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POOR ORIGINAL

SAFETY EVALUATION REPORT
TROJAN NUCLEAR PLANT
[APLEMENTATIONS OF RECOMMENDATIONS FOR
AUXILIARY FEEDWATER SYSTEMS

{ntroductian and 3ackground

The Three Mile Island Unit 2 (TMI-2) accident and subsequent investigations

and studfes nighlightad the importance of the Auxiliary Feedwatar System (AF4S)
fn the mitigation of transients and accidents. As zare of cur assassment of
the TMI-2 iccilent and related implications for operiting plints, we svaluasad
the AFW systams for all operating and near-tarm operating licsnse nlants

having nuc'ear stesam supply systems (NSSS) desicied dy Westingncusa (URER-2611).
er Comdustion Ingineering (MURE3-0635). Our avaluations of thesa sysism designs
ire contained in the NURESs along with sur recommencations “ar 2ach alant and
i@ concerms wnich Ted to each racommendation. The s0iectives of she avalua-
tfon were 3 (1) fidentify necussary changes in AFW svstam desicgn 2r relatad
Jrocacures ‘n order 2 assure the safe operaticn of shese 2lants, iand (2) %2
fdentify ather systam characteristics of tha AR systems which, an 3 long term

sasfs, may require svstam modifications. To accomo!ish *hesa Jbiectives, we:

(1) Reviewea 3lant ssecific AFW systam designs in ligne of current ~equlatary

requirements (3AP) and,

(2) Asszassad the relative reliapility of she various AFW s¥stams uncer various
'oss of f2eavater transients [one of wnich was the inisiating avens of
™I-2) ind other costulatad “ailyure 23ndi *ions dy determning he zotantial
far AFd systam failure due 9 common causes, sfnglc'noint minerapt!itias,

ind “uman ar-op,
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We concluded that the implementation of the recommendations identified during
this review will considerably improve the relfability of the AFW systems for
each operating plant.

The following generic recommendations did not apply to this plant: GS-1,

GS-3, G5-3 and 7L-1. The basis for these recommendations can be found in Appendix
11l of NUREG-0611, and the system description which determined the specific
reason for not applying these recommendations to this plant can be found in
Appendix X or NUREG-Q611.

[mpiementation of Our Recommendations
A. Short Term Recommendations

1. Recommendation GS-2 - "The licensee should lock open single valves or
multiple valves in series in the AFW system pump suction piping and
lock open other single valves or multiple valves in series that could
interrupt all AFW flow. Monthly inspections should be performed to
verify that these valves are locked and in the open position. These
inspecticns should be proposed for incorporation into the surveillance
requirements of the plant Technical Specifirations. See Recommendation

GL-2 for the longer-term resolution of this concern.”

In response, the licensee indicated in a letter dated December 31, 1979,

that the valves in the suppl!y :‘ping between the condensate storage

tank and the suction of the two existing AFW pumps are maintained in a

locked open condicion. The licensee stated that the Plant Operating Test (FOT

which provides for a monthly vertfication of the position of these valves was



revised to assura that these valves are included. In addition, the
monthly surveillance test of the AFW pumps which is required by the
plant Technical Specifications assures that the suction supply is
available. These measures are required only on an interim basis
pending resolution and implementation of Recommendation GL-2. For
these reasons, we conclude that current plant Technical Specifications
and revised procedures adequately cover our concern in this area,

and are, therefore, acceptable pending verification of the Plant
Operating Test procedure by the Office of'Inspcction and Enforcement.

Recommendation GS-4 - "Emergency procadures for transferring %o alter-

nate sources of AFW suppiy should hHe available to the plant operators.
These procedures should include criteria to inform the operator when,
and fn what order, the transfer to alternate water sources should take

place. The following cases should be covered Dy the procedures:

- The case in which the primary water supply is not initially
available. The prucedures for this cise should include any
operator actions required to orotect the AFW system pumps

against self-damage before water r".ow' is initiated; and,

- The case in which the primary water suoply is befng depleted.
The procedure for this case should provide for transfer 0.
the alternata water sources prior to draining of the primary

watar suppiy.”



