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The Nuclear Regulatory Commission has completed 1ts reviaw of the Ganzral
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YESE-23154 voluma T[IT sntitled "Qualification of the Ons-0imensfonal Cora
Tr*n<1ent Fodel Tor Bci11ng Hater Reactors" and the supplemental infor-
matien zubmitted by £. H. Buchhelz, Tstter (MFY 155-80) dated Septenber S,

1380. This report describes the Ganeral Electric transiant analysis code,

0DYN. This code i3 to be used for transiant analysas of the following
2ight transients: )

A. For Thermal Limit Evaiuatian

Thermally Limiting or
Eyant Mear Limiting (Tvoically)

1. Feedwater Cantroller Failurs - X
Maximum Demand

2. Pressure Regqulator Failurs - Closed
3. Ga2nerator Load Rejection _ X
4. Turbine Trip X

8. MNain Stzamline Isolation Valve
Closures

5. Loss of Condenser Yacuum

7. Lloss of Auxiliary Power = All X
Grid Connections
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Should Muclear Regulatory Commission critasria or regulations change such
that our conclusions as to the acceptability of the report are invalidated,
General Electric and/or the applicants referesncing the topical report will
be expected to revise and rasubmit their respective documentation or
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topical report without ravision of their respective documzntation.
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I. SWSARY QF TOPICAL REPORT

INTRODUCTION

Betwezn April 9, 1577 and April 27, 1877, thres turbina trip tasts were performad
at tha Peach Botism, Unit 2, to axamine tha validity of the Genaral Eleciric
transiant analysis metheds and verify the computer csdas., Ths Tirst scranm
signal which nerBally would have baen initiatad on the pesition 2f the turdine
stap valve, was bypassad in ordar ts previde a transient ccmparakls in saverity
to the werst transients analyzzd in F3ARs. Using the transiant analysis method
and tha REDY camputer coda usad in the licansing applications at that time,
Genaral Elsctric mada pry-tast pradictions of pressurs, neutren 7lux and ACPR
oh 2 best estimato bagis. Tho neutron flux and ALPR predictions were signifi-
cantly nonconservative and the prossure prediestions woro seasohat nongsnsare

vagiva.

After tha tasts General Elsciric perforacd post-tast pndic;:icns of prassure,
neutran Tlux and ACPR using the actual or maasured plant parzoeters with best
estizatas mcdeling assumptions as well as the jicansing model assumpticns. The
ACPR 2nd the neutren Tlux predictions were 2gain nenconservative for bsth sats
of caleulations. The prassurt peaks wert predicted conservatively. It sheuld
be notad that General Elsctric shewed that the predictions of pressure and ACLPR
wers conservative with 1icansing basis inputs when the first scram signal
initiatad on turbine siop valve position was not bypassed, i.s., under noraal

eonditions.

Tha comparisons of the ﬁast pasults and the REDY cada, the licansing basis
podal, confirsed the axistence of a ste3s line pressure wave prepagation phemse-
encn in a turbine t7ip transient and tims varying nature of the axial core
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The staacy stata axial power dizstribution ig calculited by the nautrsaics
pod@l. Tha modal uses cross saction 7its obtained from an analysis about eross
sections for di7Tarent reiativa coclant dansities and contrel states and that
ars radially averagad fer sagh axial plane. The Pite are zuch that the axial
pcwar in the one dimensicnal modal is raquired to yield the sama axial bshavior
as in tha thres~dimansional BWR Core Simulatsr solutien. The staady stats
ther=al hydrzulic solution psrmits the calculation of the staady stats fusl

tamperature distribution.

During the transient, the recirculation and cantral systes medal caleulatas the
time derivatives. At the end of ths tims stsp, the rezirsulaticn and central
system m3del supplies the new extarnal boundzry conditions to the rsactor core
gadel. The raRstor csre sodsl caleulates the nsw peyeron flur, thormal wadeaulie
pavenatere and fusl tecporstures. It also provides resctsr coro exit quality,
flow and pressure as input to tha racirculation and contral systea podel. The
recirculation and cantrs] systam acdel calculates the lecp pressurz drop and

tha raactor core eodal caleulates the core pressure drop.  Thesa prassura drops
are cospared. I thay are not equal within a czrtain limit, the recirculation
and control systzm model derivatives are modifiad and the time step calculations

are repaeatad.

The recirculation system is modeled by solving the aass, energy and zomenmium
cansasvation squations for the stzas line, reactor vessel and recirculatien
Jecp ceapanents which included jet pusmps, recirculation pumps and associaled

piping. Thas contrsl system is modaled as a series of connectad gains, filters,
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nesutron groups are ussd. Decay heat is modzlad using a sisple exponential
dscay heat sodel. Ths cne dizmensional neutron diffusien paramatars ars
chtainad by collapsing the parazeters cbtained frem the GE threz-dimensional

2WR Care Simulator (Retarenca 2).

2. A singla active haated channal rapra2sants the care avarags conditicns and
anothar singls channel reprasants the corz bypass. A fiva equatieon mcdal .
representing sass and energy consarvation for the 1{guid and vapor, and the
ajxture mememtum consarvation are usad to calculate cora thermal-hydraulic

bzhavier.

3. Heat transter to the madarator and Tual temperaturas arz caleulated using
an sverage Tuel and clodding model at ¢cach axial location of the cora. Tha gap
condustance iz an input parnsotar which eay vary aially in tim. The
curdustion parsextors $re tesperature depondsni. A radially umifera (7lat)

power distribution 15 aszumed in tha fusl rods.
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1I. STAFF EYALUATION

The s%a77 evaluaticn wag pervorsed in thres parts:

A,  Reviaw o tha analytical modals in tha 00YM coda and detarmimatien of
uncertainitias in tha code asdeling.
B. Review of thc'qua1ification o7 the cede., This part of tha review is
acccaplished in three araas:
L. Ceaparisen of zpecific xdels in the code with saparats affects tase
data,
2. Cezpariscn of imtagral responsa of the code with the integral tass
data.
3. Cezparisen ¢f tho code predictions with the pradictions of an
indopendsnt cade; 1.a., audit caleulations.
€. Roviaw 6f tho safely sargin; i.e., cwaluzzion of the margin whon the eods
12 usad with the uncerteintizs aszsigned in the licansing basis tranzient.
The uncartaintiazs of tha caleculations wer2 svajuaisd as part of the

caleulaticnal modal raview.

The measura of all cade uncertainties is made in terms of ACPR/ICPR ratic. The
“CPR* {5 an acTonys for critical powar ratis. It 1s the ratio of .the critical
powar of the liniting bundiz in the core to the power of the same bundle at the
cperating powar of imtarsst. The critical power is an artificial bundle powar
cbtained by incrsasing the power amalytically until the critical quality i3
reached. The aaalyais 13 parfermzd using the GEXL cerrelatien. Sinea the
hydrauiic and neutronic parametars change during the transiemt, CPR also

changas during the transisnt. The sinimwe value of the CPR ig called MCPR and



Rafarence 1 znd has been raviewed and zpproved by HRC (Refsrencz 3).
The other inputs usad by the rezirculation systea mocdel ars plant

spacific such as dimensions related to piant geometry, pressurz loss
cosfiiciznte, saparaior carryundar fracticn and jet pump and resir

culation pump characteristics.

In the initial stsady stats conditions tha jet pump drive and suctisn
Tlews can ba detzrmined frem the 2quation of cantinuity ana the jet
pumn "&® ratiec. This ratis i3 datined as the r:atio of the suction t2
tha drive flow. It iz valid 7z2r the ratad cenditions which are
sglaciad s eorrispond ta.staady stats iaitial cperating caonditicns.
Using tho sosentm equatien and the "m® satis, the suction flow and |
ths sucticn flow loas eoefficient are dolterminad. During the
teansiont tha rotlo ehengss. The job pump sustiea angd deive Tloews
(consagquently recirculation leop and corz inlet Tlows) are caliulated
using ths mcoantum egquations kaaping the zuctien {Mieow 133 csaf-
ficiomt canstant. The suz of the suctien and drive flows provide tha
recirculation leop flow and the sum of 3171 recirculation lcop {lows

providea the core inlet fiew.

