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P.0.Box968 3000 George WashingtonWay Richland, Washington 99352 (509)372-5000
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. SS-L-02-CDT-82-011

Docket No. 50-397

Mr. A. Schwencer, Chief ) e ’
Licensing Branch No. 2 RECEVED
Division of Licensing J o>
U.S. Nuclear Regulatory Commission . még;gggfm
Washington D.C. 20555. uuungggmnu

Dear Mr. Schwencer:

Subject: NUCLEAR PROJECT NO. 2
SECTION 8.3 REWRITE

Reference: Letter, R. L. Tedesco to R. L. Ferguson, "WNP-2 - Request
for Additional Information", dated July 22, 1981

Enclosed are sixty (60) copies of the draft revised pages for the WNP-2
FSAR Section 8.3 rewrite.- Included in this enclosure is the response to
NRC Question 040.088 which was transmitted to the Supply System by the
reference letter.

Responses to the remaining Power Systems Branch Questions will be submitted
to the NRC prior to January 31, 1982 as committed to in the PSB meet1ng
December 16-18, 1981. Both the Section 8.3 rewrite and the NRC question
will be 1nc]uded in Amendment 23.

Very truly yours,

AV Bsu

G. D. Bouchey, Deptuty Director
Safety & Security )

CDT/ct
Enclosure

cc: R. Auluck - NRC )
WS Chin -~ BPA
R. Feil - NRC-Site
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. 040.088

(9.5.7)

RSP

An emergency diesel generator unit in a nuclear power plant
is normally in the ready standby mode unless there is a loss
of offsite power, an accident, or the diesel generator is
under test. Long periods on standby have a tendency to drain
or nearly empty the engine lube oil piping system. On an
emergency start of the engine as ' much as 5 to 14 or more
seconds may elapse from the start of cranking until full Llube
oil pressure is attained even though full engine speed is
generally reached in about five seconds. With an essentially
dry engine, the momentary lack of lubrication at the various
moving parts may damage bearing surfaces producing incipient
or actual component failure with resultant equipment unavail-
ability. .

The emergency condition of readiness requires this equipment
to attain full rated speed and enable automatic sequencing of
electric Load within ten seconds. For this reason, and to
improve upon the availability of this equipment on demand.,

it is necessary to establish as,quickly as possible an oil
film in the wearing parts of the diesel engine. Lubricating
oil is normally delivered to the engine wearing parts by one
or more engine driven pump(s). During the starting cycle the
pump(s) accelerates slowly with the engine and may not supply
the required quantity of lubricating oil where needed fast
enough. To remedy this condition, as a minimum, an electri-
cally driven lubricating oil pump, powered from a reliable’
DC power supplys, should be installed in the Llube o0il system
to operate in parallel with the engine driven main lube pump.
The electric driven prelube pump should operate only during
the engine cranking cycle or until satisfactory lube oil
pressure is established in the engine main lube distribution
header. The installation of this prelube pump should be
coordinated with the respective engine manufacturer. . Some
diesel engines include a lube oil circulating pump as an
intregal part of the Lube oil preheating system which is in
use while the diesel engine is in the standby mode. In this
case an additional prelube oil pump may not be needed.

Confirm your compliance with the above requirements or
provide your justification for not installing an electric
prelube oil pump.
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Response:

The Llube 01l system for each diesel generator unit is
provided with an independent AC motor driven circulating
pump which s utilized to dinsure lubrication of the turbo-

charger bearings prior to engine start and the removal of

residual heat from the turbocharger after engine shutdown.,
and in addition, this pump circulates the preheated oil
through the oil system to keep the engine in a constant

,state of readiness. Each diesel generator unit (Division 1

and 2) dis also provided with a standby DC motor driven soak-
back pump redundant to the AC driven pump above.

However, the lube oil system for all the diesel generator
units will be modified to improve its reliability during
repeat start conditions and hence, will be in conformance
with NUREG/CR-0660 recommendations.
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NOTE: 1.

@a 8.1-1

DIVISION 1 LOADS

£

Item Description

Motor-Operated Valves (5) -
Emergency Lighting and Power

Diesel Auxiliaries and HVAC

LPCS Water Leqg Pump

Standby Liquid Control Pump (4)

RCIC Water Leg Pump

Fuel PoQl Recirculation Pump (4)

Plant Service Water Pump A (4)

LPCS Pump

RHR Pump A

Standby Service Water Pump A

Cooling Tower Makeup Water Pump (4)
Control Rod Drive Pump (4)

Reactor Closed Cooling Pump (4)

Load Center Transformer Losses

250V Battery Charger (4)

125V Battery Charger (4)
Uninterruptible Power Supply (4)
Standby Gas Treatment Pans and

Heater Coils

RPS MG Set (4)

Hydrogen Recombiner

Drywell Cooling and Pans (4)

Control Air Compressor (4)

Containment Instrument Air Compressor (4)
Nuclear Boiler Recirc. System Hydraulic
Actuator Power Unit (4)

Reactor Bldg. Elec. Equip. HVAC

Control Bldg. Blec. Equip. HVAC
Radwaste Bldg. Elec. Equip. HVAC (4)
Makeup Water Pumphouse Elec. Equip
HVAC (4)

Standby Service Water Pumphouse Electric
Equipment HVAC

are also redundant to each other.

(S0 - Py X
.

Total hp/kW (3) Normal Forced (2)

No. On Bus Connected To Bug Operation Shutdown
Set 200kW - -
Set 124k - -
Set 200kW 140kW 140kw

1 15/12kw 12k 12kW
1 . 40/33kwW 33kwW -

1 15/12kW - 12kW 12kW
1 50/40kw 40kW 40kw
1 1500/1197kw 1197kW 1197kwW
1 1500/1197kW To- -

1 800/642kW - 642kW
1 1750/1377kwW - 1377kW
2 1600/1270kW 635kW 635kwW
1 250/205kW 205kW 205kw
1 200/160kW 160kW 160kwW
2 45kwW 40kW 33ky
1 165kW 165kW 165kW
1 43kw 43kW 43kwW
] 30kW 30kwW 30kwW
2 50/93kW - -

1 25/20k9 20kW 20kwW
1 . 25/57kW - -
Set 184kW 184kwW 184k
1 ‘ 100/82kW 82kw 82kwW
1 15/12kW 12kW 12kw
2 30/48kW 48kW 48kwW
Set 368kwW 368kW 368kW
Set 283kwW 283kW 283kW
Set 150kw 150kwW 150kW
Set 90kW 90kw 90kwW
Set 38kW 38kW 38kW -

. TOTAL 3987k’ 576 1kW

Division 1 and 2 together provide functional redundancy to the HPCS (Div. 3) system and

Forced shutdown is defined as nonaccident force shutdown with offsite power avallable.
Motor horsepower indicated is nameplate HP, and kW 18 the equivalent kW.

Components are not required for a safe shutdown (non-ESF components).

+ Intermittent loads. Not included as long term loading.

Z-dNM
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TABLE 8,.1-2

DIVISION 2 LOADS

Item Description

Motor-Operated Valves (5)

Emergency Lighting and Power

Diesel Auxiliaries and HVAC

RHR Water Leg Pump

Standby Liquid Control Pump & Heaters (4)
Reactor Water Cleanup Bystem

Fuel Pool Cooling & Cleanup System (4)
Plant Service Water Pump B (4)

RHR Pumps B & C

Standby Service Water Pump B

Cooling Tower Makeup Water Pump (4)
Control Rod Drive Pump B (4)

Reactor Closed Cooling Pump (4)

Load Center Transformer lLosses

125V Battery Charger (4)

Standby Gas Treatment Fansg and

Heater Coils

RPS MG Set (4)

Hydrogen Recombiner

Drywell Cooling and Pans (4)

Control Alr Compressor & Dryers (4)
Containment Instrument Air Compressor (4)
Nuclear Boiler Recirc. System Hydraulic
Actuator Power Unit (4)

Radwaste System Condensate
Demineralized Hold Pumps

Reactor Bldg. Elec. Equip. HVAC

Control Bldg. Elec. Equip. HVAC
Radwaste Bldg. Elec. Equip. HVAC (4)
Makeup Water Pumphouse Elec. Equip

HVAC

Standby Service Water Pumphouse Blectric
Equipment HVAC i

notes, see bottom of Table 8.1-1

Total hp/kW (3)

Normal

Forced (2)

On Bus Connected To Bus Operation Shutdown
Set 200kw - -
Set 122kyW - -
Set 185kW 97kW 97kW

1 15/12kW 12kw 12kw

1 40/88kwW 44kw -

2 100/82kW 82kw 82kW
Set 50/90ky 90kW 90kw
1 1500/1197kH - -

2 1600/1284kW - 642kW
1 1750/1377kW - 1377kW
2 1600/1270kW 635kW -

1 250/205kW 205kW 205kw
2 400/320kwW 160kW 160kW
2 45kW 40kw 33kW
1 43kw 43kW 43kwW
2 S0/93kW - -

1 25/20ky 20kW 20kW
1 25/57kw - -
Set 186kW 186kW 186kW
1 100/126kW 126kW 126kW
1 15/12kW 12kw 12kW
2 30/48kW 48kW 48kW
Set 18/15kW 15kW 15kW
Set 371kW 371kH 371kW
Set 331kwW 331kw 331kW
Set ° 145kw 145kW 145kW
Set 90kW 90kW 90kW
Set 40kW 40kW 40kW

TOTAL 2587kW 4555kW

Z-dNm
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For

Item
Description

HPCS Pump

Motor-Operated
Valves (5)

HPCS Waterleg
Pump

HPCS Service
Water Pump

Auxiliary Panel

D-G Rm Exhaust
Fan

Supply Fans
Fan Coil Unit

Instrument and
Control Power

Lighting
Misc. Aux.

HPCS Batt. Chgr.

WNP-2

Table 8.1-3

DIVISION 3 (HPCS) LOADS

Total
hp/kw

No. Connect Normal Forced (2)
On .Bus . to Bus Operation Shutdown

1 3000/2380 - -
Set 77/62 - -

1 15/12 - -

1 60/50 - -

1 24 24 kw 24 kw

1 - 50/40 - -

2 45/36 - -

1 10/8 5 kW 5 kW
Pnl 6 2 kW 2 kW
Pnl 12 2 kW 2 kW
Set 3 2 kW 2 kW

7 5 5 kW S kw

TOTAL 40 kW 40 kW

Notes see bhottom of Table 8.1-1.
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The 6.9 kV non-Class 1E switchgear buses are fed from the
single secondary winding normal auxiliary transformer (TR-N2)
or from the 6.9 kV "X" winding of the dual secondary winding
startup transformer (TR-S). These buses supply the non-Class
1E reactor recirculation pumps, cooling tower substations and
auxiliary substations.

The 6.9 kV and 4.16 kV auxiiary switchgear buses are arranged
for distribution of power through a switchgear assembly of air
circuit breakers. The sw1tchgear is of metal-clad, indoor
design and has 3-pole air circuit breakers (draw-out type)
with stored energy mechanisms fed from the plant DC systems.

Normal source power failure is detected by relays in the unit
trip protective system and by undervoltage relays. Automatic
transfer facilities are provided so that failure of normal
supply causes immediate tripping of the normal supply circuit
breakers and simultaneous closing of the startup transformer
supply circuit breakers. The startup transformer circuit
breakers are interlocked to close only after the normal source
cuit breakers have opened, thus preventing closing into a
fault: this provides virtually continuous feed to the Class 1E

and non-Class 1E switchgear buses of all divisions.

Upon loss of both normal and startup sources, or if the start-
up source is lost when the main generator is out of service,
the tie breakers between the 4.16 kV Class 1E and the 4.16 kV
non-Class 1E switchgear buses are automatlcally opened,
thereby shedding -all loads supplied via the 4.16 kV non-Class
1E buses. The 4.16 kV Class 1E bus undervoltage signals cause
trip of all 4.16 kV feeder breakers except those breakers
supplying 480 V substations. The Division 1 and 2 4.16 kV
Class 1E buses (SM~7,8) are then automatically transferred to
the 115/4.16 kV backup transformer for supply of load. In the
event this source is also unavailable, these buses would be
automatically transferred:to the onsite standby sources
(DlVlSlon 1 and 2 diesel ‘generators). Reapplication of load
is on a time priority basis. The loading sequence for buses
SM-7 and SM-8, as shown in Tables 8.3-1 and 8.3-2, ape 1o _e/ecfromQC/"?'
accomplished through the usge of‘timé'aélay relays. -Baeato nrcal
voltage.drop..limitations,

whon-buses—-Si=7amd St 8—are—powered—frem—eitirer—of—tire—ott
sitopower sourees. The Division 3 (HPCS) 4.16 kV Class 1E
bus (SM-4) cannot be connected to the backup source; loss of
the normal/startup sources causes automatic transfer of this
load to the Division 3 onsite standby source (DlVlSlon 3
diesel generator). Load shedding and load sequencing are not
required in this division.

8.3-2






The 4.16 kV Class 1E buses SM-7 and SM-8 provide power to the
4.16 kV emergency core cooling system (ECCS) loads, control
rod drive pumps and (via stepdown transformers) the 480 V
Class 1E buses SL-71, SL-73, SL-81, and SL-83. The 4.16 kV
Class 1E bus SM-4 provides power to the 4.16 kV high pressure
core spray (HPCS) pump and (via stepdown transformer) the 480
V Class 1E motor control center MC-4A (HPCS auxiliaries).
Buses SM~7 and SM-8 can be fed from any of three sources,
namely (1) normal auxiliary switchgear which receives power
from either the normal auxilidry transformers or the startup
transformer, (2) the backup transformer or, (3) standby diesel
generators. Bus SM-4 can be fed from either of two sources,
namely, (1) normal auxiliary switchgear which receives power
from either the normal auxiliary transformers or the startup
transformer or, (2) a standby diesel generator.

The Division 1 and 2 4.16 kV Class 1E buses have been arranged
to allow both ESF and non-ESF loads to be supplied by the
onsite power sources on loss of offsite power as shown in
Figure 8.1-9b. Division 1 4.16 kV ESF loads are connected to
bus SM-7 while 4.16 kV non-ESF loads are connected to sub-bus
SM-75. The isolating circuit breaker (7-75) feeding sub-bus
SM-75 is automatically tripped by a LOCA signal to shed these
loads. Division 2 loads are treated in a similar manner on
buses SM-8 and SM-85. The plant service water pumps are auto-
matically started on loss of offsite power to provide water to
drywell cooling units for orderly shutdown, but on loss-of-
coolant accident they are automatically tripped from the
standby AC power system.

Manual live transfer of power between normal auxiliary and
startup sources is possible either way by the main control
room operator on the 4.16 kV non-Class 1E switchgear buses
sM-1, 2, and 3. Likewise, manual live transfer of power bet-
ween normal/startup and backup transformer sources is possible
on the 4.16 XV Class 1E switchgear busac SM-7 or 8, although
the startup source is the preferred offsite power source.
Manual live transfer of power between the normal/starwﬂbr the
backup power source and the Divisiongor 2 standby power source
is possible. This facilites diese generator testing without
dropping loads, or the return of ldads from the diesel genera-

. tor to the offsite power source ugon recovery of the @akker>~&f ﬁ‘
\

yﬂﬂﬂﬁﬁpem a total loss. ,$ynchronizingfof any diesel generator with

the normal auxiliary} transformer, is prohd8$ed’ ¥y Administra-
tive procedures;are/implemented to-ensure-that-this.reguire-
ment is followed. //

v

Broe e / .
ad.d
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The primary undervoltage sensing scheme for the 4.16 kV Class
1E distribution system utilizes instantaneous under-voltage
relays to start the Divisionn 1, 2 and/fe+ 3 standby diesel-
generators immediately upon loss of voltage at their asso-
ciated 4.16 kV Class 1E switchgear buses. These relays also
energize two~sacond timers which allow the system to attempt
to establish supply from the startup source (if the plant is
operating from the normal source at the tlme) or verlfy that
voltage loss is maintained (if the plant is operating from -the
startup source initially).

In the event that voltage loss is maintained for two seconds,
the Division 1 and/or 2 timers trip the Class 1E bus normal/
startup source breakers, institute load shedding, and energize
additional two-second and five-second timers. The second two-
second timer are utilized to attempt closing of the backup
source breakers; backup transformer undervoltage relays will
inhibit breaker closure in the event of backup source under-
voltage. The five-second timers are used to inhibit closure
of the diesel generator breakers until the system has had time

to attempt re-establishment j; supply via the backup source.

HAere /¢ no provision Sranster o

SinceNthe Division 3 4.16 kV Class 1E bus
by the backup source, its diesel generator breaker closes via

“signals from the single Division 3 three-second timer, which

is energized by the bus undervoltage relay.

Refer to 8.3.1.1.8.1.7 and 8.3.1.1.8.2.7 for additional
discussion of the standby diesel generator starting and
loading systems.

A second level of undervoltage protection is provided to pro-
tect against the effects of prolonged degraded voltage which
could adversely affect the operation of Class 1E electricd?g
motors requiring at least 90% of the rated nameplate voltg for
continuous operation. (See Table 8.3-13.) For this reason,
Class 1E bus SM-7 and SM-8 voltages are monitored by an addi-
tional set of Class 1E undervoltage relays. Three static type
undervoltage relays are provided for each bus and are con-

nected in-sueh—a—manner-—as to monitor all three line voltages
(i.e., phases AB, BC, & CA). The arrangement utilizes a

2-out—-0of-3 logic to preclude the possibility of spurious
voltage loss signal and facilitate testing.






nomu.a./ Zus

In the event of sustained bus undervoltage (87.3% of-rated
voltage lasting more than 8 seconds), the second level of _A”FS
undervoltage protection automatically isetates the feeder
breaker connecting the normal/startup sources to their respec-
tive 4.16 kV Class 1E buses. Q?his action results in loss of /5r . (

bus voltage, thereby,, initiating load shedding and energizing. ﬁfu"p~
the three bus transfer timers mentioned in the primary underx- ! f
voltage scheme above. 1In this case, however, the first two- Qa
second timer is bypassed. The second two-second timer permits
closxng of the backup source breaker and the f;;z;;;ggnd_ﬂn~ ‘gea du
timer permits closing of the diesel generator assuming .
* a failure of the backup source breaker to close. Closure of

the backup source and diesel generator breakers is permitted
if the source .voltage is at least 94% of normal.

Should the degraded voltage condition exist on the backup

power source while the source is supplying the load, the

second level undervoltage relays would then isolate that

source, again initiating the sequence of events described for I
the secondary undervoltage sensing scheme above. However,

closing of backup feeder breakers, as part of that sequence of
events, is blocked.

When the Class 1E buses SM~7 and SM-8 are being fed from the
turbine generator, the possibility of sustained undervoltage
is not considered credible due to response characteristics of
the voltage regulator and protection equipment for the unit.

The scheme described assures a power source within the accep-
table voltage limits for the Class 1E loads at all times.
Circuit design allows for testing of the individual relays,
one at a time, without disrupting the protective function.

8.3-4a






»

8.3.1.1.3  120/240 Volt (Non-Class 1E) Plant Uninterruptible
Power System

The non-Class 1E plant uninterruptible power system supplies

© 120/240. V AC to station services where uninterruptible power
is required, such as for plant, computer and plant instrumen-’
tation (e.g., DEH cabinet). This source of power is necessary
for plant operational loads, but does not supply ESF loads.
Power is distributed via a single phase, three wire, grounded
neutral system.

Failure of the non-Class 1E unlnterruptlble power system has
no adverse effect on station safety since no ESF loads are
supplied from this system.

The plant uninterruptible power system receives its power from
a static inverter-static switch arrangement fed both from :a
250 V DC station battery (float source) and from a 480 V AC
Class 1E MCC (preferred.source) as shown on Figure 8.3-2.
During faults on the uninterruptible power system the static
switch will automatically transfer loads to a regulated alter-
. nate source, which supplies sufficient fault current to blow
the circuit fuse and clear the fault.

A manual bypass siwtch is also provided to bypass the entire
plant uninterruptible power system and transfer load to an
unregulated bypass source. This will allow for maintenance
and inspection of the system.

8.3.1.1.4 120/208 Volt Non-Class 1E Instrumentation
. Power System

Power is supplied to non-Class 1E plant instrumentation at
120/208 V AC via a' three phase, four wire, grounded neutral
distribution system. This distribution system supplies power

to the 115 V AC transversing incore probe (TIP) of the neutron
monitoring system and other non-Class 1E instrumentation
loads.

Failure of the noncritical instrumentation‘power system has
no adverse effect on station safety since no ESF loads are
supplied from this system.

Alarm and fault detection equipment is provided to alert the
operator of possible trouble. All equipment associated with
the 120/208 V non-Class 1E instrumentation power system is
readily accessible for inspection and maintenance on a routine
basis in accordance with the manufacturer's recommendation.

8‘3-6
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8.3.1.1.2 480 Volt Distribution System

Power for 480 V auxiliaries is supplied from unit substations
consisting of 6.9 kV/480 V or 4.16 kV/480 V transformers and
associated metal clad switchgear. Non-Class 1E 4.16 kV buses
SM-1, 2 and 3, supply separate 480 V substations, each W1th
its own power transformer and switchgear.

Class 1E 480 V substations supplying ESF loads are arranged as
independent radial systems with each 480 V bus fed by its own
power transformer. Each 480 V Class 1E bus is independent of
the other 480 V buses; there are no crossties. The 480 V
auxiliaries required during emergency conditions are supplied
from 480 V Class 1E buses SL-71 and SL-73 (Division 1) and
SL~81 and SL-83 (Division 2). The BPCS 480 V auxiliaries are
supplied from an independent transformer and Class 1E bus
MC-4A (Division 3). Power supplies to all Class 1E auxiliary
systems are arranged so that alternate or redundant auxiliary
systems are supplied from 4 16 kV switchgear buses of separate
Class 1E divisions.

The 480 V substations supply 460 V motor loads larger than 100
HP and all motor control center loads. Switchgear for 480 V
substations is of the indoor metal clad type with draw-out
circuit breakers operated from the plant DC system. Phase to
ground fault currents are limited to a maximum of 10 amperes
by use of neutral ground resistors in all substation trans-
former neutral ground connections. All substation transformer
neutral ground connections and switchgear branch feeder cir-
cuits are equipped with ground detection devices and alarms.

The 480 V motor control centers feed motors 100 HP and less
(in general), control power transformers, heaters, motor-
operated valves, all other small electrically operated auxi-
liaries and all lighting. Control centers are isolated in
separate load groups corresponding to divisions established by
the 480 V substation units. Branch circuit protection for all
loads is provided by fused disconnect switches equipped with
current limiting fuses, with the exception of subfeeders to
other small motor control centers and all HPCS motor control
center (MC-4A) branch circuits. Molded case circuit breakers
are utilized for these feeders to other MCCs and for all loads
fed by MC-4A. Class 1E motor control centers are shown on the
auxiliary one-line diagram (Figures 8.3-1a through 8.3-1f).

8.3-5
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m” The system consists of non-Class 1E 120/208 V distribution.
panels supplied from the 480 V Class 1E MCCs via
480-120/208 V stepdown transformers.

ﬁ 8.3-6a






8.3.1.1.5 Division 1 and Division 2 120/240 Volt Critical
(Class 1E) Instrumentation Power System

Power is supplied to critical plant instrumentation at

120/240 V AC via two single phase, three wire, grounded
neutral distribution systems as shown in Figure 8.3-2. AC
power is normally fed into the systems from 15 kVA static
inverter-static switch arrangements supplied from both the 125
V DC battery systems (primary sources) and the critical AC
distribution panels (alternate 'sources). The static switches
immediately transfer from the inverter sources to separate AC
sources upon loss of inverter output. The system is divided
into Division 1 and 2 redundant circuits, with separate invert-
ers and static switches feeding into separate distribution
panels (7A-A and 8A-A) in the main control room for service to
ESF circuits in the nuclear steam supply system. This system
maintains critical instrumentation power sources even during
the short interval when offsite power has been lost and
standby power has not yet been applied to the Class 1E AC
buses. .

8.3.1.1.6 - Reactor Protection System Power System

The RPS power system is designed to provide 120 V AC power to
the logic and/or system components that are part of the reac-
tor protection system, the containment isolation system, the
neutron monitoring system, and the process radiation moni-
toring system. It is designed to prevent inadvertent reactor
trip or isolation due to a transient loss of power to the trip
logic. Refer also to discussions ‘in 7.2.1.1.b and 7.2.1.2.f.

The principal elements of the reactor protection system power
system are shown in Figure 8.3-2. The system consists of two
high inertia, alternating current, motor generator sets.

Each of these high inertia MG sets has a voltage regulator
which is designed to respond to a step load change of 50% of
rated load with an output voltage change of not more than 15%
and keep the normal voltage limits to within +10% of rated.
The MG sets do not require manual operation or adjustment
during coastdown or acceleration.

High inertia is provided by a flywheel. The inertia is suf-

oltage within -5% of the rated values for approxtinatedy=dd= )
secondp following a loss of power to the drive motor. sl

oo prepbers o £ . flot oo b iy de e n o
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m’ 120 V AC power is supplied from two sources. The primary
source of power is the motor denerator sets previously
described. The alternate source is from a non-Class 1E
distribution panel which is powered from the main generator or
the startup transformer. The motor generator sets themselves
are supplied from separate Class 1E 480 V (Division 1 and 2)
motor control centers. Indiciating lights are provided in the
main control room to monitor the status of QOth the motor
generator sets and the alternate feed. $m1@0 )

In order to protect the RPS trip system|from the unacceptable

effects of sustained over/under voltagg jor under frequency

from the non-Class 1E power sources, torredundant Class 1E

circuit breakers are provided between ‘the RPS distribution

panel and each of the non-Class 1E power sources, namely, the

two RPS MG sets and the common alternate source. Each cir-

cuit breaker is provided{an independent set of Class 1E

over/under voltage and under frequency sensing relays. ,¢¢ ﬁjyrt¢%3»

x

During operation, the reactor protection system buses are
energized by their respective motor dgenerator sets. Either MG
set can be taken out of service by manually operating the RPS
‘transfer contactor which takes one MG set out and connects
that RPS bus to the alternate power source. Provision is made
to prevent connection of both RPS buses to the alternate

@ source at the same time. A loss of power to either MG set is

S monitored in the main control room where the operator, on
detecting such a .condition, can switch to the alternate

source. A complete, sustained loss of electrical power to
both buses is required to cause a scram and containment isola-
tion.

Equipment associated with the RPS power system is located in
separate rooms where routine maintenance can be conducted.
Motor generator sets can be inspected, serviced, and tested
individually while using the alternate feed from the aforemen-
tioned distribution panel.

8.3.1.1.7 Supervisory System

A non-Class 1E supervisory control- (multiplexing) system is
provided between the main plant area and the makeup water
pumphouses, circulating water pumphouses, cooling towers and
meteorological tower to monitor and control operation of

l locally mounted equipment.

803"’8
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A Class 1E superv1sory control system is prov1ded between the
main control room and the standby service water pumphouses to
monitor and control operation of Class 1E standby service
water equipment. The system is divided into three separate
and independent divisions (Division 1, 2, and 3) corresponding
to the three service water system equipment divisions.
Separate equipment is provided for supervision of electrical
equipment of each division; there is no sharing of equipment
or connections between divisions. Failure of equipment in one
supervisory division does not affect supervisory equipment of
other divisions.

Each supervisory control division is a two-way type, incor-
porating multiplexing line sharing, continuous ‘scanning modu-
les (with solid state logic) and output relays.

8.3.1.1.8 Standby AC Power System

The standby AC power source for the plant consists of three
diesel generator sets, each one serving ESF loads in its asso-
ciated Division (1, 2, 3), their attendant air starting and
fuel supply systems, and automatic control circuitry. The
diesel generator sets supply power to those electrical loads
which are required to achieve safe cold shutdown of the plant
and/or mitigate the consequences of a design basis event coin-
cident with a loss of all offsite AC power. Tables 8.3-1,
8.3~-2, and 8.3-3 list the equipment and loads supplied by each
generator for both cases. The individual loads are determined
on the basis of na?eplate rating of the motors used. :

' I A
Each diesel generator (with its auxlllarles) is housed in a
separate room as’'shown in Figure 8.3-15. The separating walls
are designed as\fouqhhour NFPA fire barriers and will provide
missile protect16ﬁ’1n the event of explosion or failure of
rotating equipment. Each room is provided with its own ven-

tilation and lighting systems. Design provisions ensure that
flooding in one diesel generator room does not jeopardize the

operation of the other diesel generators. The power, instru-

- mentation, and control cabllng associated with the diesel

generators is contained in cable trays and conduits which meet
the separation criteria detailed in 8.3.1.4. All equipment
for these systems is identified as indicated in 8.3.1.3.







8.3.1.1.8.1 Redundant (Division 1 and Division 2) Standby
. AC Power Supplies )

8.3.1.1.8.1.1 General

The dual drive diesel generators comprising the Division 1
and Division 2 standby AC power supplies are designed to
quickly restore onsite power to their respective Class 1E
distribution system divisions in the event of coincident loss

_ of all offsite AC power. Figures 8.1-9a and 8.1-9b show the

interconnections between- the preferred power system gnd i
the Division 1 and Division 2 standby diesel generating units.

The dual drive engines utilized are medium weight, fabricated,
main frame engines capable of rapid starting due to a unique
lubrication system that provides immediate, full pressure
lubrication to highly stressed and loaded areas.

Selection of the type of diesel engine utilized is based upon
the advantages offered by this class of unit: the ability to
start and accept rated load rapidly and repeatedly with enough
dead load pickup capability to assume substantial incremental
motor load additions. Having selected the generic type, dual
drive is dictated by equipment availability. Single drive
units are not available in capacities greater than 3000 kW,
which leads to the use of dual drive units to meet larger load
requirements.

8.3.1.1.8.1.2 Unit Ratings and Capability

The diesel generator sets for Division 1 and Division 2 each
have a continuous service rating of 4400 kW, which is larger
than the sum of the automatically connected loads shown in
Tables 8.3-1 and 8.3-2. Diesel generator set short-term
ratings are 4650 kW for 2000 hours, 4900 kW for seven days,
and 5150 kW for 30 minutes. The continuous ratingé of theg. '/
diesel generator® is based upon an accident condition load
which is larger than that required for a safe plant shutdown. .
The generators are rated 5812 kVA at 0.8 pf, which is suf-
ficient to carry the 4650 kW short-term ratings at 0.8 pf. At
higher kW outputs, the diesel generator sets would have to.
operate -at a higher power factor.

