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1.0 INTRODUCTION

As part of a program to evaluate the operational readiness of plant systems, Vir-
ginia Power performed a Safety System Functional Inspection (SSFl) to assess the

~ Auxiliary Feedwater (AFW) system design. This review covered several areas in-

cluding plant modifications, design control, maintenance, and testing.

As a result of the review, it was determined that an inconsistency existed between
the plant Technical Specifications requirements that govern the AFW system unit
cross-connect capability and the safety analysis assumptions for Surry Units 1 and
2. This inconsistency occurs as a result of a very low probability scenario for a high
energy line break in the main steam valve house of an operating unit with the other
unit in cold shutdown. During this scenario, the high energy line break in the main
steam valve house may cause failure of all three AFW pumps due to environmen-
tal qualification considerations. This, in combination with a single active failure in
the shutdown unit, could result in a loss of all AFW capability since the current Tech-
nical Specifications only require one AFW pump to be available on the shutdown
unit.

To address this issue, Virginia Power determined that a revision to the current plant
Technical Specifications would ensure that a single active failure in the shutdown
unit would not resutlt in loss of all AFW capability. Due to various plant considera-
tions, however, the current Allowable Outage Time (AOT) for the action statements
in the governing sections of the Technical Specifications is too restrictive for a unit
in a cold or refueling shutdown.

As a result, Virginia Power contracted with. Impell Corporation to perform a risk as-
sessment to evaluate the contribution to core melt as a result of implementing a
longer AOT for the action statements. This report presents the analysis and results
of the risk assessment. The results of this conservative analysis show that an AOT
of fourteen days results in a negligible impact upon core melt risk for the scenario
mentioned above. In addition, the new requirement to maintain two additional AFW
pumps operable enhances the level of safety for all other core damage sequences
that challenge the AFW system. For these reasons, it is concluded that the AOT of
fourteen days for the "cross-connect" AFW trains is acceptable.
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2.0 ANALYSIS METHODOLOGY

The analysis of the Surry AFW system used traditional fault tree analysis techni-
ques. The basis for the analysis was the fault tree models and data from NUREG/CR
4550 Volume 3. Use of these fault tree models and data allow for a direct com-
parison to core melt probability as calculated in the subject NUREG. The minimal
cut set generation and quantification of the fault tree was performed using the micro-
computer code IRRAS, Version 1.0.

The fault tree model developed for the cross connect capability of the AFW system
was developed using the same methodology outlined in NUREG/CR 4550 and is
presented in Appendix A of this report. Diesel generator dependencies were
modeled per the Boolean expressions presented in Section IV.5.15.4 of NUREG/CR
4550 Volume 3.

To verify that the results obtained from this analysis were comparable with the above
NUREG, a bench mark test case was analyzed. This analysis case (CASE 1)
modeled the NUREG/CR 4550 AFW fault tree exactly and duplicated the NUREG
results using the identical failure rate data. ’

The following scenario was analyzed from a reliability basis:

Unit 1 is operating with Unit 2 in a cold shutdown mode. The as-
sumption of Unit 2 being in the cold shutdown mode is conserva-
tive for this analysis because it precludes utilization of the Unit 2
turbine driven pump to supply AFW flow to Unit 1.

LCO time periods of fourteen, twenty-one, and thirty days were evaluated. The event
scenario included a HELB in the vicinity of the operating unit's AFW pumps (thus

failing the pumps). In addition, loss of offsite power events (LOSP) were evaluated

to a lesser extent. This is because a LOSP initiator by itself will not fail the AFW
pumps in the operating unit, thus the initiator is not limiting. A combined
LOSP/HELB event would challenge the diesel generators and fail the operating unit
AFW pumps; however, the event frequency is so small (about 2E-6), that this in-
itiator with subsequent AFW failure is not the limiting risk associated with an in-
creased AOT.

Specifically, the cases analyzed were:

o Case 1 - AFW system without transient failures. This case was used to com-
pare the system reliability results with the NUREG/CR 4550 results as a
bench mark test case.

e Case 2 - AFW with LOSP, no credit for cross connect capability.

Report Number 03-1250-1143, Revision1 Page 2



e Case 3 - AFW with LOSP, credit for cross connect capability, no extended
LCO requirements.

e Case 4 - AFW with HELB, no extended LCO requirements on AFW cross
connect train.

e Case 5 - AFW with HELB, 14 day LCO requirements on AFW cross connect
" train.

o Case 6 - AFW with HELB, 21 day LCO requirements on AFW cross connect
train. _

e Case 7 - AFW with HELB, 30 day LCO requirements on AFW cross connect
train.
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3.0 AFW SYSTEM DESCRIPTION

The following system description is quoted from NUREG/CR 4550 Volume 3 and is
provided for information.

"The Surry AFW is a three train system, two electric motor driven pumps and one
steam driven pump. Each pump draws suction through an independent line from
the 110,000 gallon condensate storage tank (CST). In addition, a 300,000 gallon
CST, a 100,000 gallon emergency makeup tank and the fire main can be used as
water supplies for the AFW pumps. Each AFW pump discharges to parallel headers.
Each of these headers can provide auxiliary feedwater flow to any or all of the three
steam generators. Flow from each header to any one Steam Generator is through
a normally open MOV and a locked open valve in series, paralleled with a line from
the other header. These lines feed one line containing a check valve which joins the
main feedwater line to a steam generator."

