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SYSTEMS_ANALYSIS

SYSTEM DESCRIPTION

1.

2
3
b,
5

SYSTEM FUNCTION (BLOCK DIAGRAM, P&ID)
SYSTEM OPERATION |

INTERFACING SYSTEMS

TEST REQUIREMENTS

TOP EVENTS

LOGIC MODEL

ll
2l

FAULT TREE (HARDWARE ONLY)
MINIMAL CUT SETS

QUANTIFICATION OF SINGLE FAILURES

1.

2
3,
4
5

HARDWARE
TEST
MAINTENANCE
HUMAN ERROR
OTHER CAUSES

Pickard, Lowe and Garrick, Inc.




D. QUANTIFICATION OF DOUBLE FAILURES
1. HARDWARE
2, TEST
3,  MAINTENANCE
I
5

HUMAN ERROR
, OTHER CAUSES
I. DESIGN ERROR -
11, MANUFACTURING ERROR
111, ANALYSIS ERROR

1v. ENVIRONMENTAL CONDITIONS (TEMPERATURE,
MOISTURE, ETC.) |

E. QUANTIFICATION OF TRIPLE FAILURES

Pickard, Lowe and Garrick, Inc.



ZION LPIS RELIABILITY BLOCK DIAGRAM

S! SIGNAL STARTS

A (1)

CoLD
LEG )
B (4)
RHR
PUMP
; TRAIN A
coLD
LEG
C(2)
CcoLD
LEG
D (3)
RHR
PUMP
TRAIN B
. COLD
LEG

SI SIGNAL STARTS

RWST




. ' 8856A
9001A l

LPIS SIMPLIFIED P&ID

8803A
CONTAINMENT

88098
CONTAINMENT

87248

8724A 8728A

87288

PUMP B

St
8812A 8

8128




INTERFACING SYSTEMS

SAFEGUARDS ACTUATION SYSTEM
ELECTRIC POWER

LPIS POWER SUPPLIES

" COMPONENT _ POWER SUPPLY
RHR PUMP A | BUS NUMBER 149
RHR PUMP B BUS NUMBER 148
MOV 8700A MCC 1393C

87008 | 13834
8716A 1393A
87168 | 1393A
8716C 1383A

Pickard, Lowe and Garrick, Inc.



TESTING REQUIREMENTS

TESTING/INSPECTION

COMPONENT
RHR PUMP A STARTED AND STOPPED MONTHLY AND QUARTERLY
RHR PUMP B STARTED AND STOPPED MONTHLY AND QUARTERLY

MOV CV610, CVbll
MANUAL VALVE 8728A, B
MANUAL VALVE 8724A, B
MOV 8809A, B

MOV 8812A, B

MOV 8811A, B

MOV 8700A, B

MOV 8716A, B, C

VERIFY OPEN MONTHLY AND QUARTERLY
VERIFY LOCKED OPEN DAILY

VERIFY LOCKED OPEN DAILY

OPEN AND CLOSE QUARTERLY

CLOSED AND OPENED QUARTERLY
CLOSED AND OPENED QUARTERLY
CLOSED AND OPENED QUARTERLY
CLOSED AND OPENED QUARTERLY

Pickard, Lowe and Garrick, Inc.




LOW PRESSURE 1 OF 2 PUMPS 1S SUFFICIENT . -
INJECTION FOR LARGE LOCA ;
UNAVAILABLE

7

NOIF TO NOIF TO FLOW FROM

COLD LEGS COLD LEGS RWST LINE

BANDC AANDD UNAVAILABLE f
CHECK VALVE ISOLATION
8958 FAILS TO VALVE
OPEN CLOSES

MOVE812A MOvesi128
CLOSES CLOSES

Sadd

BMV
812A




a v A e -
NOIF TO 8 Y .
e, Xx—1 cowLeGs T |ec| a8 | A e )
“ 8 7 | A0| 8 | A | C
- NOIF FROM
CVB9s7 Yy QAIQXNS:&‘ RYS CROSSTIE gsEsLs' F’F VALVE
DOES NOT OPEN CLOSED JUNCTION ON TRANSFERS OPEN
]
BCvV BAV
957 856y
a B

| l | |

cvs001 A cv9002 A CV9001 € CV9002 €
FAILSTO FAILSTO FAILS TO FAILS TO
OPEN OPEN OPEN OPEN
BCV BCV BCV BCV
001 A 0024 001€ 002€
Q a Q ’ Q

