
ATTACHMENT 2
DRF A00"0):i))-4
kcv'Lsion
(Junc 1987)

Nine Mile Point 2

Failure Modes and Effects Analysis

of Non-Class 1E Devices Connected to the

Reactor ProtecLion System Pourr Supply

May 1967

Prepared By:
J. Leahey, ~unior Engi.iieet
Regulatory Compliance Engineering

/ / (/ g6/1@~87

Approved By:

A. Xnslov, Manager
kegulatory Compliance Engineering

4-/4 "87
8. F)eischman, Acting Manager
E)ectrical Ec)uipment System Engineering

Genera] Electric Company - NEBO San Jose, California

S707ObOOM ~SODDeio'OSib

l PDR ADOCN D o PDR,
e

14"1694 » )



lb



CONTENTS

Introduction

Pase

Reactor protection System

I ~

1I.Ill.
CV.
V.
VC,
VII.

Diodes
Fuses
Scram Contactor Auxiliary Relays
Resistors
Va ris to rs
Junction Boxes
Ref«rcnces

4
5

13
14
15
l6
17

Nuclear Steam Supply Shutnf f System 19

I ~

rr.
III.
IV.
V.

Fuses
.T~mCrerature Controller and Associated Temperature Probe
Diodes
t'unctr'.on Boxes
Re ferences

19
22
23
23
24

4, Leak Detection System 25

I ~

!l.
III.
IV.
V.
VI.

Fuses
junction Boxes
Meter
Temperature Monitor
Recorders
Re ferences

25
29
29
30
3l
3l

Neutron Monitoring System

II.
III
[V.
V.
VI.
VCC. Alarm Level Recorder Switch
VlII. I foal/APRM Recorder
IX. Frrsr s

Rcferenccs

APRM Bypass Switches
Recirculation Flow Bypass Switches
RDH Bypass Swit«h
Recirculation Flow Recorder
LPfQl Level Heter
IKf/APRM Selector Switch

32
33
33
34
35
36
36
37
3I
38

6. Proces Ra<liation Monitoring System

Frrses .
Refererrces

39
39

Prrrrc 1 alourlted Passive Devices 40

14-1694



C k J'g



1. INTRODUCTION

This report provides a documented evaluation for all applications, in the
General Electric design scope, of non-Class lE devices in circuits powered by
the RPS power supply.

All of these industrial or commercial grade devices were selected by the
designer for the application and for the functional performance requirements.
They represent an optimum selection by the designer, and where dictated by
later system requirements, similar devices have been used under nuclear safety-
-related specifications. Similar components were installed on panels that
were seismically tested and did not adversely affect th'e power supply and
the safety-related function. These components, unless specifically noted in
the FMEA, are located on panels in a controlled environment which is usually
much less severe than the maximum rated operating temperature of these devices.
These devices are identical to the 'devices of the same equipment part number used
in various BWR 4's, 5's and 6's that have been operating over the past 15
years. GE is not aware of any failure attributable to these devices and their
connection to the power source of Class 1E equipment. Subsequent to the NMP2

applications, many of these components have been qualified for similar Class
lE application.

The non-Class 1E devices analyzed in this report have been identified by a
study of Elementary Diagrams and Elementary Diagram Device Lists for all NSSS

systems containing components energized by the RPS power supply. These
systems are the Reactor Protection System, the Nuclear Steam Supply Shutoff
System, the Neutron Monitoring System, the Leak Detection System, and the
Process Radiation Monitoring System. These systems are considered to be fail
safe; that is, they perform their safety function on loss of power.

This Failure Modes and Effects Analysis (FMEA) evaluates the worst case
failures of these devices.

The evaluations provide documentation of the fact that the use of these com-
ponents in these systems does not affect plant safety. These devices will
perform all required safety functions under all design basis events.
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2. REACTOR PROTECTION SYSTEM

T)re following r>r>'rr-Class lE devices are used in Class 1E HPS circuits. Analysis
nf r>rrvpr r>l>i)it y nf r 1». aI>1>lirar inr> is»s fnllows:

I. DIODES

Identificat,ion

C72A-CRl(A-D)
C72A-CR2(A"D)

PPD (Purcl>ased Part Drawing)

137C6234P004

These devices»re ger>eral purpose ilicon diodes, synbol 1N4004,
subject. to burn in per NIL-STD 750> Mettrod 1038, and subsequent.
electrica] measurements. The diode is a 2.5 amp rated, axial-leaded
general purpose rectifier, with dual heatsink construction; the
silicon pellet PN junction is enclosed in solid glass; no organic
materials are present within the hermetically sealed diode.

Subsequent to this NMP2 application, simi.lar diodes have been dedi-
cated for similar Class 1E applications under GE designation
DA317A7898P001.

B. Function

Devices are used in the output of trip units to prevent feedback or
interference between trip units. These ci.rcuits provide input tr>
annunciate t1>at a tril> uni t has fai.led upscale/downscale or is in
ca libra tion.

C. Failure Mode

Potential Fault Paths - All potential fault paths from supply
vvltage tv cvrrunon/ground (which include these divdes) have been
evr>] ua ted.

4 ~ Prep orational Tert - The electronic industry recognizes a one
week burn-in as adequate to detect. and eliminate infant mortal-
ity, The de.vi«es containing electronic components rrre energized
for several months during preoperational testing and startup,
thereby ider>ti fying arrd correcting failures due t.o infant
mortality.

3. Mechanical Stresses - Identical diodes were instal led >md
r nr rgb z> ri nn panr 1 s rhat were rr irmirrrlly tesrrrl anrl dirl not
adversely affect the power supply (ref, 13).

4, Er>vironmental Stresses - These diodes are located in a mild
environmerrt which is rauch less severe than the maximum operating
temperature of these diodes (212'F).

14-1694 - 4
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5. Open circuit would prevent annunciation of "trip unit in cali-
bration or gross Eailrrre.". The failure would be dete<:te<l <I<<ring
surveillarrce testing.

6. Short circuit would provide erroneous arinunciation. Failure
would be detected drrring surveillance testing, or when trouble
shooting false annunciation caused by a "grfiss Fai1rrre«ev<.nt.

Conclusion

Loss of annrrnciation does not impair any safety f»rrction. In addi-
tion, the diode fail»r<. has no adverse effect upon the 24 Vdc power
supply; This is because the diodes are between the power supply and
the load so that no open or short conditioils could increase the loa<l
current from the. power supply beyond the maximum value that could
exist without component failure. The devices have no failure mech-
anism that. could aversely affect, the power supply or the system
safety function.

These devices are located in. a mild environment (main corrtrol room)
and have been used for many years in similar applications in other
BMR nuclear plants.

II . F1jSFS

II.A Iri"es 6'.sorel

Device Dose~@i tion

tlost of the fuses are identified by PPD Vo. 145C3039 an<i are Bussman
type llIN with blown fuse indicators. Blown fuse indicator can be
seen through window of the Bussman type HPC-C fusehol<ler. Subset«crit
to tire NMP2 application, the 14503039 fuses have been <le<licated for
similar Class 1E application under GF. designation DA317A6159.

2. Device Firnction

The fuse provides c«rrent" limiting circuit protection by decorq)l.iilg
the power.'ource from the load under fault conditions in ttie circuit.

3..los tl flee'-loo of Device ~Alice tion

Fuses have a fusible link which will limit curr.'ent irr the everit
of a short irr the protected circuitry. The f«se is irr»irlzted
f ron< the panel by the Bussmann type HPC-C fir»eholder. The
f<rsehoi<ler is phenolic and has a dielectric withstari<ling voltage
rating of 1,800 volts. The fuse is <lesigncd to open circuit
upon failure and will not affect the bus. Short circuit i'iot
a credible failuro of the E«se.

tfechariical stresses. Identical fuses and Eus<;tiolders wer<

installed nn panels that were seismi«~lly tested per IEKR
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344-1975 and did not adversely affect the power supply (Refer-
ences 3p 4 G 5)'nd the safety-related funct.inn.

Environmental stresses.. These fuses are located on panels in a
cont. rolled environment which is usually much less severe than
the maximum rated operating temperatUre of these fuses (185~F).

This device i s identical to the device
part number used in various BWR 4's, 5's
operating over the past 15 years. GE
failure attributable tn this device and
power source or Class 1E equipment.

of the same equipment
and 6's that have been
is not aware of any
its connection to the

4. Failures Modes

0~en Fuses. See discussion for each individual application.

h"
so, all circuits are protected by other upstream fuses,
breakers, or both. Between the VPS's and the subject fuses,
there are the Electrical Protection Assemblies (EPA), circuit
breakers in primary distribution panels 2VBS"PNl,h100 (or B100),
and fuses in secondary distribution panels 2VBS PNLA103 (or
B103), A104 (or B104), A105 (or B105), A106 (or B106), and A110
(or 8110). These fuses vary in rating from 15A to 30A depending
on application (Ref. 6 and 7).

If any of the subject fuses failed to open when expected tn do
so, there wn»1d be no effect on other circuits on the same bus
until the voltage of the bus became degraded below the operating
limits of the components connected to the affected bus. How-
ever, before the bus became degraded to this condition the
Class 1E EPA would disconnect the bus and prevent damage to the
other bus components. This is also true for failure of a fuse
or breaker in a primary or secondary distribution panel.

