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ENGINEERED SAFETY FEATURES SINGLE FAILURE ANALYSIS 
SAN ONOFRE NUCLEAR GENERATING STATIONS UNIT 1 

I. INTRODUCTION: 

A. On July 30, 1986, a failure of main steam pressure transmitter 
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 Safety Features (ESF) Systems to determine susceptibility 
of the SONGS 1 design to single failures.  

B. Previous single failure analyses (submitted per SCE letter dated 
12/21/76 to the NRC) were 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 
system. However, this analyses did not evaluate the single failure 
susceptibility of the containment isolation or.main feedwater 
isolation functions associated with emergency core cooling system 
(ECCS) operation during a LOCA or secondary system rupture, 
respectively. Subsequently, containment isolation was reviewed as 
part of Systematic Evaluation Program Topic VI-4.  

C. The Auxiliary Feedwater (AFW) ESF system was previously identified.  
as susceptible to single active failures during postulated secondary 
system pipe ruptures. Correction of the AFW single failure 
susceptibilities will be performed as part of the work scope for the 
Cycle X refueling outage.  

D. The Reactor Coolant System (RCS) Overpressure Mitigation System 
(OMS), which provides protection of the RCS pressure boundary at low 
temperatures, has not been previously evaluated for single failure 
susceptibility.  

II. SCOPE: 

A. A review of the previous ECCS Single Failure Analysis against the 
resulting design changes was performed to verify that an acceptable 
plant configuration has been maintained.  

B. A module-level failure mode and effects analysis of the Containment 
Isolation ESF function was performed from input instrumentation 
through final actuated devices, including vital/regulated bus/DC 
system dependencies, for function during a LOCA.
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C. A module-level failure mode and effects analysis of the Main 
Feedwater Isolation ESF function was performed from SLSS sequencer 
outputs though final actuated devices, including vital/regulated 
bus/DC system dependencies, 4kV pump trips, valve position changes 
and auxiliary power system dependencies, for function during a main 
steam line break.  

D. A module-level failure mode and effects analysis of the 
Over-pressure Mitigation ESF function was performed from input 
instrumentation through final actuated devices, including 
vital/regulated bus/DC system dependencies, for function in response 
to RCS overpressure challenges during reactor shutdown conditions.  

E. A module-level failure mode and effects analysis of the Auxiliary.  
Feedwater ESF function was performed based on the implementation of 
the currently proposed Cycle X modifications.  

In addition, because of the event-specific safety analysis requirements 
for, and potentially event-specific impacts on, the Main Feedwater 
Isolation (ECCS) and Auxiliary Feedwater ESF functions (Items C and E 
above, respectively), an event-specific single failure response 
evaluation was performed for these functions which explicitly accounts 
for the location of an initiating fault, the availability or loss of 
off-site power, and any inter-system dependencies and common-cause 
effects, as applicable. These event-specific single failure response 
evaluations were prepared based on the module-level failure mode and 
effects analysis results.  

III. METHODOLOGY: 

A. To the extent practical, the Single Failure Analyses for the ESF 
functions were performed using notation, format and assumptions 
consistent with the Reactor Protection System Single Failure 
Analysis submitted to the NRC on March 11, 1987. Specifically: 

1. 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 ESF 
functions. Credit was conservatively not taken for module 
internal design features (components) which could preclude 
such failures except where specifically identified. All 
tag-numbered and interface devices which could affect the 
ESF output functions were so addressed.
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b. The failure modes for each device which result in the most 
limiting effects or combination of effects were selected 
so that all pertinent ESF output and interface (including 
isolation device) failure combinations were bounded. The 
failure modes considered for each type of device were: 

* Transmitter (e.g., PT, LT, FT): SIGNAL HIGH or LOW 
- Power Supply (e.g., YE): OUTPUT VOLTS HIGH or ZERO 

Indicator (e.g., PI, LI, FI): INPUT OPEN or SHORT 
Test Switch (e.g., Y): OPEN or SHORT (CLOSED) 
'Controller or Bistable (e.g., PC, LC, FC): INPUT 
OPEN or SHORT, OUTPUT TRIPPED or UNTRIPPED (or OUTPUT 
HIGH or LOW) 
Valves: OPEN or CLOSED 
Pumps: TRIPPED, UNTRIPPED 

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 
(e.g., Postulated failures of the pressure regulating 
valve or solenoid operated pilot valve for a pneumatically 
activated isolation valve are bounded by failures of the 
isolation valve itself).  

d. The failure modes for any channel-common devices 
(e.g., selector switches, transfer switches, auctioneering 
or signal comparison devices) were conservatively 
considered to result in channel-common failures, if 
unisolated channel signals were present in the device and 
channel separation and identity were not maintained 
through the device. The postulated failure modes were: 

OPEN (at all input channels) 
SHORT (of all like poles or phases, resulting in 
paralleling of all inputs 
GROUND (of all poles or phases) 

e. It was assumed that events requiring ESF actuation could 
be initiated from any applicable plant condition.  

f. The only applicable ESF actuation instrumentation which 
have control functions are associated with the Reactor 
Protection System and have been previously analyzed.  
Accordingly, a control/protection system interaction 
(multiple failure) analysis was not performed as part of 
the ESF evaluation.
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2. The vital and regulated bus system and the auxiliary power 
system were previously analyzed as part of the RPS Single 
Failure Analysis and the ECCS Single Failure Analysis, 
respectively.  

