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EVENT HISTORY

8/91

9/02/91

9/13/91

9/13/91
To

9/18/91

Unit 2 Shows Increase in RCS Leak Rate
Identified as CVCS-2-8378B First Off
Normal Charging Check Valve

First and Second Off Check Valves for
Normal and Alternate Charging Added
to Outage Scope

Inspection of Area Around CVCS-2-83788
Showed CVCS-2-8378A Was Also Leaking at

. Gasket

Valve Found Stuck Open When Opened to
Repair Gasket Leak. Inspecting Engineer
Assumes Bushing Problems

Radiation Protection Shields Area with Lead
to Reduce Dose Rates from 180-100 mR/hr
to 100-60 mR/hr

MELT





EVENT HISTORY
(Continued)

9/18/91

9/20/91

9/22/91

Returned to Repair After Installation of
Temporary Shielding - Found Valve Now Shut
and Moving Freely. Stud Removal/Repair
Continues

Valve Internals are Removed for Evaluation.
MM Engineering Still Assumes Valve was
Stuck Due to Bushing Problems

Valve Parts and Valve Have Been Cleaned,
Deconned, Inspected and Measured. A Dull
Grey Yellow Film and a Slight Drag to
Free Movement was Noted During Inspections.
A Light Cleaning Alleviated the Condition

MELS





EVENT HISTORY
(Continued)

9/22/91

9/22/91

9/23/91

MEL9

Senior MM Engineer Called in by Inspecting
MM Engineer to Review Results of Inspection
and Condition of Valve Internals. No Cause
for Valve Sticking Open Could be Found.
Bushings were Well Within Tolerance.
Film/Crud was Removed. Valve Operated
Freely

Old Valve Internals are Reinstalled
Based on Inspection Results and Concern
Regarding the Ability of New Trim to
Fit in Valve

CVCS-2-8378A is Reassembled with Original
Parts and Repeatedly Tested by Different
MM Engineer along with Quality Control for
Proper Function and Freedom with No Problems
Identified





MAINTENANCE HISTORY

~ No Maintenance History Other than Bonnet
Torque Check (9/82)

~ Internals Probably Removed for Original
Installation

MEL3
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POTEN TlAL
FAILURE MECHANlSMS

~ Hinge Pin Bushing Excessive Clearance — 10CFR21
As-Found Clearances of 0.017 Inches is
Insufficient for Problem

~ Foreign Objects
Two Careful VYipe-Downh and Inspections by MM
Engineer of Valve and Pipe Found Nothing

~ Crud Deposit on Moving Components
Crud Found was Insufficient in Quantity
and Strength

~ Mechanical Interference
Possible Interferences
a Hanger Block Shim Misaligned
~ Hanger Block Misaligned
a Larger Cast Disc

MEL4





Check Valve Failure Mechanism

mel60





CONCLUSIONS

~ Although Actual Root Cause not Known,
Maintenance Inspections and Careful
Reassembly of Valve Provide Confidence
That Problem will not Recur

~ Multiple Visual Inspections Manipulate
Moving Parts for Interference

~ STP V-3K6 Flow Test Followed by Radiograph





INTRODUCTION

~ DCPP Inspection Scope

~ Industry Failure Frequencies

~ Industry Failure Modes

~ DCPP Inspection Plan Covers

All Failure Modes

~ Force Available to Seat Valve

~ Conclusion





8" and 4" VEI AN SWING CHECK
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DCPP INSPECTION RESULTS FOR 8" AND 4
VELAN SWING CHECK VALVES

~ Before SB-104

19 Valves Inspected
Stuck Open (NCR 90-MM-N023)

~ 1R4

8 Valves Inspected
0 Stuck Open
1 Bushing Clearance Problem

~ 2R4

19 Valves Inspected
Stuck Open

1 Bushing Clearance Problem
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NCR 90-MM-N029

~ Valve MS-2-5166 Non-Return Valve in the Steam
Supply Line to TD AFW PP

~ 1984 Bushings Machined by, PG&E After Receipt Due
to Tight Fit During Installation

~ Discovered 80% Open in 2R3 {April 1990)

~ Would Have Closed if Required

~ History Search Showed This Was Only Valve With
Machined Bushings





Mkf 1

5eaaary Of Qekt 1 Salve illscab)l sty Evaleat)on

Salva IQ S)ze
inches

Last 1aspected Survelln. Engrng
fe ted Clearanct Perfora. Eval .

