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. the protection system that initiates and controls the operation
of the ESF systems and their vital auxiliary supporting systems,
including logic schematics, testing capabilities and control of
bypasses. The following sections identify those aspects of the
design that were not acceptable to us and that were chinged as
a result of our review. Also, they discuss those design commitments
made by the applicant that must be satisfactorily implemented and
reviewed before the ESF systems are considered to be acceptable.-

7.3.1 Core Flooding Tenk Isolation Valves

The applicant has elected to open the breakers supplying power to
the core flooding tank motor-operated isolation valves to assure
against accidental closure of these valves during normal reactor
operation. GCased on this mode of operation, our review of the valve
position indication circuits for the core flooding tank isolation
valves revealed that the design did not conform to our criteria with
regarc to providing redundant and independent incication systems for
each core flooding tank isclation vaive. The appiicent has

committed to modify the design to conform with our criteria. He will
require that thc design modifications of the valve position indication
circuits be subnitied for our review to corfirm that the final
design is acceptable.

7.3.2 Steam Line Break Isolation (SLGI)
Qur review of thz nroposed SLEI sysiazin revealed that the instrurentation,

control and electirical ecuipment were not designed in accordance with
the reyuirements of IEEE Std 279-1968 and IEEE Std 308-1969. In
addition, we have found that in the event of a steam line break,
coincident with a single fzilure of either a2 feeduz2ter or staam isolation
valve (preventing valve .closure by either automztic or manual

means) will result in the uncontrolled continued blowdown of the

steam generator(s). The applicant has been advised that unless

it can be determined that the consequences of this occurrence are
acceptable, we will require that the desian be modified to meet the
single failure criterion. Also, we will require that the capability

of the SLBI system desion be demonstrated against the requirements of
IEEE Std 279-1968 and IEEE Std 303-1969. The applicant has agreed to
providing a protective system (automatically initicted) that mitigates
the consequences of 2 steam line’s) break accident anc to demonstrating
the capability of this system against the above stated critericon and
standards. We will require that the design of the SLEI system be
submitted for our review to confirmm that the propcsed design is
acceptabie.
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7.4 Systems Required for Sefe Shutdown

We have reviewed the instrumentation, control and electirical systems
being provided for safe shutdoun as well as the design provisions

to place and keep the plant in a safe shutdown condition in the event
that access to the main control room is restricted or lost. We

have concludes thet the designs conform to our criteria and are
acceptable, «xcept for the design of the instrumentation, control

and electrical equipment pertaining to the Emergency Feedwater (;F)
system.

Our evaluation of the proposed EF system indicated that the reguired
d~livery of emergency feedwater to the steam generator(s) was
ir-"bited by a number of single failures under normal shutdown and
steam 1irz break conditions. In addition, it was found that the
instrumentation, centrol and electrical equipment of the EF system
were not desioned in accordance with the requirements of IEEE Std
275-1968 and IEEE Std 303-1969. The apnlicant has been advised that
the EF system is reguired for safety and as csuch 1t must meet the
single failure criterion and that the capability of EF system design
be demonstrated zgainst the requirements of IEEE Std 279-1958 2nd
IEEE Std 308-1969. Tre applicant has agreed to amgnd the design to
meat the single failure criterion and to demonstrate the capability of
the design &uzinst the above stated standards. e will require that
the design modifications be submitted for our review to confirm tha*
this design commitment has been satisfactoriiy implementad and
therefore acceptable.

7.5 Safety Related Displav Instrumentation

We have reviewed t' -~ designs for the inctrumentation systems that
provide information (1) tu enable the operator to perform required
safety manual functions and (2) for post-accident surveillance, and
concluded that are acceptable, conditioned on the satisfactory

resclution of the following item:

The applicant has been informed that the design of those parametcrs
available to the operator in the control room and utilized for
post-accident monitoring must provide for: at least *wo redundant
.channels of indication for each parameter monitored with at least
one channel to be continuously recorded, and the Zther(s) indicated,
énd both channels energized frum the Class IE power system. The
applicant agcreed to modify the desion to conform with these
requirements. ke have concluded that this design cormitment 1is
acceptable. Hcwever, final acceptance will be made after submittal
and review of the design information in support of the applicant's
commitment to meet the aforementioned reguiremants.
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7.8

RHR Overpressure Protection Interlocks

Cur review of the RHR motor-operated suction valve intzrlocks,
utilized to prevent overpressurization c¢f the RHR system by the
Reactor Coolant System revealed that the design did not satisfy
our criteria with rejard to providing interlocks cf diverse
principles to prevent opening of these valves and interlocks for
automatic closure of these valves. The applicant has agreed to
modify the design to conform with our criteria. Although the
applicant has submitted preliminary desian sketches for our review,
we will require that the applicant submits final drawings, including
valve control circuit elementary diagrams, to confirm that the
final design has been satisfactorily implemented.