8.3-10
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The size of each of the diesel generators serving Divisions 1
and 2 satisfies the requirements of NRC Regulatory Guide 1.9,
Revision 0, and conforms to the following criteria:

-

The continuous (8000 hr) nameplate rating of
each set exceeds the maximum required load indi-
cated in Tables 8.3-1 and 8ﬂ3-2.

Each diesel generator is capable of starting,
accelerating, 'and supplying its loads in the
sequence shown on Tables 8.3-1 and 8.3-2 without
exceeding 5 percent frequency drop (maximum).
The units are capable of recovery to 98 percent
of normal frequency in less than 2 seconds.

Each diesel generator is capable of starting,
accelerating, and supplying its load in their
proper sequence without exceeding 20 percent
voltage drop at its terminals (maximum). The
units are capable of recovery to 90 percent of
normal voltage is less than 2 seconds.

Each diesel generator is capable of starting,
accelerating, and running its largest motor at any

_time after the automatic loading sequence is

completed, assuming that the motor had failed to
start immediately.

Each diesel generator is capable of reaching full
speed and voltage within 10 seconds after
receiving a signal to start, and can be fully
loaded within 30 seconds following the start-
signal.

The speed of each diesel generator does not

exceed 75 percent of the difference between nomi-
nal speed and the overspeed trip setpoint, or

115 percent of nominal speed, whichever is lower,
during recovery from transients caused by discon-
nection of the largest single load.

8.3~-11
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8.3.1.1.8.1.3 Cooling Water Systems

Bach engine in each diesel generator set has a closed cooling
system consisting of a forced circulation cooling water system
which cools the engine directly and a heat exchanger connected
to the respective standby service water system. The cooling
water pump is driven directly from the engine crankshaft. The
engine cooling water system incorporates provision for heat to
maintain the engine jacket at a steady temperature when the
engine is not running to assuré quick starts. Initial air
intake is warm. The diesel generator cooling water systems
are discussed in 9.5.5.

- 8.3.1.1.8.1.4 Lubrication Systems

The engines of each diesel generator set have self-contained
lubrication oil systems consxstlng of lubrication sumps
located at the base of each engine, lubrication oil pumps,
piping and heat exchangers. The lube oil heat exchanger is
served by the diesel generator cooling water system. When the

- engine is not running, the temperature of the lube o0il is

maintained at a steady level with heaters and temperature
controls to ensure quick starts. The diesel generator lubri-
cation systems are discussed in 9.5.7.

8.3.1.1.8.1.5 Air Starting Systems

Each diesel generator set has independeént redundant air
starting systems as discussed in 9.5.6.

8.3.1.1.,8.1.6 - Fuel 0il Systems

The diesel generator fuel oil storage and transfer systems are
discussed in 9.5.4.

8.3.1.1.8.1.7 Autoﬁatic Starting and Loading Systems

In the event of loss of offsite sources of power to the onsite
power bus, each diesel generator set is automatlcally started
and loaded by independent control and circuitry. The starting
circuitry and control power is provided by separate 125 volt
DC station batteries for Divisions 1 and 2 (see 8.3.2.1.1).
The diesel generator starting logic and starting signals

(shown on Figures 8.3-16a through 8.3- 17b) are described as
follows:

8,3-12
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Bach diesel generator starts immediately upon
recipt of a 4.16 kV Class 1E bus (SM~7, 8)
primary undervoltage relay signal or LOCA signals
(reactor low water level and/or high drywell
pressure).

Upon sustained loss of 4.16 kV Class 1E bus
voltage, the bus is automatically isolated from
the upstream non-Class 1E system. Aall loads on
the bus are tripped, except for those small loads
shown in Tables 8.3-1 and 8.3-~2 as part of the
initial load block fed by the 480 V unit
substation. .

After each diesel generator has attained approxi-
mately normal frequency and voltage, its breaker
closes (if 4.16 kV Class 1E bus voltage has not
been re-established via the offsite system
sources) thus immediately starting all loads
belonging to the first block for which "starting
required"” signals are available for engineered
safety feature actuation signals.

The starting of subsequent load blocks are
delayed by time relays in accordance with Tables
8.3-1 and 8.3-2. Diesel generator capacity is
such that units are capable of maintaining all
required loads established by the loading schedu-
les.

Limitation of diesel generator loading is main-

" tained during the entire period the units are

required to operate, since the Class 1E loads
capable of being connected to the units exceed
unit capability. However, as indicated in the
loading schedules (Tables 8.3-1 and 8.3-2), the
maximum loads automatically connected to the
Division 1 and Division 2 diesel generating units
(3860kW and 3382kW, respectively) do not exceed
unit ratings (4400kw each). Loading beyond these
values would require positive operator action to
manually apply loads. :

Maximum voltage dip projected to occur on the

Class 1E buses (SM-7,8) as a result of motor
starting during periods when emergency plant

803—13






. WNP~2

=

load is being supplied by the diesel generators
is 854y percent of nominal bus voltage. The
duration of voltage dip is expected to be very
short lived - in the order of 2 to 5 seconds.
Since the Class 1E bus primary undervoltage
relays are set at '69 percent of nominal bus
voltage, initiation of load shedding as a result
of voltage dip due to motor starting will not
occur. Since the Class 1E bus secondary under-
voltage relays are set at 87.3 percent of nominal
bus voltage (90.8 percent of motor nominal

voltage) with a definite time delay of 8 seconds,

they will not initiate any undesirable tripping
action.

8.3-13a
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each diesel generator under load. To accomplish {
this, supply of the 4.16 kV Class 1E bus asso- '
ciated with the diesel generator to be tested is ﬁ i
transferred to the startup source. Under this P
condition the diesel generator to be tested is £
|

this/requ

The control circuits for automatic start are provided with
means for manual testing during normal plant operation and -
conform to criteria detailed in IEEE Standard 279-1971. Means
are provided to permit applying selected non-ESF loads in the
plant to the diesel generator sets within their capabilities.
However, this is a manual operation under the operator's full
control. Under LOCA conditions, application of the non-ESF
loads can only be accomplished after the LOCA parameters have
been reduced below LOCA sensing instrumentation setpoints.

\

8.3.1.1.8.1.8 Protective Trips

The diesel generator protection system is designed such that
upon accident signal (low reactor water.level, high drywell
pressure) only the following diesel generator trips are
effective:

a. Engine overspeed

b. Generator differential relay action

c. Incomplete sequence

d. Emergency stop pushbutton

8.3-14
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During nonemergency operation of the diesel generator sets
(such as testing) the engine is shut down and the generator
breaker tripped under the following conditions:

a. Engine overspeed -

b. Generator differential relay action

8.3-14a
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c. Incomplete séquence

d. émergency stop pushbutton

e. Generator loss of excitation

f. Reverse current

g. Generator overcurrent

h. Generator overeweitation \/0//0~7¢
i. High jacket water temperature

j. Low lube o0il pressure - e !

. condpe o
During a synchronizing testé)the diesel generator is.protected
from overcurrent -suppiied-to’ the non-Class 1E loads %t the
upstream buses, in the event of a loss of startup transformer
power. The overcurrent protection results in isolation of the
diesel generator emergency bus from the upstream non-Class 1E
loads without disconnecting the diesel generator from the
emergency bus.

" The Division 1 and 2 standby diesel generator control circuits

are detailed in Figures 8.3-25a through 8.3-25d- (general DC
control), 8.3-26a and 8.3-26b (excitation control) and 8.3-27
(governor contro;).

The diesel generator incomplete sequence (fail to start) relay
(K4) indicated in Figure 8.3-25b is designed to shut the
generating unit down and lock it out in the event the normal
starting cycle is not completed within a predetermined time.
The relay is actuated if speed sensing instrumentation indi-
cates that the unit requires in excess of fifty (50) seconds
to accelerate to 150 rpm (regardless of the cause), or upon
failure of the cranking motors to disconnect when the unit is
running. x

8.3.1.1.8.1.9 Surveillance

Surveillance instrumentation is provided to monitor the status
of the standby diesel genrating system. Provisions for sur-
veillance are an essential requirement in the design, manufac-
turing, installation, testing, operation, and maintenance of
the diesel generators. Such surveillance not only provides
continuous monitoring of the status of the standby diesel
generating system, so as to indicate readiness to perform
intended functions, but also serves to facilitate testing and
maintenance of the equipment. Annunciation is provided both

- 8.3-15
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@ locaily (diesel generator control panels) and in the main
control room. Table 8.3~11 indicates the annunciation fur-
nished for the Divisions 1 and 2 diesel generating systems.

~

~um e o8
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When operating in the standby mode, conditions rendering the
diesel generating units incapable of responding to emergency
start signals are lntentlonally limited, as indicated in
8.3.1.1.8.1.8. Table 8.3-11, items 1 through 7 (inclusive),
indicates- all conditions which render the units incapable of
responding, including both diesel generating unit and distri-
bution system problems. Local, disabling diesel generator
incomplete sequence and differential current conditions are
annunciated indirectly (and distinctly from any nondisabling
alarms) via the unit lockout--¢item 6) and fail to start (item
9) alarms. Item 21 indicates that the unit has been started
automatically upon receipt of emergency start signals. The
remaining items indicate nondisabling diesel generator
problems which do not cause unit trip.

During test mode operation, an expanded set of disabling con-
ditions are permitted to prevent unit start or initiate unit
trip as indicated on 8.3.1.1.8.1.8. However, in the event of
receipt of emergency start signals while the units are in the
test mode, automatic control circuitry transfers the diesel
generators to the standby mode, starts (if not operating at
the time) the diesel generators and eliminates from the trlp
circuitry those signals not permitted to disable the unit in
the standby mode.

Main control room annunciation is designed to permit the
control room operator to accurately monitor the status of the
standby diesel generating system at all times and during all
modes of operation. Any condition which renders the deisel
generators incapable of operation is annunciated via Table
8.3-11 Items 1-9. The difference between the standby mode and
all other modes is that the number of unit tripping signals
permitted to actually operate (via the unit lockout relay) is
limited in the standby mode. i

Diesel generating unit controls reset automatically (time
delayed) following nonemergency manual stops initiated at the
local control stations.

8.3.1.1.8.1.10 Instrumentation and Control Systems

Power supply source for the instrumentation and control
systems for each diesel generator is independent in accordance
with the divisional separation criteria detailed in 8.3.1.4
and 8.3.2.4. Each diesel generator set includes the following
instrumentation:

8.3-16
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a. Voltmetér

b. Ammeter

c. Wattmeger

d. Varmetgr

e. Field ammeter

£. Annunciator panel

g. Synchroscope, éynchrgnizinq switches and lights
"h. Frequency meter | é

i. Elapsed time meter

J. Generaggr breaker status lights

k. Bus-tie breaker status lights
The diesel generator sets are capable of being started or - [
stopped manually from the main control room or from local
control panels, and all Class 1E instrumentation is capable of
being monitored both in the main control room and locally.

8.3.1.1.8.1.11 Light Load Operation ’ ' fﬂ
g p are @apuble /}/run f\"]

The Division 1 and'2 diesel generating units ssz=rms. for four l
(4) hours in the lightly loaded condition. Subsequent to the
four~hour period, the units must be either shut down or loaded

to a minimum of 50 percent of nameplate rating for a period of

at least 30 minutes. Operation of the units at loading less

than 50 percent of nameplate rating for periods of more than

four (4) hours, may lead to accumulation of o0il in the ‘exhaust
systems, and to the potential for a fire to occur.

The diesel generators are automatically started, and run ‘l
unloaded during LOCA conditions when offsite power is

available to the unit 4J6 kV Class 1E buses. During unit o
testing and maintenance/repair, periods of unloaded operation

are also expected to occur.

Administrative procedures are employed to periodically load

" the diesel generators or manually shut the units down in less [
than the prescribéd four (4) hour time limit, whenever unit
loading is less than 50 percent of nameplate rating. During [

8.3-17
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Jaw ! / ‘ 3
e unit testzng, runm.ng at less than 50 percent load is made
{/Konl.y .for.,a .minimum. period while preparing for the appl:.cat:.on
7'oif---t:he»-scheduled test load. Light load operatlng time is
t—e%-:ah‘z«ed aodas not }Q exceed the manuacturer's recommen-
ations. (4c¢¢4¢)
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8:3.1.1.8.2 HPCS (Division 3) Standby AC Power Supply
8.3.1.1.8.2.1 General

The single drive HPCS standby diesel generator is used to
supply power exclusively to the HPCS system in the absence of
the normal/startup power sources. Figures 8.1-9a and 8.1-9b
show the interconnections between the preferred power system,
the HPCS diesel generator unit, and the HPCS pump and 225 kvAa
auxiliary transformer. HPCS auxiliary loads appear on Figure
8.3-1d. .

The HPCS system is self-contained except for connection to
LOCA start signals and for access to the preferred source of
offsite power through the plant AC power distribution system.
-It is operable as an isolated system independent of electrical
connection to any other system through its use of the dedi-
cated HPCS diesel generator. The standby auxiliary equipment
such as heaters, air compressor, and battery charger are
supplied from the same power source as the HPCS motor when the
diesel generator is not running.

The HPCS diesel generator has the capability to quickly
restore onsite power to the HPCS pump motor in the event off-
site power “is unavailable and to provide all required power
for the startup and operation of the HPCS pump motor in a
manner compatible with safe shutdown of the plant. 'The HPCS
diesel generator starts automatically on a signal from the
plant protection system; the unit is both started and con-
nected to the bus automatically upon receipt of a bus under-
voltage signal. The failure .of this unit does not negate the
capability of other power sources.

There is no shéripg of the HPCS power system with other units.
8§.3.1.1.8.2.2 Unit Rating and Capability

The diesel generator set for Division 3 (HPCS) has a con-
tinuous service rating of 2600 kW, which is larger than the
sum of the automatically connected loads shown in Table 8.3-3.
Diesel generator set short-term ratings are 2850 kW for 2000
hours, and 3030 kW for 30 minutes. The generator is rated
3580 kVA at 0.8 pf, which is sufficient to carry the 2850 kW
short-term rating at 0.8 pf. At higher kW outputs, the diesel -
generator set would have to operate at a higher power factor.
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The generator is rated to have sufficient capacity to start
and supply the HPCS induction motor for the HPCS pump and (via
stepdown auxiliary transformer) 460 V induction motors which
drive the engine cooling water pump, valve operator motors,
and miscellaneous HPCS auxiliaries. The valve motors operate
for short times and do not impose a significant load on the
generator. The HPCS pump motor has a nameplate rating of 3000
hp at 4000 volts. Table 8.1-3 lists the principal loads on
Division 3 (HPCS). The diesel generator unit has the capacity
to start and supply the lcads required by the HPCS system
within the time requirements described in Chapter 6. Table
8.3-3 lists the sequence of starting loads for the HPCS .
system.

The size of the diesel generator serving Division 3 (HPCS)
satisfies the requirements of NRC Regulatory Guide 1.9,
Revision 0, except:for voltage and frequency limitations, and
conforms to the following criteria:

a. The continuous (8000 hr) nameplate rating of the
unit exceeds the maximum required load indicated
in Table 8.3-3. i - .

b. The unit is capable of starting, accelerating and
running its largest motor at any time.

c. The unit is capable of reaching full speed and
voltage within 10 seconds after receiving a
signal to start, and can be fully loaded within
30 seconds following the start signal.

d. The unit demonstrateé a torque margin in excess
of the starting period requirements. - .

Refer to 8.3.1.2.1.4.5 for a discussion of the nonconformance

to Regulatory Guide 1.9, Revision 0 voltage and frequency
limitations.

HPCS power system electrical apparatus is sized on the basis
of the most severe conditions it will be subjected to in
either a continuous or intermittent basis in any mode of
operation. Intermittent loads are factored in on the basis of
heating (e.g., short time peaks are not added directly to
determine total continuous load imposed). Adverse environmen-
tal conditions have been taken into consideration (e.g.,
derating of cable for temperatures higher than the basic rated
values and use of multipliers on actual service hours for
motors operated at higher than normal rated temperatures).
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8.3.1.1.8.2.3 Cooling Water System

The HPCS diesel engine is provided with a closed cooling
system containing immersion heaters to maintain the engine

. coolant temperature, an expansion tank, a temperature regu-

lating valve, and a lube oil coaoler. The immersion heater is
thermostatically controlled and, in conjunction with the tem~
perature regulating valve, will maintain the jacket water at a
steady temperature. During engine shutdown condition, jacket
water heated by the immersion heater will circulate through
the lube o0il cooler by thermosyphon action to warm the lubri-
cating oil circulated by an AC motor-driven pump. This "keep
warm" feature will provide the engine with the capability of
quick start and load acceptance after a shutdown. The engine
low temperature condition will be annunciated in the main
control room. Refer to 9.5.5 for additional details of the
cooling water system.

8.3.1.1.8.2.4 Lubrication System

Shown in Figure.8.3-20 is the lubricating oil system schema-
tic. The lube o0il system is provided with a suction-strainer
full-flow ‘filter with bypass relief valves, a lube o0il cooler/
heater, and a lube o0il sump pan of sufficient capacity to hold
usable lube oil for 7 days operating without adding makeup
lube 0il. No external cooling is required for the lube oil
system. High crankcase pressure is annunciated for operator
action. 1In view of the low probability of this event, no
blowout panel is provided. Refer to 9.5.7 for additional
details of the lubrication system. :

. 8.3.1.1.8.2.5 Air Starting System

There are two independent air starting systems. The air
starting system is shown in Figure 8.3-21. Each air starting
system has two rotary vane motors. On receipt of the engine
start signal, a normally closed solenoid valve opens and air
flows to the piston for the pinion gear of the lower motor.
The entry of air moves the pinion gear forward to engage with
the engine ring gear. Movement of the pinion gear uncovers a
port, allowing air pressure to be released to the upper motor
pinion gear piston which, in turn, engages its pinion gear °
with the engine ring gear. Full engagement of the upper
pinion gear permits air flow to the air valve which, in turn,
opens the air starting valve and releases the main starting
air supply. Starting air passes through the air line lubrica-
tor, releasing an oil air mist into the starting motor. The
motors drive’ the pinion gears, rotating the ring gear and
cranking the engine. The engine will normally start with one
bank of dual air starting motors.
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However, to ensure positive starting, both solenoids are
energized simultaneously and both banks of dual starting
motors crank the engine. The air supply system contains

two receivers. One air compressor is provxded for charging
air into each air receiver. One of the air compressors is.
electric-motor driven and the other is diesel-engine driven.
The motor-driven air compressor is powered from the HPCS bus.
The air compressors are automatically started when the air
pressure in the receivers“drops below 200 psig and shuts off
when the air pressure reaches 250 psig. The air receivers
are equipped with safety relief valves which operate at 275
psig. Each air start system has adequate air capacity to -
start the engine five consecutive times without recharging,
as demonstrated by test.

System design is such as to preclude foullng of the starting
air valve or filter with contaminants. The air for the HPCS
diesel is delivered to the air receiver by the air compres-
sors where it is stored at rated pressure (200-250 psi)

until required to start the diesel engine. The volume of the
receiver allows sufficient time for moisture and oil to pre-
cipitate in the bottom of the tank. The connection to the
engine start system is located far enough above the bottom
so that the moisture in the bottom will not get carried in the

‘air being supplled to the air start motors. Blowdown valves

are provided in the bottom of the air receivers to drain any
moisture that might have collected in the bottom. The blow-
down valves are opened pericdically on a maintenance schedule
to blow moisture out of the tank.

The air start system is completely redundant. Failure of one
system will not prevent the other system from starting.

Wye strainers are provided in the air start system piping to
filter any particulate carryover. Inspection and c¢leaning
of the system components are made after the initial trial
runs during installation. It is expected, that after the
initial trial runs, all loose particles will either collect
or get blown out.

Refer to 9.5.6 for addxtional details of the air starting
system.
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8.3.1.1.8.2.6 Fuel 0il System

Figure 8.3-22 shows the fuel oil system. The fuel oil system
consists of two mutually redundant fuel oil systems external
to the engine fuel manifolds, either of which is capable of
supplying fuel oil to the engine. Each system, from the day
tank to the fuel manifolds, contains a fuel supply line, a
strainer, a fuel oil pump, a duplex filter, a pressure gage,
and relief and check valves. One of the fuel pumps is mech-
anically driven by the engine and the other by a 120 V DC
motor. The system has a common return to the day tank.

Refer to 9.5.4 for additional details of the fuel oil system.
'8.3.1.1.8.2.7 Automatic Starting and Loading System

In the event of loss of offsite sources of power to the onsite
power system, the HPCS diesel generator set is automatically
started and loaded by controls and circuitry which are inde-
pendent of those used to start and load the Division 1 and
Division 2 units. Control power for the diesel generator unit
is supplied from its own 125 V DC system which consists of :
a battery with its own battery charger (see 8.3.2.1.2).

The diesel generator starting logic and staréing signals
(shown on Figures 8.3~18a and 8.3-18b) are described as
follows:

a. The diesel generator starts immediately upon
receipt of 4.16 kV Class 1E bus (SM-4) under-
voltage signals or LOCA signals (reactor low
water level and/or high drywell pressure).

b. Upon sustained loss of bus SM-4 voltage the bus
is automatically isolated from the upstream
non-Class 1E system.

c. After the diesel generator has attained approxi-
mately normal frequengy and voltage, its breaker
automatically closes (if unit start was initiated
by bus SM~4 undervoltage), picking up loads as
indicated in Table 8.3-3. LOCA signals do not
initiate automatic breaker closure.
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Diesel generator capacity (2600 kW) is such that
the unit is capable of supplying the entire
Division 3 load (2563 kW) on a continuous basis.
There is no load shedding in Division 3.

If offsite power is still present, and the unit
is started by a LOCA signal, the diesel generator
breaker will not close. However, the unit will
continue to run at £fuil _frequency and voltage

until manually “shut doth\\\~rafba(

Means are provided for periodic exercising of the
diesel generator under load. To accomplish this,
supply of 4.16 kV Class 1E bus SM-4 is trans-
ferred to the startup source. Under this con-
dition, the diesel generator is synchronized to
the 230 kV startup source and loaded via manual
adjustment of the unit speed controls. 2he .
swi-hehgecar—design-daes. not allew—syachroniging—of
the-diesgl-generator—to—the—normal—auxiiiary
A&Bﬂséermer. Admlnlstratlve procedures are .ower-
3 - I /
ﬁollowed. g fie e ! ¢ rece syl ‘ ey el
‘ . “ AN J“ }eaee I:‘i sh”" (”/t’t!&f ﬂﬂp()[;lfl ’/a- ,)_/
Means are also provided to periodically test the
entire chain of HPCS system elements from sensing
devices through driven equipment to assure that
equipment is functioning in accordance with
design requirements. The drawout feature of pro-
tective relays allows a replacement relay to be
installed while the relay that was removed can be
bench tested and calibrated. Startup of the
diesel generator can be effected by simulation of
signals for LOCA or bus SM-4 undervoltage.
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8.3.1.1.8.2.8 Protective Trips

When the HPCS diesel generator is called upon to operate under
accident conditions or upon loss of normal voltage to 4.16 kV
bus SM~4, only the emergency protective devices are used.
These are the generator differential overcurrent relays and -
engine overspeed trip device. The trips are annunciated in
the main control room. Other normal protective relays and
devices such as loss of excitation, antimotoring (reverse
power), overcurrent (with voltage restraint), high jacket
water temperature, high crankcase pressure and low lube oil
pressures are used to protect the machine when it is operating
during periodic tests. These relays are automatically blocked
from the tripping circuits under accident conditions.

In addition to these protective relays, a normal time delay
differential overcurrent relay senses a generator overload and
causes an alarm in the main control room. The generator dif-
ferential relays and overspeed trip device are retained under
emergency conditions to protect against what could be major
faults which would cause immediate system failure and major
damage. All the necessary bypassed trip devices alarm in the
control room and provide the operator with sufficient infor-
mation to take the necessary corrective action. Since the
diesel generator is performing a safety-related core cooling
‘function during accident conditions, these trip devices:cannot
be permitted to interrupt the diesel generator's operation.
The capability of the diesel to operate under these abnormal
conditions is left to the operator.

' 8.3.1.1.8.2.9  Surveillance u ' '

Surveillance instrumentation is provided to monitor the status
of the standby diesel generating system. - Provisions for sur-
veillance are an essential requirement in the design, manufac-
ture, installation, testing, and maintenance of the diesel
generator. Such surveillance not only provides continuous
monitoring of the status of the standby diesel generating
system, so as to indicate readiness to perform intended func-
tions, but also serves to facilitate testing and maintenance
of the equipment. Annunciation is provided both locally '’
(diesel generator panel) and in the main control room.

.
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w An alarm "HPCS not ready for auto start", which operates
' during one of the following conditions, is provided in the

control room. ) ‘

a. Exciter not in auto position

b. Engine lockout operated

c. Generator lockout operated

d. Engine in maintenance position

e. Diesel generator breaker in low position
£. HPéS pump motor breaker in lower position
g. Control power not available

In addition, the following alarms in the control room per-
taining to the diesel generator aid the operator in deter-
mining the status of the unit.

a. Diesel engine in maintenaﬁce or test position
b. Generator trip lockout
G c. 125 V DC system trouble
d. Diesel engine overspeed
e. Diesel engine running
f. Diesel engine trouble

3
‘The "diesel engine trouble™ alarm indicated above is actuated
by any one of the following alarms (which are annunciated
locally in the diesel generator panel),

a. Low:lube oil pressure

b. High lube 0il temperature

c. Low air pressure

d. Overspeed trip

e. Low jacket water temperature
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£, High jacket water temperature
g. Low water pressure ’
h. UOnit lockout
i. Blown fuse )
j. Lube oil relieé vaive open (lube oil system
‘ fault) .
k. PFuel oil systém fault
1. Fail to start
m. Fail to run
When the engine selector switch is in the "local manual”.
position, the air compressor switch is in the "not in auto”
position, or the voltage requlator switch is in the "off"
position, the engine will not be prevented from starting
automatically.
A manual stop signal does ﬁot prevent the engine from start- -::)

ing in the automatic mode; however, the emergency manual
stop signal prevents the engine from starting unless reset.
In this case, it is annunciated in the control room as
"HPCS not ready for automatic start”.

8.3.1.1.8.2.10 Instrumentation and Control System
The power suéply source for Division 3 controls and instru-'
mentation is independent of the power sources for controls

and instrumentation of other divisions, in accordance with
the separation criteria detailed in 8.3.1.4 and 8.3.2.4.
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The diesel generator set includes the following

instrumentatiqn:
a. AVbltmeter
b. 'Ammetqp
é. Wattmeter
d. Watthour meter- - )
e. Varmeter ‘
f. Pield voltmeter
g. Field ammeter
h. Synchroscope, synchfonizing switches and lights
i. 'Frequency meter
j. Generator breaker status lights

Refer to Figure 8.1-9b for protection and surveillance devices
for the HPCS power system. Figures 8.3-24a through 8.3~ 24c
show the funct10na1 control diagrams for the system.

Additional information is provided in 7.3.1.1.1.1.

8.3.1.1.8.2.11 Light Load Operation

Light load operating capability of the HPCS (Division 3)
diesel generating unit, and administratively controlled
operating procedures for this operating mode, are identical to
those described for the Division 1 and 2 diesel generatlng
units. See 8.3.1.1.8.1.11.

-
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8.3.1.1.9 'Electrical Equipment Tests

Components of the onsite AC power system are factory tested in
accordance with industry and manufacturer's standards. For
Seismic Category I components, the manufacturer submits dyna-
mic tests, analysis, or combination of both which substantiate
the ability of the equipment to function under SSE loads (see
3.10). Tests and inspection of the onsite AC power system are
discussed further in 8.3.1.2.2.

The standby diesel generators for Division 1'and 2 are of a

type not previously used nor qualified for standby power ser-

vice at a nuclear plant. Therefore, the diesel generators are

shop tested to demonstrate starting reliability. The starting

test requirements include: ,

a. Shop tests, the objective of which is to
establish a starting reliability of 0.99 with a
confidence level of 0.95. As a minimum require-
ment, the diesel generator will be started 300
times with a failure rate not in excess of one
per 100 starts.

b. Bringing the set to full speed and voltage auto-
matically within 10 seconds..

c. Loading of the generator to at least 95% of con-
tinuous rating in four steps at five-second
intervals immediately after each successful start
and maintaining this load until thermal
equilibrium is attained.

d. 90% "cold" starts and 10% "hot" starts.

e. Monitoring of operating conditions throughout the
duration of test with significant parameters such
as voltage, frequency, operating temperature,
acceleration times, and other pertinent functions
being recorded.

Failures considered are limited to those caused by malfunc-
tions of the diesel generator set only. Failures caused by
malfunctions in the test equipment, external circuitry or

loads are not considered attributable to the reliability of
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the diesel generator set. Provisions are made in the testing
procedure to determine the cause of any malfunction or excess
wear and to classify it as a valid failure of the equipment
being tested or an external nonvalid failure. Such deter-
mination of cause and classification of failure or excess wear
is fully supported by documentation.

At the completion of the tests, a thorough inspection is per-
formed on the diesel generator wunit.

A prototype test has been made for the standby diesel genera- 7

tor selected for Division 3 (HPCS) to establish the adequacy
of the diesel generator unit to successfully accelerate the
bulk HPCS pump loads. The test consisted of starting the
actual HPCS pump motor depicting as closely as possible the
actual HPCS pump loop (HPCS system in condensate to condensate
test mode) and auxiliary loads,seuveral—times-within—the-design
time -‘requirement. A topical report on HPCS power system unit
(NEDO-10905-3) describes and shows theoretical and exper-
imental evidence as to the adequacy of the design.

8.3.1.1.10 Equipment Criteria

Motor Size

The criterion for Class 1E motor size is that the safety-
related motor develop sufficient horsepower to drive the
mechanical load under runout or maximum expected flow and
pressure, whichever is greater. Class 1E motors are sized in
accordance with NEMA standards and manufacturers ratings to be
at least large enough to produce the starting, pull-up, and
breakdown torque calculated to be needed for the particular
application, and permit the driven equipment to develop its
specified capacity without exceeding the temperature rise
rating of the motor when operated at the duty cycle of the
driven equipment.

