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Comments and questions were recorded during the review and

submitted to NRC on the 3rd of October 1980. These questions

vere forwarded to DP by NRC. DP and its contractor Westinghouse
Electric Corporation met with representatives from NRC and SNL on

the 27th and 28th of October at the McGuire Nuclear Station Unit 1.
At this meeting a review of the McCuire AFWS and the AFWS reliability
analysis was given by Westinghouse and a tour of the AFWS was conduct-
ed by DP. During the tour, observations were made to facilitate the
discussion period which followed. 1In the discussion period each of
the 33 questions asked was answered and discussed in detail. The
official renponae:S were forwarded to NRC on the 10th of November.

No exact verification of the results could be mad.: since the baslic
events and the failure allocations assoclated with each event were

not published in the :aportz.

AFWS Confi;grntion

General Description and Function of the AFWS

Figure 1 1s a simplified flow diagram of the AFWS for McGuire Unit
No. 1. The AFWS for McGuire Unit No, 2 is of identical design.
Each unit's AFWS consists of two motor-driven pumps (45C gpm @ 3200
ft. head) and one turbine-driven pump (900 gpm @ 3200 ftr. head).
The pump discharge headers are counected through associated piping,
valves, and controls such that motor-driven AFW pump A supplies

water to A and B steam generators and motor-driven AFW pump B
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supplies water to steam generators C and D. The turbine-driven AFW
pump supplies water to all steam generators. The criterion for
successful performance of the AFWS is the delivery of a minimum

of 450 gpm to three of the four steam generators.

Water to the suction of each unit's AFWS 1s supplied from several
non-safety grade water sources and one safety grade water source.
The water is supplied from these sources on a priority based on

water quality as follows:

Source Safety Grade Maximum Capacity
1. Upper Surge Tanks No 85,000 gallons
2. Auxiliary Feedwater Nc 42,500 gallons
Condensate Storage Tank
3. Condenser Hot Well No 170,000 gallons
4. Nuclear Service Water Yes Nuclear Service
Water Pond

(1.8 x 108 gal)

An additional 30,000 gal. (maximum) {s available from the condensate
storage tank when the condensate storage tank pumps are available to
fi1ll the upper surge tanks. A source of non-steam generator quality
water i{s also avalilable through the steam generator quality water
lines from the Standby Shutdown Facilities (SSF). Layout of piping
for this source of water {8 constructed to run through designated
“vital" areas of the plant with tight security controlled access to

provide a source of water that is potentially safe against acts of



sabotage by outside persons not employed at the nuclear site. Only
the redundant i{solation valves and the associated piping zre

safety grade components,

The non-safety grade water sources are headered into a common line
in the Service Building. This single line is then routed to the
AFW pumps located in the Auxiliary Buiiding. The safety-grade
Nuclear Service Water System (NSWS) is connected to the AFWS of
each unit such that reduundant nuclear service water channels A and
B are aligned to the turbine-driven pump of each unit; channel A
is also aligned to motor-driven AFW pump A while channel B is
aligned to motor-driven AFW pump B of each unit. Safety class
isolation valves are provided in the AFW pump suction lines to
isolate the non-safety grade sources when supply from the NSWS is

required.

The discharge from each pump flows through an air-operated control
valve and a motor-operated (remote controlled) isolation valve in
individual feedlines to each steam generator. The discharge from
each AFW pump also has a loop for ful. flow pump testing that is
also used as a minimum flow loop for protecting the pump during
low flow operation. A lockel closed interconmection for long-term
use only in the case of a LOCA is provided between the AFW motor-
driven pump discharge lines. This permits flow from either pump

to be fed to all four steam generators. The fluw from the AFW3
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enters the steam generators through individual nozzles on each

generator.

Emergency Operation

Start-up of the AFW pumps is automatic. As an accident initiated
cooldown of the reactor progresses, the AFWS {s controlled
manually from the Contro! Room or locally at the pumps if the
Control Room is not available. At start-up, motor-driven AFW
pumps supply 170 gpm feedwater to each steam generator and the
turbine-driven AFW pump supplies an additional 180 gpm per steam
generator. As less water is needed to maintain the water level
in the steam generators, AFWS flow is diminished by adjusting the
motor-driven AFW pump discharge control valves and/or adjusting
the turbine speed or pump discharge control valves on the turbine-
driven pump. As the accident progresses the turbine-driven AFW
pump is removed from service by the vperator to minimize condensate
loss to the atmosphere. The AFWS is allowed to function during an
accident shutdown until the reactor coolant temperature is reduced
to 350°F an' a pressure of 425 psig. At this point, the Residual
Heat Removal System (RHRS) is placed into operation and the AFWS
taken out of service.

