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AYSTRACT

Anticipated-transient experiments L6-1, L6-2, and Lé-3,
performed at the Loss-of-Fluid Test (LOFT) facili:y, are
analyzed using the latest relrased version of the Transient
Reactor Anslysis Code (TRAC-PF1/MOD1). The results are used
to assess TRAC-PF1/MODl trip end control capabilities, and
predictions of thermal-hydraulic phenomena during slow
transients. Test L6-1 simulated a loss-of-steam 1load in &
larga pressurized-vater reactor (PWR), and was initiated by
closing the main steamflow control valve (MSFCV) at 1its
maxisun rate, which reduced the heat removal from the
secondary-coolant system and increased the primery-coolant
systen pressura that initiated a reactor scraa. Test L6-2
simulated a loes-of-primary coolant flow in a large PWR, and
was initiated by tripping the power to the pri=a~y-coolant
pumps (PCPs) allowing the pumps to coast down. The reduced
primary-coolant flow caused & reactor scram. Test L6-3
simulated an excessive-load increase incident in a large PWR,
and was initiated by opening the MLFCV at its maximua rate,
vhich increased the heat removal from the secondary-coolant
systen and decressed the primary-coolant systsm pressure that
inftiated a reactor scram. The TRAC calculations accurately
oredict wost test events. The test data and the calculated
results for most parameters of interest also agree well.

.Thil work was funded by the US Nuclear Regulatory Commission, Office of
Nuclear Regulatory Risearch, Diviaion of Accident Evaluation.



i. INTRODUCTION

The latest relessed version of the Trassient keactor Analysis Code,
TRAC-PF1/MOD1 (Ref. 1), is an advanced best-estimate systems code for analyzing
postulated accidents, anticipated and operational transients, and balance-of-
plant calculations in pressurized-waiter reactors (PWRs) and in a wide variety
of thermal-hydraulic test facilitiesn.

Beveral experiment: nave been conducted in the Loss-of-Fluid Test (LOFT)
fecility to {nvestigate the thermal-hydraulic phenomena rtesulting from
anticipated transients in non-loss-of-coolant accidents (non-LOCAs) in which a
reactor scram may Or may mnot occur. The LOFT 1initial coniitions closely
sppr>ximaced those in a typical full-sized coamercial PWR. The data from
Tests L5-1, L6-2, and L6-3 (Ref. 2) are used to asesass TRAC-PF1/MOD]l analytical
cepabilicise.

Tests L6-1, L6-2, sand L6-3 simulated losi-of-stean load, Zoss-of-forced
2oolant flow, and excessive-load increase, respectively, in a large PWR, Our
assessnent wmodeled a2 complicated system using at least one of every type of
TRAL-PP1/MOD1 component modules except for a turbina, an accusulator, and a
three-1imensicnal vessel. Many components were intarconnected in series and/or
parailel branches. Thus, the ability of TR.C-PFL/MODl to handle seynergistic
and eystems elfects in a complicated system during a slov anticipated transient
vas assessed. The ability to predict control actions for these transients was
of specific intereet.

11. LOFT CYSTEM DESCRIPTION

The LOFT facility is a 30-MW (thermal) PWR with instrumentation to
measuré and to provide data on the system thermal-hydraulic conditions. Itse
operation is typical ot s large [~1000-MW (electric)] commercisl PWR operation.
The facility consiscs of a -eactor vessel vith a nuclear core; an intact 1loop
with an active steam genwrator, pressuriser, and two primary-coolant pumpe
(PCPs) connacted in parcllel; a broken 1loop with seimulated pump, eimulated
stesm generator. and two quick-opening blowdown valve assemblies; a blowdown
asuppression eystew; and an emergency core-coolant (ECC) injection eystem that
includes two low-pressure injection-system (LPIS) rumps, two high-pressure
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injection-systen (HPIS) pumps, and two accusulators. Reference ) contains
sdditional details on the LO¥T system.