Motors are initially tested in accordance with NEMA-MG-1.

The motor and driven equipment are preoperationally tested to
verify that the system requirements are met.

Motor Thermal Overloads

Motor thermal overloads for miscellaneous Class 1E motors
having a 1.15 service factor are selected to protect 125% of
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motor full load current. Miscellaneous Class 1E motors having
a 1.0 service factor are provided with overloads rated one
size lower.

Motor thermal overloads for Class 1E motor-operated valves
(MOVs) are selected two sizes larger than the normally
selected thermal overload. (This approximates 140% of motor
FLA.) Selection of overloads in this range permits Class 1E
MOVs to operate for extended periods of time at moderate
overloads; tripping occurs just prior to motor damage. Class
1E motor control centers are located in environmentally
controlled rooms such that overload ambient temperature
variation is not a significant factor. Periodic surveillance
procedures are provided to check setpoint drift of the thermal
overload devices. g

,
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AMENDMENT NO. 9
April 1980

Minimum Voltage '

All Class 1lE motors, as a minimum, have torque characteristics
suitable for the driven load to accelerate their connected
loads to rated speed with only 80% of motor rated voltage at
the terminals. ’

The BHPCS pump motor is designed to accelerate its load with
only 75% voltage apglied to the motor terminals.

Motor Starting Torque

Class 1lE motors are designed for full voltage starting and to.
be capable of accelerating the driven equipment to its rated
speed without exceeding the thermal capability of the motor

under all expected conditions of ambient temperature, voltage,’

and frequency.

Minimum Torque

The minimum motor torque through the accelerating period is
based on the following criteria:

a. The brake horsepower does not exceed the guaran-
teed motor rating over the entire range of the
driven equipment.

b. The driven equipment is capable of attaining
rated speed under all design conditions within
5 seconds.

In general, motors are sized such that no portion of a motor's
service factor above 1.0 is used in continuous operation of
the motor. Specified minimum values of motor torque over
equipment torque are, therefore, not required.

For the BPCS pump motor, the minimum difference between the

motor torque and the pump torque at any given speed during
acceleration is 10% of motor rated torque.
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Motor Insulation

The criteria for determlnlng insulation for Class 1lE motors
are as follows:

a. The insulation for continuous rated motors has
a 40-year life expectancy for the duty cycle:
and the ambient conditions of temperature and
radiation at which they are required to operats.
Intermittent duty motors are similarly rated
for the number of duty cycles expected over the
40~year life of the plant.

b. For Class 1lE motors, which are required to
operate during or subsequent to accidents,
insulation is provided to withstand the ex-
pected environmental conditions of ambient
pressure, temperature, and radiation dosage.

The HPCS, LPCS, RER and standby service water pump motors have
Class B Lnsulatzon. All other motors are provided with either
Class B, F or E insulation. The insulation temperature
ratings are greater than the sum of the motor temperature
rise, the ambient temperature at the motor location, and -

the hot spot temperature allowance.

Temperature Monitoring Devices

Motors 300HP in size and larger are provided with one or
more copper-constantan thermocouples in each bearing.

The HPCS, LPCS, RHR and standby service water pump motors are
provided with six single element copper-constantan thermo-
couples imbedded in stator windings, two per phase, where the

- highest operating temperatures are expected.

The output from the thermocouples is wired to the station
computer for scanning and alarm in the main control roomn.

Interrupnting Capacity

Class 1E switchgear, load centers, control centers, and
distribution panels axre sized for interrupting capacity

based on maximum short circuit availability at their location.
Switchgear is applied within its interrupting close and

latch ratings in accordance with ANSI C€37.010-1972, "Appli-
cation Guide for AC High Voltage Circuit Breakers”.
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The calculations to document this application take into
account the fault contributions of all rotating machines and
source transformers and make proper allowance for system X/R
ratio at the point of fault. Transformer impedance is
selected to limit short circuit currents at 4.16 kV switch-
gear. Low voltage metal enclosed breakers at load centers
and molded case breakers at motor control centers are ade-

quately sized for the maximum available short circuit currents.

Electric Circuit Protection

Equipment and settings are provided to carry out relaying
as listed below. The basic coordination for the 4.16 kV
and 480 V systems is as follows: :

a. A faulted piece of equipment is cleared by
isoclating the smallest possible portion of
the system.

b. A faulted piece of equipment is cleared as
quickly as possible to minimize damage to
that equipment and the effects on the re-~
mainder of the system.

c. In the event that the primary protective device
fails to clear the fault, a backup device
. operates to clear it after a suitable coordina-
. tion interval. Operation of a backup device
usually results in derenergizing a larger
portion of this system than the operation of
a primary device.

The one line diagrams, Figures 8.1-%a, 9b, 9¢c and 9d, show
.the relay protection schemes.

The incoming supply feeders are included in the differential

zone of the normal auxiliary, startup and backup transformers;

hence the primary protection for these feeders consists of
‘harmonically restrained differential relays. The over-

current relays on the incoming supply breaker are coordinated,

with the maximum feeder setting on the bus.

The 6.9 kV and 4.16 kV systems are high resistance grounded
to minimize damages by limiting ground fault curxrents to
12.5 amps (maximum). An overcurrent relay is connected to
_ a current transformer in the neutral of the resistance
grounded, wye-connected secondary of the supply transformer
for ground indication, and each feeder is equipped with a
ground sensor.
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The 480 V system is also high resistance grounded to limit
ground fault currents to 10 amperes (maximum). Ground faults
are detected at all diesel generator neutrals, transformer
secondary neutrals, or 480 V switchgear feeders.

Circuit protection of the NSSS vendor supplied HPCS bus is
coordinated with the design of the overall protection system,
for the plant auxiliary system. Simplicity in load grouping
is employed to achieve simplicity in conventional protective
relaying practice for isolation of fault. There is no load
shedding or sequencing in the HPCS power system. Emphasis is
given in preserving function and limiting loss of Class 1E
equipment function in situations of power loss and equipment
failure. Normal overload relays for the HPCS pump motor and
diesel generator give alarm indication only. Faults are iso-
lated by instantaneous relaying.

4.16 kV Motor Feeder

Each Class 1E 4.16 kV motor feeder is protected by two relays,
each having a long time overcurrent unit, a high dropout
instantaneous unit and an indicating instantaneous trip unit.
The relays are set for (a) 115% to overload alarm, (b) locked
rotor trip just short of safe stall time, and (¢) instan-
taneous trip on short circuit based on nearly twice the

locked rotor current. The motor relays are coordinated with
the three sets of incoming bus breaker time overcurrent
relays. Ground fault indication is provided by a ground sen-
sor relay activated by a doughnut current transformer. The
4.16 kV HPCS pump motor feeder is also tripped on motor feeder -
over frequency. : :

Transformer Feeders

Each 480 V load center unit substation or motor control center
transformer feeder on the 4.16 kV Class 1E buses has two time
overcurrent relays for phase fault protection. These relays
are coordinated with. the maximum protective device settings on
the 480 V Class 1E equipment buses fed by the transformers.
Ground fault indication is provided by the ground sensor
system.

Diesel Generator

The primary protection for the diesel generator connected to
each 4.16 kV Class 1E bus consists of differential relaying
and overspeed trip (see 8.3.1.1.8.1.8 and 8.3.1.1.8.2.8).
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480 V Motor Feeder Fed From Switchgear Bus

The overcurrent fault protection on each 480 V motor feeder
is a low voltage power circuit breaker, containing a solid
state trip device with adjustable long time delay and instan-
taneous trips. Ground sensors provide ground fault detection.

Motor Control Center Feeder Fed From 480 V Switchgear Bus

The overcurrent fault protection for each 480 V motor control
center feeder (except HPCS motor control center MC-4A) is a
low voltage power circuit breaker with a solid state trip
device having both adjustable long time and adjustable short
time trips. The long time device is coordinated with the
maximum overload device setting in the motor control center.
The short time device is coordinated with the maximum instan-
taneous device setting in the motor control center. Motor
control center MC-4A is protected by the 4.16 kV feeder cir-
cuit breaker. Ground sensors provide ground fault detection.

Feeders From 480 V Motor Control Centers

Motors fed from the 480 V Class 1E motor control centers

are generally 100 hp or less. Except for MC-4A, which uses
molded case circuit breakers, short circuit protection is pro-
vided by dual element time delay fuses which combine high
interrupting capacity with long time delay for safe motor
starting. Running overcurrent protection is provided by three
overload relays in each motor starter. Other loads. fed from
the control centers are protected against short circuits and
overcurrent by dual element time delay fuses. Subfeeders to
other motor control centers are protected by molded case ther-
mal magnetic circuit breakers. “

*

Raceway Systems

The cable tray system utilizes open ladder type trays, with
the exception of reactor protection system and instrumentation
trays which are totally enclosed type. All cable trays are
constructed of galvanized steel. ‘ '
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All conduit, except for conduits for lighting, communication,
security, and fire detection systems which may utilize EMT
thinwall, are full weight rigid galvanized steel. Sleeves
also utilize full weight conduit.

s

Conduit and sleeve £ill is generally in accordance with
National Electric Code criteria. For tray fill see 8.3.1.4.

Flexible metallic conduit is utilized for final connections to
' vibrating or rotating equipment, cabling within the area below

the reactor pressure vessel, cabling within the power genera-_. .

tion control room complex (PGCC) perifery,¥fail safe, fite <7''"

protection and control/utility power eaqﬁéﬁgywithin the PGCC,

short extensions of rigid conduit which''réqu¥re numerous

direction changes, short connections between cable tray and

panels or devices, and between different structures or

buildings which experience differential movement.

For discussion of underground ducts, refer to 8.3.1.4.3.8.2.4.

Grounding Requirements

X ®ma

-
>

The design criteria for grounding are:

> oty o4

a. Equipment hardware, exposed surfaces, and poten-
tial induced voltage hazards are adequately
grounded to, ensure that no danger exists for
plant personnel.

b. A high resistance ground return path is provided
to facilitate the operation of ground fault
detection devices in the event of ground fault or
insulation failure on any electrical load or

. current. Ground fault currents are thereby
limited to 12.5 amperes (maximum) in the 6.9 kV
and 4.16 kV systems, and to 10 amperes (maximum)
in the 480 V system. The 120/208 V system is
solidly grounded.

c. A separate and independent grounding system for
instruments and instrument wire shield is
provided.

The design basis for grounding requirements is:

All major electrical equipment is connected directly
to the grounding grid by cable ties. A fault current
return path is provided for 6.9 kV and 4.16 kV
switchgear, 480 V switchgear, motor control centers
and other equipment. This fault return path consists
of.bare #4/0 copper cables installed on all power
cable trays, in duct banks and in loops along the
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building walls. Motors and electrical equipment
operating at 150 volts (to ground) and above, or
carrying currents of 60 amperes or more, have direct
cable or strap connections to the ground grid.

Alternately, the 24/0 AWG grounding cable alongside

.

‘the trays may be tapped for grounding motors, panels,

and other equipment, if the distance is not greater
than from the grounding loop indicated on contract
drawings, and the-equipment does not require larger
cable than #4/0. Motors and electrical equipment
operating at less than 150 volts (to ground) or
carrying currents less than 60 amperes are grounded
via the connecting conduit system and the ground
cable in trays.

The cable trays are solidly grounded to the station
grounding grid or building steel work. Electrical
connections between individual tray sections are made
by mechanical connector plates. In addition,. a bare
ground cable is attached to trays supporting power
cables and to flexible conduits external to the power
generation control complex (PGCC). Wi-thin—thePGCC-

. modular.-floor, /4ll flexible conduits containing .

failsafe circuitsyare grounded. o
wheeh e W‘a& wn, Z;Av irace ’7\1-;&4..;0-\.. %vf'

The station ground ‘grid is routed into primary con-
tainment via two penetrations suitable for the
purpose. H :

The station grounding grid is designed to maintain
the station area at an effective ground potential
during a worst-case ground fault of any installed
electrical equipment, including transmission facili-
ties and unit main generator, as well as lightning
effects. An effective ground is considered to be the

maintenance of voltage potentials below "gsafe touch-
and-step potential" levels for plant personnel.

8.3.1.1.11 Class 1E Electrical Equipment Arrangement

The Class 1E electrical equipment arrangement for major com-
ponents of the three separate power divisions is shown on
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8.3.1.2 Analysis
,8.3.1.2.1 Compliance to Criteria
8.3.1.2.1.1 General

Compliance with General Design Criterion 17 is assured for
the onsite power systems by having sufficient independence,
redundancy and testabllltx to perform the required safety
functions assuming a single failure. Independence is dis-
cussed in 8.3.1.4 and testability is covered in 8.3.1.2.2.
Redundancy in the onsite auxiliary AC power system is provided
via the formation of redundant safety-related (Class 1E)
electrical load groups (Division 1 and 2) in conformance with
General Design Criterion 17, IEEE Std. 308-1974 and NRC
Regulatory Guide 1.6 (Rev. 0). This redundancy extends from
the onsite standby power sources through 4.16 kV buses, sta-
tion service transformers, 480 V buses, MCC's, distribution
cables, switchgear and protective devices.

The HPes—eystem is a separate and lndependent safety-related "4
(Class 1E),system compn&s&ng D1v151on 3, “ / 'é:t:; ;L B

No essential electrical component of one Class lE electrical
division 1is dependent for its emergency power supply on elec-
trical equipment or devices which are common to the power sup-
ply of another division. The onsite auxiliary AC power system
standby sources consist of three diesel generator sets. Each l
of the diesel generators feeds one of the Class 1E divisions.
The onsite auxiliary power system redundancy is based on the
capability of either of the two redundant (Division 1 and 2)
onsite power sources and their associated load groups, in con-
junction with the Division 3 onsite power source and asso-

ciated load group, to bring the reactor to a safe cold
shutdown condition and/or to mitigate the consequences of a
design basis accident.
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The electrical separation and independence of redundant
(Division 1 ‘and 2) portions of the safety-related auxiliary
power systems conform to IEEE Standard 308-1974, General
Design Criterion 17 and Regulatory Guide 1.6, Revision 0,
except that these diesel generators have tandem diesel en-
gines. Reliability equivalent to a single diesel engine
generator set is achieved, as shown by prototype testing
(discussed in 8.3.1.1.9).

Division 1, 2 and 3 4.16 kV Class 1E buses (SM-7, 8, and 4
respectively) are normally supplied from separate 4.16 kV
non-Class 1E buses (SM-1, 3 and 2 respectively) as indicated
in Figures 8.1-9a through 8.1-9d. Class 1E circuit breakers
which automatically open on a loss of offsite power are pro-
vided on the 4.16 kV tie lines between the Class 1E and :
non-Class 1E buses.

As protection against failures of the redundant standby

AC power sources due to a single event, there are no electri- "
cal interconnections between the circuits needed to start,
load, and maintain operation of each standby diesel generator.

All principal power circuits have both overload and short cir-
cuit protection provided by protectivq relays circuit breakers
or by fuses. .

Physical separation is provided between the independent
electrical divisions as described in 8.3.1.4. '

. ' Is mi
Design of the onsite power systems,in strict accordance with
NRC Requlatory Guide 1.75, Revision 0,—is—not-required, since
the WNP-2 CP issue date precegag the regulatory gquide issue
date. However, WNP-2 design does provide independence between
equipment and circuits of redundant Class 1E electrical divi-
sions, and between Class 1E and non-Class 1E equipment and
circuits where practicable in satisfaction of 10 CFR Part 50

requirements. , . R S
. * -

{ s 4 ' ! . s v

Connection of hon-Class 1E loads,to the Class 1E power
supplies ,is-.permi-ttedrzand dog¢ not degrade the Class 1E power
supplies, based on thgjfollowing:

aamb =

*

ieest wen'Fow a. Connection of non-Class 1E loads to Class 1E
power suppl¥ ‘is via Class 1E isolation devices.
These devices are either a circuit breaker shunt
tripped on LOCA or a—set—of one or two over- Pac
current devices,such as fuses or circuit 5
breakers. .The-overcursent~dewvices\trip~on
overload-currents..{lexcept--for -4. kV-motor

A
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) circuits)., line-to-line and(&%ree—phase faults
gnd-line to ground faults forw¥grounded systems.

o

of b= {The Class 1E power supplies are adequately sized
” ito handle all the Class 1E and non-Class 1E Feo
1loads. , - <

»

~.

C. ;ﬁgfibdic surveillance of isolation devices ensure |
-maintenance of. the.trip setpoints within the

limits for proper coordination with the main

supply circuit protective devices.

Refer to 8.3.1.3 and 8.3.2.3 for specific details of equipment

and circuit identification for plant AC and DC systems
respectively.

Refer to 8.3.1.4 and 8.3.2.4 for specific details of equipment
and circuit separation for plant AC and DC systems

- respectively.
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8.3.1.2.1.2 Reactor Protection System (RPS)
Power system ;

" The RPS Power System is not an Engineered Safety Feature, com-
ponent, or system. The system itself fails in a failsafe
mode. That is, it de-energizes and thus causes a shutdown
“action. 1In addition, redundant 'electrical. protection devices
are utilized for isolation as indicated in 8.3.1.1.6.

However, design considerations, are taken to ensure power
supply availability commensurate with the needs of the equip-
ment serviced by it. Redundancy of equipment ensures a high
degree of availability.

8.3.1.2.1.3 Redundant (Division 1 and Division 2) -Standby
AC Power Supplies

Upon loss of normal and offsite sources of power to the 4.16
kV switchgear buses, the 4.16 kV Class 1E portion of the auxi-
liary AC power system is automatically isolated. All 4.0 kV
motor and selected 460 V motor loads are automatically shed
from their respective buses to allow for the sequential
loading of the standby diesel generators. See 8.3.1.1.1.

The diesel generators start automatically and are automati-
cally connected to the Class 1E 4.16 kV buses. Electrical
loads necessary for an emergency reactor shutdown or shutdown
in the event of a LOCA, are automatically and sequentially
reconnected to these safety-related buses. The automatic
diesel starting and loading sequence is designed to provide
power to engineered safety feature (ESF) components required
in the event of a design basis accident within the time period
specified for their operation in Chapter 15.

The two diesel generators supplying power to Division 1 and
Division 2 ESF components are sized and designed in accordance
with NRC Requlatory Guide 1.9, Revision 0. Their ratings are
based upon continuous load rating greater than the sum of the
loads requiring power at any one time.

The sequencing of large loads at five (or more) second intexr-
vals ensures that diesel generator voltage and frequency
limits (80 percent and 95 percent respectively) are main-
tained. Also, engine overspeed settings and other design
parameters remain in accordance with NRC Regulatory Guide 1.9,
Revision 0, as discussed in 8.3.1.1.8.1.
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The Division 1 and 2 portions of the onsite AC power -system
also satisfy, Regulatory Guide 1.32, Revision 2, not only in
their adherence to IEEE Standard 308-1974, but also as
follows: : .

a. Offsite power is available from either offsite
source within a few seconds if the plant main
generator source is lost.

b. Electrical and physical independence of standby
power sources is in accordance with Regulatory
Guide 1.6 as described in 8.3.1.1.8.1.

c. The selection of the diesel generator capacities
has been made in accordance with Regulatory Guide
1.9 as further described in 8.3.1.1.8.1.
8.3.1.5.1.4 HPCS (Division 3) Standby AC Power Supply
8.3.1.2.1.4.1 Compliance with Criterion GDC 17
The HPCS AC power supply is Class 1E and;degigned with suf-

ficient capacity and independence to ensure that core cooling,
containment integrity, and other vital functions are main-

. tained in the event of a postulated accident. The design of

the onsite and offsite electrical power systems provides com-
patible independence and redundancy to ensure high avail-
ability of power supply to the emergency core cooling system,
even assuming a single failure.

" Electrical power from the transmission network to the HPCS bus

SM-4 is provided via the 230 kV startup auxiliary transformer.
A loss of normal voltage at 4.16 kV bus SM-4 results in auto-
matic starting of the HPCS diesel generator, trippiing of the
normal supply breaker and closing of the generator breaker as
described in 8.3.1.1.8.2.7. .

8.3.1.2.1.4.2 Compliance with Criterion GDC 18

The auxiliary electrical system is designed to permit inspec-
tion and testing of all important areas and features, espe-
cailly those that have a safety function and whose operation
is not. normally required. As detailed in Chapter 16, periodic
component tests will be supplemented by extensive functional
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tests during the refueling outage, the latter based on simula-
tion of actual accident conditions. These tests demonstrate
the operability of diesel generator, batter system components,
and logic systems and thereby verify- the continuity of the
systems and the operation of the components.

Because the diesel generator is a standby unit, readiness is
of prime importance. Readiness is demonstrated by periodic
testing. The testing program_is designed to test the ability
to start the HPCS loads as well as to run under load long
enough to bring all components of the system into equilibrium
conditions. This ensures that cooling and lubrication are
adequate for extended periods of operation. Full functional
tests of the automatic control circuitry will be conducted on
a periodic basis to demonstrate correct operation.

8.3.1.2.1.4.3 DELETED

8.3.1.2.1.4.4 Conformance With Regulatory Guide 1.6
(Revision 0)

The HPCS diesel generator unit supplies power only for the
HPCS pump and its auxiliaries; therefore, failure of any

single component of the HPCS diesel generator does not prevent

the startup and operation of any other standby power supply
and thus.meets the requirements of Regulatory Guide 1.6
(Revision 0).

The system conforms to Position 1 of-the guide in that each
Class 1E load is assigned to a division of the load groups.
The assignment is determined by the nuclear safety functional
redundancy of the load such that the loss of any one division
of the load group does not prevent the minimum safety func-
tions from being performed.

The system conforms to Position 2 of the guide in that the
HPCS AC loads have a supply from the startup auxiliary trans-
former as the preferred (offsite) power source, as well as
from the HPCS diesel generator as the standby (onsite)power
source (See Figures 8.1-9a and 8.1-9b).
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f . W;// .
The HPCS diesel generator breaker cambe closef automatically
3F;y—if the normal source breaker to HPCS bus.SM-4 is open.2,.” /i~
gl e, hao ren ol e lld ',ﬂ//lw; /4 '/eﬂ G Wb Jed .
The system conforms to Position 3 of the guide in that there
is no automatic or. manual connection of the HPCS system to any
other load group. : ’

The system conforms to Position 4 of the guide as follows:

a. The diesel generator is connected to a divisional
load group that is physically and electrically"
independent of other divisional load groups. The
diesel generator connected to any division of a
load group cannot be automatically paralleled
with a diesel generator that is connected to
another division of the load group.

b. Each of the diesel generators is connected to one
independent division of load group. No.means
exist for connecting different load groups with
each other.

c. Each of the load groups is fed from only one
diesel generator, as shown in Figures 8.1-9a and
8.1-9b. No means are provided for transferring

~ loads between the diesel generators.

d. No means exist for.manually connecting the dif-
ferent load groups together. All divisions of
load groups are physically and electrically inde-
pendent of each other.

In order to comply with the requirements of Position 5 of the
guide, the following start and load reliability test as
described in NEDO-10905-3 was successfully performed.

e
a. A series of tests wgg'ébnducted to establish the
capability of a prototype HPCS diesel generator
unit to consistently start and load within the
required time.

b. The prototype diesel generator is of the same
model as the unit used for WNP-2 except for the
generator. Generator.data, ‘however, show-equiva-
lence with -the prototype-unit.  erm=gfiommrir Tnwl,

- hd ¢ ™
:]‘?m O 7[“5,-( ! a'/\/d/ chey i "l /-:«/(k(lc P Y
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The start and load reliability test satisfies the
following requirements: A total of sixty-nine
(69) valid start and loading tests with no
failure or ‘one hundred and twenty eight (128)
valid start and loading tests with a single
failure is to be performed. Failure of the unit
to succesfully complete this series of tests as
prescribed requires a review of the system design
adequacy, the cause of the failure to be
corrected, and-the-tests continued until 128
valid tests are achieved without exceeding the
one failure. The start and load test is con-
ducted as follows:

1. Engine craking is started upon receipt of the
start signal, and the diesel generator set
accelerates to specified frequency and
voltage within the required time interval.

2. Immediately following, the diesel generator
set accepts a single step load conisting of
the main HPCS pump motor load (fully loaded)

- or larger motor load (fully loaded) and addi-
tional loads (inductive and/or resistive) as
required to total at least 100% of the con-
tinuous rating of the diesel generator unit.

G/ '

3. At least 90% of these tests #¥s performed with
the diesel generator set initially at "warm
standby"”, based on jacket water and lube oil
temperatures at or below values recommended
by the engine manufacturer. After load is
applied the diesel generator set continue to
operate until jacet water and lube oil tem-
peratures are within plus or minus 10°F
(5-1/2°C) of the normal engine operating tem-
peratures for the corresponding load.

4. The other 10% of these tests are performed

with the engine initially at normal operating
temperature equilibrium (defined as jacket-
water and lube oil temperature within +10°F
(5-1/2°C) of normal operating temperatures as
established by the engine manufacturer for
the corresponding load).
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If the cause for failure to start or accept load in
accordance with the preceding sequence falls under
any of the categoires listed below, that particular
test is disregarded, and the test sequence resumed
without penalty following identification of the cause
for the -unsuccessful attempt. _

1. Unsuccessful start attempts which can definitely
be attributed- to operator error including setting
of alignment control switches, rheostats, poten-
tiometers, or other adjustments that may have
been changed inadvertently prior to that par-
ticular start test.

2. A starting and/or loading test performed for
verification of a schedule maintenance procedure
required during this series of tests. This main-
tenance procedure is defined prior to conducting
the start and load acceptance qualification tests
and then becomes part of the normal maintenance
schedule after installation. ‘

3. PFailure of any of the temporary service systems
such as DC power source, output circuit breaker,
load, interconnecting piping and any other tem-
porary setup which is not part of the permanent
installation.

4. Failure to carry load which is definitely attri-
buted to loadings in excess of required loading.

8.3.1.2.1.4.5 Conformance With Regulatory Guide 1.9
(Revision 0)

The HPCS system diesel generating unit conforms to the

requriements of Regulatory Guide 1.9 (Revision 0), with the
exception of voltage and frequency limits, as described below.
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The unit conforms to Position 1 of the guide in that the con-
tinuous rating of the diesel generator is greater than the |
maximum coincidental steady-state loads requiring power at any
time (See Table 8.3-3). Intermittent loads such as motor-
operated valves are not considered for long-term loads.

The unit conforms to Position 2 of the guide in that the
2000~hour (2850 kW) and 90% of the 30-minute (2727 kW) ratings [
both exceed the maximum coincidental load indicated in Table
803-30

The unit conforms to Position 3 of the guide in that the load
requirements have-been verified by pretotype tests. éﬁ

" ¢ (e e
The HPCS diesel generator unit is considered as a justifiable
departure from strict conformance to Position 4 of the guide
regarding voltage and frequency limits during the initial
loading transient. The HPCS system consists of one large pump
and motor combination which represents more than 90% of the
total load; consequently, limiting the momentary voltage drop
to 25% and the momentary frequency drop to 5% would not signi-
ficantly enhance the reliability of HPCS operation. To meet
these regulatory guide requirements, a diesel generator unit !
approximately two to three times as large as that required to
carry -the continuous rated load would be necessary. However,
the frequency and voltage overshoot requirements of Regulatory
Guide 1.9 (Revision 0) are met. A prototype testing program
on an installed unit,has verified the following functions: I

Yoy warr s a0 S22 )4
a. System fast-start capabilities

b. Load carrying capability

'

¢. Load rejection capability

d. Ability of the system to accept and carry the
required loads .

e. The mechanical integrity of the diesel engine l
generator unit and all of the major system
auxiliaries :

L1
.

The design of the HPCS diesel generator conforms with the l
applicable sections of IEEE criteria for Class 1E "Electrical
Systems for Nuclear Power Generation Station," IEEE Standard
308-1971. -In-.addition,.a prototype test described in
8.3+1v1.9-will be performed. .
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The generator has the capability of providing power to start
the required loads with operationally acceptable voltage and
frequency recovery characteritics. A partial or complete load
rejection will not cause the diesel engine to trip on
overspeed.

The HPCS Power Supply Topical Reéort (NEDO-10905-3) decribes
the prototype and reliability test requirements.

The calculated HPCS diesel generator transienb,response/}s.

indicated in Figure 8.3-28. NEDOQ-y0908-3 pProvides ar ang/ys/s )
Showing the conseryafism oﬁ caleulofed /‘afor’;se compared g’z/, + obtfained
8.3.1.2.1.4.6 Conformance with Requlatory Guide 1.29 ;&wn acfua/

The HPCS power supply system is capable of performing its
function when subjected to the effects of design bases natural
phenomena’ at its location. In particular, it is designed in
accordance with the Seismic Category I criteria and housed in
a safty class structure. ‘

8.3.1.2.1.4.7 Conformance With Regulatory Guide 1.32

The design of the HPCS diesel generator conforms with the
applicable sections of IEEE criteria for Class 1E, "Electrical

- Systems for Nuclear Power Generation Stations,” IEEE Standard

308-1971.

8.3.1.2.1,4.8 Conformance With Regulatory Guide 1.47

See 7.1. .

8.3.1.2.1.4.9 Conformance With Regulatory Guide 1.62

Manual controls are provided to permit the operator to select
the most suitable distribution path from the power supply to
the load. An automatic start signal will override the test

mode. Provision is made for control of the system from the
control room as well as from an external location.
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8.3.1.2.1.4.10 Conformance With IEEE Standard 279-1971

See 7.3.2.1.2 for a discussion of compliance of the HPCS
with IEEE Standard 279-1971.

8.3.1.2.1.4.11 Conformance With IEEE Standard 308-1971

The HPCS electrical system components supplying power to the
Class 1E electrical equipment -are designed to meet their func-
tional requirements under the conditions produced by the
design basis events. Equipment of different divisions is
physically separated to maintain independence and to minimize
the possibility of a common mode failure. HPCS Class 1E
equipment is located in Seismic Category I structures.

Surveilléncé of the HPCS Class 1E electrical system is in
compliance with the standard. )

8.3.1.2.1.4.12 Conformance with IEEE Standard 344-1971

The HPCS power supply unit components are seismically
qualified to IEEE Standard 344-1971. Refer to 3.10.

