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 August 25, 1979.

* William O. Parker, Jr.

DUKE POWER COMPANY '

POWER BUILDING .
422 SOUTH CHURCH STREET, CHARLOTTE N. C. 28242 i : ' ' L=

. WILLIAM . PARKER; JR. ‘_ » E : -May 17’ 1979 - .
' Vice ‘PRESIDENT . | . ) : . - ) TELEPHONE: AREA 704

© 'StEam PRODUCTION - - o . ’ S : . 373-4083

Mr. Harold R. Dentonm, Director
.0ffice of Nuclear Reactor Regulation
U. S. Nuclear Regulatory Commission

. Washlngton, D. C. 20555

Attention: Mr. R. W. Reld Chlef _
: * Operating Reactors Branch #s

Re: - Oconee Nuclear Station
" Docket Nos. 50-269, -270, -287

Dear Sir:

My letter of May 10, 1979 submitted a system concept and analysis for the
addition of two motor-driven emergency feedwater pumps for each Oconee
unit. The attached system concept and analysis supercedes the one previ-
.ously submitted.

With regard to . Oconee 3, completion of the NRC review of this system is not
required prior to restart of this unit following refueling. Installation
~.on Oconee 1 and 2 will be completed as promptly as practicable and prior to

V y,tfuly-yours,‘
werr

RLG:scs
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: 0c6nee.Nuc1earrStation, Units 1-3 .

>System Descripﬁfdﬁ}u' ’ o -
Emergency Feedwafér-SyStem (EFW)

Date:- May 15, 1979 . .

,'ﬁévisiorn:’» 1

By: T. P. Davis
Mechanical Systems
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EMERGENCY ‘FEEDWATER SYSTEM1

-~ Design Bases.

The‘EmergencyfFeedwétef'(EFW)-System asshres snfficiént feedwater supply to

. the steam generators of each.unit, in the event of loss of the Condensate/

Feedwater System, to remove energy stored in the core and-primary coolant.

The EFW System is designed to provide sufficient secondary side:steam gener-

ator heat sink to enable cooldown from reactor trip at power operation down to
cold shutdown conditions. The EFW System may-also be required in some other
circumstances. such. as coo]down fo110w1ng a loss- of-coo]ant accwdent for a

»Asmall break.

_ The EFW‘System is designed tb-étért-automatica]]y in the event Of loss of both

main feedwater pumps or low feedwater header pressure. The EFW System will

‘supply sufficient feedwater. for approximately. five hour cooldown at a flowrate

of at least 720 GPM to enable the Reactor Coolant System to reach conditions
at which the Decay Heat Removal System may be operated.. :

" Three EFW pumps are provided; powered from diverse power sodrces.: Two 65%

capacity motor-driven pumps are powered by the Emergency A.C. Power System,
each supplying feedwater to one steam generator. One 150% capacity turbine

~driven pump, supp1y1ng feedwater to both steam generators is- driven from

- steam contained in either steam generator. Although the total rated capac1ty

of all three EFW pumps is 2080 GPM, only 720 GPM is required as a minimum to
enable safe and orderly cooldown of the Reactor Coolant System. Sufficient
redundancy ‘and valving are provided in the design of the EFW piping system

with isolation and cross-connections allowing the system to perform its safety-

related function in the event of a single failure coincident with a secondary

pipe break and the loss of normal station auxiliary A.C. power: All automatic

~initiation logic and control functions are independent from the Integrated

Contro] System (ICS).

System Description

Each reactor un1£ is prov1dede1th a'separate EFW System as -shown in Figure”
1. Contro]s for each system are located on 'the main control room panels.

"Each EFW System 'is provided w1th two 500 GPM capacity motor dr1ven pumps and

.one - 1080 GPM capacity turbine driven pump. Each of the motor driven pumps

normally serves a separate steam generator; the turbine driven pump serves

" both steam generators. The EFW pumps will automatically start immediately
-following either or both of the listed conditions:

a) = Lloss of both_méih feedwater. pumps

- b)  Low feedwater header pressure

Once-automatically started, the EFW pumps will continue td opérate until

manually secured by the operator. Each emergency feedwater discharge line to
each steam generator is provided with a control valve and check valve. As the
contro] valves are normally closed for- isolation purposes the valves are
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arranged ‘to-fail open to a preset limit upon 1oes'of station air or A.C.
power; thereby: e]1m1nat1ng the poss1b111ty of valve fa11ure from - 1so]at1ng

~needed feedwater

~Upon automat1c start of the EFw System of a g1ven un1t solenoid valves on

" each control valve will de-energize, a110w1ng the va]ve to open and admit

feedwater. -The control valves will receive a control air signal for valve
modulation in response to steam generator level, independent from the ICS.

