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SUBJECT: EVALUATION OF QUSTIFICATION FOR CONTINUED OPERATIUN OF
DIABLO CANYON UNIT 1 (TAC NO. 69826)

The enclosed evaluation was prepared by the Materials Engineering Branch (EMTE)
to provide the results of the staff's review of the Justificetion for Continuec
Operetion (JCO) dated October 19, 1988, and revised JC0 dated October 20, 198C,
submitted by Pecific Gas and Electric lPGME). the licensee for Diablo Canyon
Power Plant (DCPP), Unit 1. The JCO was necessary, because during & surveillance
activity associated with the current DCPP Unit 2 refueling outage, the licensee
found broken stuc: in Anchor/Derling, Model S350W check valve No. RIHR-2-B74CA,
The hanger bracket studs were of type 410 stainless stee) material and the cause
of failure was determines to be stress corrosion, When the condition of valve
KHR-2-8740R was found, en Event Kesponse Plan wes initiated and actions were
begun immedictely by the licensee. Alsu the licensee performed an 10 CFR £C,59
evolustion as part of the JCO and the staff has summerized it in the enclosed
EMTE evaluation,

The licensee's effort showed thut the valve population ¢f concern was ten
Anchor/Darling check valves in each of the two DCPP Units. The remainder of the
ten identified DCPP Unit & Anchor/Darling check valves were inspected by the
Ticensee and no cracks were found. In addition the licensee replaced &)l

studs in the ten DCPP Unit 2 Archor/Darling check velves. Thus, the licensee
proposes operation of DCPP Unit 1 until the next refuelin? outege currently
schedules for October 1989, et which time the licensee will inspect and replece
a11 the studs in the ten identified Anchor/Derling cihuck valves, In addition,
if an unscheduled outage occurs for DCPP Unit 1, beforc the October 1989
refueling outage, the lTicensee has conmitted to inspect and replace the stucs
for valves RHR-1-87408 & B, If tine permits the licensee has stated it wil)
inspect velves the S1-1-8956A, B, C, 8 D valves. The staff believes that every
effort should be made by the l1icensee to complete this work if @ forced outege
occurs,

The steff has already issued Infornation hotice BL-85 on this subject. A
Bulletin s currently being prepered by the NRC staff and ary actions so specis
fied in the Eulletin would supersede those proposec by the licensee in the JCC.

fded f fo——

6“’ C. Y. Cheng, Chief

Meterials Engineering Branch
Division of Engincering ana Systems Technology

CONTAZT: C.D. Sellers
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G. Holahan
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T. McLellan
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PACIFIC GAS AND ELECTRIC
DIABLO CANYON UNIT )
EVALUATION OF LICENSEE'S PROPOSED JUSTIFICATION FOK CONTINUED OPERATION OF UNIT 1

-

1. LICENSEE BASIS FOR CONTINUEDL OPERATION

——— - ——

Letters proposing Justificetion for Continuecd Operation (JCO) dated October 19,
196k and a revised JCO ceted Octlober 20, 1988 were submitted by Pacific Ges anc
Electric (PGAE), the Yicensee for Diablo Canyon Power Plant (DCPP), Unit )., The
JCO wat proposed because during & surveillance activity associated with the
current DCPP, Unit 2 refueling outage, the 1icensee had found broken hanger
bracket studs in an Anchor/Darling, mode! S350m check valve RHR-2-8740A, The
hanger bracket studs were of ASTM A193 BE (A1S! Type 410 stainless stee)) and the
cause of the failure was determinec to be stress corrosion. When the conditior
of valve RHR-2-B740A was found, Event Response Plan 88-008 was initiated anc
actions were begun mmediately by the licensee. These actions encompassec & ful)
area of investigation to determine the potential extent of the noted condition
and to assess the impact of such stud failures on DCPP Unit 1 and 2 plant safety
and operation. Key activities incluoec: record review to establish the popula-
tion of potentially affected valves and their history; possible impact on valve
perfornence; review of the inpact on valve operation and on required safety
functioni valve internals physice) geonetry studies using CAD (computer ascisted
drefting) techniques; end & program to develop a method of radicgraphic non-
destructive examination,

11 LICENSEE ANALYSIS

The licensec's results from these efforts showed that the valve populetion of
concern was ten Anchor/Darling check velves in each Unit, There were two eight
inch valves §740A and B in the RHR line to hot leg recirculetion and eight ten
inch valves (874BA-D) in the cold leg injection 1ines from the accumulators, A1)
valves were within the containment building. These valves had complete materia)
records and test/maintenance records which showed consistent reliable performance
including valve RHRh-2-8740A,

*The failure mechanism eppeared to have occurred early in plant life because
valve S]1-2-8%5486 was found to have had a cracked stud in 1984 prior to plant
operation. The crack surface had corrosion product buildup. So it was cone-
cluded the failure occurred during earlier layup periods.

*Valve RHR-2-B740A had corrosion products on the fracture surfaces of the
feiled studs and evidence of side roct cracking from the fracture surface into
the stud body.

*A red contaminant (most likely rust) wes found depositec in RHR-2-8740A,
This would have come from poor layup conditions not operational chemistry,

*No failed studs were found in S1-2-B95€6A-D. These valves have seen over
three years of borated water service.