The rzeirculation systam zodels used in the OOYM and REDY codes are
the sass, The REDY csde (Reference 5) has been raviewed Tor ATWS
analysass and tha re;:ir:u‘lation systan podsl has been found acceptable
with sess ligitations (Refersnce §). Tha Tollewing discussas and
gvaluatas thes recirzulation systss madel. This avaluation, except®

for tha unceriainties, is tho sare both for ODYM and REDY codes. The



core flews for the tramsient. Thi: shows that 4ha mementus equations
werd solved correctly to pradict ¥lew transients. Recirculation pump
trip tasts were 2lso performed in Or=sgen-2 and they were reporied in
Ratarance 5. Hewever, in these te2sts zsasursd ¢dre flows wer: Nigher
then thesa caleculated because the actual pump inertia was highar than

the value usad in the analyzis.

Ona oV the jat pump medeling azsuspiions is that tha ragion froa the
nazzls ts the thrsat i1 considersd 2 have no inertia. In ordar 20
vaiidate the transient ecdaling of the jat pu=p, transient jat pusp
tazis wore conducted at the Hoss Landing Gemerzting facility,

Refavonca 5. In thesa t0sts the Jat pumn deiva flews woro aseillated

phase rzlatienship of the drive Flow. Cosparissca of tho Razsurwnshts
and ecdal pr&diétions showed good agreamant u§ to § Hz. The model
did net pradici 2 resonane2 condition in the cold tast data st

6.5 H2; caonsaguantly, the use of the medel is Tlimited ta 5 Hz. This
1initazion eaans that tha coda will have arrors iT mocirculaticn lecp
flow variations are sudden. Ths harnonic';oupontnts of the flow

variation should be lass than 8§ Hz.

Another assusdtion which has bean validated by tests is the
assumption of czmplato mixing at the core inlst. Tests were
porforead in Momtizalle to verify this assumptien. Core flow
distributions for thren cora flow rates, at 29%, 508 and 83X of ratad
fler rates, émrﬁ peasured for symsetric opsraticn of the recirsus
1ation pumps; Rafaranca 7. Tests rasults indicate that the bundle
filcw rata doas not vary =or2 than 2.82 frea that in the avarage
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model, the Te2dwatar contrel mcdel and the prassurz regulatien with
the Mechanical Hydraulic Contrsl. We find the structure of thas2
@odals acceptable angd typical of the type of modeling conducted with

classical contral systaa theory.

With respact to the description of tha contrel mcdals, the follewing
medals were evaluatad: -

(a) Valve Flcw Cantral Syste=

{b) Hotar~Generator Flow Lontrol

(¢) Feadwater Flow

L (d) Pressurs Rsgulatsr and Turbing Controls

(e) Reactor Safely Systuss

For inpul signols, the Valve Fliow Csatrsl model rzczives a turdine
governor signal, a sensad stzam?low signal, a Tilterad neutroa flux
signal, a recirculaticn drive fiow signal and a manual satpoint
gignal. The cnniru1 systen is podeled as a‘series el connectad
gains, fi1ltars, intzgrators, and ncnlinaar}tias (1imit:rs and
function generatar:s). The control systaa output is valve position

and thus fiow contrel.

For input signals, the Motar=Ganerateor Flew Control model recaives 3
lead dzzand orrer, a saster manual or autcaatic siéna1 as w1l as a
loop manval or autsaatic signail. The eontrol systam is medaled as a
sarigs of gains, intagrators, funciion generatdrs, and with aciuators
of a2 drive moter, variable speed coupler, generator, and mctor pusp.

Tha centrallaed variadle 13 recirzulation deive flow.

11-7
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Steam Senaratar Modal

The separator is modeled using 2 cne dimensional momentum
ccpsarvatien aguation whneraas the fliow in a sezparatsr is rotatianal
and claarly sulti-dimensional. Hewaver, using ssparator test rasulls
(Refarence 8), it was passible for General Elactric to davelop an
ezpirical ona dimansional eemantum &quation dascribing tha flow
banavyior. Tasts indiczted that the thickness and canriguration of
the layer of swirling water 2long seperator walls i3 indapencent c7
the inlet flow (for 200,008 1b/he < Flow < 800,000 1b/hr) but
dapendzant on tha inlat quality. The watar layer primarily afiecss
the afvessive L/A in the mozsmtum equation of tha sasparatsr. Duz 19
diffzranczs botwaen the doensities of stsam and water, the veisary
inertial effects aro dus o tha i'l:;uid.. Tha tests of Referensa 3
providad a ralaticnship betwoen the affectiva L/A and the ialst

quality, and &n espirical” separator -pressure drop coefficient.

Gararal Electric statss that tha value of pressure drep caefiiciant
has a canservative bias in it. Tha higher tha pressurs drop or the
prassurs drop cosfficient, the higher is the value of ALPR/ICPR.
However, Gangral Electric did not quantify the ceonservatisa in this
sodel in terms of ACPR/ICPR relative to actual plant canditions.

Therafcrs, ne credit 1s given ts this consarvatisa.

General Electric perfomssd ssnsitivity studies dacreasing the valus
of L/A by 30%. This rasultad in an {ncreasa of 0.002 in ACPR/ICPR:
In ordsr to assess 17 the scatter of 30X in tha separater L/A i3

sufficient, the staff reviswad the separator data in Rafarenc2 &.



regicn predicis that the bulk water mass very quickly becomas
subcooled, the system beccmes stiff, and therafore, tha pressure
rises vary quickly. Since the rapid prassure ris2 la2ads to a rapid
void collapse the stsff conciudes that the model is coanservative.
Hewevar, the Peach Bottom tests also indicate that ACPR predictions
zr2 not consarvative. This implies that thz conservatizm of the
bulk watar modal is of¥sat by th2 nonconssrvatism somawhsre else.
Genaral Electric did not gquantify the conservatisa in this particular
godal. 1In view oFf Peach Botizm tests where a trada of ¥ has oczyrrzd,

ne credit for conservatism can be given.
Wa find that the enalytical metheds usaed in these models are
aczeptehls; howsver, as statsd, ro credit for comssrvalisa will be

given.

Steam Lina Model

The stezm line i3 modelad assuming single phase mazs and energy
censervaiion equations which are solved using an explicit finita dif-
ferencing methed. The stzam is assumed to behave isentropically. The
stzam 1ine is nedalized into six segments while the bypass line is modeled
using two nodes. Safety and relief valve Tlew rates are treated as

szparate flow branches.

Sensitivity studies ware performed by General Electric for various numders
o7 nodes for a sampla test problem wherein the inlet pressure is kept

consiant and a2t the cutlet turbine stop valva clesure {s simulated. Thase

sensitivity studies were parformed using nodal arrangesents of 3,4,3,8,7,

I1-1
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sts2m lina, we do not axpect stsam 0 b2 superneated. Hence, ths value of
1.15 is aszzptable. W2 alsc find the caleulatien of uncartainty of G.01

in ACPR/ICPR ratio acceptahle,

Ganeral Electiric also pervermed a sansitivity study by decreasing the loss
coe?ficiznt by 20%. This was based on tha upper limit of si2amline loss

cs2fficiant uncartainty, Decraasing the Tozs ccefficiant by 20N increzsas
tha ratio of ACPR/ICPR by 0.01. Dabreasing the loszs coetviciant by 208 is
2 reascnable assuapiion a2ad wa find the caleulatien oF uncartainty ﬁf 0.03

in ACPR/ICPR due to prassura loss coafficients aczsptable.

