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17.0 PLANT OPERATIONS
Learning Objectives:

1. Arrange the following evolutions in the
proper order for a plant startup from cold
. shutdown: '

a. Start all reactor coolant pumps,
. Place all engineered safety systems in an~
+ operable mode,
Establish no-load Tayg,
Take the reactor critical,
- Start a main feedwater pump,
Load main generator to the grid, and
Place steam generator level control
system in automatic. )

(o

ga *h 0 Ao

17.1 Introduction

This chapter will briefly discuss the -basic
procedures for startup, power operation, and -
shutdown of the pressurized water reactor
described in this manual. The discussion will be

general in nature and is designed to show how .

the systems previously discussed are utilized "
during plant operations.

*17.2 . Plant Heatup
17.2.1 Initial Conditions

-The nuclear steam supply system (NSSS) is
in-the “cold shutdown” mode (Tavg = 120°F,
pressurizer pressure = 50 - 100 psig, boron

rconcentration sufficient to yield 10% shutdown -
margin, pressurizer solid, reactor coolant pumps
off). Decay heat is being removed by the residu-
al heat removal system (RHR) with letdown from”

RHR established for reactor coolant system ‘-
- and to remove the excess coolant volume pro-

cleanup. Pressure in the solid system (Figure™
17-1) is being maintained by adjusting charging’

and letdown flow. The steam generators are in
the “wet layup” condition (filled to the 100%

" level with water) and all secondary systems are
"secured with the exception of one circulating

water pump. The main and feedwater pump
turbines are on the turning gear. All pre-startup

. checklists have been completed.

- 17.2.2 .- Operations

A pressurized water reactor may have a

-positive moderator temperature coefficient at low
- : temperatures due to the soluble poison in the

moderator. To minimize the.magnitude of the
positive moderator temperature coefficient or
make it negative, the plant is-brought to near

. operating temperatures with reactor coolant pump

heat before 'the reactor-is made critical. To
operate the reactor coolant pumps, reactor coolant
system pressure must be increased to-approxi-

~mately 400 psig to satisfy net positive suction

head requirements. - (Pressure must be main-

- tained below 425 psig while RHR is aligned to
" the reactor coolant system.). When operating the

reactor coolant pumps at low pressures, the
reactor coolant'pump number one seal bypass

--valve must be open to ensure adequate flow to

cool and lubricate the pump radial bearing. - -

Pressure is increased by maintaining charging

- : flow greater than letdown flow. "When pressure

is stable between 400 and 425 psig, the reactor
coolant pumps are started to begin reactor coolant

-_system heatup. Pressurizer heaters are energized
‘to begin pressurizer heatup. ‘Residual heat
- removal flow is diverted through the bypass line
- to bypass the heat exchanger and allow heatup.

This RHR system alignment is maintained to
provide adequate letdown for pressure control

duced by expansion due to heatup. During the

“ USNRC Technical Training Center

17-1

Rev 10198



. Westinghouse Technology Mannual

o

Plant Operations

entire heatup and pressurizer draining process,
approximately one-third of the reactor coolant
system volume (30,000 gallons of water) will be
diverted to the holdup tanks through the chemical
and volume control system. '

As the reactor coolant system temperature
approaches 200°F, steam generator draining is
commenced through the normal blowdown
system. If reactor coolant system oxygen con-
centration is high, hydrazine is added through the
chemical and volume control system for oxygen
scavenging. Oxygen must-be in specification
before exceeding 250°F.

After oxygen is within specification, a
hydrogen blanket is established in the volume
control tank. This is accomplished by securing
the nitrogen regulator, opening the vent from the
volume control tank to the waste gas header, and
raising the volume control tank level to force the
nitrogen to the waste gas system. After the
volume control tank level has raised to approxi-

_mately 95%, the hydrogen regulator is placed in
* service and the last of the nitrogen is purged to

the waste gas system. Volume control tank level
is allowed to return to normal with the hydrogen
regulator maintaining an overpressure of approxi-
mately 15 - 20 psig.

_When pressurizer temperature reaches satura-
tion temperature for the pressure being main-
tained (450°F for 400 psig), a pressurizer bubble
is established. Reactor coolant system tempera-
ture is approximately 250 - 300°F. The bubble is
established by maximizing letdown and minimiz-
ing charging flow. This will cause the pressuriz-
er level to decrease. System pressure will be
maintained at 400 psig as the saturated pressuriz-
er water flashes to steam. Pressure control can
now be accomplished only by heater and spray

operation. Residual heat removal is maintained

in service to provide an additional letdown path
to minimize the time necessary to “draw a bub-
ble” in the pressurizer.

The main and auxiliary steam lines are
warmed as steam is available during the plant
heatup. Main steam isolation valves are opened
initially as heatup begins.

As reactor coolant pressure continues to
increase, letdown flow will also increase. The
low pressure letdown valve is adjusted (closed)
until the normal letdown pressure (340 psig) is
achieved and then orifice isolation valves are shut
as necessary to maintain letdown flow below the
maximum.

Before reactor coolant system temperature
reaches 350°F, the residual heat removal system
is isolated from the reactor coolant system and is
aligned for at-power operation (emergency core
cooling system lineup). All reactor. coolant
system letdown is now through the normal
letdown orifice path to the chemical and volume
control system.

After the residual heat removal system is
isolated from the reactor coolant system, system
pressure is allowed to increase as the pressurizer
temperature increases.

When pressurizer level, as read on the hot
calibrated channels, indicates the no-load pro-
grammed setpoint, charging flow is placed in
automatic. As system heatup continues, pressur-
izer level will try to increase due to coolant

.expansion. Pressurizer level control will com-

pensate by reducing charging flow.

When reactor coolant system pressure reach-
es 1,000 psig, the emergency core cooling
system accumulator discharge valves are opened

USNRC Technical Training Center
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and all emergency core cooling system equipment
is checked for proper alignment.

...+ After reactor coolant pump number one seal
leakoff has increased to at least one gallon per
minute on all reactor coolant pumps, the number
one seal bypass valve is closed.

As pressure increases above P-11, the low
. pressurizer pressure engineered safety features
actuation signal is.automatically unblocked.

Pressurizer heaters and spray -valves are placed in "~
automatic control when pressure reaches the

normal operating value of 2235 psig.

- . When steam pressure is at or above 125 psig,”
main and feed pump turbine gland seals are
established, and a condenser vacuum is drawn.
Condenser vacuum is established by mechanical.,
vacuum pumps and/or steam jet air ejectors.

As reactor coolant system heatup continues,
the high steam flow engineered safety features .

actuation signal will be automatically unblocked
when T,y increases above 540°F. The steam
dump system, operating in pressure control
mode, will-dump steam to the main condenser
" when steam pressure reaches a predetermined
setpoint (normally 1,005 psig which is saturation
pressure for the 547°F no-load reactor coolant
-system temperature). The steam dump system
_ will dissipate the excess decay and reactor
_coolant pump heat and maintain T,yg approxi-
mately equal to 547°F. The startup feedwater
system is used to feed the steam generators to
. maintain level at the no-load value.

Plant conditions are now as follows: normal
operating temperature and pressure, reactor
shutdown, normal condenser vacuum, steam
dump to the condenser in the steam pressure
mode; main and feedwater pump turbines on the

turning gear, and all electrical power supplied
from off-site. -

The next step in the startup of the plant is to
take the reactor critical. - - Lo

I .

.17.3 Reactor Startup to Minimum Load
Reactor startups are normally performed at

no-load temperature where the moderator temper-

ature coefficient is at a low or negative value.

I3
i

If necessary, the reactor coolant boron
concentration is adjusted to the required value
prior to startup. The required value is calculated
.. by performing -a reactivity balance (estimated

critical condition calculation). For a pressurized

_water reactor, a specific critical rod height is
- chosen and boron concentration is adjusted to a

value which will produce criticality at the desired
- rod height. Control rods must always be with-
drawn above.the rod insertion limit prior to
criticality to ensure adequate *“cocked” reactivity
to satisfy shutdown margin requirements.

v - ey .
sLir

---,~ . Immediately prior to reactor startup, function-

.. al checks are performed to ensure proper opera-
tion of the source and intermediate range nuclear
instrumentation channels. A source and interme-
diate range channel are recorded and the “source
range high flux at shutdown” alarm is blocked.

5

. " e S Lo
. The shutdown -rod banks. (if -not 'already
withdrawn) are withdrawn in sequence, and
then, the control banks-are withdrawn in manual
to achieve criticality. After criticality is achieved,
*a positive startup rate is established, and power
level in increased.- When -power exceeds the
- source range -permissive (P-6) setpoint, the
source range trip is blocked and source range

' - high voltage deenergized. . )

P
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Power is then increased to 10-8 amps in the
intermed:ate range where neutron flux is stabi-
lized (lev iled out) and critical data are taken.
After critical data are taken, the reactor power
increase is continued until the “point of adding
heat” is reached. This is the power level (about
1% power) where the reactor is producing
sensible heat.

" The reactor operator hold 1% power while
the turbine-driven main feedwater pump is
warmed and placed in service. Feedwater supply
is switched from the auxiliary feedwater system

.to the main feedwater pump.

Reactor power is increased to' about 5% -

power in preparation for rolling the main turbine.
Increasing reactor power will cause the steam
dump valves to open further to dissipate the
excess heat. Steam generator feedwater is
controlled manually through the small (4 -6 inch)
bypass valves to maintain level at the program

setpoint. Providing excess reactor power yields -

a constant steam load as the turbine is rolled. As
the turbine takes more steam, the steam dump
valves will modulate closed. This makes control
of the reactor and steam generator levels much
easier. A heater drain pump is energized at this
time.

The turbine acceleration rate is chosen, and
the turbine is accelerated to synchronous speed.
With the turbine at synchronous speed, reactor
power is increased to six percent so that reactor
- power is greater than the initial turbine load.

The turbine is synchronized with the utilities
electrical grid, and the generator output breaker is
closed. The electrohydraulic control system
automatically assumes five percent of full rated
load. After turbine operation and other applicable
instrumentation is checked, a turbine loading rate

is.chosen, and the turbine load is increased
toward 15%.

As turbine load.is increased, the reactor
operator withdraws control rods to maintain Tayg
= Trer. During the load increase, the steam dump
valves will shut ds steam pressure- decreases.
When the valves are shut, steam dump control is
shifted to T ,yg control to be ready for a possible
load rejection or reactor trip. Steam generator
level continues to be controlled by manual
operation of the main feedwater regulating
bypass valves.

When power level exceeds the setpoint of the
nuclear at-power permissive (P-10); the interme-
diate range rod withdrawal stop and the intérme-
diate and power range (low setpoint) trips are
manually blocked.

At or above fifteen percent power, the rod
control system and steam generator level control
system are placed in the automatic mode.

17.4 Power Operations

Power level is increased by selecting a
desired load and load rate with the turbine
electrohydraulic control system and allowing the
reactor to-follow the turbine load change. As
turbine load increases, Tavg Will tend to decrease.

The automatic rod control system will sense this
and withdraw control rods to increase reactor
power.

As load is increased to 30% power, a second
condensate/booster pump is started, and main
generator hydrogen pressure is increased to its
maximum value (75 psig). '

As load increases between thirty and fifty
percent, additional circulating water, feedwater,

* USNRC Technical Training Center
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and heater drain pumps are started. At approxi-
mately 35% load, reheating steam is cut into the
moisture separator-reheaters. - . -

. The single loop loss of flow permissive (P-8)
enables the single loop loss of flow reactor trip
when reactor power exceeds 35%.

At approximately 50% load, the third conden-
sate/booster pump is started, and a calorimetric
(heat balance) calibration of the power range
nuclear instruments is performed.

Further calorimetrics are performed at 70%
and 100% power to ensure proper calibration of
the power range nuclear instrumentation. L :

Negative reactivity added by the power defect
during the power increase is counteracted by LT
automatic withdrawal of the control rods while

. the negative reactivity due to xenon and samari- .
-um production is counteracted by dilution of
soluble poison from the coolant.

-, At all time, when the reactor is critical, the
control rod banks must be maintained withdrawn
above their respective insertion limits (Figure 17- .
 2). All shutdown banks and control banks “A”
and “B” must be'fully withdrawn, and control - _-
banks “C” and “D” must be withdrawn at least as
specified in Figure 17-2. Maintaining the rods - .; I T T
above the rod insertion limit ensures sufficient Y t
available negative reactivity to achieve required
shutdown margin in the event of a reactor trip. Pl

IS

17.5 Plant Shutdown ‘ -

Plant shutdown is accomplished by essential-
ly reversing the steps described in plant startup. . - . - -

" USNRC Technical Training Center -"17-5 . . . -Rev .0198
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APPENDIX 17-1 G. Pre-startup checklists completed

PLANT STARTUP FROM COLD SHUT- II.Instructions

DOWN
A. Heatup from cold shutdown to hot shutdown
I. INITIAL CONDITIONS (Mode 5 to Mode 4)
A. Cold shutdown - Mode 5 1. Permission received from operation
Kefr < 0.99 supervisor for startup
0% rated thermal power ,
Tavg < 200°F 2. Verify shutdown rods withdrawn or
verify sufficient shutdown margin avail-
B. Pressurizer ability
1. Temperature approximately 320°F, with a 3. Verify or establish RCP seal injection
steam bubble established. flow
2. Level approximately 25% with level 4. Begin pressurizer heatup to increase RCS
control in automatic. pressure .
C. RCS temperature 150 - 160°F CAUTION: Do not exceed a heatup rate
of 100°F/hr on the pressurizer,
Note: Temperature may be less than 100°F/hr.-on- the .RCS, or 320°F T
150°F depending on decay heat between pressurizer and spray tem-
load from the core. perature. Use auxiliary sprays for
pressurizer-RCS mixing.
D. RCS pressure 100 psig IR
5. Maintain the RCS temperature < 160°F
1. Charging and RHR letdown established by adjusting flow through the RHR heat
. exchangers
2. RCS pressure maintained by pressurizer . . -
temperature @ 320°F 6. Startup checklist for Technical Specifica-
tion requirements completed
3. RHR system in operation
7. Begin establishing steam generator water
E. Steam generators filled to wet-layup (100% levels to 50% on narrow range indication
level indication) (steam generator blowdown system).
F. Secondary systems shutdown. Main turbine

and main feedwater pump turbines on their
turning gear

8. Open main steam line isolation valves

. USNRC Technical Training Center

17-6

Rev 0198



* Westinghouse Technology Manual

Plant Operations

9. 'If required, commence condensate
cleanup

10. Establish condenser vacuum

ll.Contiﬁue-pressurizer heatup to 430°F
(RCS pressure 325 psig). Use the low

pressure letdown control valve to main- -

tain-letdown flow. RCS pressure control
is via heater and spray actuation.

12. Start the reactor .coolant pumps. After
five minutes running, sample the RCS for
chemistry specifications. Partially open

'+ pressurizer sprays for mixing.

13. Stop residual heat removal system pumps

14. Allow RCS temperature to increase to
200°F

15.When RCS temperature reaches 200°F, . *

“determine that primary system water
< --chemistry is within specifications

.. 16.When condensate chemistry is within ‘
. - specifications as determined by chemical -
. lab, ‘align condensate and feedwater -

- system to normal configuration.

.-17. Verify control rod drive cooling fans on
béfore RCS temperature reaches 160°F

-
'
2 .

18. Terminate residual heai removal letdown’

to chemical and volume control prior to
exceedmg 350 F and 425 psig.

B Heatup from Hot Shutdown to Hot

- Standby.(Mode 4-to-Mode 5)

1. Startup checklist for Technical Specifica-
tion requirements completed

2. Complete emergency core cooling system
master checklist :

3. As the RCS pressure increases, maintain
letdown flow 120 gpm by increasing the
setting of the low pressure letdown
control valve, and by closing the letdown
orifice isolation valves as necessary.

4. Prior to reaching 1,000 psig in the RCS,
open each of the ‘cold leg ‘accumulator
isolation valves. -Remove each valve’s
power supply. :

" 5. When RCP no. 1 seal leakoff is > 1 gpm,

or RCS pressure > 1,500 psig, close
RCP seal bypass return valve. Verify no.
1-seal leakoff remains > 1 gpm.

6. When RCS pressure reaches 1,970 psig,
verify pressurizer low. pressure safety
injection logic auto reset. °

7. When T,yg exceeds 540’15, verify steam
line safety injection logic auto reset.

8. The steam dump control system is in
pressure control mode (set at 1,005 psig)
‘to maintain RCS ternperature at 547°F.

9. Place RCS pressure control in automatlc
to mamtam 2235 psxg

10 Estabhsh hot standby conditions of 540 -
547 F Tavg h

:C. Heatup from"Hot Standby ‘to Power
" :Operations-(Mode 3 to ‘Mode 1)

1. Administrative permission to take the
reactor critical has been obtained.”

"~ USNRC Technical Training Center
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2. Notify system dispatcher of unit startup
and approximate time the generator will
be tied on to the system.

3. Notify onsite personnel of reactor startup
over P/A system.

4. If shutdown banks have not been with-
drawn, complete a shutdown margin
calculation (assuming SD banks out) and
if desired SD margin will exist, withdraw
the shutdown banks to the fully with-
drawn position.

Note: Nuclear instrumentation shall
be monitored very closely in
anticipation of unplanned
reactivity rate of change.

5. Calculate the estimated critical boron
concentration for the desired critical
control bank rod position (normally 150
steps on Bank D).

6. If necessary, conduct a boron concentra-
tion change to the estimated critical boron
concentration. Equalize boron concentra-
tion between the reactor coolant loops and
the pressurizer by turning on pressurizer
backup heaters.

Note: Nuclear - instrumentation shall
be monitored very closely in
anticipation of unplanned
reactivity rate of change.

Note: Block the “source-range high
flux level at shutdown alarm at
both source range panels.

7. Withdraw the control bank rods in

manual and take the reactor critical.

a. Block source range trip at P-6
b. Record critical data at 10-8 amps

8. If the control bank height at criticality is
below the minimum insertion limits for
the O percent power conditions.

a. Re-insert all control bank rods to the
" bottom of the core..

b. Recalculate the estimated critical
boron concentration

c. Borate to the new estimated critical
boron concentration

d. Withdraw the control bank rods in
manual and take the reactor critical

9. Withdraw rods to bring reactor power to
approximately 1% on power range
indicators and select the highest power
range channel to be recorded on NR-45.

10. Start a main feedwater pump at 1% power
and maintain steam generator levels at 50
percent’ narrow range level indication
during secondary plant startup by throt-
tling the feedwater bypass regulating
valves and operating the master feedwater
pump speed controller and the individual
steam generator feedwater pump control
station in auto.

CAUTION:. Coordinate all steam
generator steam removal and
significant feedwater changes with
the reactor panel operator while
rod control is in manual.

USNRC Technical Training Center
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11. Turbine has been on turning gear at least
one hour

12.Increase reactor power by manual adjust-
ment of the control bank until the steam
dump is bypassing steam flow equivalent
to 8 percent nuclear power.

13. Verify the unit auxiliary and startup
transformer cooling systems are aligned
for automatic operation.

14. Start the turbine, bring it up to speed, and
connect the generator to the grid. Trans-
fer station power from the startup trans-
former to the unit auxiliary transformer.

15. Increase generator load at the desired rate,
while maintaining Tavg by manual rod
control.

16. Transfer feedwater flow from bypass
valves to the main feed regulating valves.
Maintain programmed level during this
process.

17. When reactor power increases above 10
percent, ensure the nuclear at-power
-permissive (P-10) light comes on and the
turbine at-power permissive (P-13) and
at-power permissive (P-7) lights clear.

18.Manually block the intermediate range
reactor trip and the power range low
setpoint reactor trip after P-10 has been
actuated.

19. When turbine power has increased above
15 percent, and Tayg equals Tref, transfer
reactor control system to automatic.

20. After rod control is placed in automatic,
check steam pressure less than steam
dump set point and steam dump valves
full closed, then transfer steam dump to
Tavg mode.

21. Above 15 percent power, transfer steam
generator feedwater regulating valve
control to auto when level is at setpoint
and steam flow equals feed flow.

22. Continue turbine load increase to 100%

a. Start secondary system components
as required during power escalation.
Additional components would include
items such as condensate pumps,
heater drain pumps, feedwater
pumps, and condenser circulating
water pumps.

b. Maintain rate of load increase within
plant design limits. These limits
would include the loading limits
imposed upon the main turbine and
the limits imposed by boron dilution
rates.
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Table 2-1. General Plant Data - Sorted by Plant Name

Reactor Plant Chy State [Utility Reactor [NSSS |Architect/ [Core Power [Net Etlectrical [MWe Rating
Type Vendor {Engineer MW1 Qutput MWe IMDC or DER
ANO-1 Russellvitle AR Arkansas Power & Light Co. PWR BawW Bechtel 2568 836 MOC
ANO-2 Russellvitle AR Arkansas Power & Light Co PWR C-E Bechtel 2815 858 MOC
Beaver Valley 1 Shippingport PA Duquesne Light Co PWR w Stone & 2652 810 MDC
Beaver Valley 2 Shippingport PA Duquesne Light Co PWR w \;:::l:f 2652 833 MDC
Bellsfonte 1 Scottsboro AL Tennesses Valley Authority PWR Baw ?V:bﬂ" 3413 1213 DER
Betletonte 2 Scottsboro AL Tennessee Valley Authonty PWR Baw TVA 3413 1213 DER
Big Rock Point Charlevoix Ml Consumers Power Co, BWR GE Bechtel 240 69 MOC
Braidwood 1 Braldwood [I% Commorwealth Edison Co. PWR Sargent 3411 1120 MDC
Bradwood 2 Braidwood IL Commonwealth Edison Co. PWR ;al;:::ly 3411 1120 MDG
Browns Ferry 1 Decatur AL Tennessee Valley Authonty BWR GE :Vkundy 3293 1065 MOC
Browns Ferry 2 Decatur AL Tennessee Valley Authonty BWR GE TVA 3293 1065 MOC
Browns Ferry 3 Decatur AL Tennessee Valley Authornty BWR GE TVA 3293 1065 MOC
Brunswick § Southport NC Carolina Power & Light Co. BWR GE UEAC 2436 790 MDC
Brunswick 2 Southport NC Carohna Power & Light Co. BWR GE UESC 2436 790 MOC
Byron 1 Byron 1L Commonwealth Edison Co. PWR w Sargent 3411 1105 MDC
Byron 2 Byron L Commorwealth Edison Co, PWR w ;aLr:::ly 3411 1105 MDG
Caltaway Fulton MO  [Union Electne Co. PWR w ;ot.:rl‘gly 3585 1145 MDC
Calvert Chlfs 1 Lusby MD Baltimore Gas & Electnic Co. PWR C-€ Bechtel 2700 825 MG
Calvert Clills 2 Lusby MD Baftmore Gas & Electric Co. PWR C-E Bechtel 2700 825 MDC
Catawba 1 Clover SC Duke Power Co. PWR R 1 Duke Power |3411 1129 MDC
Catawba 2 Clover sC Duke Power Co. PWR w &ko Power |3411 1129 MDC
Chnton 1 Chnton It iinois Power Co. BWR GE g:rqent 2894 930 DEA
& Lundy
Comancho Poak 1 Glen Rose TX Texas Ubtities Electric Co. PWR Gibbs & 3425 1150 DER
Comancha Peak 2 Glen Rose TX Texas Utiities Electric Co. PWR w glit'):n & 3425 1150 DER

Hill
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4. v ! - -
- ; Table 2-1. General Plant Data - Sorted by Plant Name (Continued) )
Reactor Plant City State JUtlIty : R Reactor N§SS Aréhlnctl Core l;owov No!ﬂ Electrical M;Iv: Rating
- ) T s Type Vendor |Engineer [MW?t Output MWe |MDC or DER

Cooper Brownville _INE Nebraska Public Power District B\‘JJR G!? Burns & 238:I . 764 MOC
Crystat Fjw'o’vv:! L Red Lovel . FL Flonda Power Corp. - PWR Baw g?ﬂl‘;art 2544 821 MOC

