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LIST OF ABBREVIATIONS USED IN THE FAULT TREE
ANALYSIS OF THE EMERGENCY FEEDWATER SYSTEM

AOV Air Operated Valve

BISI By-Pass and Inoperaple Status Indication
CRT Circuit

CST Condensate Storage Tank

cv Check Valve

DG Diesel Cenerator

DT#2 Denny Terrace Statiom #2
EF Emergency Feedwater

EFS Emergency Feedwater System
FCV Flow Control Valve

FE Flow Element

FT Flow Transmitter

Icv Isolatica Check Valve

IFV Isolation Flow Valve

LAC Loss of AC

LFW Loss of Feedwater (same as LMF)
IMF Loss of Main Feedwater

LOSP Loss of Off-Site Power

MCC Motor Control Center

MDP Motor Driven Pump

MIV Manual Isolation Valve

MOV Motor Operated Valve

MS Main Steam

MSIV Main Steam Isolationm Valve
PORV Power Operated Relief Valve
SG Steam Generator



Safety Relief Valve
Service Water
Service Water Svstem
Turbine Driven Pump

Technical Support Center
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INTRODUCTION

Background

The NRC has requested that plants with Westinghouse-designed reactors
that are under operating license review evaluate and consider means
for upgrading the Emergency Feedwater System (EFS) reliability. This
report presents the results of that reliability study for the

V. C. Summer Nuclear Station Unit 1 in a form comparable with the
information contained in NUREG-0611.

Objectives

The objectives of this study are:

A. To perform a reliability assessment of the V. C. Summer EFS and
to compare its expected perfcrmance with similar systems at
operating Westinghouse reactors.

B. To consider any design or opera‘ional modifications necessary,

based on insights from the reliability analysis and the NRC

Generic Recommendations.

Scope

The EFS design was analyzed for the following three feedwater

transients:

Case 1 - Loss of Main Feedwater with Reactor Trip (LMF)

Case 2 -~ Loss of Main Feedwater Coincident with Loss of Offsite
Power (LMF/LOSP)

Case 3 - Loss of Main Feedwater coincident with Loss of All AC
Power (LMF/LAC)

L !




. The analysis was limited to finding the probability of EFS failure
on the occurrence of each of the above postulated initiating event
cases. The causes and probabilities of the initiating sequences were
not considered. External events, such as earthquakes, were alsec not

considered.

1.4 Analysis Technique

The techniqgue used for the study is Fault Tree Analysis, which is a
deductive approach where an undesirable (top) event is postulated,
and the system is examined with a view to finding combinations of
component failure events and human errors which can cause the top

event. The technique has been applied extensively to nuclear safety

analysis, most notably in the Reactor Safety Study (WASH-1400).




1.5 Organization of Report

In addition to the considerations identified above under
Background (see Section 1.1), this report addresses specific
requirements identified in Enclosure 1 and Enclosure 2 of

the NRC March 10, 1980 letter*, as follows:

Reference Response
Enclosure 1 Text plus Appendix A

(Fault Tree Analysis)

Enclosure 2 Appendix B (Basis of
Auxiliary Feedwater
System Flow Requirements)

Letter dated March 10, 1980 from D. F. Ross, Jr., Acting Director,
Division of Project Management, Office of Nuclear Reactor Regulation,
to all Pending Operating License Applicants of Nuclear Steam Supply
Systems Designed by Westinghouse and Combustion Engineering. Subject:
"Actions Required From Operating License Applicants of Nuclear Steam
Supply Systems Designed by Westinghouse and Combustion Engineering
Resulting From the NRC Bulletins and Orders Task Force Review Regarding
the Three Mile Island Unit 2 Accident."
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2.4

ASSUMPTIONS AND CRITERIA

Definition of System Failure (Fault Tree Top Event)

In order to determine what combinations of ccmponent failures or
human errors will cause system failure, it is first necessary to
define explicitly what constitutes system failu-e. For the purposes
of the present study, EFS failure is defined as failure of the EFS to

provide sufficient flow to at least two of the three steam generators.

Availability of Electrical Supply

Case 1 - LMF - All AC and DC power was assumed available with a
probability of 1.0.

Case 2 - LMF/LOSP - DC power was assumed available with a probability
of 1.0. All possible combinations of diesel generator

availability were considered.

Case 3 - LMF/LAC - DC power was assumed available with a probability
of 1.0.

Data

Wherever applicable, reliability data for hardware, operator actions,
and maintenance were taken from NUREG-0611 and WASH-1400.

Degradation VS Failure

No degradation or degraded failures were considered, i.e., equipment

either operates as required or is in a failed state.
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EF Pump Susceptibility to Suction Starvation

Based on system engineering analysis, there is considerable con-
cern about the ability of the EF pumps to survive startup in a
starved condition. An EF pump startup with a closed suction flow
path is assumed to fail with a probability of 1.0.

Human Errors of Commission and Omission

Five basic human errors were defined in the analysis based on likely
system maintenance, valve locking, valve position monitoring, walk
around, mispositioning of valves, etc. Values for these errors
were assigned from NUREG-0611 and WASH-1400.

Human Errors of Commission and Omission Pertaining to EF Supply Line
Maintenance Valve

The single manual valve (#1010) in the EFS suction line is locked
open (L.0.) and repositioned only on EF suction line maintenance.
The position of this valve is verified at least monthly. A limit
switch initiates an audible alarm in the Control Room when the
valve is closed. 1Its closed status is input into the Bypass and
Inoperable Status Indication (BISI) computer system wherein the
closed status is displayed on a CRT screen. An unavailability of
5 x 1073 per demand due to maintenance and operating error was
assigned based on considerations in NUREG-0611 and WASH-1400 con-

cerning the measures taken to confirm its status.

Plugging Contribution of the EF Supply Line Maintenance Valve

Based upon data in WASH-1400, Appendix III, all manual valves are
lumped into one statistical figure for the primary failure mode
which is 3 x 10=% to 3 x 10-5 per demand and is based upon plugging.
This range is primarily based upon globe valves which are more prone

to plugging than other manual valves.

The upper bound assessed value for the type butterfly valve utilized
in the Emergency Feedwater System should be lower because plugging

cannot take place in butterfly valves as frequently as in globe

ro
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valves due to inherent design. A change of flow with varying
velocity as found in globe-type valves creates an environment where
debris and other foreign material may accumulate near the seating
surfaces and affect the opening or closing action or cause plugging.

An unavailability of 3 x 10=3 due to plugging was assigned.

EF Delivery Requirements

Consistent with the most recent thermal hydraulic analysis to date,
adequate primary loop cooling is achieved with a minimum of one half
capacity motor driven pump or one full capacity turbine driven pump
on loss of main feedwater transient providing no main steam or feed-

water line break has occurred.

Pump Flow Recirculation

Failure to establish EF pump recirculation has been included in the
reliability assessment. However, this area is believed to be mainly
of concern when approaching Hot Standby where EFS flow is continually
throttled back.

Control Circuit Definition

Motor and valve control circuits are defined analogously to those
appearing in the WASH-1400 AFWS analysis and includes the starter
control circuit, power to the start control, DC bus, breaker coils,

breaker contacts, and power and control cables.