In esnclusion, our roview indicatas that tho analytical matheds usad in

staza line ecdeling and associatsd uncartaintics are ascopteble.

Core Theral~kvdraulics Madel

Tw=o=phasa maz3, angrgy and mosentus copsarvation eguations ware usad 2
sredict the behavior of the thermal-hydraulics of tha cora2. Two npass and
two enargy conszPvation cmuations representing sach phase saparately and
one pczentum equation represanting the mixturs comprisad tha five equation
ncdel.  In addition to these squations, carrelaticns for 1) interfacial
heat flux, 2) Zuber drift Tlux model (Refarence 8), 3) two-phase pressurs

drop, and 4) heat transvar, are usad.

The interfacial heat tronsfer corralation is bascd on tha “scehanistic
z=del" prasented in Refazrancae 9. The sale2ciion ef the heat transier
corrolaticns is based en the flow regimes. In the singlis-phaze liquid

region, the éi:tus-ssaltar eorrelation 1s usad. In tha subesoled and bulk



dzpendsnces has bssn shown in zany tests (Rsefersnce $). The arii
velocitly is cependant on tha dansity differencas batwean ths phzsas

as wall as on the flow regimes.

In the zcdal used by Gseneral Elesiric, these parametars are
sepirically deternined in the farm of carrelations basad on tha %est
dats.  The &ata ware oblained Zoth frem tuses and cnannels, and are
raportad in Raferences 10 througn 14, When the vapdr fraczions
obiainad frcé thesz parasmetars warz usad o caleculata powsr shapes
cbsarvad ia BWR3, same discrepancias were obsarved. Conseguenily,
Gensral Elastrie introducsd another corrslation for CO, and a concept
of neutren effectiva void fraction, to provida a batter 71t with
psauratd DORGP shapés. Bzsad on physieal considerations 12 is
eonnnivedle why Ca used in thermal hydreulis célculatians i3
dirvarent freo C° for neutron power calculations. The tharaal
hydraulie Co js basad on tube gecmeliry while nautron effective C° is
obtained frca.actuai core geoeetry. The value of C° shauld be
di7farent for tubas and rod bundles because cf differsnt vaper
fra:tioﬁ profiles and Tlew regimes. however, in a talecon General
Elaceric statad that Co valid for thermal hydraulics gave goed
agreexent with Atlas <ata and c° valid for neutron 2fTective void
fraction gavs good agreenent with the core data, Henca, tha
differences cannot ba axplained basad on geematrical cen3iderations
alone and thers i3 an artificial fix in the modyl, Aesording o
Refarence 24, this f4x= is necmssary to compansate for deficisncies 'in

1at2ice physics matheds.

11-13

wooxd



Assuming the same ungartainly for tha heutron sffective Co znd
extragelating tha Ganeral Elacizic results, wa have esdlimated that
tha uncsrtainty of = 202X In Co rasulting in = 333 uncsmtainzy in the
void fraction er in the void reactivity czefficiant would produce an
unz2riainty of = 0.C23 {n ACPR/ICPR. YWe presented these findings in

the ACRS hzaring, Rafarenca 30,

in responsa tz the above 1tafy asszssmant, Ganeral Elaceric sunmissad
additional information, R2?aranca 31, regquasting tha reduction of the
uncertainty in ACPR/ICPR. The prigary argumant was that the
uncartalnty of 2 20X in the valua af"cc (saven times the unzarzainty
of 2 3 whizch had besn proposzd by Ganaral Electric) lsading to &n
unsereainty of approminately 2 3EX in veid froctien was ppplicable
for 2 lenr suality and a low vepor froction roglien. The uneartaimty
becames smaller at higner gqualities. 1In additien, Genaral Zlectiric
surgitted ancther san_sitivity study using. neutron aff'e:':ive i'.‘° = 1.0
and noted that this wsuld ba the bounding value for ACPR s2lculations.
General Electric also notad that the transiaznt results were waakly
depsndant on void fractiens at low qualitieas in the subgooled region,

Raferanca 32.

Wo reviewad the nsw inforzaticn submitied in Refarence 31, and agree
with Gonera) Electric that uncartainties in vapor fractien can be
maduesd at higher qualities and that Co = 1.0 is a bsunding valug for
bulk boi‘ling.. Genaral Elesiriec 32atad an uncertainty of 2 &% {n void
reactivity esafficient at a void fractien of 70%. This correspends

approximately to an uncsrRainty of = ¥ in veid fractien. Further

11-17
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The zodel has bezn verifisd using the data obtainad by S. Z. Rouhani
(Reverences 17 and 18). These data wer2 obtained from 3 vartical
annular channel. In datareining the uncartainty o7 2he corrzlation,
Ganeral Electric provided a sensitivity study using a coefficiant "a*
in tha corralatien. The nominal value of "n* is 1.0. For n= 1,25,
a2 change oY 0.008 in ACPR/ICPR 1s cbtained. I7 1.50 is assumed, tns
charge in ACPR/ICPR i3 0.014. GE statas that tha va'lus; e? 1.25
provides a reascnable uncartaiaty for the mcdal but does not provida

zny supporting evidanca or data.

We reviewed the vaid Traction vs. axial height curves drawm for
various *n® values and find that the void fractisn differonce batwe2n
tha twd curvas drawn Tor A = 1.0 and n @ 1.8 i3 about 3.3% in
ahsaluta or 1&8 rolative to the wveragne ssasured valuo of the void
fraczion in the subcsceled region. Scza of the rod bundle eperimants
performad in the Frigg lsep (Referenca 15) show 100R (relative)
scatter af the data. 1In goneral, thae scattar is 15 - 32X ralative 1o
the average void Praction. We believa = 30% scattar is a raascnania
estimaty of uncertainty. Therefor2, we increased the uncertaimty in
ACPR by a factor of 1.67 (30/18) which rasults in = 0.023 in the
unczrtair;ty value of ACPR/ICPR for the subcooled Beiling mcdel. We
astizatz the correspending minimm and maxinum Qa‘luns of “n* to be
0.8 and 2.0 respectivaiy. Ganeral Elastive 13 required to make
sansitivity studies t5 varify that thesa valuas eorrespond t& = 0.023

uncartainty in ACPR/ICPR. -

1I-18
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Appendix A of Volume 1 of tha repert. This derivaticn proceeds from
the timse-dapandant Torm of tha thras-disansional nzutran di¥fusion
squation fYor the fast Ylux as used by the General Elsctric thrse-
dizensienal rsactor sizulater (ReTerence 2) along with apprepriate
equations for da2layed nautrons. The thraa-dizensional time-dapengent
neutron Ylux {s reprasentad as a product of radial and 2tizal 2ime-
deperdant coxmponents. Weighting functiens are nmaxt introducad ta
make this factorization uniqua and to minimize errors in tha
preccadure in scme sansa. The weighting Tunctions are taksn,
aczording ta tha adiabatic approximaticn, as the soluticn ta a
stzady=state eigsnvalus prebdles %2 be solved at.varisus poiats in
time. In praetics, the weighting functions are calculatsd only at
tlea 2ure 7o as esny BYR opormting states as is nacesszary. This
prosoesure results in the Final forg usod for tha enoegrowp, &ng=
dimansienal, time~depandent squations along with defining aquaticns
for tha nuclaar parzagters that are usad., The derjvation also
inciudes discussion of the aversge axial pewer distributions, initial

nerpalization procadures, and bosundary conditions.