The licensee also indicated that any failed studs on Unit 1 most 1ikely failed
early on in startup flushing, testing, and layup periods, their surveillance
test program has challenged these failed studs multiple times with no double
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stud failures detected. Alsc, 1f & contaminent 1s the ceuse, they do not expect
operationa) water chemistry to accelerate SCC.,

However, & computer enhenced radiographic analysis of two valves 1n what wes
considered to be the worst environnent of the 10 velves, RHR-1-8740A8B, showeo @
possible indication of a crack in vne of the studs.

The licensee proposed the JCO until the next refueling outage, scheduled “or
October 196%, and has proposed tv inspect and reploce all the studs in the ten
DCPP, Unit ) Anchor/Derling Valves. 1In addition if an unscheduled outage for
DCPP, Unit 1 occurs before the October 1969 refueling outage: the 1icensec will
inepecy 01 replace the studs for valves RHR-1-8740A & B, and if time permits
the licensee 1) do the seme for the S1-1-B856A, B, C & D valves. A bulletin
1sacur;en3éﬁ being prepared to provide 8 solution to the problem and will super-
sede the ‘

The Ticensec has performed & 10 CFR 50.59 evaluation as part of the submitted JCO
which 1s summerized below:

1. The licensee claims that the potential effects of degraded valve disc
retaining block studs have been evaluated under an Event Response Plan,
The capability of the valves were evaluated for normal plert operation and
for required function in an accident mode. The valves are passive compo-
nents and the condition of the retaining block studs has no impact on
their ability to remain seated and retain pressure 2s designed for norme)
plant operation, as evidenced by surveillance test program results., Also
the condition of the retaining block studs does not affect the pressure
bouncary or the ability of the valves to open when required in response to
en accident. (AL studies have shown that there will be no loose pérts
outside of the velve casing to effect other equipments, The valves there-
fore will not incresse the probebility of occurrence or the consequence
of an accident or malfunction of equipment importent to safety previously
enalyzed in the safety enalysis report,

2. The licensee further claiins that the valves are in the closed position
during normal plant power operation (Mudes 1, 2 and 3). The valves will
provide proper function in the closed mode as documented through test,
This function of providing inter-systen pressure protection and inter-
system LOCA protection is not impacted as the condition of the studs was
shown to have no bearing on the closed function of the valve., There are
no other functions of the valves associated with normal plant at power
cperation, consequently the studs dc not have an effect on continued
normal safe operation of the plani. Likewise continued plant operatior
with the valves providing their normally closed function does not increase
the pessibility for an accident or malfunction of a different type than
any evaluated previously in the safety en2lysis report,

3. The licensee also stated that the velves are expected to open when re-
quired to fulfill their initia) safeguards function, as demonstrated by
periodic testing. The licensee admits tc the possible failure to reseat



(”“'“”""""’"‘""’—'_—_"""——“"'"—____“"—'"—_"""'———"__"'“_—"_'_"——_——"'—__""—'_—"""___'_'—"""""""""'T

n‘ .30

after initia) opening. Analysis shows thet resesting 15 the most 1ikely
result, which 1s supported by the test records. However the potentia)
consequences of failure to rescet heve been evaluated and found to be
acceptable. A situation could be postulated where the valve disc/seat
orientation 1s lost. In the worst case, & complete orientation louss
leading to & loose valve disc was postu‘oted end evaluated, The evelu-
ation addresses the anticipated effects on the performence of the £CCS

enc the impact on the margin of safety. In addition, the Probabilistic
Risk Assessment (PRA) calculates @ ne911?1b1e change (using quite conser-
vetive assumptions) in risk factor by a)lowing continued operetion of DCPP
Unit ), The results of the analysis, records evaluation, inspections of
Unit 2 valves, and Unit ] radiographs provide confidence of the operebility
of the Unit 1 valves. The continued operation of the plant does not reduce
the margin of safety as oefined in the besis for any Technical Specification,

111 STAFF REVIEW

Based on the following factors:
1) The licensee's evaluation;

2) The absence of any evidence of check valve melfunction with failure of the
hanger bracket studs

3) The probability of similarity of conditions of other plants for which
there 15 currently no requirement for action relative to similar valves,

The steff concurs with the licensee's conclusion that DCPP Unit 1 can operate

safely anc not create en unreviewed sefety question without inspecting valves

RHR=1-8740A8B, S1-1-B940A, B, C, 8 D, and SI-1-8556A, B, C, 8 D unti) the next
refueling cutage scheduled for October 196+  In addition, continued operation
will not adversely affect the health and satety of the public.
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This report s bo!n; voluntarily subaitied for Information purposes only as
Gescribed 1n 1tem 15 of Supplement Number ) to WUREG 1022.

|
+ On October 9, V988, 2t 0430 POT during & preventative maintenance (M) fnspection,
both ntnn!ng block studs for check valve RKR-2-8740A were observed to be broken.
The four disc arm alignment guide pins were Intact. Manval valve cycling during PM
shoved no sipgnificant misalignaent or @isc-to-body contact. This valve had passed
previous survelllance testing and was considered operable prior to @isassemdly.