.
Water supply for the AFWS during emergency plant operation is
normally from the auxiliary feedwater cond:nsate storage tank.

Under highest flow condition (two uuit blackout), each unit has a
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ASME-B/PV Seismic
System/Component Code Section OB% DBE
l. AFWS - Turbine- III - Class 3 Yes Yes
Driven Pumr-
2. AFWS - Motor- IIT - Class 3 Yes Yes
Driven Pumps
3. AFWS - Valves I1I - Class 2 Yes Yes
IIT - Class 3 Yes Yes
4. NSWS - Pumps III - Class 3 Yes Yes
5. NSWS - Strainers VIII Yes Yes
6. NSWS - Valves III - Class 2 Yes Yes
IIT - Class 3 Yes Yes

The components listed above are also designed for tornado, wind and
missile protection. Piping for the safety-related portions of AFWS
and NSWS is designed accordingly. The motors of the motor-driven

pumps of the AFWS and NSWS for each unit are designated Electrical-
Safety - Class 2E. This same classification is given to the motors
of valve motor operators of these systems. Electrical equipment of
2E classification requires seismic qualification to a safe shutdown

earthquake criterion and are so des‘gned.

The NSWS is designed to provide cooling water for various Auxiliary
Bullding and Reactor Building heat exchangers during all phases of

staiion operation. FEach unit has two redundant “safety-related”
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headers serving two tralns of equipment necessary for a safe plant
shutdown and a "non-essential” header =erving equipment not

required for a safe shutdown. Water is normally supplied to the
system from a lake (Lake Norman). Should a se:smic event cause a
loss of the lake, a Standby Nuclear Service Water Pond (SNSWP) that
1s designed to meet seismic loads provides a source of water to the
NSWS. As an Engineering Safeguards System the SNSWP is automatically
va'ved to provide feed to the channels of the NSWS of both units

following a safety injection signal from efiiher unit.

Power Sources

The turbine-driven AFW pump of cach unit {s supplied with steam from
redundant feedlines. One feedline is supplied steam from the unit's
steam generator "B” outlet header upstream of its main steam isolation
valve (MSIV) and the other from the unit's steam generator."c“ outlet
header upstream from {ts MSIV. Thie assures steam to the turbine-

driven AFW pump even with these two MSIV's closed.

Each unit of the station (s equipped with an Essential Auxiliary
Power System (EAPS) that includes onsite 4160 V, 600 V, 120 V ac and
125 V d¢ power. This system supplies power necessary for a safe
shutdown of the reactor, contalnment (solation, contairment spray
and cooling, auxiliary feedwater flow, and emergency core cooling
following an accident. It consists of redundant switchgear, load

centers, motor control centers, panelboards, battery chargers,
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batteries, inverters, diesel-engine ac generators (two per unit),
protective relays, control devices, and interconnecting cable

supplying two redundant 1oad groups of each unit.

The 120 V ac and the 125 V de Vital Instrumentation zad Control
Power Systenms of the FAPS supply continuous power for control and
instrumentation ir the Reactor Protection and Control System. The
EAPS cf each unit 1{s designed to meet the criteria set forth in
the NRC General Design Criteria (GDC 17, GDC 18), IEEE 279-1971,

IEEE 308-1971 and Regulatory Guides 1.6, 1.9, and 1.32.

The motor-driven pumps of a unit's AFWS receive power from their

EAPS via two fdentical but separate 4160 V emergency buses. 1In

the event of a loss of offsite power, the pump: receive power via

the emergency buses from two diesel ac generators (4160 V) designat-
ed "A" and "B". Diesel generator "A" provides power to the emergency
bur that feeds the unit's AFW motor-driven pump designated "A" and
diesel generator "B" provides power to the bus feeding AFW pump "B".
Redundant motor-operated valves and other electrical equipment

designated "A" and "B" receive power in a similar manner.

