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ABSTRACT

The purpose of this report is to present the results of the review of
the Emergency Feedwater System Reliability Anzlysis for the V. c.

Summer Nuclear Station Unit 1.
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1.1

1.2

Introducticn

Background

The results of many studies pertiirf. g to the Three Mile Island
Nuclear Power Plant accident conclude that a proper functioning
Auxiliary Feedwater System (AFWS) is nf prime importance in the
mitigation of such accidents. Therefo e, a letter dated March 10,
1980(1) stating NRC's requirements regarding the AFWS was sent to
all operating license applicsats with Nuclear Steam Supply Systems

desigied by Westinghouse and Combustion Engineering.

The Seuth Carolina Electric and Gas Company (SCE&G) Columbia, South
Cavolina, the applicant for an operating license for the Virgil C.
Summer Nuclear Station Unit 1 which has a Westinghouse designed
Nuclear Steam Supply System, provided a respinse in tire form of a
reliability analysis(2) which was prepared for chem by Gilbert/
Commonwealth Inc. The analysis addressed all requirements stated

in the letter,
Review Activities

This project undertakes a review of those portions of the reliability
analysis which (1) satisfy requirement (b) of the letter which states,
"perform a relfability evaluation similar in method to that described
in Enclosure 1 (NUREG-0611) that was performed for operating plants
and submit it for staff review,” and (2) provide answers to the short
and long term recommendations of NUREG-0611 in response to require-

ment(c) in the letter. The review was conducted according to Schedule
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Any one of the three Emergency Feedwater pumps can supply sufficient
emergency feedwater to at least twe of the three steam generators.
The primary function of the system is to provide feedwater Lo the

steam genera )rs when the main feedwater system is lost.
2:2 Fluid System
2.2.1 Suction

The primary water source for the EFS is the condensate storage tank
(CST). Of the tank's 500,000-gallon storage capacity, 150,000

gallons are available exclusively to the EFS.

A common suction header for all three EFS pumps is supplied through

a 10 inch diameter line from the CST. This line contains a manual
valve* which has its handwhee. removed and is locked open. The lines
from the suction header to each EF pump have a check valve and a

manual locked-open valve.*

The backup supply is the Service Water System (SWS) which is
manually actuated or automatically actuated by pressure sensors
{two-out-of-four lo, fc) in the common ¢ ction line downstream of
the locked-open mrnual valve from the CST. Service Water Loop A

can supply the MDP "A" and the TDP. Service Water Loop B can

*Status of this valve indicated in Control Room (CR) and Techr’'ca
Support Center (TSC) as part of By-Pass and lu-nerable Status

‘ndication (BISI).






2.2.3

2.2.4

manual valve,* a flow control valve** and a locked-open stop

check valve.* Downstream of the stop check valve, the flow paths
from the TDP and MDP discharge headers combine to form one EF line
to each steam generator. The common line to each steam generator
contains a pneumatically operated, spring-assisted check valve
which serves as a containment isolation valve but will be held open
by discharge pressure from the EF pumps and two check valves near

each steam generator nozzle which limit the effects of a pipe break.

Flow Control Valves

Two normally opea pneumatically operated flow control valves are
provided for each steam generator; one valve controls flow from
the MDP's, the other controls TDP flow. Remote manual/automatic
control of the flow control valves is from the CR with provision
for local manual operation. Safety class air accumulators with
sufficient capacity to ensure valve closure for approximately
three hours, in the case of a secondary line break, are provided
for the valves. The flow control valves fail "open”™ on loss of

electric power or control air.

Steam Supply for the TDP Turbine

The steam supply to the TDP consists of a connection taken from the

safety class sections of each of two Main Steam (MS) lines (from

* Status of this valve indicated in CR and TSC as part of BISI.

**For status indication of flow control valve, see 2.2.5.



2.2.5

steam generators B and C) upstream of the MS isolation valves. Two
connections are provided to obtain redundancy of supply in the event
of a MS line break. Each connection has a check valve and a 1. or-
operated gate valve* for positive isolation in the eveat of MS line
break. A normaliy closed, pneumatically operated steam inlet valve*
which fails "o n" upon loss of air or control signal is opened
automatically on EFS demand by two logic trains. The steam inlet-
valve is located in the common line to the turbine, which then

connects to a turbine trip and throttle valve.