8.3.1.2.1.4.13 Conformance to IEEE Standard 387-1972
- The HPCS power supply unit is completely independent from
other standby power supply units and meets the applicable
requirements of IEEE Standard 387-1972.
The HPCS diesel generator unit is designed to:
a. Operate in its service environment during and
after any design basis event without support from
the preferred power supply:; “

b. Start, accelerate, and be loaded with the design
load within an acceptable time:

1. from the normal standby condition,
2. with no cooling available, for a time
equivalent to that required-to bring the

cooling equipment into service with
energy from the diesel generator unit, and
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“3. on a restart with an initial engine tem-
perature equal to the continuous rating, full
load engine temperature;

c. Cariy"the design load for 2000 hours;-

d. Maintain voltage and frequency within limits that
will not degrade the performance of any of the
loads composing the design load below their mini-
mum requirements,; including the duration of tran-

- sients caused by load application or load
removal:

e. Withstand any anticipated vibration and overspeed
conditions. There is no flywheel coupled with
the HPCS diesel generator. The generator and
exciter are designed to withstand 25% overspeed
without damage. )

The HPCS diesel generator has continuous and short-term

ratings consistent with the requirements of Section 5.1 of the

standard. . <

Mechanical and electrical system interactions between the HPCS
diesel generator unit and other units of the standby power
supply, the nuclear plant, the conventional plant, and the

Class 1E electrical systems are coordinated so that the HPCS

diesel generator units' design function and capability are
realized for any design basis event except failure of the HPCS
diesel generator unit.

The qualification requirements of IEEE Standard 323-1971 are

‘met by test and on operating experience on similar equipment

in similar environment in other plants.
8.3.1.2.2 Tests and Inspection

The auxiliary AC power system is designed to permit periodic
testing and inspection of the system as a whole and of the
operability and functional performance of the components in
accordance with General Design Criterion 18. Preoperational
testing, as described in Chapter 14, will be performed to
verify that all components, automatic and manual controls, and
sequences of operation of the standby power system function

as requlred. Preoperational testing of redundant portions of
the onsite electrical power system to verify proper load group
assignments is performed in accordance with NRC Regulatory
Guide 1.41, Revision 0.
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Prior to plant startup, and at periodic intervals when the
reactor is not at power operation, tests simulating Class lE
bus undervoltage or LOCA will be performed to demonstrate the
capability of the power sources to meet the starting and
loading sequencing requirements. Testing procedures during
these times are described in the Technical Specifications.

Periodically during plant operation each diesel generator will
be manually started and loaded. Each (Division 1, 2 and 3)
unit will be separately synchronized to the 230 kV startup
offsite power source and loaded.

The testing program is designed to test the ability of each
diesel generator to start as well as to run under load long
enough to bring all components of the system into equilibrium
condition. This ensures that cooling and lubrication are
adequate for extended periods of operation. Functional
testing of the automatic control circuitry is conducted on a
periodic basis to demonstrate proper operation.

Sufficient testability, alarms and fault detection equipment
are provided to comply with the criteria indicated above.
Thus assurance is given that the standby power sources are
capable of performing their safety functions with adequate
reliability at all times.

- — -eiman
-y

8.3.1.2.3 Service Environment

In addition to the effects of operation in normal service
environment, all components of the emergency portion of the
auxiliary AC power system essential to limiting the con-
sequences of a LOCA, are designed to operate in the post-
accident environment expected in the area in which they

are located. Refer to 3.11 for discussion of environmental
design and analysis of safety related (Class lE) electrical
components for post-accident conditions. Section 3.11 also
identifies safety-related equipment that must operate in a

hostile environment, and contains ‘a tabulation of the condi-

tions under which the equipment must operate. 3.10 identifies
Seismic Category I electrical equipment and describes the
criteria, design and testing of electrical equipment in com-
pliance with IEEE Std. 344~1971 for seismic qualification.
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All cableuforfEIass 1E systems and associated circuits is

moisture and radiation resista%p,’ié‘highly flame resgistant 17!

and evidenee¥-little corrosiveJéffeet when subjecﬁdto heat or
flame, or-both. Certified proof tests are performed on cable
samples to certify 40-year life by thermal aging, to prove
radiation resistance by exposure of aged specimen to
integrated dosage of 5 x 107 rads, mechanical/electrical tests
of previously exposed cable to 340°F and 45 psig steam, to
prove flame resistance by the vertical tray, 70,000 Btu/hr
flame test for eight minutes; minimum, and f£inally, to show
acceptable levels of gas by an acid gas generation test. See
8.3.3.1.

8.3.1.2.4 Offsite Power System Degradation

8.311.2.4.1 General

The WNP-2 auxiliary AC power system is normally supplied by
the 25 kV plant main generator (via the normal auxiliary

transformers TR-N1 and TR-N2). During this time, the main
generating unit is generally synchronized with and furnishes

power to the 500 kV BPA grid via the plant main transformer.

During plant startup, shutdown, or sudden loss of the main
generating unit, the 230 kV startup offsite power source is
capable of supplying all plant auxiliary AC power system loads
(both Class 1E and non-Class 1E) via the startup auxiliary
transformer TR-S.

In the event that both the 25 kV normal source and the 230 kV
startup source are unavailable, the 115 kV backup offsite
power source supplies (via the backup auxiliary transformer
TR-B) the Division 1 and 2 Class 1E loads required for safe
shutdown.

Refer to 8.2 for a detailed description of the WNP-2 offsite
power sources: Refer to 8.3.1 for a detailed description of
the auxiliary AC power system.

Based upon previous industry operating experience with boiling
water reactors of a similar type, it is estimated that WNP-2
plant availability will be approximately 0.75. As a result,
supply of auxiliary AC power system loads via either the 230
kV startup or 115 kV backup offsite power sources will occur
approximately 25 percent of plant operating life.
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8.3.1.2.4.2 Class 1E Auxiliary AC Distribution System
* Voltages

8.3.1.2.4.2.1 Voltage Criteria

The auxiliary AC distribution system is designed to maintain
'system voltages within acceptable ranges at all levels of the
plant distribution system, whether incoming supply is from the
plant main generator or from the BPA grid system. Table
8.3-12 indicates the acceptable voltage ranges for the major
Class 1E portions of the system, based upon consideration of
motor-operating voltage ranges as determining system voltage
acceptability. Table 8.3-~13 indicates the voltage range over
which Class 1E and non-Class 1E motors and motor starters are
capable of operating.

Load tap changing capability is not provided on the power
transformers utilized at WNP~2. All power transformers are
furnished with no~load type tap changers on the primary side
only; all taps are set as shown on Table 8.3-23.

8.3.1.2.4.2.2 Expected Voltages ~ 25 kV Main Generating Unit
Supply ' .

Table 8.3-14 indicates the minimum and maximum voltages
expected at the major levels of the Class 1E portions of the
auxiliary AC distribution system when supplied from the 25 kV
main generating unit. Main generating unit ‘output voltage
range is assumed to range from 23.8 kV to 26.3 kV,
corresponding to an output voltage variation of +5 percent of
generator nameplate voltage. This range is based upon the use
of a unit automatic voltage regulator designed to maintain
generator output voltage between 0.95 pu and 1.05 pu.

A comparison of the acceptable and required voltage ranges
indicated in Tables 8.3-12 and 8.3-13 (respectively), and the
expected voltages indicated in Table 8.3-14, indicates that
expected voltages in the Class 1E portions of the auxiliary AC
distribution system are acceptable when supplied from the 25
kV plant main generating unit.

8.3.1.2.4.2.3 Expected Voltages - 230 kV Grid Supply
The preferred offsite power source grid system voltage has. a

nominal rating of 230 kV. Minimum and maximum values of grid
voltage are 230 kV and 240 kV respectively.
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Table 8.3-15 Lndlcates the minimum and maxlmum voltages
expected at the major levels of the Class 1E portions of the
auxiliary AC distribution system over the range of 230 kV grid
supply.

A comparison of the acceptable and required voltage levels
indicated in Tables 8.3-12 and 8.3-13 (respectively) and the
expected voltages indicated in Table 8.3-15 indicates that the
expected voltages in the Class 1E portions of the auxiliary AC.
distribution system are adcéptable when supply is from the

230 kV grid system.

8.3.1.2.4.2.4 Expected Voltages - 115 kV Grid Supply

The backup offsite power source grid voltage has a nominal
rating of 115 kV. Minimum and maximum values of grid voltage
are 113 kV and 122 kV, respectively.

Table 8.3-16 indicates the minimum and maximum voltages
expected at the major levels of the Class 1E portions of the
auxiliary AC distribution system over the range of 115 kV grid
supply. ‘

A comparison of the acceptable and required voltage levels
indicated in Tables 8.3-12 and 8.3-13 (respectively) and the
expected voltages indicated in Table.8.3-16 indicates that
expected voltages in the Class 1E portions of the auxiliary AC
distribution system are acceptable when supply is from the 115
kV grid system.

8.3.1.2.4.3 Class 1E Auxiliary AC Distribution System
Voltage Sensing’

8.3.1.2.4.3.1 Primary Undervoltage Sensing

High speed, instantaneous undervoltage relays located in each
of the 4.16 kV Class 1E switchgear units are utilized for

" detection of undervoltage at the switchgear buses.

The trip setpoint of each relay is set at 2870 volts,
corresponding to 69% of nominal bus voltage. Trip setpoint
selection is based upon overriding minimum bus voltage during
motor starting, with an allowance (10% below minimum motor
starting voltage) to compensate for relay setting tolerances.

8.3-52 .
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8.3.1.2.4.3.2 Secondary Undervoltage Sensing

Static Class 1E undervoltage relays with definite time delay
located in each’ of the redundant Division 1 and Division 2
4.16 kV Class 1E switchgear units are utilized for detection
of sustained degraded voltage in the offsite power system.
This protection scheme is designed to compliment the primary
undervoltage scheme described above.

The trip setpoint of each relay is-set—at 3631 volts,

corresponding to 87.3 percent of nominal bus voltage and 90.8

pexrcent of nominal motor voltage. Trip setpoint selection is

based upon insuring 90 percent of mator nominal voltage at the

mot? te mlnals: lncizd%?g allowance for eeier voliage drop. 9.9
(-4

1ght setonds of time lay is prov;ded to permit errlde of pz
motor starting dip. The duration of motor starting voltage
dip is very short lived - in the order of 2 to 5 seconds. The

second level of undervoltage relays will not, therefore, ini-
tiate actions for this condition.

»

The relays operate to isolate the degraded source and initiate
the sequence of event to select the next available source.
Circuit design precludes spurious voltage loss signal and
allows for testing of the individual relay, one at a time,

without dlsr?/; ng the protecilve function.
§§ese? generdt

or power is available to the emergency loads 13
seconds after the sustained degraded grid voltage condition is
sensed at the emergency bus. y The above time delay is accep-
table since during a concurreht loss-of-coolant accident
tEOCAk}, the emergency core cgoling system (ECCS) coolant
injection time requirements”as specified in Table 6.3-1 are met.

s s 1 s hh

-—

(ii?hws time de1ay is equal to the 8 second delay prior to the offsite breaker trmp >
plus a 5 second delay prior _to the diesel generator breaker closure. e

~ ——t o, e

See Figures 8.3-16c and 8.3-17c¢ for the Togic diagrams of D1v151ons 1 and 2
secondary undervoltage protection. .
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Table 8.3-19 indicates the voltage values expected at the
various levels of the Class 1E portions of the auxiliary AC
distribution system under a degraded (69% of nominal, based
upon 4.16 kV voltage sensors) value of input voltage (2870 V).

It should be noted that critical (Class 1E) plant controls and
vital instrumentation are supplied by redundant (Division 1
and 2) divisions of the 120/240 V AC Class 1E uninterruptible
power supply system. This system supplies loads via inver-
ters, with static transfer to an alternate AC supply in case
of circuit faults or loss of inverter voltage. The alternate
supply line voltage is regulated within +10% of normal in
accordance with the NSSS vendor's requirements. A manual
bypass switch is provided for maintenance of the inverter or
static switch.

Table 8.3-17 indicates the various monitors and alarms
(annunciators/computer) provided to monitor system voltages.

8.3.1.3 Physical Identification of Safety-Related (Class 1E)
Equipment g

BEach safety~related electrical equipment or cable is tagged
with an equipment number. In addition, a division iden- .
tification marker is provided along with the equipment numberx
which indicates the assignment to one of seven divisions
(pivisions 1, 2, 3, 4, 5, 6, and 7). This division marker is
inscribed with color coded characters on a color coded
background as shown in Tables 8.3-25 and 8.3-26. Assignment
"of equipment to the seven divisions is given in Table 8.3~7.
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All Class 1E cables external to the power generation control ‘
complex (PGCC) prefixed by 1, 2, 3, 4, 5, 6, or 7 are tagged ]
every 15 feet and at their terminations w1th a unique iden- !
tifying number (cable number). In—addition-~division—marking )
characters are prov1ded as.'shown on Table 8.3-25. Non-Class .
1E cables,”idéiddd ngwaeeee*ated'cables, are identified vwith a
unique cable number at tﬁelr terminations, pullpoints,

entrance and exit to raceways, and every 100 feet. <En—addi-

tion, division marking characters whigh-are-provided as-'shown
in.Table.-8.3-25, Mon-Class “1E cables that are powered from

Class 1E are identified every 15 feet (except in condult), Jn aldr &
gét%:a checkered lelSlona} ?ay er;--as, hown in Table 8. 5.,
W( AL nunlers cofor Coder ivision 7 nﬁ/wscqtpmﬂ‘, Calbzyr QTIN’

Prior to cable installation, conduit is similarly tagged with af e s,
a unique conduit number, in addition to the division marking Masfur <

characters shown in Table 8.3-25, at 15 foot intervals, at [<7: 300 SRR P i
discontinuities, at pull boxes, at points of entrance and exit rol 4w:
of rooms, and at origin and destination equipment. Conduits frug -

containing cables operating above 600 volts are also tagged to gm,b, le
indicate the operating voltage. s “&r
Trays are tagged prior to cable installation with unique tray

node identification numbers, and the division marking charac-

ters indicated in Table 8.3-25, supplemented by another

character (H, P, C, S, R) which indicates the voltage level

(6.9'kV, 4.16 kV, Control, Signal, RPS) of the cables con-

tained in the tray. Non-Class 1E tray sections (a tray sec-

tion is defined by two adjacent nodes) that contain prime

cables (see 8.3.1.4.1.13.c) are identified with an additional

prime marker. Trays containing cables operating above 600

volts are tagged to indicate the operating voltage level.

Switchgear, transformers, distribution panels, batteries,
chargers, and other electrical equipment are tagged with the
equipment number indicated on the single line diagrams (e.g.,
SM-8-85, MC-8A, etc.) as well as the division marking charac-
ters indicated in Table. 8.3-25.

Safety-related cables within the power generation control

complex (PGCC) and under floor PGCC raceways are tagged with

identification numbers every 10 feet, and division markers

gvgrz 5 feet. The tagging characteristics are shown in Table
.3-26 '

Cable routing information is provided in Tables 8.3-8,

8.3-20, 8.3~21, and 8.3-22. This-illustrates the computer
program used for identification and routlng of cables in
trays. Routing information for cables in conduits is provided
in raceway layout drawings.” Table 8.3-9 indicates sample
cable routing schedules. Actual cable tray drawings for the
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reactor, control and radwaste buildings are shown in Figures
8.3-9 through 8.3-14, inclusive.

A list of Class 1E components or equipment (see 8.3.1.4.1.1
for definition) is provided to facilitate identification of

safety-related- components and theScircuits, te—which—they
bhelong.

Class 1E circuits and associated circuits within equipment
enclosures are not uniquely identified, but--assume-the~divi-
sion--identified on the equipment except that all intruding
divisional circuits and prime circuits (Class 1E powered

non-Class..1E circuits) are identified by striped markers as
shown in Tables 8.3-25 and 8.3-26.
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8.3.1.4 Independence of Redundant Systems

The physical independence of electrical systems complies with
the requirements of IEEE Standard 279-1971, IEEE Standard
308-1974 (IEEE Standard 308-1971 for the HPCS system), General
Design Critria 3 and 17, and Regulatory Guide 1.6, Revision D.
See Table 7.1-3 for a matrix of the applicability of codes and
standards to the various safety-related systems. The physical
separatlon of mechanical equipment 1ncludlng piping and
instrumentation tubing is not included in this section.
However, sufficient separation between redundant plant protec-
tion system equipment is provided such that the capability of
the protection systems to mitigate the consequences of any
design basis accident and bring the reactor to a cold shutdown
condition is assured. See 3.1.

8.3.1.4.1 Definitions
8.3.1.4.1.1 'Class 1E

Class 1E is defined as the safety classification of the .
electrical equipment and systems that are essential to
emergency reactor shutdown, containment isolation, reactor
core cooling, and containment and reactor heat removal, or are
otherwise essential in preventing significant release of
radioactive material to the environment.

8.3.1.4.1.2 Safety-Related Electrical and Instrumentation
Systems and Equipment

These items are those electrical and instrumentation systems
and equipment which are relied upon to prevent or mitigate the
consequences' of accidents and malfunctions originating within
the reactor coolant pressure boundary. Safety systems from an
electrical aspect consist of those electrical and instrumen-

tation circuits and components designated as Class 1E that are
necesary for the systems listed in Table 7.1-1 to perform

their safety function, and include the reactor protection NS

system, the nuclear steam supplyVsystem, and the engineered
safeguards systems. The Class 1E cables within the NSSS power
generation control complex (PGCC) are defined by codes as
listed on Table 8.3-21 and Figure 8.3-30.

8.3.1.4.1.3 Reactor Protection System (RPS)

The reactor protection system is the overall complex of
instrument channels, trip system and trip actuators, and
wiring which generates a reactor trip (scram) signal to ini-
tiate a reactor trip when a monitored parameter (or group of
parameters) exceeds a setpoint value indicating the approach

u
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of an unsafe condition. The ocemgdwsie RPS is a Class 1E
safety—-related system.

The reactor protection system power system, éoﬁsisting of MG
sets, distribution panels, etc., is a separate,_nonsafety—
related system which supplies power to the RPS itself.

8.3.1.4.1.4 Engineered Safeguards System (ESS)

This includes that combination of subsystems which take auto-
matic action to provide the cooling necessary to limit or pre-
vent the effects of fuel cladding melting, maintain the
integrity of the conntainment, and insure that the exposure of
the public to radiation will be below the limits of 10CFR100
in the event of a design basis reactor accident. The ESS
includes emergency core cooling systems (ECCS) as follows:

a. low pressure core spray (LPCS)

b. automatic depressurization system (ADS)
¢. high pressure core spray (HPCS)

d. residual heat removal (RHR)

ESS also includes other systems as shown in Table 8.3-21.
8.3.1.4.1.5 Nuclear Steam Supply Shutoff System (NSSSS)

The NSSSS consists of instrument channels (except those common
to RPS), power supplies, trip systems, manual controls, and
interconnecting wiring involved in generating a containment
isolation trip function,ﬁpart of primary containment® and reac-
tor vessel isolation control system (PCRVICS)Y. Instrument
channels for the isolation functions which are shared with the
reactor protection system are considered a part of the RPS as
far as separation is concerned.

8.3.1.4.1.6 Instrument Channel

The instrument channel is an arrangement of sensory and inter-
mediate components as required to generate a single trip
signal related to a particular plant parameter and introduce
this trip signal into a trip system. The channel loses its
identity upon combination of its trip signal with others.

8.3.1.4.1.7 Trip System
The trip system is an interconnected arrangement of components

making use of instrument channel outputs in the generation of
a trip function when appropriate logic is satisfied.

8.3-56a
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.8.3;1.4.1.8 Trip Actuator

The trip actuator is the mechanism which carries out the final
action of the protection system. .

8.3.1.4.1.9 Redundant System

The redundant system is a system or subsystem whose function
can be provided by another system or subsystem.

8.3.1.4.1.10 Standby Power Sources

Standby "onsite" power sources are those designed for use when
offsite power is not available. These include engine-~driven
generators and station batteries.

A single failure is an occurrence which results in the loss of
capability of a component to perform'its intended safety func-
tions. Multiple failures resulting from a single occurrence
are considered to be part of the single failure. Systems pro-
viding safety functions are considered to be designed against
an assumed single failure, if a single failure of any com-
ponent does not result in a loss of capability of the systems
to perform their safety function. Single failures are defined
as follows: '

a. Active Failure: An active failure is defined as
the malfunction or loss of function of a com-
ponent of electrical, mechanical, or fluid
systems. ¢ Component .function is its-designed
function to transmit signal, perform logic, and
control, convert, or generate power.

b. Passive Failure: A passive failure refers to the
failure of passive electrical equipment, such as
insulation in cables or pump or valve seals for
long-term cooling requirements.

. ’1[ LI 115

An isolation device'is a device in a circuit which }Xmits the
effects of events in one section of a circuit from causing
unacceptable consequences in other sections of the circuits or
other circuits. Some examples of isolation devices are relays
(coil to contact segaratlon), buffer amplifiers, isolation
transformers, fuses, circuit breakers, an@-f£ire~stops.
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8.3.1.4.1.13 Asébciated Circuits

~ Associated circuits are defined as follows}

a. Non-Class 1E cables/wifes that share raceways
with Class 1E cables/wires are-not physically
separated from Class 1E cables/wires.

b. Non-Class 1E cables/wires carrying non-Class 1E
power that share enclosures and are not physi-
cally separated from Class 1E cables/wires.

c. Non-Class 1E cables/wire for loads which are
supplied from a Class 1E power source. These are
referred to as prime circuits.

8.3.1.4.1:14_ Raceway

IR VIR o . o
A raceway is any structure that is designed and used expressly

for supporting wire, cables, or bus bars. Raceways consist
primarily of, but not restricted to, cable trays, wireways,
and conduits. ‘

8.3.1.4.1.15 Power Generation Control Complex (PGCC)

The power generation control complex (PGCC) located in the
main control room is a modular assembly of termination cabi-
nets interconnected by floor sections comprised of multiple
separate cable ducts on which are mounted control panels
(see 8.3.1.4.3.6).
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8.3.1.4.2 General Separation Criterié'

The criteria in this section provides sufficient physical
independence of Class 1E electrical systems so safety-related
systems can perform their engineered safety function during
any design basis accident and bring the reactor to a cold
shutdown condition. '

8.3.1.4.2.1 Cable Separation

Cable separation is achieved by segregating electrical cir-
cuits by voltage level and service it performs (such as power,
control, or signal) by engineered system designations, by
power supply and divisional separation categories, and by
routing (see Tables 8.3-8, 8.3-20 and 8.3-21).

8.3.1.4.2.1.1 Cable Segragation by Voltage Level and Service

Cables are assigned to one of three groups (power, control, or

instrumentation) depending upon the voltage level, and
service,

8.3.1,4.2.1.1.1 Power Cable

Power cables are defined as those cables that provide electri-
cal energy for equipment motive power and heating requiring
14.4 kV, 6.9 kV, 4.16 kV, 480 volts, .240 volts, 120/208 V

AC, 250 and 125 V DC (see Tables 8.3-20 and 8.3-24).

Power cables of different voltage ratings are routed in dif-
ferent cable trays except as follows: (a) Common tray is per-
mitted for 480 volt, 120/208 V AC, 125 V and 250 V DC of
compatible divisions; (b) Common tray is permitted for 4160
and 6900 V power cables of compatible divisions; 480, 4160 and
6900 V power cables are not to be installed in cable trays in
the spreading area beneath the control room. If a run through
this area is unavoidable, the power cable is installed in con-
duit. B

Power cables are installed in raceways separate from control
cables and low level signal cables and where vertically
stacked, the power cables are placed in the tray with the
nhighest position in the tray tier. Stacking of multiple power
trays are such that the voltage levels decrease sequentially
from the top to the bottom tray in the stack.

8.3.1.4.2.1.1.2 Control Cable

Control cables are those cables using 120 V AC (or below) or
125 V DC (or below), with normal current not in excess of 30
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amperes, whose circuits are designed to supply control power
for tne plant systems. Included in the category of control
cables are those cables used for intermittent operation to
change the operating status of a utilization device of the
plant system. Control cables include all cables which have
any of the following functions (see Tables 8.3-20, 8.3-21, and
8.3-24):

a. 125 V DC or 120 V AC feeds to switchgear; panel
and local panél“control buses. Wire types are to
be power cable, type G2.

b. 125 Vv DC or 120 V AC feeds to solenoids.

c. 125 V DC or 120 V AC control and interlock cir-
cuits.

d. Annunciator circuits.
8.3.1.4.2.1.1.3 Instrument Cable (Low Level Signals)

Instrumentation cables are those cables used to carry low
level analog.or digital signals. Low level signal cables
require a specific degree of separation or segregation to per-
serve the accuracy of the transmitted signal. Low level )
signal cables are run in raceways separate from all power and.
control cables, except within the control room power

eneration and Z@ntrol tbmplex (PGCC) and as noted below. .
Instrument (signal) trays are of the enclosed (solid bottom
and covers) type.

Analog and digital signal input cables are routed as follows:

a. Digital computer signals in the reactor building
are run in divisional control trays as applicable
by the device being served. Non-Class 1E digital
signals in other areas are run in instrumentation
trays of Division B, unless they are routed
through the reactor building. :

b. Analog computer signals in the reactor building
are run in divisional instrumentation trays as
applicable by the device being served. Non-Class
1E analog signals in other areas are run in
instrumentation trays of Division A, unless they
are routed through the reactor building.
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8.3.1.4.2.1.2 Cable Segregation by Engineered System
Designation

Cables are assigned to circuits within an engineered system as
shown on Tables 8.3-8 and 8.3-21. A cable will contain only
circuits of the same functional system except for annunciator
or computer circuits. .

w,/,,l L

8.3.1.4.2.1.3 Cable/Segrega;ipn by Power Supply and
Divisional Separation Categories

Bach cable is assigned to a division depending upon its safety
function and its power supply (see the PGCC power supply
classification on Table 8.3-21). Class 1E cables originating
from Class 1E power supplies assume the same divisional
classification as the power supply. The system is the same

for non-Class 1E power and control cables (except annunciator

cables). Each cable number is assigned to one of three
general separation classes; Class 1E, Associatea or non-Class
1E. Some cables have more than-one consecutive cable number
(see Note 4 on Table 8.3-8).

8.3.1.4.2.1.3.1 ‘Class 1E Cables

Class 1E cables are purchased to IEEE Standard 383-1971 and
are designed to withstand normal and accident environmental
conditions and perform their safety function during a design
basis event following a 40-year life. Cables outside the PGCC
that perform a safety-related function are assigned divisional
designation by cable numbers prefixed by the numbers 1 tnrough
7. The prefix number corresponds to a segregated safety divi-
sional system of cables and raceways of the same number (see
Table 8.3-20). Within the PGCC the correlating divisional
categories are shown on Table 8.3-21. Class 1E cables are
identified in accordance with 8.3.1.3. .

8.3.1.4.2.1.3.2 Associated Circuits

Any non-Class 1E cable that is routed into a Class 1E raceway
is an associated cable and is not routed into a redundant
Class 1E raceway. Associated cable numbers external to the
PGCC are prefixed by an "A" or "B" and denoted in computerized
cable schedules with Note 5 as shown in Table 8.3-8.
Associated cables are procured to the same requirements as
Class 1E and are identified as indicated in 8.3.1.3 and Tables
8.3-25 and 8.3-26. -Associated-.cables—are-—-instatled-to~the
same' ‘installation parameters as.Class..lE.cables.except..for
sidewall-pressure. These circuits are defined in accordance
with the three part definition in 8.3.1.4.14.13 and comply
with at least one of the. following requirements:

.
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" DI P

a.\ For cable trays, raceways, and PGCC floor ducts
N (asseciatedweircuit definition (a)$, seeti*
8.3.1.4.1.4.13) o f
v i

N

1. They arelun}gggly identified as sueh or as
Class 1E&ahd‘fEmain with, or are physically
separated the same as, those Class 1E cir-

cuits with which they are associated.

2. They are#?ﬁﬂéggordance with item 1 above~$QNh%$§@
from the Class 1E equipment up to and
including an isolation device. Beyond the:
isolation device, such a circuit is not con-
sidered an associated circuit and does not
confffidm to item 1 above, provided it does

. not again become associated with a Class 1E
system.

3. They are analyzed or tested to demonstrate
that Class 1E circuits are not degraded below
an accep;able level.

v'/l . /. ey 7 » ﬂ':v(
b. , For cabinets,.cable..end.-points, equipment, inter-,
/ nals fexternal to) item(a) above}l tassoobatedmeder™
euft definitions b and ciz, see 8.3.1.4.1.413

A . . . L oL
_wf:Jﬁg) 1. Associated Circuit Definition b - Associated

Y (¢ircuits which become associated due to
vy tyl sharing of enclosures with Class 1E circuits
/V&*\ kb -+ do. not reguire separatioh, blit, are analyzed
T A to show that the Class 1E circuits are not
{ﬂp,l& degraded below an acceptaple level.

. trer; .ul"’ i

2. Associated Circuit/Definition ¢ (prime
circuits) - Associated circuits which receive
power from Class 1E power sources comply with
the same separation requirements placed on
Class 1E circuits. For example, a Division A
non-Class 1E circuit)power, source ewig+tn is a
Division 1 cudtsdbeal bus ard separated from a
Division 2 Class 1E circuit &ad ' Division B
non-Class 1E circuit whose power source-.ori-
gin is a Division 2 cuiigical bus.

v

i x
. . “ e ! C .
‘Non-Class '1E (nonassociated) cable pumbers,aue prefixed by
"A" or "B", are routed in non-Class 1E raceways. They are,.
howevex, procured to the same requirements as Class 1E cables

fexcept for a few vendor supplied cables designated in the

el
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computerized cable schedule as type zi. These non-Class 1E’
cables are tagged in accordance with Tables 8.3-25 and 8.3-26.