"The motor driven AFW pumps automatically start on receipt of an SIAS signal, loss
of main feedwater, low steam generator level in any steam generator, or loss of of-
fsite power. The turbine driven AFW pump automatically starts on receipt of indica-
tion of low steam generator level in two of the three steam generators or under volt-
age of any of the three main RCS pumps. These signals also ensure that the sys-
tem MOV’s are in the correct position."

The emergency electrical power system at Surry consists of three diesel generators,
with one diesel generator aligned to each unit and the remaining diesel generator
designated as a "swing" diesel. Upon receipt of a Safety Injection signal, the swing
diesel will automatically align to the "affected" unit.

In addition, the AFW system has the ability to provide AFW flow to the opposite unit
through a cross-tie header. The flow can be provided from the motor driven AFW
pumps or the turbine driven AFW pump. For conservatism, the analysis assumed
that the "un-affected” unit is in a cold shutdown condition and the turbine driven
pump is not available. A simplified flow schematic is presented on the following

page.
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‘" 4.0 ANALYSIS ASSUMPTIONS

The following conservative assumptions and ground rules were used in this
analysis:

- @ The loss of offsite power event was assumed to affect both Unit 1 and Unit 2,
although the analysis was performed for Unit 1. Should diesel generator #2
(dedicated to unit 2) fail to start or run, diesel generator #3 would align to
Unit 2, thereby making it unavailable for Unit 1. This assumption is extreme-
ly conservative since the Unit 2 power requirements would be reduced while
in a shutdown condition. For power supplies to Unit 2 AFW pumps a similar
assumption is made. If Diesel Generator #1 fails then Diesel Generator # 3
is assumed unavailable to supply power to Unit 2. It is assumed that for a
simultaneous loss of off site power and HELB, the swing diesel would
automatically align to Unit 1. This will necessitate the operator to manually
align the diesel to Unit 2 to provide cross-tie flow capability. This operator
action is viewed as an independent action from manually aligning the Unit 2
AFW flow path.

e Failure of the Unit 2 cross-connect in the open position is assumed to fail the
Unit 1 AFW due to flow diversion to the shut down unit. This is only true if
the Unit 1 AFW pumps are operating. If the Unit 2 pumps are providing AFW
to Unit 1 through the cross connect, flow diversion back to Unit 2 is not con-
‘ sidered credible since failure of two check valves in series would be required
in addition to the cross connect valve failing in the open position while in-
dicating closed. The use of the 300,000 gallon CST, the emergency makeup
tank, or the fire main as a backup to the CST were not considered as recovery
actions for conservatism.

e All failure rates and probabilities used in the analysis were obtained from
'NUREG/CR 4550 Volume 3 with the exception of the extended LCO un-
availability. The extended LCO unavailability was derived for this analysis.

e The shut down unit is assumed to enter into an extended LCO once every
eighteen months for any given train of AFW on the "un-affected” unit. For
this analysis, the fault tree model assumes that Train A is the AFW train that
enters into the LCO condition. Since the AFW trains are identical, modeling
AFW Train B as the "LCO" train would give identical results.

o The shut down unit is assumed to enter into an LCO once every three fuel -
cycles (approximately 4.5 years) that affects both trains of AFW on the shut-
down unit. The AOT for this LCO is three days (72 hours). The only situation
that would require an outage of 72 hours is major piping work on the cross tie
header between the two units, therefore this is assumed to be an infrequent
event.
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5.0 ANALYSIS RESULTS

The following initiator frequencies from NUREG/CR 4550 Volume 3 were used for
this analysis:

Loss of offsite power 7.0E-2/yr

High Energy Pipe Rupture in AFW Room 3.0E-5/yr

SUMMARY OF RESULTS
ANALYSIS CASE  FAILURE INITIATOR RESULTANT CHANGE IN RISK
PROBABILITY FREQUENCY  FAILURE RATE
CASE 1-Bench 2.34E-4 N/A . N/A N/A
Mark Case
CASE 2-LOSP, 2 58E-4 . 70E2 1.8E-5 N/A
no cross-connect ’
CASE 3-LOSP, 2.38E4 7.0E-2 1.7E-5 . (1.0E-6)
cross-connect,
no AOT
CASE 4-HELB, 4.45E-3 3.0E-5 1.3E-7 N/A
no AOT .
CASESAHELB,  6.56E-3 3.0E-5 2.0E-7 7.0E-8
14 day AOT ' ~
CASE 5B- 8.07E-3 2.1E-6 1.7E8 N/A
LOSP/HELB, 14 :
day AOT
CASEG-HELB, ~  6.71E:3 3.0E-5 20E7 ~ 70Es8
21day AOT .
CASE 7-HELS, 6.90E-3 3.0E-5 2.1E-7 8.0E-8
30dayAOT = - L