The faltled studs are made of AST™ AYD) BE 1{» 410 $S. Cxamination of the studs
showved utor'nnuhr strass corrosion cracking as the fatlure mechanise. S$isilar
valves In Unit 2 were @isassomdled and the studs were removed for inspection.
Nondestructive examination of the studs Trom the other aine Unit 2 valvis showed no
abnormaltities. Studs fn a)) simtlar Unit 2 valves were raplaced with vendor
recommended ASTM ASH4 type 630-1100 material,

Radiographic Qutl»t of the two accessible Unit ¥ RNR chock valves confirmed there
were no broben retaining block stufs. MNowever, computer-enhanced naiognph{
showed a possible crack 1n one of the studs. The studs in siailar Unit Y valves
will be replaced by the end of the next Unit | refueling ovtepe.

24185/0065K
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Unit 1 was in Mode | (Power Operation) and Unit 2 was 1n a refueling outage
with all fuel removed from the reactor vessel when the event occurved. Both
Units have been operating at various modes and power levels with these broken
check valve retaining block studs.

11. Description of Event
A, Event:

Valve RHR-2-8740A (BP) (V) was chosen for interna) inspection in
accordance with the preventative maintenance program administered by
Maintenance Procedure (MP) M-51.14, *Check valve Maintenance Program.*
This valve 1s Tocated in the Residual Meat Removal (RHR) hot !oz fnjection
11r.e tmmediately adjacent to a pipirg elbow. This valve s an Anchor
Darling mode) $350W B-inch swing che”k valve.

On October 9, 1988, during a Unit 2 rcfuu\ing outage valve inspection, two
broken retaining block studs were found in check valve RNR-2-B740A. The
broken studs were fourd after the valve had been manually cycled through
its trave! arc twice vith no apparent problems. One stud was severed
flush with the valve body wnile the other stud had a stub extending about
1-9/16 inches into the retaining block. Four alignment guide pins were
observed to be in place and intact in the rotaining block to valve body
n:t1?9(§g;faco. The studs were made of ASTM A193 B6 type 410 stainless
stee .

Each Unit has a2 tota) of 10 valves of this design installed. Al of the
Unit 2 valves were disassembled and those Unit 1 valves that are
accessible were examined by radiography (RT).

On October 10, 1988, ultrasonic tcst1n? (UT) of the check valve studs from
valve RHR-2-B740B (BP) (V) showed no discontinuities. Disassembly of the
remaining Unit 2 suspect check valves was initiated. During document
review, & previous occurrence of a falled retaining block stud in a theck
valve of this design due to intergranular stress corrosion cracking
(IGSCC) was Ydentified in 1984 during Unit 2 startup testing.

On Octe er 13, 1988, RT of Unit ! .oivei RHR-1-B740A & B commenced
utiliz2.ng a Cobalt 60 source. The studs from the other nine Unit 2 check
valves were magnetic particle fluorescent dye tested (MT) and showed no
cracking. Reassembly of the Unit 2 check valves was compieted with a
vendor-approved alternate material for the studs.

’///”’74’L
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None.

October §, 1988 at 0430 PDT:

October 10, 1988 at 0200 PDT:

October 10, 1988 at 2900 PODT:

October 13, 1988 at 0300 PDT:

October 15, 1588 at 1800 PUT:

October 17, 1988 at 1600 PDT:
October 19, 1988 at 1400 PDT:

None.
E. Method of discovery:

manual viive cycles.
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On October 15, 1988, RY of an assembled check valve with a flawed stud
(installed for test purposes) demonstrated that a cracked stud can be seen
vusing a minfature Vinear accelerator as an RT source.

On October 17, 1988, the fallure mechanism for the studs in valve
RHR-2-8740A was confirmed by & materfals testing latoratory to be 1GSCC.

On October 19, 1988, RY of Unit 1 valves RHR-1-8740A & B utilizing the
sinfature iinear accelerator was completed. A conputer-enhanced
radiograph of valve RHKR-1-8740B showed a possible crack in one stud close
to the retaining block tu valve body mating surface.

B. Inoperable structures, components or systems tnat contributed to the event:

C. Dates and approximate times for major occurrences:

Broken studs were found in RHR-2-B740A.

UT of RHR-2-B740B showed no
discontinuities.

Other similar Unit 2 valves opened for
inspection.

RT of REX-1.8740A & B commences. MT of
Unit 2 studs showed no cracking.

Mockup testing showed RT with a linear
accelerator can detect a broken stud.

Fatlure mechanism confirmed to be IGSCC.

A possible crack was identified in
RHR-1-87408 retaining block stud.

D. Other systems or secondary functions affected:

During a routine outage inspection, the maintenance crew observed unusua)
motion 1n the retaining block of check valve RHR-2-B740A after a few

WAL FORE Bee
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INPO SOER 86-03 fdentified and Visted various past fallures in check
valves in n;nysggcrctin nuclear plants. As a result of the concerns
fdentified in R 86-03, EPR] undertook various studies and experiments
which resulted in an EPRI application guideline for various check velve
designs. Alon' the reasons for fatlure identified in the EPRI guideline
were location in the piping system and the operating conditions to which
they are subjected.

