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-RECORD OF REVISIONS

REVISION O: Original issue.

_REVISION 1: Adds Appendlx B to identify:Revision 0 errata and .

Appendix C to identify the action items: resultlng -from each
of the 26 categories of Revision 0 :findings. Mlscellaneous
changes also made to the report text . to-glarify assumptions
used in Revision 0. The Revigion 0 FHEA and Boundary Valve
Analysis tables are not updated :.as part . of -Revision 1.

(Update of the FMEA and Boundary. Valve Tables, lncludlng 'ycle
11 modifications,.will be performed as part-of. Revision:2. )
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EMERGENCY CORE COOLING SYSTEMS SINGLE FAILURE ANALYSIS
SAN ONOFRE NUCLEAR GENERATING STATION, UNIT 1

I. INTRODUCTION AND BACKGROUND:

A. In response to the NRC (R. A. Purple) letter to SCE dated
April 8, 1976, a single failure analysis was performed for
the systems required to mitigate a postulated loss of
coolant accident (LOCA), including safety injection,
charging, containment spray and recirculation, component
cooling water, salt water cooling, and the auxiliary power
systen. This analysis, which used failure modes and
effects methodology, was submitted by SCE letter dated
December 21, 1976. However, the analysis did not evaluate
the single failure susceptibility of the main feedwater
isolation function associated with emergency core cooling
systems (ECCS) operation during a LOCA or secondary system
rupture, and was never updated to reflect subsequent plant
design changes, including those implemented as a result of
the analysis findings.

B. On July 30, 1986, a failure of main steam pressure trans-

mitter PT-459 at SONGS 1 caused a transient in all three

: channels of the feedwater control system and concurrent

| inoperability of all three channels of the steam/feedwater

‘ flow mismatch scram in the Reactor Protection System. In

response to this event, SCE committed to several actions,

including completion of single failure analyses (SFAs) for

the SONGS 1 Reactor Protection System (RPS) and Engineered

B Safety Features (ESF) Systems to determine susceptibility
of the SONGS 1 design to single failures.

| C. The RPS single failure analysis, submitted to the NRC by

o SCE letter dated March 11, 1987, identified single failure
and event-specific failure susceptibilities in the
steam/feedwater flow mismatch and RCS low flow scram
functions.

D. The ESF single failure analysis, submitted to the NRC by

SCE letter dated November 6, 1987, included: 1) a failure.

modes and effects evaluation of the design changes which

w had been implemented to correct the single failure
susceptibilities identified by the 1976 ECCS Single Fail-
ure Analysis, 2) a failure modes and effects analysis of
the ESF functions not addressed by the 1976 ECCS single
failure analysis (including containment isolation, main
feedwater isolation, overpressure mitigation, and auxil iary
feedwater), and 3) an event-specific single failure
response analysis of those ESF functions identified as
having potential common-cause, time- or event-dependent

® | 1
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failure susceptibilities. Single failure and event-
specific failure susceptibilities were identified in the
main feedwater isolation function and in realignment of
swing 480 V Switchgear #3 (affecting recirculation and
charging), reflecting errors in the 1976 ECCS analysis.

E. An environmental qualification related review of outside
containment equipment, in February 1988 (during the mid-
cycle outage), identified that the modifications imple-
mented as a result of the 1976 ECCS single failure analysis
were insufficient to correct the single failure
susceptibilities of refueling tank isolation valve MOV-
883. Additionally, as a result of reviews performed in
response to NRC Generic Letter 88-14, dated August 8, 1988,
single ‘and common-cause failure susceptibilities were
identified for the component cooling water system (ie,
TCV-601A/B), and a follow-up review of other ESF systems
for similar susceptibilities identified a single failure
susceptibility in containment recirculation and spray (ie,
Ccv=-92).

F. All identified RPS and ESF single and common-cause failure
susceptibilities were corrected prior to restart from the
Cycle 10 refueling outage, and the applicable single
failure analyses updated as applicable. Additionally, as
a result of the identification of errors and omissions in
the 1976 ECCS analysis, SCE, in a letter to NRC Region V
dated March 17, 1989, committed to reanalyze the ECCS for
single failures within 9 months of restart from the Cycle
10 refueling outage.