Undetected Loss of CST

This quasi-basic event affects the ability of the EFS during startup
by placing a rapid demand on the automatic switchover to the SW
backup supply which precludes any operator intervention. Tank rupture,
tornado-induced catastrophic failure and undetected maintenance error
during plant operation were considered. A value of 7 x 10~7 was

used in the assessment.
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Power Source Availability

All AC sources were assumed available for the IMF case. For the LMF/
LOSP case one diesel generator set was assumed to fail to start and
accept load with a probability of 1 x 10~2; the second diesel generator

set was assigned a start and load acceptance failure probability of

zerc.
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3.1

3.2

3.2.1

SYSTEM DESCRIPTION

Overall Configuration

A diagram of the V. C. Summer EFS is shown in Figure 1. The system
consists of two feedwater trains, one supplied by two half-capacity
motor-driven pumps (MDP) and one by a full-capacity steam turbine-

driven pump (TDP), all with a common suction source. Either of the
trains can supply sufficient emergency feedwater to any of the three

steam generators.

Fluid System

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" line from the CST. This line has a manual valve which is
locked open*, and is provided with an audible alarm in the Control
Room. The line from the suction header to each EF pump has a check

valve and a manual locked-open valve.”®

The backup supply is the Service Water System which is 2.:>owatically
actuated by pressure sensors (two-out-of-four logic) in the common
suction line downstream of the locked-open manual valve from the CST.
Service Water Loop A can supply the "A" MDP and the TDP. Service
Water Loop B can supply the "B" MDP and the TDP. There is a normally
closed motor-operated valve in each loop before the pump suction
lines as well as a normally closed motor-operated valve and a check
valve in the suction line of each pump. The motor-operated valves
are isolation valves capable o{ both manual (local and remote) and

automatic operation.

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

There are two discharge headers, one connected to the TDP and the
other to the MDP's. The discharge line from each pump to the header
has a check valve and a locked-open, manually operated isolation

*
valve.

The TDP is rated at 570 gpm including recirculation at a
steam generator pressure of 1211 psig and each MDP is rated 440 gpm

including recirculation at a steam generator pressure of 1211 psig.

Each pump is provided with a recirculation path. This path consists
of a check valve, a breakdown orifice and locked-open manual valve.*
The recirculation line is sized 2" for each MDP and 3" for the TDP.
Each recirculation line can pass the required pump minimum flow of
100 gpm. The recirculation lines discharge to a 4" recirculation
header which returns the recirculation flow to the CST through a

check valve.

The TDP and MDP discharge headers each split into three flow paths,
one for each steam generator. Each flow path has a locked-open
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 and two check valves near each steam

generator nozzle to limit the effects of a pipe break.

Flow Control Valves

Two normally open 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 Control Room with provision for
local manual operation. Safety class air accumulators with sufficient

* Status of this valve indicated in CR and TSC as part of BISI.
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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 lines (from Steam
Generators B and C) upstream of the Main Steam isolation valves.

Two connections are provided to obtain redundancy of supply in the
event of a Main Steam line break. Each connection has a check valve
and a motor-operated gate valve for positive isolation in the event

of Main Steam line break. A normally closed, fail open, pneumatically
operated steam inlet valve® which pneumatically fails safe upon loss
of AC or control air and is opened from 2 logic trains in automatic
switchover, is provided in the common line to the turbine, which

then connects to a turbine trip and throttle valve.

Valve Operation and Indication

All motor-operated valves are AC powered from Class 1Z buses, are
controllable from and have their position indicated in the control
room. Position indication and control for each valve is from the

valve motor power source.

The pneumatically operated flow control valves can be manually
controlled from the control room or the control room evacuation panel.
Audible and visual alarms will be activated and repeated at sixty-
minute intervals whenever an emergency feedwater flow control valve
control switch 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 upon automatic initiation (excluding main

feedwater pump trip) of the EFS.

* Status of this valve indicated in CR and TSC as part of BISI.
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Locked-open valves critical to system successful functioning and
several normally closed valves are monitored on the Bypass and
Inoperable Station Indication (BISI) system. An input entry to the
BISI computer is made whenever a valve is placed into a position
contrary to successful system function. This record is displayed on

the control room and technical support center C&T.

Support Svstems and Backup Water Source

The EFS oumps, pump motors, and turbine are all independent of support
systems such as plant cooling systems. The turbine can operate with-
out air or electrical power. Motor cooling and turbine lubrication

0il cooling are accomplished using EF flow.

In addition to the minimum of 150,000 gallons reserve in the CST, any
extra inventory of water in the CST and makeup from the 500,000-gallon
Demineralized Water Storage Tank (DWST) is available to the EFS. In
the present design, the manual action required to connect the backup
water source, i.e., Service Water to the EF suction, is the remote
manual cpening of 6 MOV's. The operator has 20 minutes after the
sounding of the CST low-low levels to accomplish this switchover. If
this is not accomplished, automatic switchover tco the SW is initiated
by sensing in the common suction header from the CST downstream of
the locked-open manual valve. This signal automatically activates
the motor-operated valves in the SW supply lines to the MDP's and

the TDP using 2 of 4 sensor logic to the two separate SW trains.

Electrical Power Sources

A simplified diagram showing electrical power distribution to major
EFS components is shown in Figure 2. AC 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 switchvard. How=-
ever, in the event of IMF/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 if the CST source is unavailable. Service
water is connected in ESFSL 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
Service Water System with approximately twenty 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.

3.9 Instrumentation and Control

; P | Initiation Logic

A functional logic diagram for EFS initiation is shown in Figure 3.
The diagram is simplified and does not show the redundancy, inde-

pendence, and divisional separation of the hardware.

The MDP's will start on low-low level in any one steam generator,

Safety Injection Signal, or undervoltage on either ESF Bus or loss

of all three main feedwater pumps. The feedwater pump trip signal

is a non Class lE electrical anticipatory start signal. The TDP
starts on low-low level in any two steam generators or undervoltage

on both ESF buses.

The control logic shown in Figure 3 is powered from battery-backed

buses.

3.5.2 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. Flow

3-5



rates through the valves to the steam generators can be manually
adjusted 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 feedwater pump trip) or

the TDP, the corresponding flow control valve for each steam generator
will receive an open signal regardless of its position. Upon reset

at the valve control switch the operator can regain flow
control.

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

autumatically closes the respective valve.

= P Instrumentation

In addition to the valve position indication previously described,
the following EFS parameters are indicated in the Control Room:

o Pressure in the common feed line to each steam generator
o Suction pressure at each pump
o Level in the CST

o Flow in the common feed line to each steam generator

3.6 Operator Actions

Assuming the CST is available, no operator actions are required to
establish EFS flow in Cases 1, 2 or 3. If 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 or replenish CST

inventory as required.