On the basis of this guideline, PGLE Nuclear Engineering and Construction
Services (NECS) reviewed al) 3-inch and Varger safety-related check valves
plus certain Main Stean and Feedwater check valves in Unit 2 and Yssued a
report to Plant Maintenance requesting an inspection of 26 check valves in
Unit 2 in accordance with MP M-51.14. Valve RHR-2-B740A was selected as
part of this inspection sample. The scope of the inspection was to open
the selected valves and visually inspect for any broken ftems, excessive
wear, proper alignment, and security of retaining devices.

Check valve RHR-2-B740A 1s in the RHR recirculation 1ine to the RCS hot
leg. In accordance with the inspection program, the cover of this valve
was removed and a visual inspection was made of the internal
configuration.

During the initial inspection of the valve internals, no abnormalities
were noted. The disc was rotated to check if 1t was free and nothing
unusual was noted at that time. As the inspection progressed the disc arm
was manually operated by sv1ng%n? it to observe 1f any binding existed.
During this phase of the inspection the mechanic noted unusual play in the
retaining block studs and the retaining block. At this point a closer
fnspection of the retaining block and studs was performed.

The valve internals were again c{clcd b{ hand with eiphasis placed on
fnspection of the retaining block and block studs reaction to valve
manipulation. The block was loose and the studs showed signs of

movement. Upon examination, the studs were found to be broken; the left
stud was sheared in the location of the block to valve body connectinn,
and the right stud was broken off inside the retaining block assembly with
approximately 1-9/16 inches protruding from the valve body.

The only abnormalities noted were in the 10 to 12 o'clock position (facing
the valve seat from downstream) outside the in-body seat area, and
consisted of wear marks 3/8 inches wide and estimated to be 1/32 to 1/16
of an inch deep (see drawing: Attachment 1). Precise measurements were
not possible due to radiological clothing Interference and difficult
accessibility. The wear marks could have been caused by disc-to-body
contact. The mechanic noted that the retaining block studs had
significant corrosion product buildup.

24185/0065K
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F. Operator actions:
None.

G. Safety system responses:
None.

111. Cause of Event
A. Immediate cause:
I1GSCC caused retaining block studs to fall in service.
B. Root cause:

The manufacturer's incorrect heat treatment of the check valve retaining
block studs caused suscopt\bllit{ to IGSCC. This was determined by
materia) analysis, hardness testing, and microscopic section examination
of the studs in a materials laboratory.

IV. Analysis of Event
A. (Lomputer Assisted Drafting Valve Geometry Analysis:

The Anchor Darling swing check valves involved in this evaluation are
designed with very close tolerances. This design provides a valve which
is hydraulically similar to a straight plece of pipe. A large diameter
bonnet is placed over the body to house the disc when 1t s 1ifted by the
flow. The disc diameter s the same as the pipe 0D, while the seat ID is
equal to the pipe ID. The valve body is enlarged only enough to allow the
disc to swing down into the flow and cover the seat.

The effects of degraded hardware were evaluated by use of a computer
assisted drafting (CAD) mode! developed from the manufacturer's original
shop fabrication drawings. The resulting mode) shows that since the stud
nuts are tack welded to the retaining block, there 1s a low probability
that loose parts could exist in the valve body which could potentiall
affect other system components. Study of this model showed that should
only one stud fail, the operation of the valve will be unaffected since
the two guide pins in each retaining block will prevent any movement or
misalignment.
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The CAD mode! was developed to evaluate the consequence of the worst case
fallure of both studs holdln, the retaining blocks in place. The results
shov that the most 1ikely effect would be no detectable change in the
performance of the valve. This results from the close fabrication
tolerances which create a guide to direct the disc to travel in 1ts norma)
design path. The four guide pins prevent latera) movement. The disc
swing arm geometry provides for 11ttle uplift force until the disk 15 we))
up out of the flow path. The guide doslfn combined with the weight of the
disc s sufficient to maintain the location of the ltl.lb‘{. The physical
evidence confirms this evaluation since the disc assembly in RHR-2-8740A
remained in 1ts design location and apparently functioned properly even
though both retaining block studs falled.

The worst case failure of the valve would be the disc rotatlng normally
from the bottom out of the flow stream. Detachment, {f postulated, would
probably occur at two-thirds of full disk rotation up out of the flow
stream. The mode)! shows that the swing arm would prevent the top of the
disc from rotating back into the flow and the bottom could not move
downstream without becoming wedged in the valve bod{ up out of the flow
stream. No significant flow restriction would result, although the valve
may not reseat.

An evaluation of the fiow effects was performed on the RHR Hot Leg
Recirculation 1ine. MNWith one of the RHR check valves postulated to be
blocked and the other valve with only a 20% free flow area, the flow
reduction 1s only 10 to 15% of normal flow. The RHR flow rate s adjusted
through the Flow Control Valves (FCV). MNWith increased friction, due to
valve blockage in the system, the FCV's would open wider to allow more
flow to compensate for the friction increase. The actua) flow reduction
would be insignificant. This shows that the reduced transient condition
and the full flow test conditions are comparable, and that the full flow
tests are indicative of valve functionality for the reduced transient.