Section & of Volum I of the report disgussas the intagratisn of the
spatial and tima varizbles to chbtain thes discrets 7orm of the cne
group, onc-dimensicnal, time-dependent esquatiens. Tha procadures
used for this are straight fﬁfﬂﬂ?ﬂ.‘ Thiz saction also dizcusses the
radial waighting functicn and the treatment of the centrol stala,
Cross saction ralated parametsrs ara functions of axial core haight,
control stats, and ralative watar density. Thess paramsters are it

to quadratics in the relative water density.
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Qur revisw of the caleculation of mautranic input parametars is based
on the usa o7V MRC n\'zi-md and approved csdes and on comparisans of
three~dimensicnal and ODYH steady=statz nmeutronic analysas. The
anproved codss are (1) thae Lattice Physics Hodel (NEDE=20913-P,
“Laitica Physics Mathods," C. L. Martin, June 1378 and HEDQ-20229,
"Lattice Physics Metheds Varificatien," C. L. Hartin, Juna 1578) and
(2) the BWR Cora Simulater (HEDO-20933, "Thres~Dimensional B4R Cors
Simulator," J. A. Waclley, Hay 18768 and MEDO-20948, "EWR Simulator
Hatheds Verification,” G. R. Parkos, Hay 18768). The staady=-siate
caleculations ccapared the SWR Lore Simulatar'and QDYH result: for
zzram rpactivity and core sveraged axial power distributions, zmong
cther things, for 2 nueder of differaent r2astors and cperating

s%aiag.

Scae of tha uncsrtainty values used by General Elecsric in responsa
t2 eur Quassion 12 need to o ravized in our judgement. We belisve
that tha Depplar reactivity csefficient uncartainty should be
increased frem = 6 percemt to about = 10 percent. This incraase is
baszd ;:n the uncartainties inhersnt in the calculation of Uranium-238
rasonanca abscrpticn, the calculation o'lf the Dancs?f factor in the
complisx BWR latiica, tha caleulation of spatial waighting facters,
and the cosputation of effective fuel tesperatures. Tnis change in
the Deppler uncertainty will have very Tittle effest on the calew
Jatad ACPR/ICPR ratio. We estimats that this will ineraease the
unzzrtainty in ACPR/ICPR from 2 0.0015 to = 0.002. We beljsve that
tha scram peactivity uncsrtainty should be incrsasad frem = 4 percant

to abous = 10 percant. This increase is based on tha uncertainties
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Tha Yuel ana cladding conductivity and heat capacity ar2 assumed t0 be
tamperaturs dependant. A gzp thickness is specified bstwean tha fuel and
the cladding and an input gap conductance {: usad, Axial and tize
yvariations in ths gap cenductanse 23y b2 given, but 3 constant valus s
used 7or satety analyses. The axtarnal haat transtzr coedficient and
csolant tzzperature arz cbtainad frem the tharmalehydraulic porticn of the
¢sde. The haat ganeratien rate in the Tual pellist {s ebtained from the
axial pewer distribution which 15 dst=mminad by the neutroniss segaent cf
00YN. The radial heat distributicn in tha fusl red i3 assumed t2 be

indsperdant of axial position and independent of tims.

Geagral Electric dorivod the fual heat transfer asdel frea the general
Seat fleow woguation. The emuetien 15 expreszod with sxisyemetry and 2970
axial condusticn sssusod. The resulting, ens~disomsiomal, trensisnt hazt
concduszion oquation 3 solved by the Crank-iichelsen finite-diifarenca
tachnique. Tha salution is ssproximata, but the procadure is widaly
practicad and is we1l docusentad {n the open Titaraturs. Ganerzl Elsetric
nas limited its dascription of the fuzl heat transfar medel to tha

formulation ef this 7inal aguatien. -

The rosulting hea: conducticn squation is applied to 2 single red with 2
radially averaged hoat gansration rate. This rod is usad to reprasant all
o7 the fus) rods in the reactor eore. Becausa axial conduction is aszumed
t2 Be negligibles, the sjuation can be 3olved indepandantly- for each
dizesatz axial pesition in ¢the cera. The finite~dif?erance tachnigua also
roquires a radial nedalization of the Yuel rod. The nodes aay bs of

arbitrary siza. Ganeral Elastric has assumod that the fuel pellet is
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th ¢f these limiting zssuzplions were considarsd in cur review of the
gap econductanc: values usad by tha ODYN code., Y¥a have rav%awed
(Referance 21) the selaction of the axial and time variation of gap
conductanca ts detearmine whather the szlactzd values ars apprepriats fer
dif¥ersnt transientz. General £lactric stated that tha core avarags gap
cﬁndu:tanca valugs are calcuisted by GEZEAP-111 (RaTerencz 20) which is
approved by HRC. Tna calculatad conductanes is imput for all axial noaas

and is kapt csnstant during the transiasnt.

A zansitivity study was also performed 7or the zest limiting
pressurizaticn svent in which tha ACFR decreasas when axial varying gap
conduztanes i3 used. It was showm ﬁhaﬁlﬁﬂﬁt of tha high power axial nodas
rava #ighor than core avarage gup conduntange. Duriag ihe transiem:,
highoy gop goaductanse will Tsad o fasher host transtsr frem the Tu2l to
the =odaratar/coolant which genarates sore stoam voids., Tnis resulits in
lewar 3tored hest in the higher power necdes. In additicn, tha fastar
canversisn of fuel siared anergy to stzam voids im tha core helips t5
mitigata the transiant due o negative void reactivity feedback.
Tharefore, the transiant with a:ial.varying.gap gonductance is Jess severe

than that with esnstant gap conductancs.

puring limiting prassurization trans{;nts, t is mxpectad that tha fual
gap coaductanca will be higher than its iaitial staady—stats value due to
the increasa in the tharaal expansian of the Tuel pellet. As discussad
asove, higher gap ccnductance ladds to 3 1833 savare transipnﬁ. Gzneral
Electmic has not takan cradit for this fect, but has statad that the use

o7 constamt canduciance throughout tha sransient compensatas for uncere
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radially~dependent haat gensraticn rate is expacted in EWR fuels:. General
Electric has acxnewlaedged that the radial power distribution within the
Tual rod 13 not uniform, This {: bacausa the pluzenium build-up and
salf-shieiding o7 the fual results in 2 radial power shape paaked sharply
at the outside of the fu2l pellet. Heat transfer from the insids of he
pellat to the clacding cezurs by diffusion through the Tuel matarial.
Whan the powsr is peaka2q at the outside of tha pellat, the avarags
distanca from the ar2a of saximum heat gereration t2 the sdge of the
palilet is less. This results in a shortar time constant than in the
uniforn power production c2sa. A reducticn in the thermal time csnstant
results in fasisr asdback of haat flux ts ths ssdarator/szslant and
reduces the cansoquencses of tha ﬁrﬁsSUPizgticﬁ transient 1n ths size
Fonna® that higher gap sandustanse dess. Honea, a uaifora power dis-
pribireien aseesptien inzlde ths fuel paollat 1s comsorvativa froa the

gedaratar/cociant standpeint.

Althcugh the usa of a uniferm radial pin powar distribution and small gap
canduczancs valuas load to zonsarvative modarztar/coolant canditions,
thesa assumptions alse lzad te higher fual tazperaturas. The higher uel
tesseratures, in turn, 1ead to increased Doppler broadening in the fTue)
pin which {3 non-conservative for transient analysis. Tne O0DYN cade
assumas that al) fuel at tho same axial locatien in the corz has tha same
tesperaturs profils.  Analyses have shown that this approach may tend t3
undarestimats the Depplar reactivity offects because the fusl pins which
hsva the greatast m™asonane: capture ratas are near the bundla periphary
and cparada at higher avarage tasperaturz than that calculatad by the

cods. This sssuspiien i3 valid enly for fusl asse=blias with uniform
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conclude, therafora, that the COYM fuel heati transTer model is anpropriacs

¥of the safety analysis of thesa evants,

Summary of Cade Uncer<ainties

a.

Margin in ACPR Caleulations

In summary, tha 3ta{7 agress with scma of the csde uncertainties
calculated by Gansral Eleciris. Howsver, some of tha csdez uncertaiatias

arz low and thz sita? recommends higher valuss. A cooparisen of the

ccda uncartaintias and the correzponding bounding values as reccmmendad

by General Elactric and ths staff is pra2santed in Tzble I.