3.7 Testing

Each EF Pump is tested once a month to demonstra:e operability. Pump
testing is accomplished by closing the appropriate FCV's from the TDP
or MDP headers. If the EFS is initiated, the F.V's will open; therefore,

3-6
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no EF pump is unavailable due to testing. When this test is performed,
it is also verified that each nrnautomatic valve in the flow path that
is not locked, sealed or otherwise secured in position, is in its
correct position and that each autcmatic valve in the flow path is in

the fully open position whenever th- 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 is in Mode 1, 2, or 3. With one pump
inoperable, three pumps shall be made operable within 72 hours
or the reactor should be brought to at least Hot Standby within
the next 6 hours and to hot shutdown within the following 6 hours.

o

Both independent service water loops be operable whenever the
reactor is in Mode 1, 2, 3, or 4. With only one service water 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 gallons of water. With the condensate storage

tank inoperable, within 4 hours either:

& 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



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.

3-8



RELIABILITY ASSESSMENT

Fault Tree Approach

Fault tree analysis was used to assess system unavailability to a
demand. In this assessment unavailability is taken as being synonomous
with unreliability. This approach is consistent with NUREG-0611 and
the Reactor Safety Study (WASH-1400).

The analysis primarily considered the automatic initiation of the

V. C. Summer EFS combined with test and maintenance-induced failures.
Limited operator backup actions in the event of partial automatic
startup failures were included in the assessment. These actions were
in general limited to those actions that could be performed within
the first five minutes of EFS initiation. In-plant corrective actions
such as turning an incorrectly positioned valve were not explicitly
considered because valve alignment, locking, checklist and position
monitoring procedures provided adequate flow path availability compared
to other more dominant system failure contributors. NUREG-0611
generic short- and long-term recommendations currently complied with
or to be implemented (see Section 5.0) have been included in tne

fault tree and/or event data selection where appropriate.

The LMF fault tree appears in Appendix A. The top event in the tree is
failure to achieve the minimum success criterion defined earlier in
Section 2.1. The tree branches downward and is stopped at levels
corresponding to the resolution of the available data. At this level

there are usually basic event circles.

Major tree branches consist of those failures affecting EF flow supply
(pump train oriented) and the flow path to the steam generators. The
EF flow supply failure branches dominate system unavailability with
common mode and maintenance-related failures being major contributors.
The interrelationship between component failure, tech spec maintenance

outages and human error are developed in terms of the tree logic. The



degree of development is consistent with the reliability assessment
goals and data available in NUREG-0611.

Modifications were made to the LMF tree of Appendix A for assessing
the IMF/LOSP and LMF/LAC scenarios. Hand calculations were performed
for each of the three feedwater transient cases to obtain values for
EFS unavailability.

&~
ro

Comparative Reliability Assessment with NUREG-N611

Figure 4 presents the results of this reliability assessment for the

V. C. Summer EFS where the demand unavailability has been determined

from the constructed fault trees.
The range of AFWS unavailability for 25 currently licensed units with

The basic format for Figure 4, including characterization of Low,
Medium and High reliability, was adopted from Table III-5 of NUREC-
0611. Becruse of basic limitations in the data and intended scope

. of this assessment and those performed as part of the NUREG-0611
effort, calculated unavailabilities are shown in comparative form
only. Numerical values permitting construction of Figure 4 were ob-
tained from Reference 3. Note the direct cross-comparisons of the
LMF/LAC case with Cases 1 and 2 cannot be made because the scale on
Figure &4 encompasses differing orders of magnitude; the LMF and LFM/
LOSP magnitude scales are identical.

4.3 Failure Contributors to EFS Unavailability

4.3.1 Case 1 - LMF
Dominant factors resulting in EFS unavailability at startup include:

1. A single point vulnerability was identified in that the EFS
suction header condensate valve (#1010) in the closed position
at EFS initiation will likely lead to pump failure. This item

' is the single most important contributor to EFS unavailability.

&
|
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Westinghouse iSSS is shown on this figure for comparative purposes.




A related single point failure can occur if a loss of CST head
occurs such that the reaction time required for the operator to
manually initiate transfer to the SWS is not available. In

this case failure of the automatic switchover would result in
similar failure of the pumps. However, probability of occurrence
is so small as to have no credible effect on the results of the
study.

2. Preventive maintenance outages on the EF pumps account for the
greatest contribution to system unavailability. An MDP in
maintenance presents a greater restriction on EF availability

than the TDP in maintenance.

3. Motor circuit start failures dominate individual MDP failure.

4, Contributors to TDP failure were maintenance errors on the lube
0il cooling system and failure to locally reset the turbine
after trip.

5. Mispositioned pump suction isolation valves can lead to pump

damage at startup.

Mispositioned pump discharge valves will result in either insuf-
ficient or no flow to the MDP or TDP header, respectively. Pump
recirculation and flow instrumentation are available allowing
control room diagnesis of the problem without pump destruction
occurring. Operator correction of closed discharge valves were
not considered in this analysis as discussed in Section 4.1.
Header discharge valves and EF flow paths 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 during pump

test.

Case 2 - IMF/LOSP

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 available because all AC dependences are

4=3



4.4.4

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 - LMF/LAC

The TDP train of the EFS is independent of all AC and air supplies.
Primary contributors to the EFS unavailability of the TDP are those
described in 4.3.1 above applicable to the steam turbine. These
items include lube o0il cooling and turbine reset failures, and

turbine maintenance performed within Tech Spec limits.

&~
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RESPONSES TO GENERIC RECOMMENDATIONS

GCeneral

This section identifies short-term and long-term generic
recommendations in terms of the concerns and the recommen-
dation details, and indicates the specific responses for

the V. C. Summer Plant.
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Led Short-Term Generic Recommendations

S:idsd Technical Specification Time Limit on AFW System Train
Qutage

Concern
Several of the plants reviewed have Technical Specifications that
permit one of the AFW system trains to be out of service for an

indefinite time neriod. Indefinite outage of one train reduces
the cefense-in-depth provided by multiple AFW system trains.

Recommendation GS-1

The licensee should propnhse modifications to the Technical Specifica-
tions to limit the time *~hat one AFW system pump and its associated
flow train and essential instrumentation can be inoperable. The
cutage time limit and subsequent action time should be as required

in current Standard Technical Specifications; i.e., 72 hours and

12 hours, respectively.

Response

V.C. Summer Technical Specification 3.7.1.2 complies.



, TR R ¢ Technical Specification Administrative Controls on
Manual Valves - Lock and Verify Position

Concern

Several of the plants reviewed use a single manual valve or

multiple valves in series in the common suction piping between 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. If the valves are inadvertently left closed, the AW
sy=tem 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 nosition.

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 cpen, valve position is verified on
some periodic basis.

Recommendation G3=-2

The licensee should lock open single valves or multiple valves in series
in the AFW system pump suction piping and lcck open other single

valves or multiple valves in series that could interrupt all AFW

£low. Monthly inspections should be performed to verify that these
valves are locked and in the open position. These inspections should

be proposed for incorporation into the surveillance regquirements of

the plant Technical Specifications. See Recommendation GL-2 for the
longer-term resolution of this concern.

Response
See long-term item 5.4.2. (GL-2).



5.2+3 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 reliability 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 reexamine the practice of
throttling AFW system flow to avoid water hammer.

