3.5.2.1 ANALYSIS TO DEMONSTRATE ADEQUATE CORE CCOLING

The analysis presented in this section demonstrates the capability of the

BWR to maintain adequate core cooling, even under severely degraded conditions
resulting from multiple failures or operator errors, following a loss of
inventory either through a pipe break or through the safety relief valves,
This analysis is applicable to all events which can lead to loss of vessel
inventory such as a pipe break, a stuck open relief valve, loss of feedwater,
etc.

To be cogsistent with Section 3.1.1., most of the analyses were performed using
a 0.1 ft“ break size. This break size causes a significant inventory depletion
which can lead to core uncovery. In addition, this break size is represen-
tative of the worst small break for most plants. The 0.1 ft< break size is
also small enough to be within the capabilities of the high pressure systen -
while being large enough to demonstrate the differences between various break
locations and product lines.

3.5.2.1,1 1LPCS + ADS ONLY

3.5.2.1.1.1 LIQUID BREAKS

These cases show the response to a very small break LOCA with only 1
LPCS and the ADS s 'stem operating.

BWR/2  0.001 £t? Suction Break Figure Group 3.
3

5.2.1-
BWR/4  0.001 7t? Suction Break Figure Group 3.5.2.1-

o -

The following cases give a comparison of the results for the various
product lines in addition to showing the small break response.

BWR/2 0.1 £t? Suction Break Figure Group 3.5.2.1-3
BWR/4 0.1 ft? Suction Break Figure Group 3.5..1.1-4
BWR/6 0.1 ft? Suction Break Figure Group 3.5.2.1=5
BWR/2 DBA Recirculation Break Figure Group 3.5.2.1-6
BWR/~  DBA Suction Break Figure Group 3.5.2.1-7

3.5.2.1.1.2 STEAM BREAKS

These cases show the rasponse to a steamline break inside the containment
with 1 LPCS operating.

BWR/2 0.1 ft? Steamline Break Figure Group 3,5.2.1-8
BWR/4 0.1 £t® Steamline Break Figure Group 3.5.2.1-9

These cases show the response for a steamline break outside the containment.

BWR/2 0.5
0.5

ft?2 Outside Steamline Break Figure Group 3. 10
BWR/4 3 ftre

Sudalm
Outside Steamline Break Figure Group 3.5.2.1-11

1549 1001
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3.5.2.1.2 1LPCl + ADS ONLY

3.5.2.1.2.1 LIQUID BREAKS

The following case shows the response to a very small break LOCA with 1
LPCI and the ADS available.

BWR/4 0.001 ft? Suction Break Figure Group 3.5.2.1-12

These cases show the response for the two basic BWR configurations
with LPCI systems.

BWR/4 0.1 ftf Suction Break Figure Group 3.5.2.1-13
R/6 D.1 ft* Suction Break Figure Group 3.5.2.1-14
sWR/4 DBA Suction Break Figure Group 3.5.2.1-15
3.5.2.1.2.2 STEAM BREAKS
This case shows an inside steamline break for comparison.
BWR/4 0.1 ft? Steamline Break Figure Group 3.5.2.1-16

3.5.2.1.3 BATTERY FAILURE

(1 LPCI +1LPCS + ADS Available)

These cases show the response with two systems operating and also form
part of the battery failure analysis.

3.5.2.1.3.1 LIQUID BREAKS

BWR/4 0.1 ft? Suction Breaks Figure Group 3.5.2.1-17

BWR/6 0.1 ft? Suction Breaks Figure Group 3.5.2.1-18
3.5.2.1.3.2 STEAM BREAKS

BWR/4 0.1 ft? Inside Steamline Break Figure Group 3.5.2.1-19

BWR/6 0.1 ft? Inside Steamline Break Figure Group 3.5.2.1-20

1549 007



3.5.2.1.4

BWR/6 0.

3.5.2.1.5

LPCI DIVERSION
The following case is representative of the cases where some of the
LPCI flow is diverted to containment gpray. One LPCI pump is
assumed available after diversion.

