGn
the MEGuire transcraipt (19841,
I1!I. A Summary of Sandia Hydrogen Researchr

Te illustraee the greatr expercise accumulated by Zandia in

the area OFf hydrogen genaration, combustion, angd contral, AARE



Wwill summarize herein the experaimental angd analytical resegarch

conducted by Sandia,

A. Experimental Rezearch
Sandia is the prime contfoctor for five NRC-Eponsored
research programs on hydrogen, These are the Combustible Gaz in
goentainmene Program, CONCErNing the rates and amouncs of
nydrogen generated by COrrogion OF COAtings: in the containment
dUring reactor accidents: the Hydrogen gurn gurvival Frogram, 0
evaluate the response of safery-related equipmant €0 the sevVers
eNVironments resulting from mydrogen compustion; the (oa@
assessment and Application Program, which has evalyated the
german hydrogen sransport code, RALOC) the Hydrogen Combuskion
Mitigative ang Preventive Schemes Program, whilh RaE evaludated &
numper of hydrogen conercl methOde; and the Hydrogen ecnav;or;

Program, whilh eMPhRGSiTes hydrogen aspects,

\
L

I+ srOould be né}os Ehat the PUrPOSE OF thesze programs 1% 0
answer urgent licensing suestions, NUREG/CP-003B ar &6,

Experimants concerning hydrogen deflagration have been
conducted in the YGES and FITE facilities at Sandia, Large-
scale flame acceleration and dektonation studies are conguckted an
the FLAME facility, In addaition, Sandia haE workea on

!
detonation phenomena in canjuncrion wikth Dr, John H, §, .Le€ at
MEGill yUniversity, THe Radiant Meat Facility and the Solar
Thermal Test Tower are used t0 gimulate hydrogen burn

envirennents for full-gcale testing Oof acrudl Pargces ef

equapmant,
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Sandia 15 Als0 conducting Severe fuUuel camage expearaiments an
the Annular Core Research Reactor, These experaiments are
designed to investigate the behavaor Of reactor fuel unger
conditions similar t0 OF WOrEe than those at T™MI-2. The teses
Gre USing new giagnostic technigues €0 allow dairect visual
optervation of fuel damage and measurement of the amount OF
pydrogen produced, This research is relevant k0 QUESEiONE of
rate and amount of hydrogen generation in a degradeg core
accident and will determine the validity of computer codes like

MARCH.

Sandia 1§ conducting I programg related to containment
integrity., These programe include the Containment Safety
Marging Program, in which mod2ls oOF steel containmentE rnave beEEn
pressurized 0 failure, For the purpose Of determining the
E2ravior Of Zfontainment sEructures under accident loaging Sna. ko
salidace the analypical methods; the Ineegrity Oof Contaanment

o'
Fenetrations under Severe Accident Loads Frogram, whichk wall
sassess the integrity Of mechanical penecrations suUcCh GOS
eauipPment makches, personnel Airlocks, bellows, drywell head,
Piping penetrations, and fuel transfer tube, including *he
abilaty of resilient s2als and gazkers tO withstand
gevere accident enyironments; and the Eleckrical Penetraticon
Assemblies Program, whrich will gecermineg le2akage througn EmEs
penetrations in severe accident enviranments, Suck anformation

18 Of obvious relevance to Tszus ME,

B. Analytical Research



A great amount of analytical research has been conducted by
Sandia os well, Sandia has COondusted an inNterim assEssment oOF
the MARCH code, whichk has been relied upcn by Applicants for
caloulating the nydrogen sSource tcerm, | .

