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1 INTRODUCTION

Plant data shows that following an MSIV closure with scram the feedwater system
continues to inject to the RPV for about 35 seconds. In simulating an MSIV-closure
ATWS event, it is common practice to assume a similar coast-down of the feedwater flow
rate. The purpose of this calculation is to determine if this feedwater coast-down
assumption is valid, or if the feedwater system would continue to inject for a significantly
longer period of time due to the rapid depletion of reactor vessel inventory under ATWS
conditions.

2 REVIEW OF PLANT DATA FOR AN MSIV
CLOSURE EVENT

A review of plant data for feedwater system response during an MSIV-closure transient
(SSES Unit 1 MSIV closure on high Main Steam Line radiation!, 06/14/83) was carried
out to quantify plant parameters during the coast-down of the injection flow. Figures 1
thrOugh 18 show the plant response recorded by the GETARS system. A sequence of
events is given in Table 1.

Figure 1 indicates that feedwater flow reaches zero at 36 seconds following initiation of
the MSIV closure. The MSIV closure was initiated at 72 seconds. Note that the
feedwater flow reaches zero while there is still a non-zero output from the feedwater
controller (Figure 6). This rapid drop off in flow rate is due to the constant downward
trend in the controller output which occurs after about 90 seconds. The downward trend
is generated by constantly increasing RPV water level during this time period

(see Figure 7).

Apparently, the feedwater flow drops to zero (see Figure 1) because the turbine speed is
reduced to the point where the pump discharge pressure cannot overcome the vessel
pressure and the head associated with the difference in elevation between the feedwater
spargers and the feedwater pumps. In order to verify this assumption, a feedwater pump
head curve was constructed from the plant transient data and compared with the known
elevation head of the feedwater pumps.

Table 2 contains plant data for the pressure difference between the feedwater pump
discharge and the reactor vessel at the elevation of the feedwater spargers for various
feedwater injection rates. The following second order polynomial was fit to the data -
given in Table 2 in order to get an analytical expression for the pump resistance curve (see
Appendix A for details of curve-fit calculation):

1 GETARS data was extracted from General Office Computer Tape #31, Case #83070615023101.
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AP =k +k, W2, where 1)

AP = [Feedwater pump discharge pressure] - [RPV pressure at elevation of
feedwater sparger] (psig),

k, = 43.0395 psig,
k, = 0.22683 psig/(MLb/hr)2, and
Wi = Feedwater flow rate (MLb/hr).

A comparison of the resistance curve defined by Equation (1) and plant data is shown if
Figure 19. The constant k, represents the elevation pressure drop from the pump
discharge to the RPV at the elevation of the feedwater sparger. The temperature of the

~ water in the feedwater line is 383 °F (see Figure 3). The density of water at this

temperature is 51.9 Lb/fi3. Using this density and the value of k, given above, the
elevation difference between the discharge of the feedwater pumps and the feedwater
sparger is calculated as

~119.8 £, @

In order to determine the validity of the system resistance curve given by Equation (1),
this calculated elevation difference is compared to the actual value. The elevation at the
pump discharge is 678.75 ft (PP&L Drawing DBD-201-1, Rev. 4). The elevation at the
bottom of the vessel is 732.3 ft (PP&L Drawing M-142, "P&ID-Unit 1, Nuclear Boiler
Vessel Instrumentation”, Rev. 30, Sheet 1 of 2). The feedwater spargers are located at
498.5" above the bottom of the vessel (PP&L Drawing FF110760, Sheet 1, "Reactor
Primary System Weights & Volumes"). Therefore, the elevation of the spargers is

7323t +41.5ft =773.8ft. The difference in elevation between the spargers and the

pump discharge is 773.8ft —678.75ft =95ft. This value of the elevation difference
agrees reasonably well with the value given in Equation (2) considering that the data was
obtained with the feedwater system operating under fairly rapidly changing conditions.

Notice that the elevation estimated from the data point (in Table 2)‘ corresponding to zero

- flow gives an elevation of (g/g)(37.9 psi)(144psi/psf)/(51.9Lb/ﬁ3) = 105 ft which agrees
much better with the actual elevation. It is therefore concluded that the feedwater flow

reaches zero because the pump discharge pressure is insufficient to overcome the RPV
pressure plus the elevation head. '
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During normal plant operation, steam is supplied to the feedwater turbines from the cross-
around piping (the steam downstream of the HP turbine and moisture separators). When
cross-around steam pressure is too low to generate the required feedwater flow, additional
steam is extracted from the Main Steam Lines2. With the main turbine off line, the source
of steam for the feedwatar turbines is the main steam lines. Figure 3 shows that the steam
supply pressure is about 560 psig when the feedwater flow reaches zero. The feedwater
turbine design specification sheet? indicates that feedwater flow to the vessel is normally
maintained with the steam supply pressure at 175 psia (normal steam pressure within the
cross-around piping). Thus there is ample pressure energy available within the Main
Steam lines to inject coolant to the vessel if a demand for flow existed.

3 ESTIMATE OF TIME AVAILABLE FOR FEEDWATER
INJECTION FOLLOWING MSIV CLOSURE

An estimate of the time available for feedwater system operation following initiation of
MSIV closure was made based on the decay rates of the pressure in the main steam lines
(Figure 2). Table 2 shows the rate of pressure decrease at three different feedwater
injection rates. For computational purposes, a polynomial representation for the decay
rate as a function of feedwater injection rate was developed. The polynomial relation is
given by (see Appendix A for details) '

Rorw | Wew (1)] = 2.21+ 1.8249 W, (1) +5.2021 W2, (t)  where o (3)

Agw = decay rate of supply steam pressure (psi/sec), and

W, = Normalized feedwater flow = (flow rate)/(rated flow rate).

Plant data (Figure 2) shows that there is a sudden drop in steam line pressure to about 715
psig following the MSIV closure. At about 80 seconds (8 seconds after initiation of the
MSIV closure) the steam line pressure then begins to decay away. The decay of supply
steam pressure following initiation of MSIV closure can be approximated by

%1:-=—xm with P(8.0)=715psig, @
2 SSES Design Description Manual, Chapter 31.
3 GEK-38479 (IOM 42).
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where A, given by Equation (3). In Equation (4), t=0 is defined as the time at which the

MSIV closure is initiated. The time t' (seconds) available for operation of the feedwater
system, following closure of the MSIVs, is then given implicitly by integrating Equation
(4) from 715 psig down to 160 psig [As mentioned above, the feedwater system is
designed to inject to the vessel with steam supply pressure > 175 psia (160 psig).]:

160—715:—]AFW['WFW(t)]dt. )

The integral in Equation (5) was evaluated for constant values of feedwater flow rate to
obtain a plot of t” versus feedwater flow following MSIV closure. This plot is shown in
Figure 20, and the numerical values used to construct the plot are given in Appendix B.

For a BWR/4 operating at natural circulation conditions with normal water level, core
power corresponds to about 50% of rated power, assuming operation on the 100% rod
line*. If the feedwater enthalpy remained constant following the MSIV closure and normal -
water level was maintained, the required feedwater flow rate for natural circulation
operation would be 50% of rated flow. With closure of the MSIVs, feedwater heating
would be lost, and core power would begin to increase above 50% power. A comparison
of General Electric calculations for a two recirculation pump trip (no loss of feedwater
heating) and a turbine trip ATWS (loss of feedwater heating) indicates that the increase in
power caused by the loss of feedwater heating leads to ~10% increase in feedwater flow
rate5. Thus the feedwater flow rate required to maintain normal water level in an MSIV
closure ATWS corresponds to about 60% of rated flow. From Figure 20, the feedwater
system would continue to inject to the RPV for 115 seconds provided that RPV level does
not reach the high level trip (+54") during the early part of the transient.

4 Peterson, C.E., Gose, G.C., Hentzen, RD., McClure, J.A., Chexal, B.,, and Layman, W,
"Reducing BWR Power by Water Level Control During an ATWS — A Transient Analysis”, NSAC-70,
Electric Power Research Institute, Palo Alto, CA, August, 1984. .

5 NEDO-32047, "ATWS Rule Issues Relative to BWR Core Thermal-Hydraulic Stability", General
Electric Company, February, 1992. ' '
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Table 1 Sequence of Events
Time (sec) Time Relative to Event
Initiation of MSIV
(losure (sec)

72 0.0 Initiation of MSIV Closure.

88 16 level setpoint setdown oceurs.

108 36 ~ Feedwater flow drops to zero.

114 42 Feedwater pump trip on high RPV water

level (+54")
123 ol Feedwater controller output signal drops

to zero.
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Table 2 Plant Data Used to Develop FW System Resistance Curve
Time | RPV Pressure | RPV Level Elevation Head | RPV Pressure at | FW Pump Pressure Drop Feedwater
| (sec) | (psig) Above the FW | of Water Above | Sparger Discharge From Pump Flow Rate
Spargers Spargers (psi)’ | Elevation (psig) | Pressure (psig)? | Discharge to RPV
(inches)8 | at Elevation of
Spargers (psig)
70 988 99 1.58 989.6 1075 85.4 13.3
90 994 27 0.72 994.7 1070 75.3 12.8
95 1000 34 0.91 1000.9 1067 66.1
105 990 - 69 1.85 991.8 1040 48.2
108 981 77 2.06 983.1 1021 37.9

6

7

8

The elevation of the feedwater spargers is ~29" with respect to instrument zero (PP&L Drawing FF110760. Sheet 1, " Reactor Primary System
Weights and Volumes")..

The elevation head of the water above the feedwater spargers was calculated with a fluid densily of 46.3 Lb/ft3.

The discharge pressure was determined by averaging the pressures given in Figures 12, 13, and 14.

SA-MAC-003. Rev. 0

1/13/93 Page 6



Table 3

Steam Line Pressure Decay Rates

~ Rate of Steam Line

Feedwater Flow Rate Data Interval Used to Obtain

Pressure Decay (MLb/hr) Decay Rate (sec)
(psi/sec)
2.21 0.0 150.001 to 169.944
5.898 9.0 94.054 to 96.258
9.327 13.3 ‘ 81.038 to 86.077
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'A’ Feedwater Line Temperature (Deg F)

Figure 3
MSIV Closure on High MSLR
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Figure 4
MSIV Closure on High MSLR
06/14/83
31-83070615023101
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‘A’ Feedwater Pump Trip
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Feedwater Controller Output

Figure 6
MSIV Closure on High MSLR
06/14/83
31-83070615023101
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Figure 7
MSIV Closure on High MSLR
06/14/83
31-83070615023101
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Figure 10
MSIV Closure on High MSLR
06/14/83
31-83070615023101
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Feedwater Pump 'C' Flow (GPM)
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Feedwater Pump A’ Discharge Pressure (PSIG)

Figure 12
MSIV Closure on High MSLR
06/14/83
31-83070615023101
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Feedwater Pump 'B' Discharge Pressure (PSIG)
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Figure 13
MSIV Closure on High MSLR
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Feedwater Pump 'C’ Discharge Pressure (PSIG)

- Figure 14
MSIV Closure on High MSLR
06/14/83
31-83070615023101
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'\' Feedwater Pump Turbine Control Valve Position (%)
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MSIV Closure on High MSLR
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Figure 16
MSIV Closure on High MSLR
06,/14/83
31-83070615023101
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Figure 18
MSIV Closure on High MSLR
06/14/83
31-83070615023101
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[Feedwater Pump Disharge Pressure] - [RPV Pressure] (PS])
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Time Available for Feedwater System Operation
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APPENDIX A
Calculation Details for Results Given in Equations (1) and (3)

The curve fit polynomials given by Equations (1) and (3) were obtained with the
Mathematica computer code®. The input data files for the Mathematica calculations are
given below:

Input Data File Used to Obtain Equation (1)

LI

Fle Name:  DNCHAIKO\MATH\FIT4.DAT

Fit[f {13.3, 85.4}, {12.8. 75.3}, 19.0, 66.1}, 130, 48.2}.
{00,379} }.

f1.x~2 Lx]

Input Data File Used to Obtain Equation (3)

Jile Mame: DA\CHAIKOMATHNFITS DAT

Fit[§ | 0.0, 2.21}, §0.68, 5.8984, 11.00, 9.327
i, X, X~2 L x]

Mathematica Qutpu

Inl3):= Inl4):=
<<"D:\chaiko\math\\fit5.dat" <<"D:\chaiko\math\\fit4.dat"
Out [3]1= Out [4]1= _
2 2

2.21 + 1.8249 x + 5.2921 x 43.0395 + 0.22683 x

9 Yolfram, S.. Malbemalica-4 System for Doing Halbematics 4y Computer. Second Edition, p. 110,
Addison-Wesley, New York, 1991. :
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APPENDIX B
NUMERICAL VALUES USED T0 CONSTRUCT FIGURE 20

(Feedwater Flow) Agy (psi/sec) £* (sec)
(Rated Feedwater Flow)
.00000 2.21000 259.13122
04000 2.29146 250.20331
08000 - 2.38986 240.23104
12000 - 2.50519 229.53971
.16000 2.63746 218.42959 -
20000 2.18666 207.16287
24000 . 2.95280 195.95713
28000 3.13587 184.98423
32000 3.33588 174.37294
.36000 3.55282 164.21393
40000 3.78670 154.56577
44000 403751 : 145.46108
48000 4.30525 136.91232
62000 458993 - 128.91683
56000 4.89155 121.46105
.60000 2.21010 114.52395
.64000 2.94558 108.07970
68000 - 5.89800 102.09971
72000 6.26735 96.55414
76000 6.65364 91.41298
80000 7.05686 ‘ 86.64683
84000 747702 . 82.22742
.88000 7.91411 78.12787
.92000 8.36814 74 32297
96000 : 8.83910 70.78917
1.00000 9.32700 67.50466
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- 1.0 Purpose

The purpose of this package is to install SABRE3 Version 001 (Ref. EC-ATWS-0505, Rev. 8) in
production status on the Nuclear Technology Systems Analysis HP workstation j2240-c under
the Systems Analysis Thermal Hydraulic analysis Software Quality Assurance (SQA) procedure
EC-SATH-0005 Rev. 2. The software version identifier for this installation is Version 001 as
documented on form EC-SATH-0005-1. Concurrently, SABRE3 Version 000 is removed from
the production library.

2.0 Verification

The verification plan on form EC-SATH-0005-2 contained in this package was followed. The
purpose of this verification is to demonstrate that installation of SABRE3 Rev. 001 into the
production library j2240-c/d00/appl/sabre3v1 did not alter the results provided in the validation
calculation EC-ATWS-0505 Rev. 8. The verification cases listed on EC-SATH-0005-7 were run
and numerical results compared with identical cases from the SABRE3 Rev. 001 validation

. package EC-ATWS-0505 Rev. 8. The results of the verification runs are contained on the
microfiche included with this package. Numerical output for the validation runs are contained
on microfiche included with EC-ATWS-0505 Rev. 8. Comparison of the numerical results from
the validation runs and the current verification runs show identical agreement. It was also
verified that the script sabre3.v0, which runs SABRE3 Rev. 000, is no longer active. -

3.0 Compiler Source Listing

The FORTRAN source code for SABRE3 Version 001 is included on microfiche in the
validation package EC-ATWS-0505 Rev. 8.

4.0 User Instructions

SABRE:.% Version 001 (which runs SABRE source code documented in Calc. EC-ATWS-0505,
Rev. 8) is executed from the j2240-¢ production directory j2240-c/d00/appl by typing the
command: '

“sabre3.vl pl p2 p3 p4 p5”

;vklllere pl through p5 are positional input parameters. These input parameters are defined as
ollows: ' ’

pl:  name of SABRE3.001 input file (including absolute path),
p2:  name of 1-D cross section file including absolute path (This is a SIMTRAN-E output file
as described in EC-ATWS-0505, Rev. 8),
p3:  “y”ifthisis arestart case. “n” if this is not a restart case (do not include quotes).
p4:  absolute path defining where SABRE output is to be placed
p5:  name (zlf restart file including absolute path if p3=y. If p3=n, this parameter can be
omitted. '




5.0 Ancillary Software

The script “sabre3.v1” used to run the production executable of SABRE3 Version 001 on j2240-
¢ is located on j2240-c in the production applications subdirectory /d00/ appl andis
documented in Appendix A of this package.

The script “sabre3.v1” calls script “sabre3vlm” from the j2240-c/d00/appl/sabre3v1 production
directory which increments a counter obtained from the file . '
j2240-c/d00/appl/sabre3v1/sabre3v1 .cnt to assign the unique run number yy-nnn* to the run, and
~ calls the script “sabre3vlm” from the production library j2240-c/d00/appl/sabre3vl which
writes the banner page to the output file, calls the SABRE3 Rev. 001 executable “sabre3vl.ex”
and redirects the output to the unique file p4/sabre3v1.yy-nnn.out where p4 is the positional
input parameter defined above. The script “sabre3vlrn” also calls accounting routines and
prints the CPU time used for the current run to the bottom of the output file. The script
“sabre3vlm” is included in Appendix B. A restart file p4/Restart.yy-nnn.out is also generated
for each SABRE case that is run.

SABRE cases can be stacked using a script file. The script file included in Appendix C provides
an example for submitting stacked SABRE cases. Ifit is desired to cancel a SABRE run after it
has been submitted the user should not use “Ctrl C’ as this will prevent execution of the next
SABRE case that is submitted. All jobs should be cancelled using the UNIX ‘kill’ command.

6.0 Code Compilation

The SABRE3 Rev. 001 source code contained in EC-ATWS-0505, Rev. 8 was compiled using
the make file listed in Appendix D which creates the executable : '
“/300/appl/sabre3v1/sabre3vl ex”.