5. Conclus ion

The devices have no failure mechanism that cou}d adversely affect the
power supply or the system safety function. These devices are located
in a mild environment (main control room) and have been used for many
years in similar applications in other BWR nuclear plants.

II.B Fuses

1. Identi Fi cation PPD

C72A-F32, F35, F37, F39 145C3039P004

Subsequent to
dedicated for
DA317A6159P007.

the NMP2 application, fuse 145C3039P004 has been
other Class 1E applications under GE designation

14-1694 - 6
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Function

Fuses are used in circuits providing power to isoIator input car<is.
The isoIators are used to provide isolation between divisional input
signals and non-divisional output signals tn the annunciator and
computer.

Failure Mode

Open ci rcui t
si.gnals from
detected by
alarmed.

would deenergize the isolator input cards and prcvcnt
being sent to the annunciator and/or computer. Failure
the "card out. of file or power loss" annunciator being

4. Conclusion

The devices have no failure mechanism that could adversely affect. the
power supply or the system safety function. These devices are
located in a mild environment (main cont.rol room) and have bccn use<)
for many years in similar applications in other BNR nuclear, plants.

II.C Fuses

1. Identification PPD

C72h-F40(A"D} 14SC3039P004

Ru)isequent to the NHP2 application, fuse 145C3039P004 has been
dedicated for other Class IF. applications under GE designation
DA317A61S9P007.

2. Function

Fuses are used in circuits providing power to status lights for "trip
unit in calibration or gross failure" and "system out of service".

3. Failure Mode

Open circuit would result in loss of the status liphts. Fai Urc
detected during surveillance testing.

4, Conclus ion

The devices have no failure mechanism that. could adversely affect the
power supply or the system safety function, These devices are
located in a mild environment (main control room} an<) have been used
for man> years in similar applications in other BUR nuclear plants.

14-1694 - 7
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II.D Fuses

Identification

e72A-F20 145C3039P004

Subsequent to the NMP2 application, fuse T45C3039P004 has been .
dedicated for other Class lE applications under CE designation
DA317A6159P007.

F»nction

Fuse is used in circuit providing power to the scram discharge volume
isolation valve position indicator lights.

3. Failure Mode

Open circuit would result in loss of the val ve open/close lights.
Fail»re detected by all four lights in this circuit. being exting"
ui shed.

4. Conclusion

The devices have no failure mechanism that could adversely affect the
power supply or the system safety function. These devices are
located in a mild envi.ronment (main control roam) and have been used
for many years in similar applications in other BWR nuclear plants.

II.E Fu"es

Identification

C72A-F27(A"D)

ppD

145C3039P004

Subsequent to the NMP2 application, fuse 145C3039P004 has been
dedicated for other Class 1F, applications under GE designation
DA317A6159P007.

2. Function

Fuses are used in circ»its providing power to status lights which
indicate when the scram'trip logic circuits are energized.

Failure Mode

Open circuit would result in loss of the status light. Fai]ure
dctccted by the light being extinguished during non-trip conditions.

Conni ceo ion

The devices have no failure mechanism that could adrersely affect the
power supply or the system safety function. These devices are
located in a mild environment (main control room) and have been used
for many years, in similar applications in other B4R nuclear plants.

14-1694-
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II.F Fuses

1. Identification PPD

C72A-F82 through F89 145C3039P004

These fuses are analyzed in the discussion for the leak detection
system.

II.G Fuses

1. Identification PPD

C72A-Fl(A"D), -F2(A"D))
-F3(ACEG), -F3(RnFH),
-F3(JI,NR) ) -F3(QUIPS),
-F7(A-n), -FA(A"D)
-F}0(ACEG) - F10(BDFH),
"F11(A-D), -F12(ACEG),
-F12(BDFH), -F13(A-D))
-F14(ACEG), -F14(BDFH),
-F14(JINR), -F14(KMPS))
-F15(A-D), -F17(AB),
-F4(A-D)

C72A-F18(A-H)

C72A-F30, -F31, -F33, -F36,
-F38, "F41) "F42) -F43
-F71(AB)

145C3039P004

145C3039P007

176A1619P032

145C3039P005
1)

145C3039P004

Su)lee(iuellt to the NHP2 application, fuses 145C3039P004, P005, and
P007 have been dedicated for similar. Class 1E applications und)'r GF.
designat.ion DA317A6159P007, P010, and P013. Fuse 176A1619P032
(Russman type FNN) has been dedicated for similar Class 1E applica-
tions under DA317A6159P012.

2. Funct ion

These fuses are used in circuits which provide power to devices
(relays, solenoid valves, etc.) which are used to scram the reactor.
These circuits are fail-safe; that is, they deenergizc to perform the
intcndcd function.

3. Failure Node

Open circuit would deenergize the associated device, thus performing
the intended function. Failure would be detected 1>y annunciation,
status light, and/or by surveillance tests.

4. Conclusion

Because of the fail-safe design of the circuits, fuse failure causes
thn desired safety action in the same manner that loss of t.t)e power

14-1694 - 9
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source causes the desired safety action. The devices have no failure
mechanism that. cn»lcl adversely affect the power siipply or the system
safety function. Thyrse devices are located in a mi ld environment.
(main control room) and have been used for many years in similar
applications in other BWR nuclear plants.

IT.H Fuses

1. ldentificat.ion PPD

C72A-F51(A"D) 145C3039P004

Subsequent to the NMP2 application, fuse 145C3039P004 has been
dedicat.ed for other Class 1E applications under GE designati.on
DA317A6159P007.

2. 1'unction

Fuses are used in circuits providing power to relays which energize
to monitor MSIV acid feedwater containment isolation va1vns off normal.
status in relation to the position of the reactor mode switch.

3. Failure Mode

Open circuit would prevent relays from energizing when mode switch
contact is closed. RPS Ch Al mode switch contact is closed in run
mode. RPS Ch 81 mode s~itch contact is closed in hot standby ode

PR S Ch A2 mode swit.ch is closed 'n refuel mode. RPS Ch 82 mode
switch is closed in shutdown mode. Failure of f»se(s) could prevent
off normal status lights for MSIVs and feedwater containment isola-
tion valves depending on RPS channel affected and mode switch posi-
tion status.

4. Conclusion

The devices have no failure mechanism that could adversely affect the
power suppl'y or the system safety function, These devices are
located in a mild environment. (main control room) and have been used
for many years in similar applications in other RWR nuclear plants.

II.I Fuses

Identification

C72A-F28(A-D), -F29(A-D)

PPD

145C3039P004

Subsequent to the NMP2 application, fuse 145C3039P004 has been
dedicated for other Class lE applications under GF, designation
DA317A6159P007.

14"1694 — 10
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2. Funct n

Fuses are'. used in circuits providing power to relays which momentar-
ily, energize .to reset the scram trip logic circuits upon ma»ual
initiation oi the reset switches.

3. Failure Node

A. Open circuit of F28 would prevent the associated trip logic from
being reset, Failure i,s detected by inability to reset the trip
logic.

B. Ope» circuit of F29 would prevent the associated trip logic irom
being reset following a full scram until both trip logics of the
redundant trip system have been reset. For example, if Fuse
F29A fails, trip logic Al cannot be reset until both trip logi.cs
B] and B2 have been reset. Failure is not detectable unless t.he
trip logic associated with the failed fuse happens to be the
first attempted reset.

4. Conclusion

The devices have no failure mechanism that could adversely affect the
power supp] y or the system safety function. These devices are
located in a mild environment (main control room) and have been used
for many years in similar applications in other BNR n»clear plants.

II.J Fuses

1. IderIti fi cation PPD

C72A-F70(A"D) 145C3039P004

Subsequent to the NMP2 application, fuse 145C3039P004 has heen
dedicated for other Class IK applications under 0E desig»ation
DA317A6159P007.

2. Funct;ion

Fuses are used in circuits providing power to relays which energize
when full scram has occurred. These relays operate in the scram
reset circuits which provide a 10-second time delay prior to allowing
a manua] RPS logic reset.

3, Failure Node

Open circuit would inhibit the 10-second time delay i» the associated
reset circuit. 'Failure is not detectable.

4 Conclusion

Even though the trip logic associated with the failed fuse could
potentially be reset without time delay, the scram function itself
cou]d »oL be reset without the 10-second delay. This is because the

14"1694 - ll
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companion trip logic within the same trip system must also be reset.
That is, boy.h trip logics Al and A2 or Bl and 82 must be reset before
the scram function is considered as reset. Reset cannot take place
until the scram initiating event has been cleared ~ and the scranch

discharge volume drained. In addition, the reset switches are
Key]ock and the keys are maintained under procedural contro]. The
devices have no failure mechanism that could adversely affect the
power supply or the system safety function. These devices are
located in a mild environment (main control room) and have been used
for. many years in similar. applications in other BUR nuclear plants.

I1.1: Fuses

l. 1dcnt.ification PPD

C72A-F)6.(A-D) )45C3039P004

Subsequent to the HHP2 application, fuse 145C3039P004 has been
dedicated ior other Class lE applications under GE designation
DA3]7A6159P007

2. 1'unction

Fuses are used in circuits providing power Lo relays which encrgi~e
when the reactor mode switch is in shutdown position. The relays
actuate to provide a time de]ay bypass of the mode switch shutdown
trip.

