
. . _

. ,.
.

SAFETY EVALUATION REPORT

ARKANSAS NUCLEAR ONE UNIT 2

IMPLEMENTATION OF RECOMMENDATIONS FOR

AUXILIARY FEEDWATER SYSTEMS

I. Introduction and Background

The Three Mile Island Unit 2 (TMI-2) accident and subsequent investigations and
studies highlighted the importance of the Auxiliary Feedwater (AFW) System * in
the mitigation of transients and accidents. As part of our assessment of the
TMI-2 accident and related implications for operating plants, we evaluated the
AFW systems for all operating plants having nuclear steam supply systems (NSSS)
designed by Westinghouse (NUREG-0611) or Combustion Engineering (NUREG-0635).

Our evaluation of these system designs are cont- 1 the NUREGs along with

our recommendations for each plant and the conc, . wnich led to each
recommendation. The objectives of the evaluation were to: (1) identify

necessary changes in AFW system design or related procedures at the operating
facilities in order to assure the continued safe operation of these plants, and
(2) to identify other system characteristics of the AFW systems which, on a
long-term basis, may require system modifications. To accomplish these
objectives,we:

(1) Reviewed plant-specific AFW system designs in light of current regulatory
' requirements (SRP Section 10.4.9), and

(2) Assessed the relative reliability of the various AFW systems under various
loss-of-feedwater transients (one of which was the initiating event of TMI-2)

|

* Auxiliary feedwater System (AFW) refers to the ANO-2 Emergency Feedwater
System (EFW). The two terms are interchangeable in this report.

|
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and other postulated failure conditions by determining the potential for
AFW system failure due to common causes, single point vulnerabilities, and
human error.

We conclude that the implementation of the recommendations identified during
this review will considerably improve the reliability of the AFW system for
each operating plant.

The following generic recommendations did not apply to this plant: GS-1, GS-2,

GS-3, GS-4, GS-5, GS-8, GL-1. GL-3, and GL-4. The basis for these recommenda-
tions can be found in Appendix III of NUREG-0635 and the system description
which determined the basis for not applying these recommendations can be found
in Section X of NUREG-0635.

In addition, this SER (Section II.0) contains four open areas specific to ANO-2
that were first noted in our letter to the licensee " Request for Additional
Information & Positions" of November 1980.

II. Implementation of Our Recommendations

A. Short-Term Recommendations

1. Recommendation GS-6 "The licensee should confirm flow path
availability of an AFW system flow train that has been out of service
to perform periodic testing or maintenance as follows:

Procedures should be implemented to require an operator to-

determine that the AFWS valves are properly aligned and a second
operator to independently verify that the valves are properly

| aligned.

The licensee should propose Technical Specifications to assure-

that prior to plant startup following an extended cold shutdown,
a flow test would be performed to verify the normal flow path
from the primary AFW system water source to the steam

;
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generators. The flow test should be conducted with AFWS valves
in their normal alignment."

In response to the first part of this recommendation, the licensee,
in its January 31, 1980 letter, provided summaries of its procedures
for realigning the EFWS to its normal operating mode after testing or
maintenance of the system. However, no mention was made of indepen-
dent verifi ation of proper valve alignment by a second operator. In
its response of March 16, 1981, the licensee referred to item I.C.6
of its letter of December 19, 1980, responding to TMI Action Plan
requirements in NUREG-0737. However, this response also did not
include independent verification by a second operator. Subsequently,

we have been informed by the licensee that the currently existing Con-
duct of Operations Frocedure No. 1015.01 requires independent verifi-
cation by a second operator of the alignment of EFW system valves upon
restoration of the system to an OPERABLE status following testing,
maintenance, or other reasons for inoperability. We have indepen-
dently verified this through the Office of Inspection and Enforcement
and conclude that the licensee's procedure is acceptable to meet this
Concern.

In response to the second part of this recommendation, the licensee,
in its response letter of January 31, 1980, indicated that the flow
path of the motor-driven pump train would be verified during startup,
since this pump normally supplies condensate to the steam generators
during plant startup.