Instrumentation and Controls

The controls and instrumentation of the AFW? are designed to meet

NRC~-imposed safety class separation requirements.
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Process/Component NSSS Physical Location
Status Indicator System Contrul Room Local

1. AFW pumps motor - on/off Al 'S X X
2. AFW pump turbine - on/off AFWS X X
3. AFW pump turbine - speed Main Steam X X
4. AFW pump turbine - steam Main Steam X X
pressure
5. AFW pump auto start defeat - AFWS X
on/off
6. Control room overidden AFWS X
by local control
7. Upper surge tank - Condensate X
water level
8. Steam condensate etorage Condensate X
tank - water level
9. Condenser hotwell - Main Condenser X
water level

10. AFW condensate storage AFWS X

tank - water level

11. NSWS pond -~ water level NSWS X

12. UST supply motor-operated AFWS X

isolatfon valve (1CA4) -
open/close
13. Condenser hotwell supply AFWS X

motor-operated isolation

valve (1CAZ) - open/close









Process/Component NSSS Physical Location
AL M8 System Control Room

10,

11.

. 3
ey

Feedwater flow air-operated AFWS X
control valves (1CA36, 1CA4B,

1CA52, and 1CAb4)-above or

below setpoint

Feedwater fiow motor-operated AFWS X
isolation valves (1CA42B,

1CA46B, 1CA5BA, 1CA62A,

1CA38B, 1CAS0B, 1CAS54A, and

1CA66A) =~ closed

Inftiation Signals for Automatic Operation

The AFW motor-driven pumps start automatically on the following

sl

‘.

gnals:
Two out of four low-low water level signals in any steam
generator,
Loss of all main feedwater pump=.
Inftiation of a safety injection "S" signal,
Loss of offsite power (station blackout).

An auto-start-defeat cwitch is provided for items 1 and 2 above

for use during periods not requiring an automatic motor-driven

AFW pump start. During periods which require automatic start,

the defeat feature is automatically removed. The AFW turbine-
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driven pump starts automatically upon the generation of two out

of four low=low water level signals in any two steam generators

or upon loss of offsite power.

The plston-operated isolation valves (1SA48 and 1SA49) that control
steam to the turbine-driven AFW pump are held closed with alr through
redundant normally-energlzed electric~1l solenoid control valves
connected In a series conflguration. De-energizing one of the
redundant control solenoids will ven alr from the "fafl-open”

valve operator allowing the isolation valve to open and admit steam

to the turbine of the AFW turblne-driven punp.

Whenever any AFW pump starts automatically, the Steam Cenerator
Blowdown System (SGBS) is automatically isolated by closiang piston
operated isolation valves. The SGBS does not Isolate automatically
on an operator Induced AF< pump start so that operation of the SGBS

is malntalned during all normal modes of plant operation.

Testing

The AFW pumps are perlodically tested to meet Inservice surveillance
requirements. A full flow test loop to the UST is provided at the
discharge of each AFW pump. Adequate instrumentation Is provided

to verify pump performance. The motor-driven AFW pumps may be used
during plant startup in their normal alignment to the steam
generators. Pump performance and automatic feedwater flow control
can be verified during this mode of operation. The turbine-driven
AFW pump performance and {ts discharge control valve travel stop

settings can also be verified during this mode of operation.
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Response

It is our understanding that the Staff has modified this
recommendation to perform a 48-hour endurance test on all
auxiliary feed ater pumps in lieu of the 72-hour test. The
motor-driven auxiliary feedwater pumps were run several days
during the hot functional test period. The exact time period
and system configuration will be documented. The turbine-
driven auxiliary feedwater pump has not been run for an
extended period. A 48-hour test of this pump will be performed

after the heatup following initial fuel loading.

II1 Indication of AFW Flow tc the Steam Generators

Recommendation

The licensee should implement the following requirements as

specified by Item 2.1.7.b on page A-32 of NUREG-0578:

(1) Safety-grade indication of AF.!' flow to each steam
generator should be provided in the coatrol room.

(2) The AFW flow instrument channels should be powered
from the emergency buses consistent with satisfying
the emergency power diversity requireuwents for the
AFW system set forth in Auxiliary Systems Branch
Technical Position 10-1 of the Stardard Review Pla.,

Section 10.4.9.
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