Valve Cperation and Indication

All motor-operated valves (MOV's) are ac powered from Class 1E buses,
are controllable from and have their position indicated in the Control
Room. Positi;n indication and control for each valve is from the
valve motor power source. Additionally, all MOV'3 can be manually

opened or closed locally with pos'tion indicaticn in the Control Room.

The pneumatically operated flow control valve can be manually

cont ‘olled from the control room or the control room evacuation panel.
Audible a-d visual alarms will be activated and repeated at sixty-
minute intervals whenever an emergency feedwater flow control valve
control switeh is not in the auto position (valve is open when control
switch is in the auto position). Flow control in manual control (e.g.,

closed during EF pump test) will go to the full, wide-open position

* Status of this valve indicated in the CR and TSC as part of BISI.
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ed, automatic switchover to the SW is initiated by low pressure
sensing in the conmon suction header from the CST downstream of
the locked-open nmanual valve. This signal automatically activates
the MOV's ‘n the SW supply lines to the MDP's and the TDP using

two-of-forr sensor logic to the two separate SW trains.
Electrical Power Sources

A simplified diagram showing electrical power distribution to ma jor
EFS components is shown in §igure 2. Each pump motor is supplied
from a separate, independent Class lE electric system bus. Complete
physical separation is followed throughout for control and instru-
mentation systems. The required instrumentation and control are
powered from separate and independent vital buses. Power for EFS
components necessary to establish emergency feedwater flow is
derived from diesel generator backed 7200 V buses 1DA and 1DB.
Normally (Case 1), these buses are supplied from offsite power
through the switchyard. However, in the event of LMF/LOSP (Case 2),
the diesel generators start automatically and ESF loads are connected
in Engineered Safety Features Loading Sequence (ESFLS) Step 5.
Service Water also remains available in this case i{f the CST source
i{s unavailable. Service Water is connected in ESFLS Step 3 ten
seconds before initiation of the EFS pumps. At a predetermined
pressure, the decreasing pressure in the EFS header initiates the

transfer of EF source from the CST to the SWS with approximately
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tvr at ~ seconds of water remaining in the header.

In the event of LMF/LAC (Case 3), EFS is still adequately operable
because startup and operation of the TDP is not ac dependent.

Instrumentation and Control

Initiation Logic

A functional diagram for EFS initiation logis 1s shown in Figure :
The diagram is simplified and does not show the redundancy,
independence, and divisional separation of the hardware. The

control logic is powered from battery-backed buses.

The MDP's will start on low-low level in any one steam generator,
Safety Injection Signal, or urdervoltage on either ESF bus or loss
of all t -ee main feedwater puaps. The main feedwater pump trip
signal {s a non Class lE (lectrical anticipatory start signal.

The TDP starts on low-low level in any two steam generators or

undervoltage on both ESF buses.

EFS Flow Control

The flow of emergency feedwater to each steam generator from the
MDP's or the TDP can be controlled by air-operated Flow Control

Valves (PCY's). Flow rates through the valves to the steam
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generators can be manually ad justed individually by hand controllers
at either the main control board or the Control Room Evacuation Panel
(CREP). On EFS initiation logic that starts either the MDP's (except
the feedwater pump trip) or the TDP, the corresponding flow control
valve for each steam generator will receive a signal to open regard-
less of its position. Upon reset at the valve control switch, the

operator can regain flow control.

A high flow signal, such as in the eveant of a secondary line break,

automaticallv closes the respective flow control valve.

Information Availatle to Operator

In addition to the valve position indication previously described,

the following EFS parameters are indicated in the Control Room:

+» Pressure in the common feed line to each steam generator
+« Suction pre!bre at each rump
. Level in the CST

. Flow in the common feed line to each steam generator
Operator Actions

Assuming the CST is available, no operator actions are required to
establish EFS flow in Cases 1, 2, or 3. 1If the CST is not available
initially, or if the CST level has been depleted after EFS operation

for several hours, operator action, backed up by automatic switch-

over establishes Service Water supply to the EFS.
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Testing

Each EF Pump is tested once a month to demonstrate operability.
Pump testing involves closing the appropriate FCV's from the

TDP or MDP headers. If the EFS is initiated, the FCV's will

open; therefore, no EF pump is unavailable due to testing. When
this test is performed, it is also verified that each non-automatic
valve in the flow path that is not locked, sealed or otherwise
secured in position, is in its correct position and that each auto-
matic valve in the flow path is in the fully open position whenever

the EFS is placed in automatic control.