7.0 Y2K Compliance

N/A

8.0 Restart Capability

Validation problem 1 on the Verification Computer Case Summary Sheet (form
EC-SATH-0005-7) was run up to 1=60 seconds in Run#00-51. This problem was run to 120
seconds in Run #00-53. Using the restart file from Run #00-51, the problem was restarted from
+=60 seconds and run to 120 seconds in Run #00-52. In Figure 1, the reactor pressure calculated
in Run #00-52 (=60 sec to t=120 sec) is compared against the reactor pressure calculated in Run
#00-53. There is no noticeable difference in the results. This demonstrates that the SABRE
restart option works correctly. : L

9.0 Screening Determination

The Screening Determination for the SABRE code is included in Appendix E.

t yy=last two digits of current year, and nnn=uniqué number for that year.
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SATH PRODUCTION SOFTWARE QUALITY ASSURANCE PLAN

a)

Software Products Name: SABRE3 b} Lead Engineer: Mark A. Chaiko
Version identifier (NNN): 001 )

c)

Scopefrequirements:

Revision 1 of EC-SATH-1007 installs SABRE3 Version 001, documented in EC-ATWS-0505 Rev. 8, into
Systems Analysis HP workstation j2240-c production library /j2240-¢/d00/appl/sabre3vl. This is a new
installation. SABRE will be used to perform licensing analyses of ATWS events for Susquehanna. Concurrent
with this installation, SABRE3 Version 000 will be deleted from the production library.

d)

Resource Requirements:
1) Hardware: HP Workstation j2240-c, Host ID 2005192266 with Unix operating system HP 10.20
2) Software: Fortran 77 compiler

3) Technical: SABRE simulates reactor transients involving scram failure. The code simulates reactor shutdown
with boron injection and/or with manual rod insertion. Also, primary containment response is simulated.

e)

Extraordinary Documentation and/or Review Requirements (if any): None

Verification Plan: o Validation Document: EC-ATWS-0505 Rev. 8

(1) SABRE3 Version 001 installed on workstation j2240-c (HOST ID 2005192266) is validated in EC-ATWS-

0505 Rev. 8 and was benchmarked against plant data and results obtained by other analytical methods.

(2) SABRE3 Version 001 will be installed in test mode on the HP workstation j2240-c in directory

/j2240-c/d00/appl/sabre3v1. While in test mode, a warning message will be printed on the banner page so
that results will not be unknowingly used in a quality-related calculation.

(3) Acceptance Criteria: SABRE3 Version 001 installed via this package should reproduce the results in the

validation package EC-ATWS-0505 Rev.8 for SABRE Cases 1, 2, 3, 4, 5,6,7,8,10,11,12,13,14,and 15
(see Computer Case Summary in EC-ATWS-0505, Rev. 8). Any discrepancies must be explained and
dispositioned or corrected. The script “sabre3.v1” in production directory j2240-c/d00/appl used to run the
production code SABRE3 Version 001 should also be verified to properly echo and increment the unique
Run #. Upon satisfying the acceptance criteria, the warning should be removed from the banner page, and
SABRE3 Version 001 will be in production status on workstation j2240-c.

(4) In order to verify that SABRE3 Version 000 has been removed from the production library, an attempt will

be made to run SABRE3 Version 000 by invoking the HPUX script file “sabre3.v0™. It should be verified
that sabre3.v0 does not execute SABRE3Version 000 and no output is generated.

9)

Required training:

Users of SABRE3 Version 001 must (1) Review Sections 1 (Introduction), 4 (Code Limitations) and
Appendices F and G (Code input) of Validation package EC-ATWS-0505, Rev. 8, and (2) Perform sit-down
training with a qualified SABRE3 Version 001 user, who has previously performed a Q analysis with SABRE3
Version 001 or has demonstrated competence with the code by accurately replicating sample problems
contained in EC-ATWS-0505 Rev. 8.

r‘
,1

Prepared By—2fande A-Cla J— Reviewed By« 4/ {Pduiz> T21/e0

Approval Date: 22 1’7;42 2099

PCC Number: EC-SATH-1007 Rev. 1

1

Form EC-SATH-0005-2




SATH SOFTWARE INSTALLATION REQUEST

Lead Engineer. Mark A. Chaiko

Sofiware Name: SABRE3 Versipn 001

Software Type: Compiled FORTRAN executable w/ production script

Reason For Request: Installation of SABRE3 Version 001 in production library on Systems Analysis
workstation j2240-c and removal of SABRE3 Version 000 from production library on Systems Analysis
workstation j2240-c .

Software Validation Calculation Number: EC-ATWS—OSOS Rev. 8

Approval:
Supervising Engineerémf/ W Date: 7 %//deo

PCC Calculation Number: EC-SATH-1007 Rev. 0

Form EC-SATH-0005-3



SATH SOFTWARE Q/A CERTIFICATE

Lead Engineer: Mark A. Chaiko

Software QA Level
2

Software Name: SABRES3 Version 001

Source Code Language: FORTRAN 77 Platform:
Op. System: HP 10.20 Server Host ID: 2005192266

PCC Calculation Number: EC-SATH-1007 Rev. 1

Pre-Production Location Information

Absolute Path Filename Creation Date
Source Code: fhome/eamac/sabre_31/ *f (* represents subroutine names) 11/198/99 to
source_code 09/14/00
/home/eamac/sabre_31/ * txt (* denotes common block 08/27/9§ to
source_code/common narme) . 11/30/99
Executable Module: T /home/eamac/sabre_31/test | sabre3v1.test ' 09/14/00
1O List
Unit# 1/0 Description Software Internal Filename
4 input data (reactor & containment data) SABRE_##.inp UNIX standard input redirected
' from user specified parameter #1
9 input data (status of restart) SABRE_##.temp.inp UNIX standard input
redirected from user specified parameter #3
5 input data (cross-section file) SIMTRAN_##.inp UNIX standard input redirected
from user specrﬁed parameter #2
3 input data (restart file) Restart.dat UNIX standard input redirected from
user specified parameter #5
1 output file Rx1.out
15 output file Rx2.out
18 output file Boron.out
2 output file MSL.out
16 output file Makup.out
10 output file Generl.out
11 output file HPCl.out
3 output file (dump of restart data) Restart.dat
12 output file Cont1.out
17 output file Cont2.out
113 - | output file Break.out
14 output file Mesg.txt

Form EC-SATH-0005-4, sh. 1

t Code compiled by the command ‘make’ typed from directory /d00/app1/sabre3vl/s6urce_code.




Production Location Information

Absolute Path Filename Creation Date

Source Code: /d00/applisabre3vi/source_code *.f where * denotes names of ' 9 /Z f / 5 ¢

: subroutines
/d00/appl/sabre3vi/source_code/

*.ixt (* denotes common block
common name)

Executable Module: .| /d00/appl/sabre3v1 sabre3v1.ex 7 / 21 / df

Execution Syntax
Exact Call Name: sabre3.v1 (See Appendix A for script listing)

Positional Parameters:

PRAM # Description Defauit
1 SABRE reactor and containment data file none
2 *1-D cross-section file none
3 Restart flag (y/n) ' none
4 Directory where output is to be directed none
5 Restart file if #3=y none

User Input, Output File Synta)i

Unit # Filename
4 (SABRE reactor and containment data) Name specified as positional parameter #1.
5 (Cross-section file) Name specified as positional parameter #2.
<] Status of restart (y=restart, n=not a restart). y or n specified as positional parameter #3.
3 If positional parameter #3=y, then the name of a restart file must be supplied as positional
parameter #5.
3 Restart.yy-nn.out (Dump of restart data) yy=year, nn=rur# for current year

1,2, 10, 11, 12, 13, 14, | sabre3viyy-nn.out This is the SABRE output file. It is obtained by merging files:
15, 16, 17, 18 Rx1.out, Rx2.out, Cont1.out, Cont2.out, Boron.out, Break.out, MSL.out, Makup.out,
: Generi.out, HPCl.out, and Mesg.txt. : '

Updated Software Version Number: 001 —<O= 21

Installation Signoff o . wJ '
System Administrator: O Date ?/Z/[

Software Verification Signoff: A . ' { ' _
Lead Engineer: Mﬂ@_‘ Date 9/22/p
Review Engineer: Date 9’/ &
Supervising EngineC Date (L

Warning removed from banner page: .

System Administmto@zl_cw Date 9& 7!00

Form EC-SATH-00054, sh. 2



Verification Computer Case Summary Sheet

Case ID Case Description Comparison Case Reference Notes *

00-53 Validation problem 1 SABRE Case 1 in EC-ATWS-0505 Rev. 8

00-54 Validation problem 2 SABRE Case 2 in EC-ATWS-0505 Rev. 8

00-55 Validation problem 3 SABRE Case 3 in EC-ATWS-0505 Rev. 8

00-56 Validation problem 4 SABRE Case 4 in EC-ATWS-0505 Rev. 8

00-57 Validatibn problem 5 SABRE Case 5 in EC-ATWS-0505 Rev. 8

00-58 Validation problem 6 SABRE Case 6 in EC-ATWS-0505 Rev. 8

00-59 Validation problem 7 SABRE Case 7 in EC-ATWS-0505 Rev. 8

0060 | Validation problem 8 SABRE Case 8 in EC-ATWS-0505 Rev. 8

00-61 Validation problem 10 SABRE Case 10 in EC-ATWS-0505 Rev. 8

00-62 Validation problem 11 SABRE Case 11 in EC-ATWS-0505 Rev. 8

00-63 validation problem 12 " SABRE Case 12 in EC-ATWS-0505 Rev. 8

00-64 Validation problem 13 SABRE Case 13 in EC-ATWS-0505 Rev. 8

00-65 Validation problem 14 SABRE Case 14 in EC-ATWS-0505 Rev. 8

00-66 Validation problem 15 ,

00-67 Validation problem 1 _ SABRE Case 01 in EC-ATWS-0505 Rev. 8 1

00-51 | validation problem 1 run to 60 sec ' 2

'00-52 | Restart of 00-51 run to 120 sec 3
Notes:

(1) This is a re-run of Validation problem 1 after the wamning banner was removed. No difference in numerical output
was observed.

(2) This is Validation problem 1 run up to t=60 seconds. The validation problem nommally runs to t=120 sec.

(3) This is a restart of validation problem 1 at t=60 seconds. The restart is run until t=120 seconds. Pressure result '
after restart is compared to Run #00-53 in Figure 1. There i$ no noticeable difference in the calculated pressure.

* |f case comparison comment is necessary, insert unique note ID in Notes Column and add comment preceded by note

ID.in space provided above. Use additional sheets if necessary.

Form EC-SATH-0005-7
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Document No.: EC-SATH-1007 Revision: 1

Document Title: "Installation of SABRE Computer Code in Systems Analysis' Production Library™

EG702Cettifed Preparer.  — 7 2aile A (Aol Date:  9/25/00

EG702 Certified Independent -
Reviewer: : "7‘, . /j _ 4/,7/\/,/\ Date: 9/24/00

vDate: 7:/{ &/Ao

NOTE (1): The Certified Independent Re \ er and Certified Supervisor can be the same individual when the Certified
Supervisor is the only certified individual available.

. EG702Certified
Supervisor:

1. Has the change been reviewed and approved by the NRC?

'YES NO
a X

If yes, provide License Amendment No.

if the answer to question 1 is yes, questions 2 through 10 are not applicable and need not be answered.

NOTE (2): Questions 2 through 5 of this 50.59 and 72.48 Screening Determination evaluate the activity described in the
identified document versus the FSAR and determine whether or not a 50.59 Safety Evaluation is required. If any question
results in a “YES" answer, then a written 50.59 Safety Evaluation is required prior to implementation. Attachment J should
be reviewed when developing the answers to questions 2 through 5. For “NO” answers, provide a discussion of the basis
used in arriving at the conclusion and include reference to specific FSAR sections. For "YES” answers, provide the §0.58
Safety Evaluation Number.

2. Does the activity involve a change to the facility as described in the FSAR?

YES NO
o X

EC-SATH-1007, Rev. 1 installs a revised version of the SABRE code into the Systems Analysis' Production Library. The major
changes made to the SABRE code involve adding the capability to model superheated steam conditions within the primary
containment in a steam break scenario and adding a "rainout” model to prevent the formation of supersaturated conditions in the
drywell during a liquid break accident scenario. Section 15.8 of the FSAR discusses the cyde-specific ATWS analysis for
Susquehanna. Specifically, Section 15.8.1.5.2 of the FSAR states that the PP&L SABRE code is used to evaluate the peak
suppression pool temperature. The enhancements made to the SABRE code do not have any effect on predicted suppression
pool femperature response under ATWS conditions. Therefore, this revision to the SABRE does not involve a change to the
facility as described in the FSAR.

3. Does the activity involve a change to procedures as described in the FSAR?

YES NO
O

No procedures described in the FSAR mention the SABRE code.

4. ‘Does the activity involve a test or experiment not described in the FSAR that might affect SSC's which are
described in the FSAR?-

YES NO
FORM NDAP-QA-0726-5, Rev. 4, Page 1 of 3 ELECTRONIC FORM
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The activity does involve a test or experiment.

5. As a result of the activjty, could a nonradioactive system become radioactive?

YES NO
o ®

"The SABRE code is used to model a beyond-design-basis event (transient with éczam failure) it does not invoNe charnges to plant
equipment, procedures, or training. Since the ATWS analyses performed using SABRE does not change the way the plantis
designed or operated, it cannot cause a nonradioactive system to become radioactive.

NOTE (3): Questions 6 through 10 of the 72.48 Screening Determination evaluate the activity descri_bed’ in the identified
document for the potential to impact the Dry Fuel Storage Licensing Basis Documents. ’

-l--lll-.l.l-.IlIlllllllllllllllllll.nlll.n..--.llu-IlnllcIlllll.l.llllllll'!llllll-lllllll.Il'lllll'l‘l..I.Q-.l-lil

If either question 6 or 7 is answered "Yes", proceed with questions 8 through 10. If both question 6 and 7 are answered
“No", questions 7 through 9 are not applicable. Contact Nuclear Licensing if assistance is needed to answer questions
1 through 5

6. Is the activity associated with any Dry Fuel Stbrage SSC's as described in FSAR 11.77?

YES NO
O X

7. 1s the activity associated with any of the below listed programs as they are credited applicable in EC-089-1002
to Dry Fuel Storage activities? .

- YES NO
Heavy Loads 0O X
Radiation Protection a X
(Health Physics) '
Training a X
Security O X
Quality Assurance O X
Emergency Planning [} =
Procedure Program a =3

If any of questions 8 through 10 are answered "Yes", Nuclear Licensing must be contacted to determine If a 72.48 Safety
Evaluation andior Dry Fuel Storage Licensing Basis Document change is needed. If questions 8 through 10 are all
answered “No”, or are not applicable, process change. .

8. Does the activity involve a change to the facility as described in the CSAR, C of C #1004 and 72.212 Evaluation
(EC-089-1002)? '
YES - NO
o 0O

Provide a discussion of the basis used in arriving at the above conclusion. Inciude reference to specific Dry Fuel Storage Llcénsing
Basis Document sections. . .

9. Does the activity involve a change to the procedural Steps associated with Dry Fuel Storage as described in the
CSAR, C of C #1004 and 72.212 Evaluation (EC-089-1002)7? ' : _

YES NO
o 0O

Provide a discussion of the basis used in arriving at the above conclusion. Include reference to specific Dry Fuel Storage Licensing
Basis Document sections. _ :

'FORM NDAP-QA-0726-5, Rev. 4, Page 2 of 3 ELECTRONIC FORM
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10. Does the activity involve a test or experiment not described in the CSAR, C of C #1004 and 72.212 Evaluation
which might affect SSC's which are described in the CSAR, C of C #1004 and 72.212 Evaluation (EC-088-1002)?

, ' YES NO
o O

Provide a discussion of the basis used in amiving at the above conclusion. Include reference to specific Dry Fuel Storage Licensing
Basis Document sections.

FORM NDAP-QA-0726-5, Rev. 4, Page 3 of 3 ELECTRONIC FORM
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Page 1a

‘ PPL, Inc

ENGINEERING CALCULATION STUDY

REVISION DESCRIPTION SHEET

REVISION NO: 2

CALCULATION NUMBER: EC-052-1018

This form shall be used to record the purpose or reason for the revision, indicate the revised pages and / or affected sections and give a
short description of the revision. Check ( x ) the appropriate function to add, replace or remove the affected pages.

Revised Affected
Pages Sections

A R R
d p m
d ] v

Description /
Purpose of Revision

1,1a,1b N/A

Replaced cover sheet and revision page.

2 Contents

Revised page numbers in Table of Contents.

3 1

Updated peak pool temperature for ATWS with SLCS failure based on latest -
revision to Calc. EC-EOPC-0519. Added Summary. Rcferenced EPG/SAG
instead of EPG, Rev. 4.

.| trip.- This eliminates-concern about condensation-induced waterhammer which———

Updated setpoint for HPCI suction transfer to reflect setpoint cbangc Added
discussion about manual transfer requirement. Changed suppression pool level
for manual HPCI suction transfer from 26 to 25’ to prevent suppression pool
water from entering HPCI turbine exhaust piping in the event of a HPCI system

could occur if HPCI is started with partially-filled exhaust line.

Changed “Design Basis LOCA” to “LOCA”.

Added references to DBD046 (Hydrodynamic loads DBD). Also, corrected
footnotes 11 & 12; footnotes referred to the wrong sections of DAR. Clarified
wording in 15t sentence of 4.1.1.

Cha'nged max pool level from 26’ to 25°. Changed pressure increase
accordingly.

8 41.1,4.1.2

Calculation EC-012-1103 was added as a reference for the stress margin on -
downcomer bracing. Removed statement that load limit curve applies to
actuation of all 16 SRVs because load limit curve is more general in that it
applies to any SRV actuation (all 16, ADS, single valve, etc.) Added reference to
Fig 8-103 of DAR.

10 5.1.1

Corrected reference and added concluding sentence.

11 5.1.1,512

Clarified wording. Revised description of the effect of LOOP on plant
equipment to reflect changes made to Calc. EC-052-1025.

12 512

Indicated that current version of SABRE calculates the reactor pressure
corresponding to the onset of Core Spray injection. LOCA simulations in EC-
052-1025 were re-run with most recent version of SABRE code (SABRE3.001).
Changed “pressure drops to 300 psig at about 700 seconds...” to “pressure drops
to 300 psig at about 600 seconds...” based on revised LOCA simulations in EC-
052-1025, Rev. 1 '
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9005 and 97-9006. Changed pool level of 26 feet to 25 feet. Indicated that
SPT>140F is not expected for liquid break while HPCI is running.
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Summary

The proposed modification eliminates the automatic HPCI suction transfer on high suppression
pool level. EOPs are modified to require a manual HPCI suction swap from the CST to the
suppression pool if pool level reaches 25 feet, but only if pool temperature is less than the HPCI
design limit of 140 °F. The manual transfer is performed from the control room in a LOCA event
and is only required for a narrow range of break sizes. Moreover, the earliest the manual transfer
would have to be performed is 20 minutes into the LOCA scenario. The modification eliminates
the need to manually bypass the auto-swap logic in ATWS and SBO events. Currently, the
manual bypass must be performed outside the control room and must be carried out early in the
ATWS scenario. For design basis events, containment hydrodynamic loads remain within design
limits, and the HPCI system is not adversely affected by the modification.

