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UNTT 2 ENGINEERING BV'IP CHECK VALVE
2AF-0083 FAILURE INVESTIGATION

HACKGROUND AND P FOBE

‘his engineering report provides mmar. of the .nvestiga-
tion into the cause of the failure valve 2AF-0ud43.,
on July 3, 12, Borg Warner Ionterrational Products (BYiP)
‘heok valve (aF-0083 failed a ba~kflow test being performed
:cordance with Unit Z precperational test procedure 2PT-
1. The valve was suodeguentl) radiographed, disuassenm~
<, and found to have a broken Aisk-stud assembly. The
b K vi.s locat:d on the stud just above the disk to stud

4 (Re.'erence B).

valve 1s located in the motor driven auxiliary reedwa-
pPusp (MDAFWP) 2-0' discharge line to stean generator
) number 2 and is relied upon to prevent backflow from
the feedwetar system when the asscciated MDAFWP is not
running “ven (7) other valves perform similar funciLicne
in the a lary feedwater system,

(S

IMMEDIPTE ACTTONE TAKEN

A. ¢ "eviev was perforared of the opera..onal history of
the h ) BWIP check valves. The review indicates
vals CAF-0075/83/93/101 associated with the MDAFWPs
nia beer. in sevvice. All four (4) valves were disas-
sembled ard visually examined. Valves ¢AF=-0075/93/101

had .«2ar patterns on their backstops. Valve 2AF-00&3
had a major indentation on its backstop which was
mapped by QC prior to reasembly of the valve
ence Q).

(Refer~

B. Because Unit has performed maxiasum expected difleren-
tial tests (MEDP) tests and subsequent back’ low checks,
and no other stud failures were identified, Unit 1
valves were considered operable. 1In addition, a pre-
liminary review determinad that a modification (o r
backstop) had been added toc the Unit 2 valves. This

modification appeared to increase stresses 1n the Unit
“ valves.



I1I.

Since the cause of the failure was unknown at the timas
of occurrence, Unit 2 was administratively limited tc a

flow
This
flow

reworked and the systems placed in service *to support
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rate of 300 gpm through each of these valves.
flow rate corresponds to the maximum expected
rate during normai operation. The valves were

HFT (Reference N).

A review of startup testing revealed that there was a
of appreximately 670 gpm through 2AF~0083 on 5/25-
/92 and only 580 gpm when performing the runout flow

flow

and MEDP tests on 7/2/$2 (Reference P). Thnis data
indicated the valve had faiied in the time period
between these tests.

INVESTIGATION

In order to determine the cause of che failure of vialve 2AF-
0083, metallurgical examinations, transient analyseu,
and valve design reviews, and

were performed. In addition, a review was performa2d for
generic implications.

A.

Metallurgical Examination (Reference A).

stated:

NOTE:

The chemical compesition, physica! pioper-
ties, metallurgical structure, and appearance
©f the fracture surface were evaluated tc
determine the failure mechanism c¢f the stui.
The fracture occurred due to ctress overload
at the convergence of the stud heat-affected
zone, a thread root, and the fillet weld toe
extending from the disk. Tha part was sub-
jected to a high energy, complex load with
components of axial tension and bending. At
the terminus of the fracture, the stud rad
significant cold work in the microsegregatec
microstructure. Due to the high rate of load-
ing, little evidence of ductile stretching or
necking was visible to the unaided eye. ...

Reference A is currently under final review.

Transient Analyses/Investigation

Design basis transients have been calculated (Reference

R) for pump start and a pump stop for a water solid

-ondition The force in the piping segment containing

the check valves is very small with arn order of magni-

system
an operating history reviuw

The report
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tude of about 20 1bf for pump start and 572 1bf for
pump stop. These forces are not capable of causing the
failure whicl ocrurred.

A non-design basis transient which results in a slug
fluid velocity of 29.48 ft/sec and a force of approxi-
mately 15,000 lef was determined using the Jaukowski
equation, assuming a partially draired system (Attach-
ment 3).