The isolation of non-Class 1E circuits from Class 1E circuits
or associated circuits is achieved by complying with at least
one of the following requirements.-

a. Non-Class 1E circuits are physically separated
from.Class 1E circuits and associated circuits by
the minimum separation requirements specified for
redundant Class 1E divisions or they become asso-
ciated circuits.

b. Non-Class 1E circuits are electrically isolated
from Class 1E circuits and associated circuits by
the use of isolation devices, shielding and
wiring techniques, physical separation, or an
appropriate combination, or they become asso-
ciated circuits.

c. The effects of lesser separation or the absence
of isolation between the non-Class 1E circuits
“and the Class 1E circuits or associated circuits
are analyzed to demonstrate that Class 1E cir-
cuits are not degraded below an acceptable level
or they become associated circuits.’

d. Low energy (see 8.3.1.4.2.1.1.3) non-Class 1E
instrumentation and control circuits are not
required to be physically separated or isolated
from associated circuits provided: (1) the
non-Class 1E circuits are not routed with asso-
ciated cables of a redundant division; or (2)
they are analyzed to demonstrate that Class 1E
circuits are not degraded below an acceptable
level. As part of the analysis, consideration is
given to potential energy and identification of
the circuits involved. ‘

8.3.1.4.2.1.4 Cable Segregation by Routing

R ¢ Ty, ! .

The physicaf separaton distances required between nen—PGCC

racewaysvare identified in 8.3.1.4.3.8. The physical arrange--

-" ment of the PGCC raceways are described in 8.3.1.4.3.6.3.

Outside the PGCC thirty-four independent raceway systems are
provided for cabling. These include dedicated raceways
assigned to each of the Class 1E divisions. The raceways for
Divisions 1, 2, and 3 utilize open-type ladder trays for power
and control. Trays for instrumentation raceways for Divisions
4, 5, 6, and 7 are totally enclosed. Raceways exist for
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non-Class 1E cabling crossovers between Division A and
Division 1 raceways and similarly between Division B and
Division 2 raceways. For cables external to the PGCC, cable
numbers listed in the computerized cable schedule' are assigned
a compatibility that corresponds to a raceway. The com-
patibility number is identical to the cable number prefix and
the divisional assignment of the raceway except for the
following: Division A prefixed cables are assigned a com-
patibility of 1 if routing in Division 1 raceways is required
and Division B prefixed cablés "are assigned a compatibility of
2 if routing in Division 2 raceways is required (see Table
8.3~8); within the PGCC isolated floor ducts for Divisions 1,
2, 3, and nondivisional are provided for cable routing in
accordance with Tables 8.3-20, 8.3-21 and 8.3-22. The routing
of cables in raceways is in accordance with the following:

a. Cable splices are not normally designed into the
cable system (except for cables entering contain-
ment at electrical penetrations). If requared
they are not permitted in cable trays, but are
made in conduit fittings or metallic electrical
boxes.

b. All cabling for use in Class 1E systems, and for
associated circuits, is designed to resist com-

. bustion as described in 8.3.3. Cable flame re~
tardance characteristics and routing arrangement
eliminate (insofar as practical) the potential
for fire damage to cables and the spread of fire

between redundant d1 asglcj}r/}so;, 2. in oufof a 3in.usable o prh

using @
c. Power caé/e[ C/ 1760 d‘re baaed on NEMA
We 51-1977a :70/'/70 ed f ﬂf ambreaf /Z?f/zwﬁrat
Uher era fing factor o oepplle accotin
/rnft%{/:lbfﬁ’&gr%’)wl' ”onr/?-/mﬂs, [}ﬁ abowl’

/4 2in, a,,amxuna'&/ 0% of  +he ysable
ﬁﬁ? iiozi n, s ap 4 %

[
'
2 N Yor (e {2 r0070

[ N
d. T%azarﬁous eas are'avoided sueh—bhabtrcireuit
faidures—aré limitedyto £axiTIuves~o% faulﬁzyﬁnter~

, nal to the electric equipment or
FLGART gy b ana%yzls is rovxded(§§e3_8*3*1¢__g*%§§
. el 1<% A ¥ (R
) e. In the cable spreading and main control room
areas, 120 V AC (or below) and 125 V DC (or

below) branch circuits from distribution panels
to the control boards and terminal cabinets are
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routed in conduit (see Table 8.3-24). The only
power cables in these areas are the 460 V AC
feeders to the control room emergency lighting
panel step-down transformers; these cables are
routed in conduit.

f. The underground cables for Class 1E systems
complies with NRC General Design Criteria 1, 2,
3, 4, and 17, .as.well as IEEE Standard 308-1974
and the following: .

1. Underground cables between manholes are run
in concrete encased plastic ducts which serve
non-Class 1E systems, and in reinforced
concrete encased steel ducts to Class 1E
systems. '

2. The minimum horizontal separation at the
peripheries of redundant underground ducts is
18 inches. There is no underground cross-
overs of these duct banks.

* 3. Underground ducts for Class 1E cables are
Quality Class 1 and Seismic Class’ 1. Cables
are fire retardant type, and where splices
are necessary in manholes because of the
length of pull, waterproofing is utilized.

In limited access areas such as the switchyard, a single con-
duit may contain non-Class 1E cables of both non-Class 1E
divisions provided they are not both prime circuits.. Where
access to a local device is via a single conduit, the conduit
is considered as an extension of the device enclosure, and
cable separation by service is not maintained.

8.3.1.4.2.2 Physical Separation Criteria

Physical separation as a protection against single failures of
redundant Class 1E power control and instrumentation systems
(Divisions 1 to 7) is provided. Where the use of separate
safety class structures is not feasible, spatial separation is
the preferred method of achieving separation. Methods of

maintaining physical separation are as follows: Ji ’
' * R .‘ . ? I . ‘f L
a./ Non-§ﬁgggy,equlpment, components or piping are ;¢
not run ‘above safety equipment, unless-~they are LA R
adequately-restrained-or-it-can~b daemonstratef ';‘””fﬂ$ (N

that failure will not impair the Overall function LY
of the safety system. . At s

' '
ol e s

M
Ped Age. Yy i.‘

P

&

v
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b. Where Class 1E equipment or cabling is located or
routed in areas where there is a potential for
internally generated missiles, pipe whip, or (
flood, aw adeguate protective barrier is p¢° /2
constructed, or{analysis is performed to assure
that a loss of plant capability to mitigate the
consequences of an accident ‘or to bring it to a
safe shutdown condition can not occur.

c. Fire rated-fire._stops and/or Fire barriers are
provided between redundant electrical equipment
including raceways whenever the physical separa-
tion distances in 8.3.1.4 are not met. Raceways
penetrating fire-rated walls, floors or ceilings,
or pressure boundries are sealed with a fire % A/

e P neaistantwmaterial.d.Refer to Appendix F for .the ' a|

» fire.analysis prowvided-in—~accordance with 10CFRS0
Appendix R.

8.3.1.4.2.3 Administrative Controls for Ensuring
Separation Criteria

The quality assurance procedures described in IEEE Standard
336-1971 are employed during the design and installation of
the cable system to ensure compliance with the design cri-
teria. Design drawings and cable lists are prepared,
reviewed, and approved for construction and updated in the
field. EBEach cable and raceway is identified in the computer
program, and the identification includes the applicable ‘
separation classification. Cable routing programs ensure that
cables of particular separation groups are routed through the
appropriate raceways. Cables are installed in accordance with
written procedures which specify quality complian®®; inspec- !
tion, and documentation requirements for all cable pulls.

Upon completion of Class 1E cable pulling, an electrical
quality control inspector initials the cable pull slip and

- verifies that the cables have been installed in accordance
with the design documents.

Post cable installation procedures exist to upgrade the
classification of various cables to ensure that adequate
quality has been provided. These cables have been evaluated
on an individual basis to be acceptable deviations from the
normal installation procedures.

8.3.1.4.2.4 System Separation Criteria
8.3.1.4.2.4.1 Fail-Safe Cabling

Fail-safe (de-energized to operate) wiring outside of the main
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protection system cabinets is run in rigid or flexible con-
duits and/or totally enclosd trays used for no other wiring
and are conspicuously identified at all junction or pull
boxes. IRM, LPRM input, and RPS scram group output cables are
. combined in the same wireway provided that the four divisional
separation (Divisions 4, 5, 6, and 7) are maintained (see
Table 8.3-22).

8.3.1.4.2.4.2 Scram Solenoid,Cabling

Wires from both RPS trip system trip actuators to a single
group of scram solenoids are run in a single conduit; however,
a single conduit does not contain wires to more than one group
of scram solenoids. Wiring for two solenoids on the same

control rod is run in the same conduit (see Figure 8.3-41).
8.3.1.4.2.4.3 NMS and Inboard Isolation Valve Cabling

Cables through the primary containment penetrations are so
grouped that failure of all cabling in a single penetration
cannot prevent a scram. (This applies specifically to the
neutron monitoring cables and the main steam isolation valves
position switches cables, see Figures 8.3-41 and 8.3-42.)

8.3.1.4.2.4.4 RPS Power 'Supplies

Power supplies to systems which de-energize to operate -{se.

. call "fail-safe" power- supplies) require only that separation
which is deemed prudent to'&iuve reliabifity (continuity-of

operation). Therefore, the protection system flywheel motor

generator (M@ sets and—toad-circuit-breakers are not required

to comply with Class 1E separation requirements.

8.3.1.4.2.4.5 Four Division Separation

Wiring for the four RPS scram group outputs and the NMS LPRM
inputs. is routed as four .separate divisions (see Tables
8.3-20, 8.3-21, and 8.3-22 and Figures 8.3-41 and 8.3-42).

8.3.1.4.2.5 Equipment and Circuits Requiring Separation

Equipment and circuits are identified on documents and
‘drawings in a distinctive manner.

8.3.1.4.2.6 Compliance to Regulatory Guide 1.75, Revision 1

This regulatory guide is not applicable to WNP-2 since the

WNP-2 construction permit date precedes the regulatory guide
issue date. However, the actual plant design does provide a
technically acceptable alternative to the requirements of the
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Independence between equipment and circuits of redundant

Class 1E electrical divisions is provided to satisfy 10CFR50
regui%ements.

Deviations to the guide are lListed below:

de.

Paragraph 3.8 Appendix (1) to Reg. Guide 1.75 excludes
the use of fault current actuated circuit interrupting
devices as an ‘isolatiof ‘device. WNP-2 uses overcurrent
actuated circuit breakers and fuses. Justification for
this deviation is provided in 8.3.1.4.1.412 and 8.3.2.2.1.1.

Paragraph 4.5(a) Appendix (1) to Reg. Guide 1.75 implies
that associated circuits should be routed in Class 1E
raceways. Some of the WNP-2 associated circuits are
partially routed in non-Class 1E raceways. The non-
Class 1E cables and raceways are divisionalized, BOP
division A and B. Routing criteria ensures that cables
associated with one BOP division are separated from
cables associated with the redundant BOP division and from
Class 1E cables of the associated safety division.
Justification for this design is provided in 8.3.1.4.4.1
and 8.3.1.4.4.2.

Paragraphs 4.6:1 and 4.6.2 Appendix (1) to Reg. Guide 1.75
require that non-Class 1E circuits be separated from

Class 1€ circuits by the same minimum separation required
between redundant Class 1E circuits, unless the non-Class 1E
circuits are treated as 'associated. As discussed in (b)
above, some associated circuits in WNP-2 are partially
routed in non-Class 1E raceways and are therefore not
separated from non—-Class 1E circuits. This deviation is
covered by the justification for item (b).

Sections 5.1.3 and 5.1.4 Appendix (1) to Reg. Guide 1.75
required a minimum separation of 1 inch between enclosed
raceways of redundant divisions., This requirement is

not met in WNP-2 though, generally, some air space, exists
between the above raceways. Justification for this
deviation is based on Wyle Lab tests No. 56719 and

No. 56669 for the Susquehanna Steam Electric Station.
These tests demonstrate that rigid steel conduits and
some specific heat-resistant sleeving materials qualify
as barriers against potential damage due to an electrical
fault- in one of the circuit§ requiring separation.
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Section .5.6.3 Appendix (1)  to Reg. Guide 1.75 requires
identification of internal wiring to distinguish
between redundant Class 1E wiring and between Class 1E
and non-Class 1E wiring. At WUNP-2 the panel or
enclosure is assigned to a given Class 1E division if

.the majority of the contained wiring belongs to this

division. Circuits associated to this division and
non-Class 1E wiring in the panel are not identified.
However, -if Class 1E wiring for a redundant division

or wiring associated by connection to the redundant
division are also present in .the same panel, then these
wires are identified by color coded tags as shown in
Tables 8.3-25" and 8.3-26.
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8.3.1.4.3 Physical AndESPatial Separation Details

Each Class 1E component is assigned to one of seven Class 1E
divisions. Class 1E components of one division are separated
* from Class 1E components of the other divisions except as
noted in Table 8.3-21 for the NSSS PGCC. Class 1E components
are physically separated and protected from non-Class 1E high-

enexrgy components such that loss of Class 1E redundancy cannot,

result from a design basis event.

Structures are designed to provide protection from the effects
of wind loadings, tornadoes, external missiles, flooding, and
earthquakes. All Class 1E equipment, components,, and
raceways, and their supports, are designed to Seismic' Category
I requirements (refer to 3.10 for discussion of seismic
capability). ‘ .

8.3.1.4.3.1 Standby Generating Units and Auxiliaries

The standby diesel generator sets are located in separate
equipment rooms in the diesel generator building.

Auxliliaries and local- controls for each diesel generator set,
separated the same as the units themselves, are also located
in this building. Each unit is provided with’ an independent
air supply.

8.3.1.4.3.2 DC Power Systems,, ;bwndd»uJ'ﬂ7mZZWV**
E ’ﬂo’M‘ (:‘(/&“LM

The Class 1E DC Py{wer Systems; 4batter1es, charges, and asso-
ciated equipment$,\dgé located

separate rooms, andTare further desemitc tn 8.3.5.

T Dose C“:(Z‘:xu a.Qe
8.3.1.4.3.3 . Switchgear (
Separate electrical equipment rooms are provided in the
radwaste/control building for redundant 4.16 kV and 480 V
Class ]E Division 1 and 2 switchgear as shown on Figure 8.1-7.

The Division 3 4.16 kV Class 1E switchgear and 480 V Class
1E MCC are located in the diesel generator building.

8.3.1.4.3.4 Motor Control Centers and ﬁistribution Panels

" Motor control centers, distribution panels, and miscellaneous
electrical equipment of redundant divisions are either spa-

tially separated or are located in separate rooms of safety
class structures.
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8.3.1.4.3.5 Containment Electrical Penetrations

There are twenty-four electrical penetrations which provide

.electrical power to equipment inside the primary containment

- as detailed in Table 3.8-6 and described in 3.8.6.1.4.
Redundant Class 1E circuits for loads located inside primary
containment are routed through separate penetrations and in
accordance with Figures 8.3-41 and.8.3-42 with the exception
of HPCS cabling. HPCS (Division 3) cabling is routed through
a Division 2 penetration thrdugh a separated-and=baszsiezed
sleeve. -<€ontainment:penetrations——are—pronided=with-bolkt-on

© towminal-boxes whéehrquatiﬁywaséabaeﬁﬁiha&—barrféfgarfgabiéag

-ehtersTmmdrexitscpenetrations. terminal
8.3.1.4.3.6 Power Generation Control Complex (PGCC)
PGCC is defined in 8.3.1.4.1.15.

PGCC is a modular design concept which allows the fabrication
installation, and testing in a quality controlled environment
in accordance with the requirements of 10CFR50, Appendix B
(see Figures 8.3-30 and 8.3~-31). The PGCC forms an interface
between the field cables and the control panels and consists
of three different subassemblies: termination cabinets, modu-
lar floor sections, and cable assemblies.

8.3.1.4.3.6.1 Termination Cabinets

Termination cabinets (T/C) provide the interface with the

field cables (see Figures 8.3-32 and 8.3-33) and consists of
three different subassemblies: termination modules, connector
plates (including connectors), and junction boxes for flexible
conduit terminations (see Figure 8.3-34). The T/C enclosures
are constructed of 3/16" steel plate welded to 3/8" steel
corner angles and utilize swing and stationary steel barriers
for fire separation between redundant system cables. Seismic
and fire tests have been conducted on these units as reported
in the licensing report NEDO-10466A. The fire tests
demonstrated the adequacy of the stationary steel barriers.

In addition to the overall structural fire protection design

of the PGCC (see Figure 8.3-39), products of combustion detec-
tors are located at the top of each terminatien cabinet,. ek cw
These detectors are monitored onffﬁé;%h%n'cod%?%isgagd%?fge
control panel. Additional defense in depth measures include
the installation of fire stopsyat all cable entrances to the
cabineg,aﬂﬁ the use of fire/retardant mategialg) awuxzxﬁe,uAé'-Q

),i,,‘,é,,,,tf,e.(‘ Tt ol lovr G ellxe ,1474-,2,(@ sl éﬁ

ot b e e
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8.3.1.4.3.6.2 Modular Floor Sections.

The modular floor section is a latticed floor constructed of
steel "I" beams and rectangular steel tubes forming longitudi-
nal and laterial ducts. These ducts interconnect the control
' panel modules (which are bolted on the modular floor section)
and the termination cabinet (see Figures 8.3-31 and 8.3-35).
The network, including transition and extension ducts, provi-
.des divisional separation with the use of vertial and/or hori-
zontal barriers and fire stops. Miniducts (Figure 8.3-40) are
of similar construction to the floor ducts and are utilized
for divisional separation with\("the longitudinal ducts. Cables

%ﬁ“

in the miniducts are routed in flexible metallic conduit. ¢ &de

P

The fire detection equipment in the floor modules consist of
two“thermal detectors and one product of combustion detector
mountéd in each of the longitudinal raceways (see Figure
8.3-36) .~ Products of combustion dectectors respond to 0,006
grams of product per cubic foot of air while the thermal
detectors respond to a temperature rise of 15°F per nute or

an ambient temperature of 140°F. The fire detecti system

meets the requirements of a Class A system as defined in

NFPA-72D and Class™] circuits as defined in NFPA~70. The
detectors and operaﬁiqpal functions are wired“out to the ter-
mination cabinet associgted with each floqp/éection. Fire
protection cabling withinsthe PGCC is roufed in flexible steel (
conduit to the fire protection terminal“box in each ter-
mination cabinet. Fire protec¢tion cabling external to the

PGCC is routed in rigid steel condudt to the fire control

panel for audible and visual alapms<that are zoned to the ;
individual floor sections. PrimMary and secondary power is
supplied to the detection s em. The primary system is 120 v
and the secondary system VDC. In Appeidix F of the General
Electric Licensing Repo NEDO-10466-A, firé.tests on the PGCC
floor section showed at a fire could not bé\a§3ablished.
However, in order to” enhance -the safety features\of the PGCC,
a fixed automated~halon 1301 suppression system hEs\been
installed. The“ equipment consists of four nozzles attached to
a manifold %pééted at the termination cabinet end of t e\floor‘
section. Each nozzle is designed to flood each longitudfnél
raceway,~” If fire stops, barriers or miniducts create isolated .
longigddinal raceway sections, provisions are made so that
suppfessant material will reach these areas or the isolated
section is protected with fire retardant material.] Fire stops [
are located in the ducts that access thé termination cabling
and in the ducts that access the control panels (see Figure
8.3-37). Floor plates consist of an aluminum honeycomb core,
1-1/16" thick. A final floor covering of fire retardant
vinyl-asbestos floor tile that meets federal specification

AN amrl R o e a——————

~,

SS-T-312 is provided for the finished PGCC floor. ' !
S

. . " -‘M‘/l//,ow
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Insert to page 8.3-58b as marked

Fire protection is provided in accordance with the PGCC
Licensing Topical Report, NEDO 10466A and Amendment Ho. 19
Fire Protection Evaluation, to the FSAR. Products of
combustion and thermal detectors are provided in the floor
section longitudinal ducts.'. These detectors are monitored

on the respective PGCC module fire control panel and on

the main control room fire control panel where zoned alarms
aré grouped by floor section. Products of combustion detectors
will pre-alarm, to allow a manual response through quickly
removable floor plates. Thermal detectors will automatically
release Halon 1301 through a distribution system into each

of the floor sections longitudinal cable ducts.







WNP-2

8.3.1.4.3.6.3 PGCC Cable Assembly and Routing

The cable assembly within the power generation control complex
is designed around the following variables: engineered system
designation, circuit signal classification, PGCC separation
classification based on power supply, and finally, the
origination/destination which provides the routing and length
(see Table 8.3-21). Each PGCC cable is precut, assembled
(with lugs and connectors at. either end as required) and
installed in the panel/floor module shipping section. Special
cable and routing requirements are shown on Table 8.3-22. The
cable jacketi.and conductor insulation for the cables within
the PGCC is®*Haychem Flamtrol, General Electric
Vulkene/Geoprene Shd-Tefzel. The fire suppression system has
been provided to limit any off-gasing/smoke that could result
from a cable fire, .

Cable routing consists of two categoires: £field interface

terminations (fits) and system interface terminations (sits).
Fits cables are routed between termination cabinets and PGCC
control panels, while sits cables are routed between PGCC
control panels and do not interface with BOP field cable (see
Figure 8.3-30).

8.3.1.4.3.7 Separation Within Panels

Separation of wiring in panels and instrument racks for redun-
dant divisions of Class 1E cirxcuits is accomplished by
mounting redundant equipment on physically separated panels or
control boards wherever practicable. Where locating control
devices on separate panels is considered prohibitive for
manual operation of equipment for optimum equipment
arrangement, and where no single credible event in a single
panel could disable two sets of redundant control circuits,
both devices are located in the same panel. Where control
devices of redundant systems are mounted in the same panel,
physical separation (six inches);s barriers, or isolation devi-
ces are provided. Whérever wiring of two redundant divisions
exists in a single panel section, separated or isolated ter-
minal boards and wiring preclude the possibility of fire pro-
pagation from one division of wiring to another. This
separation is adequate since the material used in the
construction of panel board, devices, and wiring are of a fire
retardant nature.
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8.3.1.4.3.8 Spatial Separation Details for Raceways

The minimum separation distances for trays and conduits in
general and specific areas are described in this section.

Jar
8.3.1.4.3.8.1 GeneralAAreas

Raceways of redundant divisions are separated by physical
distance. Figures 8.3-29a.through 8.3-29d indicate the mini-
mum separation distances for parallel runs of trays and con-
duits of redundant divisions. 1In general areas the minimum
separation distance between open cable trays of redundant
divisions or between an open tray of one division and a con-
duit or enclosed raceway of a redundant division routed above
the tray is three feet free air space (horizontally)- -and five
feet free air space (vertically). However, if no automatic
area fire detection and extinguishing system exists, and the
lower tray is the highest tray in a tier of three of more, the
minimum vertical free air space for separation is eight feet.
The minimum separation distance between an open cable tray of
one division and a conduit of a redundant division where the
conduit is routed below the open tray is-one inch. Where
equipment arrangement precludes maintaining the minimum
separation distance, covers or barriers are provided between
trays of redundant divisions. Circuits of redundant divisions
can also be run in solid enclosed raceways, such as totally
enclosed trays or rigid steel conduit, where the minimum
established distance for open trays is not maintained.

In cases of crossover of one open tray over another of a
redundant division where the minimum vertical separation cri-
teria established in the above is not maintained, barriers
consisting of solid steel covers on bottom trays and solid
bottom in top trays are provided. These covers extend to each
side of both tray edges by a minimum distance equal to three
times the width of the widest tray involved in either
division. The length of the protective covers is taken along
the tray centerline. See Figure 8.3-29d. At crossovers, a
minimum vertical separation of one inch is provided between
the top of the bottom tray and the bottom of the top tray.

In the cases of crossovers of enclosed raceways and open trays
of a redundant division, the minimum separation distance is
one inch if the enclosed raceway is below the open tray. If
the enclosed raceway is above the open tray, a one-inch ver-
tical separation and a tray cover extending 12 .inches beyond
the sides of the conduit is required. .See Figure 8.3-29d.
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8.3.1.4.3.8.2 Specific Areas
8.3.1.4.3.8.2.1  Cable Spreading Room

Within the cable spreading room, the minimum separation
distance between open trays of redundant divisions is one foot
between trays separated horizontally and three feet between
trays separated vertically. A fire detection and
extinguishing system is present. Where these distances cannot
be maintained, fire barriers are installed. .

Within the cable spreading room, the minimum separation
clearance between conduits and open trays of redundant divi-
sions is one~inch free air space when the conduit is below or
to the side of the open tray and three-feet free air space
when the conduit is located above the open trays.

8.3.1.4.3.8.2.2 | Power Generation Control Complex (PGCC)

The physical configuration of the: PGCC control ‘room assembly
does not allow for general area raceway spatial separation in
accordance with 8.3.1.4.3.8.1. Structural and spatial separa-
.tion has been provided in the PGCC as described in
8.3.1.4.3.6.2 for divisionally redundant raceways. The PGCC
raceways are also provided with an automatic fire suppression
system.

8.3.1.4.3.8.2.3 Cable Chase And Other Areés Of Cable
‘ Congestion

The use of 'fire retardant cabling and automatic sprinkler
systems permit opposite sides of the cable chase to be uti-
lized to route cabling of redundant divisions.

Fire protection, as described in 9.5.1 and 8.3.3, is installed
in areas of large concentrations of cables and other- areas to
alarm if a fire occurs. Wherever an open wireway penetrates a
firewall or fire floor slab, a fire retardant self- ‘
extinguishing silicone foam fire stop is provided to prevent
the spread of fire through the wall or floor. All vertical
runs have solid tray covers on the outermost tray at floor or
slab penetrations. The fire stops are rated for 3 hours, or
.are rated equivalent to the wall or floor slab rating,
whichever is less.
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Fire stops are used where any raceway penetrates the slab into -
the control room, where any raceway penetrates designated fire
zones, or where any raceway penetrates areas where an ambient
pressure difference exists. In addition, fire stops are pro-
vided where any open vertical raceway penetrates floor or
ceiling slabs. Both the penetration and the trays themselves
are sealed with fire resistant material.

8.3.1.4.3.8.2.4 Class 1E Underground Duct System

Class 1E equipment located remotely from the plant (e.g.,
equipment located at the ultimate heat sink) is serviced by
divisionally separated Class 1E underground duct systems and
manholes. See 8.3.1.4.2.1.4.f. Separation distances between
redundant divisions within manholes is similar to enclosures.
See 8.3.1.4.3.7.

8.3.1.4.3.8.2.5 NMS Cabling Under Reactor

The neutron monitoring system cabling in the area immediately
underneath the reactor is not completely routed in totally
enclosed raceway nor separated in accordance with Figures
8.3-29a through 8.3-29d due to space limitations and the need
for cable flexibility.

8.3.1.4.3.8.2.6 Class 1E Cabling In Turﬁine Generator
Building

a. Class 1E main steam turbine sensing and turbine
generator building leak detection
instrumentation, instrument racks, cabling and
raceways are located in the turbine generator
building, a non-Category I structure. This
equipment provides trip signal input to the RPS
system in the event of a turbine trip or genera-
tor load rejection. Sufficient diverse backup
signals exist within the RPS such that scram is
not prevented because of the loss of these tur-
bine generator building signals. Refer to 7.2.

b. Main steam tunnel high radiation sensing instru-
mentation and associated cabling and raceways are
located in the turbine generator building, a
non-Category I structure. This equipment provi-
des RPS trip and containment isolation signals in
the event of main steam line high radiation.
Routing has been analyzed and supports designed
such that equipment remains functional during SSE
loading.
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c. Some sensing equipment for the reactor protection
system and the nuclear steam supply shutoff
system are located in thé turbine building which
is a non-Category I structure. The sensors,
cables, and raceways are Class 1E. Failure of
the sensors due to seismic effects on the
non—-Category I structure in which the sensors are
mounted does not prevent the system from per-
forming its intended function. This is
accomplished by the use of backup sensing devices
which are mounted in Category I structures.

8.3.1.4.4 Associated Circuit Analysis

Non-Class 1E control and instrumentation cables as depicted in
Table 8.3-27 illustrate the various circuit configurations
that result in associated circuits within the designed cable
and raceway systems (see Table 8.3-20). These non-Class 1E
cables which become associated by connection or proximity to a
Class 1E circuit andsassdeh are representative of the three
part definition of associated circuits in 8.3.1.4.1.13.
Associated cables as depicted in Tables 8.3-20 and 8.3-27 are
non-Gl-ass 1E cables routed in compatible divisional trays.
These cables are uniquely identified and remain with or are
physically separated the same as those Class 1E circuits with
which they are assoc1ated except at cable end points inside
enclosures. . e ——

N (fafe orvéo
8.3.1.4.4.1 ¥ Non-Class 1E Gixscuits Requixing_élalysés,‘

\w.. o e owep 9 -~ Tx 6/1 . f

The following categories of circuits are-gust1f1ed ‘by ana1y51s

such that they are treated as non-Class 1E circuitse as J¢ -
defined by Regulatory Guide 1.75, Revision 1. These-are [0t
illustrated in Figures 8.3-43a through 8.3~43c except for ,
Categories 3B and 3C which are self explanatory. /

Category 1A: Non-Class 1E instrumentation and control

cables/wires that are not supplied Class 1E power
and are routed in non-Class 1E raceways but have
a continuing section in Class 1E raceways or
enclosures. ] A

Category 1B: Non-Class 1E instrumentation and control
cables/wires that are supplied Class 1E power and
are routed in non-Class 1E raceways but have a
continuing section ln Class 1E raceways or
enclosures. | - . L

»

Category 1C: Non-Class 1E instrumentation and control
cables/wires that are not supplied Class 1E power
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but are associated by proximity inside an enclosure or become
associated with a noncompatible Class 1E division 1n a
downstream raceway or enclosure. (et ft4: LY R

Category-2A: Non-Class 1E power cables/wires that are not
: supplied Class 1E power and are routed. in
non-Class 1E raceways, but have a continuing sec-
tion in Class -1E raceways or enclosures. r’
ot w2 D

Category 2B: Non-Class 1E power cables/wires that are con-
nected to Class 1E power and are routed in
non-Class 1E raceways, but have a continuing sec-
tion in Class 1E raceways or enclosures. .. ,

Category 3A: Non-Class 1E instrumentation circuits that are
) connected to Class 1E circuits and utilize

current limiting isolation devices. . .. J - ;!

