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WASHINGTON PUBLIC POWER SUPPLY SYSTEM

P.O. Box 968 * 3000 George Washington Way * Richland, Washington 99352

July 27, 1990
G02-90-130

Docket No. 50-397

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

Gentlemen:

Subject: NUCLEAR PLANT NO. 2, OPERATING LICENSE NPF-21
EMERGENCY DIESEL GENERATOR-2 SHORTED TURNS;
JUSTIFICATION FOR CONTINUED OPERATION

Reference: Letter, G02-90-123, JW Baker (SS) to JD Partlow (NRC),
"Request for Waiver of Compliance Relative to Technical
Specification 3.8.1.2, AC Sources - Shutdown",
dated July 11, 1990

The reference requested a waiver of compliance to allow for removal of the
Division 2 diesel generator from service for the purpose of performing testing
relative to a shorted turn condition that exists on one rotor pole of the unit.

A purpose of the testing was to develop information to support a justification
for continued operation (JCO) with the shorted turn condition. The testing was
successfully performed on July 17, 1990. Attached for your information is the
JCO that is based, in part, on the results obtained from this testing. The JCO
concludes that the diesel generator is capable of supporting the present
operability requirements of the Technical Specifications and fulfilling its
design function with the shorted turn condition.

It is our plan to startup from the R5 refueling outage with the existing
generator condition and perform those monitoring and trending activities proposed
on page 5 of the JCO for as long as the JCO is in effect.

Very truly yours,

R Al

/&G. C. Sorensen, Manager
Regulatory Programs

AGH/bk
Attachment

cc: JB Martin - NRC RV - DL Williams - BPA/399
NS Reynolds - BCP&R NRC Site Inspector - 901A
P Eng - NRC

T 9008060064 2007 0(
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JUSTIFICATION FOR CONTINUED COFERATIOM

PER ND. 2XP0~0533

i.0 COMPONENT IDENTIFICATION

This JCO discusses the discovery of indications of shorted turns
within a pole on the rotor of the generator for DEZ. This JCO follows
the aoriginal JC0 preparad to document the use of the Division 2 diesel
generator to fulfill the operability reguirements of Technical
Spacification 3/4.8.2, A.C. Sources - Shutdown. This JCO is being
prepared to support the use of the Division 2 diesel generator to
fulfill its portion of the requirements of Technical Specification
</4.8.1» A.C. Sources - Opsrating.

Thers are eight poles on the rotor which provide field flux resuired
to generate & voltage in the stator of the generator. A rotor pole
field coil AC voltage drop test has been performed and has revealed

indications of shorted turns on one polz of the rotor for DE2.

2.0 ACCILENT CONDITIGNS

1

1D

Dies=]l generator onsite powsr capacity is required to assure that fu
dasign limits are not sxceeded for anticipated oparaticonal
occurrencas and core cooling and containment integrety ars maintained
for postulated accidents assuming the offsite powsr system is not

avallisble. ¢
Sufficiant redundancy is to be provided to allow the onsits power
system. To pertorm its satety function assuming & singlzs failura.

3.0 COMPGNENT SAFETY FUNCTION

.

The Operability of the A.C. diesel gensrator and associated distribution

systemns during power operation ensures that sufficient power will be
available to supply the safety-related squipment required for (1) the
safe shutdown of the facility and (2) the mitigation and control of
accident conditions within the facility.

The cperapbility cof the power scurces are consistent with the initial
condition assumpticns of the safety analysis’ 'and are based upen
maintaining the onsite A.C. power sources and associated distributien
systems Cperable during accident conditions coincident with an assumsd
logz—of-offsite power and the single most limiting failure, in this
case the loss of the 061 onsite A.C. scurce.
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The function of the rotor poles is to provide the required rotor field
flux to maintain the proper ganerator aoutput voltaga.

4.0 STATUS OF COMFONZNT

IEEE Standard 432-1975 also provides quidance on the significance of
this type of degradations

"Sraorted turns of & minos natures unlike shorted turns in the stator
may Not necessarily require immediate reiasulation. Roters have
been known to operate for years with & few random short circuits
between successive turns in the rotor winding. However, should
subsequent periodic impedance testing show the shorting to be
progressive in nature, reinsulation would be necessary to assure
reliable operation®.

The following is an assessment of the activities taken to determine
the prograessive nature and establish a condition monitoring techniques
to give sariy waring cn when reinsulaticn would be warranted.”

Thorss electric machinery sxparts wers agbtained from various conpaniss,
ather than the original manufacturer. to provide an indspendent
assessment of tha as—found condition of the generator rotor. These
cutside consultants wers obtained to augment the site staff evaluation
and +o provide specific sxpertsse on generators and large rotating
machines.