Contral Room Ventilation

Our review of the control room design arrangement revealed that

the ventilaticn system cdesign provides for exhausting the hydroger
generated in the battery rooms into the control room tarcugh the
common veniijation system ducts. Concern was expressed 1o the
applicant about the potential problems ¢f & fire and/or explosic

in the control room rendering it uninhatitable and the resultin:
consequences to the safety related equipment loczted therein and to
the plant operators. In addition, we have found that thz ventilation

ducts in the control room were located in the plenum above the
ceil’ng. Concern was 2lso expressed to ths zpplicant about the
potential for accumulation of an explosive hydrosen mixture in the

plenum causing the same prublems as stated above. Unless the applicant
can demonstrate that the potential probiem of & fire and/or explosion
in the control room is {ncredible , we will require that the present
design be modified to prevent these events from happening,

Environmental and Seismic Qualifications

The applicant has identified and stated that ali safety related
motors, cables, instruments, controls and cther eguinment located
inside the containment which must operate during and subsequent

to an accident, will be capable of functioning under the post-accident

- temperature, pressure, humidity and radiation conditions for the time

periods required. This capability has been demonstrated by testing
and has been documented in the F3AR, and is acceptable.

The applicant has documented that the seismic testing program meets
the requirements of IEEE Std 344-1971 - “1EEE Trial-Use Guide for
Seismic Qualification of Class I Electric Equipment for Huclear Power
Generatina Stations". It has also been documented in the FSAR that
the plant proteci”  .ystem has been seismiczlly qualified, and is
acceptable.
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7.9.1

7.9.3

Separati-n and ldentification of Safetv Related Ecuipment

We heve reviewed the aprlicant's criteria for separation and
identification of cables, cabie trays, and terminal equipment
and examined the design arrangement of these as well as other
safety related equipment and systems. We have found that these
criteria and design arrancements are acceptable, except for the
following 1tems.

-

Reactor Protection System (RPS) Cable Separation

The steel conduits housing the cables that enter the bottom of

the RPS cabinets had been cut short, thus, exposing redundant

cables to air separation between each other. lle have informed the
applicant that this cable design arrangement eppears to be in
violation of thz separaticn criterie documented in the FSAR which
provide for a minimum horizontal separation distance of 3 feet and
barriers to maintain vertical separation between redundant safety
related cable trays. In the absence of barriers in this case to
maintain vertical separation, we will consider acceptable a minimum
"~‘tuca1 separation distance of 5 feet between redundant safety related
cables. Ve will require that the applicant examine this cable
ar»anrevent énd either show that it m2 1nhawrs H*e minimum recuired
vertical and horizontal distance scoiration © DTOV‘dﬁ pbarrizr: when
the winimum soatial separatiun be t“,-n redunﬂan, safety related
czbles can not be maintained.

-

Switchgear Rooms Flooding

Our review of the safety related switchgear rooms design arrangement
revealed that a main firewater line was located outside but nearby

the redundant switchgear rooms. The doors separating adjacent redundant
switchgear rooms and these rooms from the main Tirewater line are

not of the watertight construction. In view of this, concern was
expressed to the applicant about the failure of this line causing the
flooding of redundant switchgear rooms. We will regquire thai the
applicant examine the potential flooding problem in the redundant
switchgear rooms resulting from this pipe failure and either demonstrate
that this is not possible or modify the present design to prevent

this occurrence from happening.