$-1-363

8-1~389

%-1~%0 3

8-1~3!72

4-)-373
~1-374
FM-1-375

FM-1-376 3

FM-1-377

Rf-1-378

FM-1-37$

R-)-38

RCS-1-508

CKS-I-8378A 3

CKS-I-8378B 3

10NE

X (i)

CVC5-1-8379A 3

CVCS-1-8379B 3

CVCS-1-8475

CKS-1-847$ A 4

CKS-1-SP88

SiI-~20 3

SI I~MA
SI-1-8%2S 4

HP-I-lSQ

kR M2221Q5 p NP ~1 ~

c1earaaces that ~re
pateatially rotate
ahoel&rs. SLsc AS

LS inspection'dentified overall internal
«great enough to allo@ the bushings to
free of the hanger block retention
hanger are aaseably vere replaced.
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VENIN CHECK VALVE IRSPCCTIONS

aamcp rsspscrrcw
DATE BESULXS

CVCS-2-8378B
CVCS-2-8378A

CVCS-2-8379A
CVCS-2-8378C
CVCS-2-8379B

CVCS-2-8475
CVCS-2-8478A
CVCS-2-8478B
RCS-2-508
SI-2-8820
SI-2-8922A
SI-2-8922B
FP-2-867
FW-2-373
FW-2-374
FW-2-375
FW-2-376
FW-2-362

FW-2-363

C0091233
C0090865

C0091089
C0091780
C0091781

C0091793
C0091794
C0091795
C0091784
C0091782
C0091786
C0091787
C0091785
C0091788
C0091789
C0091790
C0091791
C0091792

C0091806

0/lS/Sl
'5/13/Sl

5/11/91
5/1$ /91
5/26/91

5/1$ /91
5/19/91
9/19/91
5/2D/91
5/17/91
5/24/91
9/24/91
9/18/91
10/2/91
9/30/91
10/2/91
5/29/91
10/2/91

9/24/91
9/21/91

9/19/91
'9/22/91
9/23/91

9/20/91
9/20/91

„9/20/91
9/20/91
9/22/91
9/24/91
9/24/91
9/20/91
10/2/91
9/24/91
10/2/91
9/24/91
10/5/91

9/25/91 9/24/91

GOOD
SHTICK OPEN

(NOTE I.)
GOOD
GOOD

DISC CGHTihCT
(HOTE 2)
GQQD
GOOD
GOOD
GOOD
GOOD
GOOD
GOOD
GOOD
GOOD
GOOD
GOOD
GOOD

BUSHING IHVERP.
(NOTE 3)
GOOD

NOTES:

1. AR %0242729 written to doauaent stuck open condition.
2. AR AO243$ 15 arritten to bocuaent disc to body contact

on d379$ . Engineer also aoticed that hinge connection
+as not loose as most check valves are. He characterized
the bushings as appearing to have corrosion that inhibited
the suing arx aotion slightly. Valve internals have been
replaced by nev forged components.

3. AR A0246253 arritten to document that a side load applied
oa the evil@ arx caused the bushings to interfere. This
valve failed tbe NP N51.15 inspection since the bushings
can be aa~avered into binding. Disc and hanger block to
be rep1aced.