5andia has developed the state-of-the-art HECTR code for
modelling hydrogen deflagrations, HECTP incorporates
experimental data from Sandio experimental programs, suck 4% 4o
Flome speed correlation determined from.UGES emperaiments, HEITE
has recently been used to model the TMI-2 accident hydrogen
BUrn, wikth 900d agreement with the measured CoONditions Suring
th@ accident,

Sandia has developed the HYBER algoritrmm to model
combustion processes in nuclear reactor containmentes and o
#3camate the thermal respOnEe OFf eqUiIFMeNnt subjeCted tO the

e

resultant severe environment,

Other codes ;Hé;udo vOrtex dynamics, used to model flams
arceleration, including acceleration to detonation (and mas
Favorably modelled experimental resules at MeGill) and 0¢€Q, uses
to model dynamic loading,

4 gandia Publications

The following list OF publizhed material illustrates che
gréae amount of research conducted by Sandia in the aroa; of
FYdrogaen BeraviIOr, COomBUEEiONn, and COnErol and Jonkainment
integrity,

*Hydrogen Benavior in Light Yater Reactors® by Berman and

Cummangs, Nuclear Safety, Vol, 285, No, 1, Jan=-Feb |98¢. PP, 81-



74,

NUREG/CR-1541, *The Behavior of Hydrogen During QRecidents in

Light Water Reactors*

NUREG/CR=-2G17, *Proceedings of the WOorkshor on the Impact'or

Hydrogen on Wacter Reactor Safecy*
NUREG/CR-228%, *Interim Tecknical AsSsessment OFf the MARCH Qode*

NUREG/CR-2726, ‘Light Water Reactor Hydrogen Manual'
NUREG/CR-2530, *Review Of the Grand Qulf Hydrogen Igniter
System*

NUREG/CP-QC22, °*Proceedings of the Wworkskop on Containmans
Integricy®

HUREGS/CR-2864, “ldencification Of Safety-Related Equipment for
ANGlyeis and Tesking in the Hydrogen Burn Survival Frograme
nuFEG/CR-:SéSK,'Hxarogan Combustion in AJueous Foams*

"w

NUREG/CR-1831, *Hydrogen Distribution After a Loss of 2oolant

e =1
o

“ZCfi1dent in the Subdivided Contaanment of Light Water ReGctors®
NUREG/CR=2681, '"Light Water Reactor Safety Research Program
Semiannual Report*

MUREG/CR-273@, *Hydrogen Burn Survival Preliminary Thermal Modal
Gnd Test Resules:®

NUREG/CR-254%, ‘Background Study and Preliminary Flans fFor a
Frogramon the Safety Margine of Containmencs*

NUREG/CR-I224, *The Potential for Containment Le2ak Paths Throughk
Electrical Penetration Assemblies Under Severe Qccident

Zongitaions®

NUREG/CR-3131 "Containment Integrity Program FYE2 Annual Pepore*



. -

NUREG/CR=-2463, *An Evaluation of HECTR Predictions Of Hydrogesn

Transpore®

NUREG/CFP-@@33, *FProceedings of the Second Internataional

- - - - -

Conference on the Impact of Hydrogen on Water Reactor Safecy’
NUREG/0R-26GEG, *A Review Of Hydrogen Detection in Light Watar
Reactor Containmencs*

NUREG/CR~-3272, *(Combustion of Hydrogen-Air Mixtures ain the UGES
Cylindrical Tank*

NUREG/CR=-377%, "The Hydrogen gurn-Equipment Response R[Rlsorithm
(HYBER) *

NUREG/CR-3721, "Pressure Msazurements in a Hydrogen {ombustion
Environment, An Evaluation of Three Pressure Troansducers®
NUREG/CR~-3719, *Detonaticon Qolculations Uesing a Modiried verei:ﬂ

-

of QCSQII Examples FOr Hyarogen-Kir Mixtures®

“wm

N '
HUREG/CR-3I521, 'Hagrogan Burn Survival Experiments of F17T§®

NUREG/CR=-3825, *Sinmulation of Flame Propagation Througn
Yorticity Regions Using the Discrete Yortex Mathog"
MUREG/CR=-4138, *Data Analysis for Premixed Combustion Tests
performed at the Nevada Test Sita2 (NTS)*
IV. <Conclusion