B. Hydraulic Analysis

Even though 1t has been demonstrated that the valves remain operable with
broken studs, 1t 1s worth noting that the LOCA analysis s suitably
conservative to accommodate some degree of flow blockage (although that 1s
not postulated in this case).

Based on the cxist%ng margins to the peak clad temperature limit of

10 CFR 50.46 that exist in the FSAR Update, Westinghouse judges that 1f a
small break LOCA analyses were performed using the best estimate
technigue, for 1ines six inches in diameter and smaller, with the
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assumption of a fallure of one accumulator to discharge, the resulting
peak clad temperatures would not exceed the 1imit. The assumption of no
discharge from one accumulator is conservative as this results in
discharge of onl{ two accumulators into the RCS, since one accumulator s
already assumed to be lost due to the initiating pipe break event.

Based on analysis performed for many plants and accepted by the NRC,
leak-before-break (LBB) has been demonstrated for the reactor coolant loop
piping and large branch 1ines attached to the loop (down to and including
8-1nch 1ines). Therefore, the LOCA assumed for this evaluation 1s the
rupture of a 1ine six inches or smaller attached to the loop, although
evaluations show that even for smaller Yines, the mode of fatlure would
$t111 be LLB. For this case, the accumulators would stil) be required to
operate, but at a reduced flow, and with lower 1oads on the check valves
in the discharge 1ine.

The flow conditions which check valves B94BA-D and 8956A-D would
experience Juring the above assumed best estimated LOCA case has been
calculated by Nostinghouso to be a peak flow of approximately 7,300 gpm.
The analysis of the hydraulic forces acting on the valve internals shows
that the disc will 194ft to 1ts ful) flow position with the flow used in
the flow test (2000 ?pm through 8948) and that additional flow does not
result in increased 11fting of the valve disc. The disc floats above the
flow. Consequently, the valve disc and arm force balance during flow
taz:i: and are representative of valve forces during the maximum expected
ows.

Based on an evaluation by Westinghouse, 1t is believed that the guide pins
are sufficient to assure proper operation of the va've disc. An analysis
of the hydraulic forces acting on the valve internals confirms the
capability of these pins (two per block, four per valve) to withstand the
loads imposed during opening of the valve and durin? full flow operation.
This demonstrates that the capability of the retaining block studs is not
required to maintain the valve disc in the open position. The disc
assembly 1s not expected to 11ft off of the guide pins and proper
seat/disc orientation 1s maintained. The worst falled condition of the
studs has been assumed in the analysis, 1.e. both retaining block studs
were assumed to be broken at the retaining block/valve body interface.
Inspection data obtained to date indicate stud fatlure locations which
vary from the blocklbod{ interface to points higher up inside the
retaining block. A failure of the stud inside the retaining block leaves
a stub portion of the stud which would assist in maintaining disc
orientation and which could provide additional load carrying capacity.
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Based on the analysis of this event, operation of DCPP Units ) and 2 did
not and does not now create an unreviewed safety question and will not
adversely affect the health and safety of the public.

V. Corrective Actions
A. Immediate Corrective Action:

A search was made to locate all valves havln- the potontial for a similar
stud fai\uro nchor OArlin- v re identified in

b ro
' gh D (BP) (V) for
cold lo injoction ‘ . nspection performed on
RHR-2-8740A, the other n1no Unit 2 Anchor Darling check valves were also
inspected. The studs of the other RHR valve 8740B, the 8948A through D,
and the B956A through D SI valve studs showed no cracking in MY
fnspection. No wear marks or disc binding were observed in these valves.

A reviev of maintenance records for Anchor Darling check valves showed
that in November 1984 an inspection of valve S1-2-8948B following a failed
leak check test revealed one of the two rota1ning block studs was broken.
The cause of this fallure was determined to be IGSCC

Microscopic examination of a 410 SS stud from valve RHR-2-8740B, sfter
sectioning and polishing, showed no cracking present. Hardness testing of
this stud indicated 1t had correct heat treatment. The hardness of
S$1-2-8948A and S1-2-B956A studs indicated they were susceptible to IGSCC,
but microscopic examination showed no cracking had occurred in three years
of service in borated water.

B. Corrective Action to Prevent Recurrence:
A1l Unit 2 Anchor Darling check valve retaining block studs have been
replaced with studs made of vendor recommended ASTM AS564 type 630-1100
material.
A1l Unit 1 Anchor Darling check valve retaining block studs will be

replaced with studs made of vendor recommended ASTM AS64 type 630-1100
material before the end of the next refueling outage.

VI. Agditional Information
A. Falled components:
Check valve RHR-2-B740A, an Anchor Darling S350W B-inch swing check valve.
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B. Previous LERs on similar events:
None.
C. Similar designs by other manufacturers:

Nineteen Velan check valves were identified (1) in Unit 1 and 8 in Unit 2)
that use 410 SS material for the retaining block studs. These valves are
in the Auxiliary Feetwater (AFW) System and Main Steam (MS) to the turbine
driven AFW pump. Records show that nine of these valves have been
fnspected or replaced since 1985. The MS valves are full flow tested on 2
monthly basis and the valves in the AFN system are tested at each cold
shutdown. Based on the tosting results and on the difference in chemistry
for these valve applications, these valves are not considered to have the
same stress corrosion cracking fallure mechanism potential as the ECCS
check valves. There are no entries in NPRDS for retaining block stud
breakage for Velan check valves and the manufacturer was unaware of any
failures of this type.