- The. EFW. pumps. normally discharge into separate lines feeding a. separate steam
“generator through the emergency feedwater: header

A f]ow path is a]so prov1ded to- the upper surge tank dome (connected to the

condenser) for ‘minimum recirculation flow and testing. purposes.. A continuous

,recircu]ation flow is provided the turbine driven pump, limited by fixed

orifices. 'Self-contained automatic recirculation valves are provided the
motor dr1ven pumps to assure individual pump minimum. flow when.needed. during

“'roperat1on Power for the motor driven pumps is normally provided by the
“normal station auxiliary A.C. Power System. During blackout operation, these

-pumps are aligned to the Emergency A.C. Power System. .Motive steam for the

turbine ‘driven pump 'is provided from either of the two steam generators by
main steam-1ines upstream of the stop valves, and is exhausted either to the
condenser or to the atmosphere. Either.steam supply will provide sufficient

" steam for turbine operation. Either steam supply may be isolated if necessary.

A check valve is provided in each steam supply line to prevent uncontrolled

blowdown of ‘more than.one steam generator.

‘The feedwater reserves for each .unit are norma11y aligned to the EFW pump

suctions. - The condensate. reserve for each un1t is. ma1nta1ned among the fol-
Towing sources:

" Source - o Max. Capacity -
a. Upper Surge Tank A - 36,000 gallons/unit
b. Upper Surge Tank B - 36,000 gallons/unit
c. -Condenser Hotwell © 142,000 gallons/unit
‘d. . Condensate Storage Tank 30,000 gailons/unit .
" e. Makeup Demineralizers - 900 ‘gallons/minute (Total Station)

" Additional condensate may also be provided from condensate sources associated
- with the other un1ts, if these sources are available-and operab1e

System Function .

Each of the EFW pumps is supplied with its own independent starting circuit.

The independent control circuits are powered by the 125.VDC station batteries.
These circuits are actuated by trip of both main.feedwater pumps: or low discharge
pressure of both main feedwater pumps. Feedwater pump trip is detected by

stop valve ‘closure (turbine driven EFW pump) or feedwater pump turbine hydraulic

~ control 0i1 75 psig and decreasing pressure (motor driven EFW pumps). Low

feedwater pump discharge pressure is determ1ned by pressure switch actuation

_; at 750 psig and decreasing pressure. Each pump is provided with a contro]
- switch w1th wh1ch the operator may start the pump manual]y '

Coah l
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,“Suff1c1ent 1nd1cat1on is prov1ded in the contro] room to allow the operator to S
- -monitor-unit parameters during a. coo]down Spec1f1c indication provided for .y -
the EFw System are 11sted below: » '

',»fLoca]' : - Control Room -

~Turbine Driven EFW .Pump Suction Pressure
Motor Driven EFW-Pump A Suction. Pressure.
Motor Driven EFW Pump B Suction Pressure -
Turbine Driven EFW:Pump Discharge Pressure -
Motor Driven EFW Pump A Discharge Pressure
Motor Driven EFW Pump B Discharge Pressure
Turbine Driven EFW Pump Recirculation Flow’
Motor Driven EFW Pumps A&B Recirculation Flow
Turbine.Driven EFW Pump Sea]'Injection ,
Water Pressure S
Q-Motor Driven EFW Pump A D1scharge Flow
Motor Driven EFW Pump B Discharge Flow
-. Emergency-EFW Supply to Steam Generator A Flow
“Startup Header EFW Supply to Steam
Generator A Flow
' Emergency-EFW Supply to Steam Generator B Flow
-Startup Header EFW Supply to Steam
Generator B Flow ' .
Steam Generator A Level
Steam Generator B Level

< > > =
<>

> >

Discharge flow from ‘the EFW _pumps is normally aligned and controlled by control
‘valves FDW-315 and FDW-316.  These valves are controlled independently of the
Integrated Control System and arranged to fail open upon loss of station air
or power to the normally energized solenoid Vvalves. Upon automatic start of
the EFW System, the control valve solenoid valves are de-energized, thereby
unloading the valve actuators and allowing the valves to open. - A signal is
also generated to open valves FDW-333 and FDW-343. ‘Although these motor
operated valves are normally aligned in the open position, this measure pro-
vides additional ‘assurance of an open flow. path. Control valves FDW-315 and - :
FDW-316 ‘are modulated by separate control air signals.. These valves may be Ty
automatically controlled, or manually controlled by the operator to limit or ‘ -
“increase feedwater'as‘necessary to maintain feedwater inventory and coocldown
rate. ‘A selector switch is provided for each control valve to allow the
individual valve to be placed in either an automatic level control mede or in -
a manual loader mode of operation. ‘Upon automatic start of the EFW pumps, the
valves will open and be controlled by the automatic level control. Manual
loaders are maintained in standby mode such that initial EFW valve position is.
fully closed before transfer to automatic control. Independent level transmitters
- are utilized in the automatic control system. Upon loss of all four reactor
- coolant pumps, such as during blackout conditions, the level control setpoint
is automatically raised to promote natural c1rcu1at1on in the Reactor Coolant
' System ‘ :