SCOPE:

The reanalysis of the SONGS 1 Emergency Core Cooling Systems
(ECCS) for single failures addresses the ECCS functions
required for LOCA, SGTR and MSLB, both with and without a loss
of offsite power. These events are bounding for the ECCs
functions required for other events and involve the most
limiting common-cause effects. The following ECCS functions
were evaluated:

o Safety Injection, including main feedwater isolation and
auto-termination of SI/FW flow on low RWST level

© Cold Leg Recirculation (required for LOCA only)
0 Hot Leg Recirculation (required for coldvleg LOCA only)

© Secondary Recirculation (required for MSLB or FWLB-D inside
containment only)
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o Containment Spray and Hydrazine Injection (required for
LOCA, MSLB or FWLB inside containment only)

o Component quling Water
o Saltwater Cooling
o Safety Injection Actuation System

o Containment Spray Actuation System (required for LOCA, MSLB
or FWLB inside containment only)

o Standby Power System (Diesel Generators)

© Vital and Regulated Power System

o Auxiliary Power System

The Reactor Protection System (RPS), Auxiliary Feedwater (AFW)
system, Residual Heat Removal (RHR) system, Main Steam Dump
system, Power Operated Relief Valves (PORVs), Reactor Coolant

Pumps (RCPs) and various Ventilating/Cooling (HVAC) systems
may also be required in some ECCS-initiating events.

‘"Two of these additional systems, RPS and AFW, are addressed

in existing single failure analyses M39405 and M39416
(respectively) and event-specific analysis M39419.  The
availability of RCPs (for SGTR events) and HVAC is evaluated
as part of the ECCS Auxiliary Power System review. The PORVs,
RHR and Main Steam Dump systems have not been specifically
evaluated, since they were previously identified as not
meeting single failure criteria for accident conditions.

METHODOLOGY :

A. The ECCS Single Failure Analysis was performed per the
criteria discussed in Section IV below, in five sequential,
overlapping parts:

© A boundary valve analysis of each ECCS fluid system
function

O A failure modes and effects analysis of each ECCS fluid
system function, including interface device and power
supply dependencies

© A failure modes and effects analysis of each ECCS
actuation system

© A failure modes and effects analysis of the vital,
requlated and auxiliary power systems common to the ECCS.
fluid and actuation systems '

3
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o Identification of ECCS functions potentially susceptible
Yy to time or event-specific single failures (as discussed
I: . in Section IV, below). The ECCS single failure response
1! evaluations are part of a separate document, the Event
Specific Single Failure Response Evaluation (M-39419).

B - B. The detailed methodology was as follows:

e 1. The piping and instrumentation diagrams (P&IDs) for each
ECCS function were marked up to show process flow path
and boundary devices, based on the Emergency Operating
Instructions (EOIs) and other applicable references.
Instruments essential to the ECCS function (eg. flow
rate indication required for valve modulation) were
included as flow path devices.

2. A boundary valve analysis was performed for each ECCS
function. This analysis tabulated the branch 1line
isolation valve configurations as to:

o Normal valve position (open, closed or automatically
closed),

0 Whether the valve is locked,

i o Safety related backups (valves, caps or blind
. flanges) and their normal positions, and '

© Non-safety related backups and their normal !
positions.

Boundaries were taken at the first normally or
automatically closed safety related valve or at the
safety related/non-safety related class boundary valve,
whichever comes first. Check and relief valves were
included but treated as passive devices. A DBASE
program (included in Appendix A) was then used to
automatically sort the boundary valve analysis database
and flag those configurations which do not meet single
failure criteria.

3 3. For each power-operated device (including essential
instruments) identified in Step 1 above, the applicable
elementary diagrams were marked up to show interface
devices and dependencies (eg. Sequencer inputs,
interlock inputs/outputs, power supplies, etc.). The
circuits were otherwise treated as black boxes for
simplicity.

. 4. For each train, the flow path and boundary devices,
‘ including interface device and power dependencies, were

. s
o ‘
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evaluated in the Failure Modes and Effects Analysis
(FMEA). To limit the FMEA database to a workable size,
manual valves and check valves for each function were -
grouped into flow path and boundary entries for each
train and backup boundary devices were included in the
FMEA database only if both the first boundary device and
its backup are power-operated. Check valves were
included in the data base, but identified as "passive"
devices. The electrical devices from Step 3 above as
well as the applicable power sources (air, backup
nitrogen, electrical bus, etc.) were included as "loop"
devices for each power-operated item, similar to the RPS
SFA. Differences between SIS and SISLOP actuation and
common-cause (eg. EQ or seismic) susceptibility, were
identified where applicable.

An automated sort of the FMEA database for all ECCS
functions was performed to identify the ECCS actuation
device dependencies.