Category 3B: Non-Class 1E power cables/wires that are connectd
. ' to Class 1E power through a series of two Class
1E circuit breakers or fuses. '?Jc M ( oy
CaEegory 3C£'Non~Class 1E power cables/wires that are supplied
) Class 1E power through an inverter. fae f o sew B

8.3.1.4.4.1.1 Analysis for Category 1A NanCiass:iE;Circuits

The postulated events for this category of non-Class 1E
instrumentation and control cables (non-Class 1E powered but a
continuing section associated by proximity with Class 1E
cables/wires) are mechanical, structural, or electrical
failures in the non-Class 1E raceway or equipment. These
failures eventually manifest as overcurrents in the non-Class
1E cable and the continuing associated section of the cable.
The design features that minimize the effects of this hazard
on the Class 1E circuits are the following:

a. The cables in instrumentation and control
raceways are low energy circuits (see Table
8.3-20).

b. The cable insulation and jacketing are fire
retardant per IEEE Standard 383-1974 (see
8.3.3). Cable types are selected and routed
according to their voltage level and application
per Table 8.3-20.

c. Fire stops are provided at or near penetration of
- all fire-rated barriers, seismic gaps, pressure
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boundries, and entrance to PGCC panels (including
termination cabinets).

Overcurrent protective devices (including current
limiting) are provided to isolate the cables or
wires carrying abnormal currents and limit the
effects on the Class 1E cables with which the
continuing sections are routed.

Equipment affectéé by exposure fires is deli-
neated in the Fire Hazard Analysis, Appendix F.

Pipewhip/jet impingement and missile study provi-
des structural barriers and/or restraints where
required to prevent impact on redundant engi-
neered safety features required to mitigate the
consequences of these events and safely shut down
the plant.

G b ko
Non-Class 1E cables cenfdined--in-a-.non~Glass.lE

raceway can only be routed into a—egrpatrble o
Class 1E raceway¥ 7/:._, fre/r/,f/ D”“”g befuiedes

]
£ D l(“(o'fnp((w '{,M)-g.,,("d PR
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8.3.1.4.4.1.2 Analysis for Category 1B Non-Class 1E Circuits

This category of non-Class 1E circuits are instrumentation and
control cables/wires that are supplied Class 1E power and ha r
their continuing sectioniagd routed in Class 1E raceways. 'The
postulated failures are similar to those of Category 1A.
Failures that affect non-Class 1E raceways or equipment con-
taininng these associated circuits could result in circuit
overcurrents. However, since these circuits are all protected
by overcurrent protective devices, the ability of these faults
to generate sufficdient energy to propagate the fallure to the
Class 1E cables is mitigated.

The following design features are provided to minimize the
occurance of this hazard.

a. Those justifications listed under Category
1A"a, b' C, d’ e, f’ and gc

b. Class 1E coordinated overcurrent protective devi-
ces have been provided to protect Class 1E buses
from failures in non-Class 1E loads. These devi-
ces may be current-limiting fuses or circuit
breakers. See 8.3.1.2.1.1 and 8.3.2.2.1.1.

c. These circuits have been designated prime and
adhere to the physical separaton requirements . .-, j- ,ﬁwgwmm
"imposed on Class 1E circuits. Barrlers‘%fg Pro~ .
vided between Division A and Division B trays
that contain prime cab1e5x » rGR s

\N
mdl)ﬂ 4)[’
Corish oty tan
!f?/fn

.,;.v /1.}/ //‘
(/PN

d. Prime cables are separated the same as Class 1E
cables within enclosures. An A prime 1 (A'1l)
cable is treated like Division 1 cable and a B'2
cable is treated like a Division 2 cable. No
other variation of prime cables is permitted.

8.3.1.4.4.1.3 Analysis for Category 1C Non-Class 1E Circuits

These associated circuits are non-Class 1E powered instrumen-
tation and control circuits that become associated by pr#fdi- !
mity to Class 1E cables inside enclosures. The analysis for
Category 1C is identical to Category 1A. Refer to /
8.3.1.4.4.1.1. ‘ w
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8.3.1.4.4.1.4 BAnalysis for Category 2A Non-Class 1E Circuits

This category of non-Class 1E cables consists of power cables
that are not supplied Class 1E power and are routed in
non-Class 1E raceways but have a continuing section in Class
1E raceways or enclosures. The analysis for this category is
identical to Category 1A except that these circuits are not
low energy circuits. Refer to 8.3.1.4.4.1.1. The justifica-
tions for these circuits are as follows:

a. Justification b, ¢, d, e, £, and g as listed
under Category 1A

b. The 480 V system is high resistance grounded to
limit ground fault currents to 10 amperes maximum
(see 8.3.1.1.10).

c. The 6.9 kV and 4.16 kV systems aie high
resistance grounded to limit ground fault

currents to 12.5 amperes maximum.
and cable ampacifres are W faken from?

d. The\cable loading in po s 1s im
fll&ae—t NEMAWC51-1972. ? Zd% tplon, ”%g%mé?m /%lnﬂpér

derating factor.is applied to the-cables—which
f-a-l-?bu-a" es. —}'Urf/d«/' 3uarranﬁee ?ﬁ: cab;?g auu‘%ea/mj 501//
nes Occu,lll

e. Non-Class 1E 480 V combination motor starters in

motor control centers are-provided current .
limiting fuses and thermal overload relays which
are designed to operate at 1.25 times f@ll load
current. o Y L

" 8.3.1.4.4.1.5 Analysis for Category 2B Non-Class 1E Circuits

These circuitsare non-Class 1E cables that are Class 1E
powered and routed in non-Class 1E raceways. A continuing
portion of these cables are routed in Class 1E raceways or

enclosures. Thre—amalyeis—for—these—cirouits—is—similar_to—the
amalysie—provided—£for-Category—2aAr—Re-£05to-8v3rirdsdricd.
Justification for these circuits are as follows:

a., All the justifications listed under Category 2A.

-b. Those justifications listed under Category 1B-b,
¢, and d.
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8.3.1.4.4.1.6 Analysis for Category 3A Non-Class 1E Circuits

The cables in this category consist of data logging type
instrumentation circuits such as inputs to the analog process
computer. These circuits are low energy circuits and are con-
nected to Class 1E signal circuits through Class 1E current
limiting resistance units such that a fault in the non-Class
1E circuit does not affect operation of the Class 1E circuit.

8.3.1.4.4.1.7 Analysis fB;JCétegory 3B Non-Class 1E Circuits

The non-Class 1E cables in this category are connected to
Class 1E power and supply important to non~Class 1E loads
(such as emergency lighting) and are not identified or
separated as prime circuits. The justification for this
Category is similar to Category 2B. Additional protection is
provided by isolating the circuit through two Class E over-
current devices in series. See 8.3.1.2.1.1

8.3.1.4.4.1.8 Analysis for Category 3C Non-Class 1E Circuits

The non-Class 1E cables in this category connect to non-Class
1E loads and are powered by inverters (iN-1 and 1N-2) which
are fed from Class 1E.batteries. The cables of this category
are not designated as prime circuits and are not separated as
associated circuits. Protection of the Class 1E power supply
feeding the inverter is provided by Class 1E overcurrent devi~
ces (see 8.3.1.2.1.1 and 8.3.2.2.1.1) and the current

limiting characteristic of the inverter. -

8.3.1.4.4.2 Y Asociated Circuits Categopies OE )Trea/&/ cs d"—"’/f

The following categories of associated circuits exist and are
illustrated in Figures 8.3-43D and 8.3-43E.

Category 4A: Associated instrumentation and control circuits
that are connected to non-Class 1E power and
routed in Class 1E raceways and/or enclosures and
may have a continuing section in a non-Class 1E
raceway (Category 1A). .

Category 4B: Associated power circuits that are connected to
non-Class 1E power and routed in Class 1E
raceways and/or enclosures and seay" have a con-
tinuing section in a non-Class 1E raceway
(Category 234).

Categoiy 4C: Associated instrumentation and control circuits

that are supplied Class 1E power are routed in
Class 1E raceways, are not isolated on accident
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' signal, and may have a contihuing section in a
non-Class 1E raceway (Category 1B).

Category 4D: Associated power circuits that are connected to
Class 1E powerpyare routed in Class 1E raceways,
are not isolated on accident signal and &e¥ have
a continuing sectlon in a non~Class 1E raceway
(Category 2B).

The desién featurés of all associated circuits are in accor-
dance with 8.3.1.4.2.1.3.2. The non—-associated circuit por-
tions of the cable routes are analyzed in 8.3.1.4.4.1.

8.3.1.4.4.3 Specific Deviations to Separation Criteria
8.3.1.4.4.3.1 RPS Power—Supply

The Reactor Protection System Power Supply System consists of
two non-Class 1E buses designated RPS-BUSA and RPS-BUSB which
provide the failsafe power supply to the reactor trip logic
circuits and to the neutron monitoring circuits (see
8.3.1.1.6). The non-Class 1E neutral of the RPS power supply
bridges the various essential circuits; however, the postu-
lated failure modes result in loss of power to various por-
tions of the circuit. Since the systems are provided with
failsafe logic circuits, power loss will not prevent them from
performing their safety function. Fire barriers have been
provided between redundant divisions. In areas where four-
channel separation is required, the four-channel separation is
maintained up to the relay. The relays in these instances do
not have coil to contact separation. The assignment of
RPS-bus power supply to the various RPS trip logic circuits
and isolation valves circuits is consistent with the single
failure criteria. The reactor protection system scram sole-
noid cabling at the scram solenoid units utilizes flexible
conduit because of space limitations. The raceways entering
these units do not meet WNP-2 cable separation criteria;
however, it is in accordance with the. design requlrements
shown on Figure 8.3-41. :
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ql} 8.3.1.4.4.3.2 Single RCIC Input is Utlllzed for Redundant
RHR Output

The analog loop for the RHR steam inlet pressure transmitter
E12-N028 is powered from an RHR signal resistor unit, which in
turn provides a second input signal for level control valves
RHR-V-65A and RHR-V-65B. These valves control the condensate
flow to the RCIC system, thereby controlling the level in the

RHR heat exchangers during.a steam condensing mode (a non-
safety~related function). 'J.he lgna]}?\from 1 —NtKS ar\K
thqrefor n as and late th nal resXIstor

The-—-potential-—-for— damage—»to——the*e-l-ass—m—syst-em-}.s 55€

8.3.2.4.4.3.3 Standby Liquid Control System

- The standby liquid control system does not meet the divisional
separation requirements; however, an analysis is provided by
General Electric,

(;/ [‘eS'IS/Dr Uﬂlf serves 7{) wo/d'tl #L fwﬂ-ele_sS[E

~ The fZL ClssIE eorewid Wﬁdar‘@? C{M

@ ﬁ‘os/v/a/eo/ elechricaf faulf nenvClam IE
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8.3.2° DC POWER SYSTEMs
8.3.2.1 Description N

The principal elements of the WNP-2 Class 1E 'DC power systems
are shown in Figure 8.3-19. The systems consist of three
electrically independent and separate 125 V batteries
(Division 1, 2, and 3), two + 24 V batteries (Divisions 1 and
2), one 250 V battery (D1v1510n 1) and assocxated auxiliary
equipment.

All non-Class 1E loads supplied by the Class 1E DC power
systems are connected to the Class 1E DC power system via
prime cables in a manner identical to that described for the
AC power system (see 8.3.1.4).

Table 8.3-18 indicates the swdtchgear and motor control cén-

+ ters which are supplied with DC control power by the various

DC power systems.

Two non-Class 1E 125 V DC (Divisions A & B) power supply
systems are located at the makeup water pump house to provide
local control power.

50
One non-Class 1E 125 V DC power supply system is provided
at the main guardhouse for the security system.

One non-Class 1E 125 V DC power supply system is provided
in the radwaste building to supply non-Class 1E power,
control, and instrumentation loads.

8.3.2.1.1 125 Volt DC DlVlSlOn 1 and 2 Systems
8.3.2.1.1.1 General

Two separate and independent Class 1E, 125 V DC systems are
provided to power the safety-related (ESF) load groups of
Division 1 and.2. Each of the batteries has a solid state
battery charger sized to carry normal and post-accident steady
DC loads, while simultaneously recharging the battery from
1.81 volts per cell to rated voltage within 24 hours. The
battery chargers receive 480 V AC input power from their
respective Division 1 and 2 480 V motor control centers. A
spare unconnected charger of the same rating is provided.
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The Division 2, 125 V DC distribution system also provides
control power as required to all transformer yard equipment
via a 125 V DC distribution panel (DP-S1-2C-3) located in the
southwest section of the yard. This panel is fed from the 125
V DC turbine generator building distribution panel DP-S1-2C
which appears on Figure 8.3-19. Since switchyard and turbine
generator building loads served by the 125 V DC system are not
safety-related, these panels are classified as non-Class 1E
Division B equipment. The supply feeder from the Division 2,
125 V DC distribution system to the Division B, 125 V DC
distribution panel 'DP-S1-2C is a prime circuit.

8.3.2-10102 Batteries

In the event of a loss or interruption of charger 125 V DC
output, the station batteries will maintain power to their
respective DC systems. The ampere-hour capacity and short
time rating of all batteries are in accordance with IEEE
Standard 308-1974. ' They are capable of supplying for at least
two hours, all DC power required to safely shut down the plant
and/or to limit the consequences of a design basis accident
without use of battery chargers.

Tables 8.3-4a and 8.3-4b indicate the load requirements of the
125 V Division 1 and 2 DC load groups following.a LOCA. The
batteries are sized as follows:

125 V ESF Station Batteries No. of Cells: 58
B1-1 & B1-2 (Division 1 & 2) ‘ ‘
Capacity: 1110 ampere~hour

Discharge Rate: 8 hrs at
25°C

Float Voltage: 2.17 volts/
’ : ‘ u cell

Final Voltage: 1.81 volts/
cell

4

8.3.2.1.1.3 Chargers

»
[

The chargers for each ESF (Division 1 and 2) 125 V DC load
group are supplied from separate 480 V AC MCCs associated
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with each division. BEach charger is capable of, carrying

the largest combined demand of the various steady state DC
loads for its division while simultaneously recharging the

- battery from 1.81 Volts per cell to rated voltage in 24 hours.
The charger size and instrumentation conform to the require-
ments of IEEE Standard 308-1974 and NRC Regulatory Guide 1.32,
Revision 2. The chargers are capable of supplying the 125 V
DC power requirements during all modes of plant operation.

The Division 1 and 2 battery.chargers (chargers Cl1-1 and C1-2
respectively)- and the spare charger (Cl1-5) are rated 200
amperes DC output.

8.3.2.1.2 HPCS (Division 3) 125 Volt DC System
8.3.2.1.2.1 General |

The objective of the 125 V DC Division 3 system is to pro-
vide a reliable, continuous and independent 125 V DC power
source of control and motive power as required for the HPCS
system ' logic, HPCS diesel generator set control and protec-
tion, and all Division 3 related control. Figure 8.3-19 shows
125 V DC one line diagram. A battery charger is provided :
for the battery. The system is classified as Class 1E. The
Division 3 125 V' DC system is independent of all other
divisional batteries and there is no manual or automatic con-
nection to any other battery. The battery is not shared with
any other unit.

The 125 V DC power is required for HPCS diesel generator
field flashing, control logic, control and switching function
of 4.16 kV breakers. Table 8.3-6 lists all 125 V DC loads
required for Division 3.

8.3.2.1.2.2 Battery and Charger

The 125 V DC system for the HPCS power supply has a 60-cell
125 V DC battery, one battery charger, and a distribution
panel with molded case circuit breakers.

The 125 V DC system is designed as Class 1E equipment in
accordance with applicable clauses of IEEE Standard 308. It
is designed so that no single failure in the 125 V DC

system will result in conditions that prevent safe shutdown of
the plant. The plant design and circuit layout from these DC
systems provide physical separation of the equipment, cabling,
and instrumentation essential to plant safety.
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The 125 V DC battery and its charger and distribution panel
are shown in Figure 8.3-19. All components of the system are
located in the HPCS diesel generating "area of the diesel
generator building. ,

8.3.2.1.2.3 Battery Capacity

The ampere-hour capacity (100 AH at 8 hours) and short time
rating of the battery are- in accordance with criteria given in
IEEE Standard 308, and are adequate to supply all electrical
loads required until AC power is restored for the operation of
the battery chargers. This battery has sufficient stored
energy to operate required connected essential loads for at

" least two (2) hours without any aid from the charger.

Capacity is large enough to cope with LOCA conditions or any
other emergency shutdown. Each distribution circuit is
capable of transmitting sufficient energy to start and operate
all required loads in that circuit. The 125 V battery is
sized in accordance with the principles set out in IEEE
Standard 308-1972.

8.3.2.1.2.4 Charger

The charger for the 125 V DC system is supplied by the 480 V
HPCS motor control center (via the engine generator control
panel). It is rated 50 amp DC and is capable of carrying the
largest combined demand of the various direct current system
loads while simultaneously recharging the battery from 1.75
volts per cell to full charge within 24 hours. "

8.3.2.1.3 + 24 Volt DC (Division 1l and 2) Systems
8.3.2.1.3.1 General

Two separate and independent Class 1lE, + 24 V DC systems

are provided to power the Division 1 and 2 main control room
equipment as indicated in Figure 8.3-19. BEach +24 V battery

has two 12~cell 24 V banks connected in series with common
point grounded. Each bank is provided with a solid state bat-
tery charger which receives 120 V AC input power from its
respective Division 1 or 2 120 V AC vital power panel.

8.3.2.1.3.2 Batteries

In the event of a loss or interruption of charger 24 VvV DC
(plus or minus) output, the batteries will maintain power to
their respective DC systems. The ampere-hour capacity of
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each battery is 150 AH at 8 hours. This exceeds the NSSS
vendor's requirements for units sized 60 AH at 4 hours.

Maximum concurrent circuit loads are indicated in Figure

8.3-19. Total loads are 15 amperes (Div. 1) and 17 amperes
(Div. 2). o

®
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8.3.2.1.3.3 Chargers

The chargers for each + 24 V DC load group (four chargers
total) are supplied from 120 V AC vital power panels asso-
ciated with each division. Each charger is capable of
carrying the largest combined demand of the various steady
state DC loads while simultaneously restoring the battery from
1.75 volts per cell to its rated voltage in 24 hours. The
charger size and instrumentation conform to the requirements
of IEEE Standard 308-1974 and NRC Regulatory Guide 1.32,
(Revision 2). The + 24 V DC Division 1 (CO-1a, CO-1B) and
Division 2 (CO-2A, C0-2B) chargers are rated 25 amperes DC
output.

'8.3.2.1.4 250 Volt DC (Division 1) System
8.3.2.f.4.1 General

One Class 1E 250 V DC system is provided to supply 120/240 V
AC power on an uninterruptible basis to plant controls, )
instrimentation, computer and communication equipment via a

.so0lid state inverter. It also supplies 250 V DC power E
directly to RCIC, selected RHR and RWCU system motor-operated
valves and the turbine auxiliary oil pumps. See Figures

' 8.3-2 and 8.3-19. ' ’

Plant 120/240 V AC loads and turbine oil pump loads are
classified as nonessential (Division A). . However, because of
their importance to plant operations and equipment, they are
served from the Class 1E power source via the Division A
inverter utilizing prime cables.

The cabling to the main 250 V DC distribution panel, including
the panel, battery, charger, and incoming 480 V AC normal
source are Class 1E (Division 1).

A spare, unconnected charger of the same rating is provided.
8.3.2.1.4.2  Battery

In the event of a loss or interruption of charger 250 V DC
output, the battery will maintain power to its DC system
loads. The ampere rating and short time rating of the battery
is in accordance with IEEE Standard 308-1974. The battery is
capable of supplying, for a period of at least two hours, all
DC power required to safely shut down-the plant and/or to
limit the consequences of a design basis accident.
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Table 8.3-5 indicates the load requirements on the system.
The battery consists of 116 cells and has a discharge capacity
of 2110 AH at 8 hours to 1.81 volts/cell.

8.3.2.1.4.3 Charger

The charger for the 250 V DC system is supplied from a Class
1E 480 V AC MCC and is capable of carrying the largest com-

. bined demand of the various steady state loads while simulta-
neously restoring the battery from its discharged state (1.81
volts per cell) to its fully charged state in 24 hours. The
charger size and instrumentation conform to the requirements
of IEEE Standard 308-~1974 and NRC Regulatory Guide 1.32,
Revision 2. The active charger (C2-1) and the spare charger
(C2-2) are each rated 400 amperes output.

8.3.2.1.5 Non-Class 1E DC Systems
8.3.2.1.5.1 Main Plant 125 Volt DC (Non-Class 1E) System
8.3.2.1.5.1.2 General

The main plant non-Class 1E 125 V DC system is designd to
supply the majority of the plant non-Class 1E 125 V DC loads.
Other 125 V DC non-Class 1E loads are supplied by the Class 1E
125 V DC batteries through isolation devices and the makeup
water pumphouse batteries. The battery is provided a solid
stite battery charger which is fed from non-Class 1E 480
volts.

8.3.2.1.5.1.2.1 Battery (B1-7)

The battery has 58 cells which are floated to 2.17 volts per
cell. It is rated at 1110 ampere hours at an 8-hour discharge
rate down to 1.81 volts per cell.

8.3¢2.1o5.1-2.2 Charger (C1-7)

The battery charger is similar to thé Class 1E battery
chargers C1-1 and C1-2 as discussed in 8.3.2.1.1.3.

8.3.2.1.5.2 Makeup Pumphouse 125 Volt DC (Non-Class 1E)
System

8.3.,2.1.5.2.1 General

The Division A and B 125 V DC non=Class 1E loads of the makeup
water pumphouse are fed from two non-Clas 1E batteries B1-3
and B1-4. Each battery is provided a battery charger which is
fed from a 480/120 V transformer connected to an MCC of a com-
patible division.
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The batteries are rated fro 100 amper-hours on an 8-hour
discharge rate.

8.3.2.1.5.2.3 Chargers (C1-3 and C1-4)

* The battery chargers are each sized 25 amperes at 125 V DC.
8.3.2.1.5.3  4gf) volt pc (Non-Class 1E) System
8.3.2.1.5.3.1 General

The 450 V DC system is located in the security building and
serves all the. DC loads of the security system. It is pro-
vided a battery charger which is supplied from a non-Class 1E
AC source.

8.30201.5.3.2 Baﬁtery (81-6)

The battery is made up of 180 cells in series and floated at
2.25 volts per cell. Its 1-hour discharge rate is 620 amps
down to a minimum voltage of 1.75 volts per cell. The 1-hour
emergency load cycle consists of 366 amps for the first
minute, 593 amps during the second minute, and 406 amps from
the 3rd to the 60th minute.

8.3-20105-303 Charger (C‘I“G)‘

The battery charger is sized to supply the emergency and nor-
mal loads and at the same time charge the battery from its
minimum charge of 1.75 volts per cell to its fully -charged
~state in 24 hours. L

8.3.2.1.6 Ventilation ‘

Batteries for Division 1 and 2 are located in separate rooms
within the radwaste/control building. The battery for
Division 3 is located in the diesel generator building. Each
room is ventilated by separate exhaust fans to remove gases
produced during the battery charging cycle. Battery rooms
have no common ventilation ducts. Failure of the HVAC system
of each battery.room is annunciated. A portable exhaust fan
is provided to service a battery room with a failed ventila-
tion system. ‘

8.3.2.1.7 Testing and Maintenance

Period maintenance tests will be performéd in accordance with
IEEE Standard 308-1974, 450-1975 and Regulatory Guide 1.32,
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Revision 2, on all components of the DC systems to determine
the condition of each individual subsystem. Battery and bat-
tery chargers will be tested and inspected as follows:

Ad.

b.

Visual inspection of system and electrical con-
nections will be made weekly.

Liduid level of each cell will be checked
monthly. .

Specific gravity, voléage and temperature of the
pilot cell of each battery will be measured and
logged weekly.

The voltage and specific gravity of each cell,

and the temperature of every fifth cell, will be
measured and logged monthly.
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e. Performance discharge and service tests will be
performed in accordance with Sections 4 and S5 of
IEEE Standard 450-1975. The specific gravity and
voltage of each cell will be taken after
discharge and logged.

£. Battery charger voltage and current will be
measured and logged on a monthly basis.

For Class 1E DC system components, the manufacturer has per-
formed operational tests or calculated data which substan-
tiates the capability of the equipment to carry their DC
post-accident (worst case) loads. Seismic and environmental
gualification is dlscussed in 3.10 and 3.11.

Preoperational testlng, as described in Chapter 14, is per-
formed to verify that all components, automatic and manual
controls, and functions of the DC power systems perform as
required.

8.3.2.2 Analysis

8.3.2.2.1 Compliance to Criteria
8.3.2.5.1.1 General

In accordance with General Design Criterion 17, IEEE Standard
308-1974 and NRC Regulatory Guide 1.6, Revision 0, redundancy
and independence of DC power sources and distribution equip-
ment is provided by the separate (Division 1 and 2) battery
systems. EBEach DC system has sufficient capacity to supply the
DC power requirements of the redundant (Division 1 and 2) load
groups for at least two hours following loss of power to the
charger coincident with a design basis accident. This redun-
dancy extends from the batteries- and battery chargers through
gisgribution panels, cabling, switchgear, and protective
evices.

The HPCS DC power system is a separate and independent safety-
related (Class 1E) system comprising Division 3. The Division
3 DC loads serve a separate safety function not. provided by
Division 1 or 2 directly. However, the ADS systems supplied
via Division 1 and 2 can compensate for the loss of the entire
Division 3 systemn.

There are no electrical connections between the DC buses for |
Division 1, 2, and 3, and there is no automatic or manual f
transfer of load between divisions. The elimination of ties |
between DC systems prevents a single failure from affecting J
more than one division. . |

|

|
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Sofschih are conneced
eonnectxonmofAnon-Class.LE loads ,to the Class 1E power
suppl ies is=pemmitited, does not degrade the Class 1E power-

supplles, based upon the followxng-

a. All non—Class 1E ioads are connected to ¢lass 1E
power supplies Irg. Class 1E 1solatlon}‘ %ﬁy over-
current condition|that could occur in the non-

if A‘.fl

4
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Class 1B portions of the system4g; igolated by
these Class 1E devices without aﬁfecting the
availability of the power supply.. ‘Thépe Class 1E
protective devices are either a circuit breaker

; d;ﬁk' shunt tripped on a LOCA gignal or gxzis=of one or
Uﬂﬁbf two overcurrent devic ch as fuses’or circult
; u breakers. The overcurrent devices ti on

to supply all Class 1E and non—Class'¢E’loads
connected to them.

Wiring to the non-Class 1E loads fram the Class
1E power supplies are designated as.prime cir-

cuits, and are routed in.accordance .with separa-
tion criteria defined in 8.3.1.4.

Periodic surveillance procedures ensure protec-
tive device trip setpoints to be within accept-
able limits for proper coordination with the
~—__ Mmain circuit protective device.

8.3.2.2.1.2 Division 1 and Division 2 125 Volt, +24 Volt,
and 250 Vblt DC Systems

The Division 1 and Dzvzszon 2 DC power systems have been
designed in compliance with IEEE Standard 308-1974.

Components of the systems are located in the radwaste/control
building, a Seismic Category I structure. This ensures that
any design basis event as listed in IEEE Standard 308-1974,
Table I will not cause loss of DC power and. jeopardize the
safety of the reactor or cause damage to the reactor coolant
system. The DC buses and the associated equipmenq are located

such that redundant counterparts are physically’ separated from
each other.

There are no DC ties between redundant engineered safety
feature equipment such as switchgear or motors., Qherefore, no
single failure of any DC component can adversely affect the
operation of the redundant DC systems.

The chargers are on diesel generator supplied buses so that

during loss of offsite power, with diesel generators operating,
the batteries will be required to carry their loads for short

periods only. Alarms are provided in the main control room
for low DC bus voltage on the 125 V and 250 V buses.

8 - 3"69
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Low +24 volt DC alarms are communicated via the main control
room computer.

The Division 1 and Division 2 DC power systems. satisfy the
requirements of Regulatory Guide 1.32, Revision 2, not only in
their adherence to IEEE Standard 308-1974 but also as follows:

a. The battery chargers are sized as dascribed in
8.3.2.1 to meet- load and recharging requirements.

b. Battery performance dxscharge tests .and battery

service tests are scheduled in accordance with
Section 4 of IEEE Standard 450~1975..
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The DC power systems are designed to permit periodic inspec-
tion and test of important areas such as wiring, insulation,
connections, and switchboards, and thus comply'with General
Design Criterion 18.

Control room instrumentation and alarms are provided for each
battery and battery charger to monitor the status' of each
power supply in accordance with IEEE Standard 308-1974 and
Regulatory Guide 1.47. . This instrumentation includes indica-
tion of the main bus voltage, battery current (charge and
discharge), and battery charger discharge current.., Alarms
through the control room annunciator and computer are provided
for the following abnormal conditions: Bus undgtvoltage, DC
system ground fault (for ungrounded systems), battéry fuse
blown, battery charger fuse blown, battery charger |
over/undervoltage, battery charger output breaker ‘tripped, and
battery charger AC failure. Charger and battery’ disconnect
switches are provided with position indication andsgroup alarm
in the control room.

Battery high discharge rate is not separately alarmed. In the
absence of an electrical fault and with battery charger '
available, all normal and emergency steady state loads are
carried by the battery charger. At 125% of its full load
rating, the battery charger operates in a current~limit1ng
mode and any overcurrent in excess is supplied by.the battery.
However, the feeder circuit fuses are sized to trip on over-
currents of this magnitude, thereby preventing battery high
discharge current to continue to the point of degradlng the
system. Annunciation of the isolated Class 1E ‘cirguit is made
for each connected load. Failure of the batte:y ‘Sharger also
causes a battery high discharge, but this condition is moni-
tored as discussed above.

8.3.2.2.1.3 -~ HPCS (Division 3) 125 Volt DC Systen

The 480 V AC feed to the HPCS battery charger is from the
HPCS motor control center via the engine generator control
panel.

Separation between Division 3 and other independent systems is
maintained and the power provided to the chargers can be from
either offsite or onsite sources. The HPCS DC system is
arranged so that the probability of a system failure resulting
in loss of DC power is extremely low. Important system com-
ponents are either self-alarming on failure or capable of
being tested during service to detect faults. All abnormal
conditions of selected system parameters important to sur-
veillance of the system annunciate in the main conttol room.
Cross connections with other independent 125 V'DC systems

do not exist.
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Control room lnstrumentatlon and alarms for the“HPCS ‘are simi-

lar to those of the Divisions 1- and 2. pc’ systems*aSndlscussed
ln 8 3 2 2 1 2. . . ‘ ‘IL‘;l’ 34,‘“‘

Components of the system are located'in the diesel”generator
building, a Seismic Category I structure.