At least once every 18 months during shutdown, the EFS is tested
to verify that each pump starts automatically and upon receipt

of each EF actuation test signal.

Technical Specifications

Technical specifications require:

1. All three EF pumps and associated flow paths to be operable
whenever the reactor i{s in Mode 1, 2, or 3. With one pump
inoperable, three pumps shall be made operable within 72 hours

«r the reactor should be brought to at least HOT STANDBY within

the next 6 hours and to HOT SHUTD'WN within the following 6 hours.

2. Both independent service water loups be operable whenever the

reactor is in Mode 1, 2, 3, or 4. With only one service water
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loop operable, restore at least two loops to operable status
within 72 hours or be in at least HOT STANDBY within the next

6 hours and in COLD SHUTDOWN within the following 30 hours.

3. The condensate storage tank shall be operable containing a
minimum volume of 150,000 gallors of water. With the condensate

storage tank inoperable, within 4 hours either:

a. Restore the CST to OPERABLE status or be in at least HOT
STANDBY within the next 6 hours and in HOT SHUTDOWN within

the following 6 hours, or

b. Demonstrate the OPERABILITY of the service water system as
a backup supply to the emergency feedwater pumps and restore
the condensate storage tank to OPERABLE status within 7 days
or be in at least HOT STANDBY within the next 6 hours and in

HOT SHUTDOWN within the following 6 hours.

Discussion

Mode of EFS Initiation

The EFS is initiated automatically. The MDP's will start on low-low
level in any one steam generator, Safety Injection Signal, or under-
voltage on either Eneineered Safety Features (ESF) Bus or loss of
all three main feedwater pumps. The main feedwater pump trip

sipnal is a non Class 1E electrical anticipatory start signal.

The TDP starts on low-low level In any two s¢team generators or
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undervoltage on both ESF buses. In the event of low suction
pressure the service water motor operated valves will pen.
SCE&G has adequately described the svstem. Automatic initiation
of the system is of prime ifmportance becanse it e'‘minates human
error events and thereby increases overall system re‘iability.
The major concern {s the fact that the SWS backup is not automa-
tically available in sufficient time to prevent pump failure in

the event the primary source of water, the CST, is unavailable.

system Control Following Initiation

After initiation flow control can b established by the operator
through the Flow Control valves. By observing the water level
indicators for the CST the operator can open the service water
motor operated valves at the approprlate time to prevent loss

of feedwater suction pressure.

Test and Malatenance Procedures and Unavailability

SNL questioned the policiles of SC.sG concerning Test and Malntenance.
SNL was informed that Test and Maintenance programs for the Emergency
Feedwater System components are in compliance with ASME Section X1,
Technical Specifications, and ANSI 18.7 criteria. System unavail-
ability during operation is kept to a minimum by planning all
corrective maintenance for times when the plant ‘s in a cold shut-
down status. Redundant train operability is verified prior to

removal of an alternate train from service. Maintenance and test
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results are reviewed for problem areas and any trends that may be
developing. At present, wmost preventive and corrective mainten-
ance procedvres for the system have been written. Test procedures
for the system and components are being prepared at this time with a
scheduled completion date of January 1, 198l. SCE&G conforms with a
minimum downtime during operation policy which increases the avail-
ability of emergency equipment during operation and thus increases

the reliability (availability on demand) ot the EFS.

Adequacy of Emergency Procedures

SNL was i{nformed that Emergency Feedwater {s addressed in Station
Emergency Operating Procedures EOP-1, "Safety Injection,”™ EOP-5,
"Reactor Trip,” and EOP-13, "Natural Circulation.™ 1In all cases,

steps are provided to:

1) verify emergency feedwater pump operation,

2) verify flow to steam generators,

3) describe the nerhod for and criteria for an operator assuming
control of emergency feedwater flow,

4) verify Condensate Storage Tank level, and

5) describe how to transfer to Service Water backup on loss of

cordensate water.

These procedures are under review by the resident NRC inspectors

for adequacy. They eseem to have covered the emergency operations
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necessary for the EFS. Emergency Procedures are very necessary

as a backup for automatic operations and for survefllance and
centrol of the EFS operation af_er system initiation. This

affects system reliability by allowing, in the case of an automatic
svstem like Summer, a human action backup if sufficient time is
available. This backup increases EF5 reliability; however, extreme
care on the part of the operaters coupled with a detailed knowledge
of svstem interactions is required to keep from defeating necessary

functioning safety systems.