The applicable elementaries, load schedules, etc. for
the ECCS actuation systems were marked up similar to
Steps 1 and 3 above. Using the automated sort from Step
5, the applicable devices were evaluated in the FMEA,
including differences between SIS and SISLOP actuation
and common-cause susceptibility, where applicable.

An automated sort of the FMEA database for all ECCS
functions was performed to identify the control and
motive power dependencies.

The one line diagrams and applicable elementaries for
the Vital/Reqgulated Power and Auxiliary Power systems
were marked up similar to Steps 1 and 3 above. Using
the automated sort from Step 7, the applicable devices
were evaluated in the FMEA, including differences
between SIS and SISLOP events and common-cause
susceptibility, where applicable.

Using the criteria discussed in Section IV below, the
ECCS functions which are potentially susceptible to time
or event-specific single failures were identified for
further evaluation in M-39419 (Event-Specific Single
Failure Response Evaluation).

CDM "M" No. M-41383

IV. CRITERIA:

A. To the extent practical, the single failure analyses for
the ECCS functions were performed using notation, format
and assumptions consistent with the RPS and ESF single
failure analyses submitted to the NRC on March 11, 1987 and
November 6, 1987, respectively. Specifically:

o s
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The module level failure mode and effects analyses were
performed in accordance with the applicable criteria of
IEEE Standard 279-1971. Specifically, Parts 2, 4.2 and
4.7 of the Standard were applied as follows: '

a. Single failures were postulated at the level of
tag-numbered devices (modules) which resulted in the
most limiting effects or combination of effects on
the ECCS functions. Credit was conservatively not
taken for module internal design features (com-
ponents) which could preclude such failures except
where specifically identified. All tag-numbered and

 interface devices which could affect the ECCS output
functions (ie, not excluded by the "black box"
methodology and criteria addressed in paragraph
III.B.3 above and IV.A.l.c below) were so addressed.

b. The failure modes for each device which result in the
most limiting effects or combination of effects were
selected so that all pertinent ECCS output and
interface (including isolation device) failure
combinations were bounded. The failure modes
typically considered for each type of device were:

© Transmitter (eg. PT, LT, FT): SIGNAL HIGH or LOW
o Power Supply (eg. YE): OUTPUT VOLTS HIGH or ZERO
o Indicator (eg. PI, LI, FI): INPUT OPEN or SHORT

0 Test Switch (eg. Y): OPEN or SHORT (CLOSED)

© Controller or Bistable (eg. PC, LC, FC): INPUT
OPEN or SHORT; OUTPUT TRIPPED or UNTRIPPED, HIGH
or LOW

© Relay: INPUT OPEN or SHORT; OUTPUT TRIPPED or
UNTRIPPED, ON or OFF, CONTACTS OPEN or CLOSED
as applicable. Combinations such as CONTACTS OPEN
(ON) were used as needed for clarity.

o Valve/Actuator: OPEN or CLOSED
o Pump/Motor: OUTPUT LOW

In addition, single pole or phase GROUNDS were
postulated in all grounded circuits. 1In some cases,
another failure mode (eg. INPUT SHORT) was identified
as bounding for the affected circuit, rather than
creating a separate database entry.
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C. Where a portion of a channel had only a single output
and the net effect of the failures could be expressed
in terms of that output, the devices in that portion
of the circuit were permitted to be treated as a
single entity. For example: a) postulated failures
of the pressure regulating valve or solenoid operated
pilot valve for a pneumatically actuated isolation
valve are bounded by failures of the isolation valve
itself, and b) postulated failures of control
components in a manually-controlled power operated
valve are bounded by those of the valve/actuator and

;o its control power and interlock dependencies.

d. The failure modes for any channel-common or train-
o : common devices (eg. selector switches, transfer
- switches, auctioneering or signal comparison devices)
s were conservatively «considered to result in
channel-common or train-common failures, respec-
tively, if unisolated signals were present in the
. device and channel/train separation and identity were
| ' - not maintained through the device. The postulated
T failure modes were: _

' o OPEN (at all input channels/trains)

‘ © SHORT (of all like poles or phases, resulting in
¥ paralleling of all inputs)

. : © GROUND (of all like poles or phases)

I e. It was assumed that events requiring ECCS actuation
could be initiated from any applicable plant condi-
tion.

f. The only applicable ECCS actuation instrumentation
which have control functions are associated with the
Reactor Protection System, and have been previously
analyzed for control/protection interactions.
Accordingly, a control/protection system interaction
(multiple failure) analysis was not performed as part
i of the ECCS evaluation.