Subsequently, the licensee, in its letter of September 17, 1980, sub-
mitted a proposed addition to EFW Surveillance Requirement 4.7.1.2.b,
which would require verification of the normal flow path of the tur-
bine-driven EFW train from the primary E7W water source to the steam
generators at least once per 18 months. In its response letter of

i January 31, 1980, the licensee stated that the flow path of the
motor-driven pump train would be verified during startup since this
pump normally supplies condensate to the steam generators during
plant startup. We conclude that the licensee's recommendation
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satisfies Recommendation GS-6 with regard to verification of an EFW
flow path after a cold shutdown.

2. Recommendation GS-7 - The licensee should verify that the automatic

start AFW system signals and associated circuitry are safety grade.
If this cannot be verified, the AFW system automatic initiation
system should be modified in the short term to meet the functional
requirements listed below.

For the longer term, the automatic initiation signals and circuits
should be upgraded to meet safety grade requirements as indicated in
Recommendation GL-5.

"The design should provide for the automatic initiation of the
axuiliary feedwater system flow.

The automatic initiat' ion signals and circuits should be designed
so that a single failure will not result in the loss of

auxiliary feedwater system function.

Testability of tne initiation signals and circuits shall be a
feature of the design.

The initiation signals and circuits should be powered from the-
emergency buses.

Manual capability to initiate the auxiliary feedwater-

system from the control room should be retained and should
be implemented so that a single failure in the manual
circuits will not result in the loss of system function.

The alternating current motor-driven pumps and va?ves in-

the auxiliary feedwater system should be included in the
automatic actuation (simultaneous and/or sequential) of the
loads te the emergency buses.
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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 its January 31, 1980 letter, stated
that the ANO-2 EFW system meets this recommendation. We conclude

that this response satisfies the " control grade" requirement for
automatic start and is, therefore, acceptable. Refer to Item GL-5
for the long-term " safety grade" implementation of this item.

3. Recommendation "The Surveillance Requirements section of the Tech-
nical Specifications should ada pressure and flow acceptance criteria
for the periodic (31-day) testing of the motor-driven pumps."

ANO-2 Surveillance Requirement 4.7.1.2 presently requires a 31-day
test for the turbine-driven pump to demonstrate its operability by
verification of proper discharge pressure and flow. There is not
presently an eouivalent requirement for the motor-driven pump. The

licensee, in its response of March 16, 1981, stated:

"The ANO-2 motor driven EFW pump is an ASME Code Class 3 pump.

It is tested, as are all safety-related pumps, in accordance
with Section XI of the ASME Boiler and Pressure Vessel Code as
required by 10 CFR 50.55a(g). To address your concern of the
frequency of testing, ANO-2 is committed to the 1974 Edition

thru the Summer of 1975 Addenda of the Code which requires the
testing of the motor-driven pump every 31 days. AP&L will
continue to test the motor driven pump in accordance with
Section XI."

The licensee's response is unacceptable. While we agree that per-
formance of a flow test of the motor-driven pump every 31 days is an
acceptable means for verifying flow capability, our position remains
that a Surveillance Requirement be included in the Technical

Specifications for testing the motor-driven pump every 31 days,
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similar to the existing Surveillance Requirement for the
turbine-driven pump.

The licensee has been requested by letter dated January 15, 1982 to
propose an amendment to the ANO-2 Technical Specifications incor-
porating the following surveillance requirement:

" Verify that each motor-driven pump develops a discharge
pressure of } 1200 psig at a flow of 1560 gpm."

8. Additional Short-Term Recommendations

1. Recommendation 1 "The licensee should provide redundant-level indi-
cations and low-level alarms in the control room for the AFW system
primary water supply to allow the operator to anticipate the need to
make up water or transfer to an alternate water supply and prevent a

'

low pump suction pressure condition from occurring. The low-level
alarm setpoint should- allow at least 20 minutes for operator action,
assuming that the largest capacity AFW pump is operating."

In its response letter of January 31, 1980, the licensee stated that
redundancy was provided by safety grade pressure switches located in
the suction piping to the AFW pumps which alarm upon a decrease in

pressure to 7 psig from its normal 10 psig, and switch the AFW supply
to the service water system upon a further decrease in pressure to
5 psig. We consider the ANO-2 design a satisfactory substitute for
the redundant-level indication and alarms in this recommendation
provided the automatic transfer system response time is adequate to
protect the AFW pumps.

