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CONteoLLtg

Director of Nuclear Reactor Regulation
United States Nuclear Regulatory Commission
Washington, D. C. 20555

Attention: Mr. Thomas A. Ippolito, Chief
Operating Reactors Branch No. 3
Division of Operating Reactors

Subject: James A. FitzPatrick Nuclear Power Plant
Docket No. 50-333
Reactor Protection System Power Supplies

References: 1) USNRC letter of August 7, 1978
2) Power Authority letter JNRC-78-49 of

October 6, 1978

Dear Sir:

This letter transmits to you one copy of General Electric's
letter G-EPl-9-6 of February 23, 1979 with attachments, which
documents the results of an analysis performed on a typical GE
Reactor Protection System (RPS) Motor-Generator Set protective
circuit. It contains a Failure Modes and Effects Analysis (FMEA)
conducted to identify what potential failure modes can have adverse
effect on RPS performance and the results of tests performed to
quantify the seismic performance of equipment typical of that
existing in operating plants.

The Authority considers that the reasons given in its' letter
JNRC-78-49, of October 6, 1978 plus the results of the attached
GE analysis constitute overwhelming proof and justirication for its
position, expressed in the above mentioned JNRC-78-49, that no
modifications to the protection system power supplies are required
and .aat the interim surveillance program (set forth in Attachment 1
of the USNRC letter of August 7, 1978) still in effect in our
JAFNPP, can be discontinued.

The Authority, therefore, respectfully requests that the
Commission recogni::e that the JAFNPP Reactor Protection System
Power Supplies can be safely operated as presently installed with
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no modifications or further qualifications being necessary and
that the presently implemented interim surveillance program
can be discontinued without undue risk to the health and
safety of the public.

Very truly yours,

Paul J. Early
Assistant Chief Engineer-Projects

Subscribed and sworn to b3 fore
day of June, 1979me this \,
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Notary Public,
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G-EPl-9-6

"- J. D. Leona rd, Jr.
Po.~.er a thority of tne State o f New Yo -ku
D.n_ ggx :
Lyconing, Nea York 13093

_ _ _ . .

SUBJECT: REACTOR PROTECTION SYSTEM POWER SUPPLY
PROTECTIVE CIRCUIT ANALYSIS

Dear "r. Leonard:

This letter is to cocu ent the results of an analysis perfer ed on a tyc1 cal
Pe3ctor Protection Sys tem (RPS) Motor tenera t^' W p*'t o"i ve ci rcui t A

Failure Modes and Effects Analysis (F"EA) was conducted to identify what
potential failure roces can have an adverse effect on RDS perforrance. A
test speciren was fabricated and tested to quantify the seismic performance
of equipment typical of that existing in operating plants.

For b3ckground, during the review of the Hatch 2 operating license application
in June, 1978, the NPC postulated certain deficiencies in the design of the
protective circuits of the motor-generator (M-G) sets which supply power to
the RPS as follows:

(1) there were potential undetectable single ccTponent failures which
could adversely affect the operability of RPS; and

(2) there is a 00stulated sequence of component malfunctions, initia ted
by an earthquake, which could adversely affect the operability of the
RPS.

Hatch 1 and 2 were directed to implement a NPC a; proved, ClaI3 lE System, capable
of de-energizing the R 'S power supplies when their output exceeds or falls below
linits within which the equipment, being powered from the oower supplies, has
been designed and qualified to crerate continuously and without degradation
Further, an exempticn was granted to delav irolementation of the ecuipment ;ntil

_ the next refueling outage of Hatch 1, and until the end of the first ocera-ing
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Cyclo 'or h tch 2, Fin 3lly, H3tcn 1 ard 2 were dire:tec to ir:le ent additional
surveillance rervirements to mnitcr 'or potential s ingle component failures
until installation of the aforementioned Class IE system.

Letters aere sent to other operating plants imposing identical surveillance
requirements and requesting an evaluation of their Rr5 power supply protective
circuits in light of the Hatch 2 Safety Evaluaticn EeDort. General Electric
initiated a ;eneri: cua: tification program to evaluate a typical RPS Motor-
Generator Set Pro ect.ve Circuit.