! B. Because the ECCS systems include fluid system components

' (eg. pumps and valves) as actuated devices, the applicable

criteria of ANSI sStandard N658-1976 (Single Failure

Criteria for PWR Fluid Systems) were also applied to the

single failure analyses for these functions. Specifically,

i Parts 2, 3.4, 3.5, 3.6, 3.7, 3.10 and 4 were applied as
‘ follows:

1. Single failures were postulated in all ECCS process flow
path and flow path boundary devices, including manual

° 7
" - l .
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P valves and applicable valve <control <circuits,
b considering both failure to actuate and spurious
4‘ actuation (eg. due to operator error), except as
Pl provided in item 2 and as follows:

a. Passive devices such as orifice plates, flanges and
similar pressure boundary parts were excluded.

b. Check valves were included, but considered passive
devices, in accordance with the SONGS 1 design basis.

c. Credit was taken for administrative controls
(including valve locking) to preclude spurious
actuation of applicable manual valves.

‘ d. Credit was taken for the provisions of NRC Branch
Technical Position ICSB-18 to preclude spurious
actuation of applicable manually-controlled elec-
trically operated valves.

]

! 2. Only active failures were considered as single failures,
' in accordance with the SONGS 1 design basis. Failure

‘ of passive devices or process pressure boundaries were

i not postulated in addition to the initiating event.

|

I 3. Compressed air (ISA) system failure was considered as

| a potential failure for pneumatically actuated valves.

; Failure of non-seismic systems, including ISA, was

’ conservatively considered as a common-cause effect
except where credit was specifically permitted by the
Standard Review Plan (eg. SRP Section 15.1.5 for
secondary pipe rupture inside containment).

C. Common Cause and Pre-Existing Failures

1. Except as specifically provided above, loss of
non-seismic systems and of any devices not qualified for
the applicable post-accident harsh environment were
considered to be potential common-cause failures.

a. Common-cause failures of the non-seismic 220kV
Switchyard were considered to result in a loss of
offsite power. Failures of individual 220kV
switchyard components were evaluated as described in
Table 12-1.

| b. Common-cause seismic failure was not postulated for
; } systems and devices qualified to Seismic Interaction
iw B/A criteria (in accordance with Requlatory Guide
’ 1.29 position C.2).
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2. The probability of a loss of offsite power (LOP) to the

San Onofre switchyard due to failure of the offsite
dlstrlbutlon system was previously determined to be less
than 10"'? per year (eg. San Onofre Units 2/3 UFSAR
Section 8.2.2.3), which is insignificant relative to the
probability of a LOP due to failure of onsite equipment
(ie, breakers, transformers, cabling, etc.).
Consequently, common-cause failure of non-safety related
Auxiliary Transformer C was considered as a potential
cause of the postulated LOP for SISLOP events.

Transfer switches, disconnect switches, etc. whose
positions are not alarmed, indicated or otherwise
supervised in the control room were considered to be
potential pre-existing failures unless included in an
administratively controlled locklng and/or periodic
surveillance program.

Credit was taken for indirect indication of failures to
preclude an undetected pre-existing condition. For
example, loss of power ("VOLTS LOW") to a valve or pump
control circuit is considered detectable by the dimming
or 1loss of the associated control room status
indication, and is therefore identified as CONTROL ROOM
INDICATION in the method of detection field in the FMEA.

Common-cause and pre-existing failures were considered
to occur in addition to the random single active
failure, consistent with the provisions of ANSI Standard
N658-1976.

Other Assumptions

1.

2.

Except as otherwise stated, it was assumed that
operation in accordance with existing procedures
(including EOIs) would preclude equipment damage due to
overheating, pump gas-binding, minimum flow conditions,
run-out or cavitation.

Other assumptions and criteria pertinent to a given
system were applied as stated in the NOTES for each
Section.

Notation / Numbering

1.

Each item in the boundary valve analy51s was assigned
a unique item number, made up of:

(system].[train]. (device]

and each item in the module-level FMEA was assigned a
unlque item number, made up of:

9
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(system].[train].[device].[dependency]. [failure mode]

similar to the RPS and ESF Single Failure Analyses.
Train (or channel) common devices for a system were
generally addressed following the items for each train;
for example, in a system with 2 trains or channels:

(system].3.[device].[dependency].[failure mode]

would be a train-common or third-of-a-kind device in the
FMEA table.

2. Due to the field length limitations of DBASE III (ie,
254 characters), abbreviations were needed in the FMEA
tables. The meaning is generally clear from the context
(eg. ALT for ALTERNATE, BRKR for BREAKER, SEQ for
Safequards Load SEQUENCER System, SWYD for SWITCHYARD,
etc.).