1. Introduction

The Susquehanna Individual Plant Evaluation' identified the need to bypass or modify the HPCI
suction transfer logic on high suppression pool level. In an ATWS event, high suppression pool
temperatures necessitate the manual bypass of the HPCI suction transfer logic so that the
operator can realign suction to the cooler CST water. The HPCI system is designed for
continuous operation with suppression pool water temperatures up to 140°F, and for short-term
operation with temperatures up to 170°F.2

In an ATWS event with no additional failures, suppression pool (SP) temperature is expected to

reach 170°F which exceeds the maximum temperature considered in the design of the HPCI'
system.? For ATWS events which involve additional equipment failures, much higher pool
temperatures are expected. In particular, the MSIV-closure ATWS with SLCS failure results in a
peak pool temperature of 316°F which is well beyond the HPCI design temperature.*

The EPG/SAG (Rev. 1) instructs the operator to maintain HPCI suction on the CST and to
bypass the high suppression pool suction transfer logic whenever the EOPs are entered. The
Susquehanna EOPs incorporate this guidance in part. Currently, the operator must manually
jumper out the transfer logic circuitry. This has to be done outside the control room, and for the
ATWS with SLCS failure, the bypass cannot be carried out in time to assure continued operation
of HPCI. Should HPCI fail, rapid depressurization of the reactor is required in order to obtain -
vessel makeup from low pressure sources. Operation of a critical reactor at low pressure is
highly undesirable. There is potential for reactivity-induced core damage caused by high-flow-
rate low pressure injection systems (LPCI and Condensate). Core damage from unstable reactor

operation is also a concern.

! "Susquehanna Steam Electric Station Individual Plant Evaluation," NPE-91-001, p. 6-4, December 1991.

2 DBD004, Rev. 0, Section 2.2.3.1.18. _
3 "Evaluation of Susquehanna ATWS Performance for Power Uprate Conditions", GENE-637-024-0893, p. 9,

September 1993.
4 PP&L Calculation EC-EOPC-0519, Rev. 3.
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In non-ATWS events, the Susquehanna EOPs instruct the operator to manually bypass the
suction transfer logic and maintain HPCI suction on the CST only if SP temperature exceeds
140 °F. The temperature restriction of 140 °F prevents conflict with the current plant design

basis.

In §2 of this study, the proposed plant modification is described. §3 reviews the design basis of
the HPCI suction transfer logic. Primary containment design basis loads are reviewed in §4, and
the impact of the proposed modification on the containment design basis loads is examined in §5.
Conclusions are summarized in §6.

2. Proposed Plant Modification

The proposed modification completely eliminates the HPCI suction transfer logic associated with
high suppression pool level. The proposed modification also adds a requirement to manually
iransfer HPCI suction from the CST to the suppression pool if suppression pool level exceeds 25
feet, but only if pool temperature is less than 140 °F. Currently, HPCI suction will automatically
- transfer from the Condensate Storage Tank to the suppression pool when pool level reaches 23'-
10" and the HPCI injection valve (F006) is open.”

The suction transfer logic dependence on injection valve position is not part of the original plant
design. The current logic already includes a modification which was installed to resolve
operational difficulties with RPV pressure control following a MSIV closure event.

In an isolation transient, RCIC is normally used to maintain vessel inventory, and HPCIis
aligned in pressure-control mode (CST to CST). With the original system design, the HPCI

suction transfer on high suppression pool level occurred even with HPCI operating in pressure-

control mode. Following an isolation event on Unit 1 (7/31/91), the suction transfer occurred

with HPCI aligned CST to CST. This prevented the use of HPCI for control of RPV pressure. In

order to correct this design deficiency, the suction transfer logic was modified to limit its effect

to situations where HPCI is injecting to the vessel (DCP 92-9016/9017).

Since the modification proposed in this study involves complete removal of the suction transfer
on high pool level, the modification installed under DCP 92-9016/9017 is no longer necessary
and it should be removed from the plant. The HPCI system control logic also initiates a suction
transfer from the CST to the suppression pool on low CST level in order to assure a supply of
coolant to the reactor. The proposed modification does not affect the suction transfer on low

CST level.

3. Plant Design Basis for the HPCI Suction Transfer Logic on High Pool Level

The HPCI Design Basis Document (DBD004, Section 2.16.3.3. 1) makes the following statement
about the design basis of the HPCI suction transfer on high suppression pool level:

5 GSES TRM Table 2.2-1 (p. 4 of 7), 3/29/2000.
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"The basis for the suction transfer on high suppression pool level is to prevent the HPCI System from
contributing to the further increase in the suppression pool level. The maximum suppression pool water
level is dictated by the need to maintain sufficient air space to accommodate the non-condensable gases
that are blown down to the suppression chamber during an accident. If the suppression pool water level
was too high, the non-condensable gases would cause the containment pressure to exceed design values.
The water level would also be a factor in the calculation of pool swell loads which would arise from the
gaseous discharge from the containment drywell to the wetwell during the early stages of a postulated
Design Basis Accident, and from the blowdown loads generated by an ADS depressurization event. A
small break LOCA with HPCI injection may raise suppression pool level to 24 ft. The design basis for the
hydrodynamic loads due to SRV/ADS blowdown are based on a maximum 24 ft. pool level. Exceeding 24
ft. has the potential to produce SRV loads that may exceed the suppression pool design basis."

In summary, the HPCI DBD addresses three concerns with regard to suppression pool water
level:

1. HPCI operation contributing to an initial pool level > 24' at the time a DBA occurs.
2. HPCI operation causing the pool level to exceed 24' during the course of a LOCA.

3. HPCI operation causing pool level to increase above 24' during a small break LOCA which
subsequently requires initiation of ADS.

Section 6.3.2.2.1 of the FSAR mentions that the HPCI system initially injects water from the
CST, and the suction automatically transfers to the suppression pool on low CST level or high
suppression pool level. However, the basis for the suction transfer on high pool level is not

provided.

In the next section, the primary containment design-basis hydrodynamic loads are reviewed.
Plant transients and design-basis accidents, which potentially involve HPCI operation, are then
examined in light of the proposed modification which removes the high-suppression pool suction

transfer logic.

4. Primary Containment Design-Basis Loads
The Susquehanna primary containment is designed to accommodate loads generated by a LOCA

and/or SRV discharge. The SRV and LOCA load definitions are reviewed in order to determine
the impact of the proposed modification on the containment hydrodynamic loads.

4.1 SRV Load Definition
Loads associated with SRV discharge can be divided into two categories:

e Loads on submerged suppression pool structures, and
¢ Loads on the SRV system.

Both of these loads are discussed in the following subsections.
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4.1.1 Loads on Suppression Pool Structures Due to SRV Actuation

SRV steam condensation loads on wetted portions of the suppression pool boundary and
submerged structures are bounded by SRV air clearing loads (DBD046, Rev. 1, pp. 3, 42). A
conservative SRV load definition for SSES was developed from examination of SRV test results.
for KWU (Kraktwerk Union) BWRs. Out of the extensive KWU data base, three pressure-
versus-time traces (so called KKB traces)’, which were expected to result in conservatively high
loadings, were chosen to define the suppression pool wetted-boundary and submerged-structure
design basis loads (DBD046, Rev. 1, pp. 42-43). Frequency and amplitude adjustments were
carried out on the data to add further conservatism. '

Since the SSES SRV load specifications (based on KKB traces) were derived from test data for a
similar, but not identical quencher design, it was deemed necessary to carry out testing with a
prototype of the SSES quencher. The purpose of the prototypical testing was to ensure that SRV
loads were bounded by the design load specification, and to further verify the steam quenching

"~ eapability of the K'Wt-quencher.® This testing was carried out by KWU at the Karlstein test
facility (Germany). '

SRV Actuation Under LOCA Conditions

The Karlstein tests used to verify SRV loads resulting from ADS actuation were carried out with
depressed water level inside the SRV tail pipe. Owing to the SRV tailpipe vacuum breakers and

the pressure differential betwéen thé drywell anid wetwell, the water level inside the SRV tailpipe
is independent of suppression pool level during a LOCA. The level coincides with the bottom of
the downcomer pipes.’ '* When level inside the SRV tailpipe is depressed as a result of the
drywell/wetwell pressure differential, there is a larger volume of air within the line. The larger
air volume during LOCA conditions is the most significant factor that affects the SRV loads
relative to the SRV loads during non-LOCA conditions when the water level inside the SRV line
is equal to the water level outside the line. The larger air volume results in a decrease in SRV
load frequency and an increase in load amplitude."

Previous KWU testing has shown that the increase in wetwell airspace pressure during LOCA
conditions (up to 30 psig) has no effect on the amplitude of the SRV loads.'? A 30 psig wetwell
airspace pressure is equivalent to the hydrostatic pressure due to a pool level increase of
approximately 69 feet. It then follows that an increase in pool level has no effect on the
amplitude of the SRV loads during LOCA conditions.

$ DBD046, Rev. 1, p. 42.

7 Traces were obtained from SRV in-plant tests conducted at KKB power plant (Germany).
¢ DBD046, Rev. 1, pp. 45-46.

9 GSES DAR, Section 8.5.3.3.4.6.

19 The bottom of the downcomer pipes are 12 feet above the bottom of the suppression pool.
11 GSES DAR, Section 4.1.1.¢ and Figure 8-169.)

12.6SES DAR Section 8.5.3.3.34.



E€-psa-—-,0/8

7o~

As discussed later in §5.1.3, the maximum expected suppression pool level increase expected in
a design-basis accident is 1 foot (maximum pool level is 25 feet). For SRV performance, this is
equivalent to an increase in wetwell pressure of 0.43 psi (0.030 bar). This small pressure change
has negligible effect on the SRV load frequency.”

Table 1 shows the range of parameters considered in the ADS loading verification tests which
were carried out with depressed water level inside the SRV discharge line. Test 11.1 was used to
verify the conservatism of the ADS containment load definition since it produced the most severe
boundary loads. Notice that the test resulting in the smallest containment hydrodynamic loads
corresponds to the lowest reactor pressure (318 psig). Another important point concerning the
SRV test conditions is the trending in suppression pool temperature, and accumulator pressure.
Tests corresponding to reduced reactor pressure have higher initial pool temperatures. This is
consistent with conditions expected in the plant: Low reactor pressure implies that significant
reactor inventory has been discharged to the containment resulting in a rise in pool temperature.

Table1 .
Initial Conditions and Pressure Amplitudes for SSES ADS Load
Verification Tests Conducted at Karlstein Test Facility™

Accumulator Suppression Discharge Line Discharge Line Pool Boundary

Pressure Pool Temp. Level Air Temp. Over-Pressure

Test No. Pool Level (ft) - (psig)ls P () F Amplitude (bar)
10.3 226 1160 73 1.7 126 0.40
11.1 243 1168. 111 12.0 120 0.60
w1201 24.6 647 149 124 122 0.48
13.1 24.6 318 174 . 11.7 120 0.28

SRV Actuation Under Non-LOCA , Conditions

Under non-LOCA conditions, water level inside the SRV tailpipe is approximately equal to the
suppression pool level. Consequently, a rising pool level will result in increased loading on
submerged containment structures because of the higher vent clearing pressure. However, a
rising pool level has a negligible effect on the SRV load amplitude relative to other more
significant parameters such as initial SRV discharge line volume, number of quenchers firing,
etc.' The increase in containment loading associated with higher discharge line water levels can,
however, be offset by decreasing reactor pressure. This relationship has been evaluated
quantitatively by KWU using the Susquehanna-specific SRV discharge test results obtained at
the Karlstein test facility. The following load-limit curve has been developed for Susquehanna.'’

L =-0.01662P; + 45.6 where 'e))

13 SSES DAR Figure 8-175. .

14 SSES DAR, Tables 8.4 and 8.9. Pressure amplitude value corresponds to wall pressure (point 5.10).
15 Accumulator pressure is equivalent to reactor pressure.

16 SSES DAR Section 4.1.1. '

17 pL1-29888, "Suppression Pool Load Limit Curve", File 172-17, 835-02, December 1983.
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L= suppression pool water level (ft), and
P, = reactor pressure (psig).

If suppression pool water level is maintained below the curve defined by Equation (1), then
containment loads for SRV actuation will remain within the design-basis envelope. I

In developing the load limit curve, the most limiting component (downcomer bracing) was

evaluated to ensure that adequate stress margin was available to accommodate the change in

SRV loads anticipated along the load-limit line. The stress margin was conservatively based on

the simultaneous occurrence of the following loads (Calculation EC-012-1103, “Downcomer & _
Bracing Analysis Detached from Containment Wall,” Rev. 0):

SRV + SSE + LOCA

where
SRV = loads due to SRV-actuation, - —— - - - .. ...
SSE = loads due to Safe Shutdown Earthquake, and

LOCA = ]oads due to LOCA steam condensation (condensation oscillation and chugging). o

4.1.2 Loads on SRV System

For purposes of calculating loads on the SRV system due to valve actuation, a very conservative
initial level of 35.33 ft was assumed for the discharge line."® This value is conservative because
piping forces and discharge line back pressure both increase with the initial height of the water
column within the line. This initial level inside the tailpipe was based on Bechtel calculations of
the reflood height within the discharge line subsequent to a valve actuation. In calculating the
reflood height, it was assumed that one vacuum relief valve failed to operate. This calculation of
the reflood height was recognized to be very conservative because of known computer code
limitations. DAR Figure 8-103 shows with one vacuum breaker locked closed that level does not
come back to suppression pool level confirming the conservatism in the Bechtel calculation. For
comparison, the KWU Karlstein tests confirmed that in only two instances did the reflood height
exceed the pool level outside the SRV discharge line. The exceedance was less than 1.5 ft."”

4.2 LOCA Load Definition

Dynamic pressure loads generated during a LOCA are attributed to two steam condensation
phenomenon, condensation oscillations which occur in the early part of the transient and
"chugging" which occurs later in the blowdown. The design basis LOCA loads are based on
full-scale steam condensation tests conducted by KWU at the GKM II-M test facility in

18 Bechtel Calculations PUP-15598-S2, PUP-15598-S6, and PLE-15315 (March 2, 1992).
19 SSES DAR Section 8.4.2.2.4 and Figure 8-101.
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Mannheim, Gfarmany. Single cell tests were carried out at the test facility which consisted of a
dovyncqmer pipe and proportionate drywell and wetwell volumes. Downcomer submergence in
the testing was 12 feet®® which corresponds to a suppression pool level of 24 feet.”

Four different breaks were considered as part of the testing:?

Complete break of a recirculation loop,
Complete break of a main steam line,
1/3 main steam line break, and

1/6 main steam line break.

In carrying out the LOCA tests, a rupture disk is broken and steam flows through a discharge line
into the drywell section of the test tank.”> No water was removed from the suppression chamber
section of the facility during the course of the test. The pool level was allowed to increase based
on the blowdown rate into the pool. Therefore, the rising pool level realized during these tests
was proto-typical of the pool level increase expected at Susquehanna. |

5. Review of Design-Basis Accident Sequences Against Proposed Modification

This section examines the impact of the proposed modification on the plant response to relevant
accidents and transients. The analysis is specific to power-uprate conditions. Events that are
considered consist of all design basis events which involve loss of coolant inventory and any
other event, within the plant design basis, which may result in HPCI initiation either
automatically or by manual operator action. These events are listed below:

Loss of Coolant Accidents inside containment,
Inadvertent Safety/Relief valve opening,
Primary system break outside containment,
Inadvertent HPCI initiation,

"Loss of feedwater flow,
Loss of Offsite AC Power,
Loss of Main Condenser vacuum,
Inadvertent MSIV closure,
Turbine trip (with and without bypass),
Generator Load Rejection (with and without bypass),
Pressure regulator failure-closed/open,

Two special events, ATWS and Station Blackout, are also considered in the evaluation. Each of
these events are discussed in detail below.

2 SSES DAR, Section 9.1.2.2.3.
21 GSES FSAR, Table 6.2-1.

22 SSES DAR, Section 9.3.

B §SES DAR, Section 9.4.1.
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5.1 Loss of Coolant Accidents Inside Containment

Large, intermediate, and small break LOCAs are addressed separately in the following
subsections.

5.1.1 Large Break LOCA

With respect to break area, the spectrum of large breaks is bounded by the full recirculation
suction line break (4.17 ft%).% and a 1 ft break in the recirculation discharge line. Both of these
breaks were analyzed by GE in the Susquehanna LLOCA analysis for power uprate. The results
are summarized below.

Full Recirculation Suction Line Break

For BWR ECCS performance analysis, the most limiting LOCA is a break of the recirculation
line since this is the largest line connected to the vessel at an elevation below top of active fuel.
The effective flow area for a suction side break of the recirculation line (DBA) is 4.17 2.2 For
the DBA suction line break, HPCI initiation signal (high drywell pressure) is generated at 0.3
seconds.?® HPCI begins to inject to the vessel at 30.3 seconds and stops at 43.9 seconds due to
the rapid rate of vessel depressurization. During this event, the HPCI suction transfer logic has
no appreciable influence on the rate of suppression pool level increase because of the very short
time period of HPCI operation.

Elimination of the HPCI suction transfer logic does not affect the requirement to maintain the
suppression pool level less than 24 feet in accordance with Technical Specification 3.6.2.1.
Therefore, the initial pool level assumed in the LOCA analysis corresponds to 24 feet allowed by
Tech. Spec. 3.6.2.1, and remains unchanged after the suction transfer modification.
Consequently, the proposed modification has no adverse impact on containment response during
the large-break LOCA. ' '

1.0 fi2 Recirculation Discharge Line Break

This event is analyzed in the GE power uprate LOCA analysis for Susquehanna.? In the GE
calculation, HPCI is assumed inoperable, and the 1.0 f* break of the recirculation line causes’
rapid loss of vessel inventory which results in depressurization of the reactor vessel. ADS -
automatically initiates on low reactor water level, but the reactor is substantially depressurized
(326 psig) by the time (121 seconds) the ADS valves open.

2 pappone, D.C., "SAFER/GESTR-LOCA Analysis Basis Document for Susquehanna Steam Electric Station Units
1 and 2," General Electric Report NEDC-32281P, Section 5.2.2, pp. 5-7 & 5-8, September 1993.

% General Electric Report NEDC-32281P, pp. 4-1 & 4-2, September 1993.