In response, the licensee indicated in a letter dated December 31, 1979,
that the case where auxiliary feedwater primary supply, the condensate
storage tank, fs not avaflable is currently covered fn existing plant
pr. .edures. The procedure for transferring auxiliary feedwater pump
cypply from the condensate storage tank to the service water
s contained in Trojan Emergency Instruction EI-5, Emergency
sackup Core Heat Removal. We conclude that the licensee's response
is acccptablc..

Recommendaticn GS-5 -"The as-duilt plant should be capable af providing

the required AFW flow for at least two hours from one AFW pump train,
independent of any alternating current power source. [f manual AFW
system initiation or flow control is required following a complete loss
of alternating current power, 2mergency procedures siould be 2stablished
for manually initiating and controlling the system under these condi-
tions. Since the water for cooling of the lube oil for the turbine-
driven pump bearings may be dependent on alternating current power,
design or procadural changes snall be made to eliminate this dependency
as soon as practicable. Until this is done, the emercency procedures
should provide for an individual to be stationed at the turtine-driven
pumg in the avent of the loss of all a.termating current power %0
monitor pump bearing and/or Tube oil temperatures. [f necessary, this

operator would operate the turbine-driven pumg in a2 manual on-off mode
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antil alternating current power is restorsd. Adequate lighting

powered by direct current power sources and communications at local
stations should also be provided if manual fnitiation and control of
the AFW system is needed. (See Reccrmendation GL-3 for the longer-

term resclution of this concern.)*

In response to this recommendation, the 1icensee indicated in a Tetter
datey December 31, 1979, that the turbine-driven AFW pump would be
utilized to provide decay heat removal in the event of a lass of all
AC power. However, this pump currently relies on an AC power depen-
dent water source for bearing and jacket cooling. The licensee is

implementing erargency procedures to provide the fol owing:
a) Make every effort to restore AC power within 20 minutes.

u) Provide a material "kit" for use by the operators whi:h provides
the necessary hardware to hook up temporary cooling water to the
turbine driven AFW pump bearing lube oil cooler.

c) Provide a procedure that instructs the operator to hook up the
temporary cooling system if AC power fs not restored within 20
minutes, manually valve in the steam supply to the AFW pump
turbine and align the condensate storage tank and AFW pump to
feed the steam generators. The procedure will include a statement
directing the operator to take portable lighting and portable

communication devices with him to the AFW pump operation station.



If the above measures are required, an individual will be stationed
at the turbine-driven pump to monitor pump bearing and/or lube 01l

temperatures.

Based on our review, we conciude that the licensee's response is not
acceptable. We require the following additional information from the

licensee:

a) What is the basis for taking nc action for the first 20 minutes
following station blackout? Indicate the time required for
installing the temporary “kit" and establishing AFW flow.

b) Provide a diagram of the temporary cooling system.

c) Where is the temporary cooling "kit" to be located and what admini-
strative controls will be included to assure its availability!

d) Verify that all necessary personnel have been trained in the proce-

dure for installing the temporary cnoling system.
We will report resalution of this item in a supplement to :this SER.

eccmmenda tion 35-8 - “The licensee should confirmm flow path avail-

3bility of an AFW svstam flow train that has been out of service to

perform periodic testing or maintanance as follows:

- Procedures should be implemented to regquire an operator to
determine that the AFW system valves are properly aliined
ind a second operator to independently verify that the valves

are properly aligned.



ol
- The licensee should propose Technical Specifications to as.ure
that prior to plant startup following an 2xtended cold shutdown,
a flow test would be performed to verify the normal flow path
from the primary AFW system water source to the staam generators.
The flow test should be conducted with AFW system valves in

their normal alignment.”