Screening Criteria for Event-Specific Susceptibilities

Based on the analyses previously completed (eg. in M-
39419), an evaluation of event-specific single failure
response 'is required if:

1. The flow requirements for a system are dependent on the
response of another system which is actuated from
separate instrumentation (eg. the RPS/AFWS lntegrated
response evaluation in M=39419). This requires an
event-dependent evaluation of the integrated response
of the applicable systems. Or,

2. The system has two or more safe states for the same
equipment (eg. must be on during one part of the
accident but off during another part, or in different
alignments for different events, etc.) This requires
a time-dependent evaluation of the response to applic-
able single failures. Or,

3. System components or supporting equipment are suscept-
ible to location-dependent common-cause failures (eq.
due to the environment for inside vs. outside
containment line breaks). This requires a location-
dependent evaluation of the response to applicable
single failures. Or,

4. The system has train-common suction or discharge piping
in which misoperation of one train could divert flow
from or otherwise adversely impact operation of the
redundant train. This requires a time-dependent

10
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applicable single

SUMMARY OF RESULTS
A. FMEA and Boundary Valve Analysis Results

Revision 0 of this analysis identified 283 potential single
failure susceptibilities and 428 other items, such as
procedure changes and calculation revisions (472 total FMEA
line item findings), falling into the 26 categories listed
below. Action items were developed to address each of the
26 categories to support SONGS 1 restart. The resolution
of each of the individual line item findings by the
specified action items is tabulated in Appendix C.

1. The common-header ECCS fluid systems (Safety Injection,
Cold Leg, Hot Leg and Secondary Recirculation,
Containment Spray and Component Cooling Water) could be
disabled by flow or inventory diversion through boundary
valves which are not locked or provided with a backup
isolation valve, cap or blind flange. These are
principally vent and drain valves, which as a category
were excluded from the valve locking procedure.

Unlocked boundary valves with only a non-safety related
backup are considered acceptable based on the scoping
criteria for Systematic Evaluation Program (SEP) Topic
III-6, "Seismic Design Considerations".

2. Potentially unacceptable diversion of post-LOCA
recirculation inventory could occur through RCS boundary
valves (eg. CV-202, 203, 204) and critical valves in the
post-LOCA recirculation systems (eg. RWST outlet check
‘'valve CRS-301) which are not seat leakage tested as part
of the ASME Section XI Inservice Test Program for
valves.

3. Several manual valves which must be operated locally to
mitigate single failures in the Safety Injection and
Recirculation systems following a small break LOCA would
be inaccessible with TMI source terms, although core
damage would not occur for these failures.

4. Potential inventory diversions to the Reactor Coolant
Drain Tank, Pressurizer Relief Tank and Radiocactive
Liquid Waste system, due to normal operation of check
and relief valves in the Safety Injection and Letdown
system boundaries, are not presently accounted for in
the calculations for the Technical Specification RWST

11

o




lo.

11.

12.

CDM "M" No. M-41383

Revision No. 1

Page 16 of 510

level and low-low level trip setpoint for the Safety
Injection (SI) and Main Feedwater (MFW) pumps.

RWST boron dilution could occur just prior to a MSLB,
due to a failure open of the RWST miniflow valve for
either MFW pump during normal operation. This case
(with operation of 2 SI/MFW pump trains and 2 SI paths
open) has not been considered in the present MSLB
analyses.

. Loss of recirculation and spray could occur due to

spurious opening of either recirculation pump discharge
valve (MOV-866A, MOV-866B) prior to reaching the minimum
containment flood level for post-accident recirculation
pump operation.

Loss of both charging pumps from gas binding could occur
prior to a SIS/SISLOP signal during a small break LOCA,
due to failure of the VCT level control 1loop or
isolation valve (MOV-1100C). Loss of both charging
pumps from suction isolation due to spurious closure of
MOV-1100C is presently prevented only by a non-safety
related (NSRFP) suction bypass.

It could not be determined from the FMEA whether
potentially unacceptable Cold Leg Recirculation (CLR)
and Hot Leg Recirculation (HLR) primary path flow
imbalances could occur due to failure of the flow
monitoring instruments or control valves. An event-
specific response evaluation is needed to determine if
redundant instrumentation is required to distinguish
between valve and instrument failures post-LOCA.

Potential common-cause loss of the charging pumps could
occur during combined Hot and Cold Leg Recirculation due
to pump run-out following a failure open of seal
injection valves FCV-1115A, B and C on loss of the non-
safety related Instrument and Service Air (ISA) system.

