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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-EP1-9-6 of February 23, 1979 with attachments, which
documents the results of an analysis pverformed 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 justitication for its
position, expressed in the above mentioned JNRC-~78-49, that no
modifications to the protection system power supplies are required
and _anat 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 recognize that the JAFNPP Reactor Protection System
Power Supplies can be safely coperated as presently installed with
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no medifications 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 bk2fore
me this «' day of June, 1979

» /

Notary Public

-ty M~ 9 -




.

A

GENERAL @ ELECTRIC INSTALLATION AND

SERVICE
ENGINEERING

GENERAL ELECTRIC COMEaNny 3532 JAMES STREEY PO BOX age DIVISION

SYRACUSE NEW YORK 13221 Phone (315) 458-7321

Febryary 23,1979

G-EP1-5-6

Me, J.D. Leonard, Jr.
Power Authority of the State of New Yo~k
P.0. Box 4}

Lycoming, New York 13093

SUBJECT: REACTOR PROTECTION SYSTEM POWER SUPPLY
PROTECTIVE CIRCUIT ANALYSIS

Dear Mr. Leonard:

This letter is to document the results of an analysis performed on a typical
Reactor Protection System (RPS) Motor-Tesneratnr Sat prata~tive circuit. A
Failure Modes and Effects Analysis (FMEA) was conducted to identify what
potential failure modes can have an adverse effect on RPS performance. A
test specimen was fabricated and tested to quantify the seismic performance
of equipment typical of that existing in operating plants.

For background, during the review of the Hatch 2 operating license application
in June, 1978, the NRC 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 undetectsble single component failures which
could adversely affect the operability of RPS; and

(2) there is a postulated sequence of component malfunctions, initiated

bv an earthguake, which could adversely affect the operability of the
RPS,

Hatch 1 and 2 were directed to implement a NPC approved, Class 1E system, capable
of de-energizing the 8PS power supplies when their output exceeds or falls below
limits within which the equipment, being powered from the power supplies, has
been designed and qualified to operate continuously and without degradation
Further, an exemption was granted to delay implementation of the eauipment intil
the next refueling outage of Hatch 1, and until the end of the first opera ing
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cyele for Hatch 2. Finally, Hatch 1 and 2 were directed to implement additional
surveillance requirements to monitor for potential sinale component failures
until installation of the aforementioned Class 1E system.

Letters were sent to other operating plants imposing identical surveillance
requirements and requesting an evaluation of their RFS power supply protective
Circuits in Jight of the Hatch 2 Safety Evaluation Report., General Electric
initiated 2 generic gua tification program to evaluate a typical RPS Motor-
Generator Set Pro.ect.ve Circuit.

The program was conducted in two phases using the circuit defined by Attach-
mert 13 (1) a Fai'ure Modes and Effects Analysis (FMEA), where hypothesized
single and common mode failures are analyzed and: (2) a seismic performance
evaluation test where a test specimen was tested under simylated seismic
conditions on a shaker table. The part numbers of the components used are

s follows:
Qescription GE Part Yumber
Over-Voltage Relay 3300A038091°¢
Under-Frequency Relay 3300A34A2284-0058
Circuit Breaker and J300AR4A00N5-118

Under Voltage Relay

The FMEA was a co bined effort between General Elactric's Nuclear Energy
Susiness Group Av. "lability Engineering Operation and the Small A... Motor
Products Departme :, which designed and manufactured the Mator-Generator Set,
The FMEA summary . .ncludes that the risk of an RPS failure with the present
design is surfici tly low and acceptable. The entire letter is included

as Attachment 2.

The seismic performance test was performed by Wyle Laboratories to General
Electric specifications (Attachment 3). The test summary concludes that
the specimen demonstrated sufficient inteqrity to withstand the prescribed
simulated seismic environment without compromise of structure or electrical
functions. The entire test summary is included as Attachment 4.