This subject is treated in detail in Long-Term Recommendation GL-2

(Item C.1). -

2. Recommendation 2 "The licensee should perform a 72-hour endurance

test on all AFW system pumps, if such a test or continuous period of
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operation has not been accomplished to date. Following the 72-hour
pump run, the pumps should be shut down and cooled down and then

restarted and run for 1 hour. Test acceptance criteria should
include demonstrating that the pumps remain within the design limits
with respect to bearing / bearing oil temperatures and vibration and
that pump room ambient conditions (temperature, humidity) do not
exceed environmental qualification limits for safety-related equip-
ment in the room."

Note: The licensee was subsequently informed by an NRC letter dated
December 13, 1979, that this test should be conducted for 48 hours

rather than 72 hours. This letter also included test acceptance
criteria and the information we require from t..a licensee regarding
test results.

The licensee, in its response of January 31, 1980, stated that the
motor-driven EFW pump functioned continuously for more than 72 hours

during Unit 2 hot functional testing without exceeding design limits
for bearing / bearing oil temperature and vibration. In its response
of March 16, 1981, the licensee provided the results of a 48-hour
endurance test of the turbine-driven EFW pump. The test was con-
ducted according to conditions specified in the recommendation. The

test data included bearing temperature, oil supply temperature, dis-
charge pressure, bearing vibration, and room environmental conditions.

The licensee stated and we concur, that all parameters recorded during
the 48-hour reliability test were within the design limits.

We have reviewed the licensee's response and conclude that it meets
the requirements of this recommendation and is, therefore,
acceptable.

3. Recommendation - The licensee should implement the following require-
ments as specified by Item 2.1.7.b on page A-32 of NUREG-0578:

I
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" Safety grade indication of auxiliary feedwater flow to each
steam generator shall be provided in the control room.

The auxiliary feedwater flow instrument channels shall be
powered from the emergency buses consistent with satisfying the
emergency power diversity requirements for the auxiliary feed-
water system set forth in Auxiliary Systems Branch Technical
Position 10-1 of the Standard Review Plan, Section 10.4.9."

The licensee responded in its letter of January 31, 1980, that the
ANO-2 EFW system meets these recommendations. The Instrumentation
and Control Systems Branch (ICSB) will review this response and pro-
vide an SER input at a later date.

4. Recommendation " Licensees with plants which require local manual
realignment of valves to conduct periodic tests on one AFW system
train, and there is only one remaining AFW train available for opera-
tion should propose the Technical Specifications to provide that a
dedicated individual who is in communication with the control room be
stationed at the manual valves. Upon instruction from the control
room, this operator would realign the valves in the AFW system train
from the test mode to its operational alignment."

The licensee, in its response of January 31, 1980, stated that the
ANO-2 EFW system does not require local manual realignment of valves

! to conduct periodic tests. We have reviewed the licensee's response
and conclude that this Recommendation does not apply to ANO-2.

C. Long-Term Recommendations
i

I
'

1. Recommendation GL-2 " Licensees with plant designs in which all (pri-
mary .and alternate) water supplies to the AFW systems pass through
valves in a single flow path should install redundant parallel flow

|

| paths (piping and valves).
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Licensees with plant designs in which the primary AFW system water
supply passes through valves in a single flow path, but the alternate
AFW system water supplies connect to the AFW system pump suction
piping downstream of the above valve (s), should install redundant
valves parallel to the above valve (s) or provide automatic opening of
the valve (s) from the alternate water supply upon low pump suction
pressure.

The licensee should propose Technical Specifications to incorporate
appropriate periodic inspectiors to verify the valve position into
the surveillance requirements."

The licensee's normal EFW pump water supply is from a condensate

storage tank via a single line containing both motor-operated and manual
valves. The ANO-2 EFW system also includes automatic switchover of
the EFW pump water supply from the condensate tank to the service
water system on low pump suction pressure (5 psig). While the auto-
matic transfer satisfactorily responds to this recommendation as
originally written, during a recent review an applicant indicated
that the time interval between loss of EFW pump suction flow and
occurrence of pump damage could be shorter than previously expected.
Therefore, we requested the licensee to demonstrate that the response
time of the control systems and valves utilized in switching the water
supplies is adequate to protect the pumps from the effects of suction
flow termination. Our primary concern was the adequacy of the
response time of automatic seit-hover resulting from inadvertent
closure of a valve in the common suction line from the condensate
storage tank.