D. Related documents:

SOER 86-3, issued by INPO on October 15, 1986, provides recommendations
for a check valve preventative maintenance program which are being
implemented in a change to MP M-51.14.
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Pacific Gat and Electric Company 77 Beale Stree! James D Snhitier

San Francisco, CA 84106 Vice Presigen|
&15/872 7000 Nuclear Power Generation
TWx 910 3726587

November 18, 1988
PGA&E Letter No. DCL-B8B-281

U.S. Nuclear Regulatory Commission
Attn: Document Control Desk
Washington, D.C. 2055%

Re: Docket No. 50-323, OL-DPR-82 Docket No. 50-275, OL-DPR-80
Diablo Canyon Units 1 and 2
Licensee Event Report 2-88-014-00 - Voluntary
Anchor Darling Check Valve Retaining Block Stud Breakage Due To
Intergranular Stress Corrosion Cracking

Gentlemen:

PGLE 1s submitting the enclosed voluntary Licensee Event Report
(LER) regarding Anchor Darling check valve retaining block stud
breakage due to intergranular stress corrosion cracking. This
report 1s being submitted for information purposes only, as
described 1n 1tem 19 of Supplement Number 1 to NUREG 1022.

Yhis event has in no way affected the public's health and safety.

Kindly acknowledge receipt of this material on the enclosed copy of
this letter and return 1t in the enclosed addressed envelope.

Sincerely,

er

J. B. Martin

M. M. Mendonca

P. P. Narbut

B. Norton

H. Rood

B. H. Vogler

cPuC

Diablo Distribution
INPO

Enclosure
DC2-BB-MM-N111
2418S/0065K/DW0/2193
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Donald C. Cook Nuclear Plant Unit Nos. 1 and 2
Docket Nos. 50-315 and 50.316

License Nos. DPR-58 and DPR-74

VOLUNTARY REPORT: DEGRADATION OF RETAINING BLOCK
STUDS IN DARLING VALVE AND MANUFACTURING COMPANY
CLEAR WATERWAY CHECK VALVES

U.S. Nuclear Regulatory Commission
Attn: Document Control Desk
Washington, D.C. 20555

Attn: A. B. Davis

October 28, 1988

Dear Mr. Davis:

The purpose of this letter ls to provide you with information
concerning recently observed degradation of A-193 Grade B6

Type 410 stainless steel retaining block studs in Darling Valve
and Manufacturing Company Clear Waterwsy check valves installed
at the Cook Nuclear Plant. The observed condition did not result
in any check valve failures, and we have determined that the
condition was not reportable under Title 10 CFR or our technical
specifications (T/5s). However, becsuse degradation of the type
observed at the Cook Nuclear Plant has been of general industry
interest in the past (e.g., INPO Significant Operating Experience
Report [SOER] 86-03), we have elected to submit this voluntary
report. A summary of the observed condition and actions we have
taken is provided below,

Background

In conjunction with the performance of other maintenance on 8"
Darling Clear Waterway swing check valve (2-8I-151VW) installed in
the low pressure emergency core cooling system (ECCS), an
inspection of the valve internals was performed in accordance
with the maintenance program that we established in response to
INPO SOER 86-03. During this inspection, one of the two
retaining block studs was found broken and the other cracked. A
diagram of the valve type in question is provided in Figure 1.
The retaining block studs (Part No. 11542-6)-5) retain the blocks
(Part Nos. 11542-60/60-1) that hold the valve disc assembly in
place. As a result of this finding, the corresponding check
valve (2-51-151E) in the redundant low pressure ECCS train was

pe,
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inspected. Ageain, one of the two retaining block studs was found
broken and the other cracked. Discovery of this second instance
prompted the expansion of the inspection to all Unit 2 Darling
check valves of the same design as those in vhich the degraded
studs were found, There are 12 valves of this design installed
in the ECCS and RHR systems in each unit at Cook Nuclear Plant.
All of these valves are classified as pressure isolation valves
(PIVs) end leak tested in accordance with our IS8T valve program.
They are:

© (4) 10" check valves at the sccumulator outlet
(81-16611, L2, L3, L4)

o (4) 10" check valves ECCS injection to cold legs
(§1-170L1, L2, 13, 14)

° (2) 8" check valves lov pressure ECCS
(S1-151E & W)

° (2) 8" check valves normal RHR (RH-133, -134)

Figure 2 provides a simplified flow disgranm which identifies the
locations of these check valves in either unit at Cook Nuclear
Plant.

Soon after the decision was made to initiate the inspection of
Unit 2 check valves however, Unit 1 went from power operation to
hot shutdown (Mode 4) due to an unrelated event. As a result, a
decision was made to immediately inspect all Unit 1 check valves
of this design accessible in Mode 4. 1In Unit 1, the only check
valves accessible for inspection during the Mode 4 forced outage
were 1-S1-151E, 1-S1-151W, 1-8§1-166L1, and 1-81-1661l4. The

Unit 1 inspections found one broken stud in each of the check
valves installed in the low pressure ECCS (1-S1-151E & W) and
stud material with an appearance not typical of Type 410
stainless steel in each of the two accessible accumulator outlet
valves (1-81-166L1, & 14).