The prograr sas conducted in two phases using the circuit de'ined by Attach-
rent 1; (1) a Fai'ure tiodes and Effects Analysis (F"EA), wnere hypothesized
single and comon mode failures are analyzed and, (2) a seismic perfcrrance
evaluation test where a test specimen nas tested under simJiated seismic
conditions on a shaker table. The part numbers of the conoonents used are
os follows:

Description GE Part Nanter
Over-Voltage Relay 3300'0320913
Under-Frequency Relay 3300A31A22SO-005
Circuit 3reater and 3300aE4A0005-113
Under 'loltage Relay

The F"EA was a co cined effort bet.seen neneral Electric's Nuclear Energy
Dusiness Group Av.~1 ability Engineering Operaticn and th, Srall A.C. Mo to r
Products Departre t, which designed an'4 manu f a c t arm tM "M or-Genera t er 9 t ,
The FMEA sunmary .ncludes that the risk of an RPS failure with th( present
design is suf fici atly low and acceptable. The entire letter is incluaed
as Attachment 2.

The seismic perfor ance test was performed by Wyle Laboratories to General
Electric specifications (Attachment 3). The test su--'ary concludes that
the sDecimen derenstra ted suf ficient integrity to withstand the prescribed
simulated seismic environnent without compromise of structure or electrical
functions. The entire test surmary is included as Attachment 4.

In conclusion, the results of this quantification prcgram are in censonance
with our previous position, which remains that no modification to the RPS
system should be required.

erv truly yours,

e o ,

b y/ Egg [ (
e

t.R. '

Service t..nacer-Nuclear

ERE/SLG/sif

Attachments
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ATTACHMENT 2-

$uclear Energj Engineering Division,

San Jose, California

February 1, 1979
Revisicn 1 cc: D.L. Allred E.H. Perkins

R.J. Sogisich G.C. Rcss
R.J. Brandon R.A. Sierer
R.C. Brugge B.A. Smith
T.Y. Fukushima D.L. Wilmer

S .L . Gummersall J.F. Kilty

M/C 688 M.R. Lane
R.J. McCandless
K.R. Miller

Subject: E;.A EAC93 ON, DRF C71-ll
Reactor Protection System (RPS)
M/G Set Protective Circuit Failure
Mode and Effects Analysis (FMEA)

A. Introduction

Each of the two Motor / Generator (M/G) sets has its own prc'.ective circuit.
.The purrose of this protective circuit is to protect relays and components
of the RPS bus loads against a failure cf the F/G set regulator to main-
tain ;ts output within the specified tolerances. An FMEA was conducted
to identify what potential failure modes can have an adverse effect en
RPS performance. This FMEA is a qualitative reliability tool for investi-
gation of every possible outcome, regardless how improbable it is.

B. Summary of Conclusions

It is unlikely that the M/G set protective circuit will fail to perform
its function. It is also unlikely that after this failure, a severe
earthquake will occur and damdge the M/G set in such a way that the
resulting over/under voltage and underfrecuency output will have the
potential of damaging relays and components of the RPS bus loads.

However, even if the above very unlikely scenario occurs, there is only
a very small probability that the plant will not be automatically or
manually scrammed before relays and components of the RPS bus loads
are disabled, and that this damage of the M/G output deviation will
remain undetected until the next demand for a scram.

Therefore, because the ccmbined prcbability of the above chain of events
that leads to an RPS failure is negligible, the risk of an RPS failure
with the present desig, is sufficiently low and acceptable.

OC } 20 )Lb
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C. Discussion

The attached TMEc is self-exclanatory. It is divideo into two parts:
a single f ailure analysis and a coren mode analysis (i.e. , a seismic
event immediate effect). A possible failure mode for each item is listed

the left side and the cause and the estim3ted probability for eachon
made is listed on the right side. Giver that these single failures
have occurred, the plant safety and availability implications are also
listed with estimated probability and seriousness rating. Although sore
of the restulated single failures can disable the prctective circuit,
it is unlikely that the protective circuit will f ail during the -eactor
life. The circuit is in a protected environment and static condition
during the M/G set operation, without any rechanical, electricEl or
tnermal stresses or frecuent cycling. In f3ct, the protective circuit
breaker is rarely tripoed. It is tripped only when the M/G set is
tricped, due to lack of off-site power or for an annual maintenance.
This light duty cycle i considerably smaller than what the circuit
is designec for. The / MEA also reveais that a seismic event may only
cause an inadvertent scram (failure in the safe direction). The
protective circuit has overvoltage and underfrequency relays. The
undervoltage tric protection is incorporatec in the ci cuit breaker
itself. Tne accuracy and receatability of these relays is superior
to the undervoltage trip. However, when the M/G coasts dcwn, the
circuit breaker trips due to underfrequency, since the regulator continues
to maintain the voltage level.

