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the history of MSL leakage rates.
Table 1 - History of MSL As-Found leakage Rate
Leakage rate, in SCFH

MSL A MSL B MSL C MSL D

July 1987 >42.4 >42.4 32 »42.4
September 1987 Not tested 610 Not tested Not tested
February/March 1989 261 64 265 45
September 1950 Indeterminate 43¢0 14,453 73
610% 3386» 1851+ 95%
March 1992 1607 1642 8 602

*After valve cycling

The most recent test was the fourth time the MSLs have
experienced gross leakrge. Ccrrective actions taken by
the licensee during previcus outages have not been
effective. Root cause identification following pest
failures has been poor, considering that the licencee
has been a member of the Boiling Water Factors Owners'
Group (BWROG) which studied MSIV probiems for the last
decade. 1In addition, the licensea2 although ‘ware of
the valves' manufacturer recommended modificaticns to
improve valve performance, did not implement thnse
actions until the most recent outage. Throughout the
fuel cycles, between the four MSL-LLRT failures, the
licensee neither adjusted the LLRT surveillance
testing, nor the preventive maintenance program of the
MSLs to provide assurance that the MSL penetration
valves were capable of performing their safety
function. This is considered a violation of 10 CFR

Part 50, Appendix B, Criteriez II and XVI (440/92004-
01(DRS) ;.

During previous outages no attempts were made to
measure the leakage rate of the MSL boundary valves in
order to better identify the significant leakage rate
contributors. A change was made to the test procedure
prior to the most recent outage to include these
troub'eshooting steps. Table 2 shows the leakage rates
for each MSL penetration boundary valve based on the
initial testing conducted in March, prior to any
repairs or adjustments.
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leakage Rate, in SCFH
Penetration Drain Valve LCS Valve MSIV+
Qutboard/Inboard
A MSL 1607 0 0 1200 408
B MSL 1642 0 108 983 551
C MSL 8 -— ——— -— -
D MSL 602 0 (] 362 240

*Based on the results of the tests performed with 10.5 psig
backpressure on the outboard MSIV.

Inaccuracies in the leakage rate measurements could
have masked leakage in excess of the 25 SCFH maximum
acceptance limit in some of the boundary valves shown
to have zero leakage in Table 2. 1In addition, packing
leakage, such as that experienced on the "D" MSL 1CS
valve, could not be guantified, and became part of the
MSIV leakage. While it may be possible to reduce these
errors by additional testing performed at different
stages during valve repairs, the overall inboard vs.
outboard leakage rate results should remain close to
the values given in Table 2.

d. Corrective Action

As discussed in Inspection Reports No.

50-440/89012 (DRS) and No. 50-440/9C020(DRP), prior
repairs on the MSIVs consisted mostly of mach.ning or
lapping valve seats, replacing valve stems, and the
repair of guide ribs. For the LCS and drain valves,
repairs involved lapping of seats, replacement of
discs, modifying the body to bonnet seal ring,
repacking, and cleaning the debri: Zound in the seating
area. As stated before, the cori. :tive actions were
not effective in preventing gross MSL leakage.

Industry studies have stated that the major
contributors to MSIV leakage have been improper or
poorly controlled lapping which failed to ensure proper
mating angles, and resulted in distortions from the
desired geometry (i.e., eccentric seat, or having
undulations circumferentially or along a conical
element in the surface).
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A study of the MSL leakage problem performed by the
licensee in 1991 identified the following causes as
major contributor:

. For the MSIVs: Incomplete, inadequate, or
incorrect valve maintenance which resulted in the
seating geometry being changed. A contributing
factor was insufficient valve internal
measurements to identify when parameters were out
of tolerance. The licensee stated that the latter
was due to ineffective measuring devices.

. For the ICS and drain valves: Inadequate or
incorrect maintenance as evidenced by the type of
debris found in the drain valves, and packing
leakage due to inadequate torquing. 7TIn addition,
draining activities prior to testing were
suspected of carrying crud into the drain valve
seats.

During the most recent outage, the A, B, and D inboard
and outboard MSIVs were modified to include an improved
poppet nose guide, a poppet anti-rotation device, and a
cover modification for the back seat of the poppet to
minimize vibration when the MSIV is open. 1In addition,
a computerized data acquisition tool was used to take
valve bore, seats, and guide rib dinensions for the as-
found and as-left condition. The licensee was
documenting the tolerance requirements needed for the
correct interpretation of these valve measurements.