Battery Rooms Separation

The two redundant safety related battery rooms are directly connected
through the vertilation exnaust duct; the exhaust from one battery

room discharges into the other redundant rcom. Concern was expressad
to the applic;nt about a fire and/or explosion in one room propagating
to the other room resulting in the loss of both redundant d-c systens.
The battery rooms also shared a common wall and door. Concern was

also expressed to the applicant with regard tc the door being explosive
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proof and whether an explesion in onge room could be prop:gated

te the other causing the loss of both redundant d-¢ systems.

We have advised the applicant that unless it can demonstrate the
capability of this exhaust duct and door designs to withstand these
types of events, we will require that the exhaust duct design be
modified to assure complete independence of these ventilation systems
and that thes door design be made to withstand the effects of an
explosion in one battery room from propagating to its redundant
counterpart. “

230 KV Switchyard Breakers Control Power Separation

To satisfy the requirements of GDC 17 as related to offsite power, the
applicant had committed, at our request, to provide two inde endent
d-¢ control sources and feeds to the 230 kV switchyard breakers. (ur
review of the proposed (not installed) design arrangemznt revecled
that the d-c control power cables emanating from fossil Units 1 and

2 batteries respectively must pass through & common walk through
tunnel before entering the switchyard. We fcund that the tusnel was
flooded several inches deep in sgme arez
were fnoperable. Also, we noticed the a on and
nrotection in the tunnel. Concerr was e | ¢ ant

about the potential hazards existing in th unnel and the
susceptibility of the proposed cable arrangement to single events

such as fire and flooding that could cause the failure of the two
independent d-c feeds. Unless the applicant can demcisirate the
adequacy of this proposcd cable design arrengoment in the tunnel azsinst
flooding and fire events, we will require that « new desian arrancemznt
censistent with satisfying the requirements of GDC 17 in this regard,

be considered and submitted for our review prior to installation in

the plant.
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Control Systems

The control systems are functionally identical to those of the
Arxansas Nuclear One, Unit 1 except for the provisions of the rod
drive control system design to include manual switches for disconnecting
power to eazch group of rods. in this regard, we have requested from
the applicant information that establishes the purpose of this desiagn
feature. In addition, it was found that the non-safety related
Integrated Control System (ICS) participates in the operation of the
safety related emergency feedwater system. This concern is ¢ scussed
in Section 7.4 of this report. With the excention of thz control
rod drive power disconnect switches and emergerncy teedwater controls,
we have found that minor differences in the other systems have not
changed the functional desian or degraded the safety of this plant
and concluded that these control systems are acceptable. However,
the final acceptability of the overall control system scheme is
gredicated on the satisfactory resolution of the two aforementioned
tems.
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ELECTRIC POUWER

Gener?l

The Commission's GDC 17 and 18, IEEE Stendards includine

IEEE Criteria for Class IE Electric Systems for Nuclear

Pewer Generating Stations (IEEE Std 308-1969), and Regulatory
Guides (RG) for Power Reactors including RG 1.6 and 1.9-
served as the bases for evaluating the adequacy of the
electric power system. Specific documents used in the review
are listed in the Appendix to this report.

Offsite Power System

This plant site will be interconnected t¢ tn
gr1d system through two 500 kV and four 230 kV transmission

aily

lines emarieting from their respective switchyerds. The two
500 kV transmission lines converne on their s'*tun ard
through o separate and indepencent routes. The fo

kV transmission linss are arrarnged in pairs and each

routec to the 230 kY suizchyard on & ssries of trans
towers wihich are located on separate and independent
of-way witih respect tec the othar pair of transmissio
The 500 kV switch yvard is arrangad in a ring bus confi
with the provisicns 1o be converted t¢ a breaker-and
configuration ucon the instailation of the fuiure fou at
site. The 230 kV switchyard, which serves as the so
offsite power to nuclear unit 3, is arranged in a br
a-half crn‘iﬂu*auion and it is not directly interconnected

-

with the 500 kV switchyard. Power from the nuclear unit 3
generator is supdlied to the 500 kV switchyard and also to

the Unit 3 auxiliary transformer. Fossil Units 1 and 2 at the
site supply power to the 230 kV switchyard. Offsite power to
nuclear Unit 3 is from two separate feeders emanatxng from
different breaker-and-a-half configuration bays in the 230 kV
switchyard. These power sources are connected to two separate
startup transformers of which one startup transformer is
assigned to nuclear unit 3 and the other is shared between
fossil Units 1 and 2 and nuclear Unit 3. The shared startup
transformar, feeder line and associated breakers have sufficient
capacity to handle a'! required Toad de.anjs from the three
units. A1l of the high voltage circu t breakers in the 230

KV switchyard are provided with primary and backup re]aying
circuits puwered from independent d-c suppliies.