AS demonstrated above, the Sandia National Labcoratony
employs the *NRC personnel* having dairect personal knowledge of
hydrogen generacion, compustion and contreol, containment
integrity, and analytical/modelling techniques, In addicaon,

Sandia, under thke direction Of the watness sought, Dr, Berman,

has evaluated the Grand Gulf igniter system and has found it
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wanting, The Staff cdoes not agree with Sandia’s conclusicn,
(gince APPlicants have taken great pains to demonstrate the
cimilarities between grand Gulf and Ferry, analyces of Grand
Culf are relevant here.) '

Trese conditions mast the vexceptional circumstcances’® test
of 1@ CFR 2.720(h) (2) (1), Aas interpreted by ALAB-71Z. or.
german’s tesktimony 18 necessary to ensure the completeness oOF
the record on lssue HE2 ang t0 resolve a genuine gcientafid

disagreement on Q central igsue an the adjudicateory process,

QCRE prays that the Board 18 S0 moved,

Respectfully submitted,

- s P, /73‘;

‘il gusan L. Hiate

QCRE Representataive
£275 Muneon R4,
penczor, OH <2080
(214 25%-3188
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ll.ﬂ. fnnvun0n At thrtroman fanteal (end)
L0y i i adbia kgl tore fogloniS

Intreduet o end By

fs proviously reportod fn tho BEP, the staf? has requastod that the uﬁ:!!ccnto
rrc'ouo 8 progrea Lo teprova tis fpdrogen auntrol copahitity fur Lh9 pabd Gulf
welear Glatian 10 the eutond that Uw plent tay safoly stoutiodats Lhe vunive
Quencey of a restulatid dearatta-corg sea fdont with conruattant, \arfa Wy g
releass,  Ihle tautudon the relonse of hydrugon gonarated frea & walal aater
robttion fnvolving up Lo 1% purcant of thw gobive tual wladding,

fhe staft aleo meportod In tho AEN that the ep |{oente had salected @ hydragen
fgaftor aystea for fnataiietion vimilar to that tnatalled tn grursting leee
condnaor pleate énd Lias rovicw of tha fydragsn tgnfbion syslead, afust by
tuchnlcal assiatanco frua Lo Sandie tattunal Leburatory (Lil), was undar way.

The Inatallation of en tenitor aystes In the Orend !t cantalinmant to control
Ly drugon avciuatation frua puatulatod degradai-core acttuente roprolont: Vi
&op!leatien uf o teehinalecy that has undercong @ Helitod count ef testing end
enalysle ea woll oy tho tlret detatiod cumatvaration of thiaee Iesudn fur ¢

Park 11 LR contatmzant,  1he eppticante have tharetore, cumalited Lo €n
engofng ressarch progria Lo 1nvun11ualo tha wt"cary of cuntroltied fgaltien tn
the Urand Lulf vcativtv. thin pregrea will tnatuds gudtitonal testing (b dalurs
@ing uw purforeance of fgalters cove the suppvauston paol, and In @ husli,
hydrogonerich environ . sm reprasuntat lva of depuotl cenditions tn cortafn pustiu-
tatod ectldints, A wore dotalled diseuasion of the roasarch efturt (e proviced
fator {n thie seppleccat, Ay a rowult of thewa considzrations, tha stabf Int..
to rovive tho Urdhd Guir teafttion t(h\ﬁﬂ In two phasve, tnteri snd thal, 1.
slaf? has cooptotod (L Intorla evatuation of th QYn|{1un wyelen &0 disttioned
In Ule spotiaant o the LHL tiw start's wvalustion providae the haele Ter

cuuc\ud!n? Lhat tha fgnitton |to\ca fe accepiehle for an intorio porfod of tpe
prowlizataly 1 year fea ths dato uf fususnes of thy 'v!l-rvuar Hiwaw,  Lofurd
tha stoff will eonvlaar

cu;{lot0ng tha tinal evaluation of e ivn!t|un systoa,
furlliar cortaln tesuas volatud o cuitro Vod teniblon,  Yhuso tesusw tnelucy LS

ftecs ¢ltod Ly tha applicanty es sujecte for future teating and aiidlyels.