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

ery truly yours,

Sérvice nJaer-Nuclear
ERE/SLG/s)f

Attachments
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ATTACHMENT 2

-
-

Nuclear Energy Engingering Division

San Jose, California

February 1, 1979

Revision 1 A

S.L. Gummersall
M/C 888

Subject: EWA EAC93-4N, DRF C71-11
Reactor Protection System (RPS)

M/G Set Protective Circuit Failure

Mode and Effects Analysis (FMEA)

A. Introduction

XV ETLHDODO
Do XM <O, LT

. Bogisich
. Brandon
. Brugge

Allred

Fukushima

oo m
rrI>»r>»0 X

. Kilty

. Lane

. McCandless
. Miller

. Perkins
. Ross

. Siemer
. Smith

. Wilmer

Each of the two Motor/Generator (M/G) sets has its own prciective circuit.
The purrose of this protective circuit is to protect relays and components
of the RPS bus loads against a failure of the M/G set regulator to main-

tain its output within the specified tolerances.

An FMEA was conducted

to identifv what potential failure modes can have an adverse effect on
RPS performance. This FMEA is a qualitative reliability tool for investi-
gation of every possible outcome, regardless how improbabie 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 damsde the M/G set in such a way that the
resulting over/under voltage and underfrequency 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 combined probability of the above chain of events
that leads to an RPS failure is negligible, the risk of an RPS failure
with the present desio. is sufficiently low and acceptable.

- ———— - . ——
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Discussion

The attached FMEA is self-explanatory. It is divided into two parts:

2 single failure analysis and a common mode analysis (i.e., a seismic
event immediate effect). A possible failure mode for each item is listed
on the left side and the cause and the estimated probability for each
mocde is listed on the right side. Given that these single failures

have occurred, the plant safety and availability implications are alse
listed with estimated probability and seriousness rating. Although some
of the postulated single failures can disable the protective circuit,

it is unlikely that the protective circuit will fail during the =eactor
life. The circuit is in a protected environment and static cond:tion
during the M/G set operation, without any mechanical, electrical or
thermal stresses or frequent cycling. In fact, the protective circuit
breaker is rarely tripped. It is tripped only when the M/G set is
tripped, due to lack of off-site power or for an annual maintenance.
This Tight duty cycle i~ considerably smaller than what the circuit

s designec for. The -MEA also reveals that a seismic event may only
cause an inadvertent scram (failure in the safe direction). The
protective circuit has cvervoltage and underfrenuency relays. The
undervoltage trip protection is incorporated in the c¢i-zuit breaker
itself. The accuracy and repeatability of these relays is superior

to the undervoltage trip. However, when the M/G coasts down, the
circuit breaker trips due to underfrequency, since the regulator continues
to maintain the voltage level.

Even if the protective circuit function failes, it will not have any
effect unless the respective M/G voltage ana frequency regulator also
fails. Although to date the M/G set ha- .ot 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 ¢~ RPS components, the M/G has to con*inue
to run for a long time while providing over/under voltage or under-
frequency outside the specified limits. An M/G requlator 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 usmaging effect on
the RPS function. It is also unrealistic to consider a continuous
underfrequency condition because the M/G induction motor will probably
overheat, if forced to run at a low frequency. It will probably trip
on overcurrent or burn out long before any uamage to the RPS can be
postulated. But even if it is postulated that due to a severe earth-
quake, the regulator voltage setting can change, the Neutron Monitoring
System (NMS) will trip the reactor on appreciable undervoltage or
overvoltace conditions. An overvoltage will also probably burn out the
M/G indicator lights in the control room before caucing heat ¢mage to
RPS relays and ccils. In addition, a considerable voltage redu:tion
will cause the 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

o
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probability that the plant will npot be automatically or manually
scrammed after a severe earthguake 3nd before the Class 1E RPS
components are damaged. It is alsc unlikely that following a severe
earthauake, the RPS circuits and the M/G protective circuit will

not be checked, Therefore, the probability that tne above very
unlikely scenaric (of protective circuit functional) failure, M/G
failure and 70 ifmediate scram or checks) will occur before the
reactor has to scram upcn demand (due to a transient) is negligible
and the risk is sufiiciently low and acceptable.