D C. Cook 1« Bridgman Ml Indiana/Michigan Power Co. PWR - |W AEP 3258 ‘ 1021; MOC

- LS e . )

Dc.Cookz‘ <~ |Bridgman Ml - MnnchNgan Power Co. PWR w - |AEP 3411 10,60 Mq:
Dsvis-Besse Oa‘k Harbor OH - Toledo Edison Co. PV{R BAW  |Bechtel 2772 ' 860 MDC
Dnbl?KCI‘?yop 1 A\n'h Beach CA Pt;inc Gas & Electne Co. PWR w Pacific Gas & |3338 10.73 M(X:‘
D{uo Canyon 2 Avila Beach CA Puacific Gas & Electric Co. PWR w El:c::f::‘(:;u & 3411 1087 MOC
Dr;ldonz . ] l!gynll_w R LS Commorwealth Edeon Co. BWR GE - g':r::r:: 2527 772 MOG
DrndonAa‘ ] l{orrll B LY WWlh Edwson Co, - B\A(R GE ;al;:::{ 25)2‘7‘ [ 773 Mlx.
mm‘d . P,lo 1A lowa Electric Light & Power Co. BWR GE ;:::’l‘:ly 1658 ‘ 51 5 MOC
Fardey 1 . _.|Dothen.: - | AL Ah?umPowerCo. PWR w Bechtel 265; 813‘ ' MDC
Famey2 . [ooben AL [Nabema Power Co. . G [ N [ Bot;‘htel —Tfzesz 323 WG
Fermi 2 C Newport Ml:‘ Detroit Edison Co, | BWR GE Detroit 329.:2 h 106’3 MOC
[Fiizpatrick . [Seriba NV [Fiow Vork Power Authorily — BWA [GE T FYET T T
Fort CIlh?m 1 ) Fon Calhoun NE  |Omsha Public Power District -« |PWR C-E (“;/';::‘:' 159;! 478 MOC -
Fort St Vrain 3 ’ P!'“',Y!'!_’,,,,,,, . 00 s Pub}uc Services Company of Colorado . .. . - mm GA 'S':'r'gont 842 : GSOJ : VOC .
Gua - - O Ontn“rio Y NY\ Rochester Gas & Electnc Corp. . . .. . - - PWR W - élll-:my N 1526 470 MOC
Grand Guit 1» e Port Gibson - MS ' |System Energy Resources, inc. | BV{R GE ‘ T Bechtel ‘ 88:;3 : . 1 14é : MDC‘
Grand Gull 2 ) Pon Gibson MS' , Sy:;om Energy Resources, Inc. . e - BWR GE - |Bechtel = :;833 - 1"250 — DER
Haddam Neck Haddarm Neck CcT Connebcut Yankee Atornic Power Co. PWR w Stone & 1825 569 MODC
Haich 1 Baxley GA E"?'"'P"‘"'c,"',( e s BWR GE . gg:%z:r 2438 756 MDC
Hatch 2 Baxiey GA Georgia Power Co. BWR GE SCS/ 2438 768 MOC
Hope Creek 1 Satemn NS Public Services Electric & Gas Co. BWR GE g:cc:::: 3293 1067 MOC
Indian Point 2 Indian Point NY Consohdatsd Edison Co. PWR w UVERC 2758 849 MOC
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Table 2-1, 'Gengral Plant Data - Sorted by l:’lant Name (Continued)

Reactor Plant City State [Utllity Reactor [NSSS [Architect/ [Core Power |Net Electrical [Mwe Raling

— Type Vendor [Engineer (MW Output MWe |MDC or DER

Indian Ftom 3 hdll!! Pont NY Now York Power Authonty . - PWR w 3 - JUEAC ; 3025 865 MOC :
Kn_unf. N - (Emlm_ k wi Wisconsin_Public Service Corp. .. PWR | w Pngnoor .~ |1es0 : 503 MOC '
uSnlbl . _[Senoca - iL Commonwealth Edson Co, BWAR GE  |Sargent . |3%23 1036 MO :
Ln?lltg, ] Seneca iL Commonwealth Edson Co, - |BWR- GE ;a';:::: - J3323 10386 ‘ MOC :
Limerick 1 Pottslown PA_IPhiadeiphua Power & Light Co. | BWR GE | ;o.;:rl‘:ly 3293 1055 . [mMOC
leczlck ‘2 . Po!tll/)vqu_’ A ) : , |Pviadeiphia Power & Light Co. BWR ., IGE -~ [Bechtel 3293 1065 CER
Mane Ylnhu Wiscassel < ""IME IMane Yankee Abmic Power Co, - [PWR --|C.E - [Stones& - - |2630 . 810 MOC
McGuire 1 Cornelius NG JOuke Power Co. PWR W m?;:;wu 3'41 1 1129 MOC
Mcguuo 2 Cornelivs NC Ouke Power Co, PWR w &ko Power [3411 1129 MOC
Milisione 1 Waterford CT _ [Northesst Uiities _ BWR - |GE g:uw 2011 654 MOC
Wilistone 2 Wateriord CT  [Northeast Utiities PWR™ [CE  |Bechiel 2700 863 MDC
Millstone 3 Waterford CT . [Northeast Utilities PWR W Stone & 3411 1142 MOG
D{onligollq ] Monticelio MN Northern States Power Co. BWR GE :Q:::sl:' . 1670 =, |53g Mu: -
Ning Mflo thl 1 Scriba NY Niagara Mowhawk Power Co. BWR  |GE Niagara - 1850 610 MOC

Nine Mile Point2 . Scriba NY ' INiagara Mowhawk Power Co, - |BWR GE :;::vf 3323 ; ':80 MO
Ménna U Mineral VA _ [Virginin Power Co, - PWR w - :l;::.:' " |2893 915 MOG

North Anna 2 Mineral VA Vg Power Co, PWR : w ;vt::: ':f 2093 91§ MCC
Oconee 1 Seneca SC ' |Duke Power Co, PWR . |Baw l\.’)v:l:):ll" 2568 846 MDC
Oconee 2 Seneca SC Duke Power Co, PWR Baw g:i:'lel 2568 846 MOC
Oconee 3 Seneca sC Duke Power Co. PWR Baw g:«’:‘l';l;.-l 2568 846 MOC
Oyslor Creek 1 Forked River N GPU Nuciear Comp. BWR . [GE. g::::.lel‘ © |1830 . 620 MOC
Paksades South Haven Ml Consumers Power Co, PWR C-E g:chEmol 2530 730 MOC

Pslo Verde 1 Wintersburg AZ Anzona Public Service Co, PWR C-E Bechtel 3800 1221 MOC

Palo Verde 2 Wintersburg AZ Arzons Public Service Co, PWR C-E Bechtel 3800 1221 MOC
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" Table 2-1.

" General P»l_a’u‘lt“:l')zit’q :" S.:q"t:ied\by I;Iani Nan_u“:' (Continued)

"

‘

?

preT

P

'

i

’

Rnclot Plll‘“

Clty

Uttty

NSSS |

Core Power

Net Electrical

. ; . State Reactor Architect! MWe Rating

. e ' N ! T Type Vendor [Enginesr MWt Output MWe IMDC or DER

; P,39yma ! WInlgrtburo A.Z Ar‘ixofn Pubi:c Service Co. : |PWR . C-E Bochle!nu. 3803 ‘ 1221” R Ml'x: ) ‘

' P;‘f:h Botiom 2 : Po:eh Bottorn PA PthdphI’ Power & Light Co. N BWR Gé ”' Bechtel 13293 1051 + |[MOC

' Puch siomm‘a : Polch Bottomn PA PHllfldp[\ll Power & Light Co, . . BWl:l GE Bo:hlel Y 3;93 1035 1 MUJ )

. fl’:lry‘li : Non? f’elny » JOH wcuwuw Etectnc fluminating Co. \ a(fm éE Glll)o;t“ V; 357; 1205 MOGC

 {Perry :2" ; + [North \P.orry : JOH A: C‘Iwﬂduw Efectric luminabng Co, } B“!R GE Gllbﬂl— 3579 1205 : (Ill ~

. Pllov‘l'm 1 \ Plymoglh R L &nh!l EdnanCo - - Y BWRR GE B;cme! 1998 870 . [mOC ’
Poimeueh 1 g TmCroek? R LU MogomlnﬂElocMc Power Co. ) PWR ' w ‘. émr;toi 151;‘ 485 N MG

. PohlBondvz i Tnngm ‘V'ﬂ M;cmm Eloctrtc P:wot 90: —i PWR ¢ w lhit;chfel » 1518" : 40.'? M)c

i PrnMo I‘mr;‘d 1 i n?dWm , l'm ! mm-m §nmPow«Co. - ) ; . PW{IR w . P'ionoor ) 1650 .|503 MO
Praine Wand 2~ nodw-no [ [Foriven Swins Power Co. — T W Puonoev T — T WMOC

‘ Ot;’?ﬂh!l Q c«m . . IL . Commomvu'm Edisorviows-llinols Gas & Elocvic BWRA . GEM ?{mty - 2511:» - 78} ) i ‘ MOC N
Quad Cities 2 ) (Zadovt ‘JIL  |[Commonwealth Edlwrvlowa-llhnolo Gas & Eloctvlc BW‘R GE Sargent 1]2511 7‘6? a MI‘I}

. m{sﬁm «|Clay Station CA . |Sacramento Municipal Utlhty District - . PWR B:&hvb;~ . ;ot:‘r‘:?:ly ‘ 2\7?7‘2 873 MOC ]

([FerBena A Frmovie [CA |G Sam G Go AR o [Seme i IR e Tvec

5 1l e o ! - |Webster - L -

‘ Roum?n_z Hl’ll!lll. . sc Cu’oﬂm Power & Light Co. . PWR‘ ‘; V:W K Etn;n': ] 2300 L 665 M)L:w

[ Saborm Ko Pobie Servioes Eiecwic 8 Gas o, ) G L Faohc Gas & 3477 1106 VoG

. Slltm 2 — Sll‘un L Publ‘ic Services Eloclric & Gas C;) - PW‘R . V; . E:CI‘-"::‘;"‘ 83411 ;“IMOG MOG

: 8cn0mfvn ' Scr,(‘demonm . CA , Southom California Eduwrvs-n Docgo Gas & Eloctm: PWR“ w - g::\'l’clf:“ 1347, .., - 456 MDC ;
SmOmfro 2 . San Clemente (;.A Sou!hom California EchsorvSan Dlopo Gas & Eloctrlc PWR C-E Bochl’eﬁlw - 33‘90 1070 MDC
San Onofre 3 San Clemente CA Southem Califorrea EdisorvSan Diego Gas & Electric |PWR C-E Bechtel 3390 1080 MOC
Seabrook 1 Seabrook K ; |[NH New Humpshire Yankee PWR w . UVESC:" - 341,1 ~ 1150 MOC
Sequoyah 1 Soddy-Daisy TN Tennesses Valiey Authority PWR w TVA 3411 1148 MOC
Sequoyah 2 Soddy-Daisy ™ Tennessee Valley Authorty PWR w TVA 3411 1148 MOC
Shearon Harnis 1 New Hill NC Carolina Power & Light Co PWR w Ebaso 2775 860 ' MOC
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TaQ[é 2-1,  General Plant Data - Sorted by.Plant Name (Continued)

Reactor Plant Clty State {Utllity Reactor [NSSS [Architect/ [Core Power Net Elecitical [MWe Raling
— Type Vendor |Enginesr MWt - Output_MWe IMDC or DER]|.

Shouhum Bro?khavon NY  Hlong !&hnd Ligr‘mno Co. BWH,‘ GE Stone & 2 436 820 [IR :

éoup}oxuo 1 Palacios TX P;ouom Lighting & Power Co. ) PWR. w Bwf::snla; 3800 1250 MOC .

South Tnn_ 2 Pn’lados T Hm’ubn Lighting & Power Co, PWH w. - g:’::m & - 3;!00, 1250 DER

St Lu;:h .I Huichinson lfllnd fL Flonda Power & Lig_hl Co. PWR C-é gl‘:;w "“ - 2700. 839 MDC L

S‘L ”I.uci‘o 2' Hutchinson lsland FL Flonda Power & Light Co. e PWR C-E Ebasco - 2700, - 839 : Mm:

ngmu Parr 4 SCA' ’ Sgylh Carolina §bchf: q(ial Co. PWR w Gubian — 2;75 - 88:’; MOC .

Surry - 1 Gravel Neck VA Virginia Power (?Q. . PWR w Stone & - 24411‘ 781 ;coc

Surry 2 Gravel Neck VA Virginia Power Co. PWR w ;Vl:::t:r - 2 4-41 781 MDC

Susquehanna 1 I?orwlck ) EA Ponmytvgnia_ Power & Light Co, BWR GE ;V;l;st:r 3295 - 1032 MOC

w 2 !??mlck P,A Pennsylvania Power & Light Co, BwWR GE Bechtel 3293, 1032 MOC

Tihree l:lllo Isiand 1 Londondgrry Twp [PA GPU Nuclear Comp. . PWR faw Gllbb:l . 253; 776 MDC

Tm]u'n\ Prni:olt OR Porgand Gop,oml Electne Co. PWR w Boclhlvol 341;. - 10~95 MOC

Turkey Point 3 ao':m: c.;y } FL ﬁona Power & Light Co. PAR  |W Bochtel | 2200 666 MOCT

Turkey Point 4 flodda Cny; FL Florkfn Powor.l Light Co. P\,NH w Bochl;l - 2200 666 MOC - _

\(«n;r"l [Ylnm V;mon ‘ vT anl Yankoe Nucleer Powlov,Corp. BWR GE Ebasa — 15933 : 50.4.‘ MOC - .

\{onu 1 . ’{_Vlynotbom GA Georgia waor Co BV\!H J Botgh;op - 3’401;1 . 1079 MDC

Voa;lc 2 Wnymcboyo GA l Goorg:a Power Co. PWR w Bechtel N lm 10 7'Q MOC

Walerlord 3 Talt LA Lowsiana Power & Light Co, PWR C-E . Ebasm 3390 1075 MDC ,

Wais B;r 1 Spnng Cily TN Tennessee Valley Authority PWR w VA 3;1 1 1165 DER

Walls Bar 2 Spnng City TN Tennessee Valley Authonity PWR w TVA 3411 1165 DER

WNP-1 Richiand WA Washington Public Powyv S‘upply System - |PWR Baw i UVERC 3760 1266 OER

WNP-2 Richland WA Washington Public Power Supply System BWR GE Burns & 3323 1095 MOC

WNP-3 Satsop WA Washinglon Public Power Supply System PWR C-E Ebasco 3800 1242 CER

Wolf Creek Burhinglon KS Wolf Creek Nuclear Operating Corp. PWR w Bechtel 3411 1128 MOG
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Table 2-1. General Plant Data - Sorted by Plant Name (Continued)

Asactor Plant Chy State [Utiilty Reactor [NSSS |Architect/ [Core Power [Net Electrical {[MWe Rating
Type Vendor |Engineer |MW1 Output MWe {MDC or DER
Yankoe Rowe Rowe MA Yankee Atore Electnic Co. PWR w Stone & 800 167 MOC
Webster
Zion 1 Zion L Commonwealth Edison Co. PWR w Sargent 3250 1040 MOC
& Lundy
Zon 2 Zion [ Commonwealth Edson Co. PWR w Sargent 3250 1040 MOC
& Lundy
Notes: MDGC - Maximum Dependable Capacity

DER - Design Electric Rating
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Table 2-4. General Reactor Site Data

Plant Name Locatlon Water Source Ult, Hest Sink SSE Tornado Wind

Horlz, G's{Vert, G's|Speed (MPH)
ANO-1 Russelville, Arkansas Dardanelle Resevoir Same 0.2 0.133 360
ANO-2 Russelville, Arkansas bardanelle Resevoir Nat, Cooling tower 0.2 0.133 3560
Beaver Valley 1 & 2 25 Mi. NW Pittsburgh, Pa Ohio River Nat. Cooling Towers 0.12 0.08 360
Bellelonte 1 & 2 7 Mi. ENE Scotsboro, Ala Guntersville Resevoir |Nat. Cooling Towers 0.18 0.12 3€0
Big Rock Point 4 Mi. NE Charevoix, Mi Lake Michigan Same 0.05 0.05 210
Braidwood t & 2 2 Mi. S Braidwood, lll. Kanakee River Braidwood Lake 0.2 0.133 360
Browns Ferry 1, 2, & 3 |10 Mi. NW Decatur, Ala, Tennessee River River/Mech. Cooling Towers 0.2 0.133 300
Brunswick 1 & 2 19 Mi. S Wilmington, NC Atlantic Ocean Cape Fear River 0.16 0.107 360
Byron 1 & 2 4 Mi. S Bryon, Il Rock River Nat. Cooling Towers 0.2 0.133 360
Callaway 10 Mi. SE Fulton, MO Missouri River Nat. Cooling Tower 0.2 0.133 360
Calvert Cliffs 1 & 2 40 Mi, S Annapolis, MD Chesapeke Bay Same 0.15 0.1 360
Catawba 1 4 2 19 Mi, SW Charlotte Lake Wylie Mech. Cooling Towers 0.15 0.1 360
Clinton 1 Harp Township, 1. Salt Creek (N. Fork) Lake Clinton (Manmada) 0.25 0.25 360
Comanche Peak 1 & 2 40 Mi. SW Ft. Worth, TX Squaw Creek Resevoir |Same 0.12 0.08 360
Cooper 23 Mi. S Nebraska City, NB Missouri River Same 0.2 0.133 360
Crysta! River 3 7 Mi. NW Crystal River, Fla Gulf Of Mexico Same 0.1 0.067 360
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‘ Talgle ‘_2-4. Ghenerh'al Reactor Site Data (Continued)

.o $ . - R {
. Plant Name Location .* ‘ Water Source Coun, Heat Sink ; S;‘)E — ~T9mnd¢;"\;llm;
- - stehe e~ - - lHotlz. G's{Vert. G's|Speed- (MPH)
DC.Cook182_ - _ |10 Mi. S StJoseph, Mi Lake Michigan same . - 0.2, | 0133 | 360
ngis Besse . _ ‘., . 121 Mi, E Toledo, OH o Lake Erle v Niat. Cooling - Tower , 0.15 . 0.1 - 360
Qiablo Canyon 182 |12 Mi. W San Luis Obispo, CA Padﬁc Ocean Same 0:75 T 0.5 200‘
Dresden 283 ' 9 Mi. E Morris, i1 Kanakee Bi,‘f,“ Qmﬁno Lake -- ‘ 0.2 0.133 'V 200
Duane Armold _ |8 Mi. NW Cedar Rapids, 1O Cedar River - . Mech. Cooling Towers . 0,12 0.006 - 360
F‘adey 182, ..:. . 1’6 M. E Dothan, Ala. ' Woodruﬂ Regwolr Moch Cooling Towers ¢ 0.1 ' 0.067. |° 360‘
!;erml 2.. .. . 30 M. SW Detroit, MI Lake Erie ) r;a}: Cooling Towers ;).15\ i 0.; ; : 36(;“-
Fitzpatrick .. . ... . . [BM. NE Oswego, NY . La'ls_opnlariq o Same ; 0“15 : 01 "360 -
l)’ort Calhoun 1., !9 Mi;NOmaha,NB Mjgsguﬁ River Same . ' 0.17 . 0113 360
G |15 ™. NE Rocheswer Y __ Lake Ontaro - Same . 0.2 o.‘.tsa ‘ 132
Grand Gull 182 . |25 Mi. S Vicksburg ‘ _ M'I'svsisslppll l:'!jvgr o ﬂat Cooling Towers 0.{5 . ,0.1 , . 3(;0
HaddamNeck . . . ;3 Mi. E Meriden, CT angcﬁcu[ Riyef o Same S ) 0.‘—15 - ‘; Ol : 3s<;k
'Hau:h 122 . ?1 Mi. N Baxley, GA . A!ta@gna Riv?r‘ ) ‘ Mech, Cooling Towers "‘ ‘o“.'s ' o.‘1; M:.!GO
Hopo Creek 1 & 2 _ |eMi.SWSalem, NJ . i)qlawage Rive)r L Nat. Cooling Towers : 02 | ,6.2 7 360
Indian Point 2 8 3 |25 Mi. N New York City, NY Hudson River Same . . s 0.1; o 0’1 ; 30(;
Kewaunee 20 Mi. N Manitowoc, Wi Lake Michigan Same 0.12 ‘0.0; - 360




Table 2-4. General Reactor Site Data (Continued)

T

Plant Name Locallon Water Source Ult, Heat Sink | SSE Tornado Wind
[Horiz. G'slVert. G's|Speed (MPH)
LaSalle 1 & 2 12 Mi.. W Morris, Iil. Ilhnqis_ RIVQI’M : 2‘(‘)(58~Acv9 Cooling Lake 0.2 0.133 360 i
Limenck 1'& 2 |30 MI.WNW Phi[adg!ghig. Pa '* Schuxltil{ R!ver Nat. Cooling Towers 0.15 /0.,1 360
Maine Yankee Wicasset, Maine - ‘ glaf’lfwﬂfv?rll Montsweag Bay 0.1 . h ';.667 ‘360, »
McGuire 1 & 2 17 Mi. NW Charlotte, NC . |Lake Norman Same . . 0.15 0.1 h 36;)
" [mutistone 1,.2, 43 5 Mi. SW New London, CT ~ Jlong l§lan¢! Sound ) Niar}tic Bay O.I'; - 0.113 “ -30;)
Monticello” 30 Mi. NW Minneapolis, MN Mis‘sisfippi River < |Mech. Cooling Towers ‘ 0.12 T 0.08 . 360
Nine Mile Point 1 8 Mi, NE Oswego, NY Lakq Ontarig Sameu 0.11 - 0.055 360
Nine Mile Point 2 8 Mi. NE Oswego, NY Lake MOn‘tario Samo 0.15 0.1 360
North Anna 182 40 Mi, NW Richmond, VA " |North Anna Resevor  1Cooling Pond 0.12 0.08 360
Ocones 1, 2, & 3 oMW Greenville, SC I.a!w [(eoyee Same . ) 0.1 0.067 ’ 360
Opyster Creek 1 8 M. S Toms Rwver, NJ ) " Ada'micqo_cean Barnegat Bay - (;.17 . 0.1 1 3 360
[Palisades .~ - 35 Mi. W Kalamazoo, Mi  *  |Lake Michigan 1 Mech. Cooling Towers . 02 1 0;1 13- 360
Palo Verde 1,2, 8 3 “|2 Mi. S Wintersberg, AZ Domegslic Water ] Mech. Cooling Towers ,0.27 - O.IBA - ' 300
Peach Bottom 2 & 3 19 Mi. S Lancaster, PA Susquehana Rivgt River/Mech. Cooling Towers (;.12 0.(;8 360
Perry 1 & 2 37 M. E Cleveland, OH Lake Ene Nat. pooling Towers 0.15 0.1 360
Pilgrim 1 35 Mi. SE Boston, MA Cape Cod Bay Same 0.15 0.1 300
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Table 2-4. General Reactor Site Data (Continued)

