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lRAC POSTTEST CALC’:LATIOfdS OF SEMJ.SCALE l%ST S-06-31

by

John R. Ireland and Pau! B. BIeiweis2

finergy Division
Los Alamos Scientific Laboratory

University of Califc.rnia

LOS A!amos, New Mexico 87545

AKSTEACT

A coqariaon of Tran#ient Reactor Aualvsis Code

(TIMC) steady-state and transient results with Sem]-
rncale Test S-06-03 (U.S. Standard Proklerr E) experi-
● ental dati im discvsced. Alrr ~C model used

●mploys fewer mesh cells than normal data c~mparison
models ●o that TRAC’C ●bility to obtain reasonable

rtsults with leas computer time can be aosesced. In
general, the TRAC results ● re in good ●greement with

the dsta and the major phermmrna found in the experi-
ment ● re reproduced bv the code w]th ● substantial
reductioo in computing turms.

INTRODUCTION

TllAC (1) is ● computer code, developed by the

Los Alamos Scientifl( Lahoratorv, vhxch ta capablr of
simulating trans~ents in both exprrimcnts a:id full-
scale pressurized water reactors (PWbl. Inltlal

code ver610ns were dvslgrrrd to calculatv large-break

(/002, double-ended rupturrs) lo~s-t~f -coolant accl-
dmtc (LCtCAE) in varlm~ @v$t@ms. Brcau,. t fht c Ollt

●mployc ● thrre-dimrnsl onal glwmotrlc rrpr. fien tat ion

in the preomure vrsr. ~1 ●nd ● one-d ]mrnq. ona] KIrm; la-
tlon of the bJlanc _ of tbr primary svfi:rm, m St TKA~

syttem calculat]cms contain ● largr n~mhrr of fluld
mesh cells (e, g, 7(W t(~8Cfl crlle fcrr a tvp]cal flnv

nod~ Pkfii calrulat] on’, Runrr)np t)m, n for suclt calcu-

lations can br quite long, pnrtlc~,l:ttly If there kt~

manv three-dlmeni, onsl CFIIS. TiT aan?n, TRA ‘F afrll -

ity to produi r r~as~n~hl? r{ R!!I!J with a ?iduct ton in
menh celln (and runnln~ t)mr), •[?ad~-ktat.. ●nd tran-
#l~nt TWC calculat)rms of Srm~acalr Tot+t <-?b-l ([’,s

Staudard Prohlr’m 8) wcrr prrfnrmrd wi!t ● m[,drl c(M-
taining fpwrr TRAC c* IIs that ● re nnrmnl]y tls~d f[~r
Calculatlorrb of ttll~ tqr,

T@st S-06-1 JR ● par”){-,,lltlv R, MM! ~c.f to model
for thtm study hrcallsr it wac b full ?lk~t brook I(IA
rurmin~ f rom blowc![wn throu~t} r f 1(1(>(! ThIJ s , a!: ,J!

thr Iq, t,rtant phenitm,, rw ●n( <n)tr.rt<! cJ,, t Ing ● tvpi, al

PW 1.(X.A ● ro pr!. $r, t In thin .%mls,nlr trnt

TRAL’ MODEL 1)}” TI{l SMISl,A1.} S) STPI

FIp Ire 1 ohnwn t TRA(’ rnch~matic (]! !Il,. Sr.rn~n, alr
ovntem, dlt,li wah m,,drlmd hv If 7RA[ c{,rq,,>tlrl,t~ ●n,!
If i{lfrttono, The v~smel nodtn~ it •h~] )n FIg J

●nd ttw ●xtal pow? dictrlb~}[)[w! 10 mh(ti! )n FIK ?,
l%re~ axlul con levtla W*rr ua.,t t, mil,l thr ●xihl
p{we) shape BWWmP twj atirmithal sr~rnt~ ●n,! ,*IIP
radial rlnfl wel* u9A in tt~ (i,t,, tv~),,t), tw(, ●vrraae

itntir)t>n, In{ ,

l<~$lt., N.. W Hr. xl, <l
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Fig. 8. Intact loop pump inlet density. Fig. 9. Intact loop cold-leg density.

TABLE I

COMPARISON ‘r CALCULATED AND MEASUBED INITIAL COND1:IONS

Parameter——

initial pcwcr (7~}Z of full pov,r~

rump speed (- constant)
Power decay

Ifigh-power-rod linear power
Low-powor-rorl linear pm(r
Intact cold-leg flrmi rate

Core volumetric fl~lw rste
[Ipp,., plenum pr+,~stlrr

Inlet fluid ceqerature to v[,R*oI

Outl@t fluit teqreraturr from \IrTssisl
Steam -gen~r8frrr or.cnncfnry-si~~> sv{,rafir fluld teoq, rra’ ,!rr

Steam -gr-nrrator nec(lnd~ry-aid{ mvrr,l}!l, prf,s~ur~~

St~am-Rcnerator ●econdtry-alrk flmi r{lte
High-power-tool clacfdinp, te~rrnt(]rr a! mid,or(

Low-pow-r-rod claddinR trrrq,rature ●t midcotr

flC.t’ water twrrqlrrsturt

Calculate!.—.

1.

2.
3.
4.

5.
6.
7.
8.

9.
10.

11.
12.
13,

16.
15.

16.

TA1:. ! :1

TAfil.K Of rVt~rS

1.

2

3.
4
5,

6.
7.

e
9,

10.

