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ABSTRACT

Multinode analyses were conducted for several small breaks in the
reactor coolant system of B&W's 205-fuel-assembly nuclear plants with in-
ternals vent valves. The multinode blowdown code CRAFT was used to evalu-
ate the hydrodynamics and transient water i{nventories of the reactor
coolant system. The FOAM code was used to compute, a swell level history
for the core, and the THETAl-B code was used to perform transieat fuel
pin thermal calculations. Curves showing the parameters of interest are
presented. These results are well within the Final Acceptance Criteria. I 1
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1. INTRODUCTION

This topical report evaluates the effectiveness of the emergency
core cooling systems for B4W's 205-fuel-assexbly (FA) reactor designs

with the following features:

1. Eight lé-inch-diameter {nternals vent valves.
2. Cross-connected LPI systems. . -
3. HPI system manifolded into each cold leg.

The plant is assumed to be operating at 3760 MWt, and the analysis
{s conservative for plants of similar design operating at a lower rated
pover. The analysis is also conservative for plaants of similar design
with Mark-C design fuel assemblies.

The report presents the results of an analysis of loss-of-coolant.
accidents resulting froa small breaks in the reactor coolant system.
(Small breaks are defined as those breaks {n the reactor cocolant systcm
vith less than 0.5-ft? leak area.) The CRAFT,! FOAM,2 znd THETA1-B3 com-
puter codes were used for the analysis. i

A spectrum of ruptured {s considered: 0.5-, 0.3-, 0.1-, and 0.05-£¢2
leak areas. Also, the report includes the double-ended rupture of the
core flooding line (O.AA-ftz leak area). These ruptures provide an ap~

propriate spectrum for evalua:ion‘of the effects of small leaks.

55585
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2. SUMMARY AND CONCLUSIONS

The spectrum of small bre‘ka analyzed in section 4 shows that the
cladding will undergo only a moderate increase in temperature during
small loss-of-coolant accidents. Because the peak temperatures are low,
no potential for cladding swelling or metal-water reaction exists. There=
fore, the core geometry is unchanged and will remain amenable to cooling.
Long-term cooling is estahlished once the injection rate matches the
leak rate and the core {s covered with a steam/water mixture.

The double-ended rupture of a core flooding tank Tine yields a
maxioum cladding temperature of 1636F. Cors heonctty will be maintained
in a coolable configuration. Long-term cooling is established by using
the same reasoning as in the paragraph above.

For all breaks analyzed, the conditions of the Final Acceptance
Criteria are met. Corformance of this analysis to the Final Acceptance
Criteria is demonstrated in Appendix A of BAW-10104, Revision 1.7 There-
fore, the design of the emergency core cooling system is adequate to con-
trol small Ioss-o!-coolaq;'accidentl;

Results for the breaks considered are svrmmarized as follows:

Inicial Peak Time at which long-term
Break temp, P temp, P cooling i{s established, s
0.5 ft? at pump disch 710 1178 . 200
0.3 £ft? at pump disech - 710 710 400
0.1 ft? at pump disch 710 710 2200
0.1 ft? at pump suct 710 710 2550
0.05 fr? at pump disch 710 710 2300
0.44 £ft2 CF 1{ne brcak 710 1636 400 :
o536
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the accident. At 280 seconds, two-phase fluid flovs,cqrough
the break and ults in a more rapid depressurization cf the t&actor
coclant Jystem. the breax at the discharge, this effect occurred at
200 seconds. After ehtg\:imn. the break at the suctigp depressurizes
pump discharge due to, higher qualicy fluid

S seconds o

faster than the break at
exiting rhe system. The cor flooding tank ac:ultion pressure is reached
at 7% seconds. At 1300 seconds)\ the LPI p np begins to inject water to
the reictor vessel, resulting in an se in the inner vessel inner
volyme. The suxiliary feedwater pum stops at 1390 seconds after
the break cccurs and causes an 1
2550 seconds.

ughout the transient,

e system pressure. Long-
term cooling is established e core remains covered

by a two-phase mixture th no ¢ladding tempera-

ture increase will oc
As was sh
change of locagfon. The lower pressures that occur duriﬁ; t

no major differences in response res

break resq} {n {ncreased pumped injection. Therefore, small b
the pump dischargs are considered to be slightly worse than treaks

thg,vhnp gaction.
7
4.7. 0.05-ft? 3reak at Pump Discharge

The 0.05-£t2 break at pump discharge is the smallest break analyzed.
This break responds basically in the same manner as the 0.1-ft? break at
the pump discharge as shown in Figures 4-31 through 4-34, The reactor
trip occurs 8 seconds after the break, the auxiliary feedwater pump sh.ts
of £ at 1520 seconds, the core remains covered by a two-phase liquid
throughout the accident, and the cladding temperaturc never exceeds its
prebreak value. The results for this break show that the HPIL puzps alone
are sufficlent to hanele breaks of this size and smaller since the core
flooding tamks inject water for only a short period of time and thus play

an {nsignificant role in controlling the accident.
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