INSUF FICIENT FLOW INSUFFICIENT FLOW
TO CHOSSTIE ¥ TO CROSSYIE

FROM OTHER JUNCTION ¥
TRAINY FAOM TRAIN ¥

INSUFFICIENT FLOW :
MOV 8716A 87168 8716C TO CROSSTIE

CLOSES CLOSES CLOSES JUNCTION Y
FROM THAINY

BMV
nec



e . . . e

. a 5 A
PUMP PATH 7 £

an a A 606 A 8 49

a UNAVAILABLE B 07| € D 50

MOVET00 a MOVSE811 a RHR PUMP a CHECK VALVE MANUAL VALVE MANUAL VALVE HEAT EXCHANGER
TRANSFERS TRANSFERS FAILS TO 8730 W FAILS 8728 A FAILS 8724 a (LO) FAILS «CLOGGED
CLOSED OPEN OPERATE TO OPEN CLOSED CLOSED ]
BMV BMV 8cv BXv
700a 811a 730a 7284
c 8 Q c
7 MOV CS A AQV HCV ¥ (NO FO)
TRANSFERS OPEN TRANSFERS CLOSED
BMV
csA



a
PUMP A
> ) FAILS TO
a OPERATE B
L]
- P
NO SIGNAL PUMP MOTOR NO POWER PUMP a NO DC PCWER
TO START aFAILS TO AT 4160V BUS FAILS AT PANEL
. START OR RUN MECHANICALLY —
BMO 8PM 400
PMP @ PMPQ Z20CA
S S S

OPERATOR

MSI FAILS
SYS-- 800
s

SYS—~
S






LIST OF COMPONENTS

COMPONENT

FAILURE MODE

CHECK VALVES

BCV0O01(A,B,C,D)Q
BCV002(A,B,C,D)Q
BCV730(A,B)Q
BCV957(A,B)Q
BCV8958Q '

MANUAL VALVES

BXV728(A,B)C
BXV724(A,B)C

RELIEF VALVES
BRV856(A,B)B
MOTOR-OPERATED VALVES

BMV812(A,B)C
BMV812(A,B)Q/TEST
BMV700(A,B)C
BMV716(A,B,C)C
BMV811(A,B)B
BMVCS49B
BMVCS50B
BMV80S(A,B)C

AIR-OPERATED VALVES

BAV606AC
BAV607BC

HEAT EXCHANGERS

BHEHXA-G
BHEHXB-G

FAILS TO OPEN
FAILS TO OPEN
FAILS TO OPEN
FAILS TO OPEN
FAILS TO OPEN

TRANSFERS CLOSED
TRANSFERS CLOSED

TRANSFERS OPEN

TRANSFERS CLOSED
DOES NOT OPEN ON
TRANSFERS CLOSED
TRANSFERS CLOSED
TRANSFERS OPEN
TRANSFERS OPEN
TRANSFERS OPEN
TRANSFERS CLOSED

TRANSFERS CLOSED
TRANSFERS CLOSED

PLUGGED
PLUGGED

DEMAND

Pickard, Lowe and Garrick, Inc.




LIST OF COMPONENTS (CONTINUED)

COMPONENT FAILURE MODE
PUMPS (RHR)
BPMPMPAS | LOSS OF FUNCTION
BPMPMPBS 'LOSS OF FUNCTION
PUMP MOTORS _
BMOPMPAS LOSS OF FUNCTION
BMOPMPBS LOSS OF FUNCTION
NONCOMPONENT EVENTS
SAFETY INJECTION SIGNAL
MSISYS-S LOSS OF FUNCTION
POWER TO BUSES
JOOZACBS LOSS OF AC ON BUS
00ZDCBS LOSS OF DC ON BUS
00ZACAS LOSS OF AC ON BUS
JOOZDCAS LOSS OF DC ON BUS

Pickard, Lowe and Garrick, Inc.
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SINGLE FAILURE QUANTIFICATION

HARDWARE CONTRIBUTION

CHECK VALVE 8958 FAILS TO OPEN
WASH-1400: 3 x 107> - 3 x 1077

- -6 _ -4
Ngs = 9.96 X 107° - g5 = 9.04 x 10

ZION EVIDENCE

SYSTEMS: RHR/ SI; VC; AFW; CS/ CC'

TESTS: 33/MONTH X 99 = 3,267
41/QTR X 99/3 = 1,353
71/YEAR X 99/12 = 568

5,188 TESTS

FAILURES: O

Pickard, Lowe and Garrick, Inc.