A]though not normally aligned or utilized in the safety related function of
the EFW System, a redundant, separate path of EFW to the steam generators and
‘means of--controlling EFW pump discharge flow is provided by startup control

- valves FDW-35 and FDW-44. This additional flow path is not required for




normal -EFW System function, but may be aligned manually if necessary or

. desirable during normal startup or cooldown. . Normally closed motor operated
~valves-FOW-38, FDW-47, FDW-335, -and FDW-345 can be opened from the control

- room.to. prov1de this. add1t1ona] ‘flow path if required.. Control valves FDW-35

and FDW-44 are modulated by control signals based on steam generator water
levels by the ICS. . As in.the case of control- valves FDW-315 and FDW-316, the

- Tevel control setpoint is automatically raised upon loss of all four reactor
. coolant pumps to promote natural circulation in the Reactor Coolant System.

-Theusfeam supply for the-EFW pump ‘turbine is provided from either main steam

line. - Valve MS-93 in the common supply to the turbine will fail .open upon
loss of station air or power to the normally energized-solenoid valve. Upon
rece1pt of a manual or automatic start signal, the solenoid valve will de-

- energize -and immediately start the turbine.

Sufficient valving is provided to allow isolation and cross-connection as
required to select and isolate water sources and assure system function in the

event of various failures.  During normal orderly shutdown as a result of
blackout or loss of feedwater, no valve re-alignments or isolation is neces-

-sary.- All necessary valves-are maintained in normal standby alignment to

assure an open flow path for each pump, and to assure piping separation and
independence. Below are listed necessary valves and their required alignment
for EFW System standby: :

: ‘ Motor Operated with Control Manual
Valve- Position = Function ' o - Room Indication & Control - - Handwheel
" C-156 Open = UST'B Supply to TDEFWP o X X
- €~157 Open . = UST B Supply to TDEFWP _ - X
C-158 Open ‘UST A Supply to EFW Pumps - . X X
C-166 ~ Open ' UST A Supply to EFW Pumps . X
C-180 - Open  "UST A Supply to MDEFW Pumps - X
C-573 - Open UST A-Supply to MDEFW Pumps , X
. €C-160 - Closed UST A Supply to TDEFWP . ’ X X
-~ £-162 Open ~ UST A Supply to TDEFWP : X
C-153 - Closed UST Cross-connection X X
C-152 - Closed UST Cross-connection X X
C-391 Open - -Condenser Supply to TDEFwWP X X
C-184. Open - Condenser Supply to MDEFW Pumps X
C-569 - Open - . Condenser Supply-to MDEFW Pumps X
C-575  Open  MDEFW Pump A Suction Isolation X
C-576° Open  MDEFW Pump B Suction Isolation X
FDW-85 . Open  TDEFWP Seal Injection Water Isolation X
FOW-89 Throttled TDEFWP Min. Flow Recirculation
. . Isolation - X
-FDW-88 Closed TDWFWP Test Recirculation
o o “Isolation - X
FDW-94  Open TDEFWP Discharge to S.G. A : ‘
' Isolation _ o : ' X
- FDW-307  Open TDEFWP Discharge to S.G. A ‘
o + Isolation . : o X

FDW-100 - Open  TDEFWP Discharge to S.G. A :
L ~ Isolation _ _ X

el




) Motbr'dperatéd»with;Contro] © Manual

Va]ve Pos1t1on Functibn‘.f o  -,;-:: Room Indication & Control Handwheel
- FDW-34. Open TDEFWP D1scharge_to S.G. A -
' e Isolation S v ' o X
FDW-38 . C]osed TDEFWP Discharge to S.G. A :
o . "Isolation - : X X
FDW-96 - Open "'TDEFWP Discharge to S.G. B '
o -~ .. Isolation v X
FDW-308 -Open  TDEFWP Discharge to S.G.. B
. - Isolation , X
FDW-102 = Open - TDEFWP Discharge to S.G. B
' _— Isolation . X
. FDW-43 .~ .Open- TDEFWP Discharge to S.G. B -
- - . Isolation X
- FDW-47. Closed TDEFWP Discharge to S.G. B .
; , o ~Isolation SR : X X
FDW-340 -Open - MDEFW Pump A.Min. Flow Recirc.
' ' o Isolation - o X
"FDW-350- Open . . MDEFW Pump B Min. Flow Recirc.
R Isolation o X
FOW-333 Open - MDEFW Pump A D1scharge to S.G. A
o o ' Isolation : X X
FDW-335 Closed MDEFW Pump A Discharge to EFW
- . Header Isolation = X X
FDW-343 - Open MDEFW Pump B Discharge to S.G. B ' '
' - Isolation X X
FDW-345 Closed MDEFW Pump B Discharge -to EFW
v - Header Isolation - X X
- FDW-313  Closed MDEFW Pump A Discharge to EFW
, T Header Isolation , X
FDW-314 .Closed  MDEFW Pump-B Discharge to EFW
' © . Header Isolation X