Adequacy of Power Sources and Separation of Power Sources

At Summer the motor driven EF pumps are supplied with nower from
different buses which are, under a Loss of Offsite Power condition,
powered from the diesel generators. This arrangement is shown in
Figure 2. This figure also shows which motor operated valves arc
powered from these buses. A description of the separation criteria
for redundant electrical systems is contained in FSAR Section
8.3.1.4, Separation of power systems {s necessary to eliminate
comwon cause failure events from reliablility considerations. In
doirg so EFS reliability is increased. The Summer svstem is

considered adequate.
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Availability of Alternate Wa: v Sources

SCE&G does not take credit for an alternate source of EF in

the event suction pressure is lost. All losses in suction
pressure nmust be anticipated and action taken by the operator
prior to the loss. This defeats the purpose for *he automatic
valves nn the Service Water supply to the EF pumps and causes
SCE&C not to comply with the intent of Recommendation aL-203),

In response to SNL questions on this subject SCE&G replied that:
(1) 1f the EF System supply line maintenance valve 1010 is in
the closed position, pump failure may occur because a vacuum and
no flow « ondition will develop very rapidly. The automatic
switchover to the SW System is not quick enough to definitely
state that damage to the EF pumnrs would not occur, and (2) Credit
was not taken for automatic initiation of the Service Water System
backup. Credit is taken for automatic fnitiation in the event of
a catastrophic loss of CST inventory provided that demand for EF

does not occur at the same time.
Potential Common Mode Failure

A common mode, or more g¢ erally, common cause failure "is a group
of component failures, with or without the same failure mode, that

are the direct result of the same event, cause or condition, and

that leads directly to a specific system failure.” Design considera-

tions, both plant-specific and generic, external phenomena (environment)
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and maintenance/test actions are potential pathways for the
occurrence of common cause failures. The features of V. C.
Summer Nuclear Station that mitigate common cause faflures due

to each of the above pathways are listed below:

Plant Specific Design Related Features

(a) Redundant, safety grade instrumentation and control for
EFS flow, pump startup, and automatic EFS initiation.

(b) Diversity of EF pump power sources - ac and steam.

(c) Diversity of MDP ac sources - offsite power and onsite
diesel generators.

(d) Independence of the TDP, its auxiliaries and controls
from ac power.

(e) Diversity of EFS actuation input signals.

(f) Flexibility of supplying EF to any combination of steam
generators from the TDP and MDP headers.

(g) Automatic i{solation of depressurized steam generators,

(h) Independent f!_ . control to each steau generator.

(1) Atility to isolate essential portions of the EFS from
failed compoaents while accomplishing the safety objective.

(j) Use of flow control valves with fa.l safe modes.

(k) Flexibility to perforam over a wide range of operating and
accident conditions.

(1) Capability for automa.ic startup and run without operator
intervention for a minimum of ten minutes; flexibility of

operator intervention at startup or manual start of the EFS
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from the Control Room.

Availability of a backup EF source from the SWS.

Generic Design Related Features

(n)

(o)

(p)

An applicable fndustry-wide ¢ "perience history for AFWS
design and equipment.

EFS equipment procurement (under 10CFR50, Appendix B, QA
programs) which includes design contro!.

Conformance to recognized Industry standards and criteria.

External Phenomena

(q)
(r)

(s)
(t)

(u)

(v)

Location of the EFS in Seismic Category 1l structures.
Housing of the EFS in structures designed to withstand the
effects of tornadus and floods.

Protection from flooding from feedwater and EF line breaks.
Design to withstand pipe whip and impingement effects
resulting from high and moderate energy line breaks.
Physical separation of the TDP from the MDP's which includes
a fire barrier.

Qualification of equipment to withstand high temperature and
humidity resulting from Intermediate Building steam line

breaks.

Maintenance/Test Related Features

W)

(x)

Test and maintenance programs in compliance with ASME Section
XI, Technical Specifications and ANSI 18.7 criteria.
Monthly MDP and TDP testing not requiring closing of manual

isolation valves.
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(y) Monthly position verification of all EFS valves including locked
valves.