3. lai)ure Mode

Open 'ircuit would inhibit the bypass. The scram trip logic
associated with the failed fuse could not be reset with the mode
switch in shutdown position. Failure is detectab)e by inability to
reset the associated t.rip logic,

4. Conclusion

The devices have no failure mechanism that, could adversely affect the
power supply or the system safety function. These devices are
located in a mild environment (main contro] room) and have been used
for many years in similar applications in other BUR nuclear plants.

14")694 - 12
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~ ill. SCRM1 CON'. OR ALW.ILIARY CONTACTS

IdenL i fico tion PED

C72A-KI4(ABCDEFGH.EE.MNPRS)-1
C721"K14(ABCOt;1:GHJEMPRS)-2

209A6130P002
209A6130P001

Subsequent to this NMP2 appl.ication, these auxiliary conLact.s (CR105K
prod«ct line) hove been dedica1.ed for similar Class IE applications
under GE de»ignation DA23987208POOI.

B. Fu«ct iv«

T»e auxiliary co«Lacls oie used ss follows:

Provide contact closure to Engineering Test I«foram<.ion System
(ETIS),

Provide contact closure to a««u«ciator circuits.

3 ~ Provide contact opening to status lights which indicate when thc
Lrip logic is deenergized.

4. Provide contact closure to relays X?0(A-D). This is i«dicativc
of a full scram.

I:ailure Mode

For functions 1, 2 and 3, a contact. which fails to close or open
upon »decnergization of the scram contactor would prevent. signals
from being transmitted to FTLS and annuncia1.or and thc stahu»
light would give improper. indication. Failure wouId be detect-
able duri«g surveillance test.

2. For functions 1, 2 and 3, a contact which fails to open or close
upon energizotior) of the scram contactor wouId provide ioIse
inputs to ETIS and annunciator and status light. Fai]ure would
be detectable during surveillance tests.

3. 'For function 4, relay K70 energizes upo« full scram to initiate
the 10-second time delay before the trip Iogic can be re»eL.
Failure of a single auxiliary contact to close would have no
effect upon achieving the desired function since relay K?0 is
energized by auxi1iary contacts from four separate co«t.act.ors.
Thc ouxi]iary contacts are arranged in a one-out-of-two-t.ake«"
twice logic with an input from each ol the four, trip logic».
For example, relay K70A is energized by closure of auxiliary
contacts from K14A or K14E and K14J or K14N. K14A is cont. rolled
by> trip logic Al, K]4E from trip logic A2, K14J from trip logic
Bl and K14N from t.rip logic B2. The failure is not detectable.

14-1694 - 13
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D. Conclt sion 0
Functions 1, 2 and 3 are non-safety-related functions. Function 4

requires multiple failures to prevent the intended function. .Reset
cannot take place until the scram initiating event has been cleared
and t.he scram di scharge volume drained. Addi tional con«lusio»»
presented in IIaJ for Fuse F70 also applies to function 4 since FZO .

is in the same circuit as relay K70. The devices have no failure
mechanism that could adversely affect the povcr supply or the system
safet.y function. These devices are l.ocated in a mi.ld enviro»ment
(main control room) and have been used for many years in similar
applications in other BVR nuclear plants.

IV. RESISTORS

A. Resisto'rs Osneral

DesC~rl tioll

Generically, resistors are a HII.-type wi re wound resistor
Resist.ors are used as voltage dropping and voltage limit.ing
passive devices.

Just.ification for. Device A lication

Excessive current demand by "these resistors is not deemed
credible because:

Potential Fault Paths " All potential fault pains from
supply voltage to cannon/ground are evaluated. Resistors
provide current limiting for series component.s and carh,
through experience, shows a low probability of Cailing in a

mode that. would draw excessive current„ The epoxy en«ap-
sulated fixed resistors generally have a die]ectric with-
standing voltage of 1,000.volts rms minimum.

~prso erational Test - The elect ronic industry iecogniass a

one week burn-in as adequate to detect and eliminate infant."
mortality. The devices containing e]ectronic compo»i, ~ t.s
are energized for. several months during preoperational
testing and startup, thereby identifying and correct.ing
failures due to infant mort.ality,

Mechanical Stresses - Identical resistors werc installed
and energized on panels that were seismically tested and
did not adversely affect. the power supply (ref. 8 and 9).

Environmental Stresses - Resistors are located in a mild
environment which is much less severe than the genera)
maximum rated operating temperature.

14-]694 - 14
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PPD

C72A-R1(EGNR)
C72A-Rl(FHPS)

137C6423P001

Subsequent to this NMP2 application, this resistor. has heen dcdi cat.ed
for similar Class lE app1 icat.ions under GE designation DA213A9103.

C. Fu»ctinn

Resistors (nominal value 1750 ohms) arc used in series with sera»i
group indicating lights and prevent. hot shorts which may occur in the
indicating liglil. circuit from propagating back into the scram pi]ot
soleiloid cxrcuits.

D. Failure Mode

1. A shorted resistor would allow a hot short to propagate back
into the solenoid circuit. It would have to fail to a value
less than 650 ohms in order for a hot short. on the ]amp wire to
keep one solenoid energized, and to a value of less thaii 14.5
ohms in order to keep all solenoids in one rod group e»ergizcd.
Failure is detected by the associated light either being
(1) il'luminated brighter than the other lights, or (2) buri>cd
out by the overvoltage condition,

2. Open resistor would have no effect on the intended funclioil,
Failure detected by the indicating lamp being extinguished.

F. Conclusion

Failure of thc resistor is immediately detectable. lu addition, thc
resistor would have to fail at the same time as a failure of the.
wiring in order to produce a hot short. And tliis is st|11 riot, a
problem unless i t all occurs at the same instant that a scram is
required. Since the wiring is Class 1E and qualified, application of
the single failure criterion would limit "any potential impact to a
single short affecting a single rod group which does not prevent a
safe shut. down of the plant. The devices have no failure mechanism
tliat could adversely affect the power supply or the system safety
funct.ion.

VARTSTORS

A. Identification PPD

C72A-H3(A"H),
-R12(A"jj)
-R14(A-H)
-R19(A"D)

-R7 (A"D)
P 228B2023G001

22882023G001
228B2131G001
228B2171G001

Subseque»t to this NMP2 applicatio», these varistors have bee»
dedicated for similar Class lE applications under GE designation
DA317A78i3.

14-1694 - 15
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Function

Varistors are used in parallel with various relay coils to reduce
voltage spikes when relays are deenergized. The relays involved are
in fail-safe circuits which deenergize to perform their intended
functiou.

C. Failure Hode

l. Open circuit of a varistor would not prevent the associated
relay from performing the intended function. Without the
varistor, noise could be introduced into low level NHS signal
cabling. This may cause scram si.gnals to bc generated by the
NNS. However, the noise would be the result of the associated
relay bei.ng deenergized indicating a scram signal was already
present. The failure is not detectable except by possible
increased noise in the R1S.

2, Short. circuit would result in zero voltage acxoss the associated
relay coil causing the relay to deenergize thus performing the
intended function. Since the varistors are in fail-safe ci r-
cuits connected to non-lE RPS power source, degradation or loss
of the power source is in the safe direction. In addition, any
partial degradation of the powex'ource would be detected by the
Class lE Electrical Protection Assemblies (EPA) which would
disconnect the power source.

D. Conclusion

A varistor failure either has no effect or creates a trip of the
scram. circuit which is a failure in the safe direction. There are no
failure mechanisms inherent to these varistors that could adversely
affect the power supply or the system safety function.'hese devices
are located in a mild environment (main contxol roam) and have been
used fox many years in similar applications in other BWR nuclear
pIants.

VI. JUNCTION BOXES

A. Identification

C72A-JB101 through -JB104,
JBZOl ) JB301 ~

JB401
"JB402

235A1543AAG001

The junction box identified by PPD No. 235A1543AA consists of an
enclosure (pull box) made by Hoffman (ASE 6x6x4) and GE terminal
board assemblies (Type CR151). The pull box is identified by GE PPD

No. 235A1322P002 and GE terminal board assemblies are identified by
GE PPD No. 175A9132. The enclosure bnxs s are made of steel. Term-
inal boards are phenolic with screw terminals.

14-1694 - 16
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C. Func n

The junct.ion box is used as an interconne«tiou point that provides
electrical separation of adjacent. connections on the terminal board
which is insulated from the junction box enclosure.

D. 'ailurc Mode

None Anticipated.

The junction box is a passive device t.hei. contains a CR151
terminal board assembly and is grounded. The t,erminal boards
are enclosed in the steel pull box which protects them against

~ external]y induced shorts. They are specifica]]y designed to
provide electrical separation of adjacent connections and to be
insulated from the junction box enclosure. The terminal boards
are made of phenolic, wit.h a dielect.ric strength greater than
],500 Vac rms (Reference 10), Both the junction box and the
termina] boards are U.L. listed.

mimi]a r junction boxes (234A1533AA) with termi na 1 s t.rip s were
installed on panels that were seismically tested per IEEE
344-1975 t,o greater than ]5g and did not adversely affect the
power supply (Heference 11).

~ Junction boxes are located in areas where the ambient environ-
ment is less severe than t.he maximum operal.ing temperature of
these devices - 250-300'F (Reference 12).

This device has been used as an int.erface between field cables
and PGCC cables since its concept.ion in 1972. It has been used
'for this purpose in various BUR 4's, 5's, and 6's that have been
opcrat.ing or had power applied over the past. 10 years. GE is
not. aware of any failure attributable to this device.