Plant Name Loclllon Water Source Ult, Heat Sink | SSE Tornados Wind

“ens : e e - - © 77 IHorlz. G's{ Vert. G's]Spesd (MPH)
Point Beach 1 32 15 Mi. N Manitowoc, Wi la!(p Michigan - . Samo\ B o 0.F12 . 9 08 360
Pramo lsla;vd 1.8 2 — 40 Ml SE?Mnneapohs MN . M»§sissippi River Mech. Cooling Towers (').12‘ 0.08 360 °
Quad Cities 1 8 2 - 20 Mi. NE Moline, i, . Mississippl River Same 0.24 .0.16 200
Rancho &;co - 25 Mi SE Sacrnmento CA Folsom South Canal Nat. Cooling Toﬂwers; B 0.25 0.167 175
Rwe( Bon:l 25 Mi N Batton Rouoe LA Mississippi River Mech. Cw!ino Towers 0.1 0.1 360
Ro!;insop? 6 Mi. NW Hartsville, SC Lake Robinson | Water Di‘sqha[ge Tungel ) ] ..0‘2 . 0.133 3oo
Salem 1 &'2 S — 8 M. sw Salem. N Delaware River ) Samo . B 0.2 . | 0.133 360 _
Sa;\ Onofre 1 ) - 5 M. SSan Cbmeme CA Pacific Ocean Same ~ 0.67. ¢ 0.44 75 -
San Onolro 2 &3 ‘ 5 Mus San Ciemenlo. CA Pacific Ocean . Same o 0.67 . 0.44 | 260
Seabfo;; l - .# “ - Seabrook NH . Atantic Ocean Same o ‘04.2, _0.133 360
Sequoyahwl &2 . - 18 Mi NE Chananooga. TN Tennesseo River River/Nag. Cooling TOYOI’ 0.18 0.12 360
Shearon H;rr;t 1 20 Mi SW Ralo'gh Nc Cape Fear River Nat, Coy!ing Towerl ‘ 01 5_ ’ ~0:1 ) 350 «
Shu;;la:n’ — ‘ 12 M NW R:vofhoad NY . Long Island Sound . - Same - 0.2 - 0.133. 360
Soulh Texas 182 1‘2 Mi. SW Bay Cny. Colorado River - . 7000 Am f:ooli‘nq Pond ) :o;.1 Q.‘0<67 . 360 |
St Luu;bli & 2 12’Mi SE FLPlorco FL N/A N/A- 0.1 0.067 | : 360
Summer - 2~6~M1. NW Columbia, SC Lake Monticello Same 0.15 0.1 360
Surry 1 & 2 8 Mi. S Williamsburg, VA James River . | Same o 0.15 0.1 360
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Table 2-4. General Reactor Site Data (Continued)

Plant Name Location Water Source Ult. Heat Sink ] SSE Tornado Wind
- . [Horlz. G's{Vert, G's|Speed (MPH)

Susquehanna 1 & 2 7 Mi. NE Berwick, PA Susquehanna River Nat. Cooling Towers 0.1 0.067 369 |
{krAl‘-ﬂl — 10 Mu QS'E Harrisburg, PA Susquehanna River Nat.'&’ Mech. Cooling Tov«;erf. 0.12 0.08 360 .
1:roj-ap: ' 30 M| NW Portland, OR Columbia River Nat. Cooling Tower . '0.25 | 0.167 . .200 '
'ifurkay *Pgir(\)t 3 G 4 25 Mi. S Miami, FL . Biscayne Bay Canals T 0.1“5‘_ .. 0.1 225
Vormonl ;ankee 5 M. S Battleboro, VT Connacticut River River{Moch. Cool[r!g Towers 0.14 0.093 369
Vog‘lh 1 &‘-2 39 Mi. SE Augusta, GA Savannah River Nat. Cooling Towers 0.2‘ 0.133 - 360
Wa.tmgrg 3 Talt, LA Mississippl River Same 0.1 0.067 | 360
Wan; Barvl &2 8 M. E Spring City, TN Chickamungalake ' |Nat. Cooling Towers 0.18 0.12 360
WNP-1 Hanford, WA Columbia F!ivor Mﬂech COOIIr:g Towers i 0.25 .0.167 369
WNP-2 l:laq[ord. WA Columbia River Mos:h. Coolipg To.wers~ 0.25‘ 0.167 360
WNPa _|satsop, WA N/A - Nﬁt. Coohng Tower 0.25 -0.167 360
Woll Creek 4 Mi. NE Burlington, KA Woll Creek Cooling Lake |6000 Acre Cooling Lake 0.12 O.QB: 360
Yankee Rowo 20 Mi. NW Greengield, MA Shemman Pond Same 0.1 0.067 110
Zion142 6 Mi. N Waukegan, lll. Lake Michigan Same 0.17 0.113 360




_Table 2-5. Summary of General Licensing Data - Sorted by Plant Name
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NRé Bockm ‘l‘r;‘uclor l;llntA — Ruclo; NSSS ”NRC Construction 6pon|lng Lic. Power|Expiration Comm’l Date of
(50 - -} Qoo i - - - Type Reglon Permit Licence . MWLt " Date’ Ops ? | Comm'l Ops
. 319 ANO-1 . PWR.. | Baw v ) 12/6/68 5/31/74\ ) 2568 12/6/08 i Yos L. 12!19{74

368 : ANb-Z . " - - PWR, C-E RN 12/6/72, | 12/14/78 ,2815 ] 12767112, Y§ 4/26/80
J34 . Béaver Valley 1 ‘PWR, W I 6/268/70 ‘712176 12652 | 1/29/16 Yes 10/1/76
412 Boa;er Valley; - P;NR“ W | 5/3/174 , 8/14/87 - 2652' | 8127127 Yes 11/17/87
X ‘ ;38. — édlefona; li‘ JPWR . : BAW " 12-24-74 . NIA. 0 N{A ‘Indplinlylsu N/A
- 4‘39‘ - Bellelonta2 .~ ,‘ PWR B&W " 12/24174 N/A 0 N/A . Indetinite . N/A
’ ‘1;10"“ - B.lq Ro::l:lfou;l BWR, .Gé' - m, 5/31/60 | 5/1/64 240 5\)/?1\/00 Yes 5/29/63
“d456~ ‘ qu;dwoodi ‘ “PWH w "t . 12/31/75 712187 {. 3‘411 10/17/28 : Yes ?IM29/88
4;7‘ .‘ Bralp‘wog;iz“” PWR w ., l'll 12/311756 ?12018\8 . A34|ﬁ1~; 12!18!27 « Yes 10/1)7/88'
; ;.’59 ‘ Bro?;r;;‘ F;:rwyii ﬁ}) - MBWR. .GE - (II ‘ 5/10/87 12/20/73 3293 §/10/07 (Yes 8,”.7,41
‘ “286 — Br‘o«n‘st;ny 2 — 8WB , - GE " 5110/87 .| 812174 3293 w5/10/07 mYﬁ‘ 3/1/7!’?;
;96 ; - Brown; Farr;s : - M_BWR‘ (;E“ "n. 7/31/68 8/18/78 32_93_: ~712_1»108 Yf‘ AN AN
;25_ Brummv;lrdtll ;i - - BWR GE | 'll 4 21rro HI} 2/79 2)43_8& 2!“7{10‘ ) - Yes /187177
§ 324 . ‘ éruns;vlck 2 — ‘ BW;X - ‘GE ‘ll ' '217170,\ 12127174 2436 12{6!1({ X Yes ;113175
! 4~54 : — Byron1 ,, —T PWR ;VJ }ll : 12/31175 %114185 ,3fll - ~10/31/24 Ym '9116185
; 4”55;( Byronh 2‘,_; — PWR . ;W . i 12/31/75 -] 1/130/87 3411 | 11/6/28 . Ym 8/21/87
48; Cal;a’w.ayj‘v — ’ PWR : ,W‘ » N 4/18/76 ,16118184 3585‘,. 10/1.8I2:' YmTw 12119/‘8’!
‘ 31.7 - EalverlClms 1l — PV;IR - C-E | 717169 71317174 2700 7131114 Yes 5/8/75
318 Calvert F:Iltts 2 PWR C-E ] 117169 11/3(0/78 ) 2700 8}31/19 . Yes 4
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. Table 2-5. Summary of General Licensing Data - Sorted by Plant Name (Continued)

NHC Dockett #]Reactor Plant Reactor] NSSS | NRC |[Construction|Operating |Lic. Power|Expiration Comm'l Date of  [Notes
(50- ) - Type Region Permit Licence MWI Date Ops ? Comm'l Ops

413 C&gtawbal PWR W , ] - 817175 1/17185 3411 I‘2I~6124 :Yts 6/29/85 ‘
414 ‘ C;t;wt;az - PWR ~W ;H - 817175 5/15/86 J411 .2124!.26 T Ym )81}\_9/86 ‘
461 . Cljt;top 1. UBV'VR GE i u2/g4l76( .| 4/17/87 2894 9/29/26 Y;s . 11/24/8.7
445 Coma;\chePoakl ,r"v;n W v jzlj 5174 g NA 0 N/A~ |Expected 95| N/A 5
446x Comal;hePeakz P-W'R . W W, 12/19/174 N/A -0 N/A Indelmltg . NIA 3
ﬁ29.8 (;OW BWR ‘ (.;\E WV ]., 6/4/88 1718174 2381 .6/4/08 ) Yos 711174 ‘
Jo2 Crynal F‘Ihlo‘l ] PWR Baw ' 1] 9/25/68 1/128177 2544 1_2/3/16 Yos 3113177
315 D..C.Co&l - PWR w m 3/25/69 10/25/74 3250 3/25/09 Yes 8/28175

,3'6 D.C.ﬂ(;qo;dm PWR w 1 3/25/69 12123177 34119 N/A Yes 7/1/78
348 Qayls-i_iesse PWR aavy " 3/24/71 4/22177 2772 3/24/11 Yes 7/31/78
275 Dla&oéanyoni PWR . wW. |V 4/23/68 11/2/84 3338 ~‘4{23/08 Yes 5/7/185

131;3 *.“ 6iablo Cmyo;lz P;VR, - W v 12/9170 8/286/85 ) 3?11 . 12/?/10 . Yi‘ ' 3/13/86
237 Dlo.sc.lon2 BWR GE, It 1/10/686 1 2/22/6Q ) 2527 12/22/72 Yes . 619170. A
~24'9 [_);831;003 — ‘BWR) GE m 10/14/66 Ji2iT 2527 10/14/086 Yes 11/716/71
33~l DuanoAmold B\;VR” GE mn 6/22/70 2/22174 41658 6/21/10 Yes 2/1175
348 ' Farley 1 - PWR w " 8/18/72 6/25/77 2652 8/16/12 Yes 1211177
364 Farley 2 PWR w " 8/18/72 3/31/81 2652 8/16/12 Yes 7/30/81
341 Fermi 2 BWR GE m 9/26/72 7/15/85 3292 3/20/25 Yes 1/23/88
333 Flllpalrlc!( BWR GE l 5/20/79 10/17/74 r?436 5/20/10L Yes 7/28175
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NRC Dockett- g

Opersting

Resctor l;lnnl Reactor| NSSS | NRC |Construction Lic. Power Explnlﬁlpn Comm| , Date of Notes
(50- ) |- ' Type Reglon Parmit Licence MWt . Date : Ops ? Comm'l Ops
285 Fort Calhoun § «- »-- - » PWR ’ C-E AV ..6171/68 8/9/73 |. 1500 | 6/7/08" ~._“Ym " ,"6/201;1.4
267 -~ - 1Fort St. \}ralln - ,~HTG? ; GA AV, 9/17/68 (12'21/73 » B42 59/17/0!!‘ 0 Yes ) 7I1/7?
244 Glr;\;““ - - - PWR y w - | :i4l25I66 _f12/10/84 ' 1520 t§125!06 Yes ,7,”70
416V éra;;;lﬁuill - BWR :.GE 1 9/4/174 11/1/84" 3833 e6llﬁ6/22~ . Y§ 7/118%
417 |Grand G2 st eE T e WA |0 | WA | imdefnite [ NA | T
2;13 deanNad& e - PWR . W ) 5/126/64 12127174 1825 SI?BIQA Yes o _.111168
321 - H;td;1’~ ~ ‘ BWR . GE 1. 9/30/69, tj 0/13/74 l' 2436 9]30/09 ! . Yes . 12“,?”75
38.6 H’zl!td;Z‘ b - BWR . GE i 12127172 | 6/13/786 2436 j2/27l]2 Yi‘ ) 9/51‘79\
3W5’4 Hope Creok 1 e «-BWR - GE . I. 1174174 || 7/25/86 3293 | 4/11/26 __mYsj 12/?0!?6
247 - - lndianyPoinl 2 ~ - PWR w. | 10/14/66_ | 9/28/73 2758 9/?8/!3 ) Ym ) 8/11174 )
586 indian Poil;t‘:! - - PWR w | 8/13/69 4/5176 3025 | 8/13/09" Yes B ) 8/30/78
50;‘ Kewa.ns; R PWR - W . | . 8/6/68_ 12/21173 1650 8/6/08 Yes 6/1»6/74
. :;73 ' LaSaloi o BWR GE L ). 9710/73 | 8/13/82 3323 sinnez2 | Ym B H!IIIBA
3;4 Laéaiez . BWR GE . "l .| ©/10/73 3/23/84 13323 12/16/23 . Yes ”1 0/19/84
352 [Umorick 1 - BWR .| GE .| .| 6/19/74 | 8/8/85 | 3293 | 10/26/24 Yes 2/1186-
355 “ lUmeriek 2 -- -~ < -BWR GE [ ;811‘9174 - " Yes 1/8/90
-:Id()é ‘ Maine Yankee PWR . C-E 1.. 1.10/21/68 .| 6/29/73 | 2630:- | 10/21/08 YS 12/28/72
369 McGuire 1 PWR w " 2123173 7/8/81 3411 6112121 Yes 12/1/81
370 McGuire 2 L PWR "W i -] 2123773 . 5127{83; - 3411 g 3713123 | . Yes 3/1/84
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Table 2-5. Summary. of General Licensing Data - Sorted by Plant Name (Continued)

NRC Dockeit g{Reactor Plant Reaclor| NSSS | NRC |Construction| Operating |Lic. Power|Expiration Comm’l Dste of - |Notes
{50 ) Type Reglon Permit Licence MWt Date Ops ? Comm'l Ops]™ -~
245 Milistone ‘ 1 BWR .| GE l. . 5119166 10/31/86 2011 §/19/06 Yos i NI )
326 - |Milistone 2 - PWR CE.| .| 12111170 9/30/75 L2700 | 7131715 Ym i 12/26I7§
423 - |Milistone 3 PWR w .11l 8/9/74 _ | 1/31/86 L3411 HI25!2__5‘ Ym i 4‘1?8’196“
263 Monticello BWR |- GE..|. .| e/19/67 | t/e/8v | 1670 | 9/8/10 | ~ Yes | 6/30/71
N 220 Nine Mile Paint t- - BWR |. GE | .. 4112165 | 12/26/74] 1850 4111105 ) st ) 12‘/ll§9 . )
410 - Nine Mile Point 2 BWR . GE | 6/24/74 _|. 7/2/87 | 3323 10!3_”?9 ; Yes 4/5/88
338 North Anna 1 PWR w ] 2/19/71 411178 2893 411118 Yes 6/6/76
339 North Anna 2 PWR w " 2/19/71 8/21/80 2893 8/21/20 Yes 12/14/60
269 Ooonee 1 PWR. paw | . I 11/8/67 2218173 2568 . 2/§/1§ Yes ) 7118173
. 270 Ocones 2 PWR B&W 1 11/6/67 .10/6/173 2568 IOIQLK_! Yes 9/9/74
287 Oconga 3 PWR. paw " 11/6/67 '} 7/19/74 | 2568 J7II?I‘1‘4 : wYm ) 12/16/74
219 Oyster Creek 1 BWR -|..GE. [ 12/16/64 -] 8/1/69 | 1930 | 4/9/72 ) Yes . '] 12/1/69 4
"255 Paksades - PWR. C-E.| IN.|..3/14/67 | 10/16/72 2530 L3174 C Yes ] 12131714 4
528 Palo Verde 1 - PWR. C-E'} .V’ §/25/76 - 6/1/85 . ‘3800 12/31/24 Yes 1/28/86
529 - |Palo Verde 2 - PWR C-E v : 5/125/76 4/24/8_6_‘ 3800 1219126 Yes 9/19/86 .
530 Palo Verde 3 PWR C-E v 5125176 11/25/87 | 3800 3125127 Yes 1/8/88
277 Peach Bottom 2 BWR GE | 1/31/68 71?174 3293 1/31/08 Yes 12/23/74
279 Peach Bottom 3 BWR GE i 1/31/68 712174 3293 1/31/08 Yes 12123174
440 Perry 1 . BWR GE m 813177 | 11/13/86 3579 3/18/26 Yes 11/18/87




~ Table 2-5. Summary of General Licensing Data - Sorted by Plant Name (Continued) .: v
. P P . e L o

NRC Dockett giResctor Plant Reactor Nsss' NRC [Construction|Operating |Lic. Power Explnuonl Comm’l-'| - Dste ot ~~ Notes
(50- " )} SR Type | = " |Region Permit Licence MWt Date Ops 7 '{ Comm’l Ops
4419 Perry. 2 C .| BWR GE} 1 813177 3], *NIA | L0~ |- NIA Indefinite -« NIA 1
293 Pilgrim 1 - ) BWRA G!E 1 l _B8/26/68 | 9/15/72 1998 .. |.8/26/08 |. Yes -12117e |-
266 PohlhBeadl'l,, PWR w !ﬂll _ 7119/87 | 10/5/70 | 1518 . 10/5/10 Yes - 12/21/70
- 301 Point Beach 2 PWR W 1. i 7125/68 + 3/8173, |, 1518. .| 3/8/13 - Y8 - 10/1/72
282 Plald? island 1 i PWR‘ w m | ,e/25/68, |- 4/5/74, | . 1650 . 8/9/13 Yes 12/16/73
306 Prairie Island 2 PWR W | Nl | 6/25/68 |10/29/74| 1650 | 10/20/14 Yes 12721174
254 \ QumiCl?iosl T . BWR. GE e 2/15/87 _J12/114/72], 2511 21157107 -|. Yes - - 2/18;73
265 Quadcme;t"z ) BWR GE L 2/15/67 12'14/72 ) . 2511. 2/15/07. Yes -] -3/10/73 |-
z 312 RanchoSeco | PWR | BaW [ v [ 10/11/68 | 8/18/74 | ..2772.. [ 10/11/08 Yo | 4/17775 |-
© 458 Rhﬁr?&r}d’i . WBWﬂ GE v 3125177 11/20/85 |, 2894 8/29/25 ~Yes 6/16/86"
261 RothTZ L . PWR w " _4/13/87 || 9/23/70 |... 2300. 4/13/07 |- Yes 317171
272 Sa)et‘nvi . PWR» W 1 .. 9/25/68 __ | 12/1176, 3411 .| 9/25/08 Yes 6/30/77
311 Sabm2' . . PWR w | ..p/25/68 __ | 5/20/81 3411 _ | 9/25/08 - Yes - 10/713/81
208 ) SMOno!rel ) ~ PWR i W v 3/2/684 | 3/277/167.}. 1347. .]9/27/2072] - -Yes - -=1171168‘ -4
361 SanOnofrozl ) ) 1. PWR 1 C-E v 10/18/73_{ 917/82 . 3390.. | 10/18/13 -Yes -]-8/8/83-
362 SmOnolro:! R ) PWR C-E v 10/18/75! 9/16{93 3399 . 110/18/13 Yes - - | - 4/1/64
- v, 443 . Soabrooifl o ‘PWR . w.o | 1 ‘~7I-7I76_ 10;17I88 . J411 .| 10/17/286 - No N/A - 5
327 Sequoyah 1 PWR w " 5/27170 9/17/80 3411 5127110 Yes 7/1181
328 Seqmyangy Do PWR | W E n . . 5§/27170. 9/15/81 . 341‘1 .| 5127110 | - - Yes ‘|. 6/1/82
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Table 2-5. Summary of G

eneral Licensing Data - Sor;eq by Plant Name (Continued)

NRC Dockett #|Reactor Plant Reactor| NSSS | NRC [Conatruction Opaerating |Lic. Power[Expiration Comm'| Date of Noles
(80- - ) - Type Reglon Permit Licence MWt Date Ops ? Comm'l Ops
400 Slfoa:o“n l;iarrh 1 PV_\(H w ] 1/27/78 1/12/87 2775 10/24/26 Yes 5/2/87
J22 Sho:eham ) BWR “GE | 4/14/73_ |. 7/3/85 128 .| 4113113 | .- No N/A 5-
498 South Texas 1 PWR w AV ) 12722175 | 3122/88 3800. 8/20/27 Yes ~-8/125/88 -
499 Wx}a.s? I PWR W I WV |. 12122175 [12/16/88 190. .. [ 12716728 N
335 ISt luce 1 R PWR | CE | I 701770 3/1176 | 2700 .| 3/1/16 | - Yes. 12/21/76
389 ) St Lud?Z m C-E " . .512177, .6/10/183.| . 2700 ..|..4/6723 Yes - 8/8/83 -
305 Suqnmo« _PWR w H 3121773 11/12/82 2775 3/21/23 - Yes 1/1/84
280 Surry. 1 PWR w ] 6/25/88 .5/125/72 244 51257112 Yes 12/22/172
281 Smry:2 PWR w i 6/25/68 1/29/73 2441 -1129713 -Yes 5117173
387 Smmhl BWR GE ! 11/2/73 11/12/82 3293 7117122 Yes 6/8/83 -
388 Susquehanna 2 BWR ) GE | 11/2(73 6/27/84 3293._.].3/23/24 -Yes 2/121/85
289 Theee Mie Island 1 PWR_ | BaW | T | 5/18/68 | 4/19/74 | 2535. | 5/18/08 Yes 9/2/74 -
344 Ttojaq e PWR |- W VUL ey 1121775, 341t | 278711 -Yes §/20/76
250 Turkey Poln(;! PWR w !l- 4/27/67 |- 7/19/72-|_ 2200 . 4/27/107 | . . Yes 12114772
251 Turkey Point 4 PWR: w u 4/27/87 1 4110773 2200 .| 4727107 Yes 9/7/73
271 Vermont Yankeo BWR GE | 12/11/87 2/28/73 1593 12/11/07 Yes 11/3“0_/72
424 Vogte 1 PWR w ] 6/28/74 3/16/87 3411 1/118/27 Yes ’ 6/1/87
425 Vogtie 2 PWR w " 6/28/74 &IA 0 N/A Expected 95 N/A 2
382 Walerford 3 PWRV C-E v 1114174 1 3/16/85 3380 12/18124 Yes . 9/24/85




Table 2-5. Summary of General Licensing Data - Sorted by Plant Name (Continued)

NRC Dockett g|Reactor Plant Resclor| NSSS | NRC [Construction|Operating |Lic, Power Expiration Comm’l Date of Notes
- (50- ) Type Reglon Permit Licence MWt Date Ops ? Comm'l Ops
390 Watts Bar 1 PWR w 11 1123173 N/A 0 N/A Expected 95 N/A 2
391 Watts Bar 2 PWR w ] 1/23/73 N/A 0o NI/A Expected '95 N/A 2
460 WNP-1 PWR Baw v 12124175 N/A 0 N/A Indefinite N/A 1
397 WNP-2 BWR GE v /119173 4/13/84 3323 12/20/23 Yot 12/13/084
508 WNP-3 PWR C-E v 4/11178 N/A 0 N/A Indetinite N/A 1
402 Wolf Creek PWR w v 5131177 8/4/85 J411 31111725 Yes 9/3/85
29 Yankee Roweo PWR w | 11/4/57 12/24/83 600 7/9/00 Yes 7/1/61
205 Zion 1 PWR w H 12/26/88 10/19/73 3250 12/26/08 Yes 12/31/73
3 304 Zion 2 PWR w t 12/28/68 11/14/73 3250 12/26/08 Yes 9/17/194
p—

1. Construction halted
2. Under active construction
3. Construction deferred

4, License not expired under 10 CFR 2.109

5. Low power ficonse
6. May be decommiasioned
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- 3. ~PRESSURIZED WATER -REACTOR (PWR).SYSTEM OVERVIEW

Reactor ﬁlant systemé may be broaaly classified as ‘safety-rclatcd or as non-
safety-related. Light water reactor (LWR) safety-related systems typically are considered to
be those that are required to perform any of the following safety functions:

Control reactivity o oo ‘

Provide reactor core cooling and heat removal from the primary system
Maintain reactor coolant system integrity

Maintain containment integrity

Control radioactive releases

In order to ensure the performance 6f these "front-line" safety functions, additional safety-
related systems are required to perform the following support functions: *

- Provide adequate motive power (i.e. electric, pneumatic or hydraulic motive
. power, direct steam turbine or diesel engine drive)
- Provide adequate control and instrumentation power (i.e., AC or DC electrical
.. > ‘control power) I T o
" _“-_ Provide adequate cooling of safety-related equipment (i.e.; cooling water,
<~ room air cooling) . o . S
- Provide other support functions needed by front-line or support systems to
establish and maintain a safe shutdown condition .

