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TRAC-PD2 CALCULATION OF A COLD-LEG
SMALL BPREAK IN A WESTINGHOUSE
FOUR=-LOOP PRESSURIZED WATER REACTOR

By

J. Fo. Lime and G. J. E. Willcutt, Jr.

ABSTRACT

In tBis reportzwe present a TRAC-PD2 audit calculation of a
J.00186=-m* (0.02-ft“) cold-leg small break in a Westinghouse four-loop
pressurized water reactor. Plant model assumptions and special code
features are described, TRAC calculation results are presented,
differences between the TRAC and Westinghouse results are discussed,
and conclusions and recommendations are presented.

1. EXECUTIVE SUMMARY

Ve calculated a cold-leg small-break transient for a Westinghouse four-loop
pressurized water reactor as requested by the Nuclear Regulatory Commission. e
used the TRAC-PD2 computer code and a model of ghe ZION-] plant for this
analysis. We assumed a break size of 0.00186 m® (0.02 ft o We also assuned
loss of offsite power at reactor-trip time. The loss of offsite power results
{n an immediate trip of the primary pumps, loss of main feedwater, closing of
the turbine stop valves, and availability of only half the safety injection and
auxiliarv feedwater systems.

We calculated the transient out to 5000 s. The system transient behavior
was characterized by an initial rapid decrease in primary pressure until it
reached slightly above the steam generator secondary pressure. The systen
temporarily stabilized at that level until the loop seals cleared of liquid at
about 2100 s. After the loop seals cleared, the pressure gradually decreased
for the rest of the transient. The safety injection flow began exceeding the
break flow at 4200 s.

There was no core uncovery during the transient. The void fractions in the
upper level of the core remained well below 0.4 except for a brief period just
before loop seal clearance, during which it peaked at 0.68. The peak cladding
temperature never exceeded the steady-state value.

We compared the TRAC results to a Westinghouse calculation for the same
break area. We found the calculated system Lehavior to be very similar but with
some differences. The major difference is that Westinghouse shows a brief core

*Work performed under the auspices of the United States Nuclear Regulatory
Commission.



uncovery while the TRAC calculation shows no core uncovery. This m.- be due to
the lower safety injection flow assumed by Westinghouse.

We recommend the same calculation be performed using the improved TRAC-PF]
two-fluid code for small breaks. We also recommend the calculation be repeated
using the lower safety injection flow assumed by Westinghouse.

1I. TINTRODUCTION

We calculated a cold-leg small-break transient for a Westinghouse four-loop
pressurized water reactor (PWR) as requested by the Nuclear Regulatory
Commission. We used the TRAC-PD2 computer code and a nodil of the ZION-1 FWR
for this analysis. The break size of 0.00186 m (0.02 ft“) and other PWR model
assumptions corresponded to a Westinghouse calculation. We calculated the
transient out to 5000 s, Sec. III of this document describes the PWR model,
special features of the code, and initial conditions. Sec. IV presents the TRAC
calculaticn results and a comparison of the TRAC and Westinghouse results.
Finally, Sec. V and VI present conclusions and recommendations.

111. MODEL DESCRIPTION

A. Nodalization

4 Figure 1 shows a sketch of the TRAC model used. The small break is located
in the c>1d leg of loop B, downstream of the pump and safety injection point.
The pressurizer is also located in loop B. The three intact loops are modeled
as one combined loop, referred to as loop ACD in this analvsis. We divided the
vessel into eight axjal levels, two theta segmenis, and two radial rings. The
core is modeled with four axial levels. On the secondary side of the steam
generators, we also modeled the steam lines leading outside the containment
building and the secondary safety valves. We also modeled the primary loop
seals between the steam generator outlets and the primary ccolant pumps. There
are a total of 32 3-D vessel cells and 132 1-D cells, B0 in the primary loops
and 52 in the secondary side. Geometry and other plant data were obtained fror
the ZION FSAR and from other ZION data sources.

B. TRAC Code Special Features

We used the TRAC-®D2 computer code with modifications to add an auxiliary
feedwater inlet to the steam generator components and to include reactivity
feedback and decay power calculations. We also modified the 1-D drift-flux slip
correlations to improve the liquid-vaper mixing between cells at the very low
flows encountered in small-break transients. The TRAC-PD2 code version we used
also includes several other minor improvements and corrections.