By letter dated July 1, 1981 the licensee responded to this concern
by noting that the safety-related water supply for the EFW system is
the service water system. The design of the service water system does
not require that water pass through several valves in a single flow
path; rather, redundant and parallel valves are provided by the design
of the EFW system. The licensee stated that an alarm annunciates
locally and in the control room w'enever pressure in the suctionh
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piping of the EFW pumps decreases to 7 psig. Suction pressure is
monitored by two safety grade pressure sensing devices. If no action
were taken by the operator, the engineered safety features actuation
system (ESFAS) would act at a sensed pressure of 5 psig to switch
pump suction to the service water system.

The licensee has also indicated that within a few seconds of the
signal to transfer to service water the EFW pumps will be drawing
water primarily from the service water system. The licensee has also
indicated that the NPSH required at design flow rate will be met with
substantial margin during the switchover from the condensate storage
tank to the service water system. Pending adequate documentation by
the licensee of this information, we would conclude that the response
to this recommendation, GL-2, is acceptable.

With regard to Technical Specifications incorpnrating appropriate
periodic inspections to verify the valve positions, we reviewed the
licensee's Technical Specifications and we conclude that this infor-
mation is adequately presented in the Technical Specification Sur-
veillance Requirements.

2. Recommendation GL-5 "The licensee should upgrade the AFW system

automatic initiation signals and circuits to meet safety grade
requirements."

The licensee responded in its letter of January 31, 1980, that the
ANO-2 EFW system meets these recommendations. The ICSB will review
this response and provide an SER input at a later date.

3. Recommendation "The Arkansas Unit 2 AFW system design does not meet
the high energy line break criteria in SRP 10.4.9 and Branch Techni-
cal Position 10-1; namely that the AFW system 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 lines or
other high energy line concurrent with a single active failure.
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The licensee should evaluate the postulated pipe breaks stated above,

and (1) determine any AFW system design changes or procedures neces-,

sary to detect and isolate the break and direct the required feed-
water flow to the steam generator (s) before they boil dry or
(2) describe how the plant can be brought to a safe shutdown condi-

tion by use of other systems which would be available following such
postulated events."

The licensee responded in its letter of January 31, 1980, that if
both EFW trains were rendered inoperable, the operator would follow
an emergency procedure which involves opening the pressurizer ECCS

vent valves to lower reactor pressure and provide greater HPSI flow.
In our November 1980 letter, we informed the licensee that it is our
position that this is not an acceptable alternative to meeting the
high energy line break criteria stated above. The licensee should
demonstrate that either the present AFWS design or proposed design
revisions meet applicable parts of Branch Technical Position ASB
10-1, ASB 3-1, and MEB 3-1.

The licensee's response of July 1, 1981, concluded that the ANO-2

EFW system "is designed in accordance with applicable federal regu-
lations for single failure criteria and is capable of delivering
sufficient emergency feedwater to the steam generators whenever
emergency feedwater is required."

While the above response does not, by itself, satisfy the intent of
Branch Technical Positions ASB 10-1 & ASB 3-1 with regard to postu-
lation of a high energy pipe break in combination with a single
active component failure in systems used to mitigate consequences of
the piping failure, the licensee's Safety Analysis Report indicates
that the ANO-2 design does meet the intent of these branch technical
positions. In the event of a break in the common 4-in. steam supply
line to the ttrbine-driven AFW pump, the steam flow through the break
will not exceed 4.7% of the main steam flow. This postulated break

would not cause an MSIS actuation since the blowdown in the line is
within the makeup capacity of the main feedwater pumps to the steam
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generators. This break would, however, incapacitate the turbine-
driven EFW pump. Assuming the concurrent failure of the motor-driven
AFW pump, the FSAR states that the condensate system can bring the
plant to a hot shutdown condition, since a loss of offsite power is
not assumed to occur.

We conclude that the ANO-2 design meets the intent of this
recommendation.