The licensee should verify that the AFW system will supply on demand
sufficient initial flow to the necessary steam generators to assure
adequate decay heat removal following loss of main feedwater flow and
a reactor trip from 100% power. In cases where this reevaluation
results in an increase in initial AFW system flow, the license should
provide sufficient information to demonstrate that the required initial
AFW system flow will not result in plant damage due tc water hammer.

Response

The EF system is not throttled to avoid water hammer.



Skl Emergency Procedures for Initiating Backup Water
Supplies

Concern

Most of the plants do not have written procedures for transferring

to alternate sources of AFW supply if the primary supply is unavail-
able or exhausted. Without specific criteria and procedures for an
operator to follow to transfer to alternate water sources, the primary
supply could be echausted and result in pump damage or a long
interruption of AFW flow.

Recommendation GS-4

Emergency procedures for transferring to alternate sources of AFW
supply should be available to the plant operators. TIThese procedures
should include criteria to inform the cperators when, and in what
order, che 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 iritially
available. The procedures for this case should include any
cperator actions required to protect the AFW system pumps
against self-damage before water flow is initiated.

(2) The case in which 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.

Response

South Carolina Electric and Gas Co. procedures provide criteria
for transfer to the alternate water source in the above cases.



o 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-drivea pump train. In the
event of loss of offsite and onsite ac power, ac-dependent lube

0il supply or lube o0il cooling for the pump will stop, and/or
manual actions are required to initiate AFW flow from the turbine-
driven pump by manuallv opening the turbine steam admission valve
and/or AFW system flow control valves. There are no procedures
available to the plant operators for AFW system initiation and
control under these conditions. This could result in a considerable
time delay for AFW system initiation, since the operators would not
be guided by procedures 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 required 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 0il for 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 is done, the
emergency procedures should provide for an individual tc be stationed
at the turbine-driven pump in 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 until ac power is restored. Adequate lighting powered by

direct current (ac) 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).

Response

See long-term item 5.4.3 (GL-3).
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5.2.6 AFW System Flow Path Verification

Concern

Periodic testing of the AFW system is accomplished by testing of
individual components of one flow train (periodic pump recirculation
flow tcst or automatic valve actuation), thus altering the normal

AFW system flow path(s). The flow capability of the entize AFW

system, or at least one integral AFW system train, is only demonstrated
on system demand following a transient, or if the AFW system is

used for normal plant startup or shutdown.

Recent Licensee Event Reports indicate a need to improve the quality
of system testing and maintenance. Specifically, periodic testing
and maintenance procedures inadvertently result in (1) more than

one AFW system flcw 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 Eunforcement has taken action to correct
Item (1); the recommendation below is made to correct Item (2).

Recommendation GS-5

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:

(1) Procedures should be implemented 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 followinc 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.

Response

South Carolina Electric and Gas Co. procedur:s require that the EF
system flow path be verified after it has bean out of service to
perform periodic testing or maintenance.



Safety Grade, Non-Redundant AFW System Automatic
iation Signals

concern

Some plants with an automatically initiated AFW system utilize

some initiation signals that are not safety-grade, do not meet

the single failure criterion, and are not required by the Technical
Specifications to be tested periodically. This can result in
reduced reliability of the AFW system.

Recommendaticn 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 regquirements, as
indicated in Recommendation GL-5.

(1} The design should provide for the automatic initiation of
the AFW system flow.

(2) The automatic initiation signals and circuits should ke
designed so that a single failure will not result in the
loss of AFW system function.

(3) Testability of the initiation signals and circuits shall
be a feature of the design.

(4) The initiation signals and circuits should be powered from
the emergency buses.

(3) Manual capability to initiate the AFrW system from the control
room should be retained and should be implement:d so that a
single failure in the manual circuits will nc: result in the
loss of system function.

(6) The ac motor-driven pumps and valves in the AFW system should
be included in the automatic actuation (simultaneous and/or
sequential) of the loads to the emergency buses.

(7) The automatic initiation signals and circuits shall be designed

3o that their failure will not result in the loss of manual
capability to initiate the AFW system from the control room.

E_ESEQBSE

See long-term item 5.4.5 (GL-3).



5.2.8 Automatic Initiation of AFW Systems

Concern

For plants with a manually initiated AFW system, there is the

potential for fail of the operator to manually actuate the system
following a transient in time to maintain the steam generator water
level high enough to assure reactor decay heat removal via the steam
generator(s). While IE Bulletin 79-06A requires a dedicated individual
for W-designed operating plants with a manually initiated AFW system
further action should be taken in the short-term. This concern is
identical to Item 2.1.7a of NUREG-2578, (13)

Recommendation GS-8

The licensee should install a system to automatically initiate AFW
system flow. This system need not be safety-grade; however, in the
short-term, it should meet the criteria listed below, which are
similar to Item 2.1.7.a of NUREG-0578.(13) For the longer-term, the
automatic initiation signals and circuits should be upgraded to
meet safety-grade requirements, as indicated in Recommendation GL=-2.

(1) The design should provide for the automatic initiation of
the AFW system flow.

(2) The automatic initiation signals and circuits should be designed
so that a single failure will not result in the loss of AW
system function.

(3) Testability of the initiating signals and circ-uits should be
a feature of the design.

(4) The initiating signals and circuits should be powered from
the emergency buses.

(5) Manual capability to initiate the AFW 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.

(6) The ac motor-driven pumps and valves in the AFW system should
be included in the automatic actuation (simultaneous and/or
sequential) of the loads to the emergency buses.

(7) The automatic initiation signals and circuits should be designed
so that their failure will not result in the loss of manual
capability to initiate the AFW system from the control room.

Response

See long-term item 5.4.1 (GL-1l).



53 Additicnal Short-Term Recommendatiocons

$.3.1 Primary AFW Water Source Low Level Alarm

Concern

Plants which do not have level indication and alarm for the primary
water source may not provide the operator with sufficient information
to properly operate the AFW system.

Recommendation

The licensee should provide redundant level indication 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.

Response

V.C. Summer has redundant level indication and low level alarms in
the control room for the Condensate Storage Tank, the EF system
primary water supply, as shown on FSAR Figure 10.4-16. The low level
alarm setpoint allows at least 20 minutes for operator action,
assuming that the largest capacity EF pump is operating.

5-10



5.3.2 AFW Pump Endurance Test

Concern

Since it may be necessary to rely on the AFW system to remove

decay heat for extended periods of time, it should be demonstrated
that the AFW pumps have the capability for continuous operation over
an extended time period without failure.

Recommendation

The licensee should perform a 72 hour endurance test on all AFW
system pumps, if such a test or continuous period of 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 one hour. Test acceptance criteria should include demon-
strating that the pumps remain within 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 equipment

in the room.

Response

A 72 hour endurance test on all EF pumps will be performed during
startup testing.

5-11



. °F Indication of AFW Flow to the Steam Generators

concern

Indication of AFW flow to the steam generators is considered important
to the manual regulation of AFW flow to maintain the required steam
generator water level. This concern is identical to Item 2.1.7.b

of NUREG-0578, (13

Recommendatigg

The licensee should implement the following fS?uirements as specified
by Item 2.1.7.b on page A-32 of NUREG-0578: (

(1) Safety-grade indication of AFW flow to each steam generator
should be provided in the control room.