‘The continuing Unit 2 inspections identified one additional check
valve with one cracked stud (2-51-166l4), and one valve (2-51-166
L1) in which, although the studs were intact, the stud material
did not have the appearance typical of Type 410 stainless steel,
the material specified on the valve dravwing for the retaining
block studs. Both valves are located on the accumulator outlet.
A summary of inspection results for the valves inspected in both
Unit 1 and Unit 2 is provided in Table 1.

Actions Resulting from Check Valve Inspections

In each of the cases discussed above, the cracked or broken
studs, or studs of a material having an appearance not typical of
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Type 410 stainless steel vere replaced with A-193 Grade BE stud
material. This new stud material is recommended by the valve
manufacturer for this application. In addition, maintenance job
orders vere initiated to replace all A-193 Grade B6 Type 410
stainless steel studs with the nev A-193 Grade B8 material
regardless of vhether any degradation is currently evident. This
sction is also in accordance with the valve manufacturer's
recommendation. To date, retaining block studs in 10 of the 12
Unit 2 check valves and & of the 12 Unit 1 check valves have been
replaced with the new A-193 Grade B8 stud material. The studs in
the remaining Unit 2 check valves will be replaced during the
current steam generator repair project outage. The studs in the
remaining Unit 1 check valves are to be replaced during the next
scheduled outage, with the possible exception of those installed
in the low pressure injection lines to the cold legs (1-51-170L1,
L2, L3 and l4). Service conditions for these valves may not be
conducive to the type of stud degradation observed in the other
systems inspected. Westinghouse, who supplied the check valves
under the original NSSS contract, and Darling, the valve
manufacturer, were advised of the inspection findings discussed
above, Westinghouse is conducting metallurgical evaluastions to
determine the root cause of the stud degradation,

Evaluation of Safety Significance

With regard to the evaluation of the safety significance of our
valve inspection findings, the following key factors were
considered:

1) The check valves in their as-found condition had not
failed, nor was valve operability impaired.

2) Inadvertent pressurization of a lov pressure ECCS
system is precluded since in each case where a check
valve with potentially degraded studs was found, at
least two valves were available to prevent back leakage
from the reactor coolant system. '

3) The check valves would have pexrformed their intended
function (i.e., opened) in the event of a LOCA
regardless of whether the retaining block studs had
completely failed.

4) Of the 10 valves inspected on Unit 2, three showed
-degradation of the retaining block studs and one was
found to have questionable stud material. The
corresponding Unit 1 valves which see the same service
conditions as Unit 2 were inspected and studs replaced
with the new stud material. No anomalies were observed
in the remaining Unit 2 check valves inspected.
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$) The Unit 2 valves in the degraded condition had
functioned ruccessfully in passing the required flew
during Mode 5 or 6 operation at the beginning of the
stean generator repair outage. Successful operation of
these valves during this evolution is equivalent to
passing the full flow test normally performed to
confire valve operability.

Unit 1 was returned to service on September 15, 1988, and the
actions discussed above to replace retaining block studs on both
units have commenced.

This document has been prepared following Corporate procedures
which incorporate & reasonsbl: set of controls to ensure its
accuracy and completeness prior to signature by the undersigned.

Sincerely,

2

M. F. Aléxich
Vice President

ldp

cc!

D. H. Williams, Jr.

W. C. Smith, Jr. - Bridgman

R. C. Callen

G. Charnoff

A. B. Davis

NRC Resident Inspector - Bridgman
G. Bruchmann




TABLE 1

SUMMARY OF ANCHOR/DARLING CHECK VALVE INSPECTIONS

valve

1-81-151F

1.81-151w
1-81-166L1

1-81-16614

2+-RH-133

2-RH-134
2-81-151E

2-81-151W
2-81-166L1

2-81-166L2
2;81-166L3
2-51-166L4
2-581-170L1

2-81-17014

Size

g
10"

10"

10"

10"
10"
10"

10"

10"

Service location

Safety Injection (S1)
To Hot Legs

S§1 To Hot legs

Accunulator Outlet

Accumulator Outlet

Residual Heat Removal
(RHR) To Cold leg

RHR To Cold leg
S§1 To Hot Legs

§1 To Hot Legs
Accumulator Outlet

Accumulator Outlet
Accumulator Outlet
Accumulator Qutlet

Low Pressure Injection
To Cold Leg

Low Pressure Injection
To Cold Leg

Retaining Block

One Broken Stud1

One Broken Stud

Quootton,blo Stud
Material

Questionable Stud
Material

OK

OK

One Broken Stud

One Cracked Stu63

One Broken Stud
One Cracked Stud

Questionable Stud
Material

OK
OK
One Cracked Stud

OK

OK



Isble ] Notes:
N

2)

3)

A broken stud is & stud that has completely sheared
into two parts. In each case vhere a broken stud i{s
reported, the break occurred «t or near the plane of
the interface between the valve body and the retaining
block.

