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POSTTEST ANALYSIS OF SEMISCALE LARGE-BREAKTEST S-06-3 USING TWC-PF1*

B. E. Boyack

Energy Divlaion
Los Alamos National Laboratory

Lon Alamoa, New Mexico 87545

ABSTRACT

The Traneient Reactor Analyaia Code (TRAC) 16 an advanced ayatema code
for light-water-reactor accident analy~ie. The code wae developed
originally to analyze large-break loss-of-coolant accidents (LOCAS) and
running time waa not a primary development criterion. TRAC-PF1 was
developed because Increaeed application of the code to long tran~ienta euch
as small-break LOCAS required a faster-running code version. Although
developed for long traneientfl, Ita performance on large-break tranaiente IE
still important. This paper aaseseee the ability of TRAC-PF1 to predict
large-break-LOCA Test S-06-3 conducted in the Semiacale Mod-1 facility.

INTRODUCTION

The ~ransient ~eactor _halyeis ~ode (TRAC) is an advanced systems code for
light-water-reactor accident analysis. The original goal of the TRAC development
effort waa to provide a unified bench-mark syateme code for the analyaia of
large-break loaa-of-coolant accidents (LOCAS). Code adequacy waa aaaeesed by
comparing predictions with an extensive experimental data baee. As a bench-mark
code, running time was not a primary concern for the relatively brief
large-break-LOCA transient. However, recent emphaeia hae been placed on prediction
of long transients such am small-break LOCAS. For ouch tranaiente, a fact-running
version, TPAC-PF1 [1]0 haa been developed.

An experiment conducted in the Semiecale Mod-1 facility wan selected am one
element in the TRAC-PF1 developmental asaesement program. Test S-06-? [2] eimulated
the respnnae of a preeaurized water reactor (PUR) to a large-break LOCA. This paper
reports the results cf TRAC-PF1 predictions of Teet S-06-3.

●
Work performed under the auaFtcea of the US Nuclear Regulatory Comm16ioion.



EXPERIMENTALFACILITY

The Scmiscale Mod-1 system [3] shown in Fig. 1 was a emall-sc.ale model of a
four-loop PWR. The system included a preaaure veagel with core aimula:or, upper and
lower plenas, and downcomer; an intact loop with steam generator, prep, and
preaaurizer; a broken loop with simulated steam generator and simulated pump; coolant
injection accumulator; high- and low-preaaure coolant-injection pmpa; and a
preaaure-auppreaaion eyatem with a auppreaaion tank, header, and heated steam supply
Hyatem. ‘he Plod-1 core contained 40 roda, including 36 active rods that yielded a
total core power of 1.004 MU.
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Fig. !,
Samiocale Hod-1 system for cold-le~break configuration - ioomntric.
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TRAC MODEL

‘he 4C model of the Semiacale Mod-1 faciltty (Fig. 2) generally corresponds to
the hardwaz configuration. The two priwry coolant loopu, associated piping, and
the test veEbel. are simulated. Although !iRAGPFl can model a three-dimensional
vessel, all ayitem elements were ❑odeled as one-dimensional components to aesees
their utility 11 large-break calculations. The elements used to develop the TRAC-PF1
input model are identified in Table I. The model deviatee from the hardware in the
following reepect~:

1. the inlet annulue and downcomer that are inside the pressure veaeel are
modeled ae one-dimensional elements outside the test veesel and

2. the facility containment eyatem iE not modeled directly but ie represented
by a break component with the containment preaaure hietory npecified.

‘he core 18 divided into eight vertical levels. An average- and a high-power
rod are modeled at ●ach core level. The hot- and cold-leg breaks are modeled am
finely noded pipe components.
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Fig. 2.
TNAC model of Scmimcale Hod-1 ta~ilitym