Gsraral Elsstvic glaims an qupectsd canservative bias of 0.02 (Tabdle 3-3,
Veluze II1) in the eszleuletisn of the valua of AGPR/ICPR cduz to the
mmazling of tha gap condudtanza.  Mowever, the sensitivity studiss
pertformed using different values of gap condustanca (Q-11, Volume II)

as =2l 23 the crzparison ¢f the Peach Bolttea teast data with tha QDYN
pracdictions do not indicate that such a conservatisa in ACPR calculaticns

exists., Cansaguamtily, we do not balieve that the predistions have a

consarvativa bias.

Our ravies shows that the 0DYM cade {5 2 best estimate code and there
is ne inharent consarvatisa {n predictions of ACPR/ICPR whan bast
93timate inmput values are used. Cansequently, we do not give credit

for this claisad ecanservatisa of Q.02.

Ganeral Elactric estimated the total écda uncertainty (Tabls 3-3,

Yoluma I11) using the mathed of 1imearizatien. This gathed can
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2stimate the output distribution only approximataly. The metheg alsa
#55uBzs the indepandance of the paramstars, The appropriatzness af
thz linsar mathed should be vwerifizd by responsa surfacz and Hente
Carlo analysas. Hewever, as will bs shown subsequently, the rasules
ot the statistical analyses parformaed in Yolume II1 are not aczaptadls,
Hew ztatistical analysas, 1f parforsad by Ganeral Elactric, should bz
basad on ccda uncertaintises tassd on czmarison of csde pradicticns
with tha tasT data. Consequently, wa usa tha value of tat3l coae
unczrzainty caleulatad from medsl sansitivity studies and mathed of
Tinearizatien in detaraining thz margin of ACPR/ICPR in Option A (%o
be srasanted in Staff Positicn) whare statistical analysis is not
required. Tha total ezda uncartainty in Tablg 3.3 of Valume 111 a3
pae Beonerel Elestric 95  0.031. Based on our review we incresss

thiis walue to 2 0.044.

Margin in Pressure Lalculations

Ganaral Elsciric has not parforzad znalyses to destarmina the uncazriainties
in the calculation of prassure. MHence, it will be necessary Vor

General Electric to parforsz thesa caleculations using sta?f racosmended
valuas of the parasctars 1i{sted in Table I for the Main Stram Isolation
Valve closure event. Wa balieve that thers is sufficient consservatism
in the ASME vessal cverprassure limit to permit General Elsciric o

usa pprexinats linsar methods to datarmine the uncertainty in the
eusput. This uncartainty (2g) should be added to tha ODYH calculatsd
pressure. 17 Genaral Electiric desonsirates that this uncertainty is
vary small (2.g., by a facter of 10 or Eere) relative to the uncartainty
in detarmining ASME vessza2) overprassure liamit, na addfticn of uncarzainty
ts the calculations of pressure i3 nesded.
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Tha EWR Corz Simulater caleulatien of the criticality of first cyele and
relcad EWRs results in a small bias which is taken ints aczount for
reactivity datearminations of cnid, xanen=frze and hot cperating condi-
tions. The standard deviation of thesz eriticality czlculations is apeut

0.062 in units of reactivity.

Tha gquantitizs 12 be cotpared ara the car2 avaraged zxial power shape, the
scram reactivity, and tha void reactivity csefficiant. Thesa nauironic
paramatars were salectad 7er comparisen because c¢f their imQO?%ancs in tha
turdina trip without bypass licansing basis transient. In addition, 1t is
the space timz eviluztion of thass guantitiss that. distinguishas tha 0DYH
caleuiation Tres a poir kinsties avaiuation of pressurizatien typs

transinnis.

Tha czparison o7 tha core aver;gad axiz) power distribution, as compuied
by tha BWR Core Siaulator and ODYM, i3 given by the responsa by GE to cur
Qussticn 38. This rosponse statss that the caliapsing scheme esployed in
the generztion of nuzisar parapeters ensures that ths steacdhy~state core
averagad axial power disffibuti:n and criticality cemputad by 0DYM are
identical t5 the EWR Core Sizulateor rasults. The respense alsz indicatas
that, for a number af planta and oparating statas, The ODYN cors averzgaed
axial powar distribution agreed to within 0.5 psreant of tha results

obtained with ihe thrpceodimonsional BWR Cors Simulater.

The scram reactivity was compared for threa EWRed reactor cperating
s2atas. Tho initial szcram rz2s (ISR), deTined a3 the soranm raactivity

insartion rate during the first sscond frem tho tiee scram is initiatad,
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Qur raview of the comparison of st2ady-itata 8WRs caleculated using ths
cng=dimansional QOYM cada with comparable calculations using tha thrae-
dimensional BWR Core Simulatar csda has bean pertormed (1) by reviewing GE
results Jor the scraz reactivity 2nd void raactivity eseffisients znd

(2) by reviewing the GZ respons2 to our raguest for additional infeormation

en stazdy-staiz coopariscns batween the two codes.

We cancluda, basad on cur review, that steady~stats OOYM code caleulaticn
c¢f core avar.ag&d azial power distributions, seram reactivity, and vsid
raactivity coa?ficients ars aithar ir~geced agraemant with or conszrva-
tively caleulatad with respeci ts commarabls sta.aarst.ate reaults obtainad

with the BYWR Care Sinulater coda.

Savoral cemparisons of tha 00YN thersmal hydraulie modal ts standard GE
dasign m2dels were perforsed. Tha standard GE design meodal was subeittad
in Refsrenca 1 and was appreved by MRC ia Referznca 4. Both staagy stats

and transient conditions wore analyzed.

The steady stats analysis first cozpared the thermal hydraulic charaster
jeties (veid fraction vs. axial iocatien) of twn typical BWR fual channels
(high and 1ow powar channel). Tha results of this comparissn show good
agreerant betwesn tha Zodsls. This was axpectad sincz both models are
vgFy sisilar. The mx"lm vsid fraction variatisn betwean thesa zodals
was approximataly 32X for the high power channal and abeut 17% for the

160 pewar channal. Thesa varistions ara for the axial lezatiens whare

tha void reactivity change is axpoched to be =o3t significanmt fer
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Qualification Uszing Intsaral Tesis

In tha past several years Gensral flectric has underzsksn a tast progran

to veri?y the anslytical methods Yor reastsr pressurization transi

"

n&

ot
m
[l

Tne tasts of major interest far the current discussicn ¢onsist of fou

-3

turdina trip experisents. Three of these tasts wera performed at Peach
Boticm Unit 2 (PB-2) in April1 1877 and the remaining test was performed st
a forzign reactor (¥XM) in June 1577. lhesa tasts pravida tha eqeri-
mantal dzta base Yor verivicatien of the 00YH coda. The tast results will
be surmarized in this sactisn. A datailed description of the PE-2 tast is

presantad in Refarence 22.

General Elestrie stated that ODYH has been davgloped frzm first principlas
and indzpondent of these results.  The stedf motas ¢hat in thoe OOYH cods
the only areitisial 742 is the ntvtron effictive void correlaticn. Tha
cemparizons with integral plant tasts provide an independent chesk of the .
0DYH code. The avaluaticn concentratas on the ditferances batwoen tast
rasults and corresponding ODYNM predicticns. The paramsters which are
conziderzd in these comparisons are sizaniine pressure, rEacior vassel
dems pressure, core exit ﬁressure, and transiant neutTon 71ux distri-
bution. These paramzters ara ¢f primary izpertance in simulaticn of the
pmssuri_zatian transiems. An accurata, ODYN simulation of these param-
etars would provide scme verification of the assusptions for tha transient

rodals.