2 NEDC-32281P, Table 6-2.
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Break flows in this event are an order of magnitude larger than the HPCI injection rate.
Therefore, HPCI operation (with suction from the CST) is not expected to have a significant
impact on reactor and containment response during the early part of the transient. The scenario
presented above, for HPCI inoperable, should approximate the rate of vessel depressurization and
level decrease with HPCI injecting to the reactor. As a result, suppression pool level and reactor
pressure at the time of ADS actuation will be essentially the same as in the case where HPCI is .
inoperable. Therefore, the containment hydrodynamic loads will be essentially the same as in the
case where HPCI is inoperable. These loads are bounded by the design-basis SRV/LOCA load
definitions which are based on a higher reactor pressure for ADS initiation.

5.1.2 Intermediate Break LOCA

A 0.1 i’ break area is considered representative of an intermediate break.”’ With regard to peak
cladding temperature, the most limiting single failure coincident with the break is loss of a DC
power source. Failure of a particular battery disables the HPCI system and one emergency diesel
generator.” Obviously this scenario is not of much interest in evaluating the impact of
eliminating the HPCI suction transfer logic on containment loads. Therefore, the case of an
intermediate break (0.1 ft*) with HPCI operable will be analyzed.

A SABRE? calculation was carried out to determine the reactor response to a 0.1 fi? break in the
recirculation line with the HPCI system operable (RCIC is assumed to be inoperable because it is
not a safety system®). A LOOP is also assumed to occur coincidentally with the break to be
consistent with the design-basis LOCA analysis. HPCI initiates on high drywell pressure at

about 1 second into the event. It is assumed that HPCI always takes suction from the CST, i.c.,
the automatic suction transfer on high suppression pool level has been eliminated. The LOOP
causes a reactor scram, recirculation pump trip, loss of feedwater, and MSIV closure early in the
event. Assuming a LOOP maximizes the operating time of HPCI during the accident (feedwater
is lost within a few seconds of event initiation). This in turn maximizes the effect of the
proposed modification on containment response.

Calculation results are presented in Figures 1-4. For the break considered, HPCI prevents level
from dropping to the ADS initiation set point, but injection flow is not sufficient to maintain
reactor level above the feedwater spargers. Steam condensation on the subcooled liquid injected
by HPCI causes the reactor to depressurize. The difference in DW and WW pressures indicates -
that the downcomer vents are cleared throughout the entire transient. The LOCA is simulated up
to the point where reactor pressure drops below the shutoff head of the core spray system. This

7" SSES FSAR, Section 6.2.1.1.3.3.4.

- 2 General Electric Report NEDC-32281P, Section 5.2.

* Inputs and results of SABRE calculations discussed in this study are documented in PP&L Calc. EC-052-1025,
Rev. 1, “SABRE Calculations for IPE HPCI Modification.”

* Assuming RCIC inoperable is conservative with respect to this analysis. With RCIC operating, reactor pressure is
reduced more quickly (more steam condensation on cold makeup flow) and ADS actuation is delayed slightly
because of greater makeup flow. Therefore, in cases where ADS initiates, it does so at a lower reactor pressure
which results in reduced containment loads.
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corresponds to a AP of 292 psi between the water source and the reactor vessel.?' For the LOCA
scenarios of interest, Core Spray initiation occurs when reactor pressure drops to about 300 psig.
The actual time of Core Spray injection is computed by the SABRE code based on reactor and
containment pressures. LOCA simulations are carried out until the code predicts the onset of
Core Spray injection to the vessel. At this point it is assumed that the operator will use Core
Spray to provide coolant makeup to the vessel, and HPCI operation will no longer be required.
This assumption is consistent with the design-basis function of the HPCI system given in the
FSAR. Section 6.3.2.2.1 of the FSAR states “The HPCI system continues to operate until the
reactor vessel pressure is below the pressure at which LPCI operation or core spray system
operation can maintain core cooling.” :

The oscillations in break flow (Figure 3) occur because of variations in downcomer subcooling,
Actual water level is only a small distance below the feedwater spargers (sparger elevation is
-24”), and consequently, small changes in level result in substantial changes in steam
condensation efficiency. For example, as break flow decreases, level in the downcomer will rise,
and the condensation efficiency decreases. This causes subcooling to increase which results in a
~higher break flow-which begins to force level downward.  As level drops, condensation
efficiency increases, and the downcomer becomes less subcooled. The decrease in subcooling
causes a decrease in the break flow which allows level to rise and begin the cycle again.

Figure 4 shows the level response for the SP and drywell pool. The rise is SP level is due to
steam discharged from the HPCI turbine (~50 Lb,/sec) and steam discharged to the SP through
the downcomer vents. Water level in the drywell does not reach 18 where it would begin to
~“overflow from the drywell to the wetwell through the downcomer vents (the downcomer vents
extend 18” above the floor of the drywell). ‘

Since ADS would not be initiated for a 0.1 fi? break with HPCI operable, the concern raised in
the HPCI DBD about HPCI causing suppression pool level to exceed 24 feet prior to initiation of
SRV/ADS blowdown is not valid. Moreover, as discussed for the large-break LOCA (§5.1.1),
elimination of the automatic HPCI suctjon transfer on high suppression pool level does not affect
the Technical Specification requirement to maintain pool level less than 24 feet prior to the
occurrence of a break. Containment loads due to the LOCA are based on the initial suppression
pool level. The DBA LOCA produces bounding loads which were derived from an initial level
of 24 feet and all break flow going into the pool. :

Although it is not a licensing requirement to consider a single failure at times other than the .
initiation of the accident, it is prudent to éxamine the impact of HPCI failure with SP level
greater than 24 feet. In this event, the reactor vessel depressurizes below the shutoff head of the
low pressure ECCS (~300 psig) before there is any substantial rise in suppression pool level (see
Figures 1 and 4). When reactor pressure drops to 300 psig at about 600 seconds into the event,
suppression pool level has only risen to 24'-4". As discussed in §4.1.1, the water level inside the

*! “Susquehanna Steam Electric Station Individual Plant Evaluation,” NPE-91-001, Vol. 2, p. A-104, December -
1991 :
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SRV tailpipe is depressed when the downcomer vents are cleared, and the larger air volume ‘
within the line is the most significant factor that affects the SRV loads relative to SRV loads
under non-LOCA conditions. The HPCI suction transfer logic modification has no affect on the
discharge line air volume when the downcomer vents are cleared. The modification only affects
the back pressure on the line as a result of the slightly higher pool level, and as discussed in
§4.1.1, this has no affect on the amplitude of SRV loads and negligible affect on the load

frequency.

Since HPCI is running at full flow in this transient, and RPV water level is significantly below
the high-level trip of 54”, a HPCI trip (on high level) and restart is very unlikely. Therefore, it
will not be considered here. The consequences of a HPCI trip and restart are addressed below in
the section on small break LOCA.

5.1.3 Small Break LOCA

In order to evaluate the impact of eliminating the HPCI high-pool-level suction transfer on a
~~small break LOCA,-SABRE calculations were-carried out for two small breaks: a 0.02 ft? break
and a 1” line break (0.00545 fi*). DBD004 Rev. 1, p. 32 states that “ It [HPCI] is designed to be
capable of making up inventory losses for liquid breaks below about 0.02 sq ft, thus maintaining
reactor level.” With regard to the 1” line break, FSAR Section 6.3.1.1.1 states “One high
pressure cooling system is provided which is capable of maintaining water level above top of
core and preventing ADS actuation for breaks of lines less than 1 inch nominal diameter.” The
LOCAs are simulated up to the point where reactor pressure drops below the shutoff head of the

core spray system’ (~300 psig). ity

For the 1” line break (0.00545 ft*), suppression pool level increases by only 4 inches. The 0.02
ft? line break is much more limiting and this is discussed below.

.Figures 5-9 show the calculated reactor and containment response for the 0.02 fi? break.  In this
calculation HPCI takes suction from the CST until SP level reaches 25 feet. When level reaches
25 feet, the operator manually transfers HPCI suction from the CST to the SP. The rationale for
the manual transfer is discussed later in this section. RCIC is assumed inoperable in this event
because it is not a safety system. The initial suppression pool level is specified as the Tech.
Spec. limit (24 feet). A LOOP is also assumed to occur coincidentally with the break. As
mentioned earlier, assuming a LOOP maximizes the operating time of HPCI during the accident
(feedwater is lost early in the event), which in turn maximizes the effect of the proposed
modification on containment response. A controlled cooldown of the reactor, at 90 °F/hr, is
initiated at 10 minutes into the event™. One loop of SP cooling becomes effective at 15 minutes
into the event, and SP letdown via the RHR system to liquid radwaste is initiated at 30 minutes.
The SP letdown ﬂowrate is 120 Lb_/sec.® :

2 EO-000-102.
#T.8.Yih, “Suppress:on Pool Let-Down Flow Rate In Suppression Pool Cooling Mode,” Calc. EC-THYD-1007,

Rev. 0.
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Cold water injected by HPCI quickly increases the core-inlet subcooling which lowers the vapor
generation rate within the core. Condensation on HPCI injection flow, while the feedwater
spargers are uncovered, and steam extraction by the HPCI turbine act to slowly depressurize the
vessel. After 10 minutes, the operator occasionally opens a SRV to depressurize the reactor at

90 °F/hr.

With HPCI suction aligned to the CST, SP water level continues to increase during the event. As
SP water level significantly exceeds the Tech. Spec. limit of 24 feet, two concerns arise:

1. If HPCI fails while reactor pressure is above the shutoff head of the low-pressure
ECCS (CS and LPCI), and an ADS actuation is required, are the resultant
containment hydrodynamic loads acceptable?

2. If HPCI trips, on high reactor water level (+54”) for example, can it be safely
restarted with elevated SP water level?

Althoughrit is not licensing requirement to examine the consequences of a single equipment
failure (HPCI failure) or a single operator error (HPCI trip on high level) which occurs during the
long-term part of an accident, it is prudent to do so, and therefore, these two concerns are
addressed in the following discussion along with the availability of the manual transfer

capability.

HPCI Failure with High SP Level
Containment loads associated with a small break LOCA combined with ADS actuation are
considered in plant design.>* As discussed in §4.1.1, whenever the downcomer pipes are cleared,
the air volume inside the SRV tailpipe is independent of suppression pool level. Thus, this
parameter is not affected by the proposed modification. The higher pool level associated with
the modification only results in a higher back pressure on the SRV discharge line, but this has no
effect on the amplitude of the SRV loads (see §4.1.1). For the 0.02 ft* break, the downcomer
vents are cleared for the first 970 seconds of the event. Afier 970 seconds, the downcomer vents
begin to refill with water.’® The downcomer vents refill because the cold HPCI injection
decreases the break enthalpy to the point where the coolant discharged to the DW starts to have a

cooling effect.

The state of the downcomer vents (open or closed) leads to two distinct situations to consider
when evaluating ADS loads with elevated SP level. If the downcomer vents are cleared, the level
inside the SRV tailpipe is not influenced by pool level, and as discussed above, the proposed
modification has no influence on ADS hydrodynamic loads.

% Susquehanna FSAR Table 3.9-2, Rev. 40, 09/88.
3 pp&L Calc. EC-052-1025, Rev. 1.
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On the other hand, if the downcomer vents are sealed with water, there are no dynamic-pressure
LOCA loads (condensation oscillations or chugging) within the suppression chamber, but the
ADS loads become dependent on SP water level. In this case, the SRV loads associated with
ADS actuation are acceptable as long as SP level is below the Load Limit curve (Eqn. 1).

Figure 10 shows a plot of calculated SP water level versus reactor pressure. The Load Limit
curve for Susquehanna is also shown. The plot shows that the SP water level is always well
below the Load Limit curve which demonstrates that ADS actuation, necessitated by HPCI
failure at any time during the event, is acceptable. For sake of comparison, the pool level versus
reactor pressure response for the 0.1 fi’ break and the 1” line break are also included in Figure

10.

As discussed earlier, in developing the Load Limit Curve, the most limiting component

(downcomer bracing) was evaluated to ensure that adequate stress margin was available to

accommodate the change in SRV loads along the Load-Limit Curve. The stress margin was

conservatively based on the simultaneous occurrence of the followmg design-basis loads
““(Calculation EC-012-1103, Rev.-0):

SRV + SSE + LOCA

where

SRV ='loads due to SRV actuation,
SSE = loads due to Safe Shutdown Earthquake, and
LOCA = loads due to LOCA steam condensation (condensation oscillation and chugging).

For this event, ADS actuation may occur when the downcomer vents are not cleared and so the
LOCA steam condensation loads cannot occur. In addition, it is improbable that the SSE would
occur simultaneously with ADS actuation. The LOCA and SSE loads comprise a significant

- portion of the total component stress in developing the Load-Limit Curve. Removing the LOCA
and SSE loads increases the stress margin and would allow the Load-Limit Curve to be moved
upward. Comparing the ADS loads for thls event to the Load-Limit Curve is extremely

conservative.
HPCI Trip and Restart with High SP Level

Several potential problems have been identified with a HPCI trip and restart at high SP level.
These problems are summarized below along with their resolutions. '

Problem 1. There was concern over HPCI turbine exhaust line flooding in a small-break
accident if HPCI trips with pool level above the exhaust line containment penetration (25.6
feet above the bottom of the pool). It was postulated that water would leak through turbine
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exhaust line check valve F049, and a water-hammer accident would then occur upon restart
of the HPCI turbine possibly disabling the machine.

Resolution. Based on expected leakage rates through the F049 valve, Study EC-THYD-
1005 concluded that leakage will be contained well within the turbine exhaust line drain pot.
The study shows that even if the initial drain pot level is at the high-level alarm set point
(75% full), there is sufficient capacity to allow for a leakage rate which is 50 times the
measured value. Therefore, a water hammer accident will not occur upon restart of the
turbine.

Problem 2. With the proposed modification, water level, in a small break accident, may
reach 27.2 feet and completely submerge the horizontal section of the turbine exhaust line
which penetrates the containment.”” If HPCI trips with pool level > 27.2 feet, water will
flood the horizontal section of piping up to isolation check valve F049. When this occurs,
the column length of water in the exhaust line increases by about 25 feet. Due to inertial
effects, a higher turbine exhaust pressure will develop as this column of water is expelled
upon auto restart of the turbine. This raises a concern that the HPCI pressure-relief
diaphragms will rupture upon turbine restart and render the system inoperable.

Resolution. The EOPs will be modified to include operator action to manually transfer
HPCI suction from the CST to the suppression pool if pool level reaches 25 feet with pool
temperature less than 140 °F. If HPCI trips with pool level at 25 feet, there willbeno
suppression pool water contained within the horizontal section of exhaust piping (20 inch
pipe).*® In a small break accident, pool level can reach 25 feet only for a narrow range of

~ break sizes. Moreover, the operator action to manually transfer HPCI suction-from the-CST
to the suppression pool is not required in the early part of the accident. The earliest the
manual transfer could be required is 21 min. into the accident with pool level initially at 24
feet (Calc. EC-052-1025, Rev. 1). If pool temperature is greater than 140 °F when pool level
reaches 25 feet, HPCI suction will not be transferred to the pool because adequate cooling of
the HPCI pump cannot be assured. For a small liquid break, however, suppression pool
temperature is not expected to exceed 140 °F while HPCI is operating.

Problem 3. If, in a small-break accident, suppression pool level reaches 28.5 feet, the air
intake for the HPCI turbine exhaust-line vacuum breakers (F076 and F077 on the HPCI
turbine exhaust line) becomes submerged. The most serious consequence of disabling the
vacuum breakers is the potential for water hammer on the turbine exhaust-line check valve
(F049) in the event of a system trip. When HPCI trips, the exhaust line is filled with hot
steam (no air). As water from the pool flows into the exhaust pipe, steam condensation on
the cold water will occur and this will rapidly drop pressure in the exhaust pipe and

37 When suppression pool water level exceeds 25.1 ft. and HPCI is not running, pool water will begin to back flow
into the horizontal section of the HPCI turbine exhaust line. When pool level reaches 27.2 ft., the turbine exhaust
line will be completely flooded up to check valve F049.

3 The minimum inside bottom elevation of the 20" horizontal HPCI turbine exhaust piping is 25.1 ft per Calculation
EC-052-1025 Rev. 3.




EC—-05R~/0/8

P 7

accelerate the slug of water. When the slug of water enters the horizontal section of piping,
the hydrodynamic behavior at the front is extremely complex. Specifically, churning effects
at the front may constantly expose cooler water to the hot steam which would result in rapid
condensation and acceleration of the slug. This phenomena is too complicated to be analyzed
with a reasonable degree of uncertainty.

Resolution. This problem is eliminated by the resolution to problem 2. Note that if pool
temperature is greater than 140 °F, there is no point in transferring HPCI suction back to the
pool under any circumstance because continued operation of the system cannot be assured.
Suppression pool temperature is not expected to exceed 140 °F while HPCI is running in a
design-basis small break accident.

Problem 4. The HPCI turbine exhaust pressure may exceed design limits.

Resolution. The HPCI turbine is designed to operate at a maximum continuous exhaust
pressure of 65 psia (HPCI DBD004). Study EC-THYD-1005 shows that there is ample
margin to the design exhaust pressure limit of 65 psia.

With the exception of ATWS and Station Blackout, the Susquehanna EOPs currently allow the
operator to bypass the HPCI suction transfer logic and maintain HPCI suction on the CST only if
SP temperature exceeds the HPCI design limit of 140 °F. The EOP guidance which is proposed
along with the HPCI suction transfer loglc modlﬁcatlon is much less restnctlve than the current

from the CST untll pool level reaches 25 feet. ThlS reduces greatly the chance of mJectmg SP I
- =water-into-the reactor especially for a very-small-break-(instrument line break) or an isolation
transient in which RCIC fails to start.

52  Inadvertent Safety/Relief Valve Opening (IORYV) . I

This event is discussed in Section 15.1.4 of the FSAR. Opening of a SRV will cause a mild
depressurization transient, but the pressure regulator will adjust the turbine control valves to
stabilize pressure. When suppression pool temperature exceeds 90°F, the operator will enter EO-
000-103, Primary Containment Control. The procedure instructs the operator to initiate
suppression pool cooling to restore pool temperature less than 90°F. If level exceeds 24 feet, the
EOQP also requires the operator to reduce suppression pool level below 24 feet using suppression
pool letdown systems.

If the SRV remains open, pool temperature will continue to increase and will reach 110°F at
about 9 minutes into the event.* Before the pool reaches this temperature, the operator will
initiate a reactor scram in accordance with the EOPs. (Actually, the scram would occur much

“ This time was estimated from the suppression pool heat up curve preéented in Calc. EC-059-0532 (SE-B-NA-
128).
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scram within 2 minutes.) Following the reactor scram, the stuck open SRV will begin to
depressurize the reactor. The reactor scram may cause a HPCI initiation on low water level (-

38").