-+ In their.present form, the Nuclear Power Plant System Sourcebook series focuses on front-
- line safety systems and on electric power and cooling water support systems.” "

: -~ 1n this section, an overview of PWR systems is provided, focusing on basic
system functions and interfaces. In Sections 4 1o 6, more detailed comparative information
is presented on the different product lines of the three U.S. commercial PWR Nuclear
System Supply System (NSSS) vendors: Westinghouse, Combustion Engineering, and
- Babcock & Wilcox. Comparative data summaries for PWR systems are found in Sections
4.5, 5.5,-and 6.5 (for individual PWR vendors) and in Section 7 (compilation for all

.~ . PWRs). The reader should refer to the available Nuclear Power Plant System Sourcebooks

identified in Section 1 for summary information on safety systems at specific nuclear power
plants. :

3.1 Introduction to the Pressurized Water Reactor
." The PWR reactor coolant system (RCS) transports heat generated in a low-
_enrichment, -light-water cooled and moderated core to the secondary coolant system via
.-, external primary coolant loops with steam generators. Control and removal of heat from
""the reactor and conversion of this heat into usable electrical power requires a broad
.+ spectrum of operating and auxiliary systems. Additionally, safety systems are required to
ensure that postulated accidents at the PWR do not cause undue risk to the health and safety
of the public. The spectrum of “generic" PWR systems is listed:in Table 3.1-1. As
indicated in this table, some systems normally are supplied by the Nuclear System Supply
System .(NSSS) vendor. The remaining systems, or the Balance-of-Plant (BOP), are
supplied by the architect-engineer (A-E) who is responsible for the detailed integrated
design of the plant.
3.2 - . PWR Primary System .-
- The PWR NSSS is the primary system, or reactor coolant system (RCS),
which consists of the reactor vessel and two to four external primary coolant loops, each
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containing one Steam generator. and one or two primary coolant pumps. The three U.S.
PWR vendors have produced seven basic plant configurations, as summarized below:

. RCS ) : ‘ Number

Westinghouse 2-loop 6
3-loop 14

4-loop 35

Combustion Engineering 2-loop 14
3-loop 1

Babcock & Wilcox "lowered” 2-loop - 7
“raised" 2-loop 3

. Total PWRs 80

sy

The three models of the Westinghouse NSSS are shown in Figure 3.2-1 (2-loop), Figure
3.2-2 (3-loop), and Figure 3.2-3 (4-loop).: The Combustion Engineering 2-loop NSSS is
shown in Figure 3.2-4. The two basic models of the Babcock & Wilcox NSSS are shown
in Figure 3.2-5 ("lowered" 2-loop) and Figure 3.2-6 ("raised" 2-loop).

A pressurizer is connected to the "hot leg" of one of the primary coolant loops
and serves to control primary System pressure by means of electric heaters (to increase the
steam volume in the pressurizer ‘and raise pressure) and spray (to condense the steam
bubble in the pressurizer and lower pressure). RCS coolant inventory is measured by
pressurizer water level, which is controlled by the combined letdown to and makeup from
the Chemical and Volume Control System (CVCS). T .

3.3 ; .
The PWR generates heat in a low-enrichment, light-water cooled and moderated
core. All PWR fuel assemblies consist of a square array of fuel and burnable poison rods.
The general fuel assembly configurations used by the three PWR vendors are listed below:

Fuel Assen.lbl yA

Westinghouse " 9x(6x6) Yankee-Rowe only
14x 14 2-loop plants and San Onofre 1
15x 15 Some 3-loop and 4-loop plants
17x 17 Most 3-loop and 4-1oop plants,
replacing the 15 x 15 fuel elements
Combustio;l Enginecring 15x 15 Palisades only .
-14x 14 Earlier plants
~16x 16  Later'plants, replacing 14 x 14 fuel
elements in earlier plants
Babcock & Wilcox 15x 15 All plants except Bellefonte
17x 17 Bellefonte only. Can replace

15 x 15 fuel elements in earlier
plants
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The general trend is toward the denser arrays (i.e., 16 x 16, 17 x 17) which have greater
surface area and hence lower linear heat rates and surface heat flux. The result is a greater

. - margin to departure from nucleate boiling (DNB), lowér clad temperature and peak

centerline (fuel) temperature. '
3.4 , S SR S
Reactivity control is provided by two independent systems; the control rod
system and the Chemical and Volume Control System (CVCS). -The control rod system

provides control for short-term reactivity changes (e.g., startup, shutdown and rapid
transients) and is used for rapid shutdown (e.g., reactor trip or scram). All PWRs except

__Yankee-Rowe (Westinghouse) and Palisades (Combustion Engineering) have multi-finger

control rod assemblies that insert into thimbles in the fuel assemblies. " The multiple control
rod fingers are joined at the top by a "spider” assembly connected to an extension shaft that
can be engaged by a control rod drive mechanism (CRDM) in the reactor vessel head.

. - Yankee-Rowe and Palisades have cruciform control rods that are inserted between the fuel

assemblies. The cruciform control rods also are driven by meéans of extension shafts that
are engaged by CRDMs in the reactor vessel head. " Westinghouse and Combustion

" Engineering PWRs have magnetic jack CRDM:s that provide rod motion in ‘small steps.
-.- .Babcock & Wilcox PWRs have roller-nut CRDMs that can provide continuous rather than
-. stepped rod motion. Typically, there are 45 to 83 CRDMs in'a PWR. )

. . An automatic reactor trip is initiated by the Reactor Protection System (RPS)
when monitored plant conditions reach specified safety system setpoints.” As indicated in
Figure 3.4-1, the RPS causes a reactor trip by opening the circuit breakers supplying

- power to the rod control system. As a result, the CRDMs are deenergized, allowing the

-control rods to fall into the reactor core.* - .

N

The CVCS continuously adjusts boron concentration in the primary coolant to
compensate for long-term reactivity changes during normal operation (e.g., fuel burnup,
effects of xenon). The CVCS integrates the process of adjusting the primary coolant boron
concentration with the RCS coolant inventory control function.” The principal CVCS flow

-paths and interfaces are shown in Figure 3.4-1."The CVCS ‘can take the reactor subcritical

" without use of control rods by significantly increasing the boron concentration in the

primary coolant.

-3
,

o -3;5, : ) li‘ I I [ s I‘ [ B ) Q» I. .\ “,_ P -

.~ - When the reactor is operating at power, the normal heat transfer path is by
means of three fluid system loops as illustrated in Figure 3.5-1.- The first heat transfer loop
is the RCS. This is a closed, single-phase, high-pressure (2200 psig) loop which
circulates hot primary coolant from the reactor core, through the steam generators, and
returns "'cold" primary coolant to the réactor core via the reactor coolant pumps.. In this

* heat transfer loop, the reactor core is the heat source and the steam generators are the heat
. sink. - : - . - - A -

The second heat transfer loop is formed by the Steam and Power Conversion

\ '”Systcm which is a closed, two-phase, lower pressure secondary coolant loop.” During
. power operation, this secondary coolant system removes heat from the RCS by boiling

water in the steam generators at about 700 to 1000 psig. The main turbine generators
extract power from the steam to generate electricity and exhaust to the main condenser
which operates under partial vacuum conditions (20 inches mercury vacuum). Heat is
transferred in the main condenser to the tertiary circulating water cooling loop and the
condensed steam is returned to the steam generators via the main condensate and feedwater

: systems which together increase the secondary coolant pressure back up to 1000 psig.

The tertiary coolant loop is'the circulating water system which rejects plant

- waste hear to the ultimate heat sink. This is a low-pressure, high flowrate, single-phase

coolarit loop that may operate on an open cycle, closed cycle, or combined cycle. In an

. - open cycle system, the circulating water pumps draw cooling water from a body of water
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(i.e. an ocean, lake, river) and return all of the heated water back to the body of water. In
comparison, a closed cycle system recirculates the condenser cooling water and utilizes
cooling towers or other heat exchangers to reject heat to the atmosphere. Water from a
nearby source is needed to provide makeup for evaporation. In a combined cycle cooling
water system, part of the plant waste heat is rejected to the atmosphere via cooling towers
before the circulating water is returned to the water source;

3.6 Heat Transfer Svstems for Shutdown Cooling at High RCS
Pressure '

During a normal shutdown, initial shutdown cooling is accomplished by using
the main turbine bypass system to direct steam to the main condenser, and the condensate
and feedwater systems to'return: the secondary coolant to the steam generators. The
circulating water system completes the heat transfer path to the ultimate heat sink. This
essentially is the same heat transport path as is used durin g power operation (see Section
3.5) except that the main turbine is tripped and bypassed and the steam, condensate, and
feedwater systems are operating at a greatly reduced flow rate. . .

When the Steam and Power Conversion System is not available, heat may be
removed from the RCS by the combined operation of the Auxiliary Feedwater (AFW)
System and the secondary steam relief system (SSRS). This heat transfer path involves
two cooling loops. In the first loop, heat is transferred from the reactor core to the steam
generators by forced circulation, or by natural circulation when the reactor coolant pumps

" are unavailable. In the secondary cooling loop, the AFW system takes water from a

. condensate storage tank or other suitable water source.and delivers it to the steam
-generators where it is boiled and vented to atmosphere via atmospheric dump valves in the
SSRS. The atmosphere is the ultimate heat sink in this case. Core heat removal by the
AFW system and the SSRS is illustrated in Figure 3.6-1.

3.7 Heat Transfer Systems for Shutdown Cooling at L.ow RCS
Pressure

The Residual Heat Removal (RHR) System provides for post-shutdown core
cooling of the RCS after an initial cooldown and depressurization to about 350°F and 425
psig by the Steam and Power Conversion System or the AFW system and the SSRS. As
illustrated in Figure 3.7-1, the RHR system establishes a new closed-loop, low-pressure,
single-phase primary heat transfer loop by diverting reactor coolant from an RCS hot leg to
the RHR heat exchangers. . In most PWRs, the RHR system is a multi-mode system that
. also performs the low-pressure safety injection (LPSI) function as part of the emergency
core cooling system (ECCS). ' A : .

. Heat is transferred from the RHR system to a secondary cooling loop and the
reactor coolant is returned to an RCS cold leg. The Component Cooling Water System
. (CCWS) forms the secondary cooling loop. This is a closed-loop, single-phase, low-
pressure system that also provides cooling for other safety-related components. - Heat is
transferred from the CCWS 10 a tertiary loop that rejects heat to the ultimate heat sink. The
~ tertiary loop is a service water system that may operate on an open, closed, or combined

cycle. The service water and the circulating water systems may operate on different cooling
-cycles (i.e., a closed cycle service water system and an open-cycle circulating water
- System). - :

3.8 ~ L
. RCS overpressure protection is provided by power-operated relief’ valves
(PORYVs) and/or safety valves mounted on the pressurizer. The safety valves lift
mechanically on high RCS pressure.- A typical pressurizer safety valve is shown in Figure

'3.8-1. The PORVs can be controlled to open at lower pressures, thereby reducing the

frequency of challenges to the safety valves. The PORVs may also play a role in feed-and-
bleed, or bleed-and-feed core cooling (see Section 3.9). The pressurizer safety valves and
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“ the PORVs discharge to a "quench tank" located inside the containment. The quench tank
is partially filled with water and is sized to handle modest blowdowns from the RCS.
Rupture disks are generally used to provide overpressure protection for the quench tank.

3.9

. ~ Following a breach in the reactor coolant system pressure boundary, water is
" "lost from the RCS at a rate that is determined by several factors, including break size and
location. The Emergency Core Cooling System (ECCS) is a multi-mode system that injects
) _‘xpakeu'p .water into the RCS during a loss-of-coolant accident (LOCA) and recirculates
" -water through the core following a LOCA :to provide for long-term post-accident core
> Jcooling. In all PWRs, the ECCS includes pressurized safety injection tarniks (SITs) and
“" high- and low-pressure safety injection (HPSI and LPSI) pumps. The RCS injection

_ - points for these ECCS subsystems vary by PWR vendor as follows: . - .5

- e

. Westinghouse . “Coldlegs  Coldlegs .. .Coldlegs .

~ (initially)  (initially) N
“"Hotlegs - "Hotlegs -~ °

* Qater)” . < - (later) .- - ’
S "CgmbusgionEnginccx;ing~ ~~ Cold legs Cold legs -+ .. "Coldlegs
"" Babcoc}c&Wilcox ) Coid legs :Reactor\(csscl_‘. Reactor Vessel

L In addition, the ECCS in some Westin ghpuse‘ plants can be éligncd to injéci int;.) the upper
" head of the reactor vessel. ' ' o ' .

3.9:1 ° ECCS Injection Phase ~ . oL .

"‘ During the injection phase of operation following a large LOCA, the ECCS
operates as an open-loop system and provides Tapid injection of borated water to the RCS
to ensure reactor shutdown and adequate core cooling. Following alarge LOCA, the RCS

__is rapidly depressurized,” and makeup is initially provided by 'the safety injection
* "accumulators as RCS pressure drops below accumulator pressure (i.c., 650 psig). Both
.. the high-"and low-pressure safety injection pumps are aligned to take a suction on the
+ - -'Refueling Water Storage Tank (RWST) and deliver makeup water to the reactor vessel via
- “the RCS cold legs. Water lost from the RCS during the LOCA is collected in the
-~ .containment sump. The coolant injection and heat transport paths associated with large
*" " LOCA mitigation are shown in Figure 3.9-1. - ; - .
LT " Following a small LOCA, the RCS may slowly depressurize or remain at or
. near normal operating pressure. 'RCS pressure behavior will be determined by, many
_ factors, including the size of the small break and the availability of the steam generators as a
"~ heat sink. An RCS heat balance will be established between the heat generated in the
reactor core ‘and heat lost via the small break, the steam generators, and if necessary, the
primary power-operated relief valves (PORVs) and safety valves located on the pressurizer.
Maximum RCS pressure is limited by the primary safety valves. In some PWR plants,
makeup to the RCS can be provided by the ECCS high-pressure safety injection pumps at
pressures up to the primary safety valve setpoint. ' In these plants, it is a relatively straight-

B

forward matter to control RCS coolant inventory following the small o

_* - In‘some PWR plants, the ECCS high-pressure safety injection pumps have a
shutoff head in the range from 1400 to 1800 psig and, therefore, are not capable of
providing makeup at full RCS pressure. In these plants, RCS makeup at high pressure is
limited to the capacity (and availability) of the normal charging pumps, therefore it is
necessary to depressurize the RCS to enable the high-pressure injection pumps to provide

3-5 3/90



RCS makeup.: RCS depressurization can be accomplished by means of heat transfer to the
steam gcnerators using the AFW system and the SSRS as described previously.
Alternatively, it may be possible to reduce RCS pressure by opening the PORVs on the
pressurizer (i.e., bleed-and-feed).

3.9.2 ECCS Recirculation- Phase ‘

After the RWST makeup water supply has bcen cxhaustcd the ECCS is placed
in the recirculation mode of operation by aligning the suctions of the low-pressure safety
* injection pumps to the containment sump and isolating the suction path from the RWST. In
most PWR plants, the high-pressure safety injection pumps cannot be aligned to take a
suction directly. from the containment sump. At the time recirculation is initiated, the
normally dry containment sump is full of water that has collccted from the LOCA and from
the operation of the containment spray system.: -

Following a large LOCA, the RCS is dcpressunz.ed to the point that the low-
pressure safety injection pumps can provide continuous makeup to the RCS and the high-
pressure pumps may be stopped. If available, heat exchangers in the low-pressure safety
injection system may be used during the recirculation phase to transfer heat to the ultimate
heat sink via the CCWS and the service water system. The low- -pressure ECCS
recirculation loop is comparable to the RHR shutdown cooling loop described in Section
3.7, with the exception that the low-pressure pumps are aligned to take a suction from the
containment sump.

During a small LOCA, RCS pressure may remain high, precluding injection by
the low-pressure safety injection pumps which typically have a shutoff head on the order of
300 to 400 psig. In this case, the high-pressure recirculation flow. path is established with
the low-pressure and high-pressure safety i injection pumps operating in tandem. The low-
pressure pumps take a suction on the containment sump and are aligned to deliver the water
to the suction of the high-pressure pumps which then inject water into the RCS via the cold
legs (initially) or the hot legs (later). Water retumns to the containment sump. through the
RCS break that caused the LOCA. Heat exchangers in the low-pressure safety injection
system may be used during hi gh-pressure recirculation to transfcr heat to the ultimate heat
sink via the CCW S and thc scmcc watcr system:. -

3.9.3 High- Pressure Feed and Bleed Cooling" '

Some PWRs have the, capability to use the high-pressure ECCS pumps to
implement a post-transient decay heat removal method called feed-and-bleed cooling. In
essence, this is little more than small LOCA mitigation with the pressurizer PORV
substituting for a break in the primary system.- If the steam gcnemtor is unavailable as a
post-transient heat sink, RCS pressure will increase to the point that the pressurizer safety
valves and/or the PORVs will lift. The RCS will remain at high pressure and a heat balance
will be established between decay heat generated in the core and heat carried off via the
pressurizer safety valves and/or the PORVs.  As shown in Figure 3.9-2, feed-and-bleed
cooling is implemented by ‘aligning a high-pressure makeup pump to maintain RCS
inventory and modulating the PORVs to control RCS cooldown rate. Normally a discharge
" from the pressurizer safety valves and/or the PORVs is contained in the pressurizer quench

- tank. This tank is not sized for continuous feed-and-bleed operation, therefore, rupture
+ disks on the tank will burst, venting the tank to the containment.. The containment cooling
" systems are needed to complete the heat transport path to the ultimate heat sink. Normally,
RCS coolant inventory is measured by the water level in the pressurizer. During feed-and-
bleed cooling, pressurizer water level may not be an accurate indication of RCS coolant

"+ inventory. ‘Furthermore, repeated cycling of the pressurizer safety valves and/or the

PORVs may result in valve failure and an actual LOCA due to a stuck-open valve.
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'3.10-

The containment structure is a physical boundary against the release of fission

.- products to the environment following a release from the RCS. Thcrc are three functionally
- different types of primary containments used in U. S PWRs )

-F

" Large, dry (atmosphcnc) containment ) -
_ (Large, dry) subatmospheric contamment e e
Ice condenscr (pressure suppressxon) containment

.....

"“These | pnmary containment de51gns may bc constructcd of steel or concrete and may be

used with or without a secondary containment. " PWR containment types are summarized

; by funcnonal dc51gn in Figures 3.10-1. PWR contammcnts are not 1ncrtcd
. 3.10.1° Large, Dry Containment , S ‘

- The large, dry, atmosphenc contammcnt is the prcdommant type of PWR
containment, being found in 53 of 80 PWR plants. -All Combustion Engineering and

V‘Babcock & Wilcox PWRs have ]arge, dry containments. Example of large, dry

containment configurations are shown in Figure 3.10-2 (Yankee-Rowe steel sphere), 3.10-
3 (Davis-Besse steel cylinder with concrete shield building), 3.10-4 (Diablo Canyon

- réinforced concrete cylinder with steel liner) .and 3.10-5, (Zxon post-tensioned concrete
" cylinder with steel liner). Design pressures for largc, dry containments vary considerably,

but-generally are in the range from 40 to 61 psig. ,Among plants with large, dry

: contammcnts Yankcc-Rowe has thc lowcst containment chIgn prcssurc at 34 psig.

3 10 2 Subatmospheric Contamment
. Subatmospheric.containments are only.found at seven Westinghouse PWR

" plants, six 3- -loop-plants, and one 4-loop plant. . All subatmospheric containments are
- constructed of reinforced concrete with a steel liner.. An example of the configuration of a
" subatmospheric containment is shown in Figure 3. 10-6 (Millstone 3 4-loop PWR). De51gn
" -~ pressures for subatmospheric containments vary consxdcrably, but _generally are in the
o 'rangcfrom45to60p51g ) , B

3 1 0.3 " Ice Condenser Contamment -
"7 Ice condenser containments are only found at ten Westmghousc 4-loop plants.

-Examplcs of ice condenser containments are showing Figure 3.10-7 (Catawba, Sequoyah,

""" and Watts Bar steel cylinder with concrete shield building), and 3.10-8 (typical of D.C.

k3,.lA0.4 Containment Auxmary Systems

Cook and McGuire reinforced concrete cylinder with steel liner). An isometric view of the
ice condenser is shown in Figure 3.10-9. Due to the pressure suppression effects of the ice
condenser, these .containments have lower design pressures than’ either large, dry

_ containments or, subatmosphcnc containments.’ Typical design pressures for ice condenser

containments are in the range from 12 to 30 psxg

o ¥

Regardiess of the containment type, all PWR contammcnt designs have

auxllxdry systems to accomphsh the functions of containment isolation, containment
“* pressure control and heat removal, containment ﬁssmn product clcanup, and combustible

gas control. Systems related to these funcuons are described below.
.A._ Containment Isolation . ..
- "During normal operation, 'PWR containments typlcally are closed or have only
a limited amount of "purge” airflow.” "Containment cooling during normal
operation typically is provided by a recirculating ventilation system, therefore,
large diameter ventilation lines penetrating containment can remain isolated.
Following a LOCA, the containment isolation system causes isolation valves
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3.11

and dampers to close in certain lines that penetrate the containment boundary,

including any open containment purge lines.* .
‘t ’-’r . ‘l- . 1 »/*"“ - - 7‘_ 1

Containment Pressure ‘Control; Heat Removal, and Fission

Product Cleanup
The functions of containment pressure control, heat removal, and fission
product cleanup are integrated in the containment spray system in most PWRs.
Containment pressure and fission product concentration in the containment
atmosphere are reduced by a containment spray system. The design of this
system varies with containment type, but a spray system is found in large, dry
containments, subatmospheric containments, and ice condenser containments.
In most PWRs; the containment spray system initially. injects water from the
RWST into the containment via spray headers located in the dome of the
containment. A chemical additive usually is added to the spray water to enhance
its fission product removal capability: In the ice condenser plants, the ice beds
perform a pressure ‘suppression’ function to limit- maximum containment
pressure and also provide some "scrubbing" of fission products in the
containment atmosphere.' When the RWST has been emptied in a plant with a

"large, dry containment or an ice condenser containment, the containment spray

pump suction is aligned to the containment sump and the suction path from the

- RWST is isolated. In a subatmospheric containment, there typically are two
' spray systems; an injection spray system that functions as described above, and

a recirculation spray system. When the RWST has been emptied in a plant with

" a subatmospheric containment, the injection spray system is secured and the

recirculation spray system is started.

"In large,’ dry containments, post-LOCA coh‘taiﬁ,mcnt heat removal is

accomplished by heat exchangers in the containment spray system or the
residual heat removal system and/or containment fan'coolers. The fan coolers
include filter beds for fission product removal. " A simplified diagram of these
containment cooling system heat transport paths is shown in Figure 3.10-10.
The heat transfer path from the containment spray (or RHR) heat exchangers
and the containment fan coolers to the ultimate heat sink is completed by one or
two cooling water loops (i.c. the, CCWS and/or the service water system).
Plants with-subatmospheric containments or ice condenser containments
typically do not have containment fan' coolers for post-LOCA containment heat
removal. " y )

Containment Combustible Gas Control , . .
PWR containments are not inerted.. Post-LOCA combustible gas concentration
in the containment can be controlled by hydrogén recombiners and igniters.

The Component Cooling Water Systéin (CCWS) is a low-tempefaﬁiré, low-

pressure, single-phase cooling system that provides cooling for a wide range of safety-
' related components. As illustrated in Figure 3.11-1, the CCWS may provide for
component, area, or system cooling in a variety of ways: -

A.