2. Psach Bottom Tests

The inputs usad fer this cceparison were bast estimata or measurad
valuas Tor the current (Apr'ﬁ 1877) Peach Bottom Unit 2 EJC2 condi=
tione. The thrze Paach Bottza Unit 2 (Pﬁ;z) tasts ware conducted at
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A zzsmariscn oV tha total ¢core powsr z: 2 funciion of time provioa:s
an intagral test of the important reactivity 72adback dus to scraa
and medaratar donsity changas. This camparison would also be
indicative of the adaguacy of the csra pressurs and inlet Tlow
caleulazijons. The comparison thows that 0DYM pradicts the initial
and fall=c?? part of ths turbina trip transients corractly But
cv@raéadi:ts the peak tatal core powsr rosponsa Tar all shres tssts,
It should ba nztad that tha caiculatad consaquencas of tha turbina
trip tasts ars sanzitive to scram delsy time and the power fraciion
for prompt modarator haating. I should also bz notad that small
chengss in rsacior cperating stata conditiens such &3, for exaapls,
cors prassure, causae rolatively largae changes in tho flux trengiasnt

becausa of tho 1arge nst reactivity of the ¢ransionts.

The reoctivity csaponents displayed for thesa 00YN calculations s.;:cw
that when scram ocours the power burst is quickly quenched. This iz
due t5 the cantrd]l rad diztribution and fraction for eaeh test. The
Depplar reactivity cozpenent plays only 2 secardary role. The'
razctivity cczponents again dessnstrata the nesasaity for their

aczurate assesszent in any calculations of thase type of transiants.

A further indication of thae adsquacy of the ODYN caleulation can be
ascertainad by coomaring the core power 23 2 functien of time at the
Loeal Pewar Range Meaitsr (LPRM) datectar pesitions. The minfaturs
7ission datsztors that cceprise this LPRKM systes ars distributad bath
radially and axially within tho reacter core. Analysis of the

PE-2 data shows that tha radial wariatien of the noutroa power with
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avidancz of this hypothesis, Gensral £lactric showad that the stzam
1ins prassure calculation Por the XXM tzst, whigh had a fimer spatial
aash, was quita accuraza. Ganeral Elactric has alss pointad cut that
the st2amline pra2asurs Paspons? shapge is not as impertant t2 tha
transiant bahavior as is tha intagratad valus of tha stzamline

pm2s33ure raesponsa.

Wa do nat agres snatiraly with Genaral Electris. In amswer ts Q=18 in
Yolums I, Ganeral Elaseric parfermsd a sanzitivity study showing tha -
afvact o7 nodalization (diffarent mosh si22z) and cosparing the
rosults with tho analytieal esdal which uses mathod of characier-
isties. Tha differanca in amplitudas in this czeparisen i3 on the
grdes of UE wiitls tha dl{7erenze {n 2oplitudes 1o Psach Battan tests

s 0DVE

wor

pregicedens is 243, In cagliedesn, oxpostad g fTorancse have

&

cpposita trends. The accurscy claimed by Gansral Electric 1n tha XXM
=35% <an be dus to the adjustment of tha valve cpening time. This
adjustment was zads by General Electric to obtain a batier azgresaent
with the sezsured pressuro data. It appsars that tha stazamline model
does not pradict the a=plitudas of cscillaticns accurataly. Tnis i3
2130 substamiated by the starf audit calculatiens. Howaver, wa
agree with -General Electric that the intagrated stzamline pressure
responss is zore important in destsrmining the itransient behavior than
tha azplituds of individual cscillations cccurring at these
fregquoncies. The Psach Bottoa tasts indicata that the dese pressures
do not oscillats and this 1s ths prassurs to which the razctor fis
subjestad. Comparison of he dess prassures indicats that the

deme prasaure caleculations parforsed by the CDYM cede ara cznsarvative



Garneral Elaeztric has . conciuded that tha :t2azline dome and vassel
tharmal hydraulic zodals simulata the cverall cors prassurs Pise
rathasr wall in all thres axperimonts. This lands confidanca to the
ecca prediciions thraugh tha full range of pewer lavals., Measure-
wents indicatz some escillaticns in corz 2xit pressure. Thasa
cscillations have bdan atiributsd to instrument lina sffects by
Gensra]l Eleciria. Thiz 1s corraderytad by the lask of aszaeiatad

g32illations in neuzran Tiux m33suresants.

The neutron Tlux predictions by tha ODYH cads warz censarvative
ralztive to data., Wa estimats thal the peak neuiran flux iz highar
by 34 ts 25% thzan the data and tha integeral of tha nuclear pewor
(which 13 a saansure o7 the a=ount of ensrgy asnsratsd) is also higher
by zparaxinatsly 185 to 42X then tho data. Honea, the nzutren fluxes

wzra predicead esnsarvatively in all threz tests.

Az 3 final stap, Ganeral Blectric has prasanmted & cziculation of
ACPR/ICPR Tor tast snd model. Weo raviewed the caleulational
precadure and consider it appreopriate. The rasulls show that the
ACFR/ICPR fTor OOYM pradictad trgnsiant conditions i3 within 0.01 et
the valuss which would be pradicted freo test conditions; t.a2., tha
ACPR/ICPR valuas calcuiated using the ssasurad flew frea jat pump &9
Boasyresents, the maasured prassurs and tho mozsured power during the
sests, Tha ODYM transient caaditions predicied twe gut of thras
Aﬁ?a/IC?ﬁ values consarvativaly. The differences are botwsan =3.1%
ard §.8% ralativs t3 values calculated using the data (ainus means

ceneonservativa). The diffarences in these three test rasults in
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Thay can only be regardad as bast asiimats or zcsurats pradiceicns.
Hance, basad cn tha Feach Botise tasis wi do not give any credit for
tha conzarvatisa in the medals usad in the 00YM coge. The czaa will
ba regardsd 23 b33t sstimats for ACPR calculations and any discrepancy
Batwean tha ta2st rasuits and the cods will be treatad as an

uncertainty or an srror.  Furthar tasts —ould e nesded ts roduce

these uncarizintias.

{XH Test Cozmzarison

A briaf swzmary of the tast canditions is contained in Yoluma II.
¥KM plant has an unuzuzl canfigura‘:ian,‘ in thaz, it has twe turbinas
and two cats of 2tsenlings with 4 rohcater 1ipe in cach stzanmline.
1t prasamis 2one special Evdsl eonsidorsticnms for OOVM simulation. A&

spacinl vorsion of OOVH wns dovoleped 2 simulats this caatigurstisn.

Also unigque 25 this tast cceparison as opposed to the PE-2 comparison
i3 the m=2doling of turbine stop valva and bypass valve actuations.
doeasured turbine 3top valve and bypass valve pcsitio;as betwaen
initial and and &7 actuation ware not available for this transient.
The stzp valve behavior ':an ba rezsonably estimatad from the opening
ts glesing tima. Howaver, the transient responss is quita sensitive
ts tho bypass valve behavier. The bypass valve cpening speed of the
0DYN =odel was'adjuswd until the calsulatad transiant turbine inlst
prassura agresd with sossuresent. This adjustment was made for only
the iadftial bypaﬁs valve ¢pening spesd and, thereafiar bypass valve
position was coatroilled based on the plant coatrol paramezzrs. The

remaindsr o7 the tast modeling 15 similar to that ef the FE-2 tost

11-23

ledx



war2 813g atrributed to tha fastrusent line disturpancas sinee no

eseillations ware cbsarved in neutran Flux.

The c2lculatad prassura r23ponsas pass Inrsugh the azta up te

1.8 szconcs o?f the transiont time. Avter 1.8 saconds the calculatad
prassure ara highzr than thosa moasured. Tha calculatzd core axit
preassurs had a 30 millisecond dalay behind tha data. This was
atiributad ts the medaling o stsam saparatsr fnartia. YWe agres
with Ganaral £lazirie that the ovarall zhape of the core axit
pressura mesponga 15 duplicatad =211 by the OOYM czds. The agresmant
betwman the salculztsd and saasx'xrs-d praszured in the do=a and the
stcaniing 1s 2lzo rozgonably gued. There 13 no censervatisa in

calzuladion oF srotsures up o 1.8 scoand of trumsient tima.