The onsite activity of the consultants included s review of the data
from the suamination of BRE2 anc DEi. One of the shorted polie coils from
DE: was dismantled to sesk additional information. Thess consultants
provided broad guperteses discussion cencsrning the nature and effects of
the deficiencies. They have pr=pared a written report which is available
for raview. They aiso par‘lc ipated in a Suprply System conference call
inciuding NAC personnel in Rockville, Maryland and Walnut Creek.
California on July 1ith. to discuss their findinags and answer questions.

The root cause determination of the DGl rotor pole coil shorts determined
that the shorts were most likely caused by fabrication ‘defects.

The nature of thess defzcts, wher2 localized inadequate wetting of tha
varnish occurred. producsd less than optimum insulaticn betwesen turns

In other areas: full incapsulation was observed. There was no

indication of significant aging deterioration thnat would lead to .
additional shorting within the windings.

This concliusiecn is supported by the lack of significant vibration
or increasing field current trends. The extent of the damsge is

considered to bs neglegible and have no impact on the ability of

the generator to carry a load at its design rated conditicn.

A.C. voltage drop test results are pronounced in exposing variation
in iwmpadance from sven a small number of shorts within the turns
of the rotor poles. An EMF is producsd within the shorted
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turns c%eating a bucking or opposing fiux to the normal fisld filux

puﬁing the applied alternating voltage and thus resulting in a significant
change in the inductance of the coil causing a voltage balance difference
when wired in series with a coil with no shorts. The voltage divides

in proportion with the impedance. ‘

During normal operation: the current through the coii is Direct

Current and thus the actual variagtion in field fiux during opsration

of the unit is considered to be neglegibie and was not detectable during
an observation of the generator cuiput wavetorm and vibration during
unit operation.

The diessl generator is demconstrated to be cperable annually by the
succsssful completion of a series of integrated surveillance tests.

This testing includes fast starts. rapid loading. load rejects.
sequantial load application and & 24 hour run tast. This testing has
been completsed during this outage for DEZ. Due to a scheduling problam.
this years testing resulted in greater than 38 hours of operaticn at
squal to or greater than full load operation of DiaZ.

g unit nas alss been subjected to an extended run of 72 hours,

is testing was accomplished with the unit cperating at full load.
is testing was followed by another rotor pole A.C. voltage drop

st. The results of this test indicated that the voltagse values
und during thsz initial sxamination have not changsd which contirm

nat the =uoﬂt=d turn damage in pols & of OEZ2 is stable.

his JCO establishes that the unit iz operablie and capabie.of successtully
ifiliing its design functicn upon demand.

S.0 JUSTIFICATION FOR CONTINUED CFERATIOM
Suminaryil This JCO can be summarized by the

atements.

'h

cliowing general

i. The present condition of the unit is known.
2. The unit has been verified to be capable of performing it*s design
function in the pressent caondition.

3. The unit condition is not anticipated to change. .

4, The unit condition can be monitored using a variety of '
parameters during coperation and will be periodically taken out
of service to perform a rotor pole A.C. voltage drop test to,
trend this phenocmenon.

S. The capability of the unit to perform successFully is known .for
shorted conditions which exczed that of the present rotor
condition.

ol






The present status of the Division 2 diesel generavor has been
determnined by internal examination, electrical testing. and
cperational testing.

The unit successfully completed a series of annual integrated tests

wihich were briefly addressed in the above section. The unit was taken
out of service Friday. June 29th. to measure and confirm adequate bezaring
oil lavels, visually inspact the statocr end turns and parform rotor pole
A.C. voitagz drop tests. The bearing oil levelis were centered within
the minimum and high oil level marks. The stator was found to be in
excellent condition. One rotor pole showed indications of some’

shorting within the coils of the pole. All poles sppear to be in geod
condition physically.

The condition of the rotor pole is considered by site staf+ and

outside consultants to be acceptable with shorted turns as they

pose a neglegible effect on the flux field of that rotor pole. The

rotor pole A.C. voltage drop test is a good test to indicate the existance
of shorts within the rotor pole but does not providse a quantitative
assessment of the number of shorted turns within the rotor pole. Due

to the flux bucking/opposition nature of the shorted turns, a small number
of shorted turns can significantly affect the A.C. volitage cdrop tvest. fAs
indicat=ad by D.C. and resistance measurement testing of the DEl rovor,
very little change in these valuss are noted when significant

cnange in the A.C. pole voltage drcp test coccours.

th industry euperts indicates that measurable +lux
chanae is not eExpected to occur with O.C. operating
s centirmed oy & review of the fielid current reguired for
gration and the vibration levels over the past five years.