(z) Test, maintenance and functional verification procedures.
Application of Data Presented in NUREG-0611

The basic report{2)did not contain a table which included all

fault tree events. The reviston(%)to the report did and most data
was taken from NUREG-0611. The first order event data deviated

from that presented in NUREG-0611 and the reasons for such deviations
were explained. Tho first order event contributed a major portion

to the overal: system reliability ard ther=fore changing its assess~
ment made comparison to other similar operating plants as shown

on Figure 4 less meaningful.
Search for Single Failure Points

The only single failure point (SFP) associated with this design is the
Valve 1010 on the suction line at the CST and the assoclated piping.
This would not be an SF# if the conditions for automatic functioning
of the SW backup in time to prevent pump starvation and damage were
established and met. Any SFP has a major effect on the reliability

of an esgentially redundant system and should be thoroughly reviewed.
Human Factors/Errors

Human Factors/Errors were considered by 7 E&C where appropriate in
the fault tree. Automation is a major factor in decreasing the

effect on reliability of these types of events.
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3.11 NUREG-0611 Recommendations, Long and Short Term

3.11.1 Short-Term Generic Recommendations

1. Technical Specification Time Limit on AFW System Train Outage

Concern

Several of the plants reviewed have Technical Specificati ns
that permit one of the AFW system trains fto be out of service
for an indefinite time period. Indefinite cutage of one train
reduces the lefense-in-depth provided by multiple AFW system

trains.

Recommendation GS-1

The licensee should propose modifications to the Technical
Specifications to limit the time that one AFW system pump and
{ts associated flow train and essential instrumentation can be
{noperable. The outage time limit and subsequent action time
should be as required in current Standard Technical Specifica-

tions; f.e., 72 hours and 12 hours, repectively.

Response

V. C. Summer Technical Specification 3.7.1.2 complies.
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II. Technical Specification Administrative Controls on Manual Valves-
Lock and Verify Position

Couccrg

Several of the plants reviewed use a single manual valve or
multiple valves in series in the common suction piping hetween the
primary water source and the AFW system pump suction. At some
plants, the valves are locked open, while at others, they are not
locked in position. 1If the valves are inadvertently left closed,
the AFW system would be inoperable, because the water supply to

the pumps would be isolated. Since there is no remote valve
position indication for these valves, the operator has no immediate

means of determining valve position.

Further, the Technical Specifications for plants with locked-open
manual valves do not require periodic inspection to verify that
the valves are locked and in the correct position. For most
plants where the valves are not locked open, valve position is

verified on some pertfodic basis.

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.
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These inspections shoutd be proposed for incorporation into
the surveillance requirements of the plant Technical Specifica-
tions. See Recommendation GL-2 for the longer-term resolution

of this concern.

Response

See long-term {item (GL-2).

AFW System FLow Throttling-Water Hammer

Concern

Several of the plants reviewed apparently throttle down the
AFW system initial flow to eliminate or reduce the potential
for water hammer. In such cases, the overall relfability of

the AFW system can be adversely affected.

Recommendation GS-3

The licensee has stated that it throttles AFW system flow to
avoid water hammer. The licensee should ree:amine the practice

of throttling AFW syvstem flow to avoid water hammer.

The licensee should verify that the AFW system will suppply on
demand sufficient initial flow to the necessary steam generators

to assure adequate decay heat removal following loss of main
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feedwater flow and a reactor trip from 100 percent power.

In cases where this reevaluation results {n an increase in
initial AFW system flow, the licensee should provide sufficlent
information to demonstrate that the required initial \FW system

flow will nut result in plant damage due to water hammer.

Response

The EF system is not throttled to avold water hammer. Extensive
t=ting was periormed during Hot Functional Testing on the
Emergenr ¢y Feedwater System cuncerning witer hammer. With at
least one motor driven pump running on mini-flow, full flow was
introduced to each steam generator separately at several difierent
initial steam generator levels. For each of these conditions on
each steam generator, the applicable system piping was observed
to verify that no abnormal vibration or noise occurred. Also,
all three Emergency Feedwater Pumps were individually started
and individually aligned to deliver flow to all three steam
generators and then the pump stopped. Under these conditions
for each pump, the pump and associated piping was observed to

verify that no abnormal vibration existed.
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Emergency Procedures for Initiating Backup Water Supplies

Concern

Most of “he plants do not have written procedures for trans-
ferring to alternate sources of AFW supply if the primary supply
i{s unavailahle or exhausted. Without specific criteria and
procedures for an operator to follow to transfer to alternate
water sources, the primary supply could bhe exhausted and result in

pump damage or a long interruption of AFW flow.