The low voltage side of Unit 3 auxiliary transformer and
of each one of the startup transorners is provided with
two redundant feeder breakers, each connected to one of the
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two redundant emergency busss. The emergency buses are
powered from the Unit 2 startup transformer during 211 modes
of plant opsration, and upon loss of the normal supply,

power is made available manually from the control room to
these buses from either the Unit 1 and 2 startup transformer
or Unit 3 au /111:*y transformer. Each one of the transformers
and attendant distributicn systems have sufficient capacity

to meet shuidown and emergency load requirements.

The applicant has conducted electrical grid stability
analyses showing that the simultaneous loss of total
generation at the Crystal River site will not adversely
affect the stability of the remainder of the transmission
system or the zbility to provide offsite power to Crystal
River, Nuclear Unit 3.

Qur review of the offsite powsr system revealed that the
design provided for only one source of d-c control power

to the 230 kV switchyard brezkers, thus, making thz redundant
offsite power sources susceptible tc single failurss. This
item and its status are discussed in Secticn 7.92.4 of thi
report.

We have concluded thit the offsite power system desion

with the satisfactory resoclut 1:: of the auove mentionad

ftem would satizfy the requirements of GOC 17 and 18 and

IEEE Std 305-1563, and it naulo be acceptatie.

Onsite Power Svs*tems

A-C Power System

The a-c emergency onsite power system §s comprised of two
redundant and independent distribution systems, each

powered by one of the two redundant diesel generators. Each
distribution system includes 4160, 480, 240 and 120 volt
load centers to accommodate the voltage requirements of the
sefety loads. Each 4160 and each 480 volt load center bus
in a distribution system can be connected to their respective
redundant counterpart in the c.her distribution system
through two serially connected bus tie breakers. The safety
lozds for the unit are distributed evenly between the two
distribution <ystems with the exception of the third high
pressure injection pump that provides extra redundancy.

This pump can be powered from either distribution system.
The selection of the power feed is accomplished through a
single breaker which can only be inserted manualiy in one of
the redundant switchoear compartments zt the time, thus,
preventing the interconnection of the power supplies.
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There is 2 single 480 V motor control center which can
be manually connected to either one of the distribution
syste.ss through an electrically interlocked transfer
switch. The applicant, at our reguest, had modified the
design of the single 480 V motor control center to deiete
the automatic transfer feature and instead to inciude only
the czpability for manual transfer as recommended by RG 1.6.
We have determined that the loads connected to this bus have
no safety significance and the interiocks provided to
prevent the propagation of faults to the redundant emergency
buses are considered adequate. We conclude that the design
of the manual transfer of this load center is acceptable.
The design also provides for the connecticon of selected
Non-Class IE loads to one of the Class IE emergency buses
through a 4162/430 V transformer. o nave pursued with the
applicant tha potential conflicts of using administrative
controis to connect and disconnact Heon-Class IE loads to and
from the emergency buses. Concern was expressed to ths
applicent that in the event of an accident coincident with
the loss of offsite power, a failure in tne N lass
electrical system couid result in the unsclected
f Non-llass 1E loads to thne emergency buses. This ¢
result in the tripping of the associated diesel genera
due to overload. The applicent has been informed that
will recuire that the feeder bHreaksr com e &]
V transformar to cne of the emerosncy bu
meet Class IL raouirements, and t
automatically upon detection of an &
the loss of offsite power, end be
cduring the transient stabilizaticn p
event. Tne applicant has agreed to modify the design to
conform with ocur position. lowever, we will require that the
design modifications be submitted for our review to confirm
that the final design is acceptable.

n¢

Each diesel generaior is rated at 4160 V, 2,750 kW continuous,
3,000 k¥ for 2,000 hours and 3,300 kW for 30 minutes. The
loading of the diesel generators is within the limits
suggested by Regulatory Guide (RG) 1.9 except for the voltage
dip during tk> first loading block which is approximately