I11I. TEST DESCRIPTION

Experinent L6-1 simulated s 1loss-of-stesm load in a large PWR, erd was
initiated by closing the main steam—flow control valve (MSFCV) at its wuexinun
rate (5% stem movenent per second) from ite initisl steady-state opan pesition.
The pressurizer cycling heaters vere turned on vhen the experiment began, but
were turned off at 6.1 s because the primary pressure increcsed. The systen
pressure continue! to increase because the se~ondary-side heat removal
capability was impaired. The p-essurizer spray was initiated at 9.1 s to
reduce the primary-coolant system (PCS) pressure, and continued wuntil 30.4 ».
The PCS pressure cortinued to rise, initistirg a reactor scram at 21.8 s.
Tumediately after the reactor secram, the primary system started to
depressurize. The MSFCV autosatically began tn open at 22.2 s to reduce the
steam-genera’ or secondary-side pressure, and closed at 0.6 s. Low systen
pressure turned on the pressuriter backup heaters at 32.5 s. The MSFCV again
opened and closed automaticaliy at 91.2 s and 104.4 s, respactively, and
manually was opened and closed starting at 312.6 s. The pressurizer backup
heaters turned off at 415.4 8. The experiment vas terninated at 700 s,

Experinent L6-2 simulated a loss-of-forced coolant flow in a large PWR.
The experiment was initisted by tripping power to the PCPs, alloving the pumps
to coast down. At 2.0 s after test initiation, low primary—coolant flow cauced
the plant protection system to initiate a reactor scram. Tho MSFCV started to
close at 1.8 9, and was closed completely at 13.4 5. Tha opressurizer backup
heaters turned on at 6.0 s to aoderate tha priwary-side pressure decreass, and
remained on until 97.2 s. Natural circulation was established at ~23 s, and,
~6 s la.er, the combined heat from the core and the pre~surizer heaters
exceeded the heat 1loss to the stean generstor and to the environaent.
Therefore, the primary-system pressure began to recover. The systea pressure
and the p.essuriszer 1liquid level returned to their operating raenges before
200 s. The operators manually rescarted the PCPs at 204.2 ¢ tn initiaste plant
recovery.
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Experiaent L6-3 sisulated an excessive-load increase in a large PWR, and
vas initiated by opening the MSFCV at its maxinun rate from its initial steady-
etate open position. The systes pressure etarted to Adrop as the valve opened
snd the pressurizer backup hoaters turnad on at 10.2 s. The core powver
iocressed initially because of 1iacreased secondary-side heat rtemoval, and
reached a maxisum 42.2 MW at 15.6 s vhen a low systea-pressure signal caused a
reactor screm. Imnediately after the rcactor ecram, the MSFCV started to close
because increased steam-generator psecondary-side pressure was requirad. The
prisary-systea pressure continued to decrease, and at 26.4 3 ths HPIS began tec
inject ECC into the cold leg, vhich helped to recover the systvm pressure. The
core and prassurizer-heater ene:gy exceed¢d the steam-generator heat transfer
and anmbilent losscs at ~33 9. The HPIS 4injection, the pressurizer backup
heaters, and the pressurizer cycling heaters shut off at ~50 s, 105.4 s, and
134.9 s, respectively. The systeu pressure returned to ite normal operating
value before 200 s.

The blowdown suppression system was not ugsed in these experiments. The
broken loop was connected to the intact loop thro.ih l-in. wvarmup lines to
prevent broken-loop stagnation.

IV. TRAC MODEL
Figures 1, 2, end 3 show the TRAC model of the LOFT facility, the steac-
generator secoudary-side noding, and the one-dinensional vessel noding,
respectively. Although TRAC=PF1/MODl can model a three-diaensicnal vessel, all
vessel elements are modeled with one-dimensionsl components tn assess their
utility and to save coanputation tiae in a slow transient when the thres-
dimensional effects are insignificent. The input wmodel consists of
39 components containing 144 cells and 48 junctions, und corresponds to the
LOFT hardvare configuration with the following exceptions.
1. The pressure—suppression systea is not modeled because {: <es not
used in the expariment.
2. The NPIS is represented by a FILL (component 17). The remaining BECC
systen is ouitted from the TRAC wmodel because the LOFT L-%
experiments had no accusulstor or LPIS injection.
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Ollikhulu“ reported the following LOFT structural heat 1lossass: a 6-kW
heat loss fi.m the pressurizer, e 10-kW heat loss from the steam-gensrator
secondary side, and a 174-kW hest loss from the prims.; system (excluding the
pressurizer). These hest losses are incorporated in the TRAC model. Based on
our assumption that the surrounding air temperature was 305 K, we calculated
average fils coefficients bDased on outside sur.ace areas of the pressurizer,
the stesca—generator secondary side, and the priamary syastea.