D earlier; for a stuck open relief valve, ON-183/283-002 per Tech. Spec. 3.4.2.b requires a reactor

Prior to the event, HPCI is not operating; therefore, it has no adverse effect on the air clearing
load due to the actuation of the IORV. Following the scram when HPCI is operating, the IORV
has the potential for producing only steam condensation loads on submerged structures. Air
clearing loads cannot be produced since this requires the SRV to close and then reopen. Steam
condensation loads are within the containment design limit as long as the suppression pool
temperature response is maintained within the limits of NUREG-0783. The design basis IORV
transient for power uprate conditions (Calculation EC-059-0532) verifies that the pool
temperature response to an JORV event remains within the limits of NUREG-0783. Therefore,
SRV steam condensation loads when HPCI is operating do not adversely affect the SRV

containment hydrodynamic loads.

—————5§.3— Primary System Pipe Break Outside Containment

For a break external to the primary containment, any coolant injected by HPCI will not end up in
the suppression pool; it exits the break within the secondary containment. Therefore, in this
situation HPCI injection does not cause a rise in pool level. Steam would be added to the pool
from the HPCI turbine exhaust, but this steam would also be present without the proposed

modification. The addition of steam to the suppression pool from HPCI turbine exhaust would
cause a stow rise in1 pool level compmdﬁaifqmﬂb?eakiﬁm'wmﬁmnn—amftherefore,

B there mll be ample margm to the Load Limit Curve.

5.4  Inadvertent HPCI Initiation

This event is discussed in Section 15.5.1 of the FSAR. Only small changes in plant cohditions
are expected in this event because of the pressure regulator and water level controller response.
Since no SRV actuations are expected, SRV/ADS hydrodynamic loads are not an issue. '

5.5 Loss of Feedwater Flow

On a loss of feedwater flow, the reactor will scram when level drbps to +13". The void coila‘pse
caused by the scram will generate a HPCI initiation on low level (-38"). No SRV actuations are
expected in this scenario because MSIVs remain open. Therefore, SRV/ADS hydrodynamic

loads are not an issue.
5.6 Loss of Offsite AC Power

A LOOP initiates a reactor scram, recirculation pump trip, and MSIV closure. The effect of
HPCI operation on containment hydrodynamic loads is the same as in the case of an inadvertent
MSIV closure which is discussed in §5.8.
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' 5.7  Loss of Main Condenser Vacuum
Loss of main condenser vacuum leads to closure of the MSIVs. The relationship between HPCI
operation and containment hydrodynamic loads for an MSIV closure is discussed in §5.8.

5.8 Inadvertent MSIV Closure

Closure of the MSIVs generates a reactor scram, and HPCI will initiate on low reactor water
level. The HPCI suction transfer logic has no impact on containment loads generated by SRV
actuations during the pressurization event because HPCI is not operating prior to the MSIV
closure. Following the MSIV closure, some cycling of SRVs will occur as decay heat is
transferred to the suppression pool, but only the first group of valves (2 valves) will open. With
only a small number of SRVs cycling, minor suppression pool level transients are not of much
concern with respect to containment hydrodynamic loads.

The safety setpoint for the first group of SRVs is 1175 psig*. The design basis event for SRV
hydrodynamic'loads is the’ASME Overpressurization Event which results in the maximum steam
dome pressure which envelopes the 1175 psig SRV opening pressure. A SABRE calculation
estimates that the pool level will rise only about 1 inch in the first 10 minutes following a MSIV
closure.”” The margin in peak steam dome pressure overwhelms any negative effects associated
with the very small increase in suppression pool level. Note that this conclusion can also be

1175 psig, the Load Limit Curve gives a suppression pool level of 26.1 feet. That is, the

g arrived at through consideration of the Load Limit Curve (Equation 1). At a reactor pressure of

~ containment design allows for actuation of SRVs with suppression pool Water level up to 26.1

In the long-term part of the event (>10 minutes), it is assumed that the operator will initiate a
controlled cooldown of the reactor in accordance with the EOPs. The SP level response during
the cooldown is certainly bounded by the response for the small-break LOCA. Therefore, pool
level is always well below the Load Limit curve, and there are no adverse consequences
associated with SRV actuations during the cooldown.

Following a transient such as a MSIV closure, it is not necessary to postulate a LOCA.
Consideration of a LOCA following a transient is beyond the plant design basis.*”

5.9  Turbine Trip (with and without Bypass)

The more severe turbine trip case with respect to containment hydrodynamic loads involves
failure of the bypass valves because it results in a higher reactor pressure and a larger number of
open SRVs. As discussed in the previous section, the HPCI suction transfer logic has no
influence on containment loads generated by SRV actuations during the pressurization event

! SSES Technical Specifications, Section 3.4.3, Amendment 178.
2 PP&L Calcitlation EC-052-1025.
““DBDO3S5, Section 2.2.2.1.7.
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because HPCI is not operating prior to the turbine trip. Following a turbine trip event, it is
unlikely that HPCI would be used for vessel makeup because feedwater would be available. If
for some reason HPCI is used for vessel makeup following the vessel pressurization transient, its
impact on containment loads is no different that that already discussed in §5.8.

5.10 Generator Load Rejection (with and without bypass)

For purposes of evaluating the impact of the proposed plant modification on the containment
loads, this transient is the same as the turbine trip with/without bypass.

5.11 Pressure Regulator Failure - Closed

This transient is discussed in Section 15.2.1 of the FSAR. If the backup pressure regulator is
also assumed to fail, then a reactor pressurization will result from control valve closure, and the
reactor will scram on high vessel pressure or high neutron flux. This pressurization event is less
severe than the turbine trip which was dlscussed in §5 9 (F SAR Section 15.2.1.2.3, Rev. 54,

—16/99)

512 Pressure Regulator Failure - Open

This event is discussed in Section 15.1.3 of the FSAR (Rev. 54, 10/99). Failure of the pressilre
regulator causes reactor depressurization which initiates closure of the MSIVs. The MSIV -
closure generates a reactor scram. Here MSIV closure occurs at reduced reactor pressure so

~~——SRVsactuations do not occur. Laterin the transient; SRV cycling will occuras decay heat is
removed from the RPV. SRYV cycling following a MSIV closure with HPCI m_]ectmg to the
vessel has already been addressed in §5.8.

513 ATWS

As discussed in the Introduction Section of this report, elimination of the HPCI suction transfer
on high pool level is needed to prevent HPCI failure in an ATWS event with SLCS failure. Ina
MSIV-closure ATWS with SLCS failure, the reactor can be brought to Hot Shutdown in
approximately one hour by manually driving rods via the Reactor Manual Control System.
PP&L calculations show that during this time suppression pool level rises to about 30 feet.*

In an ATWS event with SLCS failure, high suppression pool level is tolerated because there are
no acceptable alternatives. If HPCI suction is transferred to the suppression pool in order to stop
the increase in pool level, then failure of the system is likely as pool temperature is calculated to
reach 316 °F which is well above the HPCI suction design limit of 140 °F. If a reactor blowdown

- is initiated in order to obtain injection with LPCI or Core Spray, then there is a threat to core
integrity from unstable reactor operation.**

“ PP&L Calc. EC-EOPC-0519, "SABRE Calculations to Support Technical Basis of IPE and ATWS EOP,” Rev 3.
* Calc. EC-EOPC-0519, Rev. 3.
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The load limit curve (Equation 1) can be exceeded by about 3 feet in an ATWS with SLCS
failure. However, for SRV actuation during an ATWS event, the load limit curve represents a
conservative criterion. This is because the load combination considered in developing the curve
includes SRV loads, LOCA loads, and SSE (Safe Shutdown earthquake) loads. For the ATWS
event, the LOCA and SSE loads would not be present. Moreover, the limiting containment
component with regard to stress margin is the downcomer bracing which is not an important
component in the ATWS event. On the other hand, HPCI is important for ATWS mitigation.
Failure of HPCI from loss of cooling would require rapid depressurization of a critical reactor
and reflooding of the core with low-pressure ECCS. It is likely that core damage would occur
following depressurization. Therefore, the proposed strategy does not transfer HPCI suction to
the pool in an ATWS event.

5.14 Station Blackout

EQ0-100/200-032, "HPCI Operating Guidelines During Station Blackout,” instructs the operator
to prevent the auto swap over from the CST to the suppression pool on high pool level. Manual
bypass of the suction transfer logic is carried out in accordance with Emergency Support
Procedure ES-152/252-002. Since HPCI and RCIC are the only ECCS pumps available in a
SBO, it is crucial to prevent damage to the HPCI system from injection of hot suppression pool
water. Removal of the HPCI suction transfer on high pool level will reduce operator burden
during a SBO event.

6. _ Conclusions

Elimination of the HPCI suction transfer on hxgh suppression pool level does not leadto a
violation of the design-basis for containment hydrodynamic loads. The proposed modification is
acceptable for the following reasons:

e LOCA loads are based on a maximum initial suppression pool level of 24 feet. The proposed
modification to the HPCI suction transfer logic does not affect the initial pool level. During
normal plant operation, suppression pool level is controlled by Technical Spec1ﬁcat10n
requirements.

s For LOCAs other than the DBA, the containment is designed for ADS blowdown loads in -
combination with the LOCA loads. For an intermediate break, the proposed HPCI
modification does allow suppression pool level to exceed 24 feet by a small amount. ADS
loads are, however, independent of SP level when the downcomer vents are cleared.
Therefore, the proposed modlﬁcatlon has no influence on ADS hydrodynamic loads for an
intermediate break.

e For small breaks, HPCI injection prevents ADS actuation. Nevertheless, SRV actuations
occur during the RPV cooldown. Downcomer vents are opened in the beginning part of the
accident, but close later on as the break enthalpy decreases. When the downcomer vents are
cleared, the level inside the SRV tailpipe is not influenced by pool level, and therefore, the -
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SRV hydrodynamic loads are unaffected by the proposed modification. During the phase of
the accident in which the downcomer vents are sealed with water, there are no wetwell
LOCA hydrodynamic loads, but the SRV loads are dependent on SP water level. In this -
case, SRV loads are acceptable because SP water level is always below the Load Limit curve

(Eqn. 1).

In the small break LOCA there is ample margin to the HPCI design exhaust pressure limit of
65 psia even with elevated suppression pool level.

ADS actuation would be required in the event of a HPCI failure during a small-break
accident. If HPCI fails during the phase of the accident in which the downcomer vents are
cleared, then ADS loads would be acceptable because water level (and air volume) within the
SRV tailpipes is independent of pool level. Even if HPCI failure occurs in the latter part of
the accident where the downcomer vents are sealed, ADS loads are acceptable because water
level is always well below the Load Limit curve.

In a small break LOCA, leakage through check valve F049, following a HPCI trip and prior
to restart, will not lead to a water hammer accident upon restart of the turbine because the
leakage will be contained well within the turbine exhaust line drain pot.

Vacuum breakers (F076 and FO77) on the HPCI turbine exhaust line prevent water hammer
damage to check valve F049 on a trip of the HPCI system. The vacuum breakers will remain
operable during a small break accident because an EOP change will be initiated as part of the
modification package to instruct thé operator to manually transfer HPCI from the CST to the
suppression pool if pool level exceeds 25 feet and pool temperature is less than the HPCI
suction design limit of 140 °F. If SP temperature is greater than 140 °F, pool level is allowed
to exceed 25 feet because transferring suction to the pool could lead to failure of the HPCI
system; however, suppression pool temperature is not expected to exceed 140 °F in a small
break accident while HPCI is operating. This proposed EOP guidance is less restrictive than
the current guidance for HPCI operatlon, and it reduces greatly the chance of i injecting SP
water into the reactor vessel.

If HPCI trips during a small break accident when suppression pool level is elevated, it can be
successfully restarted. The modification package includes an EOP change which requires the
operator to manually transfer HPCI suction from the CST to the suppression pool if pool
level exceeds 25 feet and pool temperature is less than 140 °F.- This manual transfer prevents
pool water level from reaching the elevation where flooding of the turbine exhaust piping
would occur in the event of a HPCI trip. Suppression pool temperature does not exceed 140
°F in a small break accident while HPCI is operating.

Under non-LOCA conditions, the containment is designed for simultaneous actuation of all
16 SRVs. The Load Limit Line defines the acceptable operating region, in terms of reactor
pressure and suppression pool level, for SRV actuation. Following a plant transient

involving HPCI operation, the suppression pool level is always below the Load Limit curve,

-~ and only a small number of SRVs actuate to remove decay heat from the reactor.
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COMPUTER CASE SUMMARY

00-68 SABRE output for Case 1 (§4.1). 0.1 ft° Liquid Break
2 00-69 SABRE output for Caso 2 (§4.2). 0.02 ft* Liquid Break
| 2a 01-98 SABRE output for Case 2a (§4.5). 0.02 ft* Liquid Break.

Initial CST volume=300,000 gal, no letdown of water from
suppression pool, no operator-controlled cooldown of RPV,
no manual transfer of HPCI suction to suppression pool on
high pool level. Kinetics data corresponds to U2C11.

3 00-70 SABRE output for Case 3 (§4.3). 0.00545 ft* Liquid Break

3a 01-99 SABRE output for Case 3 (§4.5). 0.00545 f* Liquid Break
Initial CST volume=300,000 gal, no letdown of water from
suppression pool, no operator-controlled cooldown of RPV,
no manual transfer of HPCI suction to suppression pool on
high pool level. Kinetics data corresponds to U2C11.

4 00-71 SABRE output for Case 4 (§4.4). MSIV Closure Transient

5 00-72 SABRE output for Case 1(§4.5). 0.025 ft* Liquid Break

5 00-73 SABRE output for Case 1 (§4.5). 0,030 I* Liquid Break

7 00-74 SABRE output for Case 1 (§4.5). 0.035 ft* Liquid Break

8 00-79 1 SABRE output for Case 1 (§4.5). 0.040 ft° Liquid Break

C) 00-76 SABRE output for Case 1 (§4.5). 0.015 f” Liquid Break

10 00-82 SABRE output for Case 10 (§4.5). 0.0375 ft*

Liquid Break.
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1. PURPOSE

The purpose of this calculation is to determine reactor and containment response for intermediate
and small break accidents with the IPE HPCI modification in place. Reactor and containment
response for an MSIV closure transient is also examined. The IPE HPCI modification removes
the HPCI auto suction transfer on high suppression pool level, 23’-10” (SSES TRM Table 2.2-1,
3/29/2000). The proposed modification includes an EOP change which requires the operator to
manually transfer HPCI suction from the CST to the suppression pool, if pool level reaches 25
feet with pool temperature less than the HPCI design temperature limit of 140 °F. The manual
suction transfer at 25 feet is included in order to prevent water from entering the HPCI turbine
exhaust line when the system is not operating. The suppression pool level at which the turbine
exhaust piping would begin to flood, if HPCI is not operating, is computed in the appéndix to
this calculation. If the horizontal section of the HPCI turbine exhaust line becomes partially

- filled with water, there is potential for condensation-induced water hammer when the system is

started.! Background information for the IPE HPCI modification and the technical justification
for the modification are not presented in this calculation. These issues are discussed in- :
Calculation EC-052-1018.

This calculation documents inputs and assumptions used in the simulaﬁon of réactor and
containment response with the IPE HPCI modification in place. Calculation results are presented

' in Section 4 and conclusions are given in Section 5. The implications of the calculation results

are discussed in Calculation EC-052-1018.
2. METHODOLOGY

Reactor and primary containment simulations are carried out with the SABRE computer code
(Version 3.1). Description and benchmarking of the SABRE code is given in Calc. EC-ATWS-
0505, Rev. 8. Software Quality Assurance documentation is provided in Calc. EC-SATH-1007,
Rev. 1. - ' o :

Reactor and containment response is computed for a set of design-basis events in which HPCI
injection to the vessel significantly influences the evolution of the event. These events consist of
intermediate and small break LOCAs and a representative plant transient. For large break
LOCAs, the reactor depressurizes so rapidly that HPCI injection has little impact on the ‘
progression of the accident.

The intermediate break is chosen to be a 0.1 fi2 recirculation line break, since the FSAR ,
considers this break size to be representative of an intermediate break.? Two small breaks are
considered: a 0.02 ft break and a 1” line break (0.00545 ft*). DBD004 Rev. 1, p. 32 states that
It [HPCI] is designed to be capable of making up inventory losses for liquid breaks below about
0.02 sq ft, thus maintaining reactor level.” With regard to the 1” line break, FSAR Section
6.3.1.1.1 states “One high pressure cooling system is provided which is capable of maintaining-

| NUREG/CR-5220, Vol. 1, “Diagnosis of Condensation-Induced Waterhammer”
2 SSES FSAR, Section 62.1.1.3.3.4.
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water level above top of core and preventing ADS actuation for breaks of lines less than 1 inch
nominal diameter.”

The LOCAs are simulated up to the point where reactor pressure drops below the shutoff head of
the Core Spray system. The SABRE code predicts the time of Core Spray initiation based on
reactor and containment pressure. When Core Spray initiates it is assumed that the operator will
use the Core Spray system to provide coolant makeup to the vessel, and HPCI operation will no
longer be required. This assumption is consistent with the design-basis function of the HPCI
system given in the FSAR. Section 6.3.2.2.1 of the FSAR states “The HPCI system continues to
operate until the reactor vessel pressure is below the pressure at which LPCI operation or core
spray system operation can maintain core cooling.” An MSIV closure event is chosen as the
representative plant transient which requires HPCI operation.

3. INPUTS/ASSUMPTIONS

The following assumptions and input data are used in the SABRE calculations. An echo of the
SABRE input data file for each of the four cases listed in the Computer Case Summary is
provided in the output for each case. SABRE output is included on microfiche.

1. The initial reactor power is 3510 MWth, initial pressure is 1050 psia, and initial core flow is
100 MLb/br’.

5. A LOOP is taken coincident with the LOCA.*
3. The initiator for the MSIV closure transient is a LOOP.

4. SRVs actuate on Safety setpoints. Setpoints are taken from Table 4-5on p. 4-16 of the GE
SAFER/GEST LOCA report GE-NE-187-22-0992.