D. Plant-Specific Questions (these questions were first asked in our
November 1980 letter)

1. " Based on recent licensee event reports (LERs), the ANO-2 turbine-

driven AFW pump has been subject to a considerable number of trips,
mainly due to overspeed, during both testing and plant shutdown.
Discuss the effects of these trips on the overall reliability of the
AFWS and what measures are being taken to prevent recurrence of this
problem. State what equipment modifications and tests have been
performed to date and are planned for the future, and provide the
pump test results and conclusions."

The licensee's response in its May 8,1981 letter indicated that the
problem with the recurrence of overspeed trips during startup of the
EFW turbine-driven pumps had been satisfactorily resolved and that a
test report would be forthcoming.

The licensee has been requested by letter dated January 15, 1982 to
provide the subject test report.

2. "The ANO-2 AFWS is designed to utilize effluent from the startup and
blowdown (SU/BD) demineralizer in parallel with the condensate storage

tank (CST). During an incident on April 7, 1980, following loss of
offsite power, the effluent temperature rose sufficiently to cause
flashing at the AFW pump inlet, with consequent cavitation and loss
of pump suction. As a result the system operating and plant startup
procedures were revised to require isolating the 50/8D demineralizer
effluent during plant startup when 5% power is reached. Discuss what
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additional long-term solutions to this problem, such as automatic
closure of the motor-operated isolation valve in the demineralizer
effluent line upon receipt of an EFAS signal, routing the demineral-
izer effluent to the CST, or blanking off the line from the demin-
eralizer to the AFW pump suction, are contemplated to increase
system reliability. (See also our SER of September 18, 1980, on
this subject.)"

The licensee's response dated May 8, 1981, indicated that admini-
strative measures already implemented at ANO-2 to isolate the SU/B0

from the EFW suction above about 5 percent power would prevent a
recurrence of the Ap.il 1980 incident. The licensee stated that
those measures were adequate for the long term and that no system
modifications were required. We have reviewed the licensee's
response and conclude that it is acceptable.

3. "The ANO-2 AFW turbine steam admission valves are AC operated. They

are locked ~open with power removed during operation. It would appear
that for true power diversity as well as flexibility of operation
they should be DC operated. Discuss how blowdown of both steam gen-
erators would be prevented in the event of a pipe break downstream
of the check valves below these motor operated valves. Consider
operator reponse time and accessibility to these valves after the
postulated event."

With respect to to this matter we were originally concerned about the
effects of a high energy pipe break downstream of the last check
valve (valves 2MS-39A and 2MS-398) in the EFW turbine steam supply
lines since this would result in a slow but probably uncontrolled
blowdown of both steam generators.

However, the licensee has subsequently indicated that the correct

status of the turbine steam admission valves (valves 2CV-1000-1 and
2CV-1050-2) is normally open with power available. In this case,
given a break as discussed above, the steam admission valves could

02/02/82 13 ANO-2 EFW STUDY

_ _ _ _ - - _

-
__



.

. .

probably be closed, in which case the blowdown would be terminated.
Even assuming that these valves do not close, the blowdown would be
limited to the case discussed in item C.3 above. The licensee has
been requested by letter dated January 15, 1982 to document the
status of these valves. Pending adequate documentation of this
information, we would conclude that the licensee's response is
acceptable.

4. "In accordance with the ANO-2 FSAR, Section 9.2.1, the service water2

system (SWS) provides cooling for the AFW pump rooms. Since the SWS

would not be available on loss of all AC power, state whether the
turbine-operated AFW pump could function for 2 hours without room
cooling."

The licensee's response dated May 8, 1981 indicated that an analysis
had previously been performed of this event with the result that the
maximum calculated room temperature would be below the temperature at
which the turbine vendor would expect the components on the turbine
control panel to be inoperable. We conclude that the licensee's

"

response is acceptable.

E. Basis for Emergency Feedwater System Flow Requirements

As a result of recent staff reviews of operating plant Emergency Feedwater
Systems (EFWS), the staff concluded that the design bases and criteria
provided by licensees for establishing EFWS requirements for flow to the
steam generator (s) to assure adequate removal of reactor decay heat are
not well defined or documented.

i

We required in a letter dated November 6, 1979 that the licensee provide'

EFWS flow design bases information as applicable to the design basis
transient and accident conditions. We have reviewed the licensee's
response submitted on January 31, 1980, to this recommendation and find
the licensee's flow design bases acceptable based on independent staff
analyses.
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