Direct component cooling )
This type of cooling arrangement is illustrated by cooling paths A-A’ and

‘applies to cooling for pump bearings and seals.
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B. "Area cooling by means of fan cooler units .
This type of cooling arrangement is illustrated by cooling paths B-B' and
~applies.to equipment room coolers that are required to maintain normal and
. post-accident environmental conditions within limits necessary for long-term
operation of components in safety systems. -

C. Fluid system heat removal- o DT
- - This type of cooling arrangement is illustrated by cooling paths C-C' and
. -, applies to CCWS cooling for a variety of systems including the RHR system,
containment spray system, and the spent fuel pool cooling system. -
D. Area cooling by means of HYAC units . = .~ - |
- - ~This type of cooling arrangement is illustrated by cooling paths D-D* and
- - - applies to CCWS cooling for normal and emergency heating, ventilating, and
~ .- air-conditioning (HVAC) systems. In this case, the chiller system forms a
A closlcd-loop heat transfer system between the CCWS and the area(s) being
- cooled. ) - T

The CCWS féjccts heat to the ultimate heat sink thfough the cooling loop
- indicated ‘as the service water system in Figure 3.11-1.- This service water system may

: operate on an open, closed, -or combined cycle as described previously. ~ -

Y

312 - u - e
.+ . Therole of the Safety System is to actuate components and systems needed to
mitigate the consequences of events that challenge limits established for normal plant

operation. The Safety System consists of two major subsystems: the Reactor Protection

"~ System (RPS) and the Engineered Safety Feature Actuation System (ESFAS). As

described previously, the function of the RPS is to initiate a reactor scram when needed.
The ESFAS provides for automatic actuation of a wide variety of components and systems
based on the detection of abnormal conditions in the reactor plant. As appropriate, the
ESFAS can actuate systems necessary for RCS coolant inventory control and/or core
cooling, containment isolation and cooling, radioactive release control, emergency power,
and component cooling. - AT )

As illustrated in Figure 3.12-1, the ESFAS includes provisions for manual

" actuation at the system level (typically from the control room) or at the actuation-train level

(typically from the ESFAS output logic cabinets). A manual trip from the control room

- actuates all components that would be actuated by an automatic ESFAS actuation signal. A

manual trip from ESFAS output logic cabinets actuates only the components that are
" controlled by the respective ESFAS train. . ¢ - - - L o

- - -7 . 'The relationship between the ESFAS and other means of actuation is also
shown in Figure 3.12-1. Individual remote-manual component controls, which do not use
any part of the ESFAS logic, generally are provided in the control room and/or at some
other alternate control location. In addition, most motor-driven components can be
manually actuated by manipulating their circuit breaker on the respective switchgear panel
or motor control center. Other types of power-operated valves often can be controlled
Jocally by manual manipulation of the pilot valves on the pneumatic or hydraulic actuator.

3.13 i

The onsite electric power system consists of two parts; the non-Class 1E system
which supplies non-safety loads, and the Class 1E system which supplies safety systems.
During normal operation, the entire onsite electric power system is supplied from the output
of the main generator and/or the offsite grid. Diesel generators are standby AC power
sources for the Class 1E portion of the onsite power system, and batteries are standby DC
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power sources. During normal operation, the diesel generators are idle, and the batteries
are maintained fully charged by battery chargers which also supply the DC power loads.

-~ Large Class 1E AC electrical loads (i.e. large pumps and fans) typically are
supplied from 6.9 or 4.16 kV switchgear. Smaller Class 1E AC loads (i.e. motor-operated
valves, small pumps and fans, battery chargers) are supplied from 480 VAC motor control
centers. A representative onsite 4.16 kV and 480 VAC power system (Callaway) is shown
in Figure 3.13-1.

Most DC loads are supplied from 125 VDC panels, although some plants may
have 250 VDC distribution systems to support DC-powered motor-operated valves or other
relatively large DC-powered components. Instrumentation power typically is supplied
from a 120 VAC system that normally is powered from the 125 VDC system with backup
power from the 480 VAC system. A representative 125 VDC and 120 VAC system
(Callaway) is shown in Figure 3.13-2. o
- Loss of the normal (preferred) source of offsite power typically causes an
automatic shift to the alternate source of offsite power and starts the respective standby
diesel generator(s). If both sources of offsite power are unavailable, the non-Class 1E and
the Class 1E portions of the onsite electric power system are separated by opening circuit
breakers, and the diesel generators are aligned to supply the Class 1E system. The standby
diesel generators and batteries can provide adequate power to enable other safety systems to
establish and maintain a safe shutdown condition. - ~ -, -~ .~ .

. The diesel generators are complex systems with integrated diesel and generator
control systems

that interface with a load-sequencing system that re-energizes selected
loads in prescribed sequences when the diesel generator is ready for loading. Diesel
generator starting is dependent on a source of DC power (usually the station batteries) for
the control systems and generator field flashing. In addition, the following support
systems typically are needed for diesel generator operation: .

Fuel oil system (including the day tank which is the short-term fuel source)
Fuel oil storage and transfer system (long-term fuel source)

AIr start system "~

Lubricating oil system

Jacket cooling water system . ‘

Combustion air intake and exhaust system

Diesel room ogoling system

[ IR Y B R D |

Simplified schematics for these systems are shown in Figures 3.13-3 and 3.13-4. As
_shown in Figure 3.13-4, heat from the diesel generator jacket cooling water system and
lubricating oil system is transferred to the ultimate heat sink via a service water system. In
a few plants, the jacket cooling water system may incorporate a radiator (i.e., a water-to-air
heat exchanger) and use the atmosphere as a heat sink for diesel generator operation. A
significant amount of heat from diesel generator operation is transferred directly to the
atmosphere by the diesel exhaust system and the diesel room ventilation system.
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Table 3.1-1. Summary of PWR Systems

PWR System NSSS Scope | BOP Scope

- |. Reactor Coolant System

Reactor
Reactivity Control System

PEH

‘Shutdown Cooling System
Reactor Water Cleanup System
Containment

Emergency Core Cooling System .
Habitability Systems ;
Containment Spray Systems . '

by
P MM

ESF Filter Systems -

Reactor Trip System . X
Engineered. Safety Feature Actuation ) ) :
System ;
Safety Related Display Instrumentation

Non-Safety Control Systems :
On-Site Electric Power System

Off-Site Electric Power System

New Fuel Storage System

Spent Fuel Storage System

Spent Fuel Pool Cooling and Cleanup
System, 1 -

Fuel Handling System — . Lo - X .
Service Water System o o e
Component Cooling Water System B R

_Ultimate Heat -Sink S - N
Compressed Air System

:Process Sampling System
Chemical and Volume Control System . .. | X

Non-safety HVAC System i i
Fire Protection System R
Diesel Generator Fuel 0il Storage and
Transfer System

Diesel Generator Cooling Water System

Diesel Generator Starting System

Diesel Generator Lubrication System

Diesel Generator Combustion Air Intake
and Exhaust System

Main Steam System

Turbine Generator and Auxiliaries

Main Feedwater and Condensate System
Circulating Water System

Auxiliary Feedwater System

Radioactive Liquid Waste System
Radioactive Gaseous Waste System
Radioactive Solid Waste System
Radiation Protection System

"

PABADADADADI DDA DAY PADIDADE DADE DABIDADADd B4 DA
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4. - 'WESTINGHOUSE PRESSURIZED WATER REACTORS (PWRs)

In the U.S., Westinghouse has.produrccd 55 PWRs with two, three, and four
primary loops. As of March 1990, the numbers of units of each type are as follows:

- 2-loop 6 units
- 3-loop 14 units
- 4-loop 35 units

_ A general orientation to PWR systems is presented in Section 3. :Expanding on this

" .- introductory material, an overview and brief comparison of major features of Westinghouse

PWRs is presented in Section 4.1. The 2-, 3-, and 4-loop Westinghouse plants are
described in Sections 4.2 to 4.4, and numerous detailed comparative tables are presented in
Section 4.5. In Section 7, the comparative tables for the Westinghouse PWRs are
. compiled with similar tables for Combustion Engineering and Babcock & Wilcox PWRs.

.4.1-  ‘Westinghouse PWR Overview "

- +4.1.1  Primary System ' y

-, generator, a single ve

In all Westinghouse PWRs, a primary loop consists of a U-tube stcam
rtical, centrifugal reactor coolant pump, and connecting loop piping.
* The pressurizer is connected to one of the RCS hotlegs. The general configuration of the
.. Westinghouse reactor vessel and internals is shown in Figure 4.1-1. The U-tube steam
generator is shown in Figure 4.1-2 and the pressurizer is shown in Figure 4.1-3." Typical

reactor vessel sizes for the three Westinghouse PWR models are as follows:

" - 2-loop 132 inch i.d.
- 3-oop 156 to 159 inch i.d.
- 4-loop 173 inch i.d.

‘ There are four principal models of U-tube steam generators in Westinghouse
- plants: 27-series, 44-series, 51-series, and Model F. All models have integral moisture
separators and steam dryers. Basic design characteristics of Westinghouse steam
generators are listed in Table 4.1-1. . ] R N S I R R
) : The Westinghouse RCS is designed to operate with nearly constant cold leg
.temperature (Tcold ). Hot leg temperature (Thot) and average loop temperature (Tave)
increase with power level as shown in Figure 4.1-4.. This is the same RCS temperature
control scheme used in Combustion Engineering PWRs. R

4.1.2  Reactor Core and Fuel Assemblies : * ~~% - i

"~ With the exception of Yankee-Rowe and Shippingport, all Westinghouse
commercial PWRs are designed to operate with rod-type slightly-enriched fuel in a 14 x 14
fuel assembly array, a 15 x 15 array, or a 17 x 17 array. Yankee-Rowe has a unique rod-
type fuel assembly design, and Shippingport had unique plate-type and rod-type fuel
assemblies. All Westinghouse PWRs except Yankee-Rowe and Shippingport also use
multi-finger control rods that insert into channels in the fuel assemblies. Yankee-Rowe and
Shippingport both were designed with cruciform control rods. A comparison of basic
Westinghouse core parameters is presented in Section 4.5. A brief description of each rod-
type fuel assembly design is provided below.

A. Yankee-Rowe Fuel Assembly (9 x (6 x 6))
The first-generation of Westinghouse PWR fuel assembly, used only in
Yankee-Rowe, consisted of nine 6 x 6 subassemblics arranged in a square array
(i.e. essentially a 36 x 36 array). The assemblies measure 7.61 inches square.
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Table 4:1-1: General Characteristics of Westinghouse
Steam Generators .

Design -Parameters Series. | 44 Series 31 Series Model F
Tube Side (primary) ’ v
Design Pressurt (psig)_ 2,485 2,485 2,485 2,485
Nom. Operating Press. (psig) 2,000 2,235 2,235 unk.
Design Temp. (°F) unk. 650 - 650 650
Design Flow Rate (Ib/hr) “ -1 2.50E+07 3.40E+07 1| 3.40E+07 3.55E+07
Total Primary Side Vol. '(ft_?:j | 553 044 1,080 962
Shell Side (secondary) - .
Design Pressure (psig) 1,035 1,085 1,085 1,185
Full Power Pressure (psig) 570 755 797 -to 960 1,000
Design Temp. (°F)' . — unk. 600 600 600
Full Power Temp. (°F) unk. 514 - | 51810540 | 54410559
Steam Flow Rfiti; (bhr) 1.55E+06 3.32E+06. {3‘.76E+0«6 to 3.78E+06
@ Full Power ‘ 4.06E+06

4,580 5,868 3,559

Total Secondary Side Vol. (ft3)

2,592
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B.

with an overall length of 111.25 inches. As shown in Figure 4.1-5, the

.cruciform control rods were inserted betweén the fuel assemblies. Rubbing

straps on the outside edges of the fuel assemblies protected the outer fuel rods
from wear by the control rods. The fuel rod cladding was thick-wall stainless
steel; and spacing between rods was established by ferrules brazed to the fuel
rods. e

The later-generation Yankee-Rowe fuel continued the geometry of the original
fuel assembly, but changed to thinner-wall cold worked stainless steel cladding

- or zircaloy. " In addition, fuel rod spacing was established by a grid structure.

14 x -14 Fuel Assembly =~ - . -~ - R

The 14 x 14 fuel assembly was introduced and is still used in'several early
Westinghouse plants-(i.c.,”San Onofre 1, Point Beach) along with a
corresponding change in the design of the control rods. The use of "rod cluster

" control assemblies” (RCCAs) distributed control rod poison more uniformly by
" means of multi-finger control rods that can be inserted into full-length thimbles

in each fuel assembly. The 14 x 14 fuel assembly is designed for use with a 16
"finger" RCCAs. The insertion of an RCCA into a 14 x 14 fuel assembly is

" “shown in Figure 4.1-6. The thimbles are structural assemblies that join the end

- pieces of the fuel assembly. The use of RCCASs instead of cruciform control

D‘

-~ assemblies. - : -

rods reduced the occurrence of local hot spots when the rods were withdrawn.

© * " When first introduced, the 14 x 14 fuel assemblies used stainless steel cladding
.-and structural parts, but changed to zircaloy cladding. Gradual replacement of
: stainless steel by zircaloy in fuel assembly structural parts continued into the
-1970s. | : : A T T

15 x 15 fuel Assembly o Lo T
Use of the 15 x 15 fuel assembly was introduced in 1967 with stainless steel
cladding- and structural -parts, but changed to zircaloy-cladding in 1968.

" . Gradual replacement of stainless steel by zircaloy in fuel assembly structural

parts continued into the 1970s. The 15 x 15 fuel assembly is designed for use
with a 20 "finger” rod cluster control assembly (RCCA). Most plants that have
used the 15 x 15 fuel assemblies are transitioning to"the 17 x 17 fuel

-
B

17 x 17 Fuel Assembly - - .~ ~-. ~.0 . - * .

The Westinghouse 17 x-17 fuel assembly is shown in Figures 4.1-7 and 4.1-8.
The 17 x 17 fuel assembly was designed to fit in the same geometric and power
envelope as the 15 x 15 fuel assembly. The use of the 17 x 17 array resulted in
numerous advantages over the 15 x 15 fuel assembly, including:

- Core average power density reduced from 7.03 to 5.43 kW/liter (for a
3411 MWt core)

- Reduced linear power rating

- 12% lower surface heat flux, hence increased margin to Departure from
Nucleate Boiling (DNB)

- About S00°F (278°C) reduction in peak clad temperature under LOCA
conditions.
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Nominal fuel enrichment is in the range from 2.1 to 3.1 weight percent U-235.
The 17 x 17 fuel assembly is designed for use with a 24 "finger” rod cluster
control assembly (RCCA). - The center thimble is reserved for in-core
instrumentation.. This fuel assembly is mostly zircaloy except for the bottom
nozzle which is 304 stainless steel, and various springs and bolts which are
Inconel 600 or 718.

4.1.3 Reactivity Control System L o

.. Core reactivity is controlled by full-length and part-length rod cluster control
assemblies (RCCAs) burnable poison rods, and soluble boron in the coolant. The neutron
absorber in the control rods typically is Ag-In-Cd (silver-indium-cadmium), while the
burnable poison is B4C (boron carbide) that may be in the form of borosilicate glass.
Some Westinghouse plants use B4C for the control rod poison. -

As shown in Figure 4.1-9, the RCCAs consist of multiple control rods that are
joined at the top by a "spider" assembly and attached to the control rod drive mechanism
(CRDM) extension shaft.- Magnetic jack-type CRDMs are used to control the full-length
and part-length RCCAs. These CRDMs consist of a set of five magnetic coils outside of
the CRDM pressure housing, and solenoid-operated plungers and “gripper latches” inside
the pressure housing to engage the grooved drive rod extension shafts and hold, insert, or
withdraw the control rods.- The five sets of CRDM coils are: (a) the stationary gripper coil,

-(b) the movable gripper coil, (c) the lift coil, (d) the push-down coil, and (e) the load-
transfer coil. The action of these coils is programmed so that stationary and movable
grippers are alternately engaged with the grooved drive shaft. The stationary gripper holds
the drive shaft while the movable gripper is moving to its new. position to raise or lower
the control rod through steps of about 3/8 inch. The CRDMs for the full-length rods are
designed so that, upon loss of electrical power to the magnetic jack coils, the RCCA is
released and falls by gravity into the core. The CRDMs for the part-length RCCAs are

- designed to hold the rods "as-is" upon loss of power. Details of a magnetic jack CRDM
are shown in Figure 4.1-10 and the location of the CRDMS with respect to the reactor
vesicl and fuel assemblies is shown in Figure 4.1-11. The magnetic jack CRDM:s are air-

. cooled. R .

4.1.4 -Containment - ! X N

Westinghouse PWRs have been built with a greater variety of containment
designs than either C-E or B&W PWRs, and include the only PWRs with subatmospheric
containments and ice condenser containments. The distribution of containment types for
Westinghouse plants is shown in Figure 4.1-12. Examples of containments for
Westinghouse PWRs are included in the following sections.. .
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Turkey Point 3 & 4 (3-loop)
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Wolf Creek (4-loop)
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¥ North Anns 1 & 2 (3-loop)

A Surry 1 & 2 (3-loop)

k Relnforced Conc
E  Cylinder Whth
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Reinforced Concrete

Cylinder WRhA
Steel Liner & Millstone 3 (4-loop)
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Steel Cylinder
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. ‘Stnl .Eln:r. e :’ McGuire 1 & 2 (4-loop)
Figure 4.1-12. Distribution of Containment Types

for Westinghouse Reactors
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4.2 - o S
Westinghouse 2-loop plants in the United States include the following:

Ginna

‘Kewaunee © = -’
Point Beach 1 and 2
Prairie Island 1 and 2

All of these plants had full power operating licenses as of 2/89.

4.2.1 Reactor Core and Fuel Assemblies o

All 2-loop Westinghouse plants have cores comprised of 121 fuel assemblies
that yield power levels in the range from 1518 to 1650 MWt. All 2-loop plants use 14 x 14
fuel assemblies and all have power densities in the range from 87 to 96 kW/liter.

4.2.2 Reactivity Control System
Typically there are 29 to 33 rod cluster control assemblies (RCCASs) in 2-loop
plants. ) :

"4.2.3 ' Reactor Coolant System e N -
The general configuration of a 2-loop Westinghouse reactor coolant system is
shown in Figure 4.2-1. All 2-loop plants have a reactor vessel with a 132 inch inside
diameter.

4.2.4 Steam Generators

Ginna and Point Beach 1 and 2 use the intermediate-size 44-series steam
generators while Kewaunee and Prairie Island 1 and 2 use the large 51-series stcam
generators.

4.2.5 Shutdown Cooling Systems

Shutdown cooling is accomplished by the Residual Heat Removal (RHR)
systeréx which also operates in the Low-Pressure Safety Injection (LPSI) mode as part of
the ECCS.

4.2.6 Emergency Core Cooling Systems
A representative ECCS for a 2-loop Westinghouse PWR is comprised of the
following subsystems:

- Three High-Pressure Safety Injection (HPSI) pump trains that inject into the
cold legs via a boron injection tank.

- Two RHR trains which perform the Low-Pressure Safety Injection (LPSI)
function, each with a pump and heat exchanger

- Three Safety Injection Accumulators, each connected to an RCS cold leg

) The shutoff head of the HPSI pumps is about 1750 psig, therefore, these
pumps are unable to provide makeup to the RCS at normal operating pressure. In the event
of a small LOCA which leaves the RCS at high pressure, it is necessary to first
depressurize the RCS before the HPSI pumps can provide makeup. Depressurization can
be accomplished by heat transfer from the RCS to the steam generators or by opening the
power-operated relief valves on the pressurizer.

The HPSI pumps cannot be aligned to take a suction directly on the containment
sump. If needed, the RHR pumps can be aligned in tandem with the HPSI pumps for
high-pressure recirculation.
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The normal charging system which has three low-capacxty positive displacement
pumps, is not part of the ECCS.

4.2.7 Containment
All Westinghouse 2-loop plants have large, dry contamments of varions
designs, as summarized below.

C.inammgnLCnnstmnnn An.nlmab]r_ﬂanm
- Steel cylinder with concrete Kewauncc

enclosure bmldmg Prairie Island 1 and 2
- Onc-dm}cnsmn (vcmcal) Gmna

post-tensioned concrete cylinder

with a steel liner
- Three-dimension post-tensioned Point Beach 1 and 2

concrete cylinder with a steel liner

The general arrangement of the Ginna containment is shown in Figure 4.2-2
(section views) and Fxgurcs 4.2-3 and 4.2-4 (plan views).
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Figure 4.2-3. Plan View of the Ginna Large, Dry Containment
Below the Elevation of the Operating Floor
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4.3 -
Westinghouse 3-loop plants in the United States include the following:

Beaver Valley 1 and 2
Farley 1 and 2

H.B. Robinson 2
North Anna 1 and 2
San Onofre 1
Shearon Harris 1
Summer

Surry 1 and 2
Turkey Point 3 and 4

All of these plants had fuﬁ power operating licenses as of 2/89 except San Onofre 1 which
had a provisional operating license. : )

4.3.1  Reactor Core and Fuel Assemblies . '
The 3-loop Westinghouse plants can be grouped into the following categories

based on core thermal output: -

- 1347MWt° © " SanOnofrel =~ .
- 2208 to 2441 MWt- Robinson, Surry 1 and 2, and Turkey Point 3 and 4
- 2660102775 MWt Beaver Valley 1 and 2, Farley 1 and 2,
North Anna 1 and 2, Shearon Harris 1, and
Summer

All 3-loop cores are comprised of 157 fuel assemblies. - San Onofre 1 uses 14 x 14 fuel
assemblies and has an average power density of about 70 kW/liter. The intermediate power
level group uses 15 x 15 fuel assemblies and has power densities in the range from 82 to
92 kW/liter. Plants in the high power group use 17 x 17 fuel assemblies to yield power
densities of 100 to 108 kW/liter.

4.3.2  Reactivity Control System . )
The number of: full-length and part-length RCCAs for selected 3-loop
Westinghouse plants are summarized below: , - '

"Fuel . Fufl-Length Part-Length
Plant Elements RCCAs RCCAs
Robinson - .- 157 .45 8
Surry L 157 48 5
5

Beaver Valley 1and2 157 48
A more complete listing is provided in Section 4.5. “
4.3.3 Reactor Coolant System

The general configuration of a 3-loop Westin ghouse reactor coolant system is
shown in Figure 4.3-1. Most 3-loop plants have a reactor vessel with a 156 to 159 inch
inside diameter. The only exceptions are the following:

- 144 inch vessel San Onofre 1
- 172 inch vessel Summer and Turkey Point 3 and 4
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- 4,3.4 Steam Generators

Three vintages of steam generators can be found among the 3-]00p.
Westinghouse plants, as follows:

- 27-series . San Onofre 1 Y
- 44-series * :Robinson and Turkey Point 3 and 4
- 5l-series Beaver Valley 1 and 2, Farley 1 and 2,

North Anna 1 and 2, Shearon Harris 1,
Summer, and Surry 1and 2

A comparison of Westinghouse steam generator design parameters is included in Section
4.1.

4.3.5 Shutdown Cooling Systems

For the following 3-loop plants, shutdown cooling is accomplished by the
Residual Heat Removal (RHR) system which also operates in the Low-Pressure Safety
Injection (LPSI) mode as part of the ECCS: ‘ C ‘

- Farleyland2 - Summer
- Robinson - Turkey Point 3 and 4
- Shearon Harris 1 ‘

The San Onofre 1 and the plants with subatmospheric containment (Beaver Valley, North
Anna, and Surry) appear to have separate RHR systems. B

/////

4.3.6 Emergency Core Cooling Systems

In most of the 3-loop Westinghouse plants, the centrifugal charging pumps
perform the HPSI function and are capable of providing RCS makeup at the PORY setpoint
pressure. These pumps inject into the cold legs via a boron injection tank. Plants in this
category are:

- BeaverValley 1and 2 - Shearon Harris 1

- Farleyland2 - Summer
- North Anna 1 and 2 - Sumryland2

- The remaining 3-loop plants (Robinson, San Onofre 1, and Turkey Point 3 and 4) have
separate HPSI pumps and positive displacement charging pumps. The shutoff head of the
HPSI pumps is about 1700 psig, therefore, these pumps are unable to provide makeup to
the RCS at normal operating pressure. In the event of a small LOCA which leaves the RCS
at high pressure, it is necessary to first depressurize the RCS before the HPSI pumps can
provide makeup. Depressurization can be accomplished by heat transfer from the RCS to
the steamn generators or by opening the power-operated relief valves on the pressurizer.

