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plant parameters have been examired

. 4 d
CXOULl scenaric

parameters of interest are directly relatad to the capability of the

maintaining core cooling anc appropriate containment integrity. Ih

presents the expected response of suppression poo)l water temperature

station blackout Station blackcut, defined as the total loss of A

h offsite and onsite (including any diesel generated power), wou

e suppression pool by ating any pool cooling via the RHR s
duration of the blackout

Two cases were analyzed to determine the suppress

coping with a station blackout (SBO) event. The

0
RCIC operetion during the SBO event The second

~

cooling mode instead of RCIC cooling. In these two cases, assumed that

the primary system is cooled down by manual depressurization via the Automatic

Depressurization System (ADS) in conjunction with automatic cycling of the

1C opening and reseating of the s: y/reiiel
. I 3 = sl - 2\ 1 n ”~
et point 10Q1¢ a ! (Reference .) A Vo

the suppressi t

structures, namely the

structures, was included. Also, both cases utilize a medified AN

(best estimate) power ratio fol) he ocumented

Reference 6

This revision was made

vessel (RPY) and/or the
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11. SYSTEM DESCRIPTION

Figure 1 is a schematic ef a BWR Mark Il pressure suppression containment
system. This containment system features a drywell (upper chamber) and &
wetwell (lower chamber) which consists of a pool of water (suppression pool)
and a wetwell air space. The two chambers are connected by a system uf vent
pipes (downcomers). Thase two units comprise a structurally integrated
prestressed concrete pressure vessel lined with welded steel plate. A steel
pressure head is provided for closure at the top of the drywell. The drywel)
and wetwell are separated by a reinforced concrete floor which serves te
prevent steam flow between the two chambers except through downcomers provided
for this purpose.

A number of safety-related systems are provided in a BWR plant to mitigate the
consequences of postulated transients and accidents. Systems of interest to
this analysis are shown in Figure 2. These systems are the RHR, the reacior
core isolation cooling system (RCIC), high-pressure core spray (HPC, and the
S/RVs. A description of these systems can be found in the LSCS UFSAR [2].

L3

During the hypothetical station blackou! event, the reactor is isolated (main
steam and feedwater isolation) and reactor pressure is relieved via steam flow
through the S/RV system. The steam passes througn the S/RV, the S/RV discharge
line, and the S/RV guencher into the suppression pool. Since the quenchers are
submerged (23 ft), steam flowing into the suppression pool is assumed
completely condensed. The suppression pool water temperature will rise due to
steam condensation until either 1) steam flow to the main condenser is restored
and all S/RV flow to the pool is stopped or 2) one or more trains of the RHR
system is started in the pool cooling mode. Both of these actions require come
source of AC power.



The suppression pool temperature transients for the iwo cases considere

this analysis were calculated using the S&L computer code SUPTRAN [3]

calculates mass within the suppression pool and Reactor Pressure Vessel
using a mass conservation equation for each volume. Suppression pool

energy is calculated using the first law of thermodynamics for an oper

with accounting of flcw between the pool and RPV Thermodynamic conditions

(014 R

within the RPV are calculated based on a rate equation for the RPV pressure

Various rlows modeled in the SUPTRAN code are depicted in Figure 2

Descriptions of the flows and flow models can be found elsewhere [3], [4]. The

thermodynamic condition in the RPV is governed by the identified mass flows as
well as by heat addition to RPV fluids from the nuclear fuel and from the RPV

and reactor internal The thermodynamic condition of the suppression L.‘OU‘; i s

governed by the identified mass flows. Heat transfer to the suppression pool

structures, namely steel components, was also included
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IV.  HODELING ASSUMPTIONS

Tne transient analyses were performed using the S&L compu®er code SUPTRAN (See
Appendix A). The evaluation made use of best estimate assumptions such as
4sing a modified ANS] Standard decay heat curve (Reference 6) and 100% rated
reactor power. SUPTRAN computer models for both the RCIC and HPCS cases were
obtained directly from Reference 11. These computer models were modified to
represent an operator controlled RPV cooldown in a conservative manner with
respect to suppression pool temperature.