TABLE I
System Model Components

Transient Calculation I

Component
Number

1

2

3

4

7

8

9

10

11

12

13

21

22

23

24

25

26

30

31

32

33

34

35

36

37

95

Component
Tvpe

TEE

STGEN

PIPE

PUMP

FILL

BR.EAU

PIPE

PIPE

BREAK

BREAK

VALVE

TEE

TEE

FILL

CORE

TEE

FILL

TEE

TEE

TEE

ACCUPl

FILL

FILL

VALVE

PIPE

PRIZER

Number of
Description Fluid Cells—

Intact-loop hot leg

Intact-loop @team generator

Intact-loop ?ump suction

Intact loop pump

Intact-1oop Bteam generator
feedwater

Intact-loop secondary-preseure
set point

Brokerrloop cold leg

Broke*loop hoc leg

Broken loop suppresaio~eyetem
sec point

Brokemloop suppreeaion-eyetem
set point

Intact-loop steam line

llowl~comer Inltt annulua
and dounc~mer

Downcomer and lower vessel Flenum

Bottom of vasael

Veeael core

Veeeel upper plenum

Top of praaaurizer

Lntact-loop cold leg

HPIS piptng

LPIS piping

Intact-loop accumulator

LPIS boundary condition

HPIS boundary condition

kcumulacor valve

Intact-loop cold leg

Preseurlzcr

6,5

22,12

6

2

1

1

18

34

1

1

2

1,7

4,1

1

8

1,1

1,1

2,1

21

3

1

1

2

1

12



ASSESSMENT RESULTS

Steady-aLate condition~ immediately before blowdown initiation were calculated
using TRX-PF1. Table 11 lists the measured and calculated conditions at blowdown
initiation. The largest calculated deviation was the intact-loop cold-leg volumetric
flm that ●xceeded the -asured value by -4.5%. The higher flow rate resulted from
matching the hot-leg temperature closely.

Figure 3 compares the calculated and measured eyetem preeisureg. During the
blwdown phaee the calculated eystem pressure decayed more rapidly than the measured
eyetem pressure. The influence of a finely noded representation was investigated by
modeling the breaks with a critical-flw model u8ing coarae noding. The changes in
calculated ayetem pressure decay during blowdown were minor. The emergenc~
core-cooling accumulator, which were tripped on system preesure, were activated at
16.07 s. l%is wae *2.5 a earlier than measured in the teat.

The loop mass flows generally were well calculated by T8AC-PF1. Figure 4
compares the intacc-loop mass flows through the pump. The calc~dated flow decayed
-1 0 earlier than measured and became zero at 25 e. A small residual flow was
❑easured throughout the blowdown phase of the test. The comparison between the
calculated and measured broken-loop cold-leg entrance mass flows (Fig. 5) is
excellent. The calculated and measured core inlet mass flows are compared in Fig. 6.

Core pwer (14W)

Intact-loop cold-leg fluid
temperature (K)

Hot-l@g to cold-leg temperature
differential (K)

P?eeeurizer pressure (MPa)

Pressurizer liquid maas (kg)

Steargenerator feedwater
temperature (K)

Fluid temperature in broken loop
on tt.e pimp etde (K)

Fluid temperature in brukcn loop
on the veoeel side (K)

Intmct-loop cold-leg flow ( /s)

TABLE 11

TeFt s-06-3 Initial Conditions

Experiment

1.004

563.

34.1

15.769

9.09

497.

562.

591.

6.68

Calculation

1.004a

562.1

34.1

15.769a

9.27

497a

562a

591.a

6.98

—. -— —— ——

‘S ●clfied ae input parameter to steady-otate calculation.r
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CONCLUSIONS

A posttest study of Bemiscale lar~-break-LOCA Test 3-06-3 has been completed
to aeseea TRAC-PF1 predictions of these transients. In ge-eral, TRAC-PF1 predicted
the transient well. Wring the blowdown phase the system p~sabure was
underpredicted. Loop mass flows were predicted well. QuenchinF o? the rod cladding
was predicted to occur wch later than measured. A parametric r, -udy waii conducted
and tk minimum stable fil-boiling temperature was increased. A marked improvement
in the predicted time of quenching resulted. The reeulto showed that TRAC-PF1
calculated the transient about as well as TRAC-PD2. However, ‘IRA*PF1 calculated the
transient in -17% of the time. Thus, TRAO-PF1 offers significant improvement in
calculation time not only for small-break but also for large-break transients.
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