Iven if the protective circuit functicn f a:is , |+ ,, i l l not have any

effect unless the respective M/G voltage anc frequency regulator also
fails. Although to date the M/G set ha .iot officially been qualified
for a seismic event, the regulator failure is unrealistic and unlikely.
For a combined M/G regulator and protective circuit function failure
to cause an adverse effect c: RPS components, the M/G has to continue
to run for a long tire while providing over/under voltage or under-
frecuency outside the specified limits. cn M/G regulator failure is
being postulated as a result of an unlikely severe earthquake. But even
then, it is unrealistic that this earthquake can chan the voltage
regulator setting so that it may cause a significant comaging effect on
the RPS function. It is also unrealistic to consider a continuous
underfrecuency condition because the M/G induction notor will probably
overheat, if forced to run at a low freauency It will probably trip
en overcurrent or burn out long before any camage to the RPS can be
postulated. But even if it is postulated that due to a severe earth-
Cuake, the regulator voltage setting can change, the Neutron Monitoring
System (NMS) will trip the reactor on appreciable undervoltage or
overvoltage conditions. An overvoltage will also probably burn out the
M/G indicatcr lights in the control rocm before cauring heat d? mage to
RPS relays and coils. In addition, a considerable voltage reduction
will cause theJ RPS logic relays and scram contactors to drop out and
trip the reactor. Assuming that the unlikely M/G regulator failure
is postulated due to a severe earthquake, it is unlikely that this
failure will remain undetected for a long time. There is only a small

*
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Probability that the plant will not be autcmatically or manually
scrar ed af ter a severe earthauake and before the Class lE RPS
cccccrents are da aged. It is alsc unli' rely that fnlicwing a severe
earthauake, the RPS circuits and tt.e M/G protective circuit will
not be checked. Therefore, the prcbability that tne above very

unlikely scenario (of protective circuit functional failure, P/G
failure and no im..ediate scram or checks) will occur before the
reactor has to scram upon demand (due to a transient) is negligible
and tne risk is sufficiently low and acceptable.

.

Verified by:

A. A. Stroo R. A. Siener, LSE D. L. Wilmer, LSE

Safety System Reliability Reactor Trip System Neutron Monitoring System
Availability Engineering .

MC 166, X56994 ML~

,

Oualification Notes:

1. The protective circuit was designed by General Electric Small AC
Moto r Department. Availability Engineering perforned the FMEA,
based on the designer's qualitative inputs and the designer approved
the attached final version.

2. The operating plants data base is not large enough to support the
unlikely protective circuit failure claim.

3. This FMEA applies only to plants with an M/G set and a protective
circuit sinilar to the one described by General Electric drawing
3300B15A5892,.Rev. 3.

4. This FMEA assesses the M/G set and protective circuit design capability
versus General Electric requirements.

Attachment
eh
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1. .t 0::5 .

1.1 The Curscse of this test s;eci#ication is tc cefine the te: recuirements
necessary to cuanti#y One seismic erfor ance cf tne eacter ?rctecticr Syste-
(RPS) M: tor-Gene ator (MS) set uncer and cver voltage and uncer 'reauency
protective circuit : m;0nents.<

s

2. APPLICABLE DOCUMENTS

2.1 General Electric : urents. The f cil , sing cocurents form a part of this
s;ecification to tne extent scecified herein.

2.1.1 Sucocrtinc 00:urents

a. Test Mockup, RPS-MG Set Protective Circuit 229E573

b. Seismic Cualification Procedure for Class IE Electrical
Ecui pment 22Aa320

c. MG Set Outline 3300CllA3272

( 2.2 Ccces anc Stancards

a. Inst tute cf Electrical anc Electrcnic Engineers (IEEE) IEEE 344-1975i

Recommended Practices for Seismi: Qualification of Class IE Equipment
for Nuclear Power Generating Stations

.