The Hot Leg Recirculation deficiencies previously
identified to the NRC will be corrected by DCP 1-3548.

Common-mode loss of both charging pumps could occur from
loss of NPSH during post-LOCA recirculation, due to
failure of a recirculation pump or failure open of one
or more control valves, if only one recirculation pump
is run at a time as per the current EOIs.

Secondary Recirculation, for a MSLB inside containment,
could be disabled due to failure as-is of the normally
Closed manual RWST recirculation valve, or failure to
reset of AFWAS or SIS/SISLOP control relays which

12
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prevent reopening the MFW bypass requlating valves (cCV-
142, =143, -144). The. MFW bypass regqulating valves
could also be disabled by a common-mode failure of both
Sequencer block permissive relay circuits, due to
inadequate electrical isolation between the two trains
at the block permissive relay circuits.

Common-mode loss of both charging pumps could occur from
loss of NPSH during post-LOCA recirculation, due to
failure to close or spurious reopening of CV-517 or CV-
518, if only one recirculation pump is run at a time as
per the current EOIs.

Component Cooling Water heat removal from critical loads
could be degraded or disabled due to flow imbalances
resulting from mispositioning of unlocked throttling or
critical load isolation valves.

Component Cooling Water (CCW) heat removal for all loads
could be degraded due to an unisolable 50% flow bypass
of the operable CCW heat exchanger resulting from a loss
of one train of 480V electrical power post-LOCA.

The Saltwater Cooling (SWC) system could be disabled by
a common-cause failure of the non-Seismic circulating
vater system intake gate (MOV-=9) or intake recirculation
gate (MOV-1l, during heat treatment) resulting in intake
drawdown below the SWC pump suctions by the circulating
water pumps.

Both electrical trains could be subjected to an
unanalyzed bus voltage transient during SISLOP due to
out-of-sequence starting of the CCW and SWC pumps.
These pumps were determined to auto-start on low-
discharge pressure concurrently with Load Group A
instead of waiting for the SISLOP in Load Group D.

Both trains of ECCS actuation, electrical power or Cold
Leg Recirculation could be subjected to an unanalyzed
common-mode loss of cooling for critical equipment in
the control room, switchgear rooms and reactor auxiliary
building, due to failure of the non-redundant HVAC or
its power supply for these areas. (The HVAC review
performed as part of Systematic Evaluation Program Topic
IX~-5 did not address accident conditions.)

A loss of redundant actuation and control could occur
following a spurious auto-transfer of Vital Bus #1, 2
or 3/3A caused by common-cause failure of unqualified
Vital Bus loads. (Automatic re-transfer capability from
the Train B backup source to the normal Train A inverter
source is not presently provided.) The reliability of
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all Vvital, Regulated and 125 VDC busses could be
degraded by the lack of Requlatory Guide 1.75 or IEEE
Standard 384 isolation provisions for unqualified loads
(ie, presently isolated only by overcurrent trips).

Potential loss of both electrical trains or containment
integrity could occur due to common-cause faults of the

. reactor coolant pump (RCP) motors or main generator

exciter, fed by the main generator and main transformer,
following a loss of 125 VDC Bus #1.

Both electrical trains could be degraded or disabled:
a) during a SISLOP event if Bus #1C or 2C is energized
from the alternate offsite source with the main
generator on line (with or without a single failure),
b) during a SISLOP event if the periodic diesel
generator surveillance test is in progress and the
diesel generator breaker fails in the closed position,
or c) during a SIS with degraded offsite voltage and the
normal feeder breaker for either bus (11C02 or 12C02)
fails in the closed position. (Loss of both electrical
trains occurs in these cases because the Sequencers will
detect loss of voltage on only one of the two redundant
4 kV busses but require detection on both busses to
satisfy the SISLOP logic for diesel generator loading.)

A potential loss of long-term electrical power for both
trains could occur in a SIS event with a postulated
concurrent Auxiliary Transformer-C related Loss of
Offsite Power (LOP) and a single failure of the Main
Transformer or other components for the alternate
offsite source. (The diesel generators would remain
available to provide power electrical power in this
scenario, but have only a 7 day supply of fuel stored
onsite.)

A potential loss of both ECCS trains could occur due to
a fire or explosion resulting from a common-cause fault
of the Main Transformer or Auxiliary Transformer-C, with
concurrent failure of the redundant 125VDC control power
for the SCE 220 kV Switchyard breakers. (Both
switchyard control power busses for the affected
breakers are presently fed from the same 125VDC
distribution panel, DP2.)