5. MSIV closure occurs at t=2 seconds, recirculation pump trip occurs at t=0, and loss of
feedwater occurs at t=4 seconds due to LOOP (FSAR Se_ction 15.2.6.2.2.1, Rev. 54, 10/99)

6. MSIV stroke time is 4 seconds.’
7. HPCI initiates on low water level (-38”) or high drywell pressure (1.72 psig).®

8. RCIC is assumed unavailable because it is not a safety system.’

3 D.C. Pappone, “SAFER/GESTR-LOCA Analysis Basis Documentation for Susquehanna Steam Electric Statlon
Units 1 and 2,” GE-NE-187-22-0992, p. 4-10, September 1993.

4 GE-NE-187-22-0992, p. 4-1. v

$ “Evaluation of Susquehanna ATWS Performance for Power Uprate Conditions,” GENE-637-024-0893, p. 7,
September 1993.

§ Table 2.2-1 of Susquehanna TRM, 04/ 12/1999

7 GE-NE-187-22-0992, p. 4-1.
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' 9. Scram occurs at t=2 seconds due to LOOP (FSAR Section 15.2.6.2.2.1, Rev. 54, 10/99).

10. HPCI suction is maintained on the CST until suppression pool level reaches 25 feet. When
level reaches 25 feet, HPCI suction is manually transferred to the suppression pool but only if
pool temperature is less than 140 °F.°

11. In small break accident, HPCI operates until reactor pressure reaches the shutoff head of the
core spray system.” When core spray injection becomes available, it is assumed that the
operator terminates HPCI injection and the simulation is ended.

12. Initial drywell temperature is 120 °F, and the initial relative humidity is 48%."
13. Initial suppression pool temperature is at the Tech. Spec. limit of 90 °F."

14. Initial suppression pool level is at the Tech. Spec. high level limit of 24 feet.'” Use of this
value minimizes the time available for the operator to manually transfer HPCI from the CST
to the suppression pool on high pool level of 25 feet.

15. Initial wetwell atmosphere temperature is 90 °F, and the initial relative humidity is 100%. It
is assumed that the atmosphere is at equilibrium with the suppression pool.

' 16. The initial drywell and wetwell pressures are equal to 15.20 psia.”
17. One 1oop of suppression pool cooling becomes effective at 15 minutes into the event.

18. At 30 minutes into the event, the operator initiates suppression pool letdown to Liquid
Radwaste using an RHR pump. The letdown flow is constant at 120 Lb/sec."* In orderto
establish the letdown path, operator actions outside the control room are required.’ _
Therefore, in accordance with ANSI/ANS-58.8-1984, “American Nation Standard Time
Response Design Criteria for Nuclear Safety Related Operator Actions,” Sections 4.1 & 4.2,
no credit is taken for pool letdown until 30 minutes into the event.

19. At 10 minutes into the event, the operator takes control of HPCI injection and maintains level
within the band of 13” to 54” as required by EO-000-102.

20. At 10 minutes into the event, the operator initiates reactor depressurization (using a single
SRV) at a rate of less than 100 °F/hr ( EO-000-102). The cooldown rate is specified as 90°F.

* % Calculation EC-052-1018.

S HPCI DBD004, Design Requirement 2.2.3.1.9.

191 etter from D.R. Pankratz (GE) to J.A. Bartos (PP&L), SPU-9288, April 23, 1992.

11 gSES Technical Specification 3.6.2.1. '

12 SSES Technical Specification 3.6.2.1.
13 | etter from D.R. Pankratz (GE) to J.A. Bartos (PP&L), SPU-9288, April 23, 1992.
14T.8. Yih, “Suppression Pool Letdown Flow Rate in Suppression Pool Cooling Mode,” Calc. EC-THYD-1007.
15 OP-249-005, “RHR Operation in Suppression Pool Cooling Mode,” Section 3.3.
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21. Service water temperature is equal to 88 °F 16
22. CST temperature is 123 °F."

23. Initial CST volume is 225,000 gal."® This is a nominal CST volume.

24. The homogeneous equilibrium critical flow model is used to compute the break flow rate. This model
shows good agreement with experimental data for test conditions typical of BWR operation.”” A break flow
multiplier of 1.25 is used for subcooled break flow; for saturated downcomer conditions the multiplier is
1.00 (Table 3-1 of GE-NE-187-22-0992, “SAFER/GESTR-LOCA Analysis Basis Documentation for
Susquehanna Steam Electric Station Units 1 and 2,” September 1993.)

25. Thermal capacitance of the liner plate and containment structural steel is included in the model, but the
thermal capacitance of the concrete structure is neglected.

26. With regard to operator control of HPCI, minimum HPCI flow is 500 gpm.
27. No operator actions are assumed for the first 10 minutes of the event.

28. For the LOCA cases, a value of 5000 Btwhr-f2-°F is used for the heat transfer coefficient between the
submerged part of the reactor vessel & vessel internals and the coolant. The large value for the heat transfer
coefficient is used to account for the possibility of boiling at the metal surface during the reactor
depressurization. ' : ’

29. No credit is not taken for operator initiation of drywell sprays.
Additional modeling assumptions are documented in Calc. EC-ATWS-0505, Rev. 8.

Cases 2a and 3a were run in order to determine if operator actions to (1) letdown water from the suppression
pool, (2) manually transfer HPCI suction from the CST to the suppression pool when pool level reaches 25 feet,
and (3) cooldown the reactor pressure vessel are necessary to prevent hydrodynamic loads associated with SRV
blowdown from exceeding design limits. Hydrodynamic loads produced by SRV blowdown will not exceed
design values as long as suppression pool level is maintained below the value defined by the following load-limit
equation (see Calculation EC-052-1018, Rev. 2,p.7

L=-0.01662P, +45.6 m

where Py is reactor pressure (psig) and L is suppression pool water level (ft). Cases 2a and 3a are the same as
Cases 2 and 3, respectively, except that kinetics data corresponds to the current fuel cycle (U2C11) rather than
U2C10, initial CST level corresponds to full capacity (300,000 gallons per FSAR §9.2.10.2, Rev. 54, 10/99.),
and the operator does not perform the three mitigating actions listed above. Calculated suppression pool level
versus reactor pressure for Cases 2a and 3a is plotted along with the load limit curve, Equation (1), in Figure 4.5-
3of§4.5.

16 «Eyaluation of Susquehanna ATWS Performance for Power Uprate Conditions,” GENE-637-024-0893, p. 7,
September 1993. ~ ’

7 GENE-637-024-0893, p. 7. . ’

18 «Susquehanna Steam Electric Station Individual Plant Evaluation,” NPE-91-001, Vol. 2, p. A-71, December .
1991. '

19 R T. Lahey and F.J. Moody, The Thermal-Hydraulics of a Boiling Water Nuclear Reactor, Second Edition, pp.
445-446, American Nuclear Society, La Grange Park, Illinois, 1993.
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" 4. RESULTS

44 Case 1: 0.1 ft Liquid Break

Table 4.1-1 presents the calculated sequence of events for this accident scenario. Results are
plotted in Figures 4.1-1 through 4.1-10. For this break size, HPCI cannot maintain reactor water
level above the feedwater spargers which are located at -24” (see Figure 4.1-3).% As aresult, the
reactor rapidly depressurizes because of steam condensation on the cold water injected by HPCI. i
The sequence of events in Table 4.1-1 shows that Core Spray injection initiates at 615 seconds
when reactor pressure drops to 312 psig.. When reactor water level is below the feedwater '
spargers the break flow rate is substantially reduced because the injection flow is preheated by
steam condensation. Thus the coolant within the downcomer region is nearly saturated. On the
other hand, if level is above the feedwater spargers, the coolant within the downcomer region
would be highly subcooled by the cold HPCI injection flow. This would result in much higher
break flows for this break size.

Plots of drywell and wetwell pressure are shown in Figure 4.1-8. The difference in the two
pressures corresponds to the pressure required to completely clear the downcomer vents of water
The plot indicates that the downcomer vents remain cleared throughout the entire transient, i.e .
until Core Spray initiates. | T

the drywell floor (Figure 4.1-10) 2! This prevents pool level and temperature from increasing
substantially. Suppression pool level increases by 3.6 inches (F igure 4.1-4), and pool temperature -
~ increases from 90 °F to 101 °F (Figure 4.1-5). Since suppressionpool level does not reach 25
feet, no operator action is required to manually transfer HPCI suction from the CST to the
suppression pool. ‘

' Because of the short duration of the event, all of the liquid expelled from the break is retainéd on

Suppression pool cooling is not started in this case because the scenario ends in less than 15
minutes.

. Cglculation EC-ATWS-0505, Rev. 8, Section D.5.
21 Water will accumulate on the drywell floor until it reaches a depth of 18 inches which corresponds to the top of
the downcomer vents. 4 ‘
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Sequence of Events Calculated for 0.1 ft? Liquid Break (Case 1)

**% Kinetics file is /d00/appl/sabre3vl/data/u2c10.simtran.out

*x% SABRE data file is /home/eamac/sabre_31/input/ec-052-1025/c01.dat

*** This is not a restart case

1 SABRE - Version 3.1
(01) U2C10 -- 0.1 ft2 lig break -- HPCI aligned to CST

t(sec)=

t(sec)=
t{sec)=

t{sec)=
t(sec)=

t{sec)=

t(sec)=
t(sec)f

t(sec)=
t(sec)=
t(sec)=
‘t(sec)=

t(sec)=

.000

.000
.000
.000

.000

1.133

1.133
1.133

2.003
3.953
4.013
6.016
614.867

Ligquid Break

Break Area = .100 ft2
Multiplier on break flow = 1.000
RCIC is Inoperable

Low-Pres Condensate Injection Inop.

Recirc pump-A trip on specified time
Trip delay = .000E+00 sec

Recirc pump-B trip on specified time
Trip delay = .000E+00 sec

scram on high drywell pressure
Setpoint(psig) = . 17E+01
Scram time (sec) = 2.80

HPCI initiation on Hi Drywell Press.
Setpoint for initiation = A7E+01 psig

OW Cooler Trip on Hi DW Press
Trip Setpoint = 1.720 psig

MSIV closure on specified time
ALl Control Rods Inserted
Feedwater Trip on specified time
MS1Vs are closed

Initiation of Core Spray Flow

Reactor Press = 312.39 psig
Supp Chamber Press = 23.40 psig
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- for 0.1 £’ liquid break.



Suppression Pool Water Level (ft)

E®- 053-1035

AN Sl

24.5

-4
-
-

LEBLEBR) | LI

24.4

24.3

24.2

24.1

llllllllllllll‘lllllllll
llI

24

23.9

23.8

23.7

23.6

llllllllllllllll[llllll

IIII'III

| NN

235'llill|,l|llll|lL.llllllll[lIl.
0 100 200 300 400 500 600 700

Time (sec)
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Suppression Pool Temperature (°F)
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HPCI Turbine Exhaust Flow (Lb_/sec)
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Figure 4.1-6 SABRE calculation of HPCI turbine exhaust flow
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Containment Pressure (psig)

30

25

20

15

10

EC- 0521025

7~

{ 1 1 ' 1 1 T 1 l 1 H L] V I T ! ) ) I ) T T T

II]IIT‘[ LR

IIIJ'I

’Drywe,ll

IIJJJJI

Ll

LN T S| I l

Wetwell

] l Lol t 1

L L] ’ i

ll]]llll

1 ' 1 1 1 1 l

1 1 1 L l [ L 1 1 I i 1

IIJJI

100

200

300

400

Time (sec)

500

600 700

Figure 4.1-8 SABRE calculation of drywell and wetwell pressure response
: liquid break.

for 0.1



Break Flow (Lb_/sec)
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Drywell Pool Level (inches)
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4.2 Case 2: 0.020 ft? Liquid Break '

The sequence of events calculated for this break is shown in Table 4.2-1. Results are plotted in
Figures 4.2-1 through 4.2-10. As indicated in Table 4.2-1, reactor pressure drops below the
shutoff head of the Core Spray pumps at 6032 seconds (1hr 41min). At this time reactor pressure
is 296 psig and wetwell atmosphere pressure is 6.95 psig. For this break size, HPCI is capable of
maintaining reactor water level above the feedwater spargers (see Figures 4.2-2 & 4.2-3).

As can be seen from Table 4.2-1 and Figure 4.2-4, suppression pool level reaches 25 feet at 1405

seconds (23 minutes) into the event. At this time suppression pool temperature is less than 140°F

(Figure 4.2-5). It is therefore assumed that the operator manually transfers HPCI suction from
the CST to the suppression pool to prevent pool level from rising above 25 feet. In the long-term
part of this transient, the required HPCI pump flow ranges from 4000 gpm at ~1000 seconds
down to 2500 gpm at ~6000 seconds (Figure 4.2-7). The spikes in the HPCI injection flow are
artificially indroduced by the level control model in SABRE. At 1800 sec (30 min), it is
assumed that the operator initiates suppression pool letdown in accordance with the EOPs (EO-
000-103). From this point on, suppression pool level decreases because of inventory letdown to
Liquid Radwaste via the RHR system. When reactor pressure drops below the shutoff head of
the Core Spray pumps, HPCI is no longer required for injection. At this time suppression pool
temperature is 135°F which is less than the HPCI design limit of 140°F, so in this event, there
would be no need for the operator to transfer HPCI suction back to the CST to prevent damage to
this system from overheating. _

Figure 4.2-8 shows a plot of drywell and wetwell pressures. The downcomer vents are cleared
for the first 1600 seconds (27 minutes). After this time the drywell pressure begins to decrease
because the cold HPCI injection decreases the break enthalpy to the point where the coolant
discharged to the drywell begins to have a cooling effect. The decreasing drywell pressure
causes the downcomer vents to re-seal. This behavior does not occur in Case 1 (0.1 ft* break)
because HPCI cannot maintain level above the feedwater spargers. When level is below the-
spargers, the injected coolant is preheated by steam condensation, and this tends to keep the
coolant in the downcomer near the saturated state.

Figure 4.2-10 shows that the depth of water on the'drywell floor reaches the top of the

downcomer pipes at 980 seconds (16.3 minutes). When this occurs, water begins to flow down - |

the vent pipes to the suppression pool. This causes the slope change in the suppression pool
level curve shown in Figure 4.2-4. ' v
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Table 4.2-1

Sequence of Events Calculated by SABRE for 0.020 ft? Liquid Break (Case 2)

»x* Kinetics file is /d00/appl/sabre3vi/data/u2c10.simtran.out

wxx SABRE data file is /home/eamac/sabre_31/input/ec-052-1025/¢02.dat

»x* This is not a restart case

1 SABRE - Version3.1
(02) u2c10 -- 0.02 ft2 lig break -- HPCI al1gned to CST

t(sec)=

t(sec)=
t(sec)=

t(sec)=

t(sec)=

t(sec)=

t(sec)=

t{sec)=

t(sec)=

t{sec)=

t(sec)=
t(sec)=
t(sec)=

t(sec)=

t{sec)=

t(sec)=

t{sec)=

t(sec)=

t(sec)=

t(sec)=

.000

.000
.000
.000

.000

2.003
2.003

4.013
4.493

4.523

4.823
6.016
600.047
900.047

1404 .607
1800.007

3252.013

3269.352

. 4252.858

4276.629

Liquid Break
Breek Area
Muttiplier on break flow

.020 ft2
1.250

nu

RCIC is Inoperable
Low-Pres Condensate Injection Inop.

Recirc pump-A trip on specified time
Trip delay = .000E+00 sec

Recirc pump-B trip on specified time
Trip delay = .000E+00 sec

MSIV closure on specified time

Scram initiated on specified time
Scram time (sec) = 2.80

Feedwater Trip on specified time

HPCI initiation on Hi Dryuéll Press. .
Setpoint for initiation = .17E+01 psig

DW Cooler Trip on Hi DW Press
Trip Setpoint = 1.720 psig

ALl Control Rods Inserted
MSIVs are closed
Operator takes control of HPCI inj.

Loop 1 of Supp Pool Cool Effective
Service Water Temperature = 88.00 F

HPCI Suction Trans to SP on high SP level
SP water level = 25.00 ft

SP Letdown Initiated
Letdown Rate = 120.000 Lbm/sec

SRV #1 Manual Open for RPV Cooldown
Cooldown Rate = 90.000 F/hr
Target Pressure = 98.000 psig

SRV # 1 Tripped Close
SRV #1 Manual Open for RPV Cooldown

Cooldown Rate 90.000 Fshr
Target Pressure 98.000 psig

SRV # 1 Tripped Close



t(sec)=

t(sec)=

t(sec)=

t(sec)=

t{sec)=

5118.237

5147.438
6024.801

6032.007

6060.619

SRV #1 Manual Open for RPV Cooldown
Cooldown Rate = $0.000 F/hr
Target Pressure = 98.000 psig
SRV # 1 Tripped Close

SRV #1 Manual Open for RPV Cooldown

Cooldown Rate = ©0.000 F/hr
Target Pressure = 98.000 psig
Initiation of Core Spray Flow

Reactor Press = 295.94 psig
Supp Chamber Press = 6.95 psig

SRV # 1 Tripped Close

EC-052-1035

Pege 22



Reactor Pressure (psig)
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Wide Range Indicated Water Level (inches)
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Figure 4.2-2 SABRE calculation of Wide Range Indicated Level
- for 0.020 ft liquid break.



Actual Downcomer Water Level (inches)
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Suppression Pool Water Level (ft)

EE-052~ /025

v ah

27 ]l.IT'I!IIIIIIIll—ll'llll]llllllllll]

26.5

N
o))

l_lll‘lllllllll||llllllllllllI

25.5

N
19)

24.5

N
5

23.5

IlI|Il|II

23 | S S ‘ ) I S | I | I 1 1 I L1t 1 l 1 | S | I Looll [l l L1
1000 2000 3000 4000 5000 6000 7000

o

Time (sec)

Figure 4.2-4 SABRE calculation of suppression pool water level
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Suppression Pool Temperature (°F)
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HPCI Turbine Exhaust Flow (Lb_/sec)
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Figure 4.2-6 SABRE calculation of HPCI turbine exhaust flow
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Break Flow (Lb_/sec)
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Drywell Pool Level (inches)

20

15

10

25

EE-p0SA-/0R5

P 32

IIIIIlli'lllIIIII‘IIIIIIIIIIII.IT‘I,IIl

lll!lllllllllllllllllJlIl'lll]lllI

1000 2000 3000 4000 5000 6000 7000

Time (sec)

. Figure 4.2-10 SABRE calculation of drywell pool level

for 0.020 ft* liquid break.