3. ;c r,Ul r_:.vril i Sa..

3.1 The mocku; test circuit (Reference 2.l .1.2) wnicn incluces tne active ccm;cnents
tnat make up the RPS MG set ever anc under voltage and under frecuency protective
circuit will be seismically exercised to evaluate the ability of the components to
functica during adverse operating conditions.

3.2 The test nockup will be stimulated to the requirements listed below and the
acceleration response s:ectrur. snown in Figure 1.

,

\
a. Frequency: 1 to 33 H:

b. Acceleraticn: 0.2 to 7 g

c. Directions

(1) Qual Axis (Vertical and Hori:cntal)
(2) Dual Axis (Verti 41 and Hcri::ntal Rctated 90 ,180', and 270 .)

(

. . O,. nd,3 g -)
.
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3.2 Tne input tc the test ac:ku; will be acjustec :: tri; ::nci tions for ea:-

0; era:1ng parameter and the output w 'l be monitored during ea:n of the seismic
condi ti ons .

3.. Af ter se:s-ic .itration evaluation has bee :c cletec /cer tne test cer:iticns
< Outlined ir ;aragra:ns 3.: and 3.3, and i# no f ailure is en:cuntered, a vibration

f ragility tes t will then be ;er# r ed to cetermine t.ne aximum seismic concitions'

uncer whicn the protective Ocm;onents of the EPS "3 set can furction.

3.5 5;ecial note shoulc be Tade that the nocku: nous'n; is 'ct similar to the
actual instruFent enclosure en the "3 set. The intent :f tnis test is to evaluate
the :ircuit cc:: rents lo:ated in a unting crientation ci-i!ar to their true
::: ticns , regardiess of the ;erformarce of tne entlasure. 'his test wil' not
attem:t :: determine One natural fre uency :f inci/idual : r:crents ; hcwever, an
atte ;t will be mace :: cete rmine an, Tocku: retenances between 1 and 50 H: to

'ragi'ity tests.stimulate acrse case ::erating conciticns durinc3

i_s, re. ~n C_ P_ M. ~n _r:. -rt:

4.1 Test Setu

( .l.1 ".:unt the RFS MG Set ;rctective Circuit mocku; e, tne seisric shaker .at! _

:n a manner that simulates mounting on the motor generator set. Refer to Reference
2.1.1.c for actual instrument panel configuraticn.

3.1.2 Connect the incut of the mockuo to test ecui cent that is ca:able of
provicing under and over voltage and under frequency trip conditions.

a. Ncminal Voltage 115 V

o. Nominal Frequency 60 H:

c. Over Voltage 125.5 V

d. Uncer Voltage 103.5 V

4 Under requency 5,/ H:( e. r

4.1.3 Connect the cut;ut of the mockup to an analog strio chart recorcer that
also contains a time reference signal anc accelercmeter signals from the shaker
table and mockup cnassis.

/

\

q - ,

Ld{wJ d.rU ',0
.



.
.

.

,
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'
4.2 proot Tests

O.2.1 Natural recuen v Excierator. est. The rcku: shall be subjected to a~

::n.inu us sinus:1 cal vibra:1:n over :ne frecuency range of 1 to 33 H: at ar
a::eleration level of : 0.5 g in ea:n ene cf tne a (Reference Caragraph 3.2.c;

/ test ax e s . If any resonances are cetected, thev snall be recerced. If no

\ reasonances are cete::et, increase the freauency to 50 "; Or until the fi rst
resonance is detected, wnichever comes first. Swaec rate shall be one octave
per minute.

a.2.2 Randcm Vibration Test
e4.2.2.i The mockup snall be seismically stimulated at rard:r recuency anc

";" levels sh wn in :ne acceleration rescense s;ec* rum 'n Figure 1, and the
directicnal requi rements listed in Oaragracn 3.2.

a.2.2.2 unctional tri;s fcr ver and under vo': ace anc uncer frecuency snail
be stimulated at test increments,

a 2.2.3 The mockuo cut;ut shall te recorded on e ana 0; s*rio chart recorder1

for each *est sequence. Cata signals anc test 2rameters shali be appropriateij
j

\ identifieJ cn the .ecording paper.