Questionable stud material refers to studs that looked
shiny instead of having the black appearance typical of
Type 410 stainless steel, the material listed on the
valve dravings for the retaining block studs. It
appears that the "as-found” material is either Type 304
or 316 stainless cteel.

A cracked stud is & stud that has partially sheared but
has not parted into two pleces.
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FISURE 1: DARLING CLEAR WATERWAY CHICK VALVE




EMERGENCY CORE COOLING FLOW DIAGRAM
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A maintenance inspecticen of the High Pressure Coolant
Injection (HPCI) (E118 Cede RJ) Terry Turbine during the 1987
refueling outape had discevered broken bholts associated with the
turbine throttle valves lifting beam. The broken bolts did not
make the turbine inoperable because two dowel pins and two
revaining bolts kept the lifting beam intact, Since the two
remaiving bolts were also cracked, an inoperable HPCI system
could have occurred if this condition had not bheen discovercd,
T™e corrective action included replacement of the bholts,
eonsultation with the vendor and metollurgical examination ¢f the
holty which indicoted failure by stress corrosion cracking of
inproperly heat treated bolts,

Failure of HI'C1 couincident with small loss of coolant
aecidents 18 within the ranpe of accidents considercd in Minal
Safety Analvsis,

There have not been anv similar LERs involving bealting

tatlure due o stress corrosion crackirp and inproper heat

t1'eat ing,
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The High Pressure Coolant Injection (HPC1) (E11S Code BJ)
Terry Steam Turbine reccived a complete tear down and internal
inspection during the 1987 reluolinﬁ maintenance outege, burirp
this iuspection, six (6) of the eight (8) bolts which hold the
throttle valve lifting beam together were found broken, The
remaining two (2) bolts were badly cracked, Two (2) dowe! ping
and the two (2) remaining bolts were maintaining the 1ift bean
intact, 1f the lifting beam had not remained intact, turbine
contral would have been lost causing the HPCI system to be
inoperable,

A1) beam boliting were replaced with specification conforming
material, The vendor was on-site during the overhaul and vendor
eugpineering woe informed of the bolting failure, The cracked
holts were analyzed te determine the failure mechanism,

A motallurgical evaluation of three foiled ASTM Al93, Crade
Bt (Tvpe 410 stainless steel) bolts was conducted to establish
the most probable cause(s) of the cracking of the bolts.
Fractographic and metallogrenhic exeminations showed that the
bolis failed by en intergranular failure mode, most likely
ctress-corrosion cracking. Chemical analysis confirmed that the
rhemical compesition of the bolts met the material specification
requirements., However, hardness measurements showed that the
bolts were much harder than expected., This higher hardness is
believed to have been a major contributor to the cause of
failure. laboratory tempering studies conducted at the minimum
tempering temperature and time (1100 F for ) hour) specificd for
the ASTM Al9Y Grade B6 bolts resulted in a drop in hardness of
over 10 points Rockwell C, from the upper 30's for the
agereceived bolts to the mid-20s for the laboratory retempered
bolts.

Copper wus detected by electron dispersive X-ray analvsis
during cxamination of the thread root regions in the scannunp
electron microscope. It is believed that the copper may have
cone from a copper bearing antiseizure compound used on the
bolts., The use of such compounds have been shown to cause
localized pitting corrosion, whick in turn, may have acted as the
oripin ites of the stress-corrosion cracks in Type 410 stainless
stecl, 1t is reconmended that when bolts are heat treated as
specif.ed for ASTM A193, Grade E6 bolts the use of a lubricant
such 18 a non-metal bearing petroleum jelly be used as an
antireizure compound, This recommendation for bolt lubriconts
will bhe incorporated in the HPCl maintenance procedurces,
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The Licensee will inspect the lift bea s bolts during the
next refueling ovutape ncheduled in 1987,

Safety consequences and implications of failure of the HPCI
svstem is within the envelope of accidents and transients
considered in the Final fafety Analysis Report, Failure of HPCI
coincidence with demand for the systen us a result of a small
logs of coolant accident when the plant is operating could
require operation of the Automatic Depressurization Svstem (EI1S
Code AD) to veduce reactor pressure to within the range of lLow
Pressure Core Spray (E11S Code BM) and Low Pressure Coolant
injection (E11S Conde BO),

There have not been any similar LERs involving bolting

failure duce to stress corrosion cracking and improper heat
trcatment,
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June 24, 1987
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United States Nuclear Regulatory Commission
Document Control Desk
Washingten, D.C, 20555

REFERENCE: DOCKET NO, 50333
LICENSEE EVENT REPORT: 87-003-01

Dear Sir:

Enclosed please find referenced Licensce Event Report in
accordance with 10CFR50,73,

1f there are any questions concerning this report, please contact
Mr. Robert Baker at 315-349-6201,

RADFORD J. CONVERSE

RJC:Kb:nan

CC: USNRC, Region 1 (1)
INPO Recorcs Center, Atlanta, Ca. (1)
American Nuclear Insurers (1)
Internal Power Authority Distribution
NRC Resident Inspector
Document Control Center
LEK/OR File