W Verified by:
A, A. Stro R. A, Siemer, LSE D. L. Wilmer, LSE

Safety System Reliability Reactor Trip System Neutron Monitoring System
Availability Engineerinrg

MC 166, X56994 @g o ﬂ‘___///‘..&.—

Qualification Notes:

1. The protective circuit was designed by General Electric Small AC
Motor Department. Availability Engineering performed 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 appiies only to plants with an M/G set and a protective
circuit similar to the one described by General Electric drawing
3300815A58392, Rev. 3.

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

Attachment
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GENERAL &P ELECTRIC | 226600 gewe 2
NUCLEAR ENERGY DIVISION i .
agv. 0
1, SCOPE '
1.1 The purscse of this test specification is to define the test reguirements
necessary t0 guantify the seismic performance of the Reacter Protection System
(RPS) Motor-Generator (MG) set under and cver vol* age and under frequency

protective circuit components.

2. APPLICABLE DOCUMENTS

-

Genera) Electric Documents, The following documents form a part of this
pecification %0 the extent specified herein

-
&
5

2.1.1 Supoorting Documents

a. Test Mockup, RPS-MG Set Prutective Circuit 820€57¢6
b, Seismic Qualification Procedure for (lass IE Electrical
Equipment 224320
c. MG Set Qutline 3300C11A3272

2.2 (Coges and Stancards

a. Instityte of Electrical ang £lectronic Engineers (
Recommended Practices for Seismic Qualitication of
for Nuclear Power Generating Stations

3. REQUIREMENTS

3.1 The mockup test circuit (Reference 2.1.1.2) which includes the active compenents

that make up the RPS MG set over and under voltage and under freguency protective
circuit will be seismically exercised to evaluate the ability of the components to
function during adverse operating conditions.

3.2 The test mockup will be stimulated to the reguirementis listed below and the
acceleration response spectrum shown in Figure 1.

a. Freguency: 1 ¢0 33 Hz
b. Acceleration: ~0.2t079g

¢. Directions
(1) ODual Axis (Vert\cal and Horizontal)
(2) Dual Axis (Verti~al and Horizontal Retated 90°, 180°, and 270°.)

™~
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NUCLEAR ENZAGY DIVISION
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3.3 The input tc the test mockup will be adjusted to trip conditions for eacn

operating parameter and the output w "1 be monitored during each of the seismic
conditions,
1,4 After seismic vibration evaluation has beer complieted under the test conditions
sutlined in Paragraphs 3.2 and 3.3, and if no failure is encountered, 3 vibration
fragility test will then be performed to determine the maximum seismic conditions
uncer which the protective components of the RPS MG sat can function,

3.5 Special note should be made that the mockup housing is not similar to the
actual instrument enclosure on the MG set. The intent of this test is %0 evaluate
the circuit compenents located in 2 mounting orientation similar to their trye
positions, regardiess of the performance of the enclosure, Thig test will not

attempt to determine the natural freguency of individual compenents; however

’
attempt will be made tc determine any mockup resonances between 1 and 50 Hz to
stimulate worse zase operating conditicns during fragility tests.

4., TEST PROCEDURE

an

4.1 Test Setup

4.1.1 Mount the RPS MG Set Protective Circuit mockup on the seismic shaker t3bls

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

4.1.2 Connect the input of the mockup to test equipment that is capable of
providing under and cver voltage and under fregquency trip conditions.

a. Nominal Voltage s v
b. Nominal Fregquency 60 Hz
¢. Over Voltage 126.5 V
d. Uncer Voitage 103.5 V
e, Under Freguency 57 Hz

4.1,3 Connect the output of the mockup to an analog strip chart recorder that

-

also contains a time reference signal and accelercmeter signais from the shaker
table and mockup chassis.
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4.2 Proof Tests ;
4.2.1 Natural -'nquenhj Exploratory Tect, The nockup shall be sutjectecd 0 2

cantinuOus sinusoidal yibration over the frequency range of 1 to 33 Hz at ar
azceleration level of = 0.5 g in each one of the & (Reference Paragraoh 3.2.¢)
test axes. [f any resonances are detected, they s | be recorded. [f no
reasgnances are detected, increase the ‘reiJeﬂf_ to 50 Hz or until the first
resonance is detected, whichever comes first., Sw2ep rate shall be one octave
per minute.