To confirm DE2 operability and monitor if propagation of the shorted
turns is occurting. the disssl generator was subjscted to sxtendsd
operation during a 72 hour run beginning on Friday July 1i3tn.

This test placed DE2 in paraliel with the offsite source with the unit
load=sd to ratzd load. This test was followed by & rotor pole A.C.
voltage drop test. This examination revealed no change in the rotor -
condition. As anticipatsd. the A.C voltage drop test rasults were
unchanged.

-
=

The generator A.C. output voltage waveform was menitored during the
apove testing.,. The purpose was to confirm that there was no )
defcrmation of this waveform. A deformation of the waveform may occcouwr
as a result of shorted turns within the rotor poles. FPictures of the
waveform were cotained and no deformation was discovered.

A& further discussion of rotor pole shorted turns is centained in
Attachment 1.

The condition of the shorts is stable and not anticipated to change.

This was confirmed during the extended run discussed above. The

Root Cause foir the shorted turns on the DGl rotor has indicated that these
shorts weres not causing accelerated degradation of the insulation ’
system beyond the damage site. The rotor poles for LGl were subjected

Ja
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to hign amperage and voltage (approximately & X normal’ to locate the
shorts. This additional stress did not result in apparent degradation
the insulation cutside of the localized area of the discovered shorts.

The condition of the rotor poles on DE2 can ke monitored and trended
to detect condition change. This JCO proposes a numbair of parameters
whnich will be monitored during the periodic surveillance of this
diesel generator. Additional periodic rotor pole A.C. volitage drop
testing wWill be performed to directly compare the conditicn of the
rotor poles with the data cbtainaed. This conditionm monitering activity
can adequately detect degrading conditicons to allow cosrective action
to be taken if it is required prior to loss of the generator due to
shorted turns.

The foilowing parameters shall be recorded and trended during routine
surveillance activitiess

. field Current. (At established voltage and unit loading)
. Generator Vibration Lavels. -

kY b

A rotor pols A.C. voltage drop test will be p=r+orﬂ=c guarterly

and this data compsred to existing dats to assess i+ any condition change
is cccecurring. This data wi‘; oe trended to assess the rate of

changs. uare statistical variation in this dats bass may occur due to
normal monitoring data sc atter and not be indicative of degrading
conditions. The trending data tase wilil be used to confirm a degrading
tirend and will presuit in corrective acticn prior to loss of DE2's

ability to perform its safety function.

Scma flexability in the condition of the rotor poles, ralative to the
A.C. rotor pole voltage drop test exists. It is known that the
condition can be significantly worse and the unit stiil be capabla of
complating its function. The A.C. pole voltage drop test of the rotor
poles of UGl demonstrated that no signifticant operaticnal effect wilil
occur at po le voltage drop 1mpednnce palance ratios of approdimately

354 or 23 volts on the shorted pole. This conditicon was noted on DE1
with no appaﬁent indication of malfunction.

5.0  CONCLUSIGN )

Tha above arguments supporit the conclusion that the unit has the
capability to support the present operablity regquirements of Technical
Specification 3/4.8.1. A.C. Sources — Operating. The unit is
considered to be operable and capable of providing emesrgency AC

power to fulfill its design functicn.

.
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Attacnment 1 - Rotor Pole Shorted Turns

The rotor of the Division 1 and Division 2 diesel generators contains

8 poles which ars wound using #5 square copper enclosad in double Dacron
giass insulatiocn. Each rotor contains 451 turns of this wire. The

pols 2S are approximately 43 inches long and the wire is approximately
3/1& inch square. )

(

l

Mincor shorts bebween turns of rotor poles may result from several
diffarent causes. These causes include manufacturing deficiencies»
major slectricsl teransients, insulaticn degradaticn. and savere

2amination of the shorted sections of the rotor poles from DEL have

g that these shorts accurrad during the fabrication process
have resulted +from the inclusion of foreign material betwen
j acent windings. The fabrication of these largs poles is difficult,
The rotor pole A.C. voltage drop test is a post-assembly test performed
at the factory to assure the winding and assembly activity is ac:cmplished
successfully. Fisld rotor condition testing is mot & routine periodic
test. It was implemented at WNP-2Z due to the nature of the cause of
the discovered shorted turns within the rotor of the Divisicn 1 diesel
generator following the begaring repair effort as a final check after

bearing repair.

oy

The Root Cause of the rotor pole sho for 05

has bzen determinad
to be fabricaticn related. ' '

.

The effects of shorted turns within the rotor of the diesel gsnerator
may include: .

i) Severa fiezld coil shorting can reduce the magnetic flux procuced
by that pole and hence reduce the output voltage generated in
the stator coils. The voltage regulator will increase the field
current as necessery to maintain the average generator output
voltage. Depending cn the quantity of shorted turns, this
increased field current can result in an increased load on the

k3
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. excitation system and increased heating in the affscted fieid coiis.