DPD: CHECK VALVES

)\inOLl 0.017 | 0.036 | 0,076} 0.167 | 0.359 | 0.777 | 1.68 | 3,63 |6.99 |10.6

P, 0.005 | 0,021 | 0.07 0.165 | 0.266 | 0.274 | 0,158 | 0,038 [0.002 | 0.001

MEAN 0.76 x 1074 (GENERIC = 2.4 x 10

7 x 1077 (GENERIC = 3.2 x 1077)

VARIANCE

Pickard, Lowe and Garrick, Inc.



¢ MOV 8812A IS CLOSED
EVIDENCE: O FAILURES IN 8,998 TESTS

MEAN = 0,58 x 107

VARIANCE = 0,35 x 1078

TOTAL HARDWARE CONTRIBUTION

MEAN = 1,92 x 107"

VARIANCE = 7 X 1079

Pickard, Lowe and Garrick, Inc.



TEST CALIBRATION

FAILURE MODE: MOV CLOSED FOR TESTING AND FAILS
TO OPEN

TEST DURATION:  MEAN = 0.863H
VARIANCE = 0.366 H2

VALVE CLOSED: _0.863 - 4 y 1074
3 x 720

7.84 x 1071H
VALVE FAILS TO OPEN ON DEMAND.

EVIDENCE: 24 FAILURES IN 9,576 TESTS
MEAN: 2.37 x 10-3

VARIANCE: 8.7 x 10~/
TEST CONTRIBUTION: MEAN: 1.9 x 1070

VARIANCE: 2.8 x 10713

Pickard, Lowe and Garrick, Inc.



HUMAN ERROR_CONTRIBUTION

MOVs LEFT CLOSED

HUMAN RELIABILITY HANDBOOK: 1074 - 5 x 1073

MEAN = 1.1 x 1072
VARIANCE = 2.6 x 1072

POSITION IS DISCOVERED IN 4,075 DAYS (105.8 VAR)

~ SECOND VALVE LEFT CLUSED

MODERATE DEPENDENCE

1+6x1.1x1072_ _ 4 159
7 .

2
<§> X 2.6 X 1072 = 1,9 x 1072

Pickard, Lowe and Garrick, Inc.



THE FIRST VALVE IS LEFT CLOSED AND THE SECOND IS
NOT.

MEAN: 1.1 x 1072 X (1 - 0,152) x 6022 = 4,19 x 10

VARIANCE: 2.92 x 107X

THE FIRST VALVE IS LEFT IN THE RIGHT POSITION BUT
THE SECOND IS CLOSED.

) 2, W075 .
MEAN: (1 - 1.1 x 1072) x 1.1 x 102 x 5022 = 4,89 x 10

VARIANCE: 3.93 x 1074

.BOTH VALVES ARE LEFT CLOSED.

- -5
MEAN: 1.1 x 1072 x 0.152 x 95825 =7.52 x 10

VARIANCE: 1.65 x 1072

TOTAL HUMAN ERROR_CONTRIBUTION

MEAN: 4,19 x 107" + 4.89 x 1074 + 7.52 x 107> = 9.8 x 10~ %

VARIANCE: 2,92 x 10°% +3.93 x 1074 + 1.65 x 107> = 7 x 10~¥

Pickard, Lowe and Garrick, Inc.




TOTAL SINGLE FAILURE CONTRIBUTION

FAILURE MODE MEAN VARIANCE
HARDWARE FATLURE 1.92 x 107" 7 x 1072
TESTING 1.9 x 1070 2.8 x 10713
HUMAN ERROR 9.8 x 107" 7 x 1071
TOTAL 1.2 x 1073 7 x 1071

THE DOMINANT CONTRIBUTOR IS HUMAN ERROR (FAILURE TO OPEN THE VALVES
AFTER TESTING), WITH HARDWARE FATLURES RANKED SECOND.

