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P ABSTRACT

Audit calculations were performed for a Babcock & Wilcox
pressurized water reactor at the request of the Nuclear Regulatory
Commission. The analysis involved breaks of 0.00093 m° and
0.0065 mz in a cold leg pipe. The transients were evaluated using
an experimental version of the RELAP4 computer code.



SUMMARY

leg break transients were calculated for a Babcock &
essurized water reactor. The calculations were performed
n of the RELAP4 computer code. Break sizes

2
m- were analyzed.

Its of the analysis indicate a potential for core uncovery in

2
the 0.00093 m™ case due to absence of sustained natural

irculation. A combination of reduced secondary side mixture level
Juring auxiliary feedwater delivery and a single degraded HPI pump
contributed to primary loop flow stacnation. The 0.0065 m~ analysis

iccumulator flow reestablishing adequate core
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I. INTRODUCTION

Two cold-leg small break audit calculations were performed for a
Babcock.and Wilcox pressurized water reactor as requested by the
Nuclear Regulatory Commission. Break sizes of 0.00093 mz and
0.0065 m" were analyzed using an experimental version of the RELAP4
computer code.” The following report contains a brief description
of the computer code (Section I1), the input model used and
assumptions made (Section II1), calculational scenario (Section 1V),
results (Section V), and conclusions (Section VI).

. —




IT. COMPUTER CODE DESCRIPION

The_computer code used for the analyses described in this report
is an experimental version of the RELAP4 computer code (internally
designated as RELAP4/MOD7, Version G92). Modifications made tu the
code for these analyses are:

1.

Addition of a mixture level dependent fill model to allow
control of steam generator auxiliary feedwater flow as a
function of secondary side mixture level.

Modification to the heat transfer logic to set local heat
siab surface qualities, representing the outside surface of
the steam generator tubes below the auxiliary feedwater
nozzle, to zero during auxiliary feedwater flow. This
approximated the heat transfer coefficient for a falling
film of water,

Deletion of the time step control due to zero flow crossings

at a junction. This change improved the problem running
time without adversely affecting calculational stability,

Version G392 of RELAP4/MOD7 is stored at INEL under Code
Configuration Control Numbers HO07184B and H009982B (steam tables). A
Tisting of the updates used for the analyses is supplied in Appendix A,



ITI. MODEL DESCRIPTION

The RELAP4 nodalizatfon used for these analyses was that
developed for the TMI-2 calcu1ations.2 A nodalization diagram is
shown in Figure 1. Unlike the TMI-2 analyses, however, a single
volume pressurizer with associated surge line volume and a three
volume core were used., Bubble rise was used in the cold legs between
the steam generators and pumps, steam generator secondaries,
pressurizer, accumulator, and all vessel volumes except the upper
plenum exit annulus. Slip was used in the downcomer, lower plenum,
vertical hot leg junctions, between the steam genérator inlet annulus
and active tubes, and between the pressurizer suiyje line and hot leg.

The break was assumed to occur in the B loop cold leg and
critical flow was calculated with the Henry Fauske - HEM model using a
multiplier of 1.0 and transition quality of 0.02.
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Fig. 1 RELAP4/MOD7 nodalization for B&H analysis.
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IV. CALCULATIONAL SPECIFICATIONS

Boundary and initial conditions were as f0110u£:

Initial power was 2689.0 Mw

Decay heat was ANS + 20%

Reactor scrammed on a 13.1 MPa pressure in hot leg plus a
0.5 s delay

4. Turbine trip and primary coolant pumps were tripped
concurrent with scram
5. Steam generator auxiliary feedwater flow was initiated at
36 s after scram
6. HPI began when the hot leg pressure reached 9.41 MPa plus a
35 s delay. 50% of the flow was injected in the broken cold
leg with the remainder split evenly to the other loops.
Flow was based on a single operating HPI pump, as shown in
Table 1
7. Auxiliary feedwater flow was controlled to maintain
secondary side mixture level at 6.16 m. The flow was
maintained at full rated flow (45.51 kg/s) between 0. m and
6.10 m and then ramped to 0.0 kg/s between 6.10 m and 6.16 m
8. Steam generator secondary side relief valves were ramped
from closed at 7340 kPa to completely open at 7430 kPa
TABLE 1. HIGH PRESSURE INJECTION FLOW
Pressure (MPa) Total Flowrate (1/s)
0.10 32.5
4.24 28.4
7.00 25.6
10.45 21.6
13.89 17.4
16.65 13.2
18.62 0.