C. Initial Conditfons and Boundary Assumptions

Table 1 summarizes the iritial stea'y-state flow conditions and boundary
assumptions used in this analvsis. The initial conditions agree reasonably well
with F5AR data. We also assumed loss of offsite power at reactor-trip time,
which is consistent with the Westinghouse calculation. The offsite power loss
results {n an immediate trip of the primary pumps, loss ci main feedwater,
closing of the turbine stop valves, and availability of only half the safety
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injection and auxiliary feedwater systems. Furthermore, we assumed a 25-s and
60-s delay in delivery of the safety injection flow and of the auxiliary
feedwater flow, respectively. The auxiliary feedwater remains on for 3000 s cf
the transient. Tahle II shows the pressure-dependent safety injection flow and
the auxiliary feedwater flow used in the calcula. fon.

IV. CALCULATION RESULTS

A. TRAC Results

This section presents the small-break transient results. Table III
summarizes the significant events of the transient. Time-history plots of the
svstem pressures, temperatures, mass flows, void fractions, and other data are
presented.

Figure 2 shows the pressurizer and steam generator secondary pressures.
The transient was characterized by a rapid depressurization of the primary
system in the first 500 s. Between 500 anc¢ 1500 s, the pressure temporarily
stabilized at slightly above the steam generator seccndary pressure. The stean
generator secondary pressure rapidly increased to the secondary safety valve
setpcint following loss of main feedwater at the reactor-trip time and remained
at that level until approximately 1700 s. At 1500 s, the primary pressure began
to increase until the primary loop seals cleared of liquid at about 2100 s.
Lfter the loop seals cleared, a gradua) depressurization occurred for the rest
of the transient. The secondary pressure also decreased until the auxiliary
feedwater was turned off at 3129 s, after 3000 s of operation as assumed in the
Westinghouse calculation. The secondary pressure then remained relatively
constant for the rest of the transient.

Figure 3 shows the void fracticns !n the upper two levels of the core and
in the upper plenum. The void fraction in level 6, the top level of the core,
remained well below 0.4 except for a brief period between 2200 s and 2400 s,
during which it peaked at 0.68. To determine whether any core uncovery
occurred, we rennded the top core level into three smaller levels and recomputed
the transient between 2000 s and 2500 s. In the renoded case, the void fraction
in the topmost core level never exceeded 0.8. Figure 4 shows the core level 6
1iquid temperature. Peak cladding temperatures never exceeded the steady-state
value during the transient period.

The vessel liquid mass inventory is shown in Fig. 5. Figure 6 shows the
brea” flow and :che total safety injection flow. The safety injection flow began
exceeding the brezk flow at about 4200 s. However, the vessel liquid-mass
inventory actually began increasing at about 3700 s from condensing steam.

The clearing of liquid in the primary loop seals had an important effect.
Before loop seal clearance, the break flow was essentially all liquid which
resulted in & high mass loss. Once the loop seals cleared, an open path was
formed between the core upper plenum and the break, allowing the upper-plenunm
high-vapor mixture to escape and exit out the break. The path was not a direct
one because the loop seal in the break loop never cleired. Instead, the flow
escaped in a roundabout way, through the intact loops, through the downcomer
annulus, and into the break cold leg from the vessel side. The high volumetric
flow out the break resulted in a marked decrease in break mass flow and in
pressure. Figure 7 shows the void fraction of the flow entering the break. The
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flow reaching the break was never completely steam because of partial
condensation in the steam genecator tubes.

Figure 8 shows the pressurizer water level. The pressurizer emptied very
rapidly and remained nearly empty except briefly just before loop seal
clearance.

Figures 9 and 10 show the primary mass flow for loops B and ACD. Flow
circulation ceased at approximately 2200 e« except for the upper plenum vapor
flow escaping out the break. A better indication of the flow circulation after
2200 s 1s given by the mixture velocity shown in Fig. 11 for leop B and Fig. 12
for loop ACD. Flow was never re-established in loop B because the lcop seal in
that lcop never cleared.