In response, the licensee indicated in a letter dated December 31,

1980, that: 1) In lieu of revising operating procedures to include

second operator verification of AFW system -alve positions after

performing periodic testing or maintenance, the licensee has committed

to the i“antification system connected to all main AFW flow path valves

to monitor the position of the valves such that a condition where any single
valve is out of position will be annunciated in the control room. We concluce
that this response adequately complies with our concern for independent verifi-
cation of proper AFW system va /e alignment and is acceptable. 2) At least
one of the two safety-grade AFW pumps is required presently to initiate

plant startup from cold shutdown conditions. Therefore, an AFW flcw

path from the condensate storage tank to the steam generators is auto-
matically verified. Once the new non-safety electric motor-driven

startup AFW pump is fnstalled, the AFW pump Periodic Operating Test

will be revised to include a step to verify the ability of each safety=-

grade AFW pump to feed all four steam generators following an extended

plant outage. This change ‘s required inorder to meet the current require-
ments of Technical Specification 3.7.1.2 which requires that an AFW

flow path be maintained in Modes 1, 2 and 3. The above test will

verify the flow path. ke conclude that this response is acceptable.



Recommendation GS-7 - "The licensee should verify that the automatic
start AFW systam signals and assocfated circuitry are safaty-grade.

If this cannot be verified, the AFW system automatic initiation system
should be modified in the short-term to meet the functi>nal require-
ments listed below. For the longer term, the automatic initiation
sfgnals and circuits should be upgraded to meet safety-grade require-

ments as indicated in Recommendation GL-5.

The design should provide for the automatic intiation of the

auxiliary feedwater system flow.

- The automatic initiation signals and circuits should be
designed so that a single failure will not result in the

loss of auxiliary feedwater system function.

- Testability of the initiation signals and circuits shall be

a featuyre of the design.

- The initiation signals and circuits should be powerad frod

the emergency duses.

- Manual capabi’ity to initiate the auxiliary faedwatar system
from the control room should be retained and should be imple-
mented so that 3 single failure in the manual circu’ts will

not result in the lToss of systam function.

- The alternating current motor-driven pumps and valves in the
auxiliary faedwater system should e inciuded in the automatic
actuation (simuitaneous and/or sequential) of the loads

the amergency Suses.



- The automatic initiation signals and circuits shall be
designed so that their failure will not result in the loss
of manual capability to initiate the AFW system from the control

room."

In response, the licensee in a letter dated December 31, 1979, stated
that the Trojan AFW pump auto start sfgnals and assocfated circuits

are safety grade.

We conclude that this response satisfies the “control grade” require-
ments specified in the NUREG-Q578 position and clarifications and is,
therefore, acceptable. Refer to GL-5 for long term "safety grade"

implementation of this 1item.

8. Additional Short Term Recommendations

1. Recommendation - "The licensee should provide redundant level indica-

tions and Tow level alarms in the control room for the AFW system
primary water supply to allow the operator to anticipate the need to
ake up water or transfer to an alternate wa-ter supply and prevent a
low pump suction pressure condition from occurring. The low level
alarm setpoint should allow at Teast 20 minutes for operator action,

assuming that the largest capacity AFW pump s aoperating.”
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In response to this recommerdation, the licensee stated in letters

dated December 31, 1979, and July 1, 1980, that a new redundant condensate
storage tank level indicator with a low-low level alarm set to

provide more than 30 minutes for operator action to realign AFW

pump suction will Le provided by the startup of the piant following

the next refueling outage. The new level instrumentation will be

n)wered from a separate battery backed instrument bus to that for

the existing level alarm. We conclude that the licensee's response

is acceptable.

Recommendation (This recommendation has been revicad from the original

recommendation in NUREG-Q611) -« "The licensee should perform a 48-hour

endurance test on :11 AFW system pumps, if such a test or continuous
period of operation has not been accomplished to date. Following the
48-hour pump run, the pumps should be shut down and cooled down and

then restarted and run for one hour. Test acceptance critaria should

include demonstrating that the pumps remain within design limits with
respect to bearing/bearing oil temperaturass and vibration and that
cump room ambient conditions (temperature, humidity) do not axceed
environmental qualification 1imits for safety-related aquipment in

the room.

The licensee shouid provide a summary of the conditions and results of
the tests. The summary should include the following: 1) A brief

description of the test method (including flow schematic ¢.agram)



-

and how the test was instrumented (i.e., where and how bearing temper:z-
tures were measursd). 2) A discussion of how the test conditions

(pump flow, head, speed and steam temperature) compare to design
operating conditions. 3) Plots of tearing/bearing oi] temperature

vs. time for each bearing of each AFW pump/driver demonstrating that
temperature design limits were not exceeded. 4) A plot of pump

room ambient temperature and humidity vs. time demonstrating that

the pump room ampient conditions do not exceed environmental cualifi-
cation limits for safety-related aquipment in the room. 5) A state-
ment confirming that the pump vib~ation did not sxceed allowable

limits during tests."