As part of tha roview of tha Jrand Oulf tydrogon ?rourca. the staf? obtainad
technteal asaleiance fred M. Tho purpose © this avfetanco wio to perfund
an lilaponiant cesoaclont »f sovoral mpacitic meviow fusuae fnetuding tiw
fellewlny (1 Couiacy of tha locutfon and atutrfbution of tha IRACIE

’l; analvals of tha cuintaliauat eloouphore traouuro gl Lesovutuiv vcaruulo.

3} 1ihe) thaod and wensuiuancod of focal e snations, (#) ventatizont alios b

olstng wsehaniscs, and (4) cclualion criteria tur tho dgiragon lpnition .VUX&—
(1), A cotalled divousston of Lha Lk oview [y pvonuut&J N Mhal/iR=boid

Orand Ou!f B5IR ) 0

o P, G - T T AL P



A3 statsd eava, £, e pert of ty gonara} revicw of \ho Crand Culf fpaftee
€8ty Inccattziz b ecveial gocotrle fesuans WIGh acznyd to UL dlstell tlvn
O Ll aey Lol Goabin Wit tho eyetea Cofon vay valld ond 06o: 0ol d
Cartabm G oo S0 @ tgoueutd Latew Adtiate’ jing Eab 16 e diifteult
Oaauad Lo Cocca of winlng tn contalnzant, bk Juo,od tat, conditienal w
Cuntabiac b voicy € ovadtong tha v, or comabicnot reglen ehaold 1a wal) wixsd,
Conaind of G Lor it ontartesd centiguiation of tha ciwler ronton Latwosn
Cha dopwall et contale cob walle, Bl hzd (o raly e tha sicatitied anelytical
Culole Lhas vesult In o Lu:ntnv Of Wiogan st rcgu!s!lo 1”duc,en Coliiahe
tratione ave roochied within nodal volicom, 1L eteted that eclual staosphare
Coinlitions within cuntaticony, teg tiar with discrete fgniticn seurcon, would
Brocole @ coioten serfon of loca) Luras that cay be 1ese savere Lhan (e
waeranl enalyalte slus for Nyare on cudustion,

Conairaring the fesus of 1aza) datonatfens, 1t was £25L's conclusfon that the
Mkatthood of feroli) Catenile Glutucon te e2al), particutarly fyr sigatticany:
ohecd wolizon, 604 eVs0 Ju o0 that the V&) thood of tecal datenation oicurs
Pindy presuaing Lha exteliace of @ Catoneble eiuture, e very sall, A dlscuse
slon oF Uha conmeguences of o postulated local dotonatica o proviced later in
this supplemant,

Regarding tha acaguaoy of tha HIS actuatfon erftorte, SNL has Judad, end the
SLafr civoan, Laab L e pticents' eritorte for crorgtetng the fynftors (9
eleeplivte,  BLL dfd av, et huwaver, that sute.stic activation of ilw
funflers Lo aciod, o feclure wileh (9 currantly not procostd by o e p)icanty,
!eo':la" 7!0! censidar thin su  antion turthor surlingd Whe Weralhg tinal piave
of 1L reviuw,