E. Conclusion

It is concluded from the above that since the junction box is a
passive device and since it possesses no inherent, fai,lure mechanism,
it. will not jeopardize the power source or any system safety func-
tion. These devices are located in a mild environment (main cont:rol
room) and have been used for many years in similar applications in
ot.her BWR nuclear p]ant.s.

VII. RF1'ERENCES
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RPS F]ementary Diagram 807E]66TY, Rev. 24
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4. GE Design Record File DRF AOO-1084 (Local Panels)





5. GE Design Record Fi1e DRF H13-61

6. S'4'EC Dwg. 12177-EE-M010-6, Rev. 6 "Plant Master One-Line Diagram, Normal
600 Vac and 120 Vac".

7.'PEC Dwg. 12177-EE-11K"4, Rev. 4 "120 Vac Miring Diagram, Distribution
Panels".

8. General Electric Design Record I'ile DRF AOO-1138

9. General Electric Design, Record File DRP AOO-1084

10. GE, General Purpose Contr'ol Department, Hloomingt.on, Illinois (309)
662-4311 - Rich Mote (Engineering).

11. GE Design Record File DRF AOO-794-5

12. Mechanical Engineers Handbook (copyright 1958)

13. General Electric Design Record File DRF AOO-1138
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3. NUCIZAR STEAH SUPPLY SHUTOFF SYSTEH

The following non-1E devices sre used in Class 1E circuits connected to the RPS
power supply. Analysis of the acceptabilit.y of this app]ication fol]ows:

I.A FUSES~ GENERAL

Refer t.o Section 2, II-A.

J.B FUSES

A. IdenLifica t ion

B22H-F021A)B; ]45C3039P004

Subsequent to the NHP2 app]ication, fuse 145C3039P004 has been
dcdicat.ed for other Class 1E applications under GE designation
DA3'l7A6159P007.

B. Function

Fuses are used in circuits providing power to status Iights "Hain
St.ca»i Line Drain Logic Test", "Isolation Logic Test", "Reactor Water
Sample Va]ve Logic Test.", and "Water Level Logic Test."

C. Failure Hode

Open circuit. would result Jn loss of stat:us light.s. Lights would not
illuminate when in test. Failure detected when logic is being
t.es t.e J.

D. Conclusion

The devices have no failure mechanism that could adverse')y affect the
power supply or the system safety function. These devices are
located in a mild environment (main cont.rol room) and have been used
for many years in similar applicat.iona in'ther BWR nuclear plant.s.

?.C FUSES

A. Idcntificat.ion PE'D

$ 22H-F078A)B) 145C3039P004

Subscquenl. to the NHP2 application, fuse 145C3039P004 hss bee»
dedicat.ed for other Class 1E applications under GE designation
DA317A6]59P007.

B. Function

Fuses are used in circuits providing power to status lights "Trip
Unit. in Calibration or Gross Failure."

14-1694 - 1



A

C

qV

'dg

I%



C. Failure Node

Open circuit wou]d result in 1oss of status lights. Failure detected
during surveillance testing.

D. Conc)usion

The devices have no failure mechanism that could adversely affect thc
power supp)y or the system safety function. These devices are
located in a mi ld environment (main cont.rol room) and have been u»ed
for many years in similar applications in other BWR nuclear plants.

1.D FUSES

Identificat'ion PPD

B22H-1'008A)B) 145C3039P004

Subsequent to the NNP2 application, fuse 145C3039P004 haa been
dedicated for other Class 1E applications under GE designation
DA317A6159P007.

I'unction

Fuses are used in circuits providing power to relays which momentar-
ily energize to reset, isolation trip logic circuits upon manual
initiation of the reset switches.

C. 1ailure Mode

Open circuit would prevent the associated trip logic from being
reset.. Fai]ure is detected by inability to reset t.he trip logic.

D. Conclusion

The devices have no failure mechanism thai. could adverseIy affect thc
power suppjy or the system safety function. These devices are
located in a mild environment. (main control room) and have been used
for many year» in similar applications in other BWR nuclear plai>t.s.

I.E FUSES

A. Identification PPD

822ll-1:059 ) 145C3039F004

Subsequent to the NHP2 application, fuse 145C3039P004 has been
dedicated for. other Class 1E applications under GE designation
DA317A6159P007.

Function

Fuse is used i.n a circuit providing power to a temperature contro]ler
that provides the high temperature trip when the temperature at the

14-1694 20
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ti)be side out] et oi the RWCU non-regenerative heat exchanger exceed
a predetermined temperature,

C. FaiLure Node

Ope>) circuit would result. in loss of power to the temperature can-
troller. Thc RWCU outboard isolation valve would close. Failure
detected during surveillance tests.

D. Conclusions

The high temperature trip when the temperature at the tube side
outlet of the non-regenerative heat exchanger exceeds the setpoint is

non-safety function. The purpose oi the trip is to protect t.he
filter-deminera)izer resins from excess temperature, The devices
have nb failure mechanism that could adversely affect the power
supply or. the system safety function. These devices are located in a

mild environment (main control room) and have been used for many
years in similar applications in other BWR nuclear plants.

1.F 1'USES

A. identification PPD

822)I F002A>B)C>Dj F003A>B>C)D
F006A,B,C,D; F011A,B)C,D)
F017, F018, F023A,B)
F028A)B; F030A,B;
F060A>B>C>D; F064A)B)C>D>
F076A ) 8

> F096A)B)C >D j
F097A,B,C,D; F098C,D;

145C3039P004

Subse<)uent to the NMP2 application, fuse )45C3039P004 has been
dedicated for other Class 1E applications under GE designation
DA317A6'J59P007.

B. Function

Fuses are used when circuits which provide power to devices (relays,
solenoid valves, etc.) which are used to isolate the reactor vessel
and ot)>er various systems. These ci.rcuits,are fail-safe; i.e., they
deenergize to perform the intended function.

C. Failure Mode

Open circuit wouid deenergize the associated device, thus performing
the intended function. Failure would be detected by annunciation
and/or by survei11ance tests.

D. Conr>u"ion

Because ot fail-safe design of Lhe circuits, fuse faiLure eausoc the
desired safety action in the same manner that loss of the non-1E
power source causes the desired safet.y action. The devices have no

]4-1694 " 21
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failure mechanism that could adversely affect the power supply or the
system safety function. These devices are located in a mild environ-
ment (main control room) and have been used for many years in similar
applications in other BWR nuclear plants.

II. TEMPERATURE CONTROI.LEk AND ASSOCIATED TEHPERATURE PROBE

A. Identification

G33"N007 (Thermistor probe)
G33-N008 (Temperature controller)

136B3207P001
136B2186P001

This. is a Weed thermistor probe and a 1'enwal controller. A similar
cont. roller has been seismically qualified for similar appl i «at.iona,
(kei'. 6). The probe is installed in RWCU piping and is a pressure
int.egri.t.y instrument, Class C.

Function

The Lemperature controller provides a high temperature trip when the
temperature at. the tube side outlet of t,he RWCU non-regenerative heaL
exchanger exceeds a predetermined temperature. The purpose of this
trip is t;o protect, the filter-demineralizer resins from excess
temperature.

C. Failure Hodc

A failure of Lhis device which would result.'n ex«essive current
demand would cause fuse B22H-F059 to open causing the RWCU outboard
isolation va]ve to close. Failure det.ect.ed by status lights on
cont. roller and/or surveillance testi.ng.

2. A failure of this device which ~ould cause a premature high
temperature trip would cause the RWCU isolat.ion valve to close.
Failure detected during surveillance testing.

3. A failure of this device Lo trip on high temperature would
expose the filter demineralizer resins to a higher temperature
than desired. Failure detected during survei?lance testing.

D. Conclusion

The high temperature trip is a non-safety funcLion. Exposing filter
demineralizer resins to high t.emperature is not a saf et.y con«eru,
Closure of the RWCU outboard isolat.ion valve is the desired action if
a safety trip to the valve is initiated. This action would also
result by loss of the power source. The devices have no failure
mechanism that. could adversely affect the power supply or the system
safety function. The temperature controller is locat.ed in a mild
environment, Both devices have been used for many years for similar
appli.cations in many BWR nuclear plant.s.
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A. Identi ficatinn PPD

822)t-CR1A,B)C)D) 137C6234P004

Subsequent to this %1P2 application, similar diodes have been dedi-
cat.ed for similar Class 1E applicat.ions under DA 317A7898P001. See
also Section 2.I for diodes used in the RPS.

D. Function

Devi«es are used i.n the out.put. of t.rip unit.s in relay circuits which
provide input to annunciate that a trip unit has failed upscale/
downscale or is in calibration.

I

Fa ilure >lode

l. Open circuit would prevent annunciation of "trip unit in cali-
brat.ion or gross failure". The failure would be detected during
surveillance testing.

2. Short, circuit would provide erroneous annunciation. Failure
would be detected during surveillance testing or erroneous alarm
trouble shooting,

D. Conc] usion

Annunciation is a non-safety-related function. In addition, the
diode failure has no adverse effect upon the 24 Vdc power supply
because the diodes are in series with t.he power supply and the load
so that. no open or short could increase the load current from the
power supply beyond the maximum value t.hat. could exist; wit.hout.
component failure. 'i'he devices have no failure mechanism that could
adversely affect the power supply or t.he syst.em safety fun«tion.
These devices are located in a mild environment (main control room)
and have been used for many years in similar applications in other
BWR nuclear plants.