The licensee provided the results of the endurance tests for both

the turbine-driven and diesel-driven AFW pumps in a letter dated

July 25, 1980. The results included: (1) a description of the test
method and how the tests were instrumented, (2) a description of how

the test conditions compared to design operating conditions, (3) plots
of bearing or bearing oil temperatures vs. time for each bearing
demonstrating that limits were not exceeded, (4) plots of pump room
ambient temperature and humidity vs. time, and (5) a statement confirming
that the pump vibration did not exceed allowable 1imits during the

tests.

We have reviewed the test method and test results and conclude that
no design 1imits were exceeded during the 48 hour tests. We, there-
fore, conclude that the licensee has met this recommendation, and the

AFW pumps are acceptable for long term operation.
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3. Recommendation - "The licensee should implement the following recuire-

ments as specified LDy I[tem 2.1.7.b on page A-32 of NUREG-0578:

“Safety-grade indfcation of auxiliary feedwater flow %0 each

steam gene'ator shall be provided in the control room.

The auxiliary feedwater flow instrument channels shall be
powered from the 2mergency buses consistent with satisfying

the emergency power diversity requirements for the auxiliary
feedwatar system set forth in Auxiliary Systems 3ranch Technical

Position 10-1 of the Standard Review Plan, Section 10.4.9." -

The licensee indicated in a letter dated Cecember 31, 1379, that
control room indication of AFW flow to each stzam generator is already
provided. We conclude that this response satisfies the "control
grade" requirements specified in the NUREG-0578 position and clarifi-

cations and is, therefore, acceptable.

The “safety-grade" requirsments for this recommendation are still
under review. Qur evaluation of this mattar will be cintained in a

supplement to this SER.
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Recommendation - "Licensees with plants which require local manual

realignment of valves to conduct periodic tasts on one AFW system
train and which have only one remaining AFW train available for
operation, should propose Technical Specifications to provide that

3 dedicated individual who is in communication with the control room
be statfoned at the manual valves. Upon instructicn from the contral
room, this operator would re-align the valves in the AFW system train

from the test mode to its operational alignment.”

In response to this recommencition, the licensee stated in a letter
dated December 31, 1979, that manual realignment of local valves is
not required when conducting periodic cperating tests. We, therefore,
conclude that this recommendation does not apply to Trojan.

C. Long Term Recommendations

1

Recommendation GL-2 - "Lizensees with plants in which all (pm‘mary

and alternate) water supplies to the AFW systams pass through valves
in a single flow path should install redundant parallel flow paths

(piping and valves).

Licensees with plants in which the primary AFW system water supply
passes through valves in a single flow path, but the alternatas AFW
system water suppiies connect to the AFW systaem cump suction piping
downs t~eam of the above valve(s), should install redundant valves
paraliel to the abeve valve(s) aor provide automatic opening of the
valve(s) from the alternate water supply upon Tow pump suction pres-

syre.
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The licensee should propose Technical Specifications to incorporate

appropriate periodic inspections to verify the valve positions.”

[n response to this recommendation, in letters dated December 31, 1379,
and July 1, 1980, in lieu of the long term requirements presented
above for assuring AFW zump protection ir the event of an inadver-
tently closed valve on the primary AFW supply from the condensate
storage tank, the licensee stated that prior to startup from the

next refueling outage, low suction prissure alarms and safety-grade
automatic trip of the auxfliary feedwater pumps on low suction

pressure will be installed. Operator actfon can then be taken

locally to manually open the normal supply valve or remotely to open
the alternate supply (service water system) valves as necessary. In
addition, control room position indication for the single locked

open primary AFW supply line suction valve will also be instailed.