The acceptance criteria for suppression pool temperature is defined in
Reference 1 in terms of a heat capacity temperature 1imit (HCTL) curve. This
curve plots pool temperature versus RPV pressure. The operating procedures
require the operator to control vessel pressure in order to stay below this
curve (Reference 14).

The operator actions implemented in the models include:

e Operator initiated RPV cooldown at a rate of 100°F/hr following the
initial vesse) depressurizaticn due to S/RV actuation after MSIV
ciusure.

e Qperator controlled S/RV actuation is used to control vessel pressure
after 100*F/hr cooldown is terminated until the end of station
blackout.

e At 4 hours 15 minutes, equipment is restored that allows the operator
to cool down the RPV and/or suppression [ool.



depressurizat
maintain operating margi
gepressur) to lower sures to maximize poe

The emphas

proguce boun temperature transients

Tables
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Caze 1 (RCIC)

1)

3)

4)

5)

6)

1)

Altnough the normal opening piessure for the first two (lowest set point)
S/RVs 15 1091 psia, their low-low opening setpoints ere 1021 and 106)
psia, respectively. The SUPTRAN nrogram has no capability of resetting
the setpoints. Therefore, not oniy subsequent S/RV openings for the
‘frst two valves were set to 1021 any 106] psia, but also initial opening
pressures for the first two S/RVs were set at the lower pressures (102]
and 106] psia). Consi”.ring that the opening setpoints are lower and the
4ifferentia’ pressures for reseat’ng of the first two val ‘es are larger
(11¢ 'nd 120 psid, Table 5.2-9 of Ref, 2), this assumption °¢
conservative because the S/RVs will stay open longer and the discharge of
steam %0 the suppression pool end the resulting temperature increase in
the poo) will be larger. For reseating the remainirg valves, a
differentia) p' ssure of 109 psid was used (Reference 9).

G2t transfer to the suppression poo) structures is included (Reference
4).

100% of the rated reactor power was used.

ANS! Standard (best estimate) decay heat curve (Reference 6) was used in
conjunction with the GF design basis curve. See Tahble 4.

ihe inftial suppression pool temperature assumed was 105 . (Peference
19).

RCIC operation is as. . ved.

$/RV reseating differential pressures of 110, 120 and 100 psid were used
for the 18 S/RVs, respectively (See Table 2).



8)

9)

10)

11)

12)

13)
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Manual depressurization cooldown at J00°F/hr was imposed unti] vesse)
pressure reached 167 .sia.

F:1lowing termination of menual depressurization cooldown , operator
~ntroiled S/RV actuation was implement.d to control vessel nressure
between 167 psia and 172 psra urtil the end of station blackout.

Modeling the operator controlled S/RV actuativn was accomplished by
specifying a 19th S/RV with a setpoint pressure of 172 psia and a reseat
pressure of 167 psia. This valvz is only activated following termination
of manual depressurization.

Primary system ieakage of 61 gpm is assumed to be addeu to the drywell
for the first 4 hours. This is based on a .« *nical Specification limit
of 25 gpm total leakage (Reference 12) plus 18 gpm pes recirculation pump
as allowed by "aference 13. Reference 15 calculates 37.76 percent of the
61 gpm flashes as it enters the drywell. The flashed steam is assumed to
go directly to the suppression pool. After 4 hours, credit is taken for
the reduced RPY pressure and Reference 15 calculates 17.85 percent of
27.5 gpm is flashed to steam. This steam is assumed to go directly to
the suppression pool. Reference 15 gives an enthalpy of the steam as
1205.6 BTU/1bm,

The Overall Cooldown method was selected as the SUPTRAN option for
performing the manual depressurization [3).

It is assumed that at 4 hours 15 minutes into the transient, equipment is
made avai‘able to cool the RPV at a rate of 100°F/hr.