The reactor pover 1r wnodeled using point kinetics wih ‘activicy
feedback. The delayed-neutron and detay-heat concentrations vere determined
from the stesdy-ztate core-pover histories for the three experiments. All
sutomstic-concrol cosponents, such as the feedwater-valve and MSFCV
controllers, pressuriser heators, anl spray controllers, are modeled using the
extensive TRAC-Prl/vuDl trip und control logic. Twenty-four sig.asl variadbles,
21 trips, and 29 concrol blocks are required to model the entire LOFT control
system. Tadla I 1lists the trip sat 20ints nseded to model the controle. These
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TABLE 1

MAJOR TRIP SET POINTS

Paraseter et Point

System low-pressure scran (MPa) 14.36
Syetem high-pressure scram (MPa) 15.77
Intact-loop hot-leg high-temperature scram (K) 583.3
Low primary-coolant mass-flow scram (kg/s) 433.5
High core—averaged powver scram (MW) 51.5
Steam-generstor seconda:y-side low liquid-level 2.0

scram (a)
Power-operated relief-valve opening (MPa) 16.70
Power-operated relief-valve closing (MPa) 16.56
Pressurizer spray turned on (MPa) 15.24
Pressurizer spray turned off (MPa) 14.90
Pressurizer cycling heaters turned on (MPa) 14.75
P-essurizer cyclin, heaters off (MFa) 14,93, 14.90, 14.948
Pressurizer backup heaters turned on (MPa) 14,62, 14,61, 14,558
Pressurizer backup heaters turned off (MPa) 14.80, 14.7%, 14,778
HPIS turned on (MPa) 13.297
HPIS turned off (MPa) 15.500
MSFCV opening befors reactor scram (MP.) $.425, 5.495, 5.3958
MSFCV closing before reactor scram (MPa) $.315, 5.385, 5.285%
MSFTCV opening after resctor ecraa

betwsaa O and 75 ¢ (MPa) 6.9900

betvween 75 and 200 s (MPa) 6.9764

between 200 s and end of transient (MPa) 6.9464
MS CV closing after resctor scran

between O aud 73 ¢ (MPa) 6.7500

betveen 75 and 200 s (MPa) 6.6%00

betveen 200 s and end of transient (MPa) 6.6000

&These values are for Tests L6-1, L6-2, L6-3, respectively. Differen: set-
point values bdawed on the test dats wexe required.



set points were obdtained from the best-estimate prodiction,5

2

the quick-look

and the posttest analysis roport.7 Some

toport,6 the test dats report,
discrepancies in the set points 1listed in these sources were resolved by
determining the sctucl test conditions when zhe events occurred from the test
data report 2
v. RESULTS

A. Test L6-1 (Loss-of-Steam Load)

Table I1 1lists the initial conditions and specified test parameters for

the three tests. The TRAC steady-sta*e calculation closely approximates the
actual test condicion.. Table 111 lists the main events during the transient
for the test and the calculation. The measured and calculated times agree well
except for the pressurizer—heater operation bocause there are minor differences
betveen the measured and t™e calculated system pressures.

The TRAC calculation was terainated at 700 s. Because most events of
interest occurred during the early part of <che transient, most of the
ccaparisons cover the first 250 s of the trarslent to malutair clerity in the
figures. All the calculated parameters compared with the test data remained
conpistently within the msacrurement uncertaincy in the 250-70C~s time span.

