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TRAC POSTTEST CALCLATIONS OF SEMISCALE TEST S-06-3!
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John R. Ireland and Paul B. Bleiweis<
Energy Divieion
Los Alamos Scientific Laboratory
University of Califernia
Los Alamos, New Mexico 87545

ABSTRACT power rods along with a high-power snd a low-power
rod were used for heat transfer and peak clad temper-
A comparison of Transient Reactor Aualysis Code ature calculations. A total of 112 TRAC cells
(TRAC) steady-state and transient results with Sem:- (24 cells in the vessel) were used to mocel rhe
scale Test $-06-03 (U.S. Standard Problem 8) experi- system. As mentioned above, the nodiag was reduced
mental data is discuseéed. she TRAC model used frow that normally emploved for detailed calculations.
employs fewer mesh cells than normal data comparison The emergency core cooling (ECC) system filowe were
models 80 that TRAC's ability to obtain reasonable modeled with a fill component by combining the wea-
results with less computer time can be assessed. In sured accumulator, low-pressure injectior system
general, the TRAC results are in good agreement with (LP1S), and high-pressure inje-tion system (HPIS)
the data and the major phenomena found in the experi- volumetric flows to obtain an eftective ECC velocitv
ment are reproduced by the code with a substantial ve time. This curve is shown in Fig. 4. The break
reduction in computing times. nozele noding for both the broken cold leg an® hroken
bot leg is shown in Fig. S5, and the similated con-
INTRODUCT ION taimment suppression tark back pressure, modele! as a
break component in TRAC, is shown in Fig. 6. This
TRAC (1) is & computer code, developed by the pressure boundarv condition was used on both the
Los Alamos Scientific laboratory, which is capable of hroken Yot leg and the hroken cold leg.
simulating transients in both experiments and full- There are a few potential problems ascociated
scale pressurized water reactors (PWRs). Initial with the reduction in noding of the cystem descrided
code versions were designed to calculste large-break above. The use of only three axial core levels may
(2002, double-ended rupiures) loss-of-coclant acci- lcad to problems during the reflood stage of tw
dents (LOCAs) in various avstems. Because the code transient because the fluid wesh cells are large and
employs a three-dimensional geometric repr.sentation the axial power shape, ahown in Fig. J, is much
in the pressutre vesse! and a one-dimens.conal simula- coarser than in the actual experiment. Twe arimuthal
tion of the balance of the primary sveiem, ® &t TRAQ segments, inatead of the usual four, mav emear oo
system calculations contain a large number of flurd of the flows te an extent that leviations hetween the
mesh cells {(e.g., 700 to BCO cells for a typical fine- experimental data and the TRAC results may ocour,
node PWR calculation'. Rumning times for such calcu-
lations can be quite long, particularly 1f there are RESULTS
wany three-dimens.onal celle., To asnear TRA ‘s abil-
ity to produce reasonable rorults with a4 reduction an The wteady-state option in TRA! was et
mesh cells (and rumning thime), steadv-state and tran- generate initial conditions betore transiest (o iliA-
aient TRAC calculations of Semiscale Test S-26-3 (U8, tion. Thesc calculated conditione are campared with
Staudard Problem 8) were performed witt a model con- the mrasuted data (77 an Tavdle | At L ar Yo ceen,
taining fewrr TRAC cells thar are normally used for the sgreement hetw en the menasured and ta. "RA
calculations of thae tvpe, calculated conditions as good.  Table 17 mummac res
Test S-06-3 i1a & particulitly good tert te model some of the 1mportant ever ta that oo urr b farang eh,
for this study becaune it wac & full 2001 break 1L(xA traneient calculation. The caliulation was stoppe
rumming from blowdown through 1t flood Thus, all of At 2% x fter the Yagh powet tod quenched throagh
the 1mportant phencomena encovitersd during 8 typical the core midplane,  Theme eventa calonlate ! b ™A
PWE L(XA are prese .t in thia Semincale tent a r generally in good agreement with the expetimenta.
teRuL e
TRAC MODEL OF THt SEMISCALL SYSTEM A compatison of the alculated ant the expern
mental upper plemum pressure 1a shown an Fig 7 for
Figure 1 shows 8 TRAC achematic of the Semincale the first 40 n of the tranmient. This compari-on
syatem, Jhich war modrled by 15 TRAC components and showr that TRAC alightly underpreda o the ressur
1% jumcticone.  The vesae!l noding is shown in Fig 2 for moat of the blowdown, however, the agr: ement is
and the axial power distribution 1s showm an Fag. 3, still quite gound.  The ditlerence can o atrabat, )
Three axisl core levela were unsd to model the axial te the coatrsr noding 1n the cote and the yooph
powey shape Becaune two arimithal aegments and one approximation that was made to obtain the axial power
radial ring were used In th: core g on, two sverage- shape These effecta cavne the powet a0 the central