Two different low-pressure ECCS subsystems are found in the 3-loop plants
based on containment design. In the plants with a large, dry containment, the LPSI
function is performed by the RHR system. In some of the subatmospheric containment

-plants, the low pressure injection/recirculation system is separate from the RHR system and
does not include heat exchangers in the flow path to the RCS.

The centrifugal charging pumps, and the separate HPSI pumps, cannot be
aligned to take a suction directly on the containment sump. If needed, the low-pressure
ECCS subsystem can be aligned in tandem with the high-pressure ECCS subsystem for
high-pressure recirculation.
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4.3.7

Containment
Westinghouse 3-loop plants have either large, dry containments or

subatmospherip containments of various designs, as described below.

A.

Large, Dry Containment
Eight of fourteen 3-loop plants have large, dry containments. The types of
construction used in these containments is summarized below.

C/I.‘ ‘I'C \ i ! l‘. ble Plant

Steel sphere with concrete San Onofre 1
enclosure building
Reinforced concrete cylinder Shearon Harris 1
with a steel liner

_ One-dimension (vertical) Robinson
post-tensioned concrete
cylinder with a steel liner
Three-dimension post- Farley 1and 2
tensioned concrete cylinder Summer
with a steel liner Turkey Point 3 and 4

Examplés of largé, dry containments for 3-160p‘Wcstitngho\‘usc plants are shown
in Figures 4.3-2 and 4.3-3 (Robinson) and Figures 4.3-4 and 4.3-5 (Summer).

Subatmospheric-Containment - L.
The following six of the fourteen 3-loop plants have subatmospheric cylindrical
containments constructed of reinforced concrete with a steel liner,

- Beaver Valley 1 and 2
- North Anna1and2
- Surryland2

Only one oihcr’ PWR in the U.S. hasa subatmf)sphcric containment: Milistone

3, a 4-loop Westinghouse plant. The North Anna subatmospheric containment
is shown in Figures 4.3-6 and 4.3-7.
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4.4 -
Westinghouse 4-loop plants in the United States include the following:

- Braidwood 1 and 2 - Millstone 3

- Byronland2 - Salemland2

- Callaway - Seabrook

- Catawba 1l and 2 - South Texas 1 and 2
- Comanche Peak 1 and 2 - Trojan

- D.C.Cookland2 - Vogtleland2

- Diablo Canyon 1 and 2 - Watts Bar 1 and 2

- Haddam Neck - Yankee-Rowe

- Indian Point2 and 3 - Zionland2

- McGuireland2

All of these plants had full power operating licenses as of 2/89 except for Comanche Peak 1
and 2, Seabrook, South Texas 2, Vogtle 2, and Watts Bar 1 and 2. The Westinghouse 4-
loop NSSS i is shown in Figure 4.4-1.

4.4.1 Reactor Core and Fuel Assemblies
The 4-loop Westinghouse plants can be grouped into the following categories
based on core thermal output:

- 600 MWt . Yankee-Rowe

- 1825 MWt Haddam Neck
- 275810 3817 MWt All othcr 4-loop plants

The Yankec-Rowc core 1s compnscd of 76 unique 9 x (6 x 6) fuel assemblies and uses
cruciform control rods as shown in Figure 4.4-2. The majority of the othér 4-loop plants
use 17 x 17 fuel assemblies, with a few still using 15 x 15 fuel assemblies. The Haddam
Neck core has 157 fuel assemblies and all others have 193 fuel assemblies. The general
arrangement of a 193 fuel assembly core is shown in Figure 4.4-3.

The average power densities of the earlier 4-loop plants (i.c., Yankee-Rowe,
Haddam Neck, and Indian Point 2 and 3) are in the range from 82 to 93 kW/htcr All of
tlh(;:g later plants using the 17 x 17 fuel elements have power densities in the range from 98 to

kW/liter.

4.4.2 Reactivity Control System .
The number of full-length and part-length RCCAs for selected 4-loop
Westinghouse plants are summarized below:

Fuel Full-Length Part-Length
Plant- Elements RCCAs
Haddam Neck 157 45 0
Indian Point 3 - 193 53 0
McGuire 1 and 2 193 53 8
Seabrook 1 193 58 0

A more complete listing is provided in Section 4.5.

Yankee-Rowe is the only Westinghouse plant to use cruciform control rods.
There are 24 cruciform control rods operated by magnetic jack CRDMs plus 8 cruciform
fixed "shim" rods. The position of the shim rods can be changed only during refueling.
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4.4.3 Reactor Coolant System .

The general configuration of a 4-loop Westinghouse reactor coolant system is

shown in Figure 4.4-1. Most 4-loop plants have a reactor vessel with a 173 inch inside
diameter. The only exceptions are the following:

- 169 inch vessel Yankee-Rowe

.- 154 inch vessel Haddam Neck
- 167’inch.vcsscl Comanche Peak

4.4.4 Steam Generators o ‘ r
All vintages of steam generators can be found among the 4-loop Westinghouse
plants, as follows: a ‘ ) ¢

[

-, 27-series . Yankee-Rowe :
-~ 44-series Indian Point2and 3 -
- : 51-series Most other 4-loop plants~ "** -
- ModelF Seabrook, Wolf Creek, Callaway

(late-model 4-loop plants)

A comparison of Wesﬁnghouu steam generator design parameters is included in Section
4.1. i

. .4.4.5 - Shutdown Cooling "Systems H R

., . .. In most of the 4-loop Westinghouse plants, shutdown cooling is accomplished

_by the Residual Heat Removal (RHR) system which also operates in the Low-Pressure
Safety Injection (LPST) mode as part of the ECCS. T o

4.4.6 Emergency Core Cooling Systems’ P

.~ Almost all 4-loop Westinghouse plants have two high-pressure ECCS
. subsystems; the high-pressure safety injection (HPSI) system and the centrifugal charging
pumps which are part of the ECCS. In these plants, the shutoff head of the HPSI pumps
typically is on the order of 1600 to 1700 psig. Each centrifugal charging pump pump can
provide approximately 150 gpm makeup to the RCS at the PORY setpoint pressure.

The only exceptions to this high-pressure injection capability are the Yankee-

_ Rowe and Indian Point 2 and 3 plants. These plants have an intermediate-pressure HPSI
system ‘and low-capacity positive displacement charging pumps which are not part of the
ECCS. In the event of a small LOCA" which leaves the RCS at high pressure, it is
necessary to first depressurize the RCS before the HPSI pumps can provide makeup.
Depressurization can be accomplished by heat transfer from the RCS to the stcam
generators or by opening the power-operated relief valves on the pressurizer.

4.4.7  Containment - T

Westinghouse 4-loop plants have either -large, 'dry containments, a
subatmospheric containment, or ice condenser containments of various designs, as
described below. The ice condenser containment is unique to Westinghouse 4-loop PWRs.

A. Léfgé;" Dry Containment R
Twenty-four of thirty-five 4-loop plants have large, dry containments. The

types of construction used in these containments is summarized below.
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Bare steel sphere Yankee-Rowe
Reinforced concrete cylinder Comanche Peak 1 and 2
with a steel liner Diablo Canyon 1 and 2
Haddam Neck
Indian Point 2 and 3
Salem 1 and 2
Reinforced concrete cylinder with a steel Seabrook 1
steel liner and secondary containment
Three-dimension post- Braidwood 1 and 2
tensioned concrete cylinder Byron 1 and 2
with a steel liner Callaway
: South Texas 1 and 2
Trojan
Vogtle 1 and 2
Wolf Creek
Zion1land 2

The Yankee-Rowe steel sphere large, dry containment is shown in Figures 4.4-
4 and 4.4-5. A reinforced concrete large, dry containment (Diablo Canyon) is
shown in Figures 4.4-6 and 4.4-7." The South Texas three-dimension post-
tensioned concrete large, dry containment is shown in Figures 4.4-8 and 4.4-9.

Subatmospheric Containment . ) ,
Millstone 3 is the only 4-loop Westinghouse PWR with a subatmospheric
containment. The Milistone 3 containment is‘shown in Figure 4.4-10.
Construction is of reinforced concrete cylinder with 4 steel liner and a secondary
containment. All other subatmospheric containments in the U.S are found in
Westinghouse 3-loop plants. o]

fce Condenser (Pressure Suppression) Containment

Ice condenser containments are unique to 4-loop Westinghouse PWRs, and ten
of the thirty-five 4-loop plants have this type of containments. The types of
construction used in these containments is summarized below.
C"‘I.' |C\:| i Applicable Plant
Steel cylinder with concrete Catawba l-and 2
shield building Sequoyah 1 and 2
Watts Bar 1 and 2
Reinforced concrete cylinder D.C. Cook 1 and 2
with steel liner McGuire 1 and 2

The Catiwba ice condenser containment is shown in Figures 4.4-11 and 4.4-
12, and the Watts Bar containment is shown in Figures 4.4-13 to 4.4-15.
Additional details on the configuration of the ice condenser units can be found
in Section 3.

4-38 350



STEAM
‘{/”/F___ GENERATOR

- MAIN
" COOLANT -

W\

PRESSURIZER -

REACTOR

.- . Figure 4.4-1. Westinghouse 4-Loop NSSS -

4-39 3/90



124.7%In. od.

|____PRESSURE VESSEL
72875 in. THICK

: —t s THERMAL SHIELD
hh e . 3in. THICK

CORE SHROUD
tin. THICK
BAFFLE

EGULATING ROD (24)

FIXED SHIM ROD (8)

FUEL ELEMENT

Figure 4.4-2. General Arrangement of the Yankee-Rowe Core

4-40 3/90



NX N R A X N
w\ Y Y [ N
\\\:\\\\\
NN ’ X
N
N ‘
NN
N ~ 1
N ‘ .. - N
,_Sfix\\&\\\ %
R
3 0
. \: \‘oo—
FIRST CORE ~ - RELOAD CORE

REGION | ONCE OR TWICE BURNED FUEL

REGION 2 ONCE OR TWICE BURNED FUEL

\\ REGION 3 FRESH FUEL

Figure 4.4-3.°General Arrangement-of a 193 Fuel Assembly Core

- 441 3/90



Figure 4.4-4. Section View of .the Yankee-Rowe Large, Dry-
Containment (Steel Sphere)
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Figure 4.4-9. Plan View of South Texas Large, Dry Containment
'(3-D Post-Tensioned Concrete)
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4.5

This section contains the following tables which present comparative system data

for Westinghouse PWRs:

Table 4.5-1
Table 45-2
Table 4.5-3

Table 4.5-4
Table 4.5-5
Table 4.5-6

Table 4.5-7

Design Parameters for Representative Westinghouse PWRs
Comparison of Westinghouse PWR Vessel and Core Parameters

Westinghouse PWR System Companson RCS, AFW Chargmg

. and HPSI

Comparison of Westinghouse PWR Pressurizer Relief Capacny
Comparison of Wesnnghousc PWR Containments

Comparison of Wcsnnghousc PWR Backup Elcctnc Power
Systems _

Comparison of Westinghouse PWR Power Conversmn Systcms

4-55 3/90
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Table 4.5-1. Design Parameters for Representative Westinghouse PWRs

[ REACTOR PLANT WESTINGHOUSE WESTINGHOUSE WESTINGHOUSE WESTINGHOUSE
CHARACTERISTICS 2.LOOP PLANT 3.LOOP PLANT EARLY 4.LOOP PLANT LATE 4-.LOOP PLANT
GINNA H.B. ROBINSON TROJAN SOUTH TEXAS 1 AND 2
Qverall
Number of loops 2 without isolation 3 without isolation 4 without isolation 4 without isolation
 Thermal capacity 1520 MWt 2308 MWL 3411 MWL 3h817 MW
Electric capaaty 470 MWe 665 MWe 1095 MWe 1 x 1250 MWe
Efficiency (net) 30.92% 29.81% 32.10% 1215%
Coolant pressure in primary circuit .
at exit from seactor 2235pug 2235 psig 2235psig* 2235 psig
Coolant tanperature at inlet 551.9°F 546 2°F 552.5 °F 5.60°F
Coolant temperature at exit from reactor 6M4°F 6A2°F 620°F 628 8°F
Coolant flow rate hrough reactors (total)  |66.7E6 Ib/hr 101.5E6 Ibmr 132.7E6 Ibmr 1.39E7 Ib/tr
Core
Height of active core 121 12 fi. 11.98 fi. 14 fu.
Equivalent diameter 804 fr. 9.96 ft. 11.06 ft. 1.1 fu
Number of fuel assemblies 121 157 193 193
Number of control rods assemblics 2 53 53 51
Number of fuel elements in assembly 179 204 264 264
Diameter of fuel clanent 0.3669 in. 0.3659 in. 0.3225 in. 0.374 in.
Area of heat ransfer surface 28,715 sq fu. 42,460 sq.f1, 59,700 3q f1. 69,700 sq.fi.
Mean specific heat flux 150,500 Btu/he-sq ft. 171,600 Bw/hr-sq fi, Unk. 181,200 Biuhr-sq fi.
Number of fuel rods 21,659 32,028 50,913 50,913
Core Joading 3 region non-uniform 3 region non-uniform 3 region non-uruform 3 region non-uniform
Average bumnup (first cycle) ~14,126 MWd/MTu 13,000 MWd/M Ty Unk. 15,000 MWd/MTu
Fuel weight (as U02) 120,130 Ibs. 175,400 Ibs. 222,739 lbs. 259,860 lbs
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Design :Parameters for \Representative Westinghouse PWRs (Continued).

.
¢ 3

¢ s % PRI €

L

'
' ¢

¥
b

WESTINGHOUSE

: WESTINGHOljSE

ANT WESTINCAOUSE WESTIRGHOUSE
CHARACTERISTICS 2.LOOP.PLANT, - 3.LOOP PLANT - . EARLY 4.LOOP PLANT LATE 4.LOOP PLANT
, GINNA ' H.B. ROBINSON ; TROJAN ' SOUTH TEXAS 1 AND 2
Keactor Vessel t, . s . - ' ; ;
Vessel height - . AT E NS O8I $I5h
Tnner diameter . na 1296 R 1392 fu 144n
Number of openings for inlet and outlet § e, ‘
Nozles 2x2 2x3 2x4 ' 2x4
Steam Gnuu;or ‘ v
Ntmba of units 2 . 3, 4 4
‘memul powcr per unit 650 MWL ) 769.3 MWt Unk. 954 MW1
Shell side opeuin; presnure (steam) | _|989 prig ' 1005 psig 1073 psig " lo3psi
, o ! o . )
Tube side opentmg pressure . mSs psig » 2235 psig 2235 psig ’ ¢« |2235 psi
Tube ide design flow 33.63E6 b/ 19936 IbMhy Unk. o |unk.
ERPIE AN ¢ s M B
mu , : ' .
Hulc;imudu. BTN -1 M in. { 29in. 29in.
Coldleg Imu din. 75 in. 275 in. " |arsin, 2.5 in. :
nammmdm.em« sm T Nin. 31 in. 2in.
i S a1 > * .
] uy Valvn : s . ! .
First opening pressure ; o . |2A8Spsig . . |248S prig ) 2485 psig 2485 psig
- \ f { ¢ i o .
JCnpu'ty v L 189,500 Ibie eadlolz 139,300lbheadlol3 123,100 Ib/hr eachof 2 5 504,953 Ib/r each of 3
Lo 1178 lblthWt exchPORVof2  [95.5 e exch PORVofz 61.6 IMa/MW1 eschPORVof 2 |210,000 b/ each PORY of 3
Pr]mry Cooh Pmnp: | rE—
Nm\bu ‘ ; fj2- L 4 4 ‘
Pmpupncuy o 90,000 gpm " |88,500 gpm 88,500 gpm . 102500 gpm .
Coolarttemperatore SSSF : SU6SF - AssasE- - LU lesoF L .
Pressure rise 252 head 261 R head 277 0. head Unk.
Design pressure T Tlusspaig oo luss paig 18Spsig o aasspsig
Design temperature 650°F 650°F 650°F 650 °F
Motor rating (nameplate) 5,500 hp. 6,000 kp. 6,000 hp. 6,000 hp.
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Table 4.5-2, Comparison of Westinghouse PWR Vessel and Core Parameters

-

t

PWR PWR Reactor Plant Core Reactor Core Core Core Average Number Fuel Humber of
VYendor Type Name Power Vessel | Equivalent Active Power Density of Fuel Element Control Rods
{(MWt) 11.D. (In)] Dism. (in)]|Helght (in) {(kW/llter) Elements | Geometiry [(FulliPart Length)
w 2.-loop Gima 1520 132 96.5 144 . 89.00 121 14 x 14 29 Fi4 P
. W |2-toop Polnt Beach 1 & 2 1518 132" 96.5 144 87.00 121 14 x 14 37 (total)
W |2-1o0p. Kuwm * 1650 132 065 | 144 94.90 120 | 14x14 33 (total)
W ‘ 2:lot:_bp' Praiie Island 1 82| 1650 | - 132 | -96.5 144 95.90 121 _ 14 x 14 29 Fi4 P
W ;-'!gop' San Onotre 1 1347 144 119.5 144 70.40 157 14 x 14 45 (tolal)
W |3-loop H.B. mMz 2200 156 119.5 144 © 82.60 157 15x156 48 Fi5 P
w 3-loop Swry 1 & 2 2441 159 119.5 144 92.00 157 15 x 15 48 F/5 P
w 3-loop Turkey Point 3 & 4 2208 172 119.5 144 82.80 157 15x15 48 FS5 P
W 3-loop Beaver Valley 1 2660 157’ 119.5 143.7 100.00 1587 17 x 17 48 Fi5 P
W. |3-loop Beaver Valley 2 2660 157 119.5 143.7 100.00 1587 17 x 17 48 F5 P
W |3-loop Farley 1 & 2 2852 157 119.5 144 101.10 157 17 x 17 45 (total)
W [3-loop No«mmjm 82 2778 157 119.5 144 108.70 157 17 x 17 48 (total)
W |3-loop Shearon Mis 1 2765 157 119.6 144 105.00 157 17 x 17 52 (lo!al)
W [3-loop Summer; . 27065 172 119.5 144 104.50 157 ' 17 x 17 48 (total)
w _“ 4-loop Yarkee Rowe 600 109 75.7 91.9 89.3 to 90.1 76 9 x (6 x 6) 24 (total)
W |4-loop Haddam Neck 1825 154 119.6 121.8 82.00 157 15x 15 45 (total)
W |4-loop Braldwood 1 & 2 411 173 132.7 143.7 104.50 193 17 x 17 53 (total)
W |4-loop Byron 1 & 2 3411 173 132.7 143.7 104.50 193 17 x 17 53 (total)
W |4-loop Callaway 3425 173 132.7 143.7 109.20 193 17 x17 53 (total)
W |4-loop Catawba 182 411 173 132.7 143.7 103.5 to 44.6 193 17 x 17 53 (total)
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., ©  Table 4,5-2. Comparison of, Westinghouse PWR Vessel and Core Parameters (Continued) . .
PWR PWR " ( Resctor ‘Planl - Core . | Resctor - Core . Core ‘ Core A;nugm N;meor Fuel _Number_ of
Vendor|: ' Type v ., Neme .. Power | Vesse! | Equivaient Active . | Power Density of Fuel | Element . Control Rods
T =1 (MW1) |1.D." (In)| Diam. ({in) Helght (In)] (kW/liter) - Elements | . Geometry |(Full/Part - Length)]
,w"“ 4loop T c';oTa{‘étR:eP?ak]a:z 3425 1677|1327 14;3".7? '7:10‘3.:{ loj;194.5 193 ;.17'x 17 " 53 (tota?) - 1,
"W . [a-loop D.C. cgoﬂigz,j " 3250 173 | 1327 142.7 980 1o 1038 | ~ 193 17317 53 (total)
W |4-100p Diablo Canyon 1 &2 | 3338 | 173 RRRITRE 143.7 | 1023 lc; 104.5 193 | 7x1r’ 53FBP ¢
w - Ja-toop lndian Point 2 ° 2758 173 | 132.7 1144 - 85.00 193 . |- 15 x 15 53 F/8 P
W |4100p ! nian Poima - | 028+ | 1737-| rd2 144 92.70 103 |. 5% 15 53FBP .
W’ [4-100p - ﬁééu;r'o}f'a;'z' N YIS "'1X73: 132.7 143.7 wl " 103.50 93 |- 1rxa7” 53 (total) - |
W |4-loop Millstone 3f Caan '!79):; ) 132.7 sz 104.50 ] 193 17 x17 -| ! s3Fm P
' ;-Io?g'; égh;éikl{ - ~‘3-:isa" 173 - 132.7 1437 ( 102.60 1937, | 17 x17 -53 - (total)
w ifl:}o'p; s'oaia}:oéi51; 3411 " ”1473_‘ 1327 | . 1437 © 104.50 "193 17 x 17 - 53 (total)-
»,,ZWA_ Aloop + .. éoq;;;;t:t;z‘,‘» aatt | 173 1327 | 1437 " 103.50 S193 17 x 17‘; 53 F/8 P
W 4-Io_op«§ Sou\tf;Tmtﬂuz 182 , ?617‘. ‘ ) 17:;” 132.7 1 16é 105 (e;t.) 193 17 x 17 57 (total) =
‘W |ato0pt .. [trojan. o 3t | 173 |7 1327 | 1437 105.50 193 vx17 | saFmep
" w i actoop Vogtle 14 2- aat |o173 - :"19’2.7 - 1?43.7 bl 0450, 193 | a7 x17 | 57 (o)
‘W - 4-loop w;m: Bar 1?&5 A-sanr [ v | vsea | 1143.‘7 103.50 lye3 i | w17 | saEme
W 4-!¢;op wot Cisek | 3411, 173 | 1e27 e | oo 193 | 17x17 | 57 (o)
W {4-100p’ zum a2 | sasen | 173 | 1327 144 ~ 100.00 193 . | 15x15 57 (total)
4 v * -
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Table 4.5-3. Westinghouse PWR System Comparison - RCS, AFW, Charging and HPSI