(2) The AFW flow instrument channels should be powered from the
emergency buses consistent with satisfying the emergency power
diversity requirements for the AFW system set forth in Auxiliary
Systems Branch Technical Pcsition 10-1 of the Standard Review
Plan, Section 10.4.9.

Resgonse

Safety-grade, redundant indication of EF flow to each steam generator
is provided in the control room. The EF flow instrument channels
are powered from the emergency buses.

5-12



$:3:.4 AFW System Availability During Periodic Surveillance
Testing

Concern

Some plants require local manual realignment of valves to conduct
periodic pump surveillance tests on one AFW system train. When
such plants are in this test mode and thece is only one remaining
AFW system train available to respond to a demand for initiation
of AFW system operation, the AIW system redundancy and ability to
withstand a single failure are lost.

Recommendation

Licensees with plants which require local manual realignment of
valves to conduct periodic tests on one AFW system train and which
have only one remaining AFW train available for operation should
propose Technical Specifications tc provide that a dedicated
individual who is in communication with the control room be stationed
at the manual valves. Upon instruction from the contrel room, this
operator would re-align the valves in the 2FW system from the test
mode to its operational alignment.

R.sgonne

The V.C. Summer plant does not require the realignment of local
manual valves to conduct periodic tests on one EF system. The EF
control valves may be operated from the control room to isolate
the EF pumps for periodic testing.

5-13



5.4 Long=Term Generic Recommendations

S5:4,1 Automatic Initiation of AFW Systems

Concern

This concern is the same as short-term generic recommendation GS-8;
namely, failure of an operator to actuate a manual start AFW system
in time to maintain steam generator water level high enough to assure
reactor decay heat removal via the steam generator(s).

Recommendation GL~-1

For plants with a manual starting AFW system, the licensee should
install a system to automatically initiate the AFW system flow.
This system and associated automatic initiation signals should be
designed and installed to meet safety-grade requirements. Manual
AFW system start and control capability should be retained with
manual start serving as backup to automatic AFW system initiation.

Response

The V.C. Summer plant EF system is automatically initiated.

5-14
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concern
This concern is the same as short-term generic recommendation GS-2;

nam2ly. AFW system incperability due to an inadvertently closed
manual valve that could interrupt all AFW system flow.

Recommendation GL-2

Licensees with plant designs in which all (pr-narﬂ and alterna

water supplies to the AFW systems pass through valves in
flow path should install redundant parallel flow paths (pip
nd valves).

ich the primary AFW system wate'
single flow path, but the alternate
AFfW system water supplies connect to the AW svsteﬂ purp sac ion piping
downstream of the above valve(s), should install redundant valves
parallel to the above valve(s) or provide aute :zc opon;ng of

the valve!s) from the alternate water supply upon low pump suction
cressure.

Licensees with ant designs in wh
supply passes h:oug valves in a

The licensee should propose Technical Specificat ions o incorporate
ppropriate periodic inspections to verify the valve positions 1into
-

trhe surveillance

Response

In the EF system design the primary EF system water su;ply sasses
through a valve, 1010-EF, in a single flow path, but the a;:erﬁate
EF system water supply connects to the EF system pump suction piping
downstream of the above valve. utomatic opening of the va-ves

from the alternate water supply, Service Water System, upon low

cump suction pressure is provided. Alsc, valve 1010-EF has a limit
switch ~hich, through the BISI system, is alarmed in the control

rocm when it is not in the full ocpen position.

Periodic inspections %o verify the valve positicn will De incorporated
into the surveillance regquirements of the Technical Specificationms.
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S:4:3 Elimination of AFW System Dependency on Alternating Current
Power Following A Complete Loss of Alternating Current Power

Concern

This concern is the same as short-term generic recommendation GS-5:
namely, delay in initiation of AFW system operation or maintaining
AFW system operation following a postulated loss of onsite and
cffsite ac power; i.e., ac power blackout.

Recommendation GL~-3

At least one AFW system pump and its associated flow path and
essential instrumentation should autcmatically initiate AFW System
flow and be capable of being operated independently cf any ac power
source for at least two hours. Conversion of dc power to ac power
is acceptable.

Response

The turbine driven EF pump and its associated flow path and essential
instrumentation automatically initiate EF system flow and is capable
of being operated independent of any ac power source for at least

two hours.

5-16



5.4.4 Prevention of Multiple Pump Damage Due to Loss of
Suction Resulting From Natural Phenomena

Concern

In many of the operating plants, the normal water supply to the

AFW system pumps (including the interconnected piping) is not
protected from earthquakes or tornadoes. ny natural phenomenon
severe enough to result in a loss of the water supply could alsoc be
severe enough to cause a loss of offsite power with loss of main
feedwater, resulting in an automatic initiation signal to start

the AFW system pumps. The pumps would start without any suction
head, leading to cavitation and multiple pump damage in a short
period of time, possibly too short for the operators to take

action that would protect the pumps. This may lead to unacceptable
consequences for some plants, due to a complete loss of feedwater
(main and auxiliary).

Recommendation GL-4

Licensees having plants with unprotected normal AFW system water
supplies should evaluate the design of their AFW systems to determine
if automatic protection of the pumps is necessary following a seismic
event or a tornado. The time available before pump damage, the
alarms and indications available to the control room cperator, and
the time necessary for assessing the problem and taking action should
be considered in determining whether operator action can be relied on
to prevent pump damace. Consideration should be given to providing
pump protection by means such as automatic switchover 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 I and tornado protection reguire-
ments.

sponse
Automatic switchover of the pump suctions to the alternate safety-

grade source of water is being provided to provide protecticn for
the EF pumps.
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Concern

¢
This concern is the same as short-term generic recommendations
GS-7 - namely, reduced AFW system reliability as a result of use
of non-safety-grade, non-redundant signals, which are not periodically
tested, to automatically initiate the AFrw system.

Recommendation GL~-3

The licensee should upgrade the AFW system automatic initiation
signals and circuits to meet safety-grade reguirements.

RGSEORSE

The EF system 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, is used to start the two motor driven emergency
feedwater pumps.
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LOW MEDIUM HIGH
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LOSS OF MAIN FEEDWATER WITH LOSS OF ALL AC** (LMF/LAC)

LOw MEDIUM HIGH

V.C. SUMMER A
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WESTINGHOUSE NSSS* T

Bk

*RELIABILITY CHARACTERIZATIONS FOR AFWS DESIGNS IN PLANTS USING THE
WESTINCHOUSE NSSS, FIGURE 1115, NUREG-0411.