Hot- and cold-leg temperatures are shown in Fig. 13 for loop B and in
Fig. 14 for loop ACD. The hot- and cold-leg temperatures approached saturation
temperature as the loops drained. The decrease in cold-leg temperature between
1100 s and 2100 s was due to the accumulation of safety injectior flow when very
:ow loop flow rates were occurring.

The steam generator primary and secondary temperatures are shown in ¥ig. 15
for loop B and in Fig. 16 for loop ACD. After 3500 s the primary temperature
was lower than the secondary temperature, resulting in heat transfer from the
secondary to the primary. However, the h2at transfer was small and had little
or no effect on the primary sysiem response.

Voidiug in the primary loops is shown by the next set of plrts. Figures 17
through 20 show the void fractions in loop B at the hot-leg inlet, the top of
the steam generator, the bottom of the loop seal, and the cold-leg outlet.
Figures 2! through 24 show the same void fractions for loop ACD. Note the
difference in loop seal void fraction between loop B (Fig. 19) and loop ACD
(Fig. 23).

The steam generator secor ary water mass inventory is shown in Fig. 25.
There was a depletion in water mass in the first 300 s after which the water
mass inventory began increasing from the addition of auxiliary feedwater. The
feedwater came on at 129 s and remained on for 3000 s. There was more secondary
boiloff in loop B because of the higher primary mass flow in this loop as a
result of the break. Figure 26 shows the void fraction in the secondary cell
containing the top of the tube bundle, giving an indication of the water level
reached. Figures 27 and 28 show the mass flow out the safety valves for loop B
and ACD. The auxiliary feedwater flow is also shown in these figures.

B. Comparison of TRAC and Westinghouse Calculations

When we compared the TRAC and Westinghouse calculation results, both
calculations showed the same general system behavior. There was an initial
rapid pressure decrease with a leveling off at slightly above secondary pressure
until the loop seale cleared, and then a gradual depressurization thereafter.
However, the results differed in four areas:

(1) The Westinghouse results showed a brief core uncovery just before loop seal
¢learance. The TRAC results showed a brief increase in void fraction in
the upper level of the core but no core uncovery.



(2) The Westinghouse results showed the loop seals clearing at 1800 s. The
TRAC results showed the loop seals clearing at 2100 s.

(3) The Westinghouse results showed the break flow to be all steam once the
loop seals clear. The TRAC results showed the break flow to be two-phase
vith a maximum void fraction of 0.69.

(4) The Westinghouse results showed the primary and secondary pressures
réemaining relatively constant after the auxiliary feedwater was turnc’ off.
The TRAC results showed the secondary pressure to remain constant, but the
primary pressure to decrease continually after the auxiliary feedwater was
turned off.

We also found the Westinghouse safety injection flow to be much lower than
that used in TRAC, approximately 35 to 45 per cent lower depending on pressure.
Our safety injection flow rates were based on one~half the full system flow
rates given in the FSAR, We also checked the integrated break flow of the two
calculations and found them to agree up to 1500 s. The first two differences
noted above mavy be due to the difference in safety injection flow while the
latter two differences may be due to differences in thermal~hvdraulic modeling
me ttods.

V. CONCLUSIONS

We completed a TRAC-PD2 calculation of a cold-leg small-break transient for
a Westinghouse four-loop PWR., We compared the results to a Westinghouse
calculation for the same size break. We found the calculated system behavior to
be very similar but with some differences. The major difference is that
Westinghouse shows a brief core uncovery while the TRAC calculation shows no
core uncovery. This may be due to the lower safety injection flow assumed by
Westinghouse.

Vi. RECOMMENDATIONS

We r:commend the same calculation be performed using the improved TRAC-PFI
two=-fluid code for small breaks. We also recommend the calculation be repeated
using the lower safety injection flow assumed by Westinghouse.