The Residual Heat Removal (RHR) system could be disabled
for Steam Generator Tube Rupture (SGTR) events by
failure of any of 5 valves (MOV-813, 814, 833, 834 or
HCV-602) in the closed position. The Reactor Coolant
Pumps (RCPs) could also be disabled for SGTR events by
a concurrent LOP or failure of the Main Transformer, due
to the inability of the electrical system to support
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restart of an RCP from Auxiliary Transformer-C or the
diesel generators while running ECCS loads.

25. The ventilation and cooling fans inside containment
could be disabled by a common-cause failure of their
unqualified motors or by a loss of electrical power (egq.
on SISLOP), leaving only containment spray and the
hydrogen recombiners available for post-LOCA hydrogen
mixing.

26. Other miscellaneous changes to procedures were
identified as needed to clarify surveillance
requirements and Technical Specification action entry
for specific single failures.

B. Single Failure Response Screening Evaluation Results

In Revision 0 of this analysis, six ECCS functions were
identified by the screening criteria as requiring an event-
specific single failure response evaluation, four of which
were already addressed in the SONGS 1 event-specific
analysis document, M-=39419:

1. The SI and MFW pumps, and MFW realignment valves meet
the screening criteria for time-dependent failures
affecting inadvertent injection of condensate, low-low
RWST level pump trip, and Secondary Recirculation. (The
associated event-specific evaluations were previously
performed as part of M-39419 and a supporting Bechtel
calculation.) ‘

2. The main feedwater isolation function of Safety
Injection meets the screening criteria for event-
dependent failures relative to LOCA, MSLB and SIS/SISLOP
dependencies. (The associated event-specific evaluation
was previously performed as part of M-39419.)

3. The charging pumps, suction valves and normal charging
path meet the screening criteria for time and initial
alignment-dependent failures affecting the availability
of the charging pumps for Hot and Cold Leg
Recirculation. (The associated event-specific
evaluation previously performed as part of M-39419 was
revised to address the charging system modifications ;
scheduled for implementation prior to restart from the
Cycle 11 refueling outage.)

4. The recirculation pumps, refueling water (containment
spray) pumps and spray flow limiter valves meet the
screening criteria for time-dependent and interactive
failures affecting containment spray, charging pump and
recirculation pump flow and NPSH. (These effects were
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addressed in the FMEA, but M-39419 was revised to
include an associated event-specific evaluation.)

5. The Cold Leg Recirculation (CLR) and primary path Hot
Leg Recirculation (HLR) flow control valves and flow
indication meet the screening criteria for interactive
failures affecting CLR and HLR flow balance and charging
pump NPSH. (M=-39419 was revised to include an event-
specific evaluation of this function.)

6. The re-alignment of swing 480V Switchgear #3 meets the
screening criteria for time and initial alignment-
dependent failures affecting the ability to re-energize
the MOV-358/850C UPS battery charger. (The associated
event-specific evaluation previously performed as part
of M=-39419 was revised to address the 480V system
reconfiguration scheduled for implementation prior to
restart from the Cycle 11 refueling outage.)

The recirculation and spray evaluation confirmed the
susceptibilities identified in the FMEA. The CLR/HLR flow
balancing evaluation identified new susceptibilities
resulting from the inability to distinguish between time-
dependent valve and flow rate indication failures in the
cold 1leg recirculation lines. The event-specific
evaluations for these functions will be revised to address
the modifications and procedure changes which resolve the
susceptibilities, prior to restart from the Cycle 11
refueling outage.
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SAFETY INJECTION SYSTEM NOTES

Item numbers in this section have been assigned as follows:

0l1.1: Train A SI/MFW pumping, SI flow path to RCS Loop B
and boundary devices

01.2: Train B SI/MFW pumping, SI flow path to RCS Loop A
and boundary devices ;

01.3: SI flow path to RCS Loop C and boundary devices

01.4: Common flow path and boundary devices.

Table 1-1 is the Failure Modes and Effects Analysis (FMEA)
for the SI function. Table 1-2 is the associated boundary
valve analysis. :

The functions evaluated in Table 1-1 are:

a. Alignment of pumps and valves for safety injection
flow,

.b. Auto-termination of safety injection flow on low-low

RWST level, and

c. Realignment of pumps and valves for secondary
recirculation flow to the steam generators following
termination of safety injection flow. (Secondary
recirculation is used for long-term cooling following
an MSLB inside containment.)