A walkdown of the system was performed as described 'n
Reference E. No damage to supperts or evidence of
large pipe movements was found. The check valves are
located just upstream of anchors, ar? the forces trans-
nittea would have been vertical intc e valve bonret.
Therefore, due to the gene.al stiffne. of the piping
configuration it was unlikely to have found any support
damage or indicaticns of large pipe wovements.

An auxiliary feedwater system elevation diagram was
developed (Attachrent 1). This diagram shows that the
system has a poteniial to drain down to the elevation
of water (853'-4" to 834’-3") in the condensate storage
tank (CST) which is kbetween 8" to 19’-9" below the
check valve which corresponds to between 29 linear ft
to 70 linear ft. This drain down cculd occur when the
associated steam generator is not receiving flow
through the preheater nozzle, the steam generator is at
acmospheric pressure, and in addition if the check
valve has any leakage. The check valve in guestion had
not been backflow tested prior to the failure.

Stress *-4lysis

A dynamic stress analysis was performed (Reference D)
of the val 2 v.th and without a backstop. The analysis
evaluated the mechanisms which could cause the failure
©f the disk-stud and estimated the lower bound of the
force required t> break the stud under a che-time event
to be between 9.6 to 10.9 kips. A disk velocity of 30
ft/sec was used, which corresponds to the upper bound
fluid transient analysis velocity of 29.48 Ft/sec. The
corresponding reaction forces predicted orn the bennet
backstop are consistent with a static test performed at
8WIF which resulted in an indentation of 24 miis for a
lcad of 8 kipe. The greater energv involved in a
dynamic collisien would probakly cause a greater inden-
tation. The actual measured indentation was 64 mils
(Reference Q).
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Bystew Onevation

The auxiliary feedwater is normally operated to main-
tain level in the steam generators during startup and
shutdown operations (modes 2 and 3) until the feedwater
systom is placed in operation. The system is alsc used
to fill and maintain level in the steam generators. The
system is operated in accordance with SOP~304-B (Refer-
ence M!. The system is initially filled and vented up
to the isolation valves. The flow contrel valves and
isolation valves are then fully opened and the piping
monitored for temperature to determine if the che. _k
valves are leaking. This check would not Le meaningful
with the steam generator at atmospheric/ambient condi-
tions.

System Design Reviaw (Reference J)

The auxiliary feedwate. syste= is designed to orovide
the following flow rates through the subject check
valves:

I Loss of feedwater <15 gpm minimum

- Feedwater line break 265 gpm minimum to
non-faulted generator
700 gpm maximum to fault-
ec. generator for MDAFWEs
80 gpm maximum for

TDAFWP
3. Hot standby 23% gpm minimum
4. Plant startup 300 gpm minimum
S Normal plant startup 40 to 275 gpm

and shutdown

The subject check valves are not relied upon to prevent
packflow in the event of a feedwater line break to the
faulted stear generator. The flow coantrel valves on
the MDAFWP trains differ from the TDAFWP flow control
valves in that they ore provided with an automated
feature which drives them to a full open pesition on an
auto MDAFP initiation signal. The flow control valves

~® normally open when the system has been filled and
«uted and the pumps are not in operaticn. The motor
operated isclation/block valves are normally open and
fail as is.
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BWIP Check Valve Design Review (Reference I)

There are 25 pressure seal bonnet BW1P check valves in
Unit 2 which were modified. Bolted bonnet check valves
were not modified and therafore were excluded from the
review. Theve 2re eight (8) 4" diametur valves in the
auxilliary feedwater system which have been modified by
adding counter weights, backstops, and a height adjusc~
ment spacer. The corresponding eight (8) valves in Unit
1 have added counter weights. No height adjustment
spacer or backstop was added. This allows the Unit 1
valves to swing further out of the flow stream and
significantly reduces tensil stress on the stud auring
transients similar to the event discussed in this
report. The other seventeen (17; valves 1 Unit 2 have
backstops and height adjustment spacers, but since they
do not have counter weights the disk-studs wWeére gener-
ally shortened to allow the disk SwWing angle to be near
Lo those in Unit 1 which do not have backstops (Refer-
ence 1).