4.2.2 Random Vibration Test

8.2.2.1 The mockup shall be seismically stimulated at rander frequency 2nd
“9" levels shown in the acceleration response spectrum ‘n Figure 1, and the
directional requirements listed in Paragrach 3.2.

-

2 Functional trips for over and under vo :2ge and under frequency shall
imylated at test increments,

4.2.2.3 The mockup output shall e recorded on :he analog strip chart recorder
for each test seguence, Data signals and test :rameters shall be appropriately
identified on the recording paper.

4,3 ‘ricilit, Test. The vibration fragility test wil)l be performed as a function
of €ri,uency by increasing the acceleration leve! at resonant freguencies detected
in Pa -agraph 4,2.1, if any, or at 33 Hz, until a nondestructive malfunction, such
as a faise trip or failure to respond %o a valid trip signal, is observed. The
over and under voltage and under frequency trips shall be exercised during the
test.

8. ACCEPTABILITY

§.1 OQuantification of the RPS MG Set protective components' operiational charac-
teristics in a seismic environment, regardless of their performance, provides
the basis of test acceptance.

6. TEST EQUIPMENT

6.1 All test equipment used in support of this test shall be in current calibration

that is traceable to National Byreau of Standaras.

207 4
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8 samorehensive test report shall be prepared. The following items are %0
luded uncer appropriate headings:

Description of the test setug, including the shaker table, electrical
stimulation, sensors, recording, and test equipment.

Test results, including recorder strip chart trace

m

Photographs of test setup and any components that encounter destructive
failure,

Any agditional informatian that the tester feels is pertine 1t to evaluaticn,
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VUYLE LARORATORIES
December 29, 1978

General Electric Company
178 Curtiner Avenue
San Jose, CA 95125

Attention: Mr. Ken Miller, M/C 238°
Subject: GE Purchase QOrder No. 205-XC383
Reference: 1. Wyle Laboratories Job No, 44.32

2. MWyle Laboratories Test Procedure 541/1157/0K
Gentlemen:

The under and over voltage and under frequency protective circuits, mounted
in a mockup test panel, were subjected to a simulated Seismic Test Program
ar required by the General Electric Purchase Order 205-X(C393 and Wyle
Laboratories' Seismic Test Procedure No. 541/1157/0DK, Revision A, This
test program was completed on December 28, 1978.

The Seismic Qualification Test Frogram consisted of randem multifrequency
testing in each of four test orientations. The specimen was instrumented
with zccelerometers, electrically powered, and menitored for functiona)
operation during the test program.

The specimen demonstrated sufficient integrity to withstand, without com-
promise of structure or electrical functions, the prescribed simulated
seismi¢ 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
Orientation () (Hz)
SS/V (+) 1.6 45
§S/V (=) 3.4 a5
FB/V (-) 3.4 as
FB/V (+) 3.2 45

d Overvoltagé'relay malfunctioned approximately two (2) seconds
into test., The main breaker could not be re-set and testing
was terminated.

EASTERN QPEBATIONS
TRC Goeernnes Trine eyt
Muntselie &latamy 10807

- -=13 B4d11 Area Code 25
Y L TWX 010726 2225
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General Electric P, 0. 205-XC393
Fage 2
Gecember 29, 1978

The Fragility Levels shown are the highest test level attained at which
no melfunctions occurred.

Sincerely,

WYLE LAEQRATORIES
Huntsville Facility

A

.0?«(’7’1 o / é{(
Dawn King (Ms.) é7L Herschel Jcrdan

Contracts Administrator Fana,er. Seismic Projects

cc: Mr. Xen Rooney, M/C 728