Recommendation GS—4

Emergency procedures i10r transferring to alternate sources of AFW
supply should be available to the plant operators. These proce-
dures should include crfteria to inform the operators when, and
in what order, the transfer to alternate water sources should
take place. The following cases should be covered by the

procedures:

{1) The case in which the primary water supply is not initfally
available. The procedures for this case should include any
operator actions required to protect the AFW system pumps

against self-damage bufore water flow i3 initiated.

(2) The case in whish the primary water supply is being depleted.
The procedure for this case should provide for transfer to
the alternate water sources prior to draining of the primary

water supply.
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Relgenqs

The Emergency Feedwater System procedure is being modified
to incorporate automatic transfer to Service Water on Low
Emergency Feedwater Pump Suction Pressure. Emergency
Operating Procedures EOP-1, "Safety Injection,” EOP-5,
"Reactor Trip," and EOP-13, "Natural Circulation,” require
verification of Automatic Transfer when required. System
Operating Procedure SOP-211, "Emergency Feedwater Svstem”
details how the operator can transfer to Service Water and
what action to take if the Condensate Storage Tank is not
available.

Emergency Procedures for Initiating AFW Flow Following a
Complete Loss of Alternating Current Power

Concern

Some operating plants depend on ac power for all sources of

AFW system supply, Including the turbine-driven pump train.

In the event of loss of offsite and onsite ac power, ac-
dependent lube ofl supply or lube o0il cooline for the pump

will stop, and/or manual actions are requir:d (o initiate the
AFW flow from the turbine-driven pump by marually opening the
turbine steam admission valve and '>r AFW system flow control
valves. There are no procedures available to the plant op+ ators
for AFW system initfation and control under these conditions.

This could result in a considerable time delay for AFW system
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initiation, since the operators would not be guided by

ocedures dealing with this event.

Recommendation GS-5

The as-built plant should be capable of providing the required
AFW flow for at least two hours from one AFW pump train,
independent of any ac power source. If manual AFW system
initiation or flow control is reguired following a complete
loss of ac power, emergency procedures should be established
for manually initiating and controlling the system under these
conditions. Since the water for cooling of the lube oil from
the turbine-driven pump bearings may be dependent on ac power,
design or procedural changes shall be made to eliminate this
dependency as soon as practicable. Until this i{s done, the
emergency procedures should provide for an individual to be
stationed at the turbine-driven pump Iin the event of the loss
of all ac power to monitor pump bearing and/or lube oil
temperatures. If necessary, this operator would operate the
turbine~driven pump in an on-off mode unti{l ac power is
restored. Adequate lighting powered by direct current (dc)
power sources and communications at local stations should also
be provided if manual initiation and control of the AFW system
is needed. (See Recommendation GL-3 for the longer-term

resolution of this concern).
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Resgonae

See long-term item (GL-3).

AFW System Flow Path Verification

Periodic testing of the AFW system is accomplished by testing

¢ {ndividual components of one flow train (periodic pump
recirculation flow test or automatic valve actuation), thus
altering the normal AFW system flow path(s). The flow

-s=~ahility of the entire AFW system, or at least one integral
AFW system train, is only demonstrated on system demand following
a transient, or if the AFW system i{s used for normal plant

startup or shutdown.

Recent Licensee Event Reports indicate a .eed to improve the
quality of system testing and maintenance. Specif’cally,
periodic testing and maintenance procedures inadvertently result
in (1) more than one AFW system flow train being unavailable
during the test, or (2) the AFW system flow train under test not
being properly restored to its operable condition following the
test or maintenance work. The Office of Inspection and Z“nforce-
ment has taken action to correct Item (1); the recommendation

below is made to correct Item (2).
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Recommendation GS-6

The licensee should confirm flow path avallability of an
AFW system flow train that has been out of service to

perform periodic testing or maintenance as follows:

(1) Procedures should be impleuented to require an operator
to determine that the AFY system valves are properly
aligned and a second operator to independently verify

that the valves are properly aligned.

(2) 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 generators. The flow test should
be conducted with AFW system valves in their normal

alignment.

Resgonse

Station Surveillance Test Procedures STP-120.001, "Surveillance
Testing of Motor Driven Emergency Feedwater Pump(s),” STP-120-002,
“Surveillance Testing of Turbine Driven Emergency Feedwater Pump,”
and STP-120.003, "Surveillance Testing Emergency Feedwater Monthly
Valve Alignment Verification,” are the applicable Surveillance

Test Procedures. These procedures address the requirements of
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periodically tested, to automatically initiate the AFW system.