The moasuresant of neutran fiux indicates a double pa2ak behavicr.

This deudis ﬁaak was attz;‘lbmd 25 an oseillaticn in eore preszura
which =as thought o bo snhancad by KKM bymas: charactaristic:. Tha
ODYN czda overpradicted the faitial neutronm flux peak by azpproximately
£3% and undorzraediciad the socond pazk. We astimatsd that the
integral of the calculatad nuclear powdr was higher by appreximataly
203 than :dm data. Figures 7 and & prasant the czmparisons of
saasured and caleulatad axial neutrsa and prompt neutron fluxes

respectively.

The calculated value of ACPR/ICPR was abeut 9.1% conservativa
ralative to the valua ealculatad using msasured quantities (see

Taslis I1).
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space-time analysis of eore nautrenies and tharmal hydraulics with

fasdback 1n two dimensicns (refaranca 21).

The BHL=-TWIGL code has 2 nu=bar of advantages over tha ODYN csda.

Thz calculatien can be parvormsd with tws nautron enargy groups in
tvc~dipansional (r,z) eylindrical gecastry. It has tha capability of
allewing for Tive radial 2g7ram zonas. Any izportant radial effecss
will, therafora, ba calculatad by BNL-TWIGL. The BNL-TWIGL c¢zde &lse
has two disadvantagas relative t= ths ODYN coda. Thasa disadvantages
arz: (1) the lack o7 a bg"pnss Tlow chanm"l, and (2) the indapendanca
of tie Deppler raactivity with veid fractien. Woighing these
advartagas and disadvanzages of BHL-TWISL rolativa to the ODYM code,
it 13 ecur Judgmont that they wiil mst agvarssaly affect the eesmarison
af thd t=s gedaes Tor the turbing telp terunslomt discussod nevein,

Trha calculational aethod was davelesed using the Psach Botisa tasss
32 2 bench mari. Assiming the esasursd power histary (power vs.
zime) in tho corme as imput, RELAP3E calculatas the systom therzmal-
hydraulic parasetars and provides the BNL-TWIGL code with the time
dependent cors inist Eoundar:y corditions, i.e., prassura, {lew and
tazmarature variatiens with ¢ime. ﬁan. the BHL-TWIGL cade performs
tha spacr-tize analysis o7 the cors neautronics and thermal-hydraulics.
Tna ealeulated posar histery s than coopared with the mazsured pewer
wiich was input ts the RELAPIE cndu; If the differences are large
tha ealculated power history is used in tha RELAP3E cade and the
caleulations arz ropanted uatil tHe powar histary caleulated by ihs

BML-TWIBL c2ds 13 in gsod agrz=sant with the power history imput to

1135
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At a2 meeting en July 14, 13972 atzencad By GZ and our sonsulsants frem
BML, 2 turdine tPip withoul bwpass trznsisnt (TT0B) was Zatiaed for

czleulzziean by O with the COYH =z2d2 and oy SHL with

4

the E2NL-TWIGL/
RELAS~3B codes. This TT#O0B transient was for PE-2 at and-c?-cycla 2
wizh the raacter at an all reds out condition and with a Haling cors
powar distmidution. Tha rasctisr t7ip was assumed Tt occzur froa the
primary t=ip signal for this zramsiamz, i.e., the position of na

suraine 3:3p er camerel valve., ATl cf the systa:m input paradetars

ware c¢iscussad and valuas wagre aszignsd. Tha resctor was azsumsd o

b2 cparating at a 104.5 parcant of 7ull rated poear and at 100 perzsnz

of ratad care Tieow.

The initial caleuiatisns by GS amd 8L differsd csasidsrably. The
pensl Bove pfud &8 a Yunstion 6 tiss enleuleved by EBHL vag uhsut 80
perasnt greatar in energy cubput 2lthough tha initial risa and
?allo?¥ of the powar was acout tho sapnz. Thae BNL ealculatisn
predicsed 2 peak power of cvar 7 tizes tha initial core power at
about 0.9 soesnds. The GE ealeulatien rasultad in 2 paak power cof

about 3 2imas the initial came powar at about 1.0 sacana.

A GE evaluaticn of 122 caleulazien rasulted in ?inding two
significant errors that led to 3 now GE calculation. One of the
ePPars was the ssamline lengzh. It had criginally been input u
480 722t wheraas the valua shsuld have baeon 400 fzat., GE alse found
that one of its procaszing codes had improperly acssuntad for the
Ocepler raactivity fezdback variation with veid frazticn. This new

22 ealeulation rasultad in 2 sare 3svers transient than the eariiar
11-37
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Tne Q0TH=SCAT prediczien of the three Psach 3nttam transian? 22sts and ons
KYH transient test desonstratzd 2 20 unes==ainty ¢f spproximataly 37% o7
ACPR/ICPR at 2 95X cznfidanca level. Wa have catsr@ined this using ¢°
distribution. Mo 2redit was given Yor zeasurament ers=oPs. This resules
in a 2z 2CPR/ICPR uncarzainty of 0.088 fer 2 fransiznt which &zgrades e
CPR ¥r=a an ipitial valus of 1.20 =2 ths limit of 1.08. Sinc: thess teszs
reprasent 2 very limitsd data basz, it is 1iksly that the 2o uncsrzainty
22n be reduczd signivicanmtly by the zcquisition of acditicnal test data
far ceaparison ts cade predictions. Heng2, = recommend that additianal
integral plant tasts bz perdormed to quality the cade wiih 2 higher

canTidanca.
EVALLATION OF THE MABGIN

The ODYN statistical analysis was performed By Ganeral Siesiric at ocur requess
in order io provida a quantitive dasis for detarmining {¥ the ODYN licansing
basis contains an 2cssptable Jewa]l of consarvatizm. Two quan'niitias wRrR
calculatad in this analysis: the prebability of the sxpactiad ACPR excweding
the licensing basis ACPR; and the probability of excasding the thermal-
mydraulic design basis (i.e., probability of excaeding 0.1% of Fuel in 32iling

Transizion).

Tha ODYM Code is intanded ta be uszd %2 calculats the change in Critiez] Pzwer
Ratio (CPR) during rapid pressurization tranaients such zs the loss of load and
{eedwater camirellar fajlure transisnts. This informetion is used in czm
dination with the General Electric Thermal Analysis Basis (GETAB) C?R safety
lizit t3 estadlish the cperazing lipit CPR. GETAB is a statistical analysis
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sedifications o2 Technical Spacifications to demonsirata <hat e soFam
enaracteristics indaed baleong to the sama pepulaticn er can be represantsc by
the sams distridution. General Electric should alse aszsass the {=pace of 2ne

uza of bast estimata dissributions en previaing 2hiz assuranca.

Tha transia2nt rosponse ts Papid cvardrassure events is dapandant cn he cara
avarage azial power distribution and axial axpesura distrizusicn sinca thazs
strongly inTluenc2 both tha veid and cantral red reactivity raschazk. Ganaral
£lacaric has cdafinad Exposurn Inaex 23 i measure of the axial expesurs distrie
sutien. Exposura Index indiczazas the extant ts wnicn an acmual axial axpesure
distribution differs from the ideal, design axial exposurs distribution (Haling
c¢iseribution). ODYH Tleensing caleculatisns usa the Haling distribution as
irpuk. Gareral Elestdic pregosed 9 ohro tha consarvatism assogisted with éhis
somanticn By establisiing whan thy sedal orsesurs distribulions agtually
gncountased during oparaiian ars esrp favorable than the Haling distrisutiea.
This conzarvatisa was guamtiTtied as part of the overall OBYMN statistical
enalysis by'including Exmogurs Indax as ong of the impwt veriables in the

FRSpCAsSe suTYRea.