The net result of the ENL evalustion was s conclunfon that the Orand Gu!f
hydreeon tgattion ayaton, e curieatly dostgned, 13 karplually & oule to seet
the threat posed by hydieg.n roleasey within the cuntabiv. ot buthding, Tty
charactorteation tranataton o Lo cendibton vieord for coat sttt fune, i
oystoa I predteto) to easiot fn catntalning tha pressuie 18t tha relried
Contatiuont ¢t ity Lut that In cortaln less |ku!{ sltetions, eateulas
loms praitiet wrioentve V|:|:urut. Contral Lo thie doterodiattun 1o it
concorn tiat e a,xtiahle enalytical touhntouon offer st 1 itted wodale of the
Contabicont and of the co duation procossos favolved,  Funbivioore, 14 s bid's
8J.‘l|0ﬂ that vniertaintion In the a:al¥u00 of Cegraddd=cova achi s for

araiid Gul e centribute to fte vicw ot the fenlter syutea 1y taginally sdiguate,
Thzao uncertalotfos extot tn tho kooale ' o of tha Wdie .n rolvas rate, U
Cogre® and rate of mhatng witiiln the wetuallZecataticonk ve pten, tha tgattton
and preccgation Lohavior of lyuroyan Lurne, and the .vo'\;b'\tty of Lhe tunlalne
RNt wpray Gystea,

A tart of 1is review, KL fdontified two arcas whore (L belleves the lgniter
aysled daalyn gay Lo ‘rdouvud. WL recic2ondad that the e Lar of tnflors
srved r‘ @ olreantt brector Lo moducsd bassd on conatioratien of Ualfe tocatien,
A aldItion Bl roco. tuhved Lhat, wicie fesatble, groater coantusiation Ls Ylver
Lo Lo nature of direetiunat flia propagation wisa tocating fgatlors or that
Lhe nualar of fgniters In (e walua)l reglun Lo Incrcavud.

The steff has revievzd the BNL analysts «  he Grend Gu'f fgniter systea end
Pinds 1% Lo Lo suppurtive of Whe s0aft's Interla wproval,  Nalle e start

Grend OQui? B5LR ) "
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€299 A4 ot this tire concur with 1) of the conclusfons, surneations, or roc.
Calattons o0 by biby 10 balleves that tho o,urall t'cpaiueint Bl enaly. ..
Luttrosn tha staft e v‘nd|n,|. ke otatcd previously, bl has found the ki by &b
i\t cur..ut!r coalgied, W be &J'Q‘ﬂl“{ ACCUNLE  Tha bl revisw did ot
evaluato Lha 0ID frva (ha paroctive of In

fore, tite cvaluation can be cuisirusd a9 @ fina) evalustion baved on present,
otva‘t 1nno:alot¢‘ kiowled a0 Tha ataff duss nos cvr»o hat the HIS te sarginal
with reciach Lo claguaryy ﬁsunvur. the stat? flnds (te Imverin ca?rovol cunalgt
oL with such @ dotenatuabion, The stetf aleo concluies Lhat 14 b prudent \a
Continug ALa ravicy of tha WIS in ordar to fEprove wpon e aysten end to
incracse tha ctaft's unisratanding of the safoly manging provided by the systea
In Lha untikely ovent of & digrsded=core accidomt.

fratmy foeerintion

Hit te o ozotru of tyn!!oro and anciilary squipment KPSL Mas fneta)led within
U Graad Gulf contalucant,  Thiy |ro\ca 1 r-uu!rco Lo function only 1n the
unliraly event that oxcossive quantitiss of hydrogan, well boyond \he dasiyne
baste requtvcoante of 10 CIR BJ,44(d), are gatiaratco an @ rosult of & pontulated
severely cograd.decore accidon., The MIS 1 Gantgined Lo praole the Cuulust fui
of hydiugen In @ gaiia® such that gentainaent oveipraneure fallure (e prevented.