Case 1 results were compared to the results obtained in NUREG/CR 4550 Volume
3 to provide a bench mark test case. NUREG/CR 4550 Volume 3 failure rate for the
AFW system is 2E-4 (the report only presents the first significant digit). The results
of Case 1 are consistent with NUREG/CR 4550 Volume 3, therefore the analytical
tools used for this analysis are valid and the results obtained in Cases 2 through 7
can be compared with the NUREG/CR 4550 Volume 3 core melt probabilities.
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As a means of comparison, the values presented above are compared to the Surry
dominant accident sequences identified in Table IV.9-2 (page 1V-242) of NUREG/CR
4550 Volume 3. For Case 5A (14 day LCO) above, if the assumption is made that
the design basis event and subsequent failure of the AFW system resulted in core
melt, then the Case 5A result would be approximately 0.8% of the total core melt
frequency (2.5E-5). This is conservative because no credit is being given to other
actions the plant may take such as entering into "feed and bleed" operation.
NUREG/CR 4550 Volume 3 credits "feed and bleed" as a recovery path. This
recovery action would improve the results by approximately an order of magnitude.
In addition, credit is not given for the availability of the main feedwater pumps, which
may still be operable for a HELB event. This is also conservative by approximate-
ly an order of magnitude.

As a comparison, the analysis also evaluated the LOSP initiating event. NUREG/CR
4550 showed that the LOSP/AFW failure events were significant contributors to core
melt frequency. The Technical Specification proposed does not impact the
NUREG/CR 4550 analysis because credit for the cross connect capability is not
given in the subject NUREG. As Case 3 results show, there is relatively little im-
provement in the reliability of the AFW system when crediting the cross connect
capability for the non-HELB sequences. This result demonstrates that for LOSP in-
itiators, the failure probability of the AFW system is relatively insensitive to the AOT
for the cross-connect capability, because the AFW failure probability will be between
the Case 2 result and the Case 3 result for any given AOT.

A combined LOSP/HELB event was also evaluated and the results are presented
as Case 5B. This event is assumed to result in a loss of the operating unit AFW
pumps and the requirement to rely on the diesel generators for emergency power.
As can be seen by the result, the overall failure probability is less than Case 5A due
to the low probability of the combined LOSP/HELB event. In addition, the AFW
failure probability is only slightly greater than when on-site power is available.

The results presented are based upon an analysis which contains a significant
amount of conservatism. Specifically:

e credit is not given for additional actions such a "feed and bleed" operations to
prevent core melt (conservative by an order of magnitude),

e credit is not given for the availability of the main feed water pumps for the HELB
initiating event (conservative by an order of magnitude),

e the Unit 1/Unit 2 operating/shutdown configuration is assumed to be 100%
during any given year (conservative by an approximate factor of two).
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The results above show that an extended AOT time frame to 14 days results in a
negligible (approximately 7.0E-8) increase in core melt risk with respect to the case
with no AOT (Case 4). In addition, the new requirement to maintain two additional
AFW pumps operable enhances the level of safety for all other core damage se-
quences that challenge the AFW system, thus a net reduction in core melt risk is
achieved. :

Based on the above analysis, it is concluded that an allowed outage time of four-
teen days does not present an increase in the probability for core melt.
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l AFV21 |

INSUFFICIENT STEAM

NO ACTUATION SIBNAL

LOSS OF FLDM THROUBH

FLOV THROUGH PIPE TD ADV-M3102B ADV-H31828
SEGMENTS PS95, PSS6,

AND PS97
| AFW22 | | AFu-acT-FA-vLVB | [ aFw-mov-LF-1028 |
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INSUFFICIENT FLOW
FROM UNIT 2
CROSS TIE
TO PSB3

XCONN1

[ XCONNZ |

CHECK VALVE
1-FN-309
FAILS TO OPEN

TRAIN A AND B
IN LCO

UNIT 2 PUMPS

INSUFFICIENT FLOW FROM

|

UNIT 2 AFW PUMPS
FAIL TO OPERATE

A . R ) o
| AFw-Ckv-FT-309 | | LCO-AFw-TRAINAB | I XCONN3 |
CHECK VALVE CHECK VALVE CROSS CONNECT
1-FN-27 1-FW-272 MOTOR OPERATED
FAILS TO OPEN FAILS TO OPEN VALVES FAIL
TO OPEN
| arw-ckv-FT-273 | [ AFW-Ckv-rF7-272 | XCONN4 1} {

A\

XCONNS ]

AFW PU

M
2-FW-P-3A FAILS

AFW PUMP
2-FW-P-3B FAILS

| XCONNG

JAN
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INSUFFICIENT FLOW

FROM UNIT 2
CAOSS TIE
{5 T0 PS84
xConmis | XCONN16 ]
CHECK VALVE TRAIN A AND B INSUFFICIENT FLOW
1-FW-310 IN LCO FROM UNIT 2 PUMPS
FAILS TO OPEN
| AFW-CKV—FT-310 1 i LCO-AFw-TAAINAB ] [ XCONN3 |
TITLE
SURRY FAULT TREE
AFW-L
DRAWING NUMBER
: SHEET 9/19
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@

CROSS CONNECT
MOTOR OPERATED

LOSS OF PONER TO
BUS 2H1

l XCO&NIO

]