The licensee further notes that the new electric motor-driven AFW

pump will be provided with a separate flow path from the conden-

sate storage tank to the pump suction. We conclude that the licensee's

response is acceptable,

Recommendation GL-3 -"At least one AFW system pumo and its associatad

flow path and essential instrumentation should automatically initiate
AFW system flow and be capable of being operatad independently of iny
AC power source for at Teast two hours. Conversion of JC power to

AC sower is acceptable.™
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In response to this recommendation, the licensee indicated in letters
dated December 31, 1979, and July 1, 1980, that the turbine-driven
auxiliary feedwater pump and its associated systems will be modified
to automatically initiate AFW flcw and operate for at l2ast two hours
independent of AC power sources. The modifications are proceeding in
two parts. First, the cooling water system for the turbiie-driven
pump will be modified to provide a closed cycie self-cocling water
system which circulates auxiliary feedwater from the pump discharge
through the lube oi! bearing coolers and back to the pump sucticn.
This system will replace the current bearing cocling arrangement
supplied from the service water booster pumps. Second, the present
motor-operated steam admission valves will be replaced with solenoid-
operated pneumatic control valves. These valves will fail open on
loss of the normal AC power dependent air supply. A passive seismic Categorv
" backup air supply accumulator will be included to provide remote
steam admission control valve operability on loss of AC power. The
valves will fail as-is on loss of the backup air supply. With the
above modifications, we conclude that auxilfary feedwater can De auto-
matically supplied to the steam generators Dy the turdine-driven AFW
pump train in a loss of all AC power condition. B3ased on our review,

we find the licensee's response acceptable.

Recommendation GL-4 -~ “Licensees having plants with unprotected

normal AFW system water supplies should evaluate the design of their

AFW systems to determine if aytomatic protection of the pumps s
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necessary following a seismic event or a tornado. The time available
before pumy damage, the alarms and indications available to the control
room operator, and the time necessary for 2ssessing the problem and
taking action should be considered in determining whether operator
action can be relied on to prevent pump damage. ronsideration should
be given to providing pump protection by mea . such as automatic switch-
over of the pump suctions to the alternate safety-grade source of
water, automatic pump trips on low suction pressure, or upgrading the
normal source of water to meet seismic Category [ and tormado protec-

tion requirements.”

The concern raiseu in this recommendation is similar to that of Recom-
mendation GL-2, namely, providing automatic protection for the AFW
pumps in the event of loss of normal suctfon supply for what e.er
reason. We consider the measures provided by the licensee and
discussed in this SER under Recommendation 5L-2 to be acceotable, and

these same features to also satisfy the requirements of this item.

Recommendation GL-5 - “The licensee should upgrade the AFW system

automatic initiation signals and circuits to meet safety-grade

requirements.”

In response to this recommendation, the licensee stated in a Tetter
dated December 31, 1979, that with the exception of the main feed-

water trip signals, the present AFW system automatic initiation
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signals are safety grade. We will review the licensee's design in
detail and our evaiuation will be contained in a supplement to this
SER.

Recommendation -"A motor-driven pump is currently being installed or

is planned to be installed by the iicensee. Present plans are for

a non-safety grade motor-driven pump system. Based on past experience
of the problems associated with the speed contr:l (overspeed trips)

of both the diesel and turbine-driven pumps and other Licensee Event
Reports on the Trojan AFW system, the licensee should further review
the proposed installation tv determine if the motor-driven pump should
be safety grade and automatically actuated by the AFW automatic

start logfc."

[n response to this recommendation, the licensee stated in a letter
dated December 31, 1979, that it is falt that upgrading the

new motor-driven AFW pump to safety grade or automatic start is not
Justified. In lieu, the licensee proposes to develop a procedure

which will provide for manually switching the motor-driven pump to

an emergency AC bus and manually starting this pump in the event normal
suctfon supply from the condensate storage tank to the safety-grade

AFW pumps {s unavailable or both safet’-grade AFW pumps fail to operate.
These actions can be accomplished from the control room, and closely
parallel the operator actions that would be necessary to verify that

the motor-driven pump had auto started. The licensee concludes that
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the design for the motor-driven pump as presentad including the above
procedure will substantially enhance AFW system reliability for the
case of loss of main feedwater and loss of offsite power.

ve have reviewed the licensee's response and conclude that it is
incomplete. Licensee's final conclusions as to the feasibility of
suppiying emergency power to the new motor-driven pump should be
provided, together with details as to how this would be done, in order
that we may assess the complexity of the evolution and the amount of
time it would take for the necessary manual operations‘to be performed.
The capability of a diesel-generator to start the motor-driven pump

should be discussed.