Flow control and alignment of valves unique to the secondary
recirculation function are addressed in Section 4 of this
analysis.

Potential single failure susceptibilities in the FMEA table
are flagged with "*" as the first character of the
associated ECCS EFFECTS field. Other open items (eg.
required procedure or calculation changes) are flagged with
"%#" ag the first character of the REMARKS field.

Potential single failure susceptibilities in the Boundary
Valve Analysis table are flagged with "*" in the unlabelled
field adjacent to REMARKS. Items flagged with "#" in the
unlabelled field adjacent to REMARKS are acceptable from a
single failure standpoint subject to credit for SEP Topic
III-6 seismic boundary criteria.
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SAFETY INJECTION SYSTEM REFERENCES

a
Reactor Coolant System
Safety Injection System
Containment Spray and Recirculation System
Letdown and Residual Heat Removal System
Volume Control and Charging (Sh 1)
Reactor Cycle Sample System
Radwaste Liquid Processing System (Sh 3)
Condensate System (Sh 1)
Main Feedwater System (Sh 1)
Main Feedwater System (Sh 2)
Main Feedwater System (Sh 3)
First, Second and Third Point FW Htrs (Sh 2)
First, Second and Third Point FW Htrs (Sh 4)
Auxiliary Feedwater System (Sh 1)
Gaseous Nitrogen System (Sh 4)
Gaseous Nitrogen System (Sh 10)
Gaseous Nitrogen System (Sh 11)

449408 (Sh 1-3) FCV-456 and CV-142

455368
455370
455371
455372
455373
455374
455375
455379
455448
455516
5149858

5149918
5149970
5151796
5159551
5159552
5159553
5159559
5159757
5159758
5159760
5159776
5159802
5159842
5159843
5180714

(Sh 1=2)

(Sh1-2)

MOV-850A and MOV-850B
G~-50A and G-50B (Safety Injection Pumps)
MOV-356, MOV-357, MOV-358

HV-853A and HV-853B
HV-851A and HV-851B
HV-854A and HV-854B
HV-852A and HV-852B
MOV-20, MOV=-21, MOV=22
Cv=202, CV-203, CV=-204,
MOV=850C

G-3A and G-3B (Main Feedwater Pumps), CV-36,
Cv=-37, CV=-875A, CV-~-875B

G-36A and G-36B (Heater Drain Pumps)

G-1lA, G-1B, G-1C, G-1D (Condensate Pumps)
MOV-833 and MOV-834
Containment Isolation Valves,
Containment Isolation Valves,
Containment Isolation Valves,
MOV-1204

SV=702B and SV-702D

SV=702A and SV-702C
Containment Isolation System,
Containment Isolation Systenm,
SV-3302

Auxiliary Feedwater Actuation

Ccv=-287

CIS Train A
CIS Train B
CISs

Train A
Train B

M-41383
1
510

(AFWAS), Train A

Auxiliary Feedwater Actuation (AFWAS), Train B

CV-955 and CV-=956

5202910 (Shl-3) FCV-457, FCV-458, CV-142, CV-143, CV-144




Qther Drawings

237700

237702

237704

5112416
5149178
5149179
5149181
5149182
5149957
5149958

(@]
S01-1.0-10
SO0l-1.0-12
§01-1.0-20
SO1-1.0-23
SO01-1.0-30
S01-1.0-32

S01-1.0-40
S01-12.3-7
S01-14-40

SD-S01-580
SD-S01-590

M89048
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Loop: Steam Generator NR Level, Loop A
Loop: Steam Generator NR Level, Loop B
Loop: Steam Generator NR Level, Loop C
Schematic: Auxiliary Relay Rack R12 (Front)
Load Sequence Table, Train 1 (Sh 1)

Load Sequence Table, Train 1 (Sh 2)

Load Sequence Table, Train 2 (Sh 1)

Load Sequence Table, Train 2 (Sh 2)
Emergency Operating Condition, Train 1
Emergency Operating Condition, Train 2

Reactor Trip or Safety Injection

SI Termination ’

Loss of Reactor Coolant

Transfer to Cold Leg Injection and Recirculation
Loss of Secondary Coolant

Loss of RHR Following Loss of Secondary Coolant
in Containment

Steam Generator Tube Rupture

Monthly Sequencer Testing

Control of Locked Valves

System Description: Safety Injection, Recircula-
tion and Containment Spray Systems

System Description: Safequard Load Sequencing
System

Response to Generic Letter 88-14, "Instrument Air
Supply System Problems Affecting Safety Related
Systems", dated July 5, 1989
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