IV. JUNCTION BOXES

A. Identifict)t.ion PPD

B22H"JB101; J8102) JB208
JB303 ) JB3(N ) JB401
JB403; JB503

235A1543AAGOO 1

These junction boxes are ident. ical t.o t.hose analyzed in Se«Lion 2.VI
for the RES.

14-1694 - 23
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4 LEAK DETECTION S

The following non-Class 1E devices are used in Clas lE LDRs . circuits connected

as follows:
to the RPS power supply. Analysis of the acccptabilit)I of the a li o >e app ication is

I .A FUSESGENERAL

Refer to Sectioii 2, II-A.

1.8 FUSES

A. Identifi»nt'on PPD

E31A-I'0),F2< 145C3039P005

Subsequent to the RiP2 application, fuse ]45C3039P005 has been
dedicated for similar Class 1E applications under GE desi nation
DA317A6159P('10.

r esignati on

B. l unction

These two fuses fuse the power supply E31"K600A,B, which supply
24 Vdc to isolators ATl thru AT4, AT11, AT12, AT13, AT)6, AT18 and
the Reactor Water Cleanup lligh Differential 'Flow circuit consisting
of E31-K604A,B, N605A,B, K602A,B, K603A,B, K605A B and E31A-SRUl,-
SRU2 ~

I > I I > I I I

i:. Failure >lad»

1. Open c ircui t would de-ene rgi ze the isola tor input ca rd s and
prevent signals from being sent to the annunciator. Failure
detected by the "Card out of file or Power loss" annunciator
being alarmed.

2. The RMC'J differential flow circuit alarm E31-N605A,B relay would
de-energize allowing timer E31-R621A,B to time-out, energizing
relays .<7A,B. Relays K7A,B would cause RVCU isolation.

D. Conc)union

The RWCU differential flow circuit alarm and timer wil] operate in a
fail-safe manner, that is, RWCU isolation on loss of power. The
evices have no failure mechanism that could adversely affect the

power supply or the system safety function. These devices are
located in a mild environment (main control room) and have been used
for many years in similar applications in other BVR nuclear plants.
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I.C FUSES

A'. Identification PPD

E31A-F02A,B
C72-F84,F88

145C3039P004

Subsequent to the NMP2 application, fuse 145C3039P004 h«s been
dedicated for other Class 1F. applications under GE designation
DA317A6159P007.

Function

These fuses are»sed in ci rcuits (A thru D) providing power to the
relay logic for each power division.

C. Failure Mode

Open circuit would de-energize relays K5A,B and K26C,D, K25C,D,
K3A,B, K1A,B, and K4A,B. De-energizing K5A,B 6 K26C,D would produce
"card out of file or power loss" annunciator being alarmed. De-
energizing relays K1A,B, K3A,B, K4A,B, and K25C,D would produce
isolation signals.

D. Concl»sions

The relay logic, for loss of power condition, operates in a fail-safe
manner. The devices have no failure mechanism that coiild adversely
affect the power supply or the system safety function. These devices
are Located in a mild environment (main control room) and have been
used for many yea rs i.n simi 1 ar applications in other BWR nuclear
plants.

I.D FUSES

Ae Identification ppD

E31A FOSA~B~ F04A B F06AfB F07A B

E31A-F34A,B
C72A"F82,F85,F86,F89

145C3039P004

Subsequent to the NMP2 application, fuse 145C3039P004 has been
dedicated for other Class 1E applications under GE designation
DA317A6159P007.

B ~ Func t ion

These fuses are used in circ»its providing power. Lo the differential
temperature (hT) and tempera ture switches.

C. Failure Mode

Open circuit ~ould de-energize the internal relay in the temperature
and dT switches which de-energize relays K1A,L~ , KSA,B, K4A,B. This
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action produces isolation signals. An open circuit for. E31A-FQ6A,B
would de-energize K6A,B and shut off bT switches N603A,B, N613A,B arid
temperatiirn switrhes N602A,R and N612A,B.

De-energizing K6A,B would produce "card out of file or power loss"
annunciator being alarmed.'he internal relay in the hT and temper-
ature switches would change state causing relay KBA,B to energize
prod»cing an isolation signal to the RCIC steam supply system.

D. Conclusion

The logic in which the hT and temperature switches are 'used operate
in a fail-safe manner. The devices have no failure mechanism that
could adversely affect the Power supply or the system safety funr.-
tion. These devices are located in a mild enviroiiment (main control
room) 'and have been used 'for many years in similar applicat.ions in
other BWR nuclear plants.

I.E FUSES

A. Identificat.ion PPD

E31A-F14,F33 145C3039P005
\

Subsequent to the NMP2 application, fuse 145C3039P005 has been
dedicated for similar Class lE applications under GE designation
DA317A6159P010.

B. Function

These fuses are used in circ:»its providing power. to recor<iers
E31-R608 and R611.

C. Failure Mode

Open circuit would inhibit the recorders and their alarm only func-
tion. However, the temperat»re meas»rements

monitored

d hy th~
recorders are also provided by the meter module.", M2A-D.

Conc 1 us ions

The devices have no failure mechanism that could adversely affect the
power supply or the system safety function. These devices are
located in a mild environment (main control room) and have been used
for many years in similar applications in other BWR niirliar plants.
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I.F FUSES

A. Identification PPD

E31A"F29,F30,F31
E31A"F35,F36

145C3039P004
145C3039P003

0
Subsequent to the. NMP2 application, fuse 145C3039P004 has been
dedicated for other Class 1E applications under GE designation
Dh317h6159P007.

B. Function

These fuses are used in circuits providing power to iso'lators AT1
thru AT7, and AT10 thru AT13, AT16 thru AT20.

C. Failure Mode

Open circuit by failure. of fuse F29 would inhibit isolator input,
cards AT1 thru AT4, AT11, AT16 and AT18.

Open circuit by failure of F30 would inhibit isolator input cards AT5
thru AT7, AT10 and AT17.

Openmirciiit. by failure. of F31 inhibits analog isolator inp»t cards
AT12 and AT13,

Open circuit by failure of F35 inhibits isolator input card AT19.

Open circuit by failure of F36 inhibits isolator input card AT20.

The .loss of any of the above fuses would prevent signals from being
sent to the annunciator. Failure would be det,ected by the "Card out
of Eile or power loss" annunciator being alarmed.

D. Conclusions

The devices have no failure mechanism that could adversely affect the
power supply or the. system safety fu'nction. These devices are
located in a mild environment (main control. room) and have been used
for many years in similar applications in other BUR nuclear plants.

I.G FOSES

A. Identification PPD

C72A-F83,F87 145C3039POO

Subsequent, to the RiP2 application, fuse 145C3039P004 has been
dedicated for other Class 1R applications under GE dc signation
DA317A6159P007.
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B. Function

These fuses are used in circuits providing power to meter mod»lcs
M2C,D.

C. Failure Mode

Open circuit wo»ld inhibit meter mod»les M2C,D, and the various
temperature measurements could not be monitored. These meter mod»los
provide a readout 'unction only. (Other dnvi ces dotert artvt r se
conditions and produce the required isolation function.)

D. Conclusion

The dev'ices have no failure mechanism that could adversely affect the
power supply or the system safety function. These devices are
located in a mild environment (main control room) and have bonn usrd
for many years in similar applications in other BUR nuclear plants.

II. JUNCTION BOXES

A. Identification Ppn

E31A-JB01, JB02, JB03 235A1543AAG001

These junction boxes are identical to these analyzed in Section 2.VI
"Junction Boxes" of the preceding RPS discussion.

III. $KTER

A. Identification PPD

E31-8620A,B 159C4540P261030

These meters are similar in type, material, and constr»etio» to
Class lE meters identified by PPD 164C52SS.

B, Device Descri tion

The basic GE Type 180 meter is an edgewise panel meter with
O'Arsonval movement. These meters are configured as voltm~t~rs with
an internal resistor (20K ohm) in series with a movable coil.

The above devices have the following design Coat»res in common:

Identical devices (PPD 159C4540) wer> instal 1rd on t.hc. seismic-
ally-tested panels (Ref. 6).

These devices are located in the control room environment.

These devices are connected in low energy circ»its (0 to
10 volts, milliamp current) .
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C, Func)ion

This device provides an indication of RWCU differential flow.

Failure. Hndn

Open circuit will not inhibit the RWCU differential flow circuit.
Flows in the suction and blowdown lines are monitored by meters
G33-R602 and R609 respectively. This failure mocle wo»lci be detected
by comparing F31-8620A,B with G33-R602 and R609 during surveillance
testing. An i nterna'1 short in the met.er result.s in the series
r) sistor limiting the current from summers E31-K604A,B. If the
series resistor shorts, this component. will fail open and the meter
wi11 not inhibit the RWCU hg circuit, operation.

Concluaions

The devices have no failure mechanism that coulcl adversely affect the
power supply or the system safety function. These devices are
located in a mild environment (main control room) and have been used
for many years in similar applications in other BMR nuclear plants.

IV. TEMPERATURE MONITOR

A. Identification PPD

E31-H1A-D, M2A-D
E31-M3A-B) M4A)8

164C5686P001 P002

This is a Riley Model A6 temperature monitnr. A similar cievice has
been seismically qualified for similar applications (Ref. 5).