TABLE 1

INITIAL CONDITIONS AND SETPOINTS

Parameter Value
Reactor Power 3238 MW
Primary Pressure 15.4 MPa
Core Inlet Temperature $50.4 K
Core Outlet Teaperature S85.7 K
Mass Flow (per loop) 4260 kg/s
Secondary Pressure 5.0 MPa
Feedwater Temperature 495.5 K
Steam Outlet Temperature 5371 K
Feedwat.r Flow (per loop) 441.0 kg'/s
Low Pressure Reactor Trip Setpoint 11.72 MPa

Steam Generator Safety Valve
Valve Area (full open)
Open Setpoint
Close Setpoint

6

NNO
U R )

016 m

.14 MP

.03 MP
TABLE 11

SAFETY INJECTION AND AUXILIARY FEEDWATER FLOW

1. Safety Injection Flow

One-half system capability (one charging pump and one safety injection
pump) is assumed available with a 25~-s delay in flow delivery after actuation

signal.
Primary Total SI
Pressure Mass Flow
(MPa) (kg/s)
0.0 58.967
2.76 52.617
5.52 45,353
8.27 35.380
10.45 21: 782
12,41 19.051
13.79 16.329
15.17 12.701
16.55 7.711
17.93 0.0

2. Auxiliary Feedwater Flow

One~half system capacity (450 gpm or 28 kg/s) is available delivered to all
four steam generators 60 s after reactor trip and loss of main feedwater. The
auxiliary feedwater is assumed to remain on for 3000 s after initiation.



1.

2.

9.

10.

11.

TABLE 111

SUMMARY OF TRANSIENT

Event

Break occurs.

Reactor trip signal, RCS pumps
trip, loss of feedwater, and
turbine stop valves close.

Reactor scrammed. '

Safety injection flow initiated.
Auxiliary feedwater flow initiated.
Steam generator safety valves apen.
Primary loop seals clear.

Auxiliary feedwater flow stopped.

Primary pressure drops below
secondary pressure.

Vessel liquid mass inventory
starts to increase.

Safety injection flow exce:ds break

EVENTS

flow.

Time(s)

0.0

69.1
69.7
94.1
129.1
150.0
2100.0

3129.0

3500.0

3700.0

4200.0
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Fig. 2.

System primary and secondary prescures.




VOID FRACTION
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Fig. 3.

Core and upper plenum void fractions.
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ZION-1 0.02-FT2 COLP-LEG BREAK
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Core liquid temperature in leve’ 5.
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ZION-1 0.02-FT2 COLD-LEG BREAK

mooocC -y R —— T T
VESSEL
COMP. 1

100000 -+ .
© 90000 d
.4
N
[7g)
V) 80000 A R
«
p 3 \
o '
5 70000 - \ -
o \
- \ A
) v \
o 60000 - \ .
t% \
4 g
> 50000 \¥ 4

40000 - d

m I 1 =2 ) 1

0 1000 2000 3000 4000 5000
TIME (s)
Fig. 5.

Vessel liquid mass inventory.
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MASS FLOW (kg/s)
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Break flow and safety injection flow.
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WATER LEVEL (m)

ZI!ON-1 0.02-FT2 COLD-LEG BREAK

Pressurizer water level.
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MASS FLOW (kg/s)
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Fig. 9.
Loop B primary mass flow.
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MASS FLOW (kg/s)
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Fig. 10.
Loop ACD primary mass flow.
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MIXTURE VELOCITY (m/s)
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Fig. 11.
Loop B mixture velocity.
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MIXTURE VELOCITY (m/s)
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Loop ACD mixture velocity.
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LIQUID TEMPERATURE (K)
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Loop B hot- and cold-leg temperatures.
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LIQUID TEMPERATURE (K)
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Loop ACD hot- and cold-leg temperatures.
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LINUID TEMPERATURE (K)
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Loop B steam generator primary and secondary temperatures.
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LIQUID TEMPERATURE {K)
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Loop ACD steam geneiator primary and secondary temperatures.
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Loop B hot-leg void fraction.
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VOID FRACTION
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VOID FRACTION
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Loop B loop seal void fraction.
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Loop B cold-leg void fraction.
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Loop ACD hot-leg void fraction.
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Loop ACD steam generator void fraction.
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Loop ACD loop seal void fraction.
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Loop ACD cold-leg void fraction.
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Steam generator secondary water mass inventory.
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SECONDARY SIDE VOID FRACTION
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Steam generatcor vold fraction at top of tube bundle.
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Loop B secondary safety valve and auxiliary feedwater flows.
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Loop ACD secondary safety valve and auxiliary feedwater flows.
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