Reliability studies for other AFW systems employing a manually started pump
suggest* t“at a significant improvement in reliability is achieved by
automatic starting. Licensee should present additional justification

for manual (emergency power) alignment and for manual starting from

a reliability standnoint, including a discussion of gains in

reliability that could result by providing emergency power from

one or both diesel-generators.

We will report our resolutior of this matter in a supplement to

this SER.
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6. Recommendation - A pipe break in certain locations of the turbine

driven auxiliary feedwater pump discharge piping may affect both
AFW trains, since portions of this piping pass through the diesel
driven pump room. The motor driven pump to be installed should
be located such that a break in the AFW system (not associated
with the motor driven pump train) could not affect the motor
driven pump. Also the licensee should 1) install the motor pump
with appropriate valves in the pump discharge line connections

to meet the high energy line break criteria in SRP 10.4.9 and



3ranch Technical Position 10-1; namely, the AFWS should maintain
the capability to supply the required AFW flow to the steam
generator(s) assuming a pipe break anywhere in the AFW pump
discharge lires plus a single active failure or 2) describe how
the plant can be brought to a safe shutdown condition by use of

other available systems following such a postulated event.

In response to this recommendation, the licensee stated in 2 letter
dated December 31, 1979, that based on the Trojan Nuclear Plant
Analyses of Pipe System Breaks Outside Containment, PGE-1004, rupture
of that portion of the turbine-driven auxiliary feedwater pump dis-
charge piping passing through the diesel-driver. pump room is no®

considered a credible event because of:

a. The quality control associated with the fabrication and installa-

tion of this safety-grade piping;
5. The periodic inspection required for the AFW system;
c. The low usage factor associated with the operation of the system;
d. The low operating temperature of the system; and
a. The strict administrative controis assocfated with system operation.

The licensee further noted that the above mentioned pipe Lreak report
is based on the current AFW system design which requires use of the

safety grade pumps for plant startup and shutdown. With the addition
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of the third non-safety grade motor-driven startup pump, the already
low usage factor for the safety-grade pumps will be further reduced.
In addition, the licensee stated that the piping in guestion is a
straight run with no terminal ends, branch connections or high
combined stress points. For the reasons stated above, the licensee
indicated that it was unreasonable to postulate breazks in this

section of piping.

In our position letter to the licensee dated May 14, 1380, we stated
that the licensee's response was unacceptable and that adequate
protection for the diesel-driven AFW pump from postulated runture of
the turbine-driven AFd pump discharge piping located in the diesel-
driven pump room should be provided. We further required that the
licensee assure that the new motor-driven AFW pump train is separate
from the existing AFW pump trains to assure that a break in the AFW
system (not associated with the motor-driven pump train) could not
affect the motor-driven pump. [n lieu of the above, the licensee
could describe the means for achieving a safe shutdown condition by

use of other available systems following such a postulated event.

In response to our position, the licensee stated in a l¢ “ter dated
July 25, 1980, that in accordance with our position, positive protec-
tion will be provided for the diesel-driven AFW pump from postulated

rupture of the turbine-driven AFW pump discharge line. The modified
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system design will include a guard pipe encasing that portion of the
turoine-driven pump discharge line which passes through the diesel-
driven pump room. [n addftion, the new motur-driven AFW pump discharge
1ine will connect to the existing turbine-driven and diesel-driven

AFW pump discharge Tines with check valves and failed closed gate
valves to assure separation and isolation. These modifications will

be completed by resumption of power operation for Cycle 4 in 1981.

Based on our review of'the licensee's response, we conclude that the

propdsnd modifications are acceptable.

3asis for Auxiliory Feedwater System Flow Requirements (Enclosure 2 to

NRC Letter Dated October 3, 1979)

We have reviewed the licensee's response on this subject which was pro-

vided in a letter dated February 5, 1980, and find it acceptable.