Func'tion

These devices are used to provide indications of temperatures in
various locations.

C. Failure Mode

There is one set. of devices (MlA - Temperat»re No»i tnr Meter and M2A
Temperature Monitor Heter Mod»le) pe.r power division. H3 and M4

units monitor temperature in the Reactor Building Radioactive Pipe
Chase.

If any shorted conditions occurred, these would be identified and
c:orrectecl ci»ring survei11ance testing. An internal short woolcl ca»se
a rectifier bridge diode to open and prod»ce a failure to operate.
The. fail»re to operate mode can be identified by comparison with the
other assemblies since each assembly monitors the same area b»t with
cii ffnrnnt, device.s.
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D. Conc lus i ons

The devices have no failure mechanism that could adversely affect the
power supply or the system safety function. These devices are
located in a mild environment. (main control room) and have bren»sed
for many years in similar applications in other. BWR nuclear plants.

U. RECORDERS

A. Identifi.cation PPD

F31-R608
E31-R611

163Cl879P002
163C1880P002

This device is a Mestronics (M11E, H5E) multipoint temperature
recorder. It is widely used in industry and has been generally
appli.ed for temperature monitoring on BWR's.

B. Function

These devices provide temperature indications and ala~ms.

C. Failure Mode

Any fault current demand in the chart motor or servo mot.or winding
and the transformer secondary circuits will hn l,imited by an internal
fuse and E31A-F14 or F33. These conditions will be detected by
surveillance testing.

D. Cnncl.usions

Thc devices have no failure mechanism that could adversely affect ehe
gower supply or the system safety function. These devices are
located in a mi ld environment (main control'oom) and have been used
for many years in similar applications in other BLR nuclear plants.
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5. NEUTRON MONITORING SYSTEM

The following non-1E devices are connected to the RPS power supply. Analysis
of acceptability of the application is as follows:

I. APRM BYPASS SWITCHES

A. Iderrtification PPD

C51B-S03 (APRM ArC,E)
C51B-S06 (APRM B,D,F)

112D21880002
112D2188G002

These .devices are Square D joystick switches. Subsequent to this
NMP2 application, a similar switch was qualified for similar Class 1E
applications under GE designation 163C1716.

B, Function

Each manually operated switch is used to bypass one of thc APRM
channels; preventing a scram trip and sending signals to the com-
puter, indicating light and annunciator to indicate the bypasscondition. (The APRM bypass function and its compliance with
rerlui rementa of TEEE Standard 279 is discussed in Section 2.2.17 of
Reference 5.)

C. Failure Mode

Neutral short before (hot side of power supply) or afLer'Lhe
switch contact prevents the bypass function.

A hot short across one set of switch contacts will energize
relays K10, K12, K16, K17 and K27 in the affertr ri APRM r,hantr&l
causing channel bypass. A second short across arrother set of
switch contacts will be unable to energize identical relays in
another APRM channel, causing a second bypass, becau e of an
inLerlock established by relay K17 which was energized by thefirst short.

The above relays are installed in NMS panel P608. Identical
panels with identi.cal relays have been qo;rlified by testing
(Ref. 6).

D. Conclusion

Not bypassing a channel has no safety conser1rrences sirree a half scram
is the rlesirr ri safr ty ar tion. An rrnintr nr1r d hypasss Mi 1 1 havr. nn
effect since thrr remaining channels will perforar the safety function.
The devices have no failure mechanism that could adversely affect the
power supply or the system safety function. These devices are
located in a mild environment (main control room) and have been used
for many years in similar applications in other B4'R nuclear plants.
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II. RECIRCULATION FLOW BYPASS SWITCHES

A. '[<Ic:n<ification

C5 1B-S07
C51B-SOS

PPD

l 12D21RRCOQ3
112921880004

These devices are Square 9 joystick switches. Subsequent to this
NMP2 application, a similar switch was qualified for simiiar Class 1E
applications under CE designation 163C1716.

B. Function

The manually operated s~itches are used to bypass flow channel A or
C, and flow channel B or 9. Signals are sent to the computer,
annunciator, indicat.ing light and interlocking circuits to indicate
the bypass condition.

C. Fai1rrre Mode

1. Neutral short before or after the s~itch contact prevents the
bypass capability.

A hot short across one set of switch contacts wiLL energize
relays K5 and K6 in the affected flow channei; A second short
across another set of contacts will be unable to energize
identical relays in a second channel, causing a second bypass,
because of an interlock established by relay K5 which was
energized by the first. short.

The preceding relays are installed in &IS panel P60g. Identical
panels with identical relays have been 'ualified by testing
(Ref. 6) .

D. Conclusion

Failure to bypass a channel could result in a haLf scram, the <i<~sired
safety action. An unirrtended bypass will have rro effrrt sirree the
remaining channels can perform the safety Eurrction. The devices have
no failure mechanism that could adversely affect the power supply or
the system safety function. These devices are located in a mild
environmerrt (rrurin control room) and have been rrsed for marry years in
similar applirations in other BWR nuclear plants.

III. RB.j BYPASS S1'IVCH

A. Iderr tifica t,ion

C518-802 328X453C'013

These devices are Srlurrre 0 .joystick switches. Subsequent to this
LVilp2 application, a similar switch was qrral i Fied for similar Class 1F

appl irations»nd<. e 0E <lesignation 163C1716 ~
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BE Function

The manually operated switch is used to bypass one of the RBM

channels. Signals sent to the computer, annunciator, rod block and
null sequence card indicate the bypass condition.

C. Failure Mode

1. Neutral short before or after the switch cnntac.t prevents the
bypass capability.

2. A hot short across one set of switch contacts will energize
relays K10 and K12; therefore, the channel will be bypassed
without any operator action.

The preceding relays are installed in NMR panel P608. Identical
panels with identical relays have been qualified by testing
(RGf. 6).

3. Hot shorts across both sets nf switch contacts result in hoth
RBM channels bypassed. Redundancy for the rod block function is
provided by the no-rod-movement, APRM rod block. The rod block
function ir, not a safety function.

D. Conclusion

The devices have no failure mechanism that could adversely affect the
power supply oe the system safety function. These devices are
located in a mild environment (main control zoom) and have been i~sed
for many years in simi.ler applications in other BMR nuclear plants.

IV. RECIRCULATION FEOM RECORDER

A. Recorder~s General

The Bailey Model 722 recoeder is a narrow strip chart type identified
by Bailey Catalog No. 772111AAAA1. It is located in the conteol room
which provides a Class lE NlAC environment (mild). Thn current
limiting components can withstand temp'eratures of at least 185oF and
remain functional. An identical recorder Mas installed and eneegizad
on a panel that was seismically tested (Ref. 7); there was no adverse
effect on the power supply.

Tdenti fica t inn

B35-R614 (Bailey Model 772) 163C1871P5ACAGOO

C. Function

The device eecords recirculation flow.
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Failure Nodes

A 15U common short at the Recorder signal inp»t will result. in a

lower Square Root Converter output to the Summer, therefore, tbn
average signal by the Summer will be lowered by approximately
4'X. Setpoint wi.ll be lower which means it is in the co»serva-
t.ive direction.

2. A 15U hot short. at the Recorder signal input terminals will
cause non-lE fuse (Fl) at the Square. Root converter tn be blown.
This will not result in any system operation changes. Shorts
(common or hot) do not affect the power supply.

E. Conclusion

V.

The devices have no failure mechanism that could adversely affect tbn
power supply or the system safety functinn. These devices are
located in a mild environment (main control room) and have been used
for many years in similar applications in other BWR nuclear plants.

LPRi LEVEL tKTER

A. Tdentif ication ppD

C51-R604A ~ S 157C4570P001

This is a basic GE Type 180 meter. See Section Tl?.8 for device
description.

3. Function

The met.er provides LPRM level information.

C. Failure Hode

System operation will not be affected by any mechanical or electrical
failure of the meter because of the low power levels involved.
Resistors in Panel P608 provide circ»it protection against mrter
shorts. These resistnrs are installed in panel P608. Identical
paneIs with identical resistors have been qualified by t'esting
(R~f. 6). The RPS power supply is not affect.ed.

'

D. Conclusion

The devices have nn failure mechanism that could adversely affect. the
power supply or the system safety function. These devices are
located in a mild environment (main control mom) and have bonn »snd
for many years in similar applications in other BWR n»clear plants.
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VI. IRM/APRIj SELECTOR SWITCH

A. Identi fleet ion PFD

C51A-S03A + F 158B7192G001

This device is a GE type CR2940 switch. A similar switch has been
qualified for similar. Class 1E applications under GE designation
169C9490.

B. Function

The manually operated switch selects between, and passes through, to
a recorder, the IRM or APRM level signals.

C. Failure Mode

A swi tch fai) ure could cause erroneous recorder reading (other
recorders still can give correct information). Circuit cannot be
damaged by the shozt because of the low power levels. Resistors and
fuses in panel P608 provide circuit protection against shorts. These
devices are installed in panel P608. Identical panels with identical
devices have been qualified by testing (Ref. 6).

D. Conclusion

The devices have no failure mechanism that could adversely affect thc
power supply or the system safety function. These devices are
located in a mild environment (main control room) and have been used
for many years in similar applications in other BWR nuclear plants.