Recommendation GL-5

The licensee should upgrade the AFW system automatic initiation

signals and circuits to meet safety-grade requirements.

Reskonse

The EFS automatic initiation signals and circuits are redundant
and meet safety-grade requirements. In addition, a non-safety-
grade, anticipatory signal, from a trip of all main feedwater
pumps, i. used to start the two motor driven emergency feed-

water pumps.

Ma jor Contributors to Unreliability

SCE&C lists the following major contributors for each case:

Case 1 - LMFW

1.

The single most important contributor to EFS unavailability
results frum the EF supply line maintenance valve (1010) being
plugged at EFS startup. System failure results because all
pumps are postulated to fail if started in a starved condition.
SCG&E assigns a value of 1x10™> to valve 1010 plugged. The
total demand unavailability for case 1 is 1.2 x 1072, Since

valve 1010 in a plugged state is a first order term, It accounts
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for approximately 80% of the EFS demand-unavailability.

Preventive maintenance outages on an EF pump combined with other
active failures account for the next greatest contribution to
sy«tem unavailability. The TDP in maintenance presents a greater

restriction on EF availability than an MDP in maintenance.

Motor circuit start failures dominate individual MDP failure.

Mispositioned pump suction isolation valves can lead to pump

damage at startup.

Mispositioned pump discharge valves will result in no flow to

the MDP or TDP header, respectively. Pump recirculation and

flow instrumentation are available allowing control room
diagnosis of the problem without pump destruction vecurring.
Operator correction of closed discharge valves was not considered

in this analysis.

Header discharge valves and EF flow p (hs to the steam generators
had no substantial effect on EFS unavailability. This is due to

the normally open EF flow control valves and automatic opening

whenever the valves are in manual control including pump test.
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Case 2 - LMFW/LOOP

The failure contributors for this case are similar to those in Case 1.

Loss of offsite power has no effect on the system availability when
both diesel generators are avallable because all ac dependencies are

are supplied by the ESF buses 1DA and 1DB.

Loss of one diesel generator reduces system availability because of

the loss of an MDP. All other contributors remained unaffected.

Case 3 - LMFW/LAC

The TDP train of the EFS is independent of all ac and air sup- ies.
For this case the Service Water System is unavailable as a backup
source of water to the EFS because of ac operated components in the
SWS. The TDP train and flow path through flow control valves FCV
3536/3546/3556 is the only means of providing EF to the steam
generators. Unlike Case 1 and Case 2 above, very little EFS redun-

dancy exists.

Contributors limiting EFS availability at demand for the LMF/LAC case

include:

1. Outages of the TDP for unscheduled maintenance.
2. Failure of the TDP steam isolation valve 2030 to open.

3. Mechanical failure of the TDP.
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4. Failure of the turbine drain system due to plugging and/or human
error.

S. Pump discharge manual valve 1036 closed due to human error
(resulting from TDP maintenance).

6. Loss of CST inventory.

TDP unscheduled mafatenance outages are responsible for approximately
50% of the LMF/LAC unavailability. Items 2 through 6 contribute

approximately equally to the remaining 50%.

SNL agrees with the above listing. No quantification of results

was made by SCE&G nor were results quantified in NUREG-0611.

A very rough numerical estimate of the reliability reported by

Summer is derived from Figure 4. For Case 1 the failure prubability

is 1.2 % 10'5; for Case 2 1.2 x 10'5, and for Case 3 1 x 1072,

The events describing valve 1010 are assessed by SCE&G to be 1 x 10-3.*
Therefore for Case 1 and 2 the remainder of the system contributes

a small amount in comparison. Extracting values for the individual

contributors for Case 3 as listed above was not attempted.

*SNL does not agree with this assessment since NUREG-0611 gives a
value of 1x10™% for valves being plugged. 1If 1x10™% were used this
would shift the Summer rating on Figure 4 from the high to me.iium

range for Case 1 and 2.



Translant Evanny LMFVY LMFW/LOOP LMFVI/Lon of Al AC*

Plants Low Med I Migh Low Med | wigh Low tMad Vigh
g g - ) — - -? S - e -
Waitinghoure i
]

Haddam Nack

San Onolre

Praife hiand

@
o
: 5
?.onm E. : _t:_. %

Yankes Nowe

Teolan
- —b— ) =} —
trdiga Poimt

Kawanas

14
>

o e
O
|
l
|
L

|
!

|
]
|
|

o

L
l
!
l

H D. Robimon

|
|
|
1

Dasver Vallay

|leolo®|

elo e oo © 0 o

Cinne

PL Deach

Cook

Tuthey P

k-
|
{ |
|
| |
lolele oioi‘*»r’
|
||
|

Farlay

Sutry

u
!