28% of nominal instead of Zzi. recommended by R.G. 1.9, To
compensate for this voltage dip in g:cess of that recommanded
by RG 1.9, the applicant has provided motor starters that
will hold in during this lower voltage transient. We have
concluded that this is acceptable. With regard to the diesel
generator gualifications, the apolicant has indicated that
the diesel generators for this plant have bsen previously
qualified for use in Nuclear Power Plant applications. e
have reguested that information in support of the diesel
generator qualifications be submitted by the applicant for
our review. '
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Each diesel generator is automatically staertec on an
undervoltage signal from its respsctive 4160 V emergency

bus, Or on &~ ESF actuation trip signal. If offsite

power is nct available, the 4160 V emergency buses are
automatically isolated from all supply sources. The diesel
generators are then connected automaticaliy to their

respective 4150 V emergency bus, and under accident conditions,
the safety loads are automatically connected in a pred;to»rined
sequence to their respective diesel generator.

Our review of the electrical schematics revealed thzt the
independence of the recundant emergency buses was corrrcv1sed
as a result of a design feature that provides for paralleling
of the redundant diesel generators through the tie breskers

connecting redurdant 4160 V buses when the offsite power is
not aveaileble. It wes also discovered that the manual
controls for the breakers through which cffsite power is
supplied to the emervgency buses interfereg with the operation
of ihe undervoitsce irin signal to isoiate the emergency pusses
from the offsite power :zcurces when ofisite pouwsr is lost. In
addition, we found that the tic biregakers connscting redunsant
gmergency Lusas at the 450 voil lovel were not autematicall
openad umon receipt of an ESF actuation trin sional, compromising
the independenc of ¢ redundant emergancy buses. These
prob]en; were idantitied to lhe eppiicant and it aoresd
to resoive them and nmoedify the design accordingiy. ke will
reguire tnat the revised decigns be submitted for our review
to contirm that they are acceptable.
The diesel generator units are located in separate seismic
1a5s 1 structures. tach unit has indspendent aux11iary
systems and separate seismic Class 1 underground fuel stovrags
tank. The tcotal onsite fuel cil storage capacity provides
for at leact seven days of diesel generatur operation at full

rated load.

e have concluded that the a-c emergency onsite power system
with the satisfactory implementation of the above mentioned
design commitments and substantiation of the diesel generator
aqualifications would satisfy GDC 17 and 18, IEEE Std 3038-194¢C
end Regulatoury Guides 1.6 and 1.9, and it would be acceptabie.

D-C Power System

Onsite d-c emergency power is derived from luclear Unit 3

and fossil inits 1 and 2 battery systems. The nuclear Unit 3

battery system i1s comprised of two redundant and independent
250/125 volt battery bann-ch;rb:v units and the attendant

distribution systems. Each distribution sysiem is normally

supplied by the battery charger and backed up by the flcating
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bank which is sized to carry 211 connected loads for

two hours upon the loss of the normel supply. Each 250

and each 125 volt battery charger in a distribution system
is supplied from scparate 480 V emergency buses. In
add't1cn, t“ere ic an installed 250/125 volt ba tery charger
for each redundant battery bank which can be manually
connected to either half of their correspending 250/125 volt
d-c system. Each 25C0/125 voit battery bank is located in a
separate seismic Class 1 room.

Our review of the nuclear Unit 3 d-c emeraency power system
revealed that the desiagn provided for menual cross-connection
of the two redundant nain d-c distribution buses in the
event of a battery failure. Also, it was found that these
buses ccul c be interconnected through d-¢ distribution
circuit panels. hd“1ni=trat’vc controls were the only msans
provided for accomplishing the interconnections and there vere
no mechanical and/or e1e::w*ca‘ intericcks provided tc prevent
inadvertent a:**"*f‘*"1"° errors from f"““ﬂﬁ‘sinﬂ the
independince of the d=c emarasncy power system. We have
informed the apnlicant that administrative controls ¢lcne do
not provide rezsonable assurance that the 1f‘°“="3°nf= of the
d-c emargency pover system is maintained ac< reguirved by GDC 17
and IEEE Std 30S5-1249. Tnerefo“a, we will reguire »”;t the
design be modifisd to provi i
agreed to modifty the C
of the two redundant d-c systems is maintainzd by either
supplenv-uting ccministrative controls with rncﬂ=nc1a1 and/or
electrical interlocks or deleting the manual cross-connection
betw:en the redundant d-c systems. We will require that the
revised design be submitted for our review to confirm that
it is acceptable.