VII. AI.ARM I.EVEL RECORDER SWITCH

A. Identification ppD

C51R-SOIA + D 158871930001

This device is a GE type CR2940 switch. A similar switch has been
g»ali fied for similar Class lE appl.ications under GE designation
169C9490.

B. Function

The manually operated switch selects between, and passes through,
.APRM or IRM signals to a Recorder.

C. Failure Mode

1. Mechanical failure at the contacts prevents APR.I or Alarm lovel
reading.
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2. Circuit cannot. be damaged by any electrical failure at the
switch because of the low power levels (0 to 10 Vac, milliamp
current) . Res is tors,in Panel P608 prnvide circuit. protect i on
against shorts. Identical panels with i(ientical devices have
been qualified by testing (Refs 6).

D. Conclusion

The devices have no failure mechanism that could adversel.y aff»( t the
power supply or . the system safety function. These devices are
located in a mild environment (main contrnl room) and have been used
for many years in similar applications in other BWR nuclea» plant".

VIIT.1'RN/APRM RECQRDER
s

A. Record( ts Ceneral

Refer to Section 5.IV.h.

B. Identification PPD

C51A-R603A ~ D 163C18T 1 P5989800

C. Function

The device records selected IRM and APRH levels.

D. Failure Mode

No electrical failure in the recorder can propagate back to the BPS
power supply because of the low power level (0 tn 10 Vac> milliamp
current), Resistors and fuses in panel P608 provide circuit protec-
tion against shorts. Identical paneLs'ith identical devices have
been qualified by testing (Ref. 6).

E. Conclusion

The devices have no fai'lu»e mechanism that could adversely affect the
power supply or the system safety function. These devices are
located in a mild (,nvironment (main control room) and have boen used
for many years in similar applications in othe» BMR nuclear plants.

IX. FUSES

A. Fuses Gesessl

Rofer to Section 2, II-A.

B. Identification PPD

C51B-Fll> F12
"F22, -F31
-F32> -F41
-F51, -F52

145C3039P005

14-1694 " 37



~ I ~



C. Func tion

The ~ fuses protect the Neutron Monitoring System divisionalized
circuits and the RPS power supply from each other.

D. Failure Node

1. An open failure does not affect the system. It will cause an
APRM inop scram and a trip will occur, which is the safety
action.

2. If the fuse does not open, we still have internal protection for
each LPRM group, APRM channel, RBM channel, Flow Units and 20V
power supplies.

R. Conclusion

The devices have no failure mechanism that could adversely affect the
power supply or the system safety function. These devices are
located in a mild environment (main control room) and have been used
for many years in similar applications in other RWR nuclear plants.

X. REFERENCES

1, Startup Range Neutron Monitoring System ED - 807F162TY, Rev. 15.

2. Startup Range Neutron Monitoring System EDDL - DL807E162TY, Rev. 5,

3. Power Range Neutron Monitoring System FD - 807E163TY, Rev. 2'

4. Power Range Neutron Monitoring System EDDL " DL807E163TY, Rev. 8,

5. General Electric Licensing Topical Report NED0-10139, June 1970
"Compliance of Protection Systems to Industry Criteria: GE BtdlR

Nuclear Steam S»pply System".

6. General Flectric Design Record File DRF H11-00009.

7. General Electric Design Record File DRF A00-1138.
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6. PROCESS RADIATION MONITORING SYSTEM

The following non-Class IE devices are powered from the RPS power supply. The
acceptability of the application is analyzed as fol.lows;

FUSES

A. F»ses~ General

B.

Refer to Section 2, XZ"A.

Identification PPD

013-FIA,B
0\3-F2A)B

145C3039P004

Subsequent to the NMP2 application, fuse l45C3039P004 has been
dedicated for other Class IE applications under GE designation
DA317A6159P007.

C. Function

The devices are used to provide isolation between the four gamma
detection channels of the PRMS and the RPS power supply. One f»se is
in each channel. Additional protection is provided for each channel
by a dedicated fuse in the RPS fuse panels (BOP scope of supply;
references 3 and 4).

D. Failure Made

1. An open circuit would de-energize one nf the PRHS detection
channels. Failure would be detected by a PR!fS channel INOP
annunciator.

Conclusion

Failure (open) would decnergize the PRMS channel I and ra)lsd a half-
scram in the respective RPS logic channel, whi «h is the. des ired
safety action. The devices have no failure meet)anism tt»)t could
adversely affect the power supply or the system safety function.
Those devices are located in a mild environment (main rr)ntrnl room)
an<1 have been used . for. many years in similar applications in other
BVR nuclea r p1an ts .

II. REFERENCES

1 ~ Process Radiation Honi toring System ED - &07E16&TY, Rev. 13.

2. PR"tS EDD'L/[DS - DL&07E16&TY, Rev. 5.

3. SWEC Dwg. 12177-EE-M010-6, Rev. 6 "Plant Master Onc'-L i ne Di;igram,
Normal 600 Vac and 120 Vac".

4. SWEC Dwg. 12177 "EE-11K-4, Rev. 4 "120 Vac Mi ring Diagram) Distribu-
ti.on Panels".
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7 PANEL HOUNTED PASSIVE DEVICES

DEVICE DESCRIPTION

Terminal Board

DRAWING NIMBI'.R

174B9231P001
175A9132P006
198B6330PO04
198B6331
13681774P012

Fuse Block

Fuse Block (Pullout)

Lamp Assembly

,175A9132P008

167B2512P001,2 (See Section 7.D)

209A5610
204B6586

Panel Wiring 262A7898
262A6527
17SA1102

Cable Assefablies 235A1470
272A791.9

A. Conformance ~to Se aration ReEuirements of~Re ala~ter Guide I.TB

The above generic passive devices used in various safety systems are
covered under this section. These devices are flemonstzated by test.
and analys.is to be adequate for their functional requirements.

Device Function

These panel-mounted devices are functionally described as uon"active
in. that their function is to maintain conti<fuity and electrical
isolation of various electrical signals but they do not modify anfi/or
redirect the signals being connec ted to them.

The only parameters to be considered for functional behavior of these
devices are dielectric strength, insulation resistance of the
insulated parts, and cor>tinffity nf their terminations.

C. Justification of Deuica ~Alicat~inn Exe~et Fuss Block - Pnllour.

These panel-mounted passive devices were demonstratefI to be aflcquatf.
for their functional requirenfents by means oF tests pezformefl to
establish an operational durability. Such tests were performed by
General Electric and the results are contained i» Roferen«e 1. Tho
following is a brief sunwazy of these tests:
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Test Specimen.

The testing was performed to provide the base data using GE-
controlled stock items which represent those panel mounted
passive devicec.

The test samples used were strictly representative of the
passive devices used in the panel design. The test sample units
are identified by nomenclature and applicable drawing number as
listed. The test samples vere mounted on a test panel in a
manner representative of their end use when used in'ompliance
with GE designs and specifications.

2. Test Methodolo

The following test sequence vas followed for the operational
life durability test:

a. Base line f»notional measurcmenta

b. Thermal aging exposure

c. Post-thermal aging f»nctional measurements

d. Design Basis Earthquake (ARK) seismic exposure

e. Post-seismic functional measurements

An investigation of the applicable end use, site, and environ-
mental specifications was performed to address all specified
environmental parameters which could cause degradation of the
functional parameters of the subject test sample.

It was determined that the device panel locations (Class lE
liVAC) made all environmentally induced aging negligible except.
for the thermal and seismic environment. The panel viring and
cable assemblies were separately qualified under other programs
(Reference 2) ~

3. Test Fxposnre Parameters

T >e following thermal aging exposure was»soB on the testT1

samples:

Temperature
(OC)

Relative
Humidity~c

Exposure
Time
(Hr)

105
110
110

60
1Jncont rolled
Uncontrolled

67

10$
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The test samp1,es were .subjected to a series of 20 OBE and four
random multi- frequency, 20 second, sim»ltaneo»s horizontal and
vertical, phase-coherent motions.

Test Conclusions

The test results and analysis established that the passi,ve
devices used in GE design are adequate for their applicationsLc.a C iona ~

0. Puuo Block ~Pull Out)

The pullout type fuse blocks (less fuse) were tested to establish
seismic withstand capabilities. These tests demonstrated that the
seismic capabilities of the pullout type fuse blocks ex«eed the
applicable seismic requirements. Furthermore, the original equipment
furnished "met the functional requirements identified b the anel
design criteria.

Il . RF.PERRNC'ES

1. GE Design Record Pile DRP A00-794-2.

2. GE Design Rem«cl 'File DRP 912-1(12-6.
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ATTACHMENT 3

RE VEST FOR EXEMPTION

A. Introduction

Niagara Mohawk Power Corporation's letter of May 18, 1987 (NMP2L 1035)
contained a Failure Modes and Effects Analysis ("FMEA") report evaluating
the effect of certain non-Class lE devices in Class lE circuits. That
report considered system circuits where non-Class 1E components are
connected to Class lE circuits which are energized by the Reactor
Protection System (RPS) power supply. The RPS is powered by a non-Class
lE power source. After discussions with the NRC Staff and further
evaluation, Niagara Mohawk has committed to upgrade certain non-Class lE
components to Class 1E components and to make certain other design and
hardware changes prior to completion of the first refueling outage as
indicated in Attachment 1. Niagara Mohawk has been advised by the
Commission Staff of its view that installation of these devices and
components may be required to achieve full compliance with 10 CFR
50.55a(h).