VALVES FAIL
TO OPEN
xcomas | XCONN4 ]
MOTOA OPERATED VALVE' MOTGR_OPERATED VALVE
FWiB0OA FAIL FW160B FAIL
TO OPEN TO OPEN
1 XCONNS | L XCONNG ]
TRAIN A IN LCO MOTOR OPERATED VALVE LOSS OF PONER TO MOTOR OPERATED VALVE
FW1EDA FAIL . BUS 2J1 FW160B FAIL
T0 oPEN
| LCO-AFN-TRATN-A 1 [AfAFH-MDV:EC—iﬁoggi] l XCONNi1 | | AFw-Mov-cC-1608 |
TITLE ‘
SURRY FAULT TREE
AFW-L
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POWER NOT AVAILABLE
FROM BUS 1H1
| AFW23 1
FAILURE TO RESTORE DIESEL_GENERATOR 1
OFFSITE POWER FAILURE
IN ONE HOUR
| NROSP-1HA 1 | AFN24 )
DIESEL GENERATOR 1 DIESEL GENERATOR 1 DIESEL GENERATOR 1
FAILS TO START IN MAINTENANCE FAILS TO RUN

| oer-Don-Fs-DGo1 | | oEP-nGN-MA-DGO1 | | oeP-DGN-FR-DGO1 |

TITLE
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POWER NOT AVAILABLE
FROM BUS 2H1

XCONNB
XCONNG6

 S—

1 XCONN10 ]

FAILURE TO RESTORE
OFFSITE POWER
IN ONE HOUR

| NROSP-1HA

O

DIESEL GENERATOR
FAILURE
EDG2

L

XCONN1Z ]

DIESEL GENERATOR 2
FAILS TO START

| OEP—DGNiFS—DGOQAAJ
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POWER NOT AVAILABLE
FROM BUS 1J1

| AFW25 1
FAILURE TO RESTORE DIESEL GENERATORS
OFFSITE POWER EDG2, EDG3
IN ONE HOUR FAILURE
| NROSP-1HR 1 | AFW26 |

O

DIESEL GENERATOR 3
FAILS TO START

DIESEL GENERATOR 3
IN MAINTENANCE

DIESEL GENERATOR 3
FAILS TO RUN

DIESEL GENERATOR 2
FAILS TO START

DIESEL GENERATOR 2
IN HAINTENANCE

DIESEL GENERATOR 2
FAILS TO RUN

{ OEP-DGN-F 5-DG03 |

| OEP-DGN-HA-DBO3 |

1 OEP-DGN-FR-DG03 |

| GEP-DGN-F3-0662 ]
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POWER NOT AVAILABLE
FROM BUS 2J1

xcone L XCONN11 |
XCONN?
FAILURE 70 RESTORE DIESEL GENERATOR
OFFSITE POWER FAILURE
IN ONE HOUR
| NROSP-1HR | M XCONN13 |

O

DIESEL GENERATOR 3 DIESEL GENERATOR 3 DIESEL GENERATOR 3 DIESEL GENERATOR 1 DIESEL GENERATOR 1 DIESEL GENERATOR 1
FAILS TO START IN MAINTENANCE FAILS 70 RUN FAILS TO START IN MAINTENANCE FAILS TO RUN
{ oEP-DGN-FS-DGD3 | I OEP-DGN-MA-DGO3 | [ ocep-neN-FR-DEO3 | | oEP-DeN-FS-DBOY | | oep-DoN-MA-DBO1 | | oer-DGN-FR-DGO1 |

O

OPERATOR FAILS TO ' >
ALIGN DGO3 TO
BUS 2J

[445FH—XHE1F0—0603 | | _ TITLE
: SURRY FAULT TREE
<> AFW-L
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SHEET 14/19
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AFW PUMP
2-FW-P-3A FAILS

L

XCONNG ]

PUMP 2-FN-P-3A LOSS OF POWER LOSS OF PONER OFERATOR FAILS INSUFFICIENT WATER UNDETECTED LEAKAGE
FAILS TO BUS 2H1 TO DC BUS 2A TO CROSS CONNECT AVAILABLE FROM THROUGH CHECK VALVES
UNIT 2 110, 000 GALLON CST CV27, Cvs8, Cveg
|  AFW-MOP-FS-2P3A | 1 XCONN10 B | XCONN14 ] | AFw-xHE-FO-UNIT2 | | ArFw-Tnk-vF-CsT2 | | AFw-ccF-LF-sTMBD |
LOSS OF PONER PONER NOT AVAILABLE TRAIN A IN LCO
TO BUS 2H1 FROM DC BATTERY
| XCONNIO - | | ocp-BaT-LP-2BATA | | LCO-AFw-TRAIN-A |

A
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AFW PUMP
2-FW-P-3B FAILS

—

L

XCONN7 1

PUMP 2-FW-P-3B
FAILS

LOSS OF POWER

LOSS OF PONER

OPERATOR FAILS

INSUFFICIENT WATER

UNDETECTED LEAKAGE

TO BUS 2.1 TO DC BUS 2B TO CROSS_CONNECT AVAILABLE FROM THAOUGH CHECK VALVES
UNIT 2 110, 000 GALLON CST Cv27, Cvsl, CvBg
| AFw-MOP-FS-2P38 | I XCONN11 | | XCONN17 ] | AFW-xHE-FO-UNIT2 | | AFw-TnK-vF-CSTZ | | AFw-ccF-LF-STMBD |
LOSS OF POWER POWER NOT AVAILABLE
TO BUS 2ui FAOM DC BATTERY
| XCONN14 | { ocr-BaT-LP-2BATB |}