high power region to he lower than in the a tual case,
- . - resultang in a lowet veasel pressure

Lor w performed undor the e apioes of the 100 Comparnona of the anta U loop pump snle’ denmsty
Nuclear Regulatory Cowmniaayan and cold leg density ate showe ar Figa & and v

2prement addreas:  Bcience Apprhicatione, Inc | Both comparisona show good agreement hetweern the cal
200 Lomam, N.W ., Suite 60 Alhugartque, New Mexioo culated and the sxperimental values over most of the
K107 tranmient However, an can he saeen trom Fig Y, the
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Intact loop pump inlet density. Fig. 9. Intact loop cold-ley density.
TABLE 1
COMPARISON 7r CALCULATED AND MEASURED INITIAL CONDITIONS
Parameter Calculat-d Me asured
Initial power (75X of full power) (input) 1.005 8 x 10" W
Fump speec (~ constant) (inpur) 1700 rgd/s
Power decay (input) time-depondent
High-power-rod linear power (input) 19 .4 kW'm
Low-power-rod linear power Ginprt) 24.9 ¥W/m
Intact cold-leg flow rate 4.76 4.75 (kp/s)
Core volumetric flow rate 0.007 34 0.007 0 (m‘/s\
Upper plenum pressure 15K x 107 1.577 -« 107 pa
Inlet fluid temperature to versel 562 .1 Sha . K
Outlet fluid temperature from vesscl ~01.4 san 1 K
Steam-genecrator secondarv-aide averape fluid temprratarve 569.1 547.9 K
Steam-gencrator aecondary-side average pressure 6.6 x 100 6.57 x 10" Pa
Steam-generstor secondvry-side [low rate 0.57 06 fTkp W)
High-power=1od cladding temperature at midoore LRTANA 690G 0 K
Low-power-rod cladding temperature at midcore h66 ] 6700 K
FCC water temperatur: Cinput) 510 K 0. t:+ 0 &
01 K t >0
TAYY 11
TABLE OF FVFENTS
Event li_mv fa)
1. 2007 douhle-ended cold-leg break, reactor power tripped oo
2. Regin HPIS flow (AR
3. Begir, isolating ateam generator aecondary side RO
4. Pressurizer emptien (level below 0.1 @) v
5. Accumalator flow initiated L
6. High-power-rod first peak . lad temperrat re reached (1 100 KD L
7. Steam-genciator aecondary-side inlat valve cloned 20N
8. Begin LPIS tlow, steam-gencrator secondarv-side ouilet valve closed 250
9, High-power-rod aecond peak «lad tempetature reache! ¢ 10,0 W) LR
10. Bottom node of high-powet r1od gquenched ot
1n Accumulator flow enda CTURY
12. Low-powetr rod quenches (through cors midplane? 140 .0
1y, High-power rod quenches (through core mrdplane’ Jatb o