"',.-;In,;accordance with the provision of 10 CFR 50.12(a), Niagara Mohawk Power
Corporation hereby requests an exemption for Nine Mile Point Unit 2 from
the requirements set forth in Title 10, Code of Federal Regulation (10
CFR) 50.55a(h) for the components listed in Attachment 1 and discussed
herein.

This attachment demonstrates that the requested exemption presents no
undue risk to the public health and safety, and that special circumstances
are present that justify granting the exemption. This exemption has been
reviewed and found to be authorized by law and consistent with the common
defense and security.

With regard to the "common defense and security" standard, the grant of
the requested exemption is consistent with the common defense and security
of the United States. The Commission's Statement of Considerations in

,.support of. the exemption rule note with approval the explanation of this
standard as set forth in Lon Island Li htin Com an (Shoreham Nuclear
Power Station, Unit 1), LBP-84-45, 20 NRC 1343, 1400 (October 29, 1984).
There, the term "common defense and security" refers principally to the
safeguarding of special nuclear material, the absence of foreign control
over the applicant, the protection of Restricted Data, and the
availability of special nuclear material for defense needs. The granting
of the requested exemption will not affect any of these matters and, thus,
such grants are consistent with the common defense and security.

The proposed exemption has been analyzed as discussed below and determined
not to cause additional construction or operational activities that may
significantly affect the environment. It does not result in a significant
increase in any adverse environmental impact previously evaluated in the
Final Environmental Impact Statement-Operating License Stage, a
significant change in effluents or power levels or a matter not previously
reviewed by the Nuclear Regulatory Commission that may have a significant
adverse environmental impact.
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ATTACHMENT 3 (Con ued)

Niagara- Mohawk:requests''an exemption to 10 CFR-50.'55a'(h) be granted until
such time as the first refueling outage is completed for the installation
of certain Class 1E components and isolation devices for those cases where
non-Class 1E components are presently used in Class lE circuits which are
energized by the Reactor Protection System power supply. These components
are identified in Attachments 1 and 2.

B. Discussion

In the present design of certain Nine Mile Point Unit 2 safety-related
systems, a limited number of non-Class lE components are connected to
Class lE circuits which are energized by the Reactor Protection System
power supply. These cases are specifically identified in the attached
Failure Modes and Effects Analysis (see Attachment 2). The RPS is powered
by the Uninterruptible Power Supply (UPS), a non-lE power source.

A plant unique Failure Modes and Effects Analysis (FMEA) was performed for
the Nine Mile Point Unit 2 systems to demonstrate that the failure of each
non-Class lE component would not adversely affect the connected Class lE
circuit, or any other safety function. This analysis considered all

t...circui.ts.:containing non-Class lE devices and components installed in Class
lE circuits which are energized by the Reactor Protection System power
supply. The analysis confirmed that each non-Class lE device analyzed has
no credible failure mode that would adversely affect the connected Class
lE circuit or the safe operation of the plant. General Electric has
stated that the current Nine Mile Point Unit 2 design meets or exceeds the
same standards for safety systems at other BNR plants, including recently
licensed plants.

As a result of a recent meeting and preliminary review of the FMEA, the
NRC staff stated its preliminary position that the current design does not
meet the full requirements of IEEE 279. Therefore, Niagara Mohawk has
decided to implement the design.and hardware changes identified in
Attachment 1 for those cases where non-Class lE components are presently
used in Class lE circuits which are energized by the Reactor Protection

-.';>System power„.supply. These protective components will be installed prior
to the completion of the first refueling outage. The resolution for each
item identified in the analysis is identified in Attachment l.

C. Justification For Im lementation Schedule

The non-Class 1E devices presently installed are essentially identical in
design to qualified Class lE devices. The current design of Nine Mile
Point Unit 2 meets or exceeds the same standards reviewed by the NRC for
other plants supplied by General Electric, including recently licensed
plants. Based on their performance history in operating BNR's and seismic
test report information on essentially identical components, these
non-Class lE devices do not have any different inherent failure mechanisms
from that of similar qualified devices which could degrade the Class lE
bus or the safety-related function. Additional specific justification for
each class of components and for interim operation of Nine Mile Point Unit

.2 is provided in the attached Failure Modes and Effects Analysis
(Attachment 2).
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ATTACHMENT 3 (Con ued)

' de'lay.until the"first refueling outage is required to implement the
resolutions identified in Attachment 1 because of the long lead time to
procure certain qualified Class lE components. In addition, the plant
must be shut down in order to perform those changes requiring component
replacement. Therefore, the first refueling outage would be the first
scheduled shutdown of the plant after the qualified Class lE components
are

available'.

Conclusion

Deferral of the installation of certain Class lE components until the
completion of the first refueling outage does not present an undue risk to
the public health and safety. As stated in the attached FMEA report, the
failure of the present non-Class 1E components has 'no adverse effect on
the Class lE devices, or any other safety function. The systems
containing the non-Class 1E components are de-energizing to operate
systems which will fail safe. The current design meets the same standards
for conforming to the requirements for safety systems as other BWR plants,
including recently licensed plants. These non-Class lE components are
essentially identical in design to that of the qualified Class lE

',"".components. Based on their past performance history in operating BWR's
and seismic test report information on identical parts, these non-Class lE
components do not have any different inherent failure mechanisms from that
of similar qualified devices which could degrade the Class lE bus, any
safety-related function, or the safe operation of the plant.

E. S ecial Circumstances Are Present

Special circumstances are present which warrant issuance of this requested
exemption. These special circumstances are discussed in accordance with
the classification contained in 10 CFR 50.12(a)(2):

(iii) Compliance would result in undue hardship or other costs that
are significantly in excess of those contemplated when the
regulation was adopted, or that are significantly in excess of
those incurred by others similarly situated.

Compliance with 10CFR50.55a(h) would result in undue hardships that are
significantly in excess of those incurred by others similarly situated.
The current design meets the same standards for conforming to or exceeds
the regulatory requirements within the General Electric safety systems at
other BWR plants, including recently licensed plants. These non-Class lE
components are similar in design to that of the qualified Class 1E
components. Based on their long history of satisfactory performance in
operating BWR's and seismic test report information on identical parts,
these non-Class lE components do not have any different inherent failure
mechanisms from that of similarly qualified devices which could degrade
the connected Class lE circuit, or any safety-related function.
Compliance at the present time would result in significant financial
hardship to Niagara Mohawk Power Corporation since the low power testing
of Nine Mile Point Unit 2 of up to 5% of rated power will be completed by
June 20, 1987, and Niagara Mohawk will be awaiting the full power license
at that time. Any delay in issuing the full power license or delays
required to install the components will directly impact the commercial
,operation of Nine Mile Point Unit 2.
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ATTACHMENT 3 (Co ued)

""(v) . The'exemption'would provide only temporary relief from the applicable
regulation and the licensee or applicant has made good faith efforts
to comply with the regulation.

This exemption request would provide Nine Mile Point Unit 2 with only
temporary relief from compliance with the requirement of 10CFR50.55a(h).
Niagara Mohawk has made good faith efforts to comply with the regulation
as soon as informed of the Staff's position in this matter. Niagara
Mohawk has previously committed to change out non-Class 1E protective
devices and non-Class lE components in Class lE circuits which are
connected to Class lE power sources. Additional non-Class lE components
in Class 1E circuits energized by the Reactor, Protection System power
supply was only recently discovered by Niagara Mohawk. A Failure Modes
and Effects Analysis for non-Class lE devices connected to the Reactor
Protection System power supply was performed and an information copy was
submi-tted to the Nuclear Regulatory Commission on May 18, 1987. This
submittal was voluntary in order to assure a complete record. On June 10,
1987, Niagara Mohawk met with members of the Nuclear Regulatory Staff at
which time we were informed that the analysis may not be acceptable and
the current design may not meet the NRC staff's interpretation of IEEE

«,279. "-Therefore, Niagara Mohawk has committed to install the identified
Class lE components or provide qual'ified Class lE isolation devices prior
to the completion of the first refueling outage. The Nine Mile Point Unit
2 design is similar to the design of other recently licensed BNRs and
Niagara Mohawk could not have reasonably anticipated the need for further
design and component upgrade.

Thus, special circumstances exist warranting the grant of the exemption.

Environmental Im act

The exemption request would allow operation of the plant for a specified time
to allow the installation of certain devices and components in Class 1E
circuits powered by the Reactor Protection System power supply. The
installation of these devices (or lack of them) would not affect the

'processing of--any effluents including radioactive effluents from the plant
dur,ing normal operation of the plant. The installation of additional circuit
components, such as protective devices, diodes, and resistors, has no impact
on normal power operational releases.

The proposed exemption has been analyzed and determined not to cause
additional construction or operational activities which may significantly
affect the environment. It does not result in a significant increase in any
adverse environmental impact previously evaluated in the Final Environmental
Impact Statement-Operating License Stage, a significant change in effluents or
power levels, or a matter not previously reviewed by the Nuclear Regulatory
Commission which may have a significant adverse environmental impact.

The proposed exemption does not alter the land use for the plant, any water
uses or impacts on water quality, air or ambient air quality. The proposed
action does not affect the ecology of the site and vicinity and does not
affect the noise emitted by station. Therefore, the proposed exemption does
not affect the analysis of environmental impacts described in the
environmental report.
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