EC@-05a—- /025

g 33

43  Case3-0.00545 ft’ Liquid Break (1” Line Break)

The SABRE-calculated sequence of events for the 1” line break is presented in Table 4.3-1.
Results are plotted in Figures 4.3-1 though 4.3-10. Table 4.3-1 shows that reactor pressure drops
below the shutoff head of the Core Spray pumps at 6260 seconds (104 minutes). Because of the
small break size, HPCI can easily restore and maintain level within the +13” to +54” band
specified by the EOPs (Assumption # 19).

Suppression pool level undergoes only a small increase in level before pool letdown is initiated
at 1800 seconds (Figure 4.3-4). Since pool level stays well below 25 feet, the manual transfer of
HPCI suction is avoided in this case. Suppression pool temperature reaches 123 °F by the time
~ reactor pressure drops to the point where Core Spray begins to inject to the vessel (Figure 4.3-5).

The plot of drywell and wetwell pressures (Figure 4.3-8) indicates that the downcomer vents are
cleared throughout the entire transient. Even though reactor water level is maintained above the
feedwater spargers (-24”) in this case, the vent pipes to not re-seal with water as they did in Case
2. This is because the HPCI injection rates are much lower than in case 2, and consequently the
downcomer does not become as subcooled. Downcomer subcooling is determined by the relative
magnitudes of subcooled injection flow and saturated liquid flow leaving the steam separators.

In addition, the break flow is much smaller than in Case 2 so the cooling effect on the
containment is less. ‘

Figure 4.3-10 shows that drywell pool level reaches the overflow height of 18” at 4645 seconds
(77.4 minutes) into the event. At this time water begins to pour into the downcomer pipes and is
transferred to the suppression pool :



w*k Kinatics file is /d00/appl/sabre3vi/data/u2c10.simtran.out

w#x SABRE data file is /home/eamac/sabre_31/input/ec-052-1025/c03.dat

Table 4.3-1

EE-DS A-/02S

aratis

Sequence of Events Calculated by SABRE for 0.00545 ft’ Liquid Break (Case 3)

*** This is not a restart case

1

SABRE

(03) U210 -- 0.0054 ft2 lig break -- HPCI aligned to CST

t(sec)=

t{sec)=
t(sec)=

t(sec)=
t(sec)=

t{sec)=

t(sec)=

t{sec)=
t{sec)=
t{sec)=

t(sec)=
t(sec)=
t(sec)=
t(sec)=
t{sec)=

t(sec)=

t(sec)=

t(sec)=

t(sec)=

t(sec)=

- Version 3.1

.000

.000
.000
.000

.000

2.003
2.003

4.013
4.823
6.016
11.447

16.727
263.166
263.166
751.066

763.416
803.006

816.456
855.756

870.206

Liquid Break
Break Area
Multiplier on break flow

nwan

RCIC isAlnoperable
Low-Pres Condensate Injection Inop.

Recirc pump-A trip on specified time
Trip delay = .000E+00 sec

Recirc pump-B trip on specified time
Trip delay = .000E+00 sec

MSIV closure on specified time

Scram initiated on specified time
Scram time (sec) = 2.80

Feedwater Trip on specified time
ALl Control Rods Inserted
MSIVs are closed

HPCI initiation on Low water level

Setpoint for initiation = ~38.00 in.

DW Cooler Trip on Hi DW Press
Trip Setpoint = 1.720 psig

Main Turb Trip on high water level
Setpoint(inches) = 54.000

HPCI Trip on hi water level
Trip Setpoint = «54E+02 in.

SRV #1 Manual Open for RPV Cooldown
Cooldown Rate 90.000 F/hr
Target Pressure 98.000 psig

SRV # 1 Tripped Close

SRV #1 Manual Open for RPV Cooldown
Cooldown Rate = 90.000 F/hr
Target Pressure = 98.000 psig
SRV # 1 Tripped Close

SRV #1 Manual Open for RPV Cooldown
Cocldown Rate - = $0.000 F/hr
Target Pressure = 98.000 psig

SRV # 1 Tripped Close

.005 ft2
1.250



t(sec)=

t(sec)=

t{sec)=

t(sec)=

t(sec)=

t(sec)=
t(sec)=
t(sec)=
t({sec)=

t(sec)=

t(se;)=

t{sec)=

t{sec)=-

t(sec)=

t(sec)=

t(sec)=

t(sec)=

t(sec)=

t(sec)=

t(sec)=

t(sec)=

t(séc)=

t(sec)="

t(secf—'

960.006

908.406

923.956
961.256

978.256
1014.947

1033.797
1049.647
1049.647

1254.247

1264 .897
1484.147

1495.297
1729.118

1741.401

1800.001

1963.940

1977.347
2203.318

2217.694

2446.806

2662.057
2691.998

2708.194

Loop 1 of Supp Pool Cool Effective

Service Water Temperature = 88.00 F

SRV #1 Manual Open for RPV Cooldown
Cooldown Rate = 90.000 F/hr
Target Pressure = 98.000 psig

SRV # 1 Tripped Close
SRV #1 Manual Open for RPV Cooldown

Cooldown Rate 90.000 F/hr
Target Pressure 98.000 psig

SRV # 1 Tripped Close

SRV #1 Manual Open for RPV Cooldown
Cooldown Rate 90.000 F/hr
Target Pressure 98.000 psig

SRV # 1 Tripped Close

HPCI initiation on Low water level

setpoint for initiation = -38.00 in.

Operator tgkes control of HPCI inj.

SRV #1 Manual Open for RPV Cooldown

Cooldown Rate = 90.000 F/hr
Target Pressure = 98.000 psig
SRV # 1 Tripped Close

SRV #1 Manual Open for RPV Cooldown

Cooldown Rate = 90.000 F/hr
Target Pressure = 98.000 psig

SRV # 1 Tripped Close
SRV #1 Manual Open for RPV Cooldown
Cooldown Rate = 90.000 F/hr
Target Pressure = 98.000 psig
SRV # 1 Trippéd Close

SP Letdown Initiated

Letdown Rate = 120.000 Lbm/sec
SRV #1 Manual Open for RPV Cooldown
Cocldown Rate = 90.000 F/hr
Target Pressure = 98.000 psig

SRV # 1 Tripped Close

SRV #1 Manual Open for RPV Cooldown
Cooldown Rate ©0.000 F/hr
Target Pressure 98.000 psig

SRV # 1 Tripped Close

SRV #1 Manual Open for RPV Cooldown
Cooldown Rate $0.000 F/hr
Target Pressure $8.000 psig

SRV # 1 Tripped Close

SRV #1 Manual Open for RPV Cooldown
Cooldown Rate ©0.000 F/hr
Target Pressure 98.000 psig

SRV # 1 Tripped Close

EC-052-[0R5

et



‘t(sec):

t(sec)=

t(sec)=

t(sec)=

t{sec)=

t(sec)=

t{sec)=

t(sec)=’

t{sec)=

t{sec)=

t(sec)=

t(sec)=

t(sec)=

t(sec)=

t(sec)=

t(sec)=

t(sec)=

t{sec)=

© t{sec)=

t(sec)=

t{sec)=

t(sec)=

t(sec)=

2937.838

2954.969
3182.263

3200.467
34246.921

3444.243
3665.451

3686.008
3903.063

3924.924
4139.642

4163.033
4372.833

4397.802
4603.702

4630.540
4833 .840

4862.902
5064 .002

5095.437
5292.187

5326.687
5521.887

SRV #1 Manual Open for RPV Cooldown
Cooldown Rate 90.000 F/hr
Target Pressure 98.000 psig

SRV # 1 Tripped Close

SRV #1 Manual Open for RPV Cooldown
Cooldown Rate 90.000 Frhr
Target Pressure 98.000 psig

SRV # 1 Tripped Close

SRV #1 Manual Open for RPV Cooldown
Cooldown Rate 90.000 F/hr
Target Pressure 98.000 psig

{13}

SRV # 1 Tripped Close

SRV #1 Manual Open for RPV Cooldown
Cooldown Rate = 90.000 F/hr
Target Pressure = 98.000 psig

SRV # 1 Tripped Close

SRV #1 Manual Open for RPV Cooldown
Cooldown Rate = 90.000 F/hr
Target Pressure = 98.000 psig

SRV # 1 Tripped Close
SRV #1 ManualVOpen for RPV Cooldown
Cooldown Rate = 90.000 F/hr
Target Pressure = 98.000 psig
SRV # 1 Tripped Close
SRV #1 Manual Open for RPV Cooldown
Cooldown Rate = ©0.000 F/hr
Target Pressure = . 98.000 psig
SRV # 1 Tripped Close

SRV #1 Manual Open for RPV Cooldown
Cooldown Rate 90.000 F/hr
Target Pressure ©8.000 psig

SRV # 1 Tripped Close

SRV #1 Manual Open for RPV Cooldown
Cooldown Rate $0.00C F/hr
Target Pressure 98.000 psig

SRV # 1 Tripped Close

SRV #1 Manual Open for RPV Cooldown
Cooldown Rate = 90.000 F/hr
Target Pressure = - 98.000 psig

SRV # 1 Tripped Close

SRV #1 Manual Open for RPV Cooldown
Cooldown Rate = 90.000 F/hr
Target Pressure = 98.000 psig

SRV # 1 Tripped Close
SRV #1 Manual Open for RPV Cooldown

Cooldown Rate = 90.000 F/hr
Target Pressure = 98.000 psig

EC-053- /035
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t(sec)=

t(sec)=

t(sec)=

t(sec)=

t{sec)=

t(sec)=

t(sec)=

t{sec)=

t(sec)=

5559.729
5750.829

5792.829
5982.129

6029.029
6214.829

6260.491

6267.452
6449.485

SRV # 1 Tripped Close

SRV #1 Manual Open for RPV Cooldown
Cooldown Rate = 90.000 F/hr
Target Pressure = 98.000 psig

SRV # 1 Tripped Close

SRV #1 Manual Open for RPV Cooldown
Cooldown Rate = 90.000 F/hr
Target Pressure = _ 98.000 psig

SRV # 1 Tripped Close

SRV #1 Manual Open for RPV Cooldown
Cooldown Rate = 90.000 F/hr
Target Pressure = ‘ 98.000 psig

Initiation of Core Spray Flow
Reactor Press = 311.19 psig
Supp Chamber Press = 22.19 psig

SRV # 1 Tripped Close
SRV #1 Manual Open for RPV éooldoun

Cooldown Rate 90.000 F/hr
Target Pressure 98.000 psig

nn

EC-05Q- /025
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Reactor Pressure (psig)
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SABRE calculation of reactor steam dome pressure
for 0.00545 ft* liquid break (1" line break).



Wide Range Indicated Water Level (inches)
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Figure 4.3-2 SABRE calculation of Wide Range Indicated Level
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Actual Downcomer Water Level (inches)
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Suppression Pool Temperature (°F)
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HPCI Turbine Exhaust Flow (Lb,_/sec)
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Figure 4.3-6 SABRE calculation of HPCI turbine exhaust flow
| for 0.00545 ft* liquid break (1" line break).
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Drywell Pool Level (inches)
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Figure 4.3-10 SABRE calculation of dryWeII pool level
for 0.00545 ft* liquid break (1" line break).
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4.4 Case 4 - MSIV Closure Transient

This case examines reactor and containment response for the an MSIV closure transient. The
event is assumed to be initiated by a LOOP so there is a loss of feedwater early in the event.
This maximizes the amount of water injected by the HPCI system. The sequence of events are
presented in Table 4.4-1, and calculation results are plotted in Figures 4.4-1 through 4.4-7.

Suppression pool water level increases to 24°-5 at 1800 seconds. Since pool level never reaches
25 feet, there would be no manual transfer. of HPCI suction from the CST to the suppression pool
in this event. At 1800 seconds, suppression pool letdown is initiated and pool level begins to
decrease. At 6606 seconds (110 minutes), reactor pressure drops below the shutoff head of the
Core Spray pumps and injection to the vessel begins. From this time on, HPCI is no longer
required for vessel coolant makeup. Suppression pool temperature reaches 138°F when Core
Spray initiates. ‘

In this case suppression pool cooling was inadvertently started at 1000 seconds rather than at 900
seconds as specified by Input/Assumption #17 in §3. Starting pool cooling 100 seconds later has
negligible effect on the results.
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Table 4.4-1
Sequence of Events Calculated by SABRE for MSIV Closure Transient (Case 4)

*** Kinetics file is /d00/appl/sabre3vi/data/u2c10.simtran.cut
*#** SABRE date file is lhmleamac/sabne_31/input/ec-OSZ-1025/c04.dat
*** This is not a restart case

1 SABRE - Version3.1
¢04) U2C10 -- MSIV Closure w LOOP -- No break -- HPCI aligned to CST

t(sec)= .000 RCIC is Inoperable
t{sec)= .000 Low-Pres Condensate Injection Inop.:
t{sec)= .000 Recirc pump-A trip on specified time
Trip delay = .000E+Q0 sec
t(sec)= .000 Recirc pump-B trip on specified time
Trip delay = .000E+00 sec
t(sec)= 2.003 MSIV closure on specified time
t(sec)= 2.003 Sscram initiated on specified time
Scram time (sec) = 2.80
t(sec)= 4.013 Feedwater Trip on specified time
t(sec)= 4.823 ALl Control Rods Inserted
t(sec)= 6.016 MSIVs are closed
t(sec)= 11.957 HPCI initiation on Low water level
Setpoint for initiation = -38.00 in.
t({sec)= 209.117 Main Turb Trip on high water level
Setpoint(inches) = 54.000
t{sec)= 209.117 HPCI Trip on hi water level
Trip Setpoint = -54E+02 in.
t(sec)= 662.507 SRV #1 Manual Open for RPV Cooldown
Cooldown Rate = 90.000 F/hr
) Target Pressure = 98.000 psig
t(sec)= 670.457 SRV # 1 Tripped Close.
t(sec)= 741.197 SRV #1 Manual Open for RPV Cooldown
. Cooldown Rate = 90.000 F/hr
Terget Pressure = 98.000 psig
t(sec)=  750.077 SRV # 1 Tripped Close
t{sec)= 816.947 SRV #1 Manual Open for RPV Cooldown
Cooldown Rate = 90.000 F/hr
Target Pressure = 98.000 psig
t({sec)= 825.707 SRV # 1 Tripped Close
t(sec)= BBB.857 SRV #1 Manual Open for RPV Cooldown
Cooldown Rate = 90.000 F/hr
Target Pressure = 98.000 psig
t(sec)=" 898.097 SRV # 1 Tripped Close
t(sec)= 954.827 SRV #1 Manual Open for RPV Cooldown

Cooldown Rate = 90.000 F/hr



t(sec)=

t(sec)=

t(sec)=

t(sec)=

t({sec)=

t(sec)=

t(sec)=

t(sec)=

t(sec)=

t(sec)=

t(sec)=

t(sec)=

t(sec)=

t(sec)=

t{sec)=

t(sec)=

t{sec)=

t{sec)=

t({sec)=

t(sec)=

t(sec)=

t(sec)=

t{sec)=

964 .367
1000.007

1017.317

1028.387
1071.767

1083.407
1119.287

1132.607
1163.297

1187.687
1218.227

1260.827
1292.837

1337.897
1370.027

1415.177
1447.247

1492.337
1524.347

1569.437
1601.837

1647.497
1680.917

~ Cooldown Rate =

Target Pressure = 98.000 psig
SRV # 1 Tripped Close

Loop 1 of Supp Pool Cool Effective

Service Water Temperature = 88.00 F

SRV #1 Manual Open fdr RPV Cooldown
Cooldown Rate = 90.000 Fshr
Target Pressure = 98.000 psig

SRV # 1 Tripped Close

SRV #1 Manual Open for RPV Cooldown
Cooldown Rate = 90.000 F/hr
Target Pressure = 98.000 psig

SRV # 1 Tripped Close

SRV #1 Manual Open for RPV Cooldown
Cooldown Rate = 90.000 F/hr
Target Pressure = 98.000 psig

SRV # 1 Tripped Close

SRV #1 Manual Open for RPV Cooldown
Cooldown Rate = ©0.000 F/hr
Target Pressure = 98.000 psig

SRV # 1 Tripped Close

SRV #1 Manual Open for RPV Cooldown
= $0.000 F/hr
Target Pressure = ©8.000 psig
SRV # 1 Tripped Close

SRV #1 Manual Open for RPV Cooldown
Cooldown Rate 90.000 F/hr
Target Pressure 98.000 psig

SRV # 1 Tripped Close

SRV #1 Marual Open for RPV Cooldown
Cooldown Rate $0.000 F/hr
Target Pressure 98.000 psig

SRV # 1 Trfpped Close

SRV #1 Manual Open for RPV Cooldown
Cooldown Rate = 90.000 F/hr
Target Pressure = 98.000 psig

SRY # 1 Tripped Close
SRV #1 Manual Open for RPV Cooldown

Cooldown Rate = 90.000 F/hr
Target Pressure = 98.000 psig

SRV # 1 Tripped Close
SRV #1 Manual Open for RPV Ccoldown
Cooldown Rate = 90.000 F/hr
Target Pressure = 98.000 psig
SRV # 1 Tripped Close

SRV #1 Manual Open for RPV Cooldown
Cooldown Rate = 90.000 F/hr
Target Pressure = 98.000 psig

EEC-05A— /oS
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t(sec)=

t(sec)=

t(sec)=

t{sec)=

t{sec)=

t{sec)=

t{sec)=

t(sec)=

t(sec)=

t{sec)=

t(sec)=

t(sec)=

t({sec)=

t(sec)=

t{sec)=

t(sec)=

t{sec)=

t(sec)=

t(sec)=

t{sec)=

t(sec)=

t{sec)=

t{sec)=

t(sec)='

1728.107
1762.937
1800.017
1812.257

1848.077

1898.987
1934.777

1986.017
2021.447

2072.537
2107.097

2157.407
2191.007

2240.322
2250.522

2250.522

2340.312

2362.132
2439.650

2455.250
2574.718
2578.048

2591.308
2674.498

SRV # 1 Tripped Close

SRV #1 Manual Open for RPV Cooldown

Cooldown Rate = $0.000 F/hr
Target Pressure = 98.000 psig
SP Letdown Initiated

Letdown Rate = 120.000 Lbm/sec

SRV # 1 Tripped Close

SRV #1 Manual Open for RPV Cooldown
Cooldown Rate ©0.000 F/hr
Target Pressure 98.000 psig

SRV # 1 Tripped Close

SRV #1 Nanual Open for RPV Cooldown
Cooldown Rate = 90.000 F/hr
Target Pressure = 98.000 psig

SRV # 1 Tripped Close
SRV #1 Manual Open for RPV Cooldown

Cooldown Rate 90.000 F/hr
Target Pressure 98.000 psig

nu

SRV # 1 Tripped Close

SRV #1 Manuél Open for RPV Cooldown
Cooldown Rate 90.000 F/hr
Target Pressure 98.000 psig

SRV # 1 Tripped Close

SRV #1 Manual Open for RPV Cooldown
Cooldown Rate 90.000 F/hr
Target Pressure 98.000 psig

nn

SRV # 1 Tripped Close

HPC1 initiation on Low water level

setpoint for initiation = -38.00 in.