Reactor Coolant Sysiem

Auxiliaty Fesdwaler System

Cherging System

High Pressure Inpction Syslem

+ | NSSS | Core|# RCS] # RCS S/G & AFW | Type Cepacity [ ] Type Capscity Capacity [ Type Capacily Capacity
Plant Nsme Vendor| MWi | Loops | PORVISV| Model Pumpe | Dtive sl | Pumps | Pump sig | gom @ PORV | Pumps | Pump @ psig | gpm @ PORV [ Notes
Beaver Valley 1 & 2 w 2660} 3 373 51 2 M 350 @ 1169 3 Cert |150 @ 2514 [150 Same as cent. charging pumps (a)
. 1 T |00 @ 1169
Braldwood 1 & 2 w Ja 4 213 51 1 M HBQO @ 1452 2 Cert |150 @ 2526 [1S50 2 Cent [400 @ 1106 0 (a)
: ! : b | D _|840 @ 1452 1 PD |98 98 .
Byron 1 8 2 w 341 4 213 51 A M |8%0 @ 1452 2 Cent |150 @ 2526 {150 2 Cent |400 @ 1106 0 (a)
' 1 0 840_@ 1452 1 PO |98 98
Callaway ¢ w 3425 4 213 “F ;2 M |600 @ 1387 2 Cent |150 150 ‘2. Cent |425 @ 1162 0 (a)
1 T_|1200 @ 1387 1 o _Jes 98 :
Calawba 1 8 2 w 4N 4 373 51 2 M |500 @ 1392 2 Cert |150 @ 2600 [150 2, Cent |400 @ 1750 [} (a)
: Al T_ {100 @ 1395 1 PO _[98 98
Comanche Peak 1 82] W [3425] 4 273 F 2 | M [woe o 2 | Cent [unk. unk, 2 Cont funk ) 0 @ |!
: 1 T |900 @ 1107 1 PD { * N ! .
DC Cooki w {azso0] 4 373 51 o M [450 @ 1177 2 [ Cemt [150 @ 2800 [150 2 Cenl 400 @ 1700 0 (a) b
: - ! t T_looo @ 1177 1 P _ {98 98 -
D.C.Cook 2 w 3‘250 4 213 SiF i | M 450 @ 1177 2 Cent |150 @ 2800 |[150 2 Cent 1400 @ 1700 0 (a) (b)
- 1 T_ 1900 @ 7z 1 M |98 98
Diablo Canyon 1 & 2 w 3338 4 N uT 2 M [440 @ 1300 2 Cent |150 @ 2514 [150 2 Cent [425 @ 1084 0
- 1 T _|880 @ unk 1 P |8 @254 los
Farey 18 2 w J2es2| 3 213 [3) 2 M 350 @ 1214 3 Cert |150 @ 2600 |150 Same as cent charging pumps (a)
1 M_[700 @ 1214
Ginna w [is20] 2 2/2 m 2 M [200 @ 1344 3 PO [60 60 3 Cent [300 @ 1170 0 (a) (c)
1 T [400 @ 1344 .
. 2 M 1200 @ 1080
Haddam Neck w 1825 4 213 27 "2 T |450 @ 1000 2 Cont 1360 @ 2300 [360 2 Cent 1970 @ 1750 0 (a)
1 FO_ 130 30
Indian Point 2 w 2758 4 23 44F 2 M 1400 @ 1350 3 "FD 198 98 3 Coent [400 @ 1180 [} .
" 1 T_|sco @ 1350 i , .
indian Polr’\l 3 W |J02s5| 4 273 44F 2 « M |40 @ 1350 3 +PD 98 98 3 Cent [400 @ 1080 0 (@
' 1 T_|soo @ 1350 ‘
Kowaunes . . w 1650 2. 212 61 . 2 M 1240 @ 1235 3 fD |60 60 2 Cent |700 @ 1082 [+} (a)
N 1 T o235 |- N : o : ’
McGulre 1 82 | w d25f 4 | 33 51 2 M 1450 @ 1655 2 Cont [150 @ 2514 {150 2 Cent 400 @ 1106 0 {a)
: N Tl T eco @ 1730 t ] o lss - Iss
|Mdstone 3 w 4 4 213 51 2 M 575 @ 1290 ¢ 3 Cert |150 @ 2800 [150 2 Cent 1425 @ 1500 0 {a)
N ' - 1 T _|1so@ 1200 | : !
North Anna § & 2 W [anrs] 3 213 51F 2 M 350 O 1214 3 Cert 1150 @ 2500 [150 Same as cent. charging pumps (a)
1 T _|700 @ 1214 - - :
Polnt Beach 18 2 w 1518 2 272 A4F [} M 200 @ 1192 3 [29]) |60.5 60.5 2 Cent | 700 @ 1750 0 (a) (b}
1 T 1400 @ 1192 !
Prairle lsland 1 & 2 w 1650 2 2/2 51 1 M [200 @ 1200 3 PO WGO.S 605 2 Cent 700 @ 1082 [+] (a) (d)
i) T {200 1200
Roblneon W [2200] 3 213 MF 2 M [300 @ 1300 3 m |77 77 3 Cent [375 @ 1750 0 {a)
1 T _ {800 @ 1300
Salem 1 & 2 W 13338] 4 213 (3] 2 M I“O @ 1300 2 Cent 150 @ 2800 150 2 Cent unk. 0 (a)
- : : ! T_[680 @ 1550 1 _Jos 98
San Onolre 1 w 1347] 3 212 27 . | M 1235 @ 1035 2 Cont [0 @ 2400 0 Same as cent. charging pumps (a)
1 T_ 1300 @ 1110
[Seabrook w 3] 4 23 F 1 M [710 @ 1322 2 | Cem [150 @ 2600 [150 2 l Cent l425 @ 1750 I 0 )
1 T {710 @ 1322 1 PD |98 98
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Table 4.5-3. Westinghouse PWR System Comparison - RCS, AFW, Charging and HPSI

(Continued)
Reactor Coolant System Auxiliary Feedwater Sysiem [Charging System High Pressure injection System
NSSS | Core |#? RCS| # RCS SIG # AFW | Type Cepacity ] Type Capacity Capacity [ Type Copacity Capacity
Plant Nams Vendor| MWt | Loops | PORV/ISV| Modet | Pumps | Drive psig | Pumps | Pump | gpm @ psig | gpm @ PORV | Pumps | Pump | gpm @ psig | gpm @ PORV | Notes
Sequoyah 1 & 2 I W' {34t1 4 213 51 « ¢ L2 M 440 @ 1257 v+ 2 | Cert 150 @ 2514 150 2 Cent {425 @ 1084 0
B 1 - T "|880 @ 1257 1 PO_|55 55
Shearon Harris 1 W |2785) 3 3l uT 2 M [400 @ 1265 3 Cont ' |150 @ 2514 150 Same as cent. charging pumps
o AN N : KA ¢ ¢ 1 - T 900 @ 12685/ -
South Texas 1 & 2, W 3017 4 213 F. , a, M [540 @ 1435 2 Cent |180 @ 2513 |160 3 Cent {800 @ 1235 0
. : . - 1 T__lsa0 @ 1435 1 o_|as . a5 . < :
Summer P W Jares5] .3 unk, | [Th1 2 "M, |400 @ 1211, 3 Cent [150 @ unk 150 Same as cent. charging pumps
- . _— 1 T_loto @ 1211
Surry 1 8 2 W 2441 2 213 51F 2 M [350 © 1183 3 Cert [150 @ 2485 150 Same as cent, charging pumps (a)
: S BN ! 1 T__{700 @ 1183 , L . .
Trojan W e L4 2/3 W, 8V, 1 T |9c0 @ 1474 .2 Cert {150 @ 2800 |150 , 2 | Cent {425 @ 1700 0 (a)
! 1’ D [960 @ 1474 1 ‘] PO |98 ‘|98 s
Turkey Point 3 [ ) w 2208 3 21 44F 2 T (600 @ 1203 ] PO {77 77 2 Cent |300 @ 1750 [} (a)
Vogtle 1 & 2 W [3411) 4 212 61 2 M |630 @ 1517 2 Cert [150 @ 2514 150 2 Cont |425 @ 1162 0 (a)
1 T 7 @ 1517 1 PO 198 @ unk. 98
Watts Bar { 8 2 w 341 4 ~213 61 - 2 M [470 @ 1800 2 Cert |150 @ 2514 |150 2 Cent junk. 0 {a)
' ) 1 T {040 @ 1600 1 PO |98 @ 3200 98
Woll Creek ¢ w 3411 4 213 F 2 M [800 @ 1387 2 Cent 150 @ 2514 |150 2 Cent [425 @ 1161 [} {a)
- -1 T - 11200 @ 1387 1 » PD 98 @ 2514 98
Yankse Rowe P w 600 4 v 172 27, .. 1 T [e0@ 12?0 3 Cert |33 kK] 3 Cent |187 @ 650 0 (a) (s)
1 * ot L N !
Zion 1 & 2 W 3250 4 213 81 ] .2 M 1450 @ 120 2 Cert [150 @ 2800 150 2 Cent |400 @ 1084 0 (a)
. . " 1 T__|o00 @ 1343 1 ro_Jos 98
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Table 4.5-3. Westinghouse PWR System Comparison - RCS, AFW, Charging and HPSI
(Continued)

General Note:
All pump capacities are stated on a per-pump basis. AFW pump capacity is stated in terms of rated capacity. Charging and
high pressure injection pump capacity is stated in terms of rated capacity and approximate capacity when RCS pressure is at
the PORY setpoint (i.e. for "feed and bleed" operation).

Codes used in this table include;

Type drive: M = electric motor
T = steam turbine
Type pump: PD = positive displacement

Cent = centrifugal
RCS PORV/SV: number of RCS power-operated valves (first

number) and safety valves (second number).
S/G model: UT = U-tube (see note (a))

OT = once-through

Notes:

(a) The Westinghouse small inventory steam generators (series 27 and 44) require twice the feedwater flow to prevent

(Siryopt ag )cpmparcd to the later versions (series 51 and F). The exception is Yankee-Rowe (ref. NUREG/CR-3713, -
- oection 3).- e - = - _ - ' o

(b). At Point Beach, and D.C, Cook, the motor-driven AFW pump in each unit can feed steam generators in both units.

(c) Ginna has a main AFW system with two motor-driven and one turbine-driven pump as well as a standby AFW
system which has tow motor-driven pumps located in a separate area.

(d) At Prairie Island, the motor driven AFW pump at each unit normally supplies the opposite unit.

(e) At Yankee Rowe, charging and SIS provide backup for AFW.
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Table 4.5-4. Comparison of

i

Westinghouse PWR Pressurizer Relief Capacity

« s

e

NSSS | #RCS [Manufacturer| Capacity Lowest # RCS| Capacity Lowest
Plant Name Vendor|PORV's]” . (Ib/hr/MWt)|Setpoint (psig)] SV's {(KIb/hr)|Setpoint (psig)]

Beaver Valley 1 & 2 W, 3 - Masoneilan 79.9 2335 K 345 2485

j . ' ) 38-20771 ; T s
Braidwood 1 & 2 w 2 Unk. . 210° 2335 3 420 2485
Byron 1 & 2 W, 2 Unk. 210° 2335 3 420 2485
Callaway w 2 Unk, 210° 2335 3 420 2485
Catawba 1 & 2 w. 3 Unk. 210° 2485 3 420, Unk.
Comanche Peak 1 & 2 w 2.1 . Unk 210° 2185 3 420; 2485
D.C. Cook 1 w. 3 .| Masonsilan 64.6 2335 3 129.2 2485

A EEEEE 4 . - B B T o : " . R

"|D.C. Cook 2 w 2 .| '38-20721 61.8 2335 3 123.5 2485

B N § . . \ L R

. |Diablo Canyon 1 & 2 W, 3 - Unk. Unk. Unk. 3 Unk. Unk,

Farley 1 & 2 \ w 2 Copes-Vuican 79.2 2335 3 130.1 2485
AL SR A ‘1'D-100-160 ) N o
Ginna W, 2. Copes-Vulcan 117.8 2335 2 189.5 2485

S o C : D-100-160 S .
Haddam Neck w 2 Copes-Vulcan 115.1 2270 3 160.7 2485
L - ‘ ‘ D-100-160 L ‘ :
Indian Point 2 w 2. Copes-Vulcan 78.7 2335 3 147.9 2485

N R : : D-100-160 | .. .

"|Indian Point 3 w’ 2. Copes-Vulcan. 78.7. 2335 3 147.9 2485

: o - 1 D-100-160 G Y I RAEEEEE ‘
" |Kewaunee w 2 Copes-Vulcan 106 2335 2 209.1 2485
D-100-160

4
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Table 4.5-4. Comparison of Westinghouse PWR Pressurizer Relief Capacity

(Continued)
NSSS | #RCS [Manufacturer|. Capacity Lowest # RCY Capaclity Lowest
Plant Name Vendor|PORV's {Ib/hr/MW1t)|Setpoint (psig)] SV's |(Kib/hr)}Setpoint {psig),
McGuire 1 & 2 w 3 Unk. 210" 2335 3 420 2485
Millstone 3 W 2 Unk. 210° 2335 3 420 2485
North Anna 1 & 2 w 2 Masoneilan 76 2335 3 137 2485
' 38-20721 :
Point Beach 1 & 2 w 2 Copes-Vulcan 117.9 2335 2 '189.7 2485
‘ ‘ D-100-160 - : '
Prairie Island 1 & 2 W | 2 Copes-Vulcan 5 2335 2 209.1 2485
N . D-100-160 :
Robinson w 2 Copes-Vulcan 95.5 2335 3 130.9 2485
' D-100-160 ; :
Salem 1 & 2 w 2 Copes-Vulcan 63 2350 3 125.8 2485
: D-100-160 ‘
San Onolre 1 w 2 ACF Industries 80 2190 2 178.2 2500
70-18-9 DRTX
Seabrook w 2 Unk. Unk. Unk. 3 Unk. Unk.
Sequoyah 1 & 2 w N/A Unk. Unk. Unk. Unk. Unk. Unk.
Shearon Harris 1 A 3 © Unk, 210° v 2335 3 ,380 2485
South Texas 1 & 2 W 2 Unk. 210° © 2485 3 505 2485
Summer w Unk. Unk. Unk. Unk. Unk. Unk. Unk.
Sury 1 & 2 w 2 Copes-Vulcan 86 2335 3 120.5 2360
IAS8RGP i
Trojan w 2 Copes-Vulcan 61.6 2350 3 123.1 2485
D-100-160
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Table 45-4 Comparlson of Westmghouse PWR Pressurizer Reliefl Capacnty

0 - (Contmued) .
Qoo e NSSS | #RCS |Manufacturer] * Capaclly - Lowest, ¥ RCS Capaclty Lowest
Plant Name Vendor|PORV's| : - (lblh riMWt)|Setpoint  (psig)| SV's |[(KIb/hr)|Setpoint ' (psig)] =
Turkey Point 3&4 W 2 Copes-Vulacn | - - - 95.1 2335. .- |+ 3 |.1328 | 2485
g e , 5-131642 .|. =~ . . : r
Voglle1 &2 ‘ w - Unk. 210° 2295 2- |- 420 - ... 2485
Watts Bar 18 7 W | 2 ~Unk. Unk. Unk. T3 | Unk, Unk,
Wolt Creek w2 - N/A 210° 2235 3 420 2485
YarkeeRowe - W. -1 . Dresser . 118 ¢ 2400 - 2 183 . 2485
i . ] .31533 VX o -
Zlon 1 & 2 w 2 | Copes-Vulcan 64.6 2335 .3 129.2 2485
3 N ! D'100'160' 5 e e ! :
. I NP .* Kib/hr rating - - :
. ) : : . ' . v : i
: e T ’ ; .
- PR - i '“ & By ] : T ;
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Table 4.5-5. Comparison of Westinghouse PWR Containments

NSSS Arch./ [Prim. Concrele Internal | Contalnment | Design Deasign Enclosure
Plant Name Vendor | Engineer|Cont. Constructlon Construction |Diameter| Free Volume |Pressure]| Lesk Rate |Bullding?
Type Subtype {feat) (113) (psig) % vol/day
Beaver Valley 1 & 2 w Stone& | Sub ] Concrete Cylinder w/ Reinlorced 126 1.80E+06 54 0.1 No
Webster | Atm Steel Liner
Braxdwood 1 & 2 w Sargent | Dry | Concrete Cylinder w/ 3-D 140 2.90E+06 61 0.1 No
& Lundy Steel Liner Prestressed
Byron 1 &2 w Sargent | Dry | Concrete Cylinder w/ 3-D 140 2.90E+06 61 0.1 No
& Lundy Steel Liner Prestressed
Callaway w Betchel | Dry | Concrete Cylinder w/ 3-D 140 2.50E+08 60 0.1 No
Steel Liner Prestressed
Catawba 14 2 w Duke ice Steel Cylinder Reinforced 115 1.22E+06 30 0.2 Yes
Power | Cond.
Comanche Peak 1 & 2 w Gibbs 8 | Dry | Concrete Cylinder w/ Reintorcod 135 2.98E+08 50 0.1 No
Hill Steel Liner
D.C.Cook1&2 w AEP lce | Concrete Cylinder w/ Relnforced 115 unk. 12 0.25 No
Cond. Steel Liner
Diabio Canyon 1 & 2 w Pac.Gas | Dry | Concrete Cylinder w/ Reinlorced 140 2.63E+08 47 0.1 No
8 Eloct Steel Liner
Farley 1 & 2 w Bewchel | Dry | Concrete Cylinder w/ 3-D- <130 2.03E+08 54 0.3 No
Steel Liner Prestressed
Ginna W Gilbert -] Dry | Concrete Cylinder w/ | . 1-D Vert. 105 9.97E+05 60 0.1 No
: " Steel Liner Prestressed T
Haddam Nedk - w .Stone & | Dry | Concrete Cylinder w/ Reinforced 136 1.71E+086 40 0.1 No
Webster Steel Liner "~ N S & L LR
Iindian Point 2 ' W UEC . Dry .| Concrete Cylinder w/ Reinforced 135 2.61E+08 47 0.1 No
C o . - - -Steel Liner ' 2
Indian Point 3 w UEC Dry | Concrete Cylinder w/ Relnforced 135 | 2.61E+08 47 0.1 No
N . PR - stmlL_lner‘J. 4 1 N ! .
Kewaunee w Pionear | Dry sw?l Cyhnder --- 108 :| " unk/ 46 0.5 Yes
McGule | & 2 w Duke lce | Concrete Cylinder w/ | - Relntorced 115 ° unk, 28 .'0.2 No
: Power | Cond |” ~ Steel Liner
Miilstone 3 & w Stone & | Sub'{ Concrete Cylinder w/ Relntorced 140 1.03E4+07 - 45 0.9 Yes
. Webster | Atm Steel Liner ~
North Anna 1 & 2 w Stone & | Sub | Concrete Cylinder w/ Reinforced 126 unk. 45 0.1 No
Webster | Atm. Steel Liner
Point Beach 1 & 2 w Betchel Dry | Concrete Cylinder w/ 3-D 105 unk. 60 0.4 No
Stoel Liner Prestressad

S e
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“. v .,  Table 4.5-5. Comparison of Westinghouse PWR Containments (C9ntinued)

! . : } , .
. L NSS8 JArch./ |Prim, . Concrete | Internal | Contalnment| Design Design Enclosure
Plant Name -. -Vendor-| Engineer | Cont. Construetion. Construction | Diameter| Free Volume |Pressure| Leak Rate Bullding?
‘ Type ) Subtype (leet) 1. (113)° {psig) | % vol/day
Prairie Island 1 & 2 - TW. Pioneer. | Dry.| . .Steel Cylinder . .. .o .. 105 .} . unk, - . 41..]. . 0.5 ... Yes
Robinson2 . .. W. | Bprasco | Dry | Concrets Cylinder w/ | 1-D Vert. .]. 130 2.10E406 | 42 | 0.1 No
’ ; Stesl Liner Prestressed .
Salem1&2 . . w PSEAG | Dry | Concrete Cylinder w/ |  Relnforced 140 . 2.62E+06 47 0.1 No
“ . : ‘ Steel Liner L
SmOnofroj W ' Batchel Ory |- = S\oo!Sphefe ... 140 , 1.44E+06 47 0.5 Yes
Seabrook 1-; W , URC Dry | Concrete Cylinder w/ Reinforced 140 © 2.70E+08 65 0.5 Yes
R - ) ' Steel Liner * s ’
Sequoyah 1 & 2 ‘W . TVA Ice Steel Cykinder - 106 unk, . t10.8 0.5 Yes
W [ - PR ta e g m EEY . “ ” - N T . - N . v
Shearon Harris 1, W . | Ebasco Dry | Concrete Cylinder w/ Reinforced 130 © 2.50E+086 45 0.3 No
L U IR STl R PR PO Steel Liner RO SN -t C. . - .. .
South Texas 1&2 . |. W Brown Dry | Concrete Cylinder w/ 3-0 150 3.30E+06 56 0.3 No
A : TR B Steel Liner 'Prestressed |’ .
Summer W ' Glibert Dry | Concrete Cylinder w/ 3-D 126 unk, | - 55 0.2 No
e A R Steel Liner Prestressed I
Sutry 1 & 2 w ,Stone& | Sub | Concrete Cylinder w/ Reinforced 128 1.80E+06 60 0.1 No
RN ASCREH I ‘Webster | Atm. | Steel Liner | .
Trojan w « Betchel | Dry | Concrete Cylinder w/ 3-D © 124 . 2.00E+06 60 0.2 No
‘ T ' ' Steel Liner . Prestressed ; . ; N
Turkey Point 3 & 4 w , Betchel Dry | Concreta Cylinder w/ 3-D 116 1.55E+06 59 0.25 No
IR : LR I Steel Liner ‘| Prestressed :
Voge 1 & 2 w ; Batchel | Dry | Concrete Cylinder w/ 3-D 140 "2.70E+06 © 52 0.1 No
i fams e o - o ! . Steel Liner Prestressed - !
Watts Bar 1 & 2~ - W CCTVA ] e Steel Cylkinder cosee ol 115 |- unk. —~15 - 05 - Yes
Wolf Creek - - - W Betchel - | Dry | Concrete Cylinderw/ | - 3-D  --|. 135- 2.50E+06 60 .- 0.1 No
; ; Steel Liner - Prestressed . ’ '
YankeeRowo . . W .| Stone&-.|] Dry Bare Stee! Sphere . | - .- -125  |.. 1,02E+06. | .. 34.. < 3 No
‘ Webster | RS SR i L )
Zion 1 &2 : W "Sargent | Dry | Concrete Cylinder w/ 3-D 141 . 2.86E+08 47 0.1 No
: ' & Lundy ‘] - [ __Steel Liner Prestressed ' ‘




Table 4.5-6. Comparison of Westinghouse PWR Backup Electric Power Systems

Shared |Dedicated|Continuous # of
NSSS | Dieseis | Diesels Rating Diesel Batteries
Reactor Plant |Vendor|per Plant] per Unit (kW) Manufacturer |per Plant] Voltage Notes
Beaver Valley 1 & 2 w ~None 2 2600 |Gen. Motors 5 125 |*Unit 1
: ' o , 4+ **Unit 2 (2 are diesel batts.)
Braidwood 1 4 2- - |- W - None 2 5500-- |unk, 2 126 ‘ ’ - -
Byron 1 &2 " W | "Noe ; |~ 2" 5500 |unk, 2 < 126 .
Callaway "W |7 Nae! 2 6201  Junk. 2 125
Catawba 1'& 2 w 1 2 7000 junk., 7** | 125 ['Diesel batt. **1 DG and 3
] " . ' X 2° 125V DC batts for safe shidwn]

Comanche Peak 142 W - None 2 -7000 |unk. 2° 125
D.C.Cook1&2 w Nore 2 3500° |Worthington 4 250 |['Unit 1

o . B . 3600°** _|Worthington **Unit_2

BN Diablo Canyon182 | W 1 2 2600 JAko 6 125

o0 - . . . - .
Farley 1 & 2 w 3 ‘2600  |Fairbanks-Morse 7 125

2 4600 - |Falrbanks-Morse

Glona w None 2° 1950 |Ako 2 120 |°480 VAC diesel generator
ﬂanamNedc . W Nong 2.. 2850 |junk. 2 | 125,
Indian Point 2 W | Nome - 3 1760 |Ako 4 -125-
Indian Point 3 w Nono 3 1750 |Ako 3 125
Kewaunee W | .Now 2 2850 |Gen. Motors 2 125
McGulre 1 & 2 w None 2 4000 . junk. - 4 125
Millstone 3 w Nane 2 4986 |Fairbanks-Morse 4 125
North Anna 1 & 2 w None 2 2750 |Falirbanks-Morse 8 125

w

2 PonBeach 182 | W, z. 2650 [Gen. Molors ) 125
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'I‘able 4.5- 6 Comparlson of Westmghouse PWR

qukup Electric Power Systems

; (Contmued)
' 1T . - e .
; 4 ey ¥ v % .- ’ -y oo . ‘
c . N Shared |Dedicated|Continuous e e b # of
NSSS | Diesels | Diesels Rating " Diesel Batteries| ' -~
Reactor Plant |Vendor|per Plant| per Unit (kW) Manufacturer |per Plant] Voltage Notes
_|Prairle Island 1 & 2 W .2 . ‘2850 |Gen.Motors . . | 4 125
e el e ] . ' - " lmode! ' 999-20) |. . .. ] - o B -
Robinson2 - w ' None 2 2450 |Falrbanks-Morse 2 - 125 |° Dedicated shutdown diesel
: : 1° 2500 [Falrbanks-Morse qgenerator
Salem 1 & 2 - W SRR 3 2600 |JAko- 6 125 - - -
e ] 40000°* - 2 250 |* Gas turbine
’ Sanno!rai . w None 2 unk. unk. 2 125 '
. |Seabrook 1 ¢ w Nore 2° 6083  [Falrbanks-Morse .4 125 )
"|Sequoyah 18 2. - - W -1 . Noe .2 ~-3600 |BruceGM . unk, unk, . . D
Shearon Harrls 1 w None 2 6600 unk. ' 2 125
N e . Rt e M S .
Swth Toxas1 & 2 W. .| ' Nome. 3. 5935  |Cooper Energy unk. unk,
R R : " [Services ) . (
" |Summer . ' ... W |. * Nome . . 4250 . |Fairbanks-Morse unk, . unk, -
Surry 1 & 2 w: I R 1 2850 |Gen. Motors 4 125
LAV - H - . R ’ X 4 P . . .
.« |Trojan } w ; Nore 2. 4418  |Gen. Motors . 2 125
4 T . - A - . L LR T - - , 1 N 250
Turkey Point 3 &4 | W 2.. - +2500  |Schoonmaker GM 4 125
Vogtie 1 & 2 w Nona 2 ©,7000  junk, N 4 125
) . Sun I NERRL ; R Loy
Wans Bar 1 & 2 W Nore « 2 4750 [Falrbanks-Morse unk, unk, . y
Woll Crook . W None * 2" <6201 unk, - © 4 - | 125 N .
Yankee Rowe - W Nore .3 400 Gen, Moton -3 - 125 |°480 VAC diesel generator -
Zion14&2 w 1 2 4000 pror-Bessemer 5 125