** THE SCALE FOR THIS EVENT IS NOT THE SAME AS THAY FOR THE LMF AND
LMF/LOSP CHARTS.

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

Basis of Auxiliary Feedwater
System Flow Regquirements

question 1

3, Identify the plant transient and accident conditions considered in
establishing AFWS flow requirements, including the following events:

Loss of Main Faed (LMFW)
LMFW w/loss of offsite AC power
LMFW w/loss of onsite and offsite AC power
Plant cooldown
Turbine trip with and without bypass
Main steam isolation valve closure
Main feed line break
Main steam line break
Small break LOCA
) Other transient or accident conditicns not listad above.

a0 GO SOy U B LD PO e
() et P el N e i Sl Sl sl

5. Describe the plant protecticn acceptance criteria and corresponding
tachnical bases used for each initiating event identified above.
The acceptance criteria should address plant limits such as:

) Maximum RCS pressure (PORV cr safety valve actuation)
) Fuel temperature or damage limits (ONB, PCT, maximum fuel
central temperature)

no v

) RCS cooling rate limit to avoid excessive coolant shrinkage

) Minimum steam generator level to assure sufficient steam gener-

‘ ator heat transfer surface to remove decay heat and/or cool down
the primary system.

=

Response to l.a

The Auxiliary Feedwater System (Emergency Feedwater System (EFWS) in the
Virgil C. Summer Plant) serves as 2 hackup system for suppliying feed-
«ater 3 the secondary side of the staam generators at times when the
faadwater systam is not available, thereby maintaining the neat sink
capabilities of the steam generator. As an Engineerad Safaguards
System, the fmergency Feedwatar System is directly relied upon to pre-
vent core damage and system overpressurizaticn in the avent of trans-
jents such as a loss of normal feedwater or 2 secondary system pipe
~upture, and to provide a means for plant cooldown following any plant
transient.
“ollowing 2 reactor trip, decay heat is dissipated by evapcrating water
in the steam generators and venting the jenerated steam gither 0 tne
-andensers through the steam cump or to the atmosphere througn the staam
jenerator safety valves or the sower-operated relief valves. Steam
jenerator water inventory must he mairntained at a level sufficient %0
snsure adequate heat transfer and continuation of the decay nheat removal
aracess. The water level is meintained under these circumstances Dy the
Zmergency Feedwatar System which delivers an emergency water suoply @
the stzam generators. The EmergencCy Feedwater System must 2e capapie of
functioning for axtended periods, allowing time either to restore normal
‘ fasdwatar flow or to proceed with an orderly cooldown of the plant to
the reactar coolant temperature where the Residual Heat emoval System
=an assume the burden of decay haat removel, The fmergency Feadwater
System flow and the amergency water supply capacity must De sufficient
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to remove core decay heat, reactor cooiant pump heat, and sensible heat
during the plant ccoldown. The Emergency Feedwatar System can also De
ssad to maintain the steam generator water levels above the tuces
fa1lowing a LOCA. In the latter function, the water head in the steam
saneratars serves as a barrier to prevent leakage of fission products
from the Reactor Coolant System into the secondary plant.

DESIGN CONDITIONS

The reactor plant conditions which impose safety-related performance
requirements on the design of the Emergency Feedwater System are as
follows for the Virgil C. Summer plant.

- Loss of Main Feedwater Transient
- Loss of main feedwater with offsite power available
. Station blackout (i.e., loss of main feedwater without offsite
power available)
. Secondary System ?ipe Ruptures

- Feedline rupture
« Steamline rupture

- Loss of Coolant Accident (LOCA)
- Cooldown

Lass of Main Feedwater Transients

The design loss of main feedwater transients are those caused Dy:

- Interruptions of the Main Feedwater System flow due to a malifunction
in the feedwater or condensate system

-  Loass of offsite power or blackout with the consequential shutdown of
the system pumps, auxiliaries, and controls

Lass of main feedw: .o crans‘ents are characterized by a rapid recuction
in steam generator water leve s which results in a reactor trip, a tur-
5ine trip, and 2mergency feedwater actuation by the protecticon system
logic. Following reactor trip from high power, the power quickly falls
to decay heat levels, The water levels continue to decrease, progress-
ively uncovering the steam generator tubes as decay heat is transferred
and discharged in the form of steam aither through the steam dump valves
to the condenser or through the steam generator safety or power-operated
relief valves to the atmosphere. The reactor coolant temperature
incraases 3s the residual heat in excess of that dissipatad through the
st2am generators is absorted. With increased temperature, the voiume of
reactor coolant expands and degins filling the pressuyrizer, Without the
addition of sufficient emergency feedwater, further expansion will
result in water Seing discharged througn the pressurizer safety and
relief valves. [f the temperature rise and the resuiting volumetric
axpansion of the primary coolant are permitted to continue, then (1)
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sressurizer safety valve capizities may be exceeded causing overpressur-
ization of the Reactor Coolant System and/or (2) the continuing loss of
£1uid from the primary coolant system may result in bulk boiling in the
Reactor Coolant System and eventually in core uncovering, loss of
natural circulation, and core damage. [f such a situation were ever %0
occur, the Emergency Core Ccoling System would be ineffectual because
the primary coolant systsm pressure exceeds tnhe shutoff head of the
safety injection system pumps, the nitrogen over-pressure in the accum-
Jlator tanks, and the design pressure of the Residual Heat Removal

Loop. Hence, the timely introduction of sufficient emergency feedwater
is necessary to arrest the decrease in the steam generator water levels,
to reverse the rise in reactor coolant temperature, to prevent the pres-
surizer from filling to a water solid condition, and eventually to
astanlish stable hot standby conditions. Subsequently, a decision may
he made to proceed with plant cooldown if the probleri cannot oe
satisfactorily corrected.

The blackout transient differs from a simple loss of main feedwater in
that emergency power soQurces must be relied upon to operate vital equip=-
ment. The loss of power to the electric driven condenser circulating
water pumps results in a loss of condenser vacuum and condenser dump
valves. Hence, steam formed by decay heat is relieved through the steam
generator safety valves or the power-operated relief valves. The calcu=-
fated transient is similar for both the loss of main feedwater and the
hlackout, except that reactor coolant pump heat input is not a consider-
ation in the blackout transient following loss of power to the reactor
coolant pump bus.

The station blackout transient sarves as the basis for the minimum flow
required from either the two motor driven pumps acting together or the
Lurbine driven pump by itself for the EFWS for the Virgil C. Summer
alant. The pumps are sized so that they will provide sufficient flow
against the st2am generator safety valve set pressure (with 3% accumuia-
tion) via the above groupings to pravent water relief from the pres-
surizer. The same critarion is met for the loss of feedwatar transient
«here A/C power is available.

Secondary System Pipe Ruptures

The feedwater line rupture accident not only results in the loss of
faedwater flow to the steam generators Dut also results in the compiete
5lowdown of one st2am generator #ithin a short time if the rupture
should occur downstream of the last nonreturn valve in the main feed-
watar piping to an individual steam generator. Another significant
result of a feedline rupture may be the pumping of emergency feedwater
ta the faultad steam generator through the connection wnhich is separate
from the main feedwaiar nozzle. Such situations can resul: in the pump-
ing of a disproportionately large fraction of the total emergency feed-
water flow to the faulted steam generator and out the break because the
systam praferentially pumps water to the lowest pressure staam generator
rather than to the affective steam generators anich are at relatively
nigh pressure. The systam design must allow for terminating, limiting,
or minimizing that fraction of emergency feedwater flow which is
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delivered to a faulted loop in order to ensure that sufficient flow will
ne delivered to the remaining effective steam generator(s). The
concerns are similar for the main feedwater line rupture as those
axplained for the loss of main feedwater transients.