022 £t? Core Spray Line Break Figure Group 3.5.2.1-21

FAILURE TO ACTUATE ADS

The following cases were analyzed to support the Guidelines for the case
where the ADS system was not initiated (by mulitiple failures or operator error).
For these cases, the low pressure ECC systems (LPS) are assumed available
but unable to inject because the vessel pressure is too high. The effect
of allowing the recirculation pumps to remain running is alsc included

in this section. This section is intended to show approximately the time
available to initiate the ECCS without significant core heatup.

BWR/2 0.1 ft? Suction Break W/1LPCS Fig. Group 3.5.2.1-22
BUR/6 0.1 £t? Suction Break W/1LpCI Fig. Group 3.5.2.1-23
BWR/6 0.1 £ft? Suction Break W/1LPCI (Recirculation Pumps On)Fig. Group 3.5.2.1-24
BWR/6 0.1 ft? Steamline Break W/1LPCI Fig. Group 3.5.2.1-25
BWR/6 Isolation Event W/LPS Fig. Group 3.5.2.1-26
BWR/6 Isolation Event W/LPS (Recirculation Pumps On)Fig. Group 3.5.2.1-27

MITIGATING ACTIONS

These cases support the operator guidelines for the above conditions of

ADS failure.
BWR/6 Isolation Event W/HPCS Fig. Group 3.5.2.1-28
BWR/2 Isolation Event W/lsolation Condensers and ILPCS Fig. Group 3.5.2.1-29
BWR/6 Isolation Event W/1LPCI, 1 SRV OPEN* Fig. Group 3.5.2.1-30
BWR/6 Isolation Event W/1LPCI, 3 SRV's OPEN* Fig. Group 3.5.2.1-31
BWR/6 Isolation Event W/1LPCI, 5 SRV's OPEN* Fig. Group 3.5.2.1-32
BWR/6 Isolation Event W/1LPCI, 7 SRV's OPEN* Fig. Group 3.5.2.1-33
3.5.2.1.6 LOW PRESSURE SYSTEMS UNAVAILABLE

This analysis demonstrates the operator actions for a blowdown with the

low pressure ECCS unavailable. The purpose is to show the approximate

time available for the operator to repressurize the vessel and restart

the high pressure systems.
BWR/4 0.1 £t? Suction Break W/HPCI,ADS@6C0 SEC Fig. Group 3.5.2.1=34
BWR/6 0.05 ft? Suction Break W/HPCS,ADS@600 SEC Fig. Group 3.5.2.1=35
BWR/4 0.1 £t Suction Break W/HPCI,CLOSE ADS @ 1500 SEC Fig. Group 3.5.2.1-36
BWR/4 0.1 £t2 Suction Break W/HPCI,CLOSE ADS @ 4500 SEC Fig. Group 3.5.2.1-37
3.5.2.1.7 STUCK OPEN RELIEF VALVE

This section shows the system response to a stuck open relief valve. The

purpose is to show the approximate time available for operator action.

The effects of the mitigating actions are shown in previous sectioms.
BWR/4 Isolation Event W/SORV, NO ECCS Fig. Group 3.5.2.1-38
BWR/4 Isolation Event W/SORV AND 1LPCI Fig. Group 3.5.2.1-39

*SRV's actuated at L1 plus 600 seconds 1549 003



3.5.2.1.8 CONCLUSIONS

The analyses presented in this section show that adequate core cooling can be
maintained whenever the pressure vessel is depressurized and one low pres-
sure system is injecting. The analyses also show that the operator has con-
siderable time to restart systems that might have failed, prior to any signif-
icant core heatup. Additional analyses were performed for the extremely
unlikely conditions of the multiple failures of the following makeup systems:
HPCS, HPCI, LPCS, LPCI, RCIC, FW, IC, CRD and condensate pumps. Even for
these extremely degraded loss of inventory events where no water make-up
systems are available, the operator has at least half an hour or more before
any significant core heatup is expected. These conclusions are valid for any
loss of inventory event involving a small pipe break or isolation with loss
of inventory through the relief valves.

1549 004
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FIGURE 3.5.2.1 - 18.5 NATURAL CIRCULATION FLOW RATE VS TIME FOR A 0.1 fl’ SUCTION BREAK
WITH ONE LPCI AND ONE LPCS AVAILABLE .
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FIGURE 3.5.2.1 - 18.7  ENTHALPY VS TIME FOR A 0.1 FT? SUCTION BREAK WITH ONE LPCI AND
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