®le 0

No. Anes

V.C. SUMMER X X !

'—’l l‘-— Ordar of Magnitude in Unavellab ity Represes. ~d

X - SNL determined comparison *Note: Tha scale for this event is not the same as that for the LMFW and LMFW/LOOP,

FIGURE 4 COMPARISON OF V.C. SUMMER UNIT 1 EFS RELIABILITY
WITH THAT OF OPERATING WESTINGHOUSE PLANTS

-qg_



- 88 =

Concern

Although SCE&G reported that automatic opening of the valves
from the alternate water supply, service water system, upon
low pump suction pressure is provided, no credit is taken for
it in the reliability analysis. It was rtated that the
automatic system may not function fast enough to prevent

pump damage.

Some Nuclear Power Plants report that pumps can run as long

as five minutes with no Net Positive Suction Head (NPSH).

A more realistic value is thought to be one minute which

allows ample time for automatic valves to function. Some
engineers questioned felt that the remaining water in the

line after a low NPSH signal would be sufficient to provide
some water to the pump and that the header would not run dry

in the time required for valve opening. If this is true, the
service water system is a system that can be considered in
parallel to the CST supply and valve 1010 failure is no longer
a first order event. The probability of valve 1010 failure can
then be "AND"ed with the SW system failure and at least an order
of magnitude improvement (decrease) in the failure probability
realized. This would eliminate the necessity for using a value
of 1 x 1077 for valve 1010 failure when NUREG-0611 states that
1 x 107% is the value to use for a manual valve (plugged) for

comparison purposes.
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Conclusions

The comparison of the reliability of the V. C. Summer Nuclear
Station Unit ] Emergency Feedwater System with the reliability
for similar systems of operating Westinghouse Plants shows that
the V. C. Summer reliability is at the high end of the range for
operating plants. We are not in agreement with this assessment
for case 1 and 2 because NUREG-0611 values for valves plugged
were not used. Were the values in NUREG-0611 used the assessment

would be in the medium range.

SCE&G has complied with requirement (b) of the letter whi:h states,
"(b) perform a reliability evaluation similar in method to that
described in Enclosure 1 that was performed for operating plants
and submit it for staff review.” Enclosure 1 to the letter of

March 10 provides the applicable portions of NUREG-0611 which

deal with the Auxiliary Feedwater Systems.



AC

ac

AFW

AFWS

ANSI

ASME

BISI

CFR

CREP

C.sl

CST

de

DWST

EF

EOP

EFS

ESF

ESFLS

FCV

gpm

1&C

* The EFS is the same system as the AFWS.
v.c.
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Glossary of Terms

Alternating Current

alternating current

Auxiliary Feedwater

Auxiliary Feedwater System

American National Standards Institute
American Society of Mechanical Engineers
By-Pass and Inoperable Status Indication
Code of Federal Regulations

Control Room

Control Room Evacuation Panel

Control Switch for the Steam Admission Valve
Condensate Storage Tank

Direct Current

direct current

Demineralized Water Storage Tank
Emergency Feedwater

Emergency Operating Procedures

Emergency Feedwater Systen*

Engineered Safety Feature:

Engineered Safety Features Loading Sequence
Flow Control Valve

Final Safety Analysis Report

gallons per minute

Instrument and Control

Summer Nuclear Station.

EFS is the term used for the



- 58 -

Glossary of Terms (Cont'd)

LAC Loss of all AC power

LMFW  Loss of Main Feedwater

LOOP Loss of Offsite Power

MDEFP  Motor Driven Emergency Feedwater Pump
MDP Motor Driven Pump

MFWP Main Feedwater Pump

MOV Motor Operated Valve

MS Main € team

NPSH Net ° sitive Suction Head

NRC Nuclear Regulatory Commission
psig pounds per square inch gage

SCE&G South Carnlina Electric and Gas

SFP Single Failure Point

S/G Steam Cenerator

SNL Sandia National Laboratories
STP Station Test Procedure

SW Service Water

S.W.P. Service Water Pump

SWS Service Water System

TDEFP Turbine Driven Emergency Feedwater Pump
TDP Turbine Driven Pump

TR Transformer

TSC Technical Support Center
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