Pickard, Lowe and Garrick, Inc.




QUANTIFICATION OF DOUBLE FAILURES

HARDWARE CONTRIBUTION

MEAN = 9.1 x 1076 ¢
VARIANCE = 4 x 10711
BOTH PUMPS FAIL TO START: 6.8 x 1076
1.6 x 10711
TEST CONTRIBUTION
NONE o

Pickard, Lowe and Garrick, Inc.



MAINTENANCE CONTRIBUTION

MOV 8700A OR PUMP A UNDER MAINTENANCE.
PUMP: ONCE EVERY 9 TO 18 MONTHS, 24 - 168 HOURS .

UNAVAILABILITY: 8.96 x 10™>
5.3 x 107°

VALVE: ONCE EVERY 2 TO 12 MONTHS, 1 - 168 HOURS

UNAVAILABILITY: 2.1 x 1072
1.5 x 1072

TRAIN UNAVAILABILITY: 3 x 1072
1.5 x 1072

Pickard, Lowe and Garrick, Inc.



HARDWARE FAILURES

BPMPMPBS: PUMP B FAILS TO START

BMV700BC: MOV8700B TRANSFERS CLOSED

BMVCS50B: MOVC550 TRANSFERS CLOSED .
BAV607BC: AIR-OPERATED VALVE 607 TRANSFERS CLOSED

BXV724BC: MANUAL VALVE 8724B TRANSFERS CLOSED

BXV728BC: MANUAL VALVE 8728B TRANSFERS CLOSED

BXV730BQ: CHECK VALVE 8730B FAILS TO OPEN

THE HARDWARE CONTRIBUTION FROM THESE MINIMAL CUTSETS IS:
MEAN: 2.97 x 1077

VARIANCE: 1.1 x 1070

SYSTEM UNAVAILABILITY: 8.9 x 107°

1.5 x 1077
 TOTAL MAINTENANCE CONTRIBUTION
4,3 x 107"
9 x 10~/

Pickard, Lowe and Garrick, Inc.



HUMAN ERROR CONTRIBUTION

MOV 8809A LEFT CLOSED
MEAN TIME BETWEEN MAINTENANCES = 259 DAYS

VALVE LEFT CLOSED AND NOT DETECTED:
-l

1.1 x 1072 x 4075 - 1,73 X 10

7
759
HARDWARE UNAVAILABILITY: 5.2 x 107/

TOTAL CONTRIBUTION: 2 x 5.2 x 1077 = 1070

pPickard, Lowe and Garrick, Inc.



PARTIAL DOUBLE_FAILURE SUMMARY

FAILURE MODE MEAN VARTANCE
HARDWARE FAILURE 9,1 x 1076 y x 1071
(DOMINATED BY BOTH
PUMPS’ FAILURES TO
START)

TESTING € €
MAINTENANCE 4.3 x 1074 9 x 107/
HUMAN ERROR 1075 _—
TOTAL y.tx 1078 9 x 107/

MAINTENANCE DOMINATES.

Pickard, Lowe and Garrick, Inc.




PARTIAL SYSTEM UNAVAILABILITY

FATLURE MODE MEAN VARIANCE
SINGLE FAILURES 1.2 x 1072 7 x 1071
HARDWARE 1.92 x 107" 7 x 1073
HUMAN ERROR 9,8 x 1074 7 x 107"
DOUBLE_FAILURES 4.4 x 107" 9 x 107/
MAINTENANCE 4.3 x 107" 9 x 1077
TOTAL 1.6 x 107 7 x 107"

THE DOMINANT CONTRIBUTOR IS SINGLE FAILURES (HUMAN ERROR).

Pickard, Lowe and Garrick, Inc.




OTHER_CAUSES

SINGLE FATLURES

MOVs 8812A, B CV 8958

DOUBLE FAILURES

MOV 8809A, B: SAME COMPARTMENT

MOV CS49B AND AOV 607B: ADJACENT (VERTICALLY) COMPARTMENTS
WITH OPENING

PUMPS A AND B: SEPARATE ROOMS, SOME ELEVATION

TRIPLE FATLURES

(

NO ICENTIFIED SUSCEPTIBILITIES

Pickard, Lowe and Garrick, Inc.