With respect to the LCS and drain valves, the
corrective action taken consisted of seat repairs and
repacking. Modifications were being planned for the
next refueling outage to improve the draining
operations so that crud does not collect in the valve
seat. Other hardware changes were being planned to
facilitate the isolation of boundary valves during the
local leak rate testing troubleshooting process.

Root Cause and Corrective Action

On May 27, the licensee presented their findings regarding
the root cause of the MSLs excessive leakage and the
corrective action to prevent recurrence. The slides used in
the presentation are attached to this report as Enclosure 2.
In summary, the excessive leakage experienced by the MSLs
was MSIV leakage. The licensee evaluated several findings
and determined that the probable root cause of MSIV leakage
was excessive friction causing angular misalignment at the
end of valve stroke resulting in a non 360° seat contact.
This condition was aggravated by other contributing factors.

€



The licensee stated that the modifications performed on the
failed MSIVs, improved machine tooling, and improved data
acquisition of valve internal dimensions should prevent
recurrence of the failures experienced dur.ng the last

5 years. The licensee presented data which showed good
leakage rate performance at plants which bad implemented the
MSIV modifications. Future design changes being considered
were also discussed.

The licensee presented the radiological effects, for offsite
areas and the contrel room assuming LOCA design bas’s
accident and the as~found MSL, minimum flow path, leakage
rates. Only the control room doses exceeded the acceptance
criteria of 10 CFR 50, Appendix A, GDC 19; however, it
should be noted that the calculated doses are conservative.

Midcycle Testing

During the exit interview on June 23, 1992, the licensee
committed to LLRT the unmodified "C" MSL, and one of the
modified MSLs (A, B, or D). The LLRT would be performed at
any time between January 1 and May 31, 1993, provided an
outage expected to exceed, 7 days occurs. If the modified
MSL failed its LLRT the other two modified MSLs will also be
tested., If as a result of MSIV leakage the "C" MSL failed
its LLRT, the failed MSIV(s) will be modified.

Exit Interview

A preliminary exit interview was held with licensee
representative (denoted in Section 1) prior to leaving the
site on March 31, 1992, A final telephone exit was held on
June 23, 1992. During both exits the inspector summarized
the scope and findings of the inspection. The inspector
also discussed the likely informational content of the
inspection report with regards to documents or processes
reviewed by the inspector during the inspection. The
licensee identified some drawings and procedures as
proprietary. The inspector agreed to handle this
information accordingly.
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I. INTRODUCTION

VIDEO / MODEL

MEETING GOALS

- REVIEW AS FOUND RF03 LLRT DATA

- REVIEW STATUS OF ROOT CAUSE ANALYSIS

- REVIEW DESIGN INMPROVEMENTS TO MSIV'S

- FUTURE EXPECTATIONS OF MSIV PERFORMANCE

10 CFR 100 CONSIDERATIONS



[I. RF0O3 LLRT RESULTS

AS FOUND LLRT DATA
A & D MAIN STEAM LINES WORSE THAN RF02
B & C MAIN STEAM LINES BETTER THAN RF02

C MAIN STEAM LINE PASSED LLRT

C MAIN STEAM LINE RESULTS
2 SUCCESSIVE PASSES (RF02, RF03) FOR INBD MS!V

OUTBD MSIV SEAT REBUILT DURING RFO02
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B21

B21

C MAIN STEAM LINE RESULTS

2 SUCCESSIVE PASSES (RF02, RFO3) FOR INBD MSIV

FO22C

FO28C

OUTBD MSIV SEAT REBUILT DURING RFO02

ot l C:.'r
B B S ol «

AS LEFT

RFO2

88 SLM

85 SLM (1

1.86 SCFH)

6 SCFH)

S FOUND
» LEFT

FOUIND

LEFT

RFO03

193 SLM
.93 SLM

.53 SLM

.93 SLM

(4.1 SCFH)
(4.1 SCFH)

{4.1 SCFH)

{4.1 SCFH)