4
¢
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Table 4.5-7. Comparison of Westinghouse PWR Power Conversion Systems

’

v

NSSS | Arohlteot/ Turbine Gen. |[Turbine Bypass| Condenser Kormal - # Main FW]| FW Pump [Shutolt Head] Capacity
Piant_Name Vendor| Engineer |Constructor] Cap. (MWe) ICapsbhiity (%]]Cooling Type Hest Sink Pumps Drive Type {psig) tgpm)
Beaver Valley 18 2 w Stone & . 833 85 . [Closedloop Nat. Cooling Tower . 2 9 unk, unx
Websler Light Co
Braidwood 1 & 2 w Sargent & ICommonwealth 1120 40 Once Through | Braxdwood Lake 2 {50%) turbine unk, unk,
* Lundy Edwon M > - - 1 (50%) AC unk unk
Byron 18 2 w Sargent & [Commonwealth 1120 40 Closed Loop Nat, Cooling Towers 2 (50%) turbine unk unk,

N ' Lundy Edwson 1_{50%) AC unk unk
Callaway w Bechtel, Damel 1120 | 40 Closed Loop Nat. Cooling Tower 2 (87%) turbine unk, unk.
Calngh 182 +- w Duke Power | Duke Power | -~ - 1129 + 100 ;- + |Closed Loop Maech. Cooling Towers - 2 (50%) AC -+ - unk 18,400
Coma_ncho Poak 182 aW Gibbs & Hi! @rp\vn & Root | !50 o unk.‘ \ ?mo;lhww - Squu Cr':i} f}oyvgi 2 _(50%) | _ turbine 988 19,800
D.C.Cookl!2 w AEP AP . 1080 [ TN OtuThwd\ |Lake Michigan 2 (70%) turbine 1,138 16,750
Duablo Canyon 1 & 2 w Pacdic Gas & | Pacdic Gas & 1087 40 . Orce Through  [Pacdc Ocean - 2 turbine unk, unk.

. Electric Electric ' ! '
Farley 182 -~ w SCS/Bechtel * Daniel 823 -~ 40 Closed Loop Mech. Cooling Towers 2 turbine 1,474 15,000
5250 APM
Goa - "W | Gilbert .| Bechiel _ 470 40 ©  |Onoe Through - #.leomam 2 (50%) AC 1,165 14,000
: 853 psi
Haadam Neck 7] Stone & Sone & 582 40 [OnceThrough [Connecticd Anver 2 (50%) AC 1,100 v.600
) ' Wabster Waebster !
lindian Point 2 w UESC- Wedoo 849 40 Once Through  [Hudson Rver 2 turbine unk. 1,530
: d @970 psig
Indian Powd 3 w UESC, Wadoo [T1] 45 Once Through  [Hudson Rver 2 turbine unk, 1,530
! = @970 psig
Kewaunee w FEl FEl 502 . 40 Once Through _ {Lake Michigan 2 (60%) AC 2,278 10,000
McGuwe 14 2 w Duke Power | Duks Power 1129 100 Once Through . (Lake Norman 2 turbine unk. 18,000
Milistone 3 w Stone & Stone & 1142 . 40 Once Through  [Neantic Bay 2(50%) turbine 1,235 19,650
Webster Webster ‘ 1 _(60%) AC unk unk
North Anna 1 8 2 w Stone & Stone 8 916 40 Once Through  [Coaling Lake 3 (50%) AC 886 16,250
Waebster Webster ' !
Point Beach 1 8 2 w _Bechtel __|.. Bechiel " |. 485 : 40 ‘2 ]Once Through Wulo Mchugan 2 (60%) AC 1,082 « 780
. T N LI . o Q94‘ II
Prawie lsland 1 & 2 w FEl Northern 6023 10 ClosadLoop - | |Mech Cookng Towers 2 (65%) AC 1,050 unk
- Slates Power : - -
IRobunw\z w Ebasco Ebasco 865 40 Once Through ngunobmon 2 AC 1,040 12,890
Salem 1| 82 W IPublic Service UEAC 1108 40 Onoce Through | D?h\uu River 2 (50%) turbine unk. 18,613
) Elociric8 Gas 884 psi
San Onolre 1 w Bechiel Bechtel 436 10 Once Through | Pacdic Ocean 2 (50%) AC 1,165 14,000
— . 853 psi
|Seabtrook 1 w UESC UESC 1160 60 Once Through  [Atlantic Ocean 2 (50%) turbine unk, 17,200
@ 1019 psig
|Sequoyah 182 w TVA TVA 1148 unk, Combined Cycle |Nat. Cooling Tower unk, unk. unk, unk
cT T & Tennasses River

v
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Table 4.5-7. Comparison of Westinghouse PWR Power Conv

ersion Systems

(Continued)
NSSS | Architect/ Turbine Gen, [Turbine Bypass] Condenser Normat # Main FW| FW Pump [Shutoff Hesd Capacity
Plant Name Vendor] Engineer [Constructor] Cap. {MWe) [Capability (%)]|Cooling Type Heat Sink Pumps __| Drive Type! (psig) {gpm)
Shearon Harng 1 8 2 w Ebasco Daniel 880 81 Closed Loop Nat Cooling Tower 2 (50%) AC 1,517 15,115
@ 1031 psig
South Texas 1 8 2 w Bechtsl Ebasco 1250 unk, Closad Loop 7000 Acre Cooling Pond unk. unk, unk, unk,
Summer w Daniel Gilbert 865 unk Once Through  [James River unk, unk unk, unk
Sury 18 2 w Stone & Stone & 781 40 Once Through | James Rver 2 (50%) AC unk, 13,800
Wabster Wabster
Trojan w Bechtet Bechtel 10905 40 Closad Loop Nat, Cooling Tower 2 (70%) turbine 1,409 19,800
(876 peig
Turkey Point 3 & 4 w Bechtel Bechtel [11] 40 Once Through  {Mech, Cooling Towers 2 {60%) AC 1,149 14,000
835
Vogtie 18 2 w Bechtel Georga 1079 40 Closed Loop Nat. Cooling Towers 2 turbine unk, 24,400
Power Co. @ 1300 psig
Watls Bar 1 & 2 w TVA TVA 177 40 Ciosed Loop Nat. Cooling Towers 2 turbine unk. 23,600
819
Wolt Creek [%7 Bechtel Oaniel 1128 unk, Once Through {6000 Acre Cooling Pond 2(67%) turbine unk, unk,
SaL -
Yarkee Rowe w Stone & Stone & 187 unk. Once Through | Sherman Pond 3 AC unk, 2,160
Webster Webster @945 paig
Iont 82 \v Stone 8  [Commonweatth) 1040 40 Once Through  [Lake Mchigan 2 (50%) turbine 1,600 15,800
Webster Edison @1160 psig
1_(50%) AC unk, unk
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19.0 COMBUSTION ENGINEERING
" PLANT DESCRIPTION =

19.1 Introduction

This chapter provides a basic introduction to
the Combustion Engineering (CE) technology by
discussing the major differences between a

-Westinghouse design and a CE design. . The first

. part of the discussion-will be about the mechani-
cal systems, specifically the reactor. coolant

* .~ system, the steam generator, the emergency core

- cooling systems, the control element assembly,
and the control element drive mechanism. The -

second part will discuss plant protection and .’

momtormg systems i
19.2 Mechanical Systems

19.2.1 ° Reactor Coolant System

The reactor coolant system consists of two .
" heat transport loops, each of which has two .

- reactor coolant pumps'and one steam generator.

:** ~'The reactor coolant exits the reactor vessel and is -

transported ‘through hot leg (Ty) piping to the
steam generators. The reactor coolant leaves the
. steam generator through two cold legs (T,), each

“containing a reactor coolant pump. In each loop,
~ the coolant is ‘Teturned to the reactor vessel.

" Figure 19-1 shows an elevation view of the
reactor coolant system. Figure 19-2-shows a
plan view of the system. The hot leg piping is
T 427 in dlarneter and the cold leg piping is 30”.
The reactor coolant system is designed to 2500”

psia, with normal operating pressure around“- - ~¢ - - - . . . :
».:vi2 .The low pressure injection system, or shut-
- . down cooling-system, consists of two trains.

2250 psia. Tayg at 100% power is 583°F.

-y

.+ tank during the injection phase.

19.2.2 - Steam Generator

The CE steam generators are vertical, invert-

. ed, U-tube, tube-and shell heat exchangers

similar to the Westinghouse design. Each of the

' two steam ‘generators in a CE plant are much

larger than those in a four loop Westinghouse

. plant with the same rated electrical output.- Each

CE steam generator has 8,400 tubes providing

86,000 square feet of heat transfer area. Figure

19-3 shows the design features of a CE steam
generator o :

19 2.3 - Emergency Core Coohng
.*Systems :

The emergency core ‘cooling systems (Figure
19-4) consist of the'high head injection system
(HPSI) the low head injection system (LPSI),
and the safety m_]ectlon tanks (SITs)

- The hlgh head 1nJect10n system consists of
-'two trains. Borated water is taken from the
refueling water storage tank during the injection
phase or from the containment sump during the
‘recirculation phase and pumped to the cold legs
" through motor operated valves. = The HPSI
pumps have a discharge pressure of 1600 psig.
Three non-safety related positive displacement
.pumps in the chemical -and volume control
system provide normal makeup to the RCS.
These pumps charge water from boric acid
makeup tanks into the RCS during an accident,
but since they are non-safety related, this flow is
not taken credit for in the FSAR accident analy-

i sis. '

e T

- Water is taken from the refueling water storage
The LPSI
-.pumps have a discharge pressure of 150 psig.

© 1941
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The LPSI pumps are capable of taking a suction
from the recirculation sump, but the HPSI
system is designed to perform the recirculation
function. When the LPSI system is aligned for
shutdown cooling, the LPSI pump takes a
suction on the RCS hot leg and discharges the

water through the shutdown cooling heat

exchangers to the RCS cold.legs. Note that the
shutdown cooling heat exchangers are normally
aligned in the containment spray flowpath.

There are four safety injection tanks, one on
each cold leg. The SITs are filled with borated
water and pressurized with nitrogen. The normal
pressure in the tanks is approximately 600 psig.

19.2.4 Control Element Assembly and
Drive Mechanism

A CE control element assembly (CEA) has a
spider and hub design with five fingers which are
nearly one inch in diameter and consist of boron
carbide pellets. A CEA is shown in Figure 19-5.
The control element drive mechanism is a mag-
netic jack design (Figure 19-6), except five coils
are used instead of three. A control element drive
mechanism control system (CEDMCS) is used to
automatically or manually move the CEAs.

19.3 Plant Protection and Monitoring
Systems

19.3.1 Reactor Protection System
(RPS)

A simplified CE RPS is shown in Figure 19-

7. First of all, CE uses separate instruments for -

.protection and control. If one of the protection
channel parameters exceeds its trip value, the
associated bistable will trip.: This will deenergize
the 'trip relay in that channel. -The six logic
matrices consist of a series-parallel contact

network (Figure 19-8) and are used to determine
whether the two out of four coincidence trip logic
has been satisfied.

When a logic matrix determines that the trip
coincidence is satisfied, the associated logic
matrix relays deenergize, opening the associated
trip path contacts. When these contacts open, all
circuit breaker control relays deenergize and all
reactor trip circuit breakers open. Eight reactor
trip circuit breakers are in the circuit between the
motor generator sets and the CEDM coils. One
pair of breakers on each side must open for the
CEAs to trip into the core.

The engineered safety features actuation
system operates very similar to the RPS de-
scribed above.

19.3.2 Core Protection Calculators
(CPOC)

Core protection calculators (Figure 19-9)
have been added to the newer CE plants to
generate reactor trip signals based upon local
power density and DNBR, which prevents these
limits from being exceeded during anticipated
operational occurrences. The CPC is a digital
computer that continuously calculates a conserva-
tive value of plant local power density and
DNBR using safety channel inputs from RCS
flow, RCS pressure, RCS temperatures, reactor
power, and flux distribution.

19.3.3 Core Operating Limits Supervi-
sory System (COLSS)

The core operating limits supervisory system
(Figure 19-10) is a plant computer program
which provides comprehensive and continuously
updated information. The program consists of
on-line power distribution, DNBR correlation,

USNRC Technical Training Center
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calorimetric power, and maximum linear power
generation rate calculations. When the COLSS is
operable, the plant Technical Specifications
allows the plant to operated closer to the kw/ft
and DNBR limits.

19.4 Summary

This chapter discussed the major differences
between a Westinghouse design plant and a
Combustion Engineering design plant. The CE
plant has two reactor coolant loops, each of
which has two reactor coolant pumps and one
steam generator.

The emergency core cooling systems in a CE
plant consist of a high pressure injection system
which is also used for the recirculation phase, a
low pressure injection system which is also used
for shutdown cooling, and four safety injection
tanks.

The CE reactor protection system uses a two
out of four coincidence logic for reactor trips and
engineered safety features actuations. The core
protection calculator and the core operating limits
supervisory system allows the plant to operate
closer to the kw/ft and DNBR safety limits.
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20.0 BABCOCK & WILCOX PLANT
DESCRIPTION

20.1 Introduction

This ‘chapter provides a basic introduction to
the Babcock & Wilcox technology by discussing

" - the major differences.between a Westinghouse
*.design and a B&W. design.” The first part of the- -

_ discussion will be about the mechanical systems,

specifically the reactor coolant system, the steam .. -’

generator, the emergency core cooling systems,
and the control rod drive mechanism. The

second part .will discuss.the control systems, .

specifically the integrated control system and the
- reactor protection system.
20.2 Mechanical Systems
.. 20.2.1 * Reactor Coolant System

The reactor coolant system consists of two
*.heat :transport loops, each of which has two
" reactor coolant pumps and one steam generator.

. - The reactor coolant is transported through hot leg

. (Ty) piping connecting the reactor vessel to the
" “steam generators. ‘The heat generated in the core

- inside - the reactor-vessel is transferred to the -

"- secondary system in the steam generators. “The - -

coolant leaves the steam generator through two:-.

cold leg (T.) connections, each containing a
reactor coolant pump. In each loop, the coolant

' is returned to the reactor vessel. o

roe oy

d + z
3 : L., . 1.

Figure 20-1 shows the major components of -

a raiséd loop design of ‘the reactor coolant sys-" <
tefn. " The hot leg piping is 38” in diameter, and .=
~where it is heated into saturated steam. Finally,

-the cold leg piping i§ 32”. The reactor coolant
system is designed to 2500 psig, with normal
operating pressure around 2195 psig. Tavg at
100% power is 601°F.

¥

20.2.2 Once Through Steam Generator

The purpose of the steam generator is to take
the heat from the primary coolant flowing inside

- of the tubes and make steam using the secondary

water flowing around the tubes. This purpose is
accomplished in the once through steam genera-

tors (OTSG), which is a slightly different design

than the Westinghouse U-tube design.

. Instead of having U shaped tubes, the OTSG
(Figure 20-2) uses a straight tube design. There
are approximately .16,000 tubes in the OTSG.
The OTSG is a counterflow heat exchanger.
That is, the primary coolant enters the tubes at the
top of the OTSG and flows straight through the
tubes to the bottom of the OTSG. The feedwater
enters the OTSG at the bottom and flows to the
top of the tube bundle. At the primary outlet, the
flow splits into two paths, each going to a reactor

"« coolant pump.

T};e operation of the O:I;SG is also slightly

-different from a U-tube .steam generator design.

The steam generated in a U-tube steam generator
is saturated steam. Also, the amount of heat
transfer area-is constant with power. :-In an
OTSG, the steam at the outlet of the OTSG has a

-minimum of 50°F superheat, and the heat transfer
" area varies with power. :

At the bottom of the OTSG (Figure 20-3), the

feedwater is heated to approximately a saturated

condition-in the subcooled region. The water

+-begins to boil in the nucleate boiling region, and -

at-the outlet of this region is about 95% steam.
~The steam then enters the film boiling region,

the steam enters the - superheat region and receives
enough heat to provide the minimum of 50°F
superheat. . = -
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The sizes of these heat transfer regions
change with power. As power increases, the
feedwater flow increases. The subcooled region
will increase in size. The nucleate boiling region
will also increase greatly in size. The size of the
film boiling region is approximately a constant
over power. The increase in size of the
subcooled region and the nucleate boiling region
results in a decrease in the size of the superheat
region. However, the steam at the outlet of the
OTSG still has a minimum of 50°F superheat.
These changes in the amount of heat transfer area
allows the operator to actually control primary
temperature with feedwater if the control rods are
not available.

20.2.3 Emergency Core Cooling
Systems

The emergency core cooling systems consist
of the high head injection system, the low head
injection system, and the core flood system.

The high head injection system (Figure 20-4)
consists of two trains. Water is taken from the
borated ‘water storage tank and pumped to the
cold legs through motor operated valves. The
valves can be throttled to control high pressure
injection flow. The pumps in the high head

system are used as the makeup pumps during -

normal operation.

" The low pressure injection system (Figure
20-3), or decay heat removal system, consists of
" two trains. Watér can be taken from the borated
water storage tank during the injection phase or
from the recirculation sump during the recircula-
tion phase. The pumps discharge to the core
flood nozzles on the reactor vessel.

The core flood system (Figure 20-6) consists
of two tanks. The core flood tanks are filled with

borated water and pressurized with nitrogen.
The normal pressure in the tanks is approximate-
ly 600 psig. The tanks discharge into the core
flood nozzles on the reactor vessel.

20.2.4 Control Rod Drive Mechanism

The control rod drive mechanism for a B&W
plant is also slightly different from a Westing-
house drive mechanism. Instead of using a
stepping motor, the mechanism uses a leadscrew
and roller nut assembly.

The major parts of the B&W drive mecha-
nism are shown in Figure 20-7. A synchronous
reluctance motor is used to provide the driving
force for the control rod drive mechanism. The
motor stator is'located outside of the motor tube
and the rotor on the inside of the motor tube.
When energized, the upper part of the segmented
arms of the rotor are pulled out, which pivots the
roller nuts on the opposite end of the arms into
the leadscrew. For every rotation of the-roller
nuts around the leadscrew, the leadscrew will
move 0.750 inches. To prevent the leadscrew
from rotating during rod motion, there is a torque
taker on the top of the:leadscrew. The torque
taker transmits the torque to the torque tube and
prevents rotation of the leadscrew. The torque
taker also has a permanent magnet on it to close
reed switches for rod position indication.

The control rod drive mechanisms are de-
signed to drop the rods upon a loss of power.
With no power to the drive mechanism, the
segmented arms will pivot to the inward position
due to springs. This causes the roller nuts to
disengage the leadscrew, and the rod will fall.
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20.3 Control Systems

20.3.1 Integrated Control System

The B&W plants use an integrated control
system (ICS) to simultaneously control the main
turbine, main feedwater flow control valves,
main feedwater pumps, and the control rods.
The ICS is shown in simplified form in Figure
20-8 and more detailed in Figure 20-9. The basic
function of the system is to match generated
megawatts to desired megawatts.

There are four major subassemblies in the
ICS. These are:

¢  Unit load demand,

» Integrated master,

¢ Feedwater demand, and
* Reactor demand.

The unit load demand subassembly acts as
the setpoint generator for the ICS. The operator

can input the desired load and the desired rate of -
load change into this subassembly, and these,

signals are transmitted to the remainder of the
ICS.

There are several functions of the integrated
master subassembly. First, this subassembly

positioning the turbine control valves. Another
function is to feed the demand signal to the
feedwater and reactor demand subassemblies.
To do this, the integrated master modifies the
signal being sent. This subassembly also con-
trols the position of the steam dump valves. The
final purpose is to maintain a constant load on the
turbine, even when plant conditions are chang-
ing. For example, if circulating water tempera-
ture is higher than normal, the vacuum in the
main condenser will be lower (higher absolute

*.. master.
controls the load of the turbine generator by - ~

ATl e

iz i _.The reactor protection system for a B&W

pressure). The output of the turbine will be less
due to the loss of efficiency. - The number of
megawatts generated will be less than the desired
megawatts. The error signal will cause an
increase in the output of the feedwater and reactor

- “demand subassemblies. The integrated master

performs its functions by controlling at a constant

steam pressure.- If pressure goes up, the turbine

valves will open to lower pressure (pick up more
load), and vice versa.

The feedwater demand signal originates in the

unit load demand and is modified by the integrat-

" ed master. There is a separate control -for each

~". OTSG. The demand signal controls the position

of the startup feedwater regulating valve and the
-main feedwater regulating.valve,. which are

.+ operated in sequence.- That .is, the startup

feedwater regulating valve opens first and then

the main valve. To maintain the proper differen-

tial pressure across the feedwater regulating
‘valves, the feedwater demand subassembly also
- controls the speed 'of the main feed pumps. -

. The reactor demand subassembly controls the
position of the -control rods for the purpose of
controlling reactor coolant system temperature.
The demand signal again comes from the unit
‘load demand and is modified by the integrated

20.3.2 - ‘Reactor Protection System

A . T

plant is significantly different from that of a
Westinghouse plant.

The reactor protection system is shown in
Figure 20-10. If one of the monitored parame-
ters exceeds its trip value, the associated contact
in that channel will open. This will deenergize
the trip relay in that channel, which tells the other
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channels that one channel has seen a trip condi-
tion. If a second channel receives a trip signal
(from the same or a different parameter), the
reactor will trip.

- Therefore, the reactor protection system for a
B&W unit is two out of four reactor protection
system channels, and not based upon a certain
coincidence of only one parameter.

20.4 Summary

This chapter discussed the major differences
between a Westinghouse design plant and a
Babcock and Wilcox design plant. The B&W
plant has two reactor coolant loops, each of
which has two reactor coolant pumps and one
steam generator. B&W plants use once through
steam generators.

The emergency core cooling systems in a
B&W plant consist of a high pressure injection
system (which is also used for normal makeup to
the reactor coolant system), a low pressure
injection system (which is also used for decay
heat removal), and a core flood system.

An integrated control system is used to
control the main turbine, main feedwater flow
control valves, main feedwater pumps, and the
control rods in the B&W design plant. The
reactor protection system coincidence for a B&W
unit is two out of four channels of any combina-
tion of monitored parameters exceeding their
setpoints.
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Figure 20-1 Reactor Coolant System Supports and Restraints
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