Operating History Review
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The seventh operation of the valve, on June 21, 1992,
MDAFWF 2-02 was run on minimum : .9w and to feed SG 2.
No flow rate was recorded.

The eighth operation of the valve, on June 21, 1992,
was a backflow test on the minimum flow check valves.
MDAFWP 2-01 was run on minimum flow, not to the stean
generator.

The ninth and tenth operations of the valve, on July 1,
1992, was to fill and vent.

The eleventh operation of the valive, also on July 1,
1992, was an inadvertent auto start of MDAFWP 2=01,
which is recorded in Reference K. The flow control
valve would have been in a full open position after the
fill and vent. It is also possible for drain down to
the CST level to have occurred. This appears to have
been the most probable system configuration to develop
the transient which damaged the valve.

The twelfth and thirteenth operations of the valve, on
July 2, 1992, the MDAFWPs 2=01 and 2-02 were again
operated to fill, vent, and perform rurout and MEDP
testing in accordance with 2CP-PT~37~01.

IV. CONCLUSIONS

A.

Cause

Based on the evidence available to date, the failure of
2AF~0083 was most likely dua2 to a system fluia tcran-
sient which was the result of starting MDAFWP 2=01 into
a partially drained system with the flow control and

isolation valves fully open. This conclusion is based
on the following:

- ¥ A potential for a partial system drain down in
conjunction with ate spher.ic pressure in the stear
gererators. The potential for a similar occur-
rence in the operating Unit is low due to the
administrative controls and physical barriers
described in Attachment B

L ]

Evidence of a rapid failure from the metallurgical
examination. The failure was not due to incorrect
and/or defective material/components.
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- 18 The stress analysis is consistent with the tran-
sient analysis and metallurgical examination,

Contributing Pactors

e The backstop installed in the Unit 2 valves illows
a higher stress to be developed in the Unit
disk-stud than if the backstop were not installed.
There is at least approximately 40% more stress in
Unit 2 (due to the backstop) for the same tran-
sient.

2. An orifice is installed upstream of each of the
check valves to limit flow through the line in the
event of a feedwater line break. For norma. oper-
ating bases the orifice has little effect on the
flow. It is difficult to quantify the effect of
the orifice at high flow and low backpressure
conditions, and it may have contributed in a sig-
nificant way to turbulence.

3 The disk-stud is a 5/8" diameter all thread rod
with a 0.507" root diameter. This provides both a
stress riser and a "notch effect" where the fail-
ure occurred.

CC RECTIVE ACTIONS

A.

The eight (?) Unit 2 check valves <AF 7,075/78/83/86/91~
/98/101/'7% will have their backstops removed to make
them less susceptible to failure Frior to proceeding
with high flow/low steam generator pressure testing.

SOP 3C4A and B, "Auxiliary Feedwater System," will be
revised in accordance with Attachment 2.

BWIP will be reguested to provide replacement disk-stenm
assenblies with a shank instead of an all-thread stud
for the eight (8) valves in each unit. The new disk-
stud assemblies will be installed as replaceuents for
the disk-studs are required.

"he valves will be acoustically monitored during these
conditions to determine what efiect the oritice has on
the valves following KFT.
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FYTUVELECTRIC

OFFICE MEMORANDUM

August 4, 1992
To: Johnu Rcberts

Sullect: Demage to Unit 2 Auxiliwry Peedwatsr Check Valve

This letter is in response to your discussion with my staff on August 4, 1992.
The discucsion addressud damage to check valve JAF-0083 d » to an inadvertcant
Start of “he Kotor Driven Auxiliary Peedwater Pump. Questions were raised if
sdequate steps exist in SOP-304B, Aux_liary Feedwater Pump, to prevent this
reoccurrencs.