Figure 4 compares the calculated and the mcasured “ore powers. Because
the calculated resctor scram occurred 2.7 s before that obsarved in the
experinant (Table III), the calculaied : .wer decay occurs earljer than the
measured decay. The power, though considerably within the data uncertainty, is
slightly overpredicted after tho reactor scram becausse the test curve lies
within the dead-'band range of the detector. Therefore, the actual discrepancy,
if any, may be much smaller than that shown in Fig. 4.

Figure 3 compares the TRAC-calculated snd the measured prezerr.zer
pressures. The calculation is consistently within the measurement uncertainty.
At ~10 ¢, the pressuriser spray temporarily reduces the primary-side pressure.
This reduction ie predicted by the cclculation. The reactor ecram also is
calculated st approximately the corvect time (~20 s). Both tlie calcvlation and
the expeviment sho thit tha reduced pressure turns off the pressurizer spray
st ~30 ¢ and that ~3 s later the pressuriser heaters turn on. The pressure
drop nea. 100 s corresponds tn the MSFCV opening, which was caused by the high



Parsmeter

Cere power (M)
Pressurizer

pressure (MFa)
Pressuriser

1liquid volume (-3)
Prisary-coolant

mass flow (kg/s)
Intect-loop cold-leg

temperature (K)
Intact-.0np hot-leg

temperature (K)
Pump speed (rad’s)
Stesmgenerator secondary-

side preasures (MPa)

Steam—generator secondary-
side liquid level (m)

Steam—generator secondary-
side nass flow (kg/s)

SSpecified as innut parsseter.

TABLE 11

INITIAL CONDITIONS

Test L6~-1 Test L6-2 Test L6-)
Actual Calculated Actual Calculated Actual Calculated
36.9 36.9% 37.2 37.28 36.9 36.9°
14.78 14.78% 14.78 14,782 16.87 14.87°
0.63 0.638 0.65 0.65% 0.64 0.6490
478.5 §78.5 465.9 465.7 479.3 479.0
552.8 .52.8 553.5 553.3 552.6 552.2
567.5 567.6 568.5 568.3 567.3 566.8
334 344P 325 335b 334 344b
5.37 5.39¢ 5.44 5.45€ S.34 5.39¢
3.183 3.1354 3.139 3.1369 3.120 3.1344
20.1 19.2 20.1 17.8 20.7 17.7

bControlled to majntain the desired primary-coolant mass flow during the steady-state calculation.

CControlled vithin asxisum and minimvn values of 5.425 MPa and 5.315 MPa for Test L6-1,

5.385 MPa for Test L6-2, and 5.395 MPa and 5.285 MPa for Test L6-3.

(See Table 1.)

5.495 MPa and

‘COnttolled as specified according to the expression, liquid level = 2.9464 + 0.00508 times the core power
in MM, vhich gives des'‘red liguid levels of 3.134 m for Test L6-1, 3.135 m for Test L6-2, and 3.134 m for

Test L6-3, respectively. However, the actual liquid level for Test L6-1 did not meet specificaticns.
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TABLE Il1I

TEST L6-1 SENUENCE OF EVENTS

Test Time Calculated Time

Event (s) (s)
MSFCV started to close 2.0 2.0
Pressurizer cycling heaters turned off 6.1 8.1
Pressurizer spray turned on 5.1 10.7
Reactor scrasmed 21.8 19.1
MSFCV started to open 22.2 22.1
Pressurizer sprey turned off 30.4 32.7
Pressurizer cycling heaters turned on 31.4 34.4
Pressurizer backup heaters turned on 32,5 36.1
MSFCV started to close 33,2b 33.5
MSFCV started to open 91.2 94.0
MSFCV started to close 99.2P 100.7
Pressurizer backup heaters *urned off -=C 288.4
MSFCV started to open 312.6 314.4
MSFCV started to close 333.2b.d 321.6
Pressurizer backup heaters turned on -=C 328.0
Pressurizer backup heaters turned off 415.4 399.8
Pressu.izer cycling hesters turned off --C . 475.8
Transient terminated 700.0 700.8

SReference 2 reports that the valve closing was initiated at 0.0 s. However,
the data show an ~2-s tiame delay before any movement in the valve position was
obsarvad.

blofcroncc 2 reports only the times when the valve vas fully closed. The times
vhen the valve etarted to close vaere esticated from the times when the valve
vas fully closed, the valve-stem position when the valve was open, and the
valve-stem movement rate.