A
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NOTE: THIS IS THE MODIFIED FAULT TREE
TO ACCOUNT FOR THE CROSS TIE
CAPABILITY BETWEEN SURRY UNITS

INSUFFICIENT FLOW
THROUGH PIPE
SEGMENT PS83

AFW7

P AFNID

J

INSUFFICIENT SUPPLY
TO PIPE SEEMENT
PS83

° FLOW DIVERSION TO
UNIT 2 THROUGH
PIPE SEGMENT PS94

| AFu-PSF:;c-xconn‘]

| XCONN1 ]
TN RoN o 2 INSUFFICIENT FLOW
CROSS TIE FROM UNIT 1
T0 PSB3
- b
| xcomz | | XCONN1B

JA)

PIPE FAULTS IN
PIPE SEGMENT
PS83 (HEADER A)

[‘7Aru—PSF:LF—HnnA ]

O
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NOTE: THIS 1S THE MMIFIED FAll.T TREE
TO ACCOUNT THE CROSS
CAPABILITY BETHEEN SUHRV UNITS

INSUFFICIENT FLOW
THROUGH PIPE
SEGMENT P584

AFWE AFW14 ]
INSUFFICIENT SUPPLY
T0 PIPE_ SEGMENT
PS84
{ XCONN15 B
INSUFFICIENT FLOW
: INSUFFICIENT FLOW
FROM UNIT 2
CROSS TIE FROM UNIT 1
T0 PS84
[_____xcownis ] [ xcomis )

PIPE FAULTS IN
PIPE SEGMENT
PS84 (HEADER B)

FLOW DIVERSION TO
UNIT 2 THROUGH
PS94

[‘AFN-PSF:;C-XCDNN ]

["AFu-pSF:LF-HDnB ]

INSUFFICIENT FLOW
THROUGH PIPE
SEGMENTS PSHQ, Bi,
AND PS82

AFW1S
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POWER NOT AVAILABLE
FROM A

PONER NOT AVAILABLE
DC BUS 1

FROM DC BUS 1B

[ AFW27 ] | AFW2D ]

() )

POWER NOT AVAILABLE PONER NOT AVAILABLE PONER NOT AVAILABLE PONER NOT AVAILABLE
FROM BUS {H1 FROM OC BATTERY A FROM BUS 1J1 FROM DC BATTERY 1B
AFH23 | | opcP-BaT-LP-BATA | , 8 AFW25 } | DCP-BAT-LP-BATB |
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- APPENDIX B

MAJOR CUTSETS AND FAILURE RATES

This appendix presents the major minimal cutsets for the following analysis cases:

e Case 1 - AFW system without transient failures. This case was used to com-
pare the system reliability results with the NUREG/CR 4550 results as a
bench mark test case.

e Case 2 - AFW with LOSP, no credit for cross connect capability.

Ky

e Case 3 - AFW with LOSP, credit for cross connect capability, no extended
LCO requirements.

e Case 4 - AFW with HELB, no extended LCO requirements on AFW cross
connect train.

e Case 5 - AFW with HELB, 14 day LCO requirements on AFW cross connect
train. _ _

e Case 6 - AFW with HELB, 21 day LCO requirements on AFW cross connect
train.

e Case 7 - AFW with HELB, 30 day LCO requirements on AFW cross connect
train.
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MAJOR MINIMAL CUT SETS FOR CASE 1

AFW SYSTEM WITHOUT TRANSIENT FAILURES

*** Min Cut Upper Bound = = = 2.34E-004

FAILPROB  CUTSET

1.30E-004 AFW-PSF-FC-XCONN

1.00E-004 AFW-CCF-LF-STMBD

2.24E-006 AFW-PSF-LF-PTR3A AFW-PSF-LF-PTR3B
AFW.PSF-LF-PTRN2

1.30E-006 AFW-TNK-VF-CST

1.66E-007 AFW-ACT-FA-PMP3A AFW-PSF-LF-PTR3B
AFW.PSF-LF-PTRN2

1.66E-007 AFW-ACT-FA-PMP3B A.FW-PSF-LF-PT R3A

AFW-PSF-LF-PTRN2
FAILURE RATES
COMPONENT ID FAILURE RATE DESCRIPTION
AFW-ACT-FA-PMP3A 6.30E-004 Auto Initiation of Pump 3A fails
AFW-ACT -FA-PMPGB 6.30E-004 Auto Initiation of Pump 3B falls
AFW-CCF-LF-STMBD 1.00E-004 Leakage thru check vivs 27, 58, 89
AFW-PSF-FC-XCONN - 1.30E-004 Flow diversion to Unit 2
AFW-PSF-LF-PT R3A 8.50E-003 Faults in Pump Train 3A
AFW-PSF-LF-PTR3B 8.50E-003 Faults in Pump Train 3B
AFW-PSF-LF-PTRN2 310E002  Faults in Turbine Pump Unit 1
AFW-TNK-VF-CST 1.30E-006 Insuff. water in CST
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MINIMAL CUT SETS FOR CASE 2