Operator takes control of HPCI inj.

SRV #1 Manual Open for RPV Cooldown
Cooldown Rate = 90.000 F/hr
Target Pressure = 98.000 psig

SRV # 1 Tripped Close
SRV #1 Manual Open for RPV Cooldown

Cooldown Rate 90.000 F/hr
Target Pressure 98.000 psig

SRV # 1 Tripped Close

SRV #1 Manual Open for RPV Cooldown
Cooldown Rate : 90.000 F/hr
Target Pressure 98.000 psig

HPC1 Trip on hi water level
Trip Setpoint = .54E+02 in.

SRV # 1 Tripped Close
SRV #1 Manual Open for RPV Cooldown

Cooldown Rate = 90.000 F/hr
Target Pressure = 98.000 psig

EC-052- /1035
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t(sec)=

t(sec)=

t{sec)=

t(sec)=

t(sec)=

t(sec)=

t(sec)=

t(sec)=

t(sec)=

t(sec)=

ti{sec)=

t(sec)=

t(sec)=

t(sec)=

t(sec)=

t(sec)=

t(sec)=

t{sec)=

t(sec)=

t(sec)=

t{sec)=

_t(sec)=

t(sec)=

t(sec)=

2690.488
2769.658

2786.248
2864 .788

2882.098
2958.808

2977.108
3051.568

3070.948
3142.288

3162.838
3230.098

3251.968

3313.018

3336.448
3391.048

3417.028
3465.628

3495.838
3539.518

3627.238
3673.918

3798.388
3847.378

SRV # 1 Tripped Close

SRV #1 Manual Open for RPV Cooldown
Cooldown Rate 90.000 F/hr
Target Pressure 98.000 psig

SRV # 1 Tripped Close

SRV #1 Manual Open for RPV Cooldown
Cooldown Rate 90.000 F/hr
Target Pressure 98.000 psig

nn

SRV # 1 Tripped Close

SRV #1 Manual Open for RPV Cooldown
Cooldown Rate 90.000 F/hr
Target Pressure 98.000 psig

SRV # 1 Tripped Close

SRV #1 Manual Open for RPV Cooldown
Cooldown Rate 90.000 F/hr
Target Pressure 98.000 psig

na

SRV # 1 Tripped Close

SRV #1 Manual Open for RPV Cooldown
Cooldown Rate = 90.000 F/hr
Target Pressure = 98.000 psig

SRV # 1 Tripped Close

SRV #1 Manual Open for RPV Cooldown
Cooldown Rate = 90.000 F/hr
Target Pressure = 98.000 psig

SRV # 1 Tripped Close
SRV #1 Manual Open for RPV Cooldown
Cooldown Rate = 90.000 F/hr
Target Pressure = 98.000 psig
SRV # 1 Tripped Close
SRV #1 Manual Open for RPV Cooldown

Cooldown Rate 90.000 F/hr
Target Pressure 98.000 psig

SRV # 1 Tripped Close

SRV #1 Manual Open for RPV Cooldown
Cooldown Rate 90.000 F/hr
Target Pressure '98.000 psig

1nn

SRV # 1 Tripped Close

SRV #1 Manual Open for RPV Cooldown
Cooldown Rate 90.000 F/hr
Target Pressure 98.000 psig

SRV # 1 Tripped Close

SRV #1 Manual Open for RPV Cooldown
Cooldown Rate = 90.000 F/hr
Target Pressure = 98.000 psig

SRV . # 1 Tripped Close
SRV #1 Manual.Open for RPV Cooldown

Cooldown Rate = 90.000 F/hr
Target Pressure = 98.000 psig

EC-053-1015

Page s



t(sec)=

t(sec)=

t(sec)=

t(sec)=

t(sec)=

t(sec)=

t(sec)=

t{sec)=

t(sec)=

t(sec)=

t(sec)=

t({sec)=

t{sec)=’

t(sec)=

t(sec)=

t(sec)=

t(sec)=

t(éec)=

t{sec)=

t{sec)=

t{sec)=

t(sec)=

t(sec)=

3984.358

4036.318

4192.798
4245.898

4422.988
4475.158

4673.574
4680.474
4850.391
4882.551
5020.468
5022.328
5052.538

5172.688

5207.728
5327.338

5364.688
5473.798

5514.388
5607.838

5655.028
5733.208

6606.058

SRV # 1 Tripped Close
SRV #1 Manual Open for RPV Cooldown
Cooldown Rate = 90.000 F/hr
Target Pressure = 98.000 psig
SRV # 1 Tripped Close
SRV #1 Manual Open for RPV Cooldown
Cooldown Rate = 90.000 F/hr
Target Pressure = 98.000 psig
SRV # 1 Tripped Close
SRV #1 Manual Open for RPV Cooldown
Cooldown Rate = 90.000 F/hr
Target Pressure = 98.000 psig
SRV # 1 Tripped Close

HPCI initiation on Low water level

Setpoint for initiation = -38.00 in.
SRV #1 Manual Open for RPV Cooldown
Cooldown Rate = 90.000 F/hr
Target Pressure = 98.000 psig

SRV # 1 Tripped Close

SRV #1 Manual Open for RPV Cooldown
Cooldown Rate ©0.000 F/hr
Target Pressure 98.000 psig

HPCI Trip on hi water level
Trip Setpoint = -.54E+02 in.

SRV # 1 Tripped Close
SRV #1 Manual Open for RPV Cooldown

Cocldown Rate 90.000 F/hr
Target Pressure 98.000 psig

wmn

SRV # 1 Tripped Close

SRV #1 Manual Open for RPV Cooldown
Cooldown Rate : ©90.000 F/hr
Target Pressure 98.000 psig

SRV # 1 Tripped Close

SRV #1 Manual Open for RPV Cooldown
Cooldown Rate = ©0.000 F/hr
Target Pressure = 98.000 psig

SRV # 1 Tripped Close

SRV #1 Manual Open for RPV Cooldown
Cooldown Rate = $0.000 F/hr
Target Pressure = 98.000 psig

SRV # 1 Tripped Close

SRV #1 Manual Open for RPV Cooldown
Cooldown Rate = 90.000 F/hr
Target Pressure = 98.000 psig

Initiation of Core Spray Flow
Reactor Press = 289.88 psig
Supp Chember Press = -89 psig

EC-082- /035
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t(sec)=

t{sec)=

t(sec)=

t(sec)=

t(sec)=

t{sec)=

t{sec)=

t{sec)=

t(sec)=

t(sec)=

t(sec)=

t(sec)=

t(sec)=

t{sec)=

t(sec)=

t(sec)=

t{sec)=

t(sec)=

t(sec)=

t(sec)=

t(sec)=

t(sec)=

t(sec)='

3984.358
4036.318

4192.798
4245.898

4422.988
4475.158

4673.574

4680.474

4850.391

4882.551
5020.468
5022.328
5052.538

5172.688

5207.728
5327.338

5364 .688
5473.798

5514.388
5607.838

 5655.028

5733.208

| 6606.058

SRV # 1 Tripped Close

SRV #1 Manual Open for RPV Cooldown
Cooldown Rate 90.000 F/hr
Target Pressure 98.000 psig

SRV # 1 Tripped Close

SRV #1 Manual Open for RPV Cooldown
Cooldown Rate ©0.000 F/hr
Target Pressure 98.000 psig

SRV # 1 Tripped Close

SRV #1 Manual Open for RPV Cooldown
Cooldown Rate 90.000 F/hr
Target Pressure 98.000 psig

SRV # 1 Tripped Close

HPCI initiation on Low water level

Setpoint for initiation = -38.00 in.
SRV #1 Manual Open for RPV Cooldown
Cooldown Rate = ©0.000 F/hr
Target Pressure = ' 98,000 psig

SRV # 1 Tripped Close

SRV #1 Manual Open for RPV Cooldown
Cooldown Rate = 90.000 F/hr
Target Pressure = 98.000 psig

HPCI Trip on hi water level
Trip Setpoint = .54E+02 in.

SRV # 1 Tripped Close

SRV #1 Manual Open for RPV Céoldoun

Cooldown Rate = 90.000. F/hr
Target Pressure = 98.000 psig
SRV # 1 Trihped Close

SRV #1 Manual Open for RPV Cooldown

Cooldown Rate = 90.000 F/hr
Target Pressure = 98.000 psig
SRV # 1 Tripped Close

SRV #1 Manual Open for RPV Cooldown

Cooldown Rate 90.000 F/hr
Target Pressure 98.000 psig

SRV # 1 Tripped Close

SRV #1 Manual Open for RPV Cooldown
Cooldown Rate 90.000 F/hr
Target Pressure 98.000 psig

nn

SRV # 1 Tripped Close

SRV #1 Manual Open for RPV Cooldown
Cooldown Rate : 90.000 F/hr
Target Pressure 98.000 psig

o

Initiation of Core Spray Flow
Reactor Press = 289.88 psig
Supp Chamber Press = .89 psig

EEC-0532- /o025
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Figure 4.4-1 SABRE calculation of reactor steam dome'pressdre
: for MSIV closure transient.
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Actual Downcomer Water Level (inches)
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Figure 4.4-4 SABRE calculation of suppression pool water level
for MSIV closure transient.



Suppression Pool Temperature (°F)
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Figure 4.4-5 SABRE caiculation of suppression pool temperature
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HPCI Turbine Exhaust Flow (Lb_/sec)
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4.5 Sensitivity Studies

In this section, additional small break scenarios are simulated in order to determine the
minimum time at which suppression pool level reaches 25 feet. When pool level reaches 25
feet in a small break accident, it is assumed that the operator will manually transfer HPCI
suction from the CST to the suppression pool, but only if suppression pool temperature is less
than 140°F, to mitigate the rise in suppression pool level. Although the HPCI suction transfer
is a manual action it is carried out from the Control Room.

In Figure 4.5-1, the time when pool level reaches 25 feet is plotted as a function of liquid
break size. For an initial pool level of 24 feet, the earliest that pool level can reach 25 feet is
21 minutes which corresponds to 0.0375 f* break. This time is significantly greater than the
10 minute time delay required for operator actions.?? For larger breaks (Case 8 and Case 1),
Core Spray injection initiates before suppression pool level increases to 25 feet. In Figure
4.5-2, suppression pool temperature at the time of Core Spray initiation is plotted as a '
function of break size. Since HPCI runs until Core Spray injection initiates, Figure 4.5-2
shows that 135°F is the maximum pool temperature expected during a liquid break with HPCI
used for coolant makeup to the reactor. This plot also shows that after HPCI suction is

' manually transferred from the CST to the suppression pool on high pool level (225 feet) it
will not be necessary for the operator to transfer suction back to the CST because of high pool
~ temperature (>140°F). '

Figure 4.5-3 shows the suppression pool level response as a function of reactor pressure for
two small liquid breaks, 0.02 f2 and 0.00545 ft? (sensitivity Cases 2a and 3a in Computer
Case Summary). Included in Figure 4.5-3 is the primary containment Load Limit Curve
defined by Equation (1) on p. 7. As discussed on p. 7, if suppression pool level remains
below the Load Limit Curve, then hydrodynamic loads produced by SRV blowdown will not
exceed design limits. Sensitivity Cases 2a and 3a are based on the very conservative
assumption that the operator takes no action to limit suppression pool level during the small
break accident. Specifically, the operator neglects to carry out EOP instructions to letdown

~ water from the suppression pool and to manually transfer HPCI suction from the CST to the
suppression pool when pool level reaches 25 feet.”> Furthermore, the operator fails to initiate
a controlled cooldown of the reactor pressure vessel, and the CST is initially at full-capacity
of 300,000 gallons. The results in Figure 4.5-3 demonstrate that suppression pool level
remains below the Load Limit Curve in a small liquid break accident even if all of the CST
inventory is pumped to the suppression pool and no water is removed from the pool. The rate
of reactor depressurization associated with the small liquid break is sufficient to maintain pool
level below the Load Limit Curve. For comparison, the suppression pool level response as a
function of reactor pressure for Cases 2 and 3, which take credit for operator actions #10, #18,
and #20 on p. 6 to control suppression pool level and reduce reactor pressure, is shown in '
Figure 4.5-4. ' '

2 GE BWR Product Safety Standards; General Electric Company, Document No. 22A8400, Rev. 1, Sh. No. 21,

1981.
B See assumptions 10 and 18 on p. 6.
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Figure 4.5-1 Time when suppression pool level reaches 25 feet as a function of break area for
small liquid break. Minimum time is 21 minutes.
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Figure 4.5-2 Suppression pool temperature when Core Spray injection initiates as a function of
break size for small liquid breaks. Maximum suppression pool temperature is 135°F. '
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Figure 4.5-3 Comparison of calculated suppression level for 0.02 ft* (Case 2a) and

0.00545 f* (Case 3a) liquid breaks against Load Limit Curve.

Cases 2a and 3a are sensitivity cases which assume no RPV cooldown,
no manual HPCI suction transfer, no suppression pool letdown, and

an initial CST Volume of 300,000 gal.
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Figure 4.5-4 Comparison of calculated suppression level for 0.02 ft* (Case 2) and

0.00545 ft?

(Case 3) liquid breaks against Load Limit Curve.

In Cases 2 and 3 it is assumed that the operator initiates RPV cooldown,
manually transfers HPCI suction from CST to suppression pool when
when pool level reaches 25 feet, and initiates suppression pool letdown.
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5. CONCLUSIONS

Primary Containment response to intermediate breaks, small breaks, and an isolation transient
has been analyzed for the case where the proposed IPE HPCI modification in place. The
modification involves removal of the automatic transfer of HPCI suction from the CST to the
suppression pool on high pool level (23’-10”). Associated with the physical modification is an
Emergency procedure change which requires the operator to manually transfer HPCI suction
from the CST to the suppression pool if pool level reaches 25 feet, but only if suppression pool

“temperature is less than 140°F. Based on the simulation results with the proposed modification

installed, the following conclusions can be made:

¢ In an intermediate or large break accident, it will not be necessary for the operator to
manually transfer HPCI suction from the CST to the suppression pool because of pool level
reaching 25 feet. This is also true for an isolation transient in which there is no break.

o Ina small liquid break accident, it will necessary for the operator to manually transfer HPCI
suction from the CST to the suppression pool on high pool level (25 feet).

e The earliest the operator will have to make the manual transfer of HPCI suction is 21 minutes
into the event.

feet) it will not be necessary to transfer suction back to the CST because of suppressmn pool

. . e Once HPCI suction is manually transferred to the suppression pool on high pool level (25

temperature exceedmg the HPCI design temperature of 140°F.
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| APPENDIX
ELEVATION OF HPC! TURBINE EXHAUST LINE

This Appendix contains a drawing of the HPCI turbine exhaust line and a calculation of
the maximum suppression pool elevation which will not cause flooding of the turbine
exhaust line which the HPCI system is not operating and the line is not maintained clear .
by steam exhaust. .




ZH o058 | g prmsy soypacsuey v o

ZRp11552 u_x\vxwruﬁfs\ﬁxw ‘-—

7 goog g

| é.m wogrss Jepechrnsy g g o or Agreor 4
1g6-p Sarmroug - . .
| .-N\}\\ ‘EL7 .u“%m.m ‘1~ €80 pL 9 = (Fprsuraco) ds.\a\.% we2z20q @) sy

(FEL] Z,05E €E =qr (Ut qY WY gy VD 2vs ) arkrh oz yS i
.Qa&\%% L TLE O \VY\V&:\W\.SN\N\&;\ N‘\&\»!xh\.\ b4/t lonndt <4

| .Mm £50 #29 = 15pz9 vr vbrl £
o7y Fepectriy Fo burinirboy go Aoytogyy e

GG po P Ty

i
VAEE

- ﬁjv_]ll.idvrhl.. L . [ el et i\ ~ ot R e
290 nig |} 1sen sats susovas o ees . ¢ N E .%E\.mg : p
-h.mo.m m.lrll L . ' e - . ﬂ.n“lm.m. s I T I aGrery I.Wﬂ.m‘_
" H . o S ST T e A e TS .y . : 2 A Raki - . <y g T=b
, R Y R Sy R St o Y M W[ 2o ST o L
N N\ e ST R T 8] 55 - —— 228 wend | GRS || g s e 2 | GRE
"k oW wu v SuLIwos! SR B wam3f wrdn | oliely || B sibaiie ol BAFR
. 5 — - 33" —==8 R o oy R e I3
$INddY 609588 IWS | LEmeed _Wmm ::.mmm ._“.u ..mmm,_m : . ) \ | PRE
Q21S1-D 34V "OMA SIHL ol wad eesed = R A WLLLEF
g aaty .'ND SININOJWOD . - : : ' o
: Tods : = . Wm
r. ral 4 - K
{ iy PRI ‘

| TEROR I

15
‘ s

by -
L : | ",
™
: ' e
3?1'4 i
o > 3
6 ~

E
H Emgﬁ?h&;i&%ﬁ.é@
T i o DI 078sy 4
| oz r00ew oy . $LHt
‘@ TCAT RIS 4 Decw T4
RFIt GIVI-2-pos-gow
E T ﬂNN&N@ MSYARY

ST VS )

. Byt £ 275792 &g
Ld@ﬂ JHE v v 8 1y .uu

.rd v BT > = ~

dES b A e gl g - Y - HYLXD

&
12 4C Wid ] -
e uso.c._“
i .
& . ) 7

-

-t
L,. . € V13g
. _1.Jl L.;.ﬂh.“n

0 g..ﬁ_m.iﬁ
Q‘ ~ [} \\lunw borct
~ -~ wa.‘u\ntl.h "9

- S oy saaray, | R
_th .xi.lﬂmdﬂa.xiﬂﬁ{w*.v%;ru i

A eio Leriavsoy NOUYELNT TR o Nl
x-_t'“i‘ o :aiqﬂltﬂllvr..a.a.wﬂﬂ WJ \la.”MH‘! g *
) . ..,. & i /h.\t.. .

. &«
*

ey L1 ol Kooz TdramIN g

99 vovcl . a
- _SEal- €S9~ 3 ——— e