Mot observed in the experiment.

‘Quoltionablo because the valve would discharge several times the mass of stean
actua‘ ly obrerved in the experiment and would reduce the secondary-side
pressure drastically if it had been open for such a long time span.
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secondary-side pressure. TRAC correctly and sccurately predicts all events. A
elightly higher rate of repressurization in the calculation between 100 and
250 s probably was caused by a slighily smaller pressurizer-vapor volume in the
calculation. This .lscrepsncy was resolved entirely in a sensitivity run in
vhich we reduced the {nitial pressurizer liquid level (and, hence, increased
the stean volume) significantly within the measurement uncertainty. Figure 6
shows a long-ters comparison cf the calculated and the neasured oevetenm
pressures that highlights the excellent system-pressure calculation for the
entire transient. The pressure drop rear 300 g corresponds to the third MSFCV
opening, and a sarll blip 1in the calculated pressure near 500 s occurred
because the pressurizer cycling heaters turned off.

Figure 7 compares the TRAC-calculated and the measured secondary-sidc
pressures. Figures 8 and 9 compare the MSFCV mass flows and the pressurizer
liquid-level histories, respectively. The calculations are consistently and
significantly vithin the measurenent uncertainty. The wswnall discrepancy
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pressures for Test L6-1.
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betvween the measured and the calculsted steam mass flows when the MSFCV 1s
fully closed is caused by an unknown amount of leakage through the MSFC..
Hovever, becauce the measured flow is within the dead-band range of the
iostrument, the actual discrepancy may be insignificant. We did not model any
leskage through the MSFCV for Test L6-1.

The Cray-1 central-processor-unit (CI'U) time required to simulate a 700-s
systean transien” was 228 s at an average 0.78-s time step. Therefore, tha TRAC
Test L6-1 calculation ran over threa times faster than real time.

B. Test L6~-2 (Loss-of-Forced Coolant Flow)
The couparison of the TRAC-calculated and the actusl initisl conditions

for Teet L6~2 (Table 1I) shows good e3reement. Tatle IV lists the main events
during the transient for the test und the calculation. The ccde approxinmates
the test conditions except for the pressuriser-heater operation because the
systea pressurs is overpredicted; however, the caiculatinn {e within the dats
uncertsinty. Because the iuitistion time for the MSFCV closing may be
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TABLT 1V

TEST L6-2 SEQUENCE OF EVENTS

Test Time Calculated Tioe

Event (o) (s)
Pumpe tripped 0.0 0.0
Reactor scramned 2.0 3.2
MSFCV closing initiated 1.88 4.%
Pressurizer cycling heatere turned on -ab 6.5
Pressuriczer backup heaters turnea Su 6.0 10.2
Pressuricer backup heaters turned off 97.2 61.2
Pressurizer cycling heaters turned off -=C 92.3
Code cslculation terainated - 200.34

%Questionable because the trip that initiates the MSFCV closing becomes active
only after s resctor scranm.

Brot reported in Ref. 2. Howvever, tue trip eet points are such that the cyling
heaters aust turn on befcre the backup heatezs and aust turn off after the
backup heaters.

CObserved much later in the experinent (414.9 ).,

dThc experiment ended at 700 s. However, because the PCPs were turned on and
off manually between 200 and 700 s and because the primary events of interest
occurred before 200 s, the TRAC calculation was terminated at 200 .

incorrect (footnote a 1in Table IV), in the calculation we forced the MSFCV to
start closing at 4.5 s to get the currect steas-generator secondary-side stean
mays flow.

Figure 10 compares the measured and the calculated core powers. The
agreenent is good. Again, because the mneasuremert 1is wvithin tne dead-band
range of the detector, a discrepancy between the calculated and the msasured
cote powers aftar the reactor scraus may ba much oama)ier than that shown in
Fig. 10.

Figures 11 and 12, respectively, shov the pressurizer and steam-generator
secondary-side pressures. Although within the msessurement uncertainty, the
pressures are slightly overpredicted.
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Test L6-2.