hn evaluation was purformed on SOF-304P for all modes of cperation. The
results of the evaluation ars as follows:

Hodes 1. 2. and 3

In Mode 1, 2 and 3, OPT-206B is performed to ensurs syrtem operabil ity. The
Motor Driven and Turbine Oriven Auxiliary Feedwater Fump fiow control valves
Ar® required to be fully open per Techrical Specificetions. In Mode 3, the
fuses for the Main Fosdwater Pump trir signal ave removed which reduce the
possibility of an inadvertent Pamp start. A manusl start of the Auxiliary
Fesdwater Pumps with the control valves open would be & violation of
procedure. In addition, the Piping downstresn of the chec. valves would be
Preswurizea due to Auxiliary and Main Faadwater System operazion. This would
reduce the aifferance in pressure sc-oss tha ‘heck valve which would in turn
reduce the forces applied to the valve. Any back leakage of the check valves
would be sensed by upstreas temperature mon . tors.

Recoumendation:

A change to SOP-304B for Moues 1, 2, and 3 is ot “eguired.

Hode 4

In Mode 4 the Motor Driven and Turbine Priven Auxiliary Peelwater Pumps flow
corirel valves are fully cpen. The fuses for the Main Peedwater Pumpe are
removed in Mo<e 3 which reduces the possibility of an inadvertent pump start.
A manual start of the Auxiliary Feedwater Pumpe witl the flow sontrol valves
open would be in viclatior of the procedurs.

Recommendat iont

A change to BOP-'24B is not required. Changing the SOP to close the flow
control valves in Mode 4 would misalign the Auxiliary Feedwater Systea priocr
to ths transition to Mode 3. The fuss for the Main Pesdwvater Pimpes 2re
removed which reducss the posr Dili'y Lf an inadvertant pump start. In
Addition, the suggested chan,  would increrse the potential for system
misalignment at a time when multiple activities are in progrsess during the
Kode change.
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Mcdes S and o

In Modes 5 and &, the Moto: Driven and Turb.iue Driven Auxiliary Pesdwater
Pumps flow control velves are fully open. The SSP’/ is placed in Mode 5/6
which removes all sutomatic start signs’ls from inadvertently starting the
Auxiliary Peadwatar Pusps. Due to a void that wouls exist upstream and
downstreas of the check valves, & manual start of the Auxiliary Feedwater Pumn
could result in check valve camage.

Recoomendation:

Fhange SOP-3048 to closs the f1.» control valves in the Shutdowa and Standby
Operations while in Modes § and 6. 7This would prevent an inadvertent punp
start from possibly camaging the check valves.

If you nove any guestions o ‘Vmments coentact myself or Kit Wilson at
@xtension 5443,

/’:”-t—’
-— .—“.—-M"

Jim Brauv Q11
Supervisor, Operations Support
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o TG o T pr
- ——:,-%ﬁ—cn-mmm-calm
Jim Sabin 4
.- .

can be determined by the Joukowsky equation AP = p a AV and the
by F = 4P A,

here:

& = plressurc wave og«d (™ 3718, tps)
p = Genpity of the liguid (i.ve siugs/rt*)
a4V = Ve scity of the ligquid just prior to impect (ft/sec),

(From the manufactures gum? rrtom curve, the runout flow
408(950/3.526%) = 29.48 ft/sec ~ £ a 4"

rate is » 350 gpm = 0.
8ch 120 lire)
{(1.94) (3715) (29.48))/144 = 1474, psi

AP
F ® J474(m(3.626%) /4) = 18,220, 1lbs

July 34, 1992 .

As you requestec, this I2C will document the data iously provided to
you ©n the telephons regerding column fejeining followiny the AF motor

driven puxp start., Water hazver pressure wavcs created by void coilapse

ixpact

forces caused by over-pressurization atter & VOIiQ Collcpes 18 calculate

DATE
g3

DATE SXINATURE