11
12.
11,

3



calculated iwtact loop cold-leg density begins to
chm come oscillation after 20 s. l%eae oscllla-

.
GX- are condensation induced and occur tarlier in
the calculation than in the experiment (these oscil-
lations are obaezwed later in the experiment). The
oacillatiau occur in the code because the ECC system

is modeled in TRAC with a short pipe connected to a

flow boundary condition, whereaa in the actual nyntem,
● complicated piping oetwork connects the ●ccumulator,
LPIS, and RPIS to the intact cold leg, which in effect
creates ● time delay before the ECC water reaches the
cold leg, In the TRAC calculation, however, this
tba delay ix mot ●ccounted for, thus the ECC reaches
the cold leg inetantanecmsly. Figure 10 shows a com-
periaar of the calculated ●nd measured flow in the
intact cold leg. Note that even though the intact

cold-leg density calculatiim chows some oscillations
(Fig. 9), the calculated flew is in excellent agree-
ment with the experimental data (Fig. 10).

$mparisons of the Freaaurizer pressure and

broken hot-leg preaaure ● re ●howo in Fige. 11 and
12. Calculated values for those variablea are gener-
●lly in gocd agreement with the reported data. The
underpredictim of the pressure can be ●xplained by
Fig, 13, +ich ●huws the preaaure drop acroas the

●imulated pump in the broken hot leg, Moat of the

preaaure drop in the cyotem occurs in this component.
It is seen that the calculated pressure drop is ●ome-

fiat lower than the dau for the firot 30 s of the
tranaient. This can be attributer to the uncertainty

in the leas coefficient reported (7) for the pump

●i~lator orifice, The value used for the TR.iC calcu-

lation was ttm Icx ●nd resulted in a pressure drop

that was ttm IW durin~ the single-phase liquid and
early tuo-phaae flow perichls. This result couplrd
with the coarae noding in the core may explain why

the ‘f’RAC calculation blowrn down ●t ● faatrr rate than
the ●xperiment.

The calculated and ●xperimental break flwh arr-
●hewn in ?iga. 14 ●nd 15, It io seen that the calcu-
lated hot-leg break flow ia in reaeonablc a~rorm,.nt

with the ●xperimartal data, whereas the calc{jlat~d

cold-leg break flow underpredicts the oubcmled por-

ticm of the blowdown. T,~ia in caused by boiling in
the nozzle, *ich d~rms~a the flow,

Comparison for thr low-p~cr ●nd higll-pwrr r,,d

cladding tc~eraturvt ● re ●hrsbn) in FiRn, 16 ●nrf 17.
These ccmpsrisona ● re for the middlr core l~vel (cor{

midplane) ●t ●bmt the u.714-m (29-in, ) ●lwat ion,
Douhlc peako in thr clad tenqrrr~ture ● re obncrv+vi III

both the calculatim m-d the mtmaurmmenta,

20 —--~- ---- –--1–- —1r 1wPERlMfNT7!U-Rl
OU-15C)

-.--.- TRAC

TEST S-083

-B 1 ..1 d 1 1

-10 --o 10 lo 30 40

TIME ,A~RRUPTUFfF(t)

The calculated magnitudes &no times of each peak are

in reasonable agreement with the data. The low-power
rods quench abcut 20 a too early in the TRAC calcula-
tion whereas the high-power rods quench about 70 s

too late. This phenomena can be attributed to the

coarse noding used in the vessel, Beca,]se only one
radial region together with two equal azimuthal aec-

tora and three axial levels were used in the core,
only two cells are available to receive flow from the
lower plenum. The high-power rod was modeled in

cell 1 of Fig. 2 ●nd the low-power rod waa modeled in
cell 2. The intact told leg eupplies ECC water to

cell 4 of Fig. 2 (=.ljacent to cell 7, low-pwer rod).
Aa a result of this noding, slightly more flow is
directed up through cell 2, ctaupared to cell 1, f:nm
the lower plenum region, thus the low-power rod
quenches too early in the calculation; and the hig’,-
power rod quenches too late. The high-power rods
alao quench too late because of the largt change in
the power stop between core level 1 and corr level ;)

(oee Figs. 2 and 3). If more axial noJes were to he
used in the core, resulting in a smoother transit io!l
between power steps, the quench front would propagat+.
faster and thus quer,ch the rnd earlier. If me,, azi-
mthal eectors wre used in the ve$~el, a nmr( t]ni-
form flow distribution would result at tile cor(, inlet,
●llowing ● mre uniform quer.ch front propagation for
both the low- and high. -power rods.

CONCLUS1ONS

The calculation described above took .ppr,xi-

mately 170 min of CPLT time on th, Cm 7600 for n 250-s
translont. Th t c is a auhstant ial rnduct ion (a fa[t,,r
of flvr) in running timr. for detailed pr,, blrms of

this typo.

Thr rrnlults of the calculating nr,. yr.,-r;III, in

gnod ●~reemri)t with the nwnnt)rod data with III(I c&r,. i.

vecsel noding accmntinp, for ml,st of thr mjc>r ?i, -

fercnces betwcn thv uxperimc!lt~tl iota an,! t)), ~,\I
crilcl]ln[ ion. Bawd on theac rrnults it appear, t}Iat

cnarP.r nodinp. is artrq~lnte for rr]aFi,/cly fan{ fic{,pint

calculation, A more detailed noding w,II,ld imlf v,,
thr result~ at !hc. ●xprnsr of incrrnqod r~,nril)p ! Im,. <
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