AFW WITH LOSP, NO CROSS-CONNECT

*** Min Cut Upper Bound = = = 2.58E-004

FAIL PROB CUTSET

1.30E-004 AFW-PSF-FC-XCONN

1.00E-004 AFW-CCF-LF-STMBD

2.24E-006 AFW-PSF-LF-PTR3A AFW-PSF-LF-PTR3B

AFW-PSF-LF-PTRN2

1.30E-006 AFW-TNK-VF-CST

FAILURE RATES

COMPONENT ID

AFW-CCF-LF-STMBD
AFW-PSF-FC-XCONN
AFW-PSF-LF-PTR3A
AFW-PSF-LF-PTR3B
AFW-PSF-LF-PTRN2

AFW-TNK-VF-CST

FAILURE RATE DESCRIPTION

1.00E-004 Leakage thru check vivs 27, 58, 89
1.30E-004 Flow diversion to Unit 2

8.50E-003 Faults in Pump Train 3A
8.50E-003 Faults in Pump Train 38
3.10E-002 Faults in Turbine Pump Unit 1
1.30E-006 Insuff. water in CST
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MINIMAL CUT SETS FOR CASE 3

AFW WITH LOSP, CROSS-CONNECT

*** Min Cut Upper Bound = = = 2.38E-004

FAIL PROB CUTSET

1.30E-004 AFW-PSF-FC-XCONN

1.00E-004 AFW-CCF-LF-STMBD

1.16E-006 AFW-PSF-LF-PTRN2 NROSP-1HR
OEP-DGN-FS-DG01 OEP-DGN-FS-DG02

1.16E-006 AFW-PSF-LF-PTRN2 NROSP-1HR
OEP-DGN-FS-DGO1 OEP-DGN-MA-DG02

1.16E-006 AFW-PSF-LF-PTRN2 NROSP-1HR
OEP-DGN-FS-DG02 OEP-DGN-MA-DGO1

1.16E-006 AFW-PSF-LF-PTRN2 NROSP-1HR
OEP-DGN-MA-DGO1 OEP-DGN-MA-DG02**

8.03E-007 AFW-PSF-LF-PTRN2 NROSP-1HR
OEP-DGN-FR-DG01 OEP-DGN-FS-DG02

8.03E-007 AFW-PSF-LF-PTRN2 NROSP-1HR
OEP-DGN-FR-DGO1 OEP-DGN-MA-DG02

8.03E-007 AFW-PSF-LF-PTRN2 NROSP-1HR
OEP-DGN-FR-DG02 OEP-DGN-FS-DGO1

8.03E-007 AFW-PSF-LF-PTRN2 NROSP-1HR
OEP-DGN-FR-DG02 OEP-DGN-MA-DGO1

5.55E-007 AFW-PSF-LF-PTRN2 NROSP-1HR
OEP-DGN-FR-DGO1 OEP-DGN-FR-DG02

** This cutset places the unit in a more restrictive LCO action statement.
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FAILURE RATES

COMPONENT ID FAILURE RATE DESCRIPTION
AFW-CCF-LF-STMBD 1.00E-004 Leakage thru check vivs 27, 58, 89
AFW-PSF-FC-XCONN 1.30E-004 FI§w diversion to Unit 2
AFW-PSF-LF-PTRN2 3.10E-002 Fauits in Turbine Pump Unit 1
NROSP-1HR 3.10E-001 Failure to restore offsite power
OEP-DGN-FR-DGO1 7.60E-003 DG 01 fails to run
OEP-DGN-FR-DG02 7.60E-003 DG 02 fails to run
OEP-DGN-FS-DGO1 1.10E-002 DG 01 fails to start
OEP-DGN-FS-DG02 1.10E-002 DG 02 falls to start
OEP-DGN-MA-DGO1 1.10E-002 DG 01 in maintenance

OEP-DGN-MA-DG02 1.10E-002 DG 02 in maintenance
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MINIMAL CUT SETS FOR CASE 4

AFW WITH HELB, CROSS-CONNECT

*** Min Cut Upper Bound = = = 4.45E-003

FAIL PROB CUTSET

4.00E-003 AFW-PSF-LF-PTR3A AFW-PSF-LF-PTR38
AFW.-PSF-LF-PTRN2 AFW-XHE-FO-UNIT2

1.30E-004 AFW-CKV-FT-272 AFW-PSF-LF-PTR3A
AFW-PSF-LF-PTR3B AFW-PSF-LF-PTRN2

1.30E-004 AFW-CKV-FT-273 AFW-PSF-LF-PTR3A
AFW.-PSF-LF-PTR3B AFW-PSF-LF-PTRN2

1.00E-004 AFW-CCF-LF-STMBD

7.22E-005 AFW-MDP-FS-2P3A AFW-MDP-FS-2P38
AFW.-PSF-LF-PTR3A AFW-PSF-LF-PTR3B
AFW-PSF-LF-PTRN2

1.44E-005 AFW-MOV-CC-160A AFW-MOV-CC-1608
AFW.-PSF-LF-PTR3A AFW-PSF-LF-PTR3B

AFW-PSF-LF-PTRN2
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FAILURE RATES