_racilit. Test. The vibration fracility tes; will be cerf ormed as a functicnf4.3
-

-

of fra.uency oy increasing the acceleration level at esonant frecuencies detected
in Pa agraph A.2.1, if any, or at 33 H , until a ncncestruc 1ve malfuncticn, such
as a f alse trip or failure to rescend to a valid tri; signal, is observed. The

over and under voltage and under frecuency trips snall be exercised curing the
test.

5. AC;EPTABILITY

5.1 Cuantification of the RPS YG Set ;r *e::ive c m;cnents' :eraticnal charac-
teristics in a seismic environment, regarcless of their performance, provides
the basis of test acceptance.

( 6. TEST EQUIPMENT

6.1 All test e ui; ment usec in sucocr: cf this test snail be in current calibraticn
that is traceable to National Bureau of Standards.

g
cdp _ J 0j-
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7. CCCUMENTATION

7.1 :D :rener.sive test re: Ort snail be re:ared. The f;11cwing items are :: te
inciuced under a;;rc;riate neacings :

a. Descrittien of t9e test setu:, includir; the snaker tatie, electrical
( stimulaticn, sensors, recorcing, and test ecuiment.

b. Test ra_sults, including recorder stric chart traces,

c. ;50 :g-a:ns of test setu: and any m:enents tnat encoun ter destrJctive
fail ure.

c. Any acditional infor.ati:n tha: :ne tester feeis is certine it to evaluation.

(

(

(
-

,
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WYLE LACORATORIES
Decemter 29, 1978

General Electric Corpany

175 Curtner Avenue
San Jose, CA 95125

Attention: Mr. Ken P. iller, P/C 889

Subject: GE Purchase Order No. 205-XC393

Reference: 1. <!yle Lat eratcries Job No. 4G2
2. Wyle Laboratories Test Procedure 501/ll57/DK

Gentlemen:

The under and over voltage and under frequency r.rotecti se circui+s, rcunted
in a rockup test panel, were subjected to a si uiated Seismic Test Program
at recuired by the General Electric Furchase Order 205-XC393 and Wyle
Laboratories' Seismic Test Procedure No. 541/1157/DK, Revision A. This
test program was completed on Cecember 28, 1978.

The Seismic Cualification Test Program consisted of randcm multifrequency
testirg in each of four test orientations. The specimen was instrumerted

with accelercmeters, electrically powered, and monitored for functional
operation during the test program.

The specimen demonstrated sufficient integrity to withstand, without com-
promise of structure or electrical functions, the prescribed simulated
seismic environment.

Upon completion of the qualification level testing the specimen was sub-
jected to Fragility Level (Sine Dwell) Testing in each of four test
orientations. Fragility levels were established in each test orientation
as follows:

Fragility Level Frequency
Ori enta ti on (g) (Hz)

55/V (+) 3.6 45

55/V (-) 3.4 45

FB/V (-) 3.4 45

FB/V (+) 3.2* 45

Overvoltage relay malfunctioned approximately two (2) seconds*

into test. The main breaker could not be re-set and testing

was terminated.

ti m = crtsat o s
M C C,: e," * S 4. , up
Hva' 5. . i g & g*a p j,

9) i i ,( 837 4 11 A e s Cree ?.5i

L0) ciJ ru ein:5=3
.
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r,crcral Electric P. O. 205-XC393
F r. ? 2
Ceccmber 29, 1975

Tne Fragilit; Le.eis st:.Sn are the highest test le >ei attained at wnicn
no ralf unctions occurred.

Sincerely,

.. 7 , . - c' , , , e - ,i L 3--a ' ,u . L -O ,, ." sr

Huntsville Facility

N, 0 /''

( |7c m 1 % .c. ;d~ Ow&
,./(fHerscnelJ~rdan. fn.'n Ki ng (I's .#)_ , ,[ l'anager, Seisr.ic ProjectsContracts rdministrator

cc: fir Ken Rconey, M/C 728
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