FDW-97 . Closed TDEFWP Discharge to EFW Header
- : : Isolation : ,
FOW-98 Closed TDEFWP Discharge to EFW Header : :
' ST Isolation. - - X
FDW-309 .Open TDEFWP Discharge to Emergency-EFW X -
: Header S.G. A ‘ . T X
- FDW-310 OQOpen TDEFWP Discharge to Emergency-EFW X _ :
: Header S.G. B ST o X

The motor driven EFW pumps require cooling water for continuous operation.
Sufficient cooling water is initiated automat1ca11y, upon manual or automatic
start of the motor driven EFW pumps

Suff1c1ent alarms are prov1ded to a]ert the operator ‘of conditions exceeding
~normal limits. Essential plant parameters are annunciated or alarmed by the
process computer in addition to specific EFW System a]arms as listed below:

" a) Motor dr1ven EFW pumps ]ow suction pressure
b) . Steam generator low level alarms

- c) . Hotwell low level alarms. ‘
d)  UST low level alarms

Cowh v|‘ '
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e)~,,Low motor: dr1ven EFW pump coo]1ng water flow ‘
:f)  Motor driven EFW pump stator winding high temperature
-'g) - Motor driven EFW pump motor bearing high temperature
~ h) -~Motor driven EFW pump bearing high temperature :

-1). . 'Motor:cooler excessive leakage -

j) - Motor driven EFW pump A auto start blocked

k) Motor driven EFW pump B auto start blocked
'l)d‘,Turblne dr1ven EFW pump auto start b]ocked

Safety Eva]uat1on

Feedwater 1nventory is ma1ntalned in the steam generators fo]]ow1ng reactor
shutdown by one of the following methods 11sted

a. Either of the two main feedwater pumps.-is capab]e of supp1y1ng both
: steam generators at- full secondary system pressure

b. The two EFW motor dr1ven pumps are capab]e of supplying both steam
- generators at. full secondary system pressure.

c. The single EFW turbine driven pump is capable of supp]y1ng both
- .steam generators at fu]l secondary system pressure.

- d. Alternate EFW. supp11es may be available from the EFW Systems of the
~_ other Units, capable of supp1y1ng both steam generators at full
secondary system pressure. _

e. The hotwell and condensate booster»pump:combination'has discharge
o ~shutoff head of approximately 700 psia. Three pairs of pumps are
provided. If required, the turbine bypass system can be used to
"reduce secondary system pressure to the point where one hotwell and
- condensate booster pump combination can supp]y feedwater to both
steam generators

fr ~ The Auxiliary. Servxce Water System may be used to maintain steam

' generator water 1nventory following steam generator depressur1zat1on

to remove decay heat in the 1ong term.

A sufficient depth of backup measures is provided to allow steam generator
~water inventory to be maintained by any of the diverse methods listed above.

Although redundancy: and diversity is provided in the listed measures, the EFW .

System has been designed with special considerations to. enable it to function
when conventional means of feedwater makeup may be unavailable.

‘Redundancy is provided with separate, full capacity, motor and turbine driven
' pump subsystems. Failure of either the motor driven pumps or the turbine
driven pump will not reduce the EFW System below minimum required capacity.
Pump controls, instrumentation, and motive power are separate in design.
Separate .piping subsystems include redundant hotwell and upper surge tank
condensate supply piping, aligned individually to the separate pump trains.
Cross-connection is provided, however, to allow a subsystem to supply all
pumps in the event of single failure of a suction piping subsystem. The same
design philosophy is included in the discharge piping subsystems.
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v Inspect1on and Test1ng Requ1rements

A comprehens1ve test program is fo]]owed for’ the EFW System The-program
consists of performance tests in the manufacturers' shops, preoperational
tests of the system, and periodic tests of the activation logic-and mechanical
: components to- ‘assure re11ab1e performance dur1ng the ‘1ife of the unit.

Dur1ng unit operat1on the EFW System may be tested by utilizing the recircu-
lation.test 1ine to.the upper surge tank dome. Pump head and flow may be .

verified utilizing this method

LN ll