7.00-% - e — —_————
- TRAC-PPY
et o
1 o M{~353-00!
03000
z (%3
i $.00%"
8.75-10"
0.8010'
$.23-10*- . LOFT L8-2
Comoonent 21
Mo Call 2
8.0010* v . y— r —
° B »0 n 0o o w0 m 200
Time (o)
Fig. 12,

Comparison of the TRAC=calculated and the measured secondary-side pressures for
Test L6-2.

Figure 13 compares the calculated and the wumeasured intact-loop mass
flows. The agreeaent is excellent. Figure 14 cowmpares the test and the
calculated steam—generator secondary-side atecn mass flows. The underpredicted
mads-flow at the start of the transient 1s coincidental becsuse the MSFCV was
closing at the end of the steady state. (The controller that operates the
MSFCV maintaine the cecouaary—side pressure within the specified limit.,. When
the pressure falls below the lover limit, the valve starts to close and does
nct etart to open until the upper set-point pressure limit 1is exceeded.) As
mentioned 1in Bec. V.A, the discrepancy between the maasured and the calculated
mase flows after tho valve is fully ilosed is caused by an unknown amount of
leakage through the MSFCV.

Figure 13 shows the excellent agreement betwveen the celculated and the
meadtu.sd pressurizer 1liquid levels.
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Coaparison of the TRAC-calculated and the measured intact-loop mass flows for
Test L6-2.
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Comparison of the TRAC-calculated and the measured stesa generator secondary
stean mass flows for Test L6-2.
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Comparison of the TRAC-calculated and the wmeasured pressurizer liquid-level
histories for Test Lé-2.

The calculastion took 110 s of CPU time o. a Cray-l computer to eimulate a
200-3 transient st ean average 0.47-p time step at a speed 1.8 {imas faster rhan
real tine.
C. Test Lé-3 (Excessive-Load Increaas)

Table I1 shows that the TRAC stexdy-state calculation again clusely

approzimates the initial conditions for Tast L6=3. The code ¢lso calculates
the main events (Table V) well except for the pressuriser-heater operation
because of a discrepancy between the measured and the calculated systen
pressures near 30 s. lso, thie pressure diccrepancy causes the praessurizer
epray to turn on momentarily. The epcay is not uuveerved in the experiament.

Figure 16 compares the calculated and the wmeasured core powere. The
agreement between the calculation and the data is excellent, with the increased
c;rc power predicted sccurately. Again, the discrepancy between the
calculation and the test dats after the reactor scras may be axaggerated
bacause the messurement is within the dead-band range of the dete:tor.
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TABLE V

TEST L6-3 SEQUENCE CF EVENTS

Tast Time Calculated Time

Event (s) (s)
MBFCV started to open 0.0* 0.0
Pressuriszar cycliny heaters turned on --3 7.3
Pressurizer backup heaters turned on 10.2 11.9
Reactor scrammed 15.6 16.0
MSFCV started to close 17.8P 16.0
HPIS initiared 26.4 J6.6
HPIS terminated 66.5¢ 76.7
Pressucizer backup heaters turned off 105.4 53.7
Pressuriger cycling heaters turned off 154.9 54.7
Preqsuriger epray turnad on -4 57.7
Pressuriger spray turned off -4 39.2
Cods calculation terminated -- 500.0*

®Xot reported in Ref. 2. However, the ttip set points are such that the
cycling hesters must come on befors the backup heaters and must turn off afrer
the bactup hauters.

bTho MSFCV should have started to close immediataely sfter reactor ecrgu in
responge to the trip that coatrols the valve operstion after the reactor scram.

CRaference 2 reports that the HPIS pumpa ware shut off ~50 s; however, the
residual flow contlinued until 66.5 s.

dIlot observed in rhe experiament.

*The experiment was coapleted et 700 g. However, batwean 3500 and 700 s, tha
opearators manually tutned on and off the pressurizer heaters, sonetimes in
reverse ovder from that dictared by their zrip set statuses. Becauss of this
operator intervention, the automatic heater—control capabilit, in thy TRAC
sodel could not be used bayond 500 ¢. Also, the primary events of interest
oceurred by 300 s. Therefors, the code calculation vas terminated at 500 s.
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Comparison of the TRAC-calculated and the measured core povers for Test L6-3.