Case 2 (HPCS)

1)

Case 1 assumptions were used.
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RESULTS AND CONCLUSIONS

ihe results of the suppression pool temperature analysis are shown .n
Figures 3 through 5, for Case | and Figures 9 through 11 for Case 2. In
particular, Figures 3 and 9 represent graphs of suppressi=n pon)
temperature and RPV pressure as a furction of time for the RCIC and HPCS
cases, respectively, Figures 4 and 10 represent graphs of suppression
pool temperature as a function of RPV pressure for the RCIC and HPCS
cases, respectively superimposed on the HCTL curve for comparison.
Finally, Figures 5 and 1] represent graphs of RPV temperature and RPV
water level as a function of time for the RCIC and HPCS cases,
respectively,

In Case 1, the suppression pool temperature at 4 hours after the SBO
begins is 213.1°F; 1t is 217.1°F at 4 hours 15 minutes. In Case 2, the
suppression poc) temperature at 4 hours after *he SBO begins 15 230.8°F.
At 4 hours 15 minutes, it is 234.2°F. The difference hetween the 4-hour
pool teaperature resulting from HPCS operation versus RCIC operatior is
attriL. led to the aoditional mass and energy dischaiged to the pool
through the 5/RVs for MPCS. This occurs because HPCS is allowed to
depressurizs the RPV to lower pressures. Consequently, S/RV discharge
occurs for longer periods of time.

Figures 4 and 10 indicate that utilizing conservative modeling which
maximizes pool heatup, the vesse! nressure and pool temperature are
adequately controlled below the HCTL curve. HKence, the Heat Capacity
Temperature Limit would not be reached during the four hour station
blackout event.

The assumptions for Case | included S/RV cycling between 167 and 172 psia
following manual depressurization termination. This small Ap was
selected to maximize energy input to the pool. However, this would
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result in an inordinate number of S/RV actuation cycles which would 1.t
be realistic from an operations standpoint. In order to demonstrate the
conservativeness of this assumption, a second RCIC case was run (Case lA)
which medified the valve set pressure to 200 psia such that operator
contro!led S/RY cycling occurs between 167 psia and 200 psia. The
resul.s of this alternate RCIC case are presented in Figures 6 through 8.
The suppression pool temperaturs under these circumstances is 212.7°F at
4 hours and 215.8°F at 4 hours 15 minutes after the SBO begins. The
alternate RCIC case results in only four operator controlled S/RV cycles
following termination of manual depressurization and prior to for hours
after the SBO begins.

An additional run wa: made using the information of Case 1, but without
primary system leakage to the suppression pool. The results were used as
input to Calculation No. ATD-0117, Rev. 0 "Evaluation of NPSH
Requirements for HPCS, RHR 2nd RCIC Pumps and Back Pressure Limitations
of RCIC Turbine Following Station slackuut." The results are shown in
Appendix A,

The lowest reactor water level occurs during RCIC operation ard is
approximate’y -130 inches. This level dues not result in core uncovery
since the 2op ~f the active fuel i '51 inches per Reference 17.
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TABLE 1
LASALLE STATION EVENT LOGIC
four oyr Station Blackout Evaluation

System or

Case 1 Lase 2
Main Steam te3d.5 sec* t=3.5 sect
(Isolation)
Feedwater 1=0.0 sec t=0.0 sec
{Isolatien)
Reactor Power Scram t«0 Scram t«0
RHR in Pool Not Used Not Used**
Cooling
RPY Cooling RCIC on @t«5] sec. HPCS on @t«33 sec
System Cyclic Operation Cyclic Operation

on RPYV Level on RPV level

*Table 6.2-4 of Ref. 2
**Started at 4 hours 15 minutes



IABLE 2

Reactor and Associated System Spe ‘fications

Reactor Core Power (100% rated = 3323 MW)
Reactor Volume

Initial RPV Liquid Mass

Inftial RPV Vapor Mass

Rated Turbine Flow (@100% full power)
Initial RPY Pressure

RPV Heat Structure Mass

RPY Heat Structure Specific Heat

RPY Heat Structure Area

RPV Heat Structure Heat Trancfer Coefficient

RPY Liquid Level Control Specifications

RPY Cross-Sectional Area

Initial Void Fraction Below Ligquid Level
Liquid Level 2

Liquid Level 8

Initial Liquid Level

(References 11 & 16)