2) Shorted turns can cause increased heating within the rotor pole
whaere the shorts exist. This heating will potentially contribute to
the accelaration of the localized degradaticon. This effect does
not usually result in a propagation of the failure beyond the
lacalized damage site.

=) The reduced fiux at the pole with the shorted turns can result in
unbalanced forces aciross the air gap causing 'vibration.

The field current requiﬂed to support generator Full load from the
WNF-2 design curves is appraximately 142 amps. The excitaticon system is
rated to supply 168 amps. Tnzs capability =sxceeds the required
amperage and thus the voitage regulator can provide the additional
amperage to compensate for shorted turns and stilil assure adegquate
generator cutput voltage. The unit presently requires approximately

135 amps for full load operation. The actual emergency loads are less
than the rated lcad of the diesel generator {(less than 8&X). which
Frovides additional margin in axcitaticon system capability.

-

Locail and general area heating is not considered to be significantly
;Pe;:c than normal at this time. This heating sffect is directly
related to the field current. This current is presently less than
expacted from the reguistor design peirformancg curves. This current
is not signiticantly greater than that anticipated.

Examination of the rotor pole coils from DRI has not found evidence of
overneating.

Unoalanced rotor Tiux values can result in increased vibration levels.
The vibration levels of the dissel generator is monitored during
pariodic surveilliances and has not been found to be abrormal. The
vibiration levels have been found to bes minimal during all pravious
surveiilancss. Past vibration levels have besn reviawsd. This data
does not indicate a significantly increasing trend. Future vibration
iesvels wWill be car=fully reviewed to determine i an incrsasing
vipration trend is occurring which can ba atitributed to acceierated
rotcr poie colii degradation.
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The 1OCFR§0.59 Evaluation dimplementing processes will typically
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be performed.

in the FSAR? ‘ ’

1. 1Is a change to the WNP-2 Technical Specification
necessary to implement this activity?

2. Does this implementing activity constitute a
physical change to WNP-2 as described in the
FSAR or not in the FSAR and affects nuclear
safety in a way not previously evaluated?

3. Does this implementing activity constitute a
change to a' procedural commitment as described

4. Does this implementing activity represent a
special test or experiment not previously
described in the FSAR?
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If question 1 is answered YES, then prior NRC approval is required prior
to implementation.

If either question 2, 3 or 4 are answered YES, then an USQ Analysis must
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identify the implementing activity as
representing an USQ?
I Refer to Attachment 8.
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14.

15.

16.

16.

" ‘Bar the engine over until the next pole. :.s aligned in the

.same position as the prev:.ous pole. is is the position
established in step 8.

Repeat steps 10 thru 13 until all the pole voltages have’

been measured.
CI’W"‘I’JM" Lu!eST'.fc’d{ o5 5"‘?"@

voltage ga VoM TR Y017 o

Pole 1 59:? Cal duc C/Q{C. /d"s.’qo ¢~

Pole 2 GH, §° QK@ VULT) gﬁ 7

Pole 3 _586.0 50"

Pole 5 __G0.0O /99° oAl pug o (o5~ 70)

Pole 6 __3(.0 (857 . (Ea’f%‘" *ﬂﬁ?ﬂf/vé:a)'

Pole 7 Qan_ﬂ iéi-;
Pole 8 _ 59. 3757

NDE TO perform a Bore scope inspection of the generator
stator and record on video tape.

/) &-EF~FD

Terminate the the field leads w:.th:.n the regulator

cabinet I.A. W PPM 1.3.9 determ/rete sheet.
. Fhoz . &/29/90

Replace the lower .access cover ﬁection hole covers.
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Pole 1 _4/&_ — /}1{#’& A/p__ﬁ. te

Pole _A//ﬁ —_— /)7‘5 ’0-“L /f“}.l—?b‘-:'““,
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3 > 3307

Po 36(@ = /}7577-’& ;\

Pol 3é:/9’ 9—05 . 7)@77 /0-%6/ //.,5 9.0
Pole 6 Sérl 'l .____...l §s~° . @}’K RW/‘A/@@

Pole% Sér/7 __/._Z_O. P
Pole 8"%

MZ@

15 Tet-w ke Yhe $ield lbads w. Thim The tequfalor cablef .73/4‘{7 Py

]1.3.9 determ/reterm sheet.

Note ~
If the lockwashers being re—:.n.:talled are flat
or deformed’'replace them with new washers

Replace the inner housing access covers. Tighten the
bolts until the lock washers are flattened. Do not over
tighten the bolt. -