COMPONENT ID

AFW-CCF-LF-STMBD
AFW-CKV-FT-272
AFW-CKV-FT-273
AFW-MDP-FS-2P3A
AFW-MDP-FS-2P3B
AFW-PSF-LF-PTR3A
AFW-PSF-LF-PTR3B
AFW-PSF-LF-PTRN2

AFW-XHE-FO-UNIT2

l'-fAILURE RATE DESCRIPTION

1.00E-004 Leakage thru check vivs 27, 58, 89
1.30E-004 Check valve fails

1.30E-004 Check valve fails

8.50E-003 Unit 2 pump 3A fails

8.50E-003 Unit 2 pump 3B fails

1.00E + 000 Faults in Pump Train 3A

1.00E + 000 Faults in Pump Train 3B

1.00E + 000 Faults in Turbine Pump Unit 1
4.00E-003 Operator fails to cross connect
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MINIMAL CUT SETS FOR CASE 5

AFW WITH HELB, 14 DAY AOT

*** Min Cut Upper Bound = = = 6.56E-003

FAIL PROB CUTSET

4.00E-003 AFW-PSF-LF-PTR3A AFW-PSF-LF-PTR3B
AFW-PSF-LF-PTRN2 AFW-XHE-FO-UNIT2

1.80E-003 AFW-PSF-LF-PTR3A AFW-PSF-LF-PTR3B
AFW-PSF-LF-PTRN2 LCO-AFW-TRAINAB

2.21E-004 AFW-MDP-FS-2P3B AFW-PSF-LF-PTR3A
AFW-PSF-LF-PTR3B AFW-PSF-LF-PTRN2
LCO-AFW-TRAIN-A

1.30E-004 AFW-CKV-FT-272 AFW-PSF-LF-PTR3A
AFW-PSF-LF-PTR3B AFW-PSF-LF-PTRN2

1.30E-004 AFW-CKV-FT-273 AFW-PSF-LF-PTR3A
AFW-PSF-LF-PTR3B AFW-PSF-LF-PTRN2

1.00E-004 AFW-CCF-LF-STMBD

9.88E-005 AFW-MQOV-CC-160B AFW-PSF-LF-PTR3A
AFW-PSF-LF-PTR3B AFW-PSF-LF-PTRN2
LCO-AFW-TRAIN-A

7.22E-005 AFW-MDP-FS-2P3A AFW-MDP-FS-2P3B
AFW-PSF-LF-PTR3A AFW-PSF-LF-PTR3B

AFW-PSF-LF-PTRN2
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FAIL PROB CUTSET

1.44E-005 AFW-MOV-CC-160A AFW-MOV-CC-160B
AFW-PSF-LF-PTR3A AFW-PSF-LF-PTBSB

AFW-PSF-LF-PTRN2

FAILURE RATES

COMPONENT ID FAILURE RATE DESCRIPTION
AFW-CCF-LF-STMBD 1.00E-004 Leakége thru check vivs 27, 58, 89
AFW-CKV-FT-272 1.30E-004 Check valve fails
AFW-CKV-FT-273 1.30E-004 Check valve fails
AFW-MDP-FS-2P3A 8.50E-003 Unit 2 pump 3A fails
‘AFW-MDP-FS-ZPSB 8.50E-003 Unit 2 pump 3B fails
AFW-MOV-CC-160A  3.80E003 MOV fails closed
AFW-MOV-CC-160B 3.80E-003 MOV fails closed
AFW-PSF-LF-PTR3A 1.00E + 000 Faults in Pump Train 3A
AFW-PSF-LF-PTR3B ; i.OOE +000 Faults in Pump Train 3B
AFW-PSF-LF-PTRN2 1.00E + 000 Fautts in Turbine Pump Unit 1
AFW-XHE-FO-UNIT2 4.00E-003 °  Operator fails to cross connect
LCO-AFW-TRAIN-A 2.60E-002 Train Ain LCO
LCO-AFW-TRAINAB 1.80E-003 Train A and B in LCO
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MINIMAL CUT SETS FOR CASE 6

AFW WITH HELB, 21 DAY AOT

*** Min Cut Upper Bound = = = 6.71E-003
FAIL PROB CUTSET

4 00E-003 AFW-PSF-LF-PTR3A AFW-PSF-LF-PTR3B
AFW-PSF-LF-PTRN2 AFW-XHE-FO-UNIT2

1.80E-003 AFW-PSF-LF-PTR3A AFW-PSF-LF-PTR3B
AFW-PSF-LF-PTRN2 LCO-AFW-TRAINAB

3.23E-004 AFW-MDP-FS-2P3B AFW-PSF-LF-PTR3A
AFW-PSF-LF-PTR3B AFW-PSF-LF-PTRN2
LCO-AFW-TRAIN-A

1.44E-004 AFW-MOV-CC-160B AFW-PSF-LF-PTR3A
AFW-PSF-LF-PTR38 AFW-PSF-LF-PTRNZ
LCO-AFW-TRAIN-A

1.30E-004 AFW-CKV-FT-272 AFW-PSF-LF-PTR3A
AF;'W-PSF-LF-PTRSB AFW-PSF-LF-PTRN2

1.30E-004 AFW-CKV-FT-273 AFW-PSF-LF-PTR3A
AFW-PSF-LF-PTR3B AFW-PSF-LF-PTRN2

1.00E-004 AFW-CCF-LF-STMBD

7.22E-005 AFW-MDP-FS-2P3A AFW-MDP-FS-2P3B
AFW-PSF-LF-PTR3A AFW-PSF-LF-PTR3B

AFW-PSF-LF-PTRN2
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FAIL PROB CUTSET