Calc. No. 3C7-0350-00]
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LASALLE PLANT SPECIFIC DATA FOR STA1I10N BLACKOUT SCENARIQ

ll 338. MBtu

. 335 X lof Nf
6.090 x 10 lbu
2.361 x 10° 1bm
4018. Ybm/sec
1040 psia

3.085 x 10* 1bm
0.111 Btu{!bm °F
10,000 ft

1000 Btu/hr- fte.ef

334.8 ft?
1200
-50.0"
+55 5"
+40.5"
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TABLE 2 (Cont'd)
LASALLE PLANT SPE.I"IC DATA FOR STATION BLACKOUT SCINARIQ

RCIC System Specifications (Reference 18) |
Delay Time for Initial RCIC Flow: 30 serond fnllowing Startup Signal

RCIC Pump RCIC Pump RCIC Turbine RCIC Turbine
RPY Mass Flow Rate Mass Flow Rate Mass Flow Rate Mass Flow Rate
Pressure (psia)  (gpm) . {lbm/s)
0. 0. 0. 0. 0.
164, 0. 0. 0. 0.
165. 600, 80.3 8250 e.3
1173, 600. 80.3 27,250 7.6
2000. 600, 80.3 27,250 7.6

*Using specific volume of 0.01664 ft’/1bm at 200°F

HPCS System Specifications (Reference 4 and 11)
Detay Time for Initial HKCS Mow: 30 second following Startup Signal.

RPY HPCS Pump mass Flow Rate
Pressyre (psial {apm) (lbm/s &)
15.45 L/ 96 940
2°5.45 6196 857
515.55 5070 701
815.45 3774 522
1145.45 161! 222

1175.45 1339 18%
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JABLE 2 (Cont'd)
LASALLE PLANT SPECIFIC DATA FOR STATION BLACKOUT SCENARIQ
Suppression Pool and Associated System Specifications (Reference 4)

Initial Pool Water Mass

Initial Pool Temperature

Service Water Temperature

RHR-HX Effectiveness

RHR Mass Flow Rate-Pooi Cooling (1 Train)
Pool Heat Structure Surface Area

Pool Heat Structure Mass

Overall Heat Transfer Coefficient

Pool Structure Specific Heat

7.984 x 10° ibm
105F

105 F

0.372

1036. 1bm/sec
46350, ft?
1,043,000 1bm

100. Btu, (hr-ft?-*F)
0.111 Btu/(1bm-*F)



Number of Automat|
SRV Seat Area (] Valve
Loss Coefficient

Reseat Differential Pressu

Number of Operator Controlled S/RV's (RCIC Case
Operator Controlled SRV Seat Area*

Overator Controlled SRV lLoss Coefficient
Operator Controlled SRV Reseat Differential Pres
Operator Controlled SRV Relief Setpuint

J

of ASME rated flow
and 1061 psiz for Low-Low Setpoint
Reference 9, the reseat different
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JABLE 3
ANS] STANDARD POWER RATIO FOLLOWING SCRAM
Heat addition
Time after scram (sec) power ratig*/ratad power
0. 1.0840
R 0.5026
6. 0.6271
10. 0.5249
20, 0.2309
30, 0.1372
3l. 0.1370
60. 0.0492
100, 0.0427
101. 0.0344
150, 0.0316
200, 0.0298
400. 0.0259
600. 0.0238
800. 0.0223
1000. 0.0209
1500. 0.0189
2000, 0.018¢
4000. 0.014]
6000, 0.0124
8000, 0.0114
10000. 0.0106
15000 0.0094
20000. 0.0086

*This is a hybrid curve which uses GE data (see Table 3 of Reference 11) for
conservatism for the first 100 seconds after scram.

standard data was used (Reference 6).

After 100 seconds, actual ANSI!
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Case 7 (HPCS)

Start nf Transient and MSIV closure,

Scram, Fw Isolation

MSIV closure complete
Vessel level falls to level 2
S/RV operation on high reactor pressure

Reactor pressure cyrling between 911 and 102]

psia using one SRV

Manual depressurization to 24.] psia
HPCS in cyclic operation between L2 and L8
Suppression pool temperature reaches 230 *F

Suppression pool temeprature reaches 234.2°F any
2 RHR trains start in puol cooling mode
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Lime (sec)

0.0
3.5
2]
0-84

84-1424
142412561
1424-21600
14400

15300
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FIGURE 2: General Schematic of a BWR RPV and Pressure Suppression Pool
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