Figure 17 compares t(he TRAC-cslculated and the wmeasured pressurizer
pressuras. The calculation is within the uncertainty of the messurenent exce-t
naar 50 s vhen the calculation shovs faster systea repressurization rate due to
HPIS injection compared to the dats. A lower prsessgurizer vapor volume {in the
TRAC modal, & higher HPIS flow in the TRAC mndsl, or s lower coadensation rate
cslculated by TRAC may have cavsed the faster repressurigation. As a rasult of
this rapid pressure iucrease in the ceclculation, the pressurizer spray comes on
at 57.7 ¢ womentarily in the celculation, which suddenly reducus tha pressure,
and near 70 s the calculation again falls back within the uncertainty of the
Neasureaent.

Figure 18 coapares the eteam-generator secondary-side pressures. The
calculation generally is within the messuremen’ uwncertainty. Howvever, a lowver
repressurigation » » in the calculation after ~70 s points to the lower

primary-to-secondary heast trsansfar.
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Comparison of the TRAC-cslculated and the measured pressurizer pressures for
Test 16-3.
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Comparison of the TRAC~calculated and the measured secondary-side pressures for
Test L6-3.
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Figures 19 and 20 compare the TRAC-calculated and the messured stean-
generato:r secondary-side feedvwater and stean mass flows, respectively. Both
tha feedwater and the steam-flow controller operations 1a the TRAC model
function satisfactorily. The quantitative agresacnt also is excellent, and the
calculation is significently within the data uncertainty except fer the stean
man32 flov after the MSFCV is fully closed because of an wunknown amount of
leakage thruugh the valve.

Figure 21 compsres the TRAC-calculated and the measurad pressurizer
liquid-level histories. The agreement between the calculation and the data 1is
good until 70 g, when the two curves diverge. However, the maximum discrepancy
is only about twvice the magnitude of the dats uncerteinty. This slower filling
of the pressurizer in the calculation again may have been caused by a slightly
lower condensation rate in the pressurizer during an insurge, or by a slightly
lower pressurizer vapor-volume in the TRAC model compared to the data.
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Comparison of the TRAC-calculated and the wessured steas-generator
secondary-side feedwater uwass flows for Test L6-3.
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Comparison of the TRAC-calculated and the wmeasured stenn-ienerator
secondary-side stean mass flows for Test L6-3,
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Comparison of the TRAC-calculated and the messured pressuriser ligiid-level
hisvories for Test L6-3.
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The Cray-. CPU timc rsquired to eimulate a 500-s system transient was
185 s at an average 0.7)-s time step at a speed 2.7 times faster than real
time.

VI. CONCLUSIONS

Tne TRAC-PF1/MCD1 models predict sccurately the slow-transient therwzal-
hydraulic phenomena during anticipated loss-of-stean 1load, loss-of-primary
coolant flow, and excessive-load increase accidents. Most coaparisons between
the TRAC-PF1/MOD1 results and :est dats are excellent. This conclusion was
based or comparisons of the primary— and secondary-side pressures, the 1loop
mass flows, the pressurizer liquid levels, and the stepm—-generator
secondary-side feedwater and steam mass flows. The pressurizer condensation
model under spray conditions works well, as observed in the Test L6-1 systen-
pressure comparison plot (Fig. 5). The point-kinetics calculation with
reactivity feedback providas good core-pover pradictions. All major events are
predicted at approximately the correct times and in the correct sequence except
for the following.

1. The pressurizer heaters in Test L6-2 turn off too early in the
calculation because of the slightly higher systez pressurae.

2. Because of a faster system repressurizetion calculated during the HPIS
injection in Test L6-3, the pressurizer heaters turn off early and the
pressurizer spray, vhich is not observed 1in the experiment. occurs
monentarily.

The trip aend control logic in TRAC-PF1/MOD]1 1s sufficiently general to allow

nodeling of most anticipated or operational trancients.
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