The HIS iretalled tn Lhe Qrand Cuif Nuclear Station consfets of 90 tgniter
eseecullea distributed thiov Lout the dipwa ), wotuell, and «; per contati.ant,
with Rl watwall doftusd an Lia voluse butueon $ha supreasfon poel end en o, 0
Kate wlovation of 135 1 Tite elevatfon reprascnte ﬂLo locatfon of Lhe firsl
colling clove tha toal, Thera 2e0 10 fgnitors 1n Ve drpnaat ! and 31 I the oo
woll,  Tha rezalntig 61 fgniters ere Yooatod In the voor cottatnaent lu of
these :ro tnstelled In W woor cue reglon suuinted on (he Wwray ring heaver
Y porie,

The Q?n0\or selvcted by FPEL o o glow plug (comzonty used In dlere! engtnes!
that Te canufacturd & £0021 70 by Conoral Baters & Otvinten and 1 [HTREN
Lo that fratallcd In Lhe Lo uoych end Lodutre nuclear plante. T fgatier |,
piwared diracily froa o l:u/ll V bransforear that has wultitep c&,nb?!\\y.

The fgnfter ansesdly Inclucoe tim tYnO\or enclosure and the Junctionm bux, 1.
pattor eictorerd cunatals of « stalnloss steol Lun with 1/0%in. sthick wally,
wolch hiouian Lo trenston.ar and avsoctiated electrical coniiclions e.d patidoi,
snclotes tha fgattar,  Tho cealed bur wios @ houded Wry shileld e rediaw \...
fepttgaaant on tho glow niuy,
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ExHigT 2

Professional Qualifications
' of
Marshall Berman

My name is Marshall Berman. My home address is 4706 Hililtop,
N2, Albuquergque, New Mexico. I am presently employed by Sandia
National Laboratories as superviscr of the Reactor Safety Studies
Division. This division is presently engaged in performing research
for the NRC on (LWR) accident phenomenology for light water reactors.
Current research topics include the interaction of core materials
with concrete, steam explosions, emergency sump hydraulics and the
behavior and control of hydrogen released during LWR accidents.

Current Related Experience

The NRC-funded hydrogen research program began in September,
1979. Major accomplishments to date include the preparation of a
detailed program plan, the publication of two major reports entitled
"The Behavior of Hydrogen During Accidents in Light Water Reactors”
and "Analysis of Hydrogen Mitigation for Degraded Core Accidents in
the Sequoyah Nuclear Power Plant", the organization and conduct of
an international Workshop on the Impact of Hydrogen on Water Reactor
Safety, and the performance of an experimantal test series investi-
gating lean mixture hydrogen combustion.

Educational and Professional Background

I received a B.S. in Physics, cum laude, from the University
of Michigan in 1961, and a Ph.D in nuclear physics from Wayne
State University in 1968. My thesis topic was the study of nuclear
resonance fluorescence in Xel3l, I am a member of the American
Physical Society, Sigma Xi, and the American Nuclear Society.

From 1961 to 1964, I was employed by Chrysler Corporation
Missile D.vision. I was engaged as a theoretical physicist studying
the interaction of electromagnetic waves with plasmas, 1adar cross
sections, antenna theory, and the electromagnetic generition of
high dynamic buckling pressures.

From 1964 to 1965, I was employed by Ling-Temco-Vought Cor-
poration, specializing in optics and spectrophotometry. -

I joined Sandia in 1969 as a member of the technical staff.
Job assignments included x-ray diagnostics, response function
unfolding, and the development, modification and application of
large computer codes to research problems. One- and two-dimensional
radiation 1 ydrodynamics codes were used for research on underground
testing and containment, waste storage security, radiation transport
and earth penetrators.




<:> In 1974, I joined the reactor safety organization. Reasearch
topics included the modification and application of the RELAP
thermal-hydraulic computer code to LOCA studies, especially PWRs

<:> equipped with upper head injection, and statistical analysis of
LOCAs. I was promoted to supervisor in 1978 and have managed and
participated in programs in the following areas: Upper head in-
jection, statistical analysis of LOCA, core-concrete interactions,
steam explosions, two-phase jet loads, NRC licensing calculations,
fission product transport, TMI studies, sump hydraulics, and hydrogen
generation, transport, combustion and mitigation. I have written
numerous reports and made many presentations on all the research
cited above.
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