The DC power supply to switchgear circuit breakers in the
Division 3 load group is from the Division 3 battery. There

‘are no connections between DC sSystems of different- div1sions,

thereby insuring that no single failure in one DC system can
affect power systems of other divisions. .

8.3.2.2.1.4 Non-Class 1%.DC Systems
A

There are no specific design requirements for the‘nOn-Class 1E
DC systems other than those required for a reliable® ‘operation
and for good system operability and. maintalnability.

8.3.2.2.2 Service Environment et

»

All components of Class 1E DC systems, with the exceptlon of

some distribution and control cables and control devices, ‘are
located out31de of primary contalnment.
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Components located in normally air conditioned areas are
either designed to continue .operating in the event:- of loss of

air conditioning, or a Class 1E air. conditioningzs&é%em is
provided (See 3.11.4). .

Refer to 3.11 for discussion of environmental design and anal-
ysis of Class 1E electrical components for post-accident con-
ditions, and to 3.10 for seismic conditions.

8.3.2.3 Physical Identification of Safety-Related
(Class 1E) Equipment

+ The safety-related equipment for each division of the Class 1E

DC power system is identified in 8.3.1.3 for the standby AC
power systen.

8.3.2.4 Independence of Electrical Divisions

Spatial separation and/or placement of physical barriers be-

tween different divisions of the DC power system is .used as a

protection against loss of the redundant DC load. .groups from a

sxngle event. Electrical separation is provided:as described
8.3.1.4 for the standby AC power system.
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The Class 1E batteries and battery chargers of rédundant divi-
sions are located separately from one another in. Se%smic
Category I rooms with no common ventilation connections.
Redundant DC distribution panels and: 480 V MCCS*are located

at as sufficient distance apart to prevent any” 3ingle credible
event from causing the loss of more than one panel 'or MCC.
Cable trays, cables, and control circuitry for the three divi-
sions (1, 2 and 3) are also separated as described in

8.3.1.4. .

8.3.3 FIRE PROTECTION FOR CABLE SYSTEMS
8.3.3.1 Resistance of Cables to Combustion

The electrical cable installation for Divisions 1 through 7
and A & B is designed to resist the onset of combustion by
limiting cable loading to levels which prevent .dverheating and
insulation failures (and the resultant possibility,-of fire)
and by the choice of insulation and jacket materials which
have flame resistance and self-extinguishing charécteristzcs.

Each type of cable (except that used in direct burial) is sub-
jected to vertical tray flame resistance and oxygen index
testing to verify that it does not propagate a fire, and exhi-
bits self-extinguishing characteristics. The vertical tray
flame resistance test for cables satisfies the requirements of
IEEE Standard 383-1974, and demonstrates the cable's basic
resistance to flammability. It is more rigorous than the
IPCEA Standard 61-402 vertical flame resistance test (with
which all cables also comply), having been pexrformed as a
minimum with a 70,000 Btu/hr flame source applied f£or eight
minutes. The oxygen index test is performed in accordance
with ASTM Standard D-2863, and measures the relative f£lam-
mability of plastics in the cable insulation and jacket.

Documentation of a cable's ability to successfully .complete
all tests was provided prior to acceptance of’ thet cable for
installation. Test results are included in Table 8 3-10.

8.3.3.2 Localization of Fires

In the event a fire should occur, the installation design
localizes the physical effects of the fire by preventing its
spread to adjacent areas or to adjacent cable trays of a dif-

ferent division. Localization of the effects of 'fires on the

electrical system is accomplished by separation ‘of redundant

cable systems and equipment as described in 8. 3.1.4 and
8.3.2.4. :
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Spatial separation is the primary method of preventing the
spread of fire between adjacent cable trays of redundant divi-
sions. Where minimum separation cannot be maintained (such as
in the cable spreading room or in terminal boxes);-barriers
are provided between the trays. Minimum tray separations and
barrier locations are described in 8.3.1.4.b.

Spread of fire between adjacent areas is prevented by the use
of fire-rated construction- materials, and doors, ventilation
system fire dampers and fireproof penetrations seals.. With
‘the exception of the cable spreading room to main control room
interface, all electrical penetrations are made via conduits,
either directly embedded, or located within sleeves embedded
in floor slabs and walls. Where required, penetrations are
offset and are located 6 feet above finished floor -to prevent
the passage of, and exposure to, radiation.

Penetration seals are formed of a highly flame resistant, air-
tight silicon foam material designed to prevent the passage of
flame and smoke. Documentation confirming the ability of the
sealing compound to withstand a three (3) hour fire: test per-
formed in accordance with ASTM Standard E-119-73, is ‘provided
prior to installation.

Seals are poured both between the conduits and sleeves (where
applicable) and within the conduits themselves. . Seals are
poured to a depth of twelve (12) inches, or full wall
thickness, whichever is smaller. Tray penetrations have
sealing material poured both around and within the trays.
Spare penetration sleeves and conduits are f£illed .or capped.

8.3.3.3 Detection and Protection Systems

Fire detection and protection systems are provided in all cri-
tical plant areas. Automatic detection systems incorporate
ionization, thermal, and/or smoke detectors, as dictated by
the area requirements. Manual, non-coded pull boxes for
operator initiation of fire signals are also provided.
Protection systems include wet pipe and preaction:sprinkler
systems, deluge water spray, low pressure 002'_T9§gﬁ1301 halon
systems, and portable extinguishers (dry chemical,<halon, and
pressurized water types). ‘ ' P
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Actuation of any manual fire alarm station will autamatically
energize audible and visible alarms in the main 'control room,
cause a coded signal to be sent to the DOE 300 Fireé Station
via a radio system and initiate an audible siren tone over

the plant public address systems.

Ionization detectors in the cable spreading room are designed
to energize the preaction sprinkler system in addition to

the sequence of events described above for manual pullboxes
(See 9.5.1 for additional details)..
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TAIRLE 8,3-1

DIVISION | DIESEL GERERATOR LOADING SEQUENCE

AUTORATIC ALD HANIIAL LOADING OF ENGINERED SAFETY SYSTEKS BUS

SHUTDOWK WITH LOSS OF OFFSITE POWER

LOCA WilH LOSS OF OFFSITE POWER

Total kp/ad No, Reqld Tice to -Time to

Item Description No, On Bus Coanactud To Bus Part Of Set Start (1) Stop L g

1) Motor-Operated vaives (3) Set 2000 Set 0 Sec 2) -
2) Eaorgency Liyhting and Power Set 12408 Sat 0 Sec ) [}
3) Dlesel Auxltlarles and HVAC Set 2000% Set 0 Sec (3) [$}) 124
4) LPCS Water Ley Pusp [} 15/12k9 ] 0 Sec (3) 3) 12

5) Standby Liqulid Coatrol Pusp ] 40/33kW - - - -
6) RCIC Mater Leg Pusp ) 15712 ] 0 Sec (3) 3 12
1) fuel Pool Reclrculation Puap ] 50/40hM ] 10 irs (4) {4) (40)
8) Plant Service Wator Pump A ] 1500/1197k¥ 1 10 Sec - ) 11324

9) LPCS tump 1 15007319 7h - - - -
10) Rift Puap A i £800/642x% 1 10 Kia (&) (4) (642)
11) Staadby Service ¥ater Pusp ] 1750/137704 ] 20 Sec {4) 13Y2)
12) Coollng Towesr Maksup Water Pump t 2 1600/12700u 1 Note 6 (4) ) 1633)
13) Coatrol Rod Drive Pusp LU | 25072058 1 ) ({}) (203)
14) Rooctor Closed Coolling Pump ) 200/1600M ] 0 Sec ) 160
15) Lood Center Traasformer Losses 2 450 2 0 Sec Coat, 33

M-7-71 & 7-73

16) 250 ¥ Battery Qarger U 16509 ] 0 Sec (4) 133
17) 125 v Battery Charger ', 4% ) 0 Soc [L}] 43
10) nlaterruptible Power Supply ] 30nu ] 0 Sec (L}) 30
19) Staadby Gas Treatwent Fans and 2 50/40kW ] 10 Kin (4) (4) (20)

asd ater Colls 2 45k - - - -

20) RPS )G Set 1] 23/20%M 1 0 Sec [{}] 20

21) Hydrogea Roccabloer 1 25/57KM - - - -
22) Orywell Cooling ond Fans Set 182k Set 0 Sec @) 182
23) Coatrol Alr Compressor ] 100/825 1 [ )] (£} (82)
24) Coatainosat [nstruseat Alr Campressor ‘1 15/712x9 ] 0 Sec (3) [{}) 12
26) Reactor Bldy, Elec, Equip. tAC Sat 3605M Set 0 Sec (3) ) 15
27) Control B1dg. Elec, Equip, HVAC Sst 283k¥ Set 5 Sec L3) (4) n

28) Reduaste Bldy, Elec, Equlp, HIAC Set 150Ky - - - -
29) Mahoup Mater Pusphouse Elec, Equip, HWAC ® Sef 90Ky Set Hote 6 (4) ({}] (90)
30) Stoadby Service ¥ater Punphouse Elec, Set 8k Set 0 Sec {4) 10

Equipment HYAC

for Notes ses tottom of Table 8.3-2

Total Automatically Applled 355TkM

& aly 1 required, ‘ot addod 1O toad since othor load can’bo dropped whoa thoy oro accossecy & tu days later,
" Con be suppllied manvally alter operator chocks fosd capclty oa Wutof.
- ¢ ) KX Figures la parsattesls ace for maauatly apptied loads mot added to total mtcantlully aopuoc Ioadt.

No. Reqtd Timo to Tice to

Part Of Set Start (1) Stop
Set 0 Sec (2)
Set 0 Sec (4)
Set 0Sec (3) (3)-

1 0Sec (3) (N

] 0 Sec (3) (3)

1 0 Sec (2}]

] 5 Sec (4)

] 20 Sec [£})
2 0 Sec Cant,

] 0 Sec [L})

1} 0 Sec ()

' 0 Sec [{}]

1 30 Sec “)

2 20 Soec {3)

] ) ({}]

1 60 Min (8) ()
Set 0 Sec (3) (4)
Set S Sec (3} (4)

v Set 0 Soc {4)

133

(o

~10_
Totql Autoaatically Appllied 3860%M

T~IRK
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TABLE 8.3-2

DIVISION 2 DIESEL GENERAT(R LOADING SE

NCE

MSTCHATIC AMD RAUAL LOADING OF ENSINERED SAFETY SYSTENS BUS

Total hp/k

SHUTDOWH MITH LUSS OF OFFSITE POWER

Ho. Raq'¢  Time to
1tem Description No, On Bus  Connected Yo Bus Part Of Set Start (1)
| 1) wotor-operated vatves (50 Set 200k et 0 Sec
2) Emergoncy Lighting and Power T Set . 1220 Set 0 Sec
3) Dlese! Auxiilorles and WVAC © set 1858 Sot 0 Sec (3)
4) RIR Yater Log Pusp 1 13/12kM ! 0 Sec
3) Standby Liquld Control Pusp ] 40/33k% - -
= 6) Standby Liquld Coatrol Tenk Hoaters 2 S50kW ] 0 Sec (3)
* 7) Fuel Pool Coollng & Cleanup Systea Set 5Q/4 0k Seot 10 brs (4)
8) Plaat Service ¥ator Pusp B ! 150078 197h¥ ' " )0 Sec
9) RIR Pusps 88 C A 16007128404 I " 10 Hia (4)
10) Staaddy Service Xater Pump | 1730/1377%¢ - ) 20 Soc
l 11) Cootlng Tower Mekoup Mater Pusp . ® 32 1600712700 \ tote 8 (4)
12) Coatrol Rod Drivé Pump . ey 250/205M ) w
13) Roactor Closed Coollpg Pusp T 2 - 4007320k [} 0 Sec
14) Load Ceater Transtorasr Losses L 2 4355 2 0 Sec
. W-2-01 & 8-83 >
15) 125 ¥ Battery Charghe . 1 . ) 1 . 08%ec
18) Stoaddy Gos Treatmeat Faas 2 20/40x8 t 10 Nin (4)
snd Heater Colls . 2 4504 - -
11) RPS MG Set . 1 23/200 1 0 Sec
183 Hyérogea Recomblmer . ) ] 25/37 - -
19) Orywsl} Cooling sad faus Sat 18534 Sot 0 Sec
20) Coatrol Alr essor § Dryses | I 100712644 | )
21) Coatalmaeat {astrumsat Alr. Coxpressor ' ' 15/12% 1 0 Sec (3)
22) Reactor Bidg. Elec. Equip, WAG Sot 31k Sot 0 Sec {3)
23) Coatrol Bldge Elec, £qulp, WAC Sot B3I St 0 Sec
24) Radwaste Bldg, lloc. Equlps HWIAC Sot 1454 - -
‘ 23) Mokeup Mater Puspbouse Elec, Equip, HIAC 5@ Sot SoM sot Mte 6 (4)
26) S'udby Service Mator Pucphouse Sot 40%0 Set -  03ec

-

- HOTEL (1) Tioo to start aiter tus witogo oad troqusscy havo boen utmlM Hax fas
R tim olhr stjnat to stest gerorstor for, waltegs to be ut&llsbed 1s 10 sacoads,

{2} totors me utmﬂam whoa valve octica e ca-pmec.

0 ttart aa/or. atop sutocaticatly sith escoclatod pusp or diessl, gressuea,

twq'ctm sultch, or flow,
(4) Stert add/or stop mlly.

19} (ateraittent 1oeds not lacluded as long-term loading,

(6) Avatladlo attor cno &y,

For sdditlonsl notes ses bottom of Table 8.3-1.

Timo to

Stop M
12) -
W
3y
0 12
o) T
)
W un
W a2
W on
T )
W Qo3
() %0
Coat. 33
W a
W 20 .
W 20
W 186
)
t 12
0 nr
w 6
sy
W _to_

Totst Autoastically Applled 33821

LOCA WITH LOSS OF OFFSITE POMER

<M. Reqld  Tims to Yim to
Part Of Set Start (1)  Stop
Set "0 Soc (2)
Set 0 Sec w -
Set 0 Soc (3) (3)
] 0 Sec (4)
i 0 soc (3) (N
2  S5S5o0c L0 Sec )
1 20 Sec “w
2 0 Sec Coat,
T 0 Sec t
1 30 Sec ()]
2 20 Sec (4]}
1 W )
N 6o Hin () 18)
set 05ec (3 )
Set 0 Sac )
Sot 0 Soc [£}]

. I

Total Autcoatically Appllied 3126k

#
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TABLE 843-3

x

DIV!;IM 3 (1IPCS) DIESEL GERERATOR LOADING SEQUENCE

AUTOHATIC AND MANJUAL LOADING OF ENGINERED SAFETY SYSTEMS BUS

-

SHUTDOYN WITH LOSS OF OFFSITE POXER

' Total hp/k¥ No. Roqtd Timo to ' Tlew to
1tea Description No, On Bus Connocted To Bus Part Of Sot Start (1) Stop
1) IPCS Pump . 1. 3000/2360k4 - - -
2) Motor-Oporsted Yelves (5) Set 71/62K - - -
3) 1PCS Mater Log Pusp - Lo 1571204 - - =
4) 1CS Service Wator Pusp -~ 1 ¢ 60/50KW - - - "
5) Auxitlary Panol 1 < 24KM 1 0 Sec {3)
6) D-G Room Exhoust Fan 1- 50/40k¥ - - -
) Supply Fans 2 . 43/36%x - - - -
8) Fin Coll tnit - 107850 1. 0 Sec ()
9) Instrusent & Control Pover fal &y fal 0 Sec (L}
10) Lightlng ‘ [ L 7 pal 0 Séc .
t1) Kiscellancous Auxtllery Set . " 3k Sof 0 Sec )
12) HFPCS Battery Charger R o ! sk < 0 Sec - .
‘ Total

. .

for Notes 330 bottom of Teble 8.3-2

-

LOCA WITH LOSS OF OFFSITE POWER

Ho. Reqld Tima to Tieo to
Part Of Set Start (1) Stop M
$ 0 Sec L (4) 2380
Set 0 Sec 1) -
1 (3) (31} 12
i O g sec W %0
1 . 0 Sec .43} 24
1 A T (® 40
2 3 (4 }] 36
| 0 Sec 3}] -8
pal 0 Sec T} 5
Fat 0 Sec ) 3
. Sot 0 Sec (0} 3
| 0 Sec - s
. Total 2563%M

e

AT

T-dRM
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TABLE 8.3-

4a

DIVISION 1 125 V DC BATTERY/SYSTEM LOADS

NOTES: 1. Ckt. Bkr. close (CL) and trip'(OP) loads supplied from these panels «

. are accounted for in Ckt. Bkr. items above.

2. L1 = Maximum connected load (LOCA with loss of offsite power).
L2 = System accident load (LOCA-with loss of otfsite power) .

3. Normal system operating‘(conifhdous) load is less than 128 amperes.

4. All loadings indicated are amperes.

L1 . L2
_ EQUIPMENT NORMAL  INRUSH 0-3 SEC 3-13 SEC 13-30 SEC 30-60 SEC 60 SEC-2HR.
“MC-S1-1D 69 423 423 69 47 47 )
4.16 kV & 6.9 kV  4.15 CL 75 5 75 75 1 1
480 V Ckt. Bkrs. 4.0 CL 17 17 17 17 1 1
4.0 OP

PP-7A-A 7 81 - 54 54 54 54 54
(Inverter IN-3)

DP-S1-1A © 36 - 17 17 17 17 17
DP-S1-1D1 15 - 8 8 8 8 8
DP-S1-1E1 64 © - 64 64 64 5 -5
TOTAL . - - 658 - 304 282 133 86

e

Z~dNM
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TABLE 8.3-4b

DIVISION 2 125 V DC BATTERY/SYSTEM LOADS

C—dNM

J 1 . . L2
EQUIPMENT NORMAL __INRUSH _ 0-3 SEC 3-13 SEC 13-30 SBEC 30-60 SEC €0 SEC=JAK.
MC-S1-2D - 45 263 263 45 22 22 0
4.16 kV & 6.9 kV  4.15 CL 42 42 42 - 42 1. 1
Cxt. Bkrs. 4.15 op ‘ o
480 V Ckt. Bkrs. 4.0 CL 17 17 17 17 1 -
4.0 OP
PP-8A-A 99 - 53 53 53 - 53 53
(Inverter IN-2)
DP-S1-2Aa 58 - 28 28 28 28 | ' 28
DP~S1-2D1 16 - 5 5- 5 S 5
© DP-51-281 65 - 65 65 65 s s
TOTAL ' - - 473 255 232 155 73

NOTES: 1. Ckt. Bkr. close (CL) and ttlp (OP) loads supplied from these panels )
are accounted for in Ckt. Bkr. items above. .

2. Ll = Haximum connected load (LOCA with loss of offsite power) . . H
T L2 = 8ystem accident - load (LOCA"with loas of offsite power) . ’ -

3. Normal system operating (continuous) load is less than 137 amperes.

4. .All ‘loadings indicated are amperes.
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TABLE 8.3-5

DIVISION 1 250 V DC BATTERY/SYSTEM LOADS

.
g |

. NOTES: 1. b1 Maximum connected load (LOCA with loss of offsite power).

L2 = System accident load (LOCA with loss of offsite power).
L3 = Normal system operating load.

2. 'All loadings indicated are amperes.

. L1 L2 L3
EQUIPMENT NORMAL . INRUSH 0-3 SEC 3-60 SEC ~ 60 SEC-2HR -2 HR  CONTINUOUS
MC<S2~1A . 139 726 726 139 22 22 2
"MC-S2-1B . 308 616 616 308 308 272 2

l (non-Class 1E)

US-PP 120 120 120 102 102 102 80

l (non-Class 1E) .

(Inverter IN-1)
TOTAL - - 1462 567 432 -396 84

c~dNM
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DIVISION 3 (HPCS) 125 VDC .BATTERY LOADS

!\'

TABLE 8.3-6

AMPERAGE REQUIREMENTS PER TIME INTERVAL AFTER AC POWER LOSS

Description 0 - 1 Min 1- 60 Hin» 66 - 120 Min
Diesel Engine Control 2 2

Generator Auxiliary Control 2 2

Field Flashing 20 - -
Solenoid vValves 2 - -

Relays HPCS Logic Panel 1 1l 2
Indicator Lamps (Ctrl. Rm. Pnl.) 1l 1 1
Switchgear (Breakers Closing) 28 - -

Diesel Standby Fuel Pump 10 5 5

TOTAL 66 11 12

'}E\M‘-{? ov

T=dNN
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TABLE 8.3-7

ASSIGNMENT OF SYSTEMS TO DIVISION OF SEPARATION

Division 1

RHR A

LPCS

Qutboard lsolatlion
Valves

Standby Emergency
Power 1

RCIC
Automatic Depressuriza-
tion Oive 1 controls

Standby Gas Treatment
(Loop 1)

250 volt OC Battery
125 volt OC Battery 1
24 volt OC Battery 1

Standby Service Water °

Pump A

MSIV-LCS (lnboard)
Losk Oot, System 1
CAC 1

Cont. Inst. Alr 1
SLCS 1

Mne Cont, Rm, HVAC I
Reactor Shutdown 1
RPT 1 Output

Safety-Related
Display Instr. 1

Supprosslon Pool
Tomp. Monlit, |

Power & Control for
Selected non-Class IE
Equipment (primo
clrcults)

Fue!l Pool Coolling and
Cleanup 1

Reactor 81dg. Pressure
Control 1

Orywol! and Head Area
Recirculation Fans 1

Division 2

- Division 3

RHR B HPCS

RRR C Standby Emargoncy
Powor 3

Inboard Isolation 125 voC

Vaives - Battery 3

Standby’ Emergency HPCS Sorvico Hater

Power 2

Safoty-Rolated Dls-
‘play lastr, 3

Automatic Depressuriza-
tion DOlve 2 controls

Sfandby Gas Treatment
(Loop 2

125 volt OC Battery 2
24 volt OC Battery 2

Sfandby Servico Wator
Pump B

MS1V-LCS (Qutboard)

Loak Oets System 2

CAC 2 *
Cont. Inste Alr 2

SLCS 2

Mne Conte Rm. HYAC 2

Reactor Shutdown 2

RPT 2 Qutput

Safoty-Related
Display Instr. 2

Suppression Pool
Temp. Monit, 2

Power & Control for

Selected non-Class 1E
Equipment (prime circuits)

Fuel Pool Coolling and
Cleanup 2

Reactor Bldg. Pressure
Control 2

Orywel| and Head Area
Recirculation Fans 2

8.3-82
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Division 4
(PGCC‘Div. 1)
RPS At

NSSSS A1l

NSM A

TABLE 8.3-7 (Continued)

ASSIGNMENT OF RPS, NSSSS AND NMS TO DIVISIONS OF SEPAKRATION

(FAIL-SAFE WIRING)

"Division 5 Division 6 Division 7
(PGCC Div. 2) - (PGCC Div. 1) (PGCC'Div. 2)
RPS A2 RPS B1 _ RPS B2
NSSSS A2 " NSSSS BI ~ NSSSS B2

NMS C NMS B NMS D

Z-dNM
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TABLE 8,3-8

_EXPLANATORY INFORMATION CONCERNING CABLE ROUTING

CABLE LEGEND

The Legend for the column identification in Table 8.3-9 is as follows:

(1) CABLE NUMBER

Cable numbers consist of ten spaces. Five spaces before the dash and four spaces after
the dash. Each space has a specific meaning, as described below.

FIRST SPACE

DIVISION
DIVISION
- DIVISION
DIVISION
DIVISION
DIVISION
DIVISION
DIVISION
DIVISION

TN U W
B O Wb N

SECOND, THIRD, FOURTH & FIFTH SPACE

System or Equipment Identification -
The following are typical examples:

ADS AUTOMATIC DEPRESS. SYSTEH
RHR RESIDUAL HEAT REMOVAL

SIXTH SPACE

Always to be the Dash (-)

SEVENTH, EIGHTH, NINTH & TENTH SPACE

Numbers 1 thru 9999 as required

L 3o T ebeg

T=-anM

~sbubus ou
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TABLE 8.3-8 (Continued) -
IR1A INSTRUMENT RACK 1A
M7BA MOTOR CONTROL CENTER, NO. MC-7B-A
MISC MISCELLANEOUS
PBAE POWER PANEL, NO. PP-8A-E
SH5 SWITCHGEAR 6.9 kV (HIGH), NO. SH-5
SM7 SWITCHGEAR 4.16 kV (MEDIUM), NO. SL-71
SL71 SWITCHGEAR 480 V (LOW), NO. SL-71

EXAMPLES OF CABLE NUMBERS:

1M7BA-221

1 (DIV. 1) M (MOTOR CONTROL CENTER) 7BA (MCC NO.) 221 (CABLE NO.)
2RHR~-222 .

2 (DIV. 2)-RHR (SYSTEM) 222 (CABLE NO.)
" (2) T/C (TYPE AND COMPATIBILITY)

Z~dNM

. T

L]

TYPE OF RACEWAY WHICH CABLE IS COMPATIBLE TO IS AS FOLLOWS: E a il%
P POWER - C CONTROL R RPS
H'HIGH VOLT (6.9kV, 4.16 kV)- . S SPECIAL (LOW LEVEL SIGNAL) o -

R RPS SCRAM SOV RACEWAY R

Q
L]

COMPATIBILITY (OUTSIDE OF PGCC) WHICH IS AS POLLOWS:

COMPATIBLE CABLES ARE ROUTED IN DIV 1 TRAY SYSTEM ONLY
COMPATIBLE CABLES ARE ROUTED IN DIV 2 TRAY SYSTEM ONLY
COMPATIBLE CABLES ARE ROUTED IN DIV 3 TRAY SYSTEM ONLY
COMPATIBLE CABLES ARE ROUTED IN DIV 4 TRAY SYSTEM ONLY
COMPATIBLE CABLES ARB ROUTED IN DIV 5 TRAY_SYSTBH ONLY
COMPATIBLE CABLES ARB ROUTBD'IN DIV 6 TRAY SYSTEM ONLY
COMPATIBLE CABLBS ARE ROUTED IN DIV 7 TRAY SYSTBH ONLY

AU W N -

L 30 z 8bed
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TABLE 8.3-8 (Continued)

A COMPATIBLE CABLES ARE ROUTED IN DIV A TRAY SYSTEM ONLY
B COMPATIBLE CABLES ARE ROUTED IN DIV B TRAY SYSTEM ONLY

(3) FROM

’}E\»W? oV

EQUIPMENT OR DEVICE IDENTIFICATION WHICH THE CABLE ORIGINATES FROM
4) T

EQUIPMENT OR DEVICE IDENTIFICATION WHICH THE CABLE TERMINATES TO
(5) FOR '

SYSTEM AND/OR SERVICE CABLE Ié BEING USED FOR

(6) TRAY ROUTING : : -

T~ dANM

NUMBER INDICATED DENOTE NODES THROUGH WHICH THE CABLE PASSES IN SEQUENCE. IF LETTERS
"ENTR® APPEAR IN THE ROUTING, THE CABLE ENTERS AT A POINT BETWEEN THE PRECEDING AND
SUCCEEDING NODES. IF THE LETTER “ENTR® DO NOT APPEAR, THE CABLE ENTERS AT FIRST MNODE
SHOWN. IF THE WORD "EXIT® RPPEARS IN THE ROUTING, THE CABLE EXISTS AT A POINT BETWEEN
THE PRECEDING AND SUCCEEDING NODES. IF THE WORD °EXIT® DOES NOT APPRAR, THE CABLE
EXITS AT THE LAST NODE SHOWN. THE ABOVE MENTIONED NODES ARE LOCATED AND SHOWN ON
TRAY DRAWINGS. WHEN NODES DO NOT APPEAR, TRAYS ARE NOT USED. IN SUCH CASES, CABLES
SHALL RUN “FROM" POINT OF ORIGINATION “TO" POINT OF TERMINATION WITH OR WITHOUT
CONDUIT, AS INDICATED ON THE DESIGN DRAWING.

(7) CABLE REQD. &

NUMBER OF SINGLE OR MULTIPLE CONDUCTOR CABLES REQUIRED. o

(8) CABLE SPEC 2

SEE CABLE TYPES AND DESCRIPTIONS BELOW. ~
/ / /
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CABLE
TYPE

G1

El‘

TABLE 8.3-8 (Continued)

CONDUCTOR CONDUCTOR
NUMBER SIZE
8kV UNGROUNDED NEUTRAL POWER CABLE
1C : 250
1Cc 350
1c 500
SkV UNGROUNDED NEUTRAL POWER CABLE
1C . 250
1C 350
[ " 500
ic 4/0
15kV UNGROUNDED NEUTRAL POWER CABLE
1c 1
1C 1/0
1000 V POWER CABLE
1C 2
ic 4
1C 6
ic 8
1c 10
1c 12
1c 250
1c 350
1c 500
1C 1/0
1C 2/0
1C 470
2C 2

oD

INCHES

1.276
1.380
1.525

1.217
1.267
1.411
1.101

1.196
1.299

0.440
0.376
0.326
0.285
0.222
0.196
0.794
0.927

1.066 °

0.568
0.616
0.733
0.189

AREA

SQ. IN.

1.2788
1.4957
1.8265

1.1632
1.2608
1.5637
0.9521

1.1234
1.3253.

- 041527
"0.1110

0.0635
0.0638
0.0387
0.0302
0.4951
0.6749

0,.8925

0.2534

. 0.2980

0.4220
1.1130

L ;b‘f ebed

¢-dNM



CONDUCTOR

600 V POWER CABLE

CONDUCTOR NO.

NUMBER OF CONDUCTORSS IN A CABLE.

(10) CONDUCTOR SIZE

88-€°8

WIRE SIZE IN EITHER AWG.

(11) CIRCUIT LENGTH

THE POINT OF ORIGINATION TO
TERMINATION.

CONDUCTOR.

TABLE 8.3-8 (Continued)

CONDUCTOR
SIZE

6
8
10
12
1/0

(1C = ONE CONDUCTOR,

8))

INCHES

0.294
0.253
0.190
0.164
0.515

AREA

SQ. IN.