Ta eszaplish a basis for tha expecsad distribution of Exposura Indices, Ganeral
Slecsric sresented data fre® 11 operating raactsrs at end of sycla canditicns
ane 15 data points for 5 ¢perating razcters at mid=cyels canditions. In
respensa to a ragquast faor additional daza on cbserved Exposura Ingax, General
Slezeric previded 8 additional data points. Because of the limited nunoer of
data poinss and the large scatiar in the data w2 wers led t2 quesiien the
assusption that tha'dats was ﬁsfma11y digeributzd. Tha individual data psints

cbtaineg from Gsnsral Elsctric ware subjected to ths ¥-test for normality by
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In ssnclusion, we recssmend that Ganaral Zlesiric renervors tha statistiea)
analysis 2c damonszrats the appropriataness of tha margin % thae GZTAR liadit.
Ta{s statistical analysis snould net taks ersdit for consarvatisa in e Haling
sewor digtmidution. I may taka credit Vor distributien in scras 3pesds ¥
General £lacimiec desonstrates that the distributicn uzea in the analysis is
ipplicanlia ta tna plant specitic casa. The anmalysis should alza pe parformad
using the coca uncar2aintiss as revisad Dy the sitavy (= 0.088 ACPR/IZFR) wnien
was tazed on na plant t23t cata. General Zlsceric may wish 2 convoiuta
aaziticnal varianles in the stazistizal analysis iF¥ aszsurancs for csnsarvatisa

fer aach specitic acplicatian 15 previced.

iI-a1
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III. STAFF POSITION

Wa statad our position en the ODYN ccaz and its spplication in Referenca 35, The

following is 2 statmeat a¥ that position.

I. ACPR Caleulations

Tha znalysis Tor ACPR must be parformad in acsardance with a‘ither apprecach A or

apprsach 2.

ACPR Caleulations with Harain Penalty

This approseh is cosprited of tha thras shad caleuladien which follexs:

Perfors ACPR caleculatisns using the O0YH and the isproved SCAT
(Referancas 38) codas for the transismts in Table 111 and using the
input paraoetars jn the eanner propessd in pages 3=1 through 3=4 of

NEDE-24184~-P. The sensitiva inputl paramatesrs a2re listad in Table IV.

Cetarnine ICPR (operating initial ecritical pewar ratic) by adding
ACPR caleulated in step 1 above %2 the GETAB safety limit. Caleulata
ACPR/ICPR.

Dateraine tha new vaiua of ICPR by adding 0.044 is the valua of
ACPR/ICPR ealeulated in stap 2 above. Apply this margin to Chapter 15
analysia of the FSARsS submitied for OLS, and CPs and to reloads.



m

statistical Apvroach for Reducticon of Marzin P2nalty

Ganeral Elacimic assassad the prebability of the ACFR during a Timiting
tranziant axcaeding the ACPR caleulaiad for the proposed licansing basis
transiams (NEDE=22134-F raspenss 0 guastien 3). Ths Gangral Electric stugy
demcnstTatad that this protasility, baszd cn cperating data over savaral
fual cyelas 7rza a grouwp of plants, s very lew. The k2y parametars in

the ztudy are scram speed, Dower laval, power distribusion, and 2n 2stimata
¢t 0DYN unearisinties. The prepesad approazh utilizes ths consarvatiss
innerent in the ztatistical deviatisn ¢f the actual cperating conditions
fron the 1imiting conditions assused for tha ?irst thres parasciers in
Tiecarsing bosis ealzulations to compensata For potantial nom=cansasvaiisms

7ren thz 0DYM unzarainties.

Tha szaff has corzluded that tho uss of and-cf-cycle powar distributions
Jren ayiti=cyslas for ssvaral reRstars to ebtain cradit for margin
consorvatiszs ralative to Haling pewer distridution is not appropriats.
Thare i3 no assurancs that the snd-cf-cycle power diztributien cansarvatiams
cotained frem operating roactor histery ars represantative of the end-of-
cycle conditisns.which will exist for the specific cora. %a have alse
cancluded that scram spaed data used {n the GE statisiical assasszent must
be proved appiicadle to specific Ticensa and reload applicazions. 1In
ordar & teka cradit for eonsarvatisa in the ssram speed performance Tor
ralcads, it pust be deronstrated that thare {s insufficient reason to
roject the plant-specific sersm spesd 33 being within tha distributien

azsuged in the staziztical analysis. Fer CP ang OL, the scgran spead

A
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value of ACPR/ICPR unczriainzy at a 95X cz2nfidance laval when sueh a

rzducticn can bs justified by additionzl transient test data.

In simmmary, the st3f{ has concludsed that the statistizal approach to
compensaty for potential nomeconvarsatisas freo tha ODYN uncsrtainties is

acsaptable with tha 7ollowing limitations.
1. Powar diztribution conss=vatisms should be exzludad.

2. Scraa spaed capsarvatisas must be demonstratad to ba applizabla to

plamt specific casas.

3. Czlculstions should be parformed using a code uncartainty va]ﬁa which
i3 372 o7 tha ALPR/ILPR Yor 2 1iﬁit§n§ transiens o zecount Tor opde
uacartaisties, ineluding uakaoen comdributors (e.g., cods errers),
based on tho approved transient tast data base. This rasults in a
wvalug ef £ 0.068 in ACPR/ICPR uncartainty for a transient extending

over a CPR rangs of 1.30 ts 1.0&.
4, . The transient tost data base must be exzandad and submitied for staff
review to justify any reducticn in the value of ODYN Code uncartainty

(22 value of ACPR/ICPR at a 95X contidancs lavael).

5. A new ga2tistical analysis conforming with thess limitstions must ba

previded.
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[1. PRESSURE CALCULATIOMS

Caleuiztions should ba parformad for the Hain Sta2am Isolation Yalue clozurs
avant with position switeh scram failure using tha valuss listad in Table I* as
par staf? evaluaticn to arrive at the cverall cada uncartainty in pressurs
calculatien. Add this uncariainty to the ODYN calculatsd prassurez for this
svant in OL, CP and relcad sppiicstions. 1f Gensral Elaciric can desonstrata
that this unczrtainty is vary 3aall (e.g., by a factor of 10 or more) relative
to tha bias in detzraining ASME Vessal Qvazrpressure limit, no additien of

uncertainty to the c3lculations of pressure i3 neaeded.

L=

awe nots that thars §s an errer in Enclosurs 2 of Referance 35. The bounding values
of the crift flux parzzetars should havs been in conioraanca with Table 1 as per
staff avaluation. .
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TABLE IV
INPUT PARAMETZRS SEMSITIVE FOR THE AHALYSES

CRD scraa speed - at taheniczl spezification 1imit.

Scram sstpoints - at tachnical spacification limits,
Protacticn-systen logic dslays - at zgquipment specification limits.
Reliaf valva capacities - zminimum spagified.

Reliaf valva satpoints and responze - 211 valves at zpeciiied upper limits of
s3tpoints and slewest specifiad respense.

Prezsurs drep froe vezze] o relief valves = maximum value.

Steazlina and vessal gecwetry - plant-unique values.

initial pewer znd steam flow = maximum plant czpability.

Initial pressure zad esrs flow = dasign uaiuéﬁ at vexiews plant ezpability.
Core exposure/power distribution = eonsistent with Haling moda of eperation.

Froduater conaditions < natinee tegaraturs (seximm spie sverene void cenitant).
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ne transients iisted in Table III are short tsrm licensing transients.
If the coda s intanded to be usad for long tara transzients orF different
typas of overprassurization transients such as ATWS, appropriate

mediTications should b2 mada,
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