calculated iutact loop cold-leg density begins to

show some oscillations after 20 s. These oscilla-
vions are condensation induced and occur ¢arlier in
the calculation than in the experiment (these oscil-
lations are observed later in the experiment). The
oscillations occur in the code becsuse the ECC system
is modeled in TRAC with a short pipe connected to a
flow boundary condition, wheress in the sctual aystem,
s complicated piping network connects the accumulator,
LPIS, and HPIS to the intact ccld leg, which in effect
creates g time delay before the ECC water reaches the
cold leg. In the TRAC calculation, however, this

time delay is mot accounted for, thus the ECC reaches
the cold leg instantaneocusly. Figure 10 shows a cowm-
parison of the calculated and measured flow in the
intact cold leg. Note that even though the intact
cold-leg density calculation shows some oscillations
(Fig. 9), the calculated flow is in excellent agree-
ment with the experimental dats (Fig. 10).

Comparisons of the pressurizer pressure and
broken hot-leg pressure are shown in Figs. 11 and
12, Calculated values for those variables are gener-
ally in good agreement with the reported data. The
underprediction of the pressure can be explained by
Fig. 13, which shows the pressure drop across the
sioulated pump in the broken hot leg, Most of the
pressure drop in the system occurs in this component.
It is seen that the calculated pressure drop is some-
what lower than the data for the first 30 s of the
transient. This can be attributed to the uncertainty
in the loss coefficient reported (2) for the pump
simulator orifice, The value used for the TRAC calcu-
lation was too low and resulted in a pressure drop
that was too low during the single-phase liquid and
early two-phase flow periods. This result coupled
with the coarse noding in the core may explain why
the TRAC calculation blows down at a faster rate than
the experiment.

The calculated and experimental break flows are
shown in Pigs. 14 and 15, It is seen that the celcu-
lated hot-leg break flow is in reasonable apreement
with the experimental data, whereas the calculated
cold-leg break flow underpredicts the subcooled por-
tion of the blowdown. Thia is caused by boiling in
the norzle, which decreases the flow.

Comparisons for the low-powcr and high-power rod
cladding temperatures are shown in Figs, 16 and 17,
These comwnarisons are for the middle core level (corc
midplane) at about the U.74-m (29-~in.) elevation.
Double peaks in the clad temprrature are observed in
both the cslculation and the measurcments.
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The calculated magnitudes anc times of each peak are
in reagonable agreement with the data. The low-power
rods quench about 20 s 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. Becansc only one
radial region together with two equal azimuthal sec~-
tors 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 and the low-power rod was modeled in
cell 2, The intact eold leg supplies ECC water to
cell 4 of Fig. 2 (=ijacent to cell 2, low-power rod).
As a result of this noding, slightly more flow ic
directed up through cell 2, compared to cell 1, t:om
the lower plenum region, thus the low-power rod
quenches too early in the calculation; and the high-
power rod quenches too late, The high-power rods
also quench too late because of the large change in
the power step between core level 1 and corr level 7
(eee Figs. 2 and 3). If more axial nodes were to he
usad in the core, resulting in a smoother transition
between power steps, the quench front would propagate
faster and thus quench the rod earlier. If mor: azi-
wuthal sectors were used in the vessel, a more uni-
form flow distribution would result at the core inlet,
allowing & more uniform querch front propagation for
bouth the low- and high-power rods.

CONCLUSIONS

The calculation described above took approxi-
wately 170 min of CPU time on the CDC 7600 for a 250-s
transient, Thuio is a substantial reduction (a factor
of five) in ruming time for detailed problems of
this type.

The results of the calculation are georralls in
good asreement with the measurcd data with the coar.e
vessel noding accounting for most of the major dii-
ferences between the experimental “ata and the TRA
calculation. Based on these results it appearc that
coarse noding is adequate for relatively farc scoping
calculationa, A more detailed noding would impr ve
the results at the expense of increased running fimes,
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