V. RESULTS

2 BREAK

1. 0.00093 m
The analysis has been carried out to 6100 s transient time and
has required 11 hours of COC 176 cp time. Figure 2 shows the pressure
in the upper plenum (AP4) and the steam generator secondaries (AP20
and AP21). At 59.5 s, scram and turbine trip occurred, and the steam
generator secondary pressure reached the relief valve setting of
7410 kPa. Auxiliary feedwater was initiated at 96 s and began
reducing secondary side pressure at 400 s. Secondary side
depressurization continued until 650 s when the secondary side mixture
levels reached 6.16 m. Formation of voids below this mixture level
maintained the level above the auxiliary feedwater shutoff setpoint
and resulted in a repressurization of both primary and secondary
systems. At 1000 s, the mixture level dropped below 6.16 m and
auxiliary feedwater flow resumed, which depressurized the primary
system to 8300 kPa where it essentially remained for the duration of
the calculation., The secondary side pressures remained at
approximately the relief vaive set point pressure when an essentially
"equilibrium" condition was established between auxiliary feedwater
flow and relief valve flow.

Figure 3 shows the upper plenum mixture level (ML4) and the upper
core volume mixture level (ML45). After the upper head voided at
400 s, the mixture level in the upper plenum drepped rapidly until it
reached the hot leg elevation and the loop flows dropped (Figure 4).
The mixture level dropped gradually over the remainder of the
transient due to steam production in the core, no sustained natural
circulation, and the fact that the total HPI flow was less than the
break flow. The break flow, shown in Figure 5, was observed to be
23 kg/s, with oscillations due to condensation induced quality
fluctuations. HPI flow from one pump at 8300 kPa was only 16 kg/s.
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The calculation exhitits the potential for core uncovery due to
the lack of sustained natural circulation, the time of the beginning
of core uncovery estimated to be 18,000 - 20,000 s. Further analysis
is required to ascertain if uncovery does indeed occur and whit the
consequences would be,

2. 0.0065 m’ BREAK

The calculation has been carried out to 1886 s and has required
11 hours of CDC 176 cp time. Figure 6 shows the system pressure
response in the upper plenum {AP4) and the steam generator secondaries
(AP20 and AP21). After scram and turbine trip at 9.6 s, the secondary
side pressure reached the relief valve setpoint very rapidly and
remained there until auxiliary feedwater flow began refilling the
secondaries. The primary side pressure dropped rapidly until it
approaches secondary side pressure at 10G:. The system continued
depressurizing steadily until 600-700 sec, at which time hoth steam
generator secondaries fill to 6.16 m and auxiliary feedwater flow was
terminated. The primary and secondary sides equiiibrated at 950 s and
remained approximately equal for the remainder of the transient.
Primary removal of core decay power was through the break.

The upper plenum and upper core volume mixture levels are shown
in Figure 7 (ML7 and ML45, respectively). The upper glenum mixture
level was cbservet to drop rapidly until tie level reached the top of
the hot legs (Figure 7). The level dropped slowly until the steam
generator heat transfer became negligible at which time core boiloff
rapidly emptied the upper plenum and began uncovering the upper core
volume at 1500 s. The loop flows (Figure 8) were essentially zero
from 250 s on. Accumulator injection was initiated at 1720 s
(Figure 9) and injected intermittently. The upper core volume began
refilling at this time and the fuel rod surface temperature
(Figure 10) did not exhibit any significant heatup over saturation
temperature at the 3.4 m elevation,

1
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VI. CONCLUSIONS

1. The 0.00093 mz break size exhibits the potential for core wncovery.

The analysis shows that a potential for core uncovery existed for
a 0.u0093 m2 break in the cold leg of a Babcock and Wilcox
pressurized reactor. It should be noted, however, that the analysis
was based on (1) mixture level in the steam generator secondaries
maintained at 50% of operating level during auxiliary feedwater
delivery and (2) single degraded HPI pump delivery with 50% of the
flow injected at the break for the entire transient. Present
administrative controls require maintenance of the secondary side
level at 95% of initial operating level. This additional heat sink
may be sufficient to initiate and sustain natural circulation.
Secondly, the use of undegraded HPI with both HPI pumps operating
and/or injecting more HPI liquid into the intact loops and less to the
broken loop may also initiate and maintain stable cooling.

2. The 0.0065 m break size results in adequate core cooling.
The analysis of the 0.0065 m2 break shows that a partial core
uncovery does occur. However, initiation of accumulator flow refilled

the core prior to any significant cladding surface temperature
increase over primary system saturation temperature.

17
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