Main steamline rupture accident conditions are characterized initially
by plant cooldown and, for breaks inside containment, by increasing
ontainment pressure and temperature. Emergency feedwater is not needed
during the early phase of the transient but flow to the faulted loop
w111 contribute to the release of mass and energy to containment. Thus,
steamline ruptuie conditions establish the upper limit on emergency
feedwatar flow delivered to a faulted loop. Eventually, however, the
Reactor Coolant System will heat up again and emergency feedwater flow
will be required to be delivered to the unfzilted loops, but at somewhat
lower rates than for the loss of feedwater transients described pre-
viously. Provisions must be made in the jesign of the Emergency Feed-
water System to limit, control, or terminate the emergency feedwater
flow to the faulted loop as necessary in order to prevent containment
overpressurization following a steamline break inside containment, and
to ensure the minimum flow %o the remaining unfaulted loops.

Loss-of-Coolant Accident (LOCA)

The loss of ccolant accidents do not impose on the emergency feedwater
system anv flow requirements in addition to those required Dy the other
accidents addressed in this response, The following description of the
small LOCA is provided here for the sake of completeness to explain the
role of the emergency feedwater system in this transient.

Small LOCA's are characterized by relatively slow rates of decrease in
reactor coolant system pressure and liquid volume. The principal con-
sribution from the Emergency Feedwater System following such small LOCAs
is basically the same as the system's function during hot shutdown or
following spurious safety injection signal which trips the reactor.
Maintaining a water level inventory in the secondary side of the steam
generators provides a heat sink for removing decay heat and establishes
the capability for providing a buoyancy head for natural circulation.
The emergency feedwater system may be utilized to assist in a system
coolcdown and depressurization following a small LOCA while bringing the
reactor to 2 ¢old shutdown condition,
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Cooidown

The cooldown function performed by the Smergency Feedwater System is a
partial one since the reactor coolant system is reduced from normal 2ero
load temperatures to a hot leg temperature of approximately 3500F,

The latter is the maximum temperature recommended for placing the Resi-
dual Heat Removal System (RHRS) into service. The RHR system completes
the cooldown to cald shutdown conditions.

Cooldewn may be requirad following expected transients, following an
sccident such as a main feedline break, or during a normal cooldown
arior to refueling or performing reactor plant maintenance. [f the
reactor s tripped following extended operation at rated power level,
the EFWS . capable of delivering sufficient emergency feedwater ©0
remove decay neat and reactcr coolant pump (RCP) heat following reactor
trip wnile maintaining the steam generator (3G) water level. Following
sransients or accidents, the recommended cooldown rate is consistent

with expected needs and at the same time doces not impose additional
requirements on the capacities of the emergency feedwater pumps, consid-

ering a single failura. In any event, the process consists of being
able to dissipate plant sensible heat in addition to the decay heat
produced by the reactor core.



esponse to 1.0

Table 13-1 summarizes the criteria which are the general design bases
for each event, discussed in the response to Question l.a, above. Spe-
cific assumptions used in the analyses to verify that the design bases
are met are discussed in response to Question 2.

The primary function of the Emergency Feedwater System is to provide
sufficient heat removal capability for heatup accidents following reac-
tor trip to remove the decay heat generated by the core and prevent
system overpressurization. Other plant protection systems are designed
+3 meet short term or pre-trip fuel failure criteria. The effects of
axcassive coolant shrinkage ar2 bounded by the analysis of the rupture
of a main steam pipe transient. The maximum flow requirements deter-
nined by other bases are incorporated into this analysis, resulting in
no additional flow requirements.



Condition
or
Transient

Loss of Main Feedwater
(LMFW)

Station Blackout
Steamline Rupture
Feedline Rupture

Loss of all A/C Power

Loss of Coolant

Cooldown

TABI E 1B-1

Criteria for Emergency Feedwater System Design Basis Conditions

Classification*

Condition 11

Condition II

Condition IV

Condition IV

N/A

Condition I11

Condition 1V

N/A

Criteria*

Peak RCS pressure not to

exceed design pressure.

consequential fuel failures

(same as LMFW)

10CFR100 dose limits

containment design pressure

not exceeded

10 CFR 100 dose limits.
RCS design pressure not
exceeded

Note 1
10 CFR 100 dose limits
10 CFR 50 PCT limits

10 CFR 100 dose limits
10 CFR 50 PCT limits

Additional Design
Criteria

Pressurizer does naot fill with
either 2 motor driven or one
turbine driven emergency feed
pump feeding 2 SGs.

Core does not uncover

Same as blackout assuming
turbine driven pump

1000F /hr
5579F to 350°F

*Ref:  ANSI N18.2 (This information provided for those transients performed in the FSAR).

Note 1 Although this transient establishes the basis for emergency feedwater pimp powered by a diverse power
source, this is not evaluated relative to typical criteria since multiple failures must be assumed to
postulate this transient.

-L-
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Question 2

Jescribe the analyses and assumptions and corresponding technical justi-
fication used with plant condition considered in l.a above including:

a.

C.

-—
.

Maximum reactor power (including instrument error allowance) at the
time of the initiating transient or accident.

Time delay frem initiating event to reactor trip.

Plant parameter(s) which initiates AFWS flow and time delay between
initiating avent and introduction of AFWS flow into steam
generator(s).

Minimum steam generator water level when initiating event occurs.

Initial steam generator water inventory and depletion rate before
and after AFWS flow commences -- identify reactor decay heat rate
used.

Maximum pressure at which steam is releasad from steam generator(s)
and against which the AFW pump must develop sufficient head.

Minimum number of steam generators that must receive AFW flow; e.4.,
1 out of 2?7 2 out of 42

3¢ flow condition =-- continued operation of RC pumps or natural
¢irculation.

Maximum AFW inlet temperature.

Following a postulated steam or feed line break, time delay assumed
t5 isalate break and direct AFW flow to intact steam generator(s).
AFW pump flow capacity allowance to sccommodate the time delay and
maintain minimum steam generator water level. Also identify credit
taken for primary system heat removel due %o biowdown.

Valume and maximum temperature of water in main feed lines bDetween
steam generator(s) and AFWS connection €3 main feed line.

Jperating condition of steam generator normal blowdown following
initiating event.

Primary and secondary system water and metal sensible neat used for
cooldown and AFW flow sizing.

Time at hot standby and time to cooidown RCS to RHR system cut in
temperature to size AFW water source inventory.



Resporse to 2

Analyses have been performed for the limiting transients which define
the EFWS performance requirements. Thesa analyses have been provided
for review in the Virgil C. Summer FSAR. Specifically, they include:

Loss of Main Feedwater (Station 81ackout)
Qupture of 2 Main Feedwater Pipe
Rupture of a Main Steam Pipe Inside Containment

In addition to the above analyses, calculations have been performed
specifically for the Virgil C. Summer plant to determine the plant cool-
down flow (storage capacity) requirements. The Loss of A1l AC Power is
evaluated via a comparison to the tranjient resylts of a 3lackout,
assuming an available emergency pump having a diverse (non-AC) pcwer
supply. The LOCA analysis, as discussed in response l.b, incorporates
the system flow requirements as defined by other transients, and there-
fore is not performed for the purpose of specifying EFWS flow require-
ments. Cach of the analyses listed above are explained in further
detail in the following sections of this response.