Four redundant 120 voit vital a-c distribution buses are
provided to surply power to the plant protection system
instrumentation and associated circuits. Each a-c vital

bus is supplied separately from ¢ static inverter. Each pair
of inverters is normaily supplied from separate 480 V emergency
buses and backed up from the respective battery bank.

Qur review of the 120 volt vital a-c system revealed that

the provisions of the dasign to manually cross-connect the
redundant 120 volt vital a-c buses and to supply these

buses from the lion-Class IE reaulated instrument buses will
make the [SF analog channels vulnerabie to single failures.
We have advised thc applicant that an acceptable design should
preclude the intercunnection of the vital buses during those
modes of plant operation where the plant nrotection system “s
required to remain operable after a single failure. With
regard to the vital buses being supplied from the reculated
instrument Luses, we have informed the applicant that an
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acceptable design should only permit the connection of

one vital bus at the time to the instrument bus and only
then for a period not to exceed 8 hours. The applicant

was advised that supplying power to one of the vital

buses from the instru.:.t bus was not a requirement from

the standpoint of safety but it could be considered a
gesirable feature from the standooint of preventing spurious
signals from tripping the reactor or initiating the ESFs,
while the normal source ¢f power to the vital bus is being
repaired. The applicant has agrced to make the design
acceptable and to reconsider ti: supply of the vital buses
from the Non-Class IE regulated instrument buses. In
addition, we found that a single failure in the transfer
control switeh utilized to select the alternate power source
for the ESF indicating lights will compromise the independence
ov two of the redundant 120 V vital a-c buses. This problem
wes identified to the zpplicant ~nd i agreed

1o modify the design so it would "0t be vuinerable to

single failures. We will require t'at the revised desians
pertaining to the above mentioned 7tems be submitted for
aur review to confirm that they ar.: accestable.

The battery system from fossil Units 1 aud 2 consists of
two separate bat:ery .bank units and attendant distribution

systems. Ihesc power sources, in addition {o supplvinz the ¢=¢
toads of the ::::11 units, provide conirsl power to 1! 230

: < - | 9 - ) 3 e -
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it to
this battery systen are reported in Sections 7.9.4 and 8.2 of
this evaluation.

We have concluded that the d-c emergency onsite power svste
with the sat:sracbory 1np1emar»a*1ﬂn of the above mantioned
d651gn commitments and satisfactory resclution of the 230 kV

¢ ritchyard trezkers control power separa*1on (Section 7.9.4)
and ventilation ducts and common door in the nuclear Unit 3
battery rooms (Section 7.9.3) would satisfy GDC 17 and 18,
IEEE Std 308-1969, Regulatory Guide 1.6, and it would ve
acceptable.

m
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The following principal documents were used by J. A. Calvo in
the Operating License Review of (rystal River, Unit 3:

1. Final Sefety Analysis Report (FSAR) through Amendment 38
for Crystal River, Unit 3.

2. Sections 6, 7, 8, 9 and 10 of FSAR for Arkansas huclear One,
Unit 1. .,

3. Operating License Safety Evaluation Report for Arkansas Nuclear
One, Unit 1, issued June 6, 1973.

4. Babcock & Wilcox (B&W) Schematic Diagrams for the Reactor
Protection System.

5. Gilbert Associates, Inc. {GAI) Elementary Dizgrams for the Engineered
Safety Features Actuat’:z’ System.

6. GAI Elementary end Single Line Diagrams for the Llectric Fower
System and Safe:y Relzted Actuation Devices Lontrol Circuits.

7. 10 CFR Part 58 and Annendix A to 10 CFR Part 50.

8. Regulatory Guides 1.6, 1.8, 1.11, 1.2Z, and 1.32.

9. Institute of Electrical &and Electronic Engineers (IEEE] Stendards:
IEEE Std 27%-7368 -~ “"Proposed IEEE Criteria for lLuclear Power
Plant Proiection Systems."

IEEE Std 308-1868 -~ "IEEE Criteria for C]ass IE Electric Systems
for Nuciear Power Generating Stations.’
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