0.0679
0.0503
0.0284
0.0211
0.2083

TWELVE CONDUCTORS, ETC.)

INDICATES TOTAL LENGTH IN FEET FOR EACH CONDUCTOR INCLUSIVE OF THE DISTANCES ®FROM"
‘'RAY ENTRANCE- AND FROM THE TRAY EXIT “TO" THE POINT OF
WHEN TRAY ROUTING IS OMITTED, LENGTH INDICATED REFERS TO DISTANCES
“FROM® THE POINT OF ORIGINATION "TO" THE POINT OF TERMINATION IN FEET POR EACH

IF THE CABLE CONSISTS OF THREE SINGLE CONDUCTORS, THE TOTAL LENGTH
.WOULD BE THREE TIMES RUN LENGTH.

Z~dNM

L 30’ g, @bed
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TABLE 8.3-8 (Continued)

(12) REF./S. ‘

FIRST LINE WILL INDICATE THE REFERENCE NOTE NUMBER IF APPLICABLE. SECOND LINE WILL
INDICATE THE REVISION, I.E., REF. 1, 2 AND REV. A OR REV. 1 ETC. REVISION IDENTIFIED
ALPHABETICALLY INDICATE CHANGES PRIOR TO THE CABLE AND CONDUIT S8CHEDULE BEING FORMALLY
APPROVED FOR CONSTRUCTION, THE NUMBER ZERO "0"'IS USED TO DENOTE THE FIRST ISSUE OF
CABLE AND CONDUIT SCHEDULE AS APPROVED FOR CONSTRUCTION. SUBSEQUENT REVISED ISSUES
WILL BE IDENTIFIED USING THE NUMBRICAL SYSTEM. EXCEPT FOR REV., O THE REVISED ITEMS
WILL BE IDENTIFIED BY AN ASTERISK IN CABLE AND CONDUIT SCHEDULE.

(13) REFERENCE NOTES - - -,

1. FOR ELECTRICAL DRAWING INDEX AND ELECTRICAL SYMBOL LIST SER DRAWINGS
ES500 and E501. .
CABLE SCHEDULE OUTPUT SHEETS ARE PRINTED WITH A MINIMUM OF FOUR LINE
FOR EACH CABLE NUMBER. THE PIRST LINE IS HEADING INFORMATION, THE
SECOND LINE IS CABLE ENTRY X, Y AND 2 COORDINATES, THE THIRD LINE IS :
CABLE ROUTING NODES, AND THE POURTH LINE IS CABLE EXIT X, ¥, 2 COORDINAEBB.

2.  “HOLD" INDICATES CABLE I8 NOT RELEASED FOR CONSTRUCTION. CABLE SPEC ﬂEADING
IN SCHEDULE INDICATES CABLE TYPE AND QUANTITY. EXAMPLE: Gl 1 INDICATES
TYPE Gl CABLE, SINGLE CONDUCTOR. .

+ 3.  CABLES DESIGNATED, BY ”CABLEB NOT ROUTED® ARE NOT RELEASED FOR INSTALLATION.
BOU?ING TO,. BE’ DETERMINED AND WILL BE RELBASED IN A SUBSEQUENT ISSUE.
AN’ ASTERYSK UNDER THE COLUMN- HEADING RV INDICATES THIS CABLE IS APPROVED
" "FOR CONSTRUCTION.

g
)
{Te]
(1]
o
o)
h
~

}EU\OUP W
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TABLE 8.3-8 (Continued)

(13) REFERENCE NOTES (Cont.)

| 4. THIS CABLE WILL HAVE MORE THAN ONE CABLE DESIGNATION IN THE-9000 SERIES -
NUMBERS FOR ROUTING PURPOSES. THESE CABLES SHALL BE CONTINUOUS FROM ONE
PIECE OF EQUIPMENT TO ANOTHER, THERE SHALL NOT BE ANY SPLICES OR TERMINATIONS
I . AT TRANSITION POINTS. WHEN "NO ROUTING" NOTE APPEARS IN CABLE SCHEDULE, AND A

RUN LENGTH IS GIVEN, THIS INDICATES THE CABLE WAS RUN OUTSIDE THE CABLE TRAY
NODE SYSTEM, SUCH AS IN CONDUIT.

5. THIS CABLE IS CLASSIFIED IN THE SEPARATION GROUPING AS AN ASSOCIATED CABLE.
A) CABLE NUMBERS PREFIXED (FIRST SPACE) WITH “A" AND ROUiED IN DIVISION 1

RACEWAYS
(COMPATIBILITY IS 1)

B) CABLE NUMBERS PREFIXED- (FIRST SPACE) WITH “B* AND ROUTED IN DIVISION 2
RACEWAYS
(COMPATIBILITY IS 2)

6. THIS CABLE IS NON-CLASS 1E CABLE THAT DOES NOT ROUTE INTO REDUNDANT CLASS l
RACEWAYS

(14) SAPETY CLEARANCE PIELD

THE DESIGNATION OF A'1 IN THESE FIELDS RbPRBSENTS A DIVISION A (NON-CLASS 1E) CABLE

THAT IS POWERED FROM DIVISION 1 (CLASS 1E). AND SIMILARLY, B'2 SIGNIFIES A DIVISION
B (NON-CLASS 1E) CABLE THAT IS POWERED FROM DIVISION 2 (CLASS 1E).







o

O

(C

16-€°8

{1) (2)
CABLE
huMBER T/C

AMTA-0102 P A

AMTA-0152 P A

AHIA-9010 P}

«

18

ANTA~9100 P 1

TABLE 8.3-9

SAHPLE CABLE SCHEDULR

(3) 10} (5)
FROM 0 - FOR
XFMR TR-TA-B  PNL ELP-7A-B FEEDER
LOCAL DISC 6d PUMP HOISY PREDER
HT-CRA-6A
HCC MC-TA RES BUS MIG GEX  FEBDER
8ET HG-1
" BNTRICOLX K.1 13°06%,COLY 11  22°06%; BL 54°8°

ANIA-9101 P A

ANTA-S110 2 8

ANIA-911L P A

-

ANIA-9120 2 1

RTHG16987-BNTR-6994-RX1T-6995
BXITICOLX K.1

-~

MCC KC-TA ™ FRRDER .
CONT AMTA-910% :
ENTRICOLX K.1  13'06";COLY 1% ~22'06%) EL 54'0°

RTNG3 6992 -ENTR-6907-6966-EXIT-6969

EXITICOLX  J 16°06°;COLY 10  6°06%; L 516"
™ . XFNR TR-7A-B FEEDER

CONT AH7A-9100 . .
ENTRICOLX  J 16°0§°;COLY 10  6°06%; KL 40'6*

RIUG: 6696 -ENTR-6502-6503-7054~7055-7058+7062-7061~
7064~7065~1050~1051-1070-EX17~-1073-

~ERRITC0LX P 6'00%)COLY 14 13°06%; BL 73'6?
TR NP PEBDER _

CONT AHTA-9111

EMTRICOLX K.} 9'06%;COLY 11 22'06%) BL 54°G*

RTNQ16992-ENTR-6987-6966-EXIT-6969

EXI?ICOLX  J 16%06°jCOLY 10 6°06°; BL S196°"
™ CoPRESSOR rmxri

CONT ATA-D110 CAG-C~1A

‘ERTRICOLX, 3 16'06%1COLY 10  6'06%) EL €8°6°

m:5696-&%‘1‘3—65'&1—6583-6509-65(3-6546~6565-0¢29-
=~ 0427-BXIP-0424 °

EXITiCOLX @ 6'06";COLY 7 800" EL «'6'

KCC ¥C-TA JNVERT PXG IH-}

ENTR:COLX K.3  12°00";coLY 1%

RTNG16987-ENTR-6992-6994-BXIT-6995

EXITICOLX K. 600" ;CoLY 12.2 33'06"; BL 55°¢°

YBEDER
22°06%) EL 34°0°

(1) (8)
MECH YROM CABL CABL
SYSTEM DWG NO REQD BPEC HO

6°00°;COLY 12,2 35°00°) KL 55°4%

(14) (1)
8PTY CXT

M) {13}
REP

4150 ¢ Gl 1C 32/0 A'l 0015 002
(9) PRI I
5110 3 Gl IC 2 A'l 0050 002 ®
2620 3 81 I & A'l 0044 002 *
" 8150 3 Gt 1C, 1/0 A't 0063 002 * 4,5
4150 3 GL.1Ct /0 A'Y 0366 002 & ¢ -
. . . . = . .
5250 I GF 16 40 A"l 0066 002 * 4,3
' ' . N
- [ 4 <
" 8250 3 a1 ¢’ a0 A 0278 002 + 4 .
4350 3 Gl 1C /0 A'l. 0054 003 ° .
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CABLE
HUMBER

AH7B-9050

AN7B-9051

AN7B-9060

ANTB-$061

AN7R-3070

ANTB-$071

AN1B-9170

Pl

AN7B-91T}

TABLB 8.3-9 (Continued)

3) (4) (5)
- MECH

PROM CABL CABL CONDUCTOR SFTY CXT
REV 8 NOTES

FROY T0 ToR ’ SYSTEM DHG HO REQD SPEC HO

MCC MC-7B TERM BOX TB-R320 FEEDER .

BNTRICOLX J 15'06°;COoLY 4.3 $'00"; BL 111°4" 2520

RTNG3 46804695~ 4679-6“l-“82—4583-460(-4685-4686-
4688-4689

EXIT'COLX B 5'00"jcOLY 6.6 4‘00"3 2L {14'0°

TERM POX TB-C520 FAN CRA-RM-5A  FEEDER ° 2520
ENTRICOLX M.5 4'00";COLY 6.6  6°07") EL 114'0% '

RTHG1 4653-RNTR-BXIT-4654

BXITICOLX M.5 6'06°;COLY 6.6 +7°06%) EL 1186 .

MOC MC=7B TERM BOX TB-R3I20  FEEDER 2520

ENTRICOLX 3 15%06°;C0LY 8.3 $'00"; BL 131°4"

m:uao-csss-«ns-uet-uoz-csaz-uu-uas-csas- .
4688-4689

BXITICOLX N 5'00°;COLY 6.6  4'00°; EL Iwo-

2520

TBRM BOX TB-C520 FAM CRA-FH-4A  FEEDER ,

RITRICOLX M.5 8'00°;C0LY 6.6 -6'07°; BL 114°0"
BING14654-BNTR-4653~4655-4656

BXITICOLX L  0°00°;C0LY § 0°05%; EL 110'6* -
ICC KC-TB TERM POX TB-R320 , FREDER 3520

BITRICOL 3 15°06°;CoLY - 0.3 $%00%s EL 111%4°
a:m:4m4sss-46n-¢5u-46nz-csa:-uu-«esqaas-

. 4688-2699 -
BXIT:COLX H ~ 5'G0°;COLY 6.6 4°00%; EL 4% -

TER{ EOX TB-C520 FAN CRA-FH-1A-2 FEEDER - T 3820
EITRICOLX M.$ 4'00°)C0LY 6.6  6'07°) EL 114°0°
BRTUGS4634-ENTR-4653-4655-4656-2657 .o
BXIT:COLX L 16'60°;C0LY 6 600"y EL 110%6" -
KCC BC-TB  TERM DOX TB-R32Q  PERDER - 2520

BNTRICOLX J. 15%06%;C0LY 0.3 3%00%nL 111%4°

- masaowss«q?s-csel-«soz-«oa-asoc—uns-csas-

w

T 4600-4489. ,

RXjTiCOLX B 500600 6.6  4°00%) EL 114°0%
TERS BOX TB-C320 FAN CRA-Fii-1A~1 YEBDER 2320
ENTRICOIX M.5 4'00°;COLY 6.6  6'07°) EL 114'0°
RTHG:4654-ENTR-4653-4655-4656-4657 .
BXITiCOLX L 16%00°iCOLY § 6°00%; EL 118'6"

0274 002 ¢

L

0191° 002 o

0314 003 ¢

G & e

0133 002 ¢

i/o A't 03155 002 °
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TABLE 8.3-10

CABLE PLAME' TEST  SUMMARY

A. Cable Typeas

Cable Spec

Tvpe Voltage

‘A 8 kV

B 5 kv

C 15 kv
G loo00v,
H 1lo00v,

J 600V
K l000v,

- 300V
L loo0v,
M 1000V

B. Test Criteria

- -

600V

600V

600V,

600V

- .. Insulation

Etlylene Propylene
Etlylene Propylene
Etlylene Propylene

Cross-Linked
Polyolefin

Cross~-Linked
Polyolefin

Cross-Linked
Polyolefin

Crogs=Linked
Polyolefin

Cross-Linked
Polyolefin

Croas~-Linked
Polyolefin

.1 VerticaI'Trag Flame Test
Source: 70,000 Btu/hr (min)
Time: 480 sec (min)

Number: 3 (consacutive)

After Burn Time: 140 sac (max)

After Burn Length:

Propagation:

36 in (max)

0 in (max).

8 03-93
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Remarks

Note 1

Note 2
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TABLE 8.3-10 (continued)

«2 Oxygen Index Test

Source:
Times

See ASTM

See ASTM - D2863

- D2863

Number: 3 (consecutive)
Index: 20 (min)

o oN

Paga 2 of 3

Propogation

(in

)

" N/A

- Char

Nﬁﬁe
None
None
None
None
Nona

Note 4 -None

Drip: None
Char: None
‘pest Conditions/Results -~ Vertical Tray
' ' After Burn
Cable Source Time Tima Length
Type (Btu/hr) (Sec) (Sec) (in)
A © 70,000 480 40 26
B 70,000 480 73 26
G 210,000 521 18 14
I 210,000 521 18-~ 14
K 210,000 521 - 18 14
L - 210,000 521 18 14
M 120,000 2400. N/A 23
Test Results - Oxygen Index
Oxygen Index
Cable - , ;
Type Insulation Jacket Other Drip
A 21 30 (+) - None
B 21 30 (+) - None
G 29 N/A° N/A None
J 29 29 20 None
K 29 29 20 None
L 29 29 20 None
M Note 3 29 -
8.3-94
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TABLE 8.3-10 (Continded):.Page 3 of 3

NOTES ;

1. Direct burial cable. Testing not required. i

2. Type H cable constructed by same vendor, to same
specification standards, and of same mete:ials as
Type G, J, K, ‘L, M. Testing not reqhired.

3. Overall (insulation and jacket) index is very good f
(0.I. = 25) and cable considered acceptable. .

4. Minor drip on jacket; no drip on insulation. Cable %

considered acceptable.

8 03"95
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ql, TABLE 8.3-11 Page 1 of 2

DIVISIONS 1 AND 2 )
STANDBY DIESEL GENERATOR:ANNUNCIATORS

Annunciation(l) - Loég%SEE%%%4
1. DG Bkr. 7-DG1(8-DG2) Trip | - X
2. 'DG Bkr. 7-DGL(8-DG2) Overcurrent '
Lockout - X
3. ' DG Bkr. DGl-7(DG2-8) Close Ckt. Under-
voltage/Test - X
4. DG Bkr. DGl-7 (DG2-8) Trip - X
5. DG No. 1 (No. 2) Overspeed Trip X X
6. DG No. 1 (No. 2) Lockout(3) - X
7. DG No. 1 (No. 2) Not in Auto Start - X
l 8. DG Bkr. DGl-7 (DG2-8) Switch in
Local or Remote ” - X
9. DG No. 1 (No. 2) Failed to Start X X
" 10. DG Bkr. 7-DGL (8-DG2) Gnd -~ X
@ 11l. DG No. 1 (No. 2) Generator Gnd - X
12. DG No. 1 (No. 2) Generator Field Gnd. - X
13. DG No. 1 (No. 2) Local DC Control ﬂ
Pwr Failure - ) - X
.14, DG No. 1°(No. 2) Vibration Hi X X
15. DG No. 1 (No. 2) Stator Temp Hi - X
16, DG No. 1 (No. 2) Day Tnk Level Hi X X
17. DG No. 1 (No. 2) Day Tnk Level Lo X X
18. DG No. 1 (No. 2) Stg. Tnk Level Hi - X
19. DG No. 1 (No. 2) Stg. Tnk Level Lo - X -
20. DG No. 1 (No. 2) Cable Cooling Flow Lo - X

21. Power Failure-DG No. 1 (No. 2) Started

Ko

Automatically -
22. DG No. 1 (No;»2) Engine Trouble(z) - X X
23. DG Bkr. 7-DGl (8-DG2) Close Ckt. Under-
, voltage/Test : - X
24. Engines for DG No. 1 (DG No. 2) = ‘
Cooling Water Lo Flow ‘ - b4

8.3-96
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~ Page 2 of 2
Table 8.3-11 (Continued) ‘

(1) R . »  Location ,
Annunciation LocaIr MCR

25. DG No. 1 (DG No. 2) Room - Cooling
Flow Lo . ’

]
>

26, DG No. 1 (No. 2) Solenoid Valve Failure
27. DG No. 1 (No. 2) Lube Oil Press. Lo
28, DG No. 1 (No. 2) 0il Temp. Hi

29. DG No. 1 (No. 2) Crankcase Press Hi

30. DG No. 1 (No. 2) Engine Water Level Lo
31. DG No. 1 (No. 2) Lube 0Oil Level Lo

32. DG No. 1 (No. 2) Oil‘Temp. Lo

33. DG No. 1 (No. 2) Diff. Fuel Press. Hi
34. DG No. 1 (No. 2) Jacket Water Temp Hi

35. DG No. 1 (No.. 2) Jacket Water Temp Lo

XX ®OX X XK X K X XX
1

36. DG No. 1 (No. 2) Fuel 0il Press. o

37. DG No. 1 (No. 2)“Star£ing Air Receivers "
No. 1 and No. 2 Press Lo X -

Ngtes.

1.. Independent drops are provided for DlVlSlon 1 and Division
2- annunciators. Drop titles for the Division 2 annun-
ciators are indicated by parenthesis.

2. All abnormal signals detected at the local diesel
generator control panels provide input to the general
"engine trouble (Item 22) alarms.

3. Diesel generating unit incomplete sequence and differen-
tial current signals trip the units via the unit lockout
relays (Item 6).

4. Main Control Room - Board "C" (Panel P80O0).
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TABLE 8.3-12

Class 1E Auxiliary AC Distribution System-Acceptable Voltége Range

Voltages . " yoltage Ranges

System Level System Nominal Motor Nameplate ° Normal Operationi Starting2
4.16 kv Swgr. 4.16 kv 4.0 kv 3.6-4.4 kv | 3.2-4.4 kv
480V Swgr. 480 V 460 V - 414-506 V 368-506 V

480V MCC's ~ 480 V 460 V ’ 414-506 V 368-506 V

NOTES: 1. Minimum and maximum voltages indicated correspond to 90% and 1108
(respectively) of motor nameplate voltage for the particular voltage
level.

2. Minimum and maximum voltages indicated correspond to 80% and 1108
(respectively) of motor nameplate voltage for the particular voltage
level.

)
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TABLE 8.3-13

Motor and Motor Starter Voltage Requirements

. Min. Requirement Max,., Capability
Equipment Nameplate Voltage Voltage "% NPV Voltage $ NPV

6.9kv Motors
(Continuous Operation) 6600V - 5940 90% - 7260 110%

;@ woy? o

4.16kv Motors .
(Continuous Operation) . 4000V 3600 90% 4400 110%

480V Motors

{Continuous Operation) 460V 414 90% : 506 110% g
. , &

480V Starters , S

(Pickup) ’ 480V 372 78% -528  110%

480V Starters .
(Holding) 480V ) 264 55% - -

-NOTES: 1.:;N2V indicates nameplate voltage of motors or starters for the particular
. voltage level. . e -

8L6T: AI00
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TABLE 8.3-14

CLASS |E AUXILIARY AC DISTRIBUTION SYSTEM (25kV MAIN GENERATING UNIT SUPPLY)
EXPECTED VOLTAGES OVER GENERATOR VOLTAGE RANGE

Minimum 25kV Generator Voltage ] Maximum 25kV_Generator Voltage Eg;
{23.8kV) (26,3kV) -
Steady State 4.16kv Motor Steady State 4.16kV Motor
Loading Starting , ILoading Starting )
3 3 3 2 g'
Motor Mator . Motor Motor )
System Level Vblta932 NPV VOltage2 NPV Vbltage3 NPV Vbltage3 NPV ’ c'£>
4.16kV Swgr. 3751 93 3438 85 - 4399 109 3996 99 (6
480 V Swgr. 438 95 402 87 Note S
480 V Hotor? 436 948 400, 86 Note 5

Terminals ' ' )

i
ROTES: 1. NPV indicates nameplate voltage of wotors for the particular voltage level.

2. Under plant mauimd@ loading conditions.
3. _Under plant minimum loading conditions.
4." Voltage at terminzls of “worst case" motor.

5. MAnalysis for this case parformed with 480V system unloaded to obtain
maximum 4.16kV Bwgr. level voltage.

2

e
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TABLE 8.3~15

CLASS 1E AUXILIARY AC DISTRIBUTION SYSTEM (230kV GRID SUPPLY)
EXPECTED VOLTAGES OVER GRID VOLTAGE RANGB

Minimum 230kv Grid Voltage Maximum 230kV Grid Voltage
(230kV) ' (240kV)
Steady State 4.16kV Motor Steady State 4.16kV Motor
Loading . Starting Loading starting -
$ 8 8 8
. Motor Motor : Motor Motor
System Level V'oltage2 NPV VOltaqe2< NPV Vbltage3 NPV vnltage3 NPV
4.16kV Swgr. 3849 96 3433 85 4271 106 3886 95
480 V 8ugr. 447 97 399 86 506 110 453 98
480 V Motor4d 445 96. 397 86" 504 109 451 98
Terminals .
NOTES: 1. NPV indicates nameplate voltage of motors for. the particular voltage level.

2,

3.

4.

Under plant maximum loading conditions.
Under plant ninimun loading conditions,

Voltage at terminals Of “worst case® motor.

+

-“
T
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TABLE 8.3-16

CLASS 1E AUXILIARY AC DISTRIBUTION SYSTEM (115kV GRID SUPPLY)
EXPECTED VOLTAGES OVER GRID VOLTAGE RANGE

Minimum 115kv Grid voltage .
{113kv) i (122kV)

Maximum 115kV Grid voltage

Steady State 4.16kV Motor Steady State

4.16kv Motor
Loading Starting Ioading Starting

3 . ] 3

Motor Motor Motor

System Level V'oltage2 NPV Voltage2 NPV Voltage3 NPV voltage3
4.16kV Swgr. 3804 95 3587 | 38-¢9 4200 105 3960
480 V Swgr. 445 96 420 91 506 110 472
480 V Motor# 443 96 418 90 504 109 470
Terminals
NOTES: 1. NPV indicates nameplate voltage éf motors for the p;rticular:voltage level.

2. Under plant maximum loading conditions.

3. Under plant minimum loading conditions.

4. Voltage at terminals of "worst case® motor.

-ax;uvvp> ouw
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System Level

500kv Grid
230kv Grid
115kv Grid
4.16kv Swgr.
480V  Swgr.
480V MCC's

NOTES: 1.

L

TABLE 8.3-17

System Bus Voltage Monitoring Alarms

Monitoring Device

Location

Voltmeter
Voltmeter
Voltmeter
Voltmeter

Voltmeter

Main Control Room
Main Control Room

Main Control Room

Main Control Room

Main Control Room

Located in Main Control Roonm.

Undervoltage Alarmal

Annunciator Computer
x -
X X

- gLeTATne
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TABLE 8. 3-18

-Page 'l of 2

Plant Switchgear and Motor. Control chter ,

DC Control Powar Smmnm

Swgr./MCC
Designation Voltagel Division
SH-5 6.9kV A
SH~6 6.9kV B
SH-9 6.9kV 1
SH~-10  6.9kV 2
SH-11 6.9kV 2
SH~-12 6.9kV 1
SH-13 6.9kV A
SH~-14 6.9kV B
SM-1 4.16kV a
SM~2 4.16kV B
SM-3 4.16kV A
SM-4 4.16kV 3
SM=7 4.16kV 1
SM-8 4.16kV 2
SM-72 4.16kV A
SM~75 4.16kvV A
SM-82 4.16kV B
_ SM-85 4.16kV B
DGl~7 4.16kV 1
DG2-8 4.16kV 2
SL-11 480V A
SL-21 480V B
SL-31 480V a
SL-51 480v a
SL-52 480V A
SL-53 480V A

8.3~-104

DC Control Power Source-
‘Division

Paﬁel2

DP-S1-1C
DP=S1-2C
DP-S1~1D
DP-S1-2D
DP~81-2D
DP-S1-1D
DP~-S1-1C
DP-S1-2C
DP-S1l~-1C
DP-S1-2C
DP-S1-1C
DP~HPCS

DP~S1-1D
DP-S1-2D
DP-S1-3

DP-S1-1C
DP-S1-4

DP=-S1-2C
DP~S1l-1E
DP~S1-2E
DP-sSl-1C
DP-S1-2C
DP-S1l~1C
Note 4

Note 4

DP=S1l-1C-2

A

T R Y ORI R VR VR O PR R VP G TR O

o,




o

Q

no change WE=2

TABLE 8.3-18 (Continued) Page 2 of 2

Swgr./MCC DC Control 'Power Source
Designation Voltagel Division Panel2 Division
SL-61 48qv B Note 4
SL-62 480V . B. Note 4
SL-63 480V B DP=-51-2C B
SL~71 480V 1 DP-S1~1D 1
SL~73 480V. 1 DP-S1-1D 1
SL-81 480V 2 DP-S1-2D 2
SL-83 ' 480V 2 DP-S1-~2D 2
MC-S1-1D . 125vDpC 1 DP-S1~1 1
MC-S1-2D 125VDC 2 DP-S1-2 2
MC-S2-1A 250VDC 1 DP-S1-~1D 1
MC-52-1B 250VDC a DP-S1-1C~1 A
NOTES :

"l. Voltage is ac, unless otherwise noted.

2. See Figure 8.3-19

3. Control power for 480 volt ac motor control centers
is obtained from control power transformers located in
the units.

4. Swgr. contains manually operated breakers.

All indication is remote powered via the non-Class 1E
supervisory system.
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WNP-4 AMENDMENT NO. 14
April 1981 i:)

TABLE 8.3-19

CLASS 1E AUXILIARY AC DISTRIBUTION‘SYSTEM gALL SUPPLIES[
EXPECTED VOLTAGES UNDER DEGRADED SUPPLY CONDITIONS
’ Degraded Class 1E Bus Supply (2870V)(3)
System Level Voltage( $ Motor-NPV(1)

4.16kV Swgr. ' 2870 71.8
480 V Swgr. 31 - 71.0
3%
480 V Motor 329 -;;7ﬁ1
Terminals L

NOTES: 1. NPV indicates nameplate voltage of motors for the
particular voltage level.

2. Under plant maximum loading condition.

3. Corresponds to 69% of nominal 4.16kV bus voltage i:)
(undervoltage relay setpoint). R

: |
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WNP-2

General Compliance or Alternate Approach Assessment: {(Cont'd)

5.8 Sensors and Sensor to Process Connections

Compliance

5.9 Actuated Equipment
Not in NSSS scope"of supply.
Specific Evaluation Referehcé: -
Refer to 8.3.1.4.2.6
Similaf Application Reference:

Application of this Regulatory Guide is plant unique due
to NRC agreements during the various stages of licensing
and scope of responsibility of design and engineering
necessary to comply with the NRC interpretation.
Therefore reference plants cannot be cited.

* Information on compliance of actual installation is pro-
vided in C.3.0.

** Division 1 and 2 power compliance is provided in c.3.0.

**x* The control room structure and location as well as' local
control switchboard location is discused in C.3.0.

C.2-82 .
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Regulatory Guide 1.75, Rev. 1, January 1975
Physical Independence of Electric Systems
Compliance or Alternate Approach Statement:

This regulatory guide is not applicable to WNP-2
since it applies to the evaluation of construction
permit applications docketed after February, 1974.
However, WNP-2 complies with the intent of the
guidance set forth in this regulatory guide by

an alternate approach.

General Compliance or Alternate Approach Assessment:

Refer to 8.3.1.4.2.6 for an assessment of WNP-2 rela-
tive to this regulatory guide.

Specific Evaluation Reference:

Refer to 8.3.1.4.2.6.

C.3-68
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Page 1 of 25
Q. 031.100

In Table 7.1-2 of the FSAR, you indicate that many of your
instrumentation and control systems are identical to those of
LaSalle and Zimmer. During the course of our review of these
facilities, which are similar to the WNP-2 facility, we
encountered a number of errors in the implementation of the
basic GE design. Our concern is that these same errors, or

-similar errors, could occur in implementing the electrical

design of the WNP-2 facility. In particular, we find that
your analyses in 7.3.2.1.2.3.1 and 7.3.2.2.2.3.1.1 of the
FSAR, to determine compliance with the requirements of IEEE
Std. 279-1971, are too gneral in content. We provide guidance
for the information we need in Section 7.2 of the Standard
Review Plan, especially in Appendix 7.2.A. Specific examples
of areas where we require additional information are presented
in Items 031.081, 031.084, 031.091, and 031.092 of this enclo-
sure. . Accordingly, provide more specific analyses of how you
have implemented, in detail, the basic GE electrical design in
the WNP-2 facility. References to other sections of the FSAR
are acceptable in lieu of repeating this information in
7'3.2.1.2.3.1.

Response:
Refer to the revised Chapter 8.3.

031.100-1
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January 14, 1982
G02-82-41

$S-L-02-CDT-82-018

Docket No. 50-397

Mr. A. Schwencer, Chief

Licensing Branch No. 2

Division of Licensing

U.S. Nuclear Regulatory Commission
Washington D.C. 20555

‘Dear Mr. Schwencer:

Subject: NUCLEAR PROJECT NO. 2
SUBMITTAL OF SER OPEN ISSUES

Enclosed are sixty (60). copies of our submittal responding to draft

SER open issues and outstanding open branch meeting issues. For

ease of review, the pertinent draft SER pages or branch question
precedes each issue. A tabulation identifying each item and indicating
its resolution status or schedule for close out is also provided.

Very truly yours,

BDRoous

G. D. Bouchey, uty Director
Safety &VSecurjty .

CDT/ct
Enclosures

cc: R. Auluck - NRC
WS Chin - BPA
R. Feil - NRC;Siteh