Loss of Main Feedwater (Blackout)

A loss of feedwater, assuming a loss of power to the reactor coolant
pumps, was performed in FSAR Section 15.2.8 for the purpose of showing
that for a station blackout transient, either two motor driven or aone
turbine driven emergency feedwater pump delivering flow to two steam
generators does not result in filling the pressurizer. Furthermore, the
peak RCS pressure remains Selow the criterion for Condition [I tran-
siants and no fuel failures occur (refer to Table 18-1). Table 2-1
sumarizes the assumptions used in this analysis. The transient analy-
sis begins at the time of reactor trip. This can be done because the
trip occurs on a steam generator level signal, henca the core power,
remperatures and st2am generator level at time of reactor trip do not
depend on the event sequence arior to trip. Althougn the time from the
loss of feedwater until the reactor trip occurs cannot be detarmined
from this analysis, this delay fis expected to be 20-30 seconds. The
analysis assumes that the plant is initially cperating at 102% (calori-
netric error) of the Engineered Safeguards design (ESD) rating shown an
the table, a very conservative assumption in defining decay neat and
stored energy in the RCS. The reactor is assumed to be tripped on low=-
low steam generator level, allowing for level uncertainty. The FSAR
shows that there is margin with respect €0 filling the pressurizer. A
lass of normal feedwater transiant with the assumption that the two
smallest emergency feedwater pumps and reactor coolant pumps are running
results in even more margin.

This analysis establishes the capacity of the motor driven and turbine
driven pumps and also establishes train association of equipment soO that
this analysis remains valid assuming the most limiting single failure.
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Ruoturae of Main Faedwatar Pipe

The double ended rupture of a main feedwatar pipe downsiream of the main
faedwater line check valve is amalyzed in FSAR Section 15.4.2.2. Table
2.1 sumnarizes the assumptions usad in this analysis. Reactor trip is
assumed to be actuated by low-low level in the affected steam generator
«nen the watar level falls below the top of the U-tubes. This conserva-
tive assumption maximizes the stored heat prior to reactor trip and
ninimizes the ability of the steam generator to remove heat from the RCS
following reactor trip due to a conservatively small total steam gener-
ator inventory. As in the loss of normal feedwater analysis, the
initial power rating was assumed to be 102% of the ESD rating. The
Virgil C. Summer emer =2nCy feedwater design is assumed to supply a total
of 380 gpm to the two intact steam generators, including allowance for
feeding the affectad steam generator. The critaria listed in Table 18-1
are met.

This analysis establishes the capacity of the emergency feedwater pumps,
establishes requirements for layout to preclude indefinite loss of
emergency feedwater to the postulated break, and establishes train
1ssaciation requirements for equipment so that the EFWS can deliver the
ninimum flow re-uired in 1 minute assuming the worst single failure.

uature of a vain Steam Pipe Inside Containment

Jacause the steamline break transient is a cooldown, the EFWS is not
needed to remove heat in the short term. Furthermore, addition of
axcassive smergency feedwater to the faultad steam generator will affect
the peak containment pressure following a steanline break inside con-
*ainment. This transient is performed at four power levels for saveral
hreak sizes. Emergency feedwater is assumed to De initiated at the time
of the break, independent of systam actuation signals. The maximum flow
is used for this analysis, considering pump runout. Table 2-1 summar-
izas the assumotions used in this analysis. At 30 minutes after the
sreak, it is assumed that the operator has isolated the £FWS from the
faultad steam generator which subsegquently blows down to ambient pres-
sure. The criteria stated in Table 13-1 are met.

This transient establishes the maximum allowable emergency feedwater
flow rate to 2 single faulted steam generator assuming all pumps operat-
ing, astablishes the basis for runout grotection, if needed, and estab-
lishes layout requirements so that the flow ragquirements may be met
considering the worst single failure.



Plant Cooldown

Maximum and minimum flow requirements from the previously discussed
transients meet the flow requirements of plant cooidown. This cpera-
tion, however, defines the basis for tankage size, based on the required
cooldewn duration, maximum decay heat input and maximum stored heat in
the system, As previously discussed in response 1A, the emergency feed-
water system partially cools the system to the point where the RHRS may
complete the cooldown, i.e., 3500F in the RCS. Table 2-1 shows the
assumptions used to determine the cooldown heat capacity of the
emergency feedwater system.

The cooldown is assumed to commence at 102% of engineered safeguards
design power, and maximum trip delays and decay heat source terms are
assumed when the reactor is tripped. Primary metal, primarv ~ater,
secondary system metal and secondary system water are all included in
she stored neat to be removed by the EFWS. See Table 2-2 for the items
constituting the sensible heat stored in the NSSS.

This operation is analyzed to establish minimum tank size requiremunts
for emergency feedwater fluid scurce which are normally aligned.
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TABLE 2-2
Summary of Sensible Heat Sources

Primary Water Sources (initially at engineered safeguards design power
temperature and inventory)

- RCS fluid

- Pressurizer fluid (1iquid and vapor)

Primary Metal Sources (initially at engineered safeguards design power
temperature)

- Reactor coolant piping, pumps and reactor vessel

- Pressurizer

- Steam generator tube metal and tube sheet

- Steam generator metal below tube sheet

- Reactor vessel internals

Secondary Water Sources (initially at engineered safeguards design power
temperiture and inventory)

- Steam generator fluid (1iquid and vapor)

- Emergency feedwater piping purge fluid.

Secondary Metal Sources (initially at engineered safequards design power
temperature)
- All steam generator metal above tube sheet, excluding tubes.
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Question 3

Yerify that the AFW pumps in your plant w111 supply the necessary flow
to the steam generator!s) as determined by items 1 and 2 above consider=-
ing a single failure, ldentify the margin in sizing the pump flow to
aliow for pump recirculation flow, seal leakage and pump wear.

Ressonse to 3

FSAR Figure 10.4-16 schematically shows che major features and components of the
Emergency Feedwater System for Virgil C. Summer . Flow rates for all of

the design transients described in Response 2 have been met by the

system for the worst single failure. The flows for those single

£3ilures considered are tabulated for the various transients in Table

3-1, including the following:

A. A/C Train Failure
3. Turoine Driven Pump Failure
C. Motor Oriven Pump Failure



TABLE 3-1

Emergency Feedwater Flow(l) to Steam Generators
Fallowing an Accident/Transient with Selected Single Failure - GPM

Single Failure

Elec. Train T0 Pump MD Pump

Accident/Transient Failure Failure FAilure

A 8 (o
1. Loss of Main FW 872 gpm 704 gpm 872 gpm
2. Feedline Rupture 471 gpm 704 gpm 872 gpm

3. Cooldown 958 gpm 796 gpm 958 gpm
4. Main steamline 979 gpm 0 gpm 0 gpm
rupture (max.
requirement)
Notes:

(1) Items 1 thru 3 are minimum expected flows to intact loops; itam 4 is
naximum possible flow to the faulted loop.