OVERALL CHECK VALVE
FAILURE HISTORY (SOER 86-3)

~ 15,400 Valves in Database

~ Information from January 1984 — April 1986
~ 715 Reported Failures

2% Per Year

536 Minor Leakage
~ 1.5% Per Year

86 Fails to Close
0.2% Per Year

~ A Substantially Higher % Occur During the Third
and Fourth Years of Plant Operation

HPF43





UPDATED OVERALL CHECK
VALVEFAILURE HISTORY

~ 1986 Thru 1990

~ 2796 Reported Failures

~ 3% Per Year

~ 25% of Failures Which Were "Fails to Close"

~ 0.8% Valves Fail Per Year Due to "Fail to
Close"
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CHECK VALVEFAILURE MOOES
INFORMATION SOURCES

~ NPRDS (Nuclear Plant Reliability Data System)

~ SREF (Safety Review Event Follower)





UBHECK VALVE
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DXSC SXLT
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STYLE XNTER-
DXSC FACE





OPERATING EXPERIENCE
ASSESSMENT

SREF NO. SOURCE

81%19 OPEX 182

81-102 SER 81-81
IEN 81-30

SYSTEM

Sl-Salem 1

Sl-Point Beach

TYPE OF CHECK

Not specified

Velan 6 swing
check valve

. OESCRIPTION

A check valve was hung up in the open position due to
boron solidification in the valve internals white the plant
was shutdown.

The valve was stuck ln the full open position due to
interference between the disk nut lockwire and the
valve body.

83-153 IEN 83-54 Main Steam-Trojan Atwood Morril28"
reverse acting
check valve

Main steam nonreturn check valves stuck open due to
packing-induced friction.

85-155 IEN 84-74 Sl-Hatch 2 Testable check
valve

Check valve held open by an incorrectly assembled
actuator.

Core Spray System- Testable check
Browns Ferry 1 valve

Check valve held open due to a plunger with reversed
air ports installed in the solenoid valve.

89-223 SER 28-89 AFW-Comanche
Peak

Borg-Warner

Vertical misalignment caused mechanical disc hang up
which prevented the check valves from seating during
backflow.

90-283 IEN 8344
Sup.1

91-156 10CFR21 All Velan

Floor drains-Quad Flap-type check
Cities valve

Valves stuck open as a result of debris and corrosion
buildup.

The swing check valve may Jam ln the open position
because of an accumulation of tolerances In the cage
unit of the swing check valve assembly.
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TITLE VElJN SHING CHECK MELEE NISAKSBOLY
INSPECTION ANO kEARiQSLY

emER 0r N-Sk.l.5
REVISION 0
AGE iS OF X6

QlIT$ 1 N 2

TITLE: NT NAN

CXNPONENT
SYSTEM

NO/NJTAGE SIZE:
No.

7 2 Xnsyect1oa ~terLa
7.2.1 Are all eeteaC%ea 4eeices m~2

Ccaaents:

XK$ K
E] f]

7.2.2 $ s ~ Nsc ant~~%ea Jemima capable of performingtte des1gn funct1on «dequately end vithout h1ndering
noraal valves operation? [1 []
a- A Niniaea of I/1$'nterference ex1sts between

the ant1-rotate~ yea end valve hanger ari- [ ] [ ]
Caaments:

7.2.3 Is the valve free of internal 4aaege which
could h1nder valve operation?

Ccmaents:
[] []

7.2A 01sc and seat seating surfaces are free of corrosion,
1Npact damage, excessive eaac ee ether daaage that
could h1nder valve functbxas. E) [l

Ceeaents:

7.2.5 Is the play in the valve adequate for
proper valve operation?

a. No excessively lameness «r
tightness'.

No disk to body ceetactT

c. No excessive deformtiea~
Cements:

[] []
r.]

K] El

7AA Overall Internal clearances, NOT result 4n valve
bushings rotating free of hanger ock retention
shoulders. f]

Cement':

NAHE

REYiEMED NY:
HAINTENANCE ENGINEER
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CONCLUSIONS

~ All Known Failure Modes Examined

~ Substantial Likelihood Valve Would
Close Under Design Conditions

~ Tests Demonstrated Valve Operability

HPF40
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