I[I1. ROOT CAUSE ANALYSIS

DETERMINE PATHS DURING TEST

POSSIBLE CAUSES

- CONTRIBUTING FACTORS

AS FOUND INSPECTIONS

- VISUAL / DIMENSIONAL

- AS FOUND DATA VS CAUSES

ROOT CAUSE



EVALUATED CAUSES

ACTUATOR STEM BINDING

INSUFFICIENT CLOSING FORCES
BENT STEM / ROLLED METAL
VALVE SEAT DAMAGE
EROSION
GOUGES / SCRATCHES
CLOSING PROCEDURES
TEST CLOSURE VS OPERATIONAL CLOSURE
POPPET ROTATION / VIBRATION
DAMAGE TO SEATING SURFACES
INCREASE IN VALVE CLEARANCES
INCORRECT SEAT CONTACT
LCK OF SEAT MARK
EXCESSIVE COEFFICIENT OF FRICTION
OXIDE LAYER BUILDUP
CONCENTRICITY
BORE VS SEAT WON CONCENTRIC
VALVE CLEARAMCES
BEARING SURFACES OF VALVES WEAR
TOLERANCES OPEN UP

LATERAL MISALIGNMENT

SLIDE Ul -3 ™NRC W



e e e s e

4
:

= = = = = jo = =
Pt AL - - - L i 3
A T e S
te ) o v 9 e ) i
> £ xK e 'l o 'S T
b 3 o) > e | &) - > |
|
e ey
- - - [
> % oy gt e [0
=~ ”~ R SR -
-7 - |
| - |
= =
. ‘ s
|
l §
” , : P
: !
4 | ‘ : .
! ~ ‘ | Te
| |
-~ - A o< A
i [
; l r
1 | i !
' |
e o e
-]
-
= - i
r 5 i
ke - ol A
|
, |
-~ P R ” o~
| 1
| ‘ | |
1
! ” | l | o4
!
! } | I
| ] ! |
] | }
| : . '
| ! 1 ’ l
. | : . ]
!
1
r
|
’
S I B O G NP P e N i AT e J I A [ TP e S

e e o L o i « L.

VALVE CLEARANCES
IDE RiE WEAR 310 MILS

CONCENCTRICITY
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CXIDE LAYER B/U
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CLOSING PROCEDURES
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ROOT CAUSE

EXCESSIVE FRICTION (OXIDE BUILDUP) CAUSES END OF STROKE

ANGULAR MISALIGNMENT WHICH 1" ULTS IN A NON 360" SEAT.

THIS SITUATION IS EXACERBATED BY MINOR DEVIATIONS IN

CONCENTRICITY, INCREASE IN VALVE CLEARANCES AND CLOSURE

WITHOUT STEAM  ASSIST (TEST METHOD OF CLOSURE) .



IV, RFO3 MAINTENANCE IMPROVEMENTS

IMPROVED MACHINE TOOLING
ONE STEP SETUP FOR
WELDING
MACHINING
MEASUREMENT
INNPROVED DATA ACQUISITION
INDEPENDANT VERIFICATION OF MEASUREMENTS
IMPROVED DETAIL
REPEATABILITY
MINIMIZE HUMAN ERROR

IMPRGVED ENG. © ERING EVALUATION CAPABILITY

MODIFICATION OF FAILED VALVES
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OUTER CHUCKE
INSTALLATION

Only one set-up for all steps
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V. MSIV ENHANCEMENTS

PERRY SPECIFIC ENHANCEMENTS

OTHER PLANT INFORMATION

MODIFICATION PERFORMANCE

FUTURE TESTABILITY FEATURES

10 CFR 100 CALCULATIONS



PERRY MSIV ENHANCEMENTS

MODIFIED NOSE CONE
ELIMINATES FRICTION EFFECTS
CENTERS VALVE FOR CLOSURE
POPPET ANTI ROTATION
ELIMINATES POPPET SPIN
REPEATED SEATING IN SAME ORIENTATION
LARGER STEM
POSSIBLE FUTURE AIR CYLINDER
STRENGHENS STEM
STEM ANTI ROTATION DEVICE

MINIMIZES STEM SEPARATION

MODIFIED COVER w/ STEM GUIDANCE
ELIMINATES VIBRATION

IMPROVES STEM S5UPPORT
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FUTURE
DESIGN & OPERATING
CONSIDERATIONS
DESIGN CHANGES

- FLANGES TO IMPROVE TESTABILITY

BWROG INITIATIVES

OPERATING CHANGES

- DIFFERENT OPERATION OF DRAINS

TESTING CHANGES

INVESTIGATE OPTIMIZATION OF MSIV CLOSURE SEQUENCE