1.44E-005 AFW-MOV-CC-160A AFW-MOV-CC-160B
AFW-PSF-LF-PTR3A AFW-PSF-LF-PTR3B

AFW-PSF-LF-PTRN2

FAILURE RATES

COMPONENT ID FAILURE RATE DESCRIPTION
AFW-CCF-LF-STMBD : 1.00E-004 Leakage thru check vivs 27, 58, 89
AFW-CKV-FT-272 1.30E-004 Check valve fails
AFW-CKV-FT-273 1.30E-004 Check valve fails
AFW-MDP-FS-2P3A 8.50E-003 Unit 2 pump 3A fails
AFW-MDP-FS-2P3B 8.50E-003 Unit 2 pump 3B fails
AFW-MOV-CC-160A 3.80E-003 MOV fails closed
AFW-MOV-CC-160B 3.80E-003 MOV fails closed
AFW-PSF-LF-PTR3A 1.00E + 000 Faults in Pump Train 3A
AFW-PSF-LF-PTR3B 1.00E + 000 Faults in Pump Train 3B
AFW-PSF-LF-PTRN2 1.00E + 000 Faults in Turbine Pump Unit 1
AFW-XHE-FO-UNIT2 - 4.00E-003 Operator fails to cross connect
LCO-AFW-TRAIN-A | 3.80E-002 Train Ain LCO
LCO-AFW-TRAINAB 1.80E-003 Train Aand B in LCO
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MINIMAL CUT SETS FOR CASE 7

AFW WITH HELB, 30 DAY AOT

*** Min Cut Upper Bound = = = 6.91E-003
FAIL PROB CUTSET

4.00E-003 AFW-PSF-LF-PTR3A AFW-PSF-LF-PTR3B
AFW-PSF-LF-PTRN2 AFW-XHE-FO-UNIT2

1.80E-003 AFW-PSF-LF-PTR3A AFW-PSF-LF-PTR3B
AFW-PSF-LF-PTRN2 LCO-AFW-TRAINAB

4.59E-004 AFW-MDP-FS-2P3B AFW-PSF-LF-PTR3A

© AFW-PSF-LF-PTR3B AFW-PSF-LF-PTRN2

LCO-AFW-TRAIN-A

2.05E-004 AFW-MOV-CC-160B AFW-PSF-LF-PTR3A
AFW-PSF-LF-PTR3B AFW-PSF-LF-PTRN2
LCO-AFW-TRAIN-A

1.30E-004 AFW-CKV-FT-272 AFW-PSF-LF-PTR3A
AFW-PSF-LF-PTR3B AFW-PSF-LF-PTRN2

1.30E-004 AFW-CKV-FT-273 AFW-PSF-LF-PTR3A
AFW-PSF-LF-PTR3B AFW-PSF-LF-PTRN2

1.00E-004 AFW-CCF-LF-STMBD

7.22E-005 AFW-MDP-FS-2P3A AFW-MDP-FS-2P3B
AFW-PSF-LF-PTR3A AFW-PSF-LF-PTR3B

AFW-PSF-LF-PTRN2
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FAIL PROB CUTSET
I 1.44E-005 AFW-MOV-CC-160A AFW-MOV-CC-160B
AFW-PSF-LF-PTR3A AFW-PSF-LF-PTR3B

AFW-PSF-LF-PTRN2

| FAILURE RATES

COMPONENT ID FAILURE RATE DESCRIPTION ‘
AFW-CCF-LF-STMBD 1.00E-004 Leakage thru check vivs 27, 58, 89
AFW-CKV-FT-272 1.30E-004 Check valve fails
AFW-CKV-FT-273 1.30E-004 Check valve fails
AFW-MDP-FS-2P3A 8.50E-003 Unit 2 pump 3A fails
/ AFW-MDP-FS-2P38 8.50E-003 Unit 2 pump 3B fails
AFW-MOV-CC-160A 3.80E-003 MOV fails closed |
. AFW-MOV-CC-160B 380E-003 MOV fais closed
AFW-PSF-LF-PTR3A 1.00E + 000 Faults in Pump Train 3A
AFW-PSF-LF-PTR3B 1.00E + 000 Faults in Pump Train 3B
AFW-PSF-LF-PTRN2 1.00E + 000 Faults in Turbine Pump Unit 1
AFW-XHE-FO-UNIT2 4.00E-003 Operator falls to cross connect
LCO-AFW-TRAIN-A 5.40E-002 Train A in LCO
LCO-AFW-TRAINAB 1.80E-003 TrainAand BinLCO
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