B. Because the ESF systems include final actuated devices different 
than the RPS (e.g., pumps and valves vs. scram breakers), the 
following .additional criteria were applied: 

1. Power-operated valve/actuator mechanical failures (e.g., as-is 
due to stem binding), were considered as single active failures 
separate from those of the actuating circuitry and motive power 
source where local manual actuation could-be credited for 
performing the ESF function within the required time. Per 
Section III.A.1 above, the actuator control circuit was 
considered as a single entity (black box) if no interface 
devices (such as interlocks, overrides, or selector switches) 
were in the circuit. Motor breaker failures were specifically 
addressed: for example, .those,:which affect MOV operation 
(e.g., as-is) as well as those which cause loss of the supply 
bus (e.g., input short).  

2. Manually-operated valve single failures were considered; for 
example, due to operator error or mechanical failure, 
respectively. Valves subject to the valve locking program were 
so noted under "remarks." Consistent with current NRC 
criteria, check valves were considered as active devices 
(i.e., as subject to single active failure) only for the 
containment isolation and reactor coolant pressure boundary 
functions.  

3. For containment isolation-, penetration isolation redundancy was 
considered relative to the.criteria of Standard Review Plan 
Section 6.4.  

C. Notation/Numbering 

Each SFA item in the module-level FMEAs for the existing plant 
configuration was assigned a unique item number, made up of 
[system].[train].Edevice).[failure:mode] similar to the RPS-SFA.  
Train - or channel-common devices for a system were generally 
addressed following the items for each train; for,.example, in a 
2-train 2-channel system, itemrlsysteml.3E[device). [failure model 
would be a train-common device.  

IV. SUMMARY OF RESULTS 

The findings of the single failure evaluation for each of the applicable 
ESF functions are summarized below,:



A. Emergency Core Cooling System (ECCS) 

The 1976 ECCS Single Failure Analysis (SFA) evaluated the SONGS 1 
systems required to mitigate the effects of a postulated Loss of 
Coolant Accident, for potential susceptibility to single failures; 
the systems evaluated included the safety injection, charging, 
containment spray and recirculation, component cooling water, salt 
water cooling and auxiliary power systems. The results of the 1976 
analysis included several recommended modifications to eliminate 
potential single failure susceptibilities in these systems. For the 
current review, the modifications performed in response to the 1976 
analysis were reviewed to determine their acceptability relative to 
meeting the single failure criterion.  

The review confirmed that the ECCS single failure susceptibilities 
identified in the 1976 analysis have been corrected. However, new 
susceptibilities have been identified which are associated with 
postulated failure of ECCS realignment valves HV-852A and HV-852B 
and 480V Switchgear No. 3.. The failure of HV-852A or-B is discussed 
under item C below. The single failure susceptibilities identified 
with 480V Switchgear No. 3 affect recirculation capabilities.  
Single failure of either DC train concurrently with a SIS/LOP could 
result in loss of 480V switchgear No. 3 and, therefore, result in 
loss of recirculation.  

B. Containment Isolation 

The evaluation of the containment isolation ESF function included an 
analysis of the containment isolation actuation instrumentation 
relative to applicable IEEE criteria as well as the isolation 
provisions for each containment penetration relative to Standard 
Review Plan criteria.  

No single failure susceptibilities were identified in the 
containment isolation actuation system, although several containment 
penetrations were determined to have isolation valve configurations 
which are not consistent with Standard Review Plan 6.4 redundancy 
criteria. However, each of these penetrations was previously 
evaluated against the applicable criteria and determined to provide 
an acceptable level of safety by the NRC Integrated Plant Safety 
Assessment (IPSAR) for SONGS 1.  

C. Main Feedwater Isolation 

The Main Feedwater Isolation function of the ECCS was evaluated 
against four specific main steam line break event scenarios (inside 
containment, with and without loss of offsite power, and outside 
containment, with and without loss of offsite power), and two loss 
of coolant accident scenarios (LOCA with and without loss of offsite 
power) considering credible common-cause failures resulting from the 
event plus a concurrent single active failure. Main feedwater
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isolation has been assumed to occur within 5 seconds following a 
Safety Injection Signal, to terminate secondary side mass addition 
to the steam generators and to backup the safety injection 
realignment valves, in both the MSLB and LOCA accident analyses.  

The evaluation identified the following common-cause and single 
failure susceptibilities of the main feedwater isolation function of 
the ECCS, which could result in continued feedwater addition or 
diversion of both trains of safety injection flow to the steam 
generators for an MSLB, and in concurrent flooding of the main steam 
header inside containment during a loss of coolant accident: 

1. None of the three main feedwater isolation Motor-Operated 
Valves (MOVS) or six main feedwater Flow Control Valve (FCV) 
and FCV bypass valve pilot solenoids have been qualified for 
the environmental conditions resulting from a main steam line 
break outside containment.  

2. All three FCVs fail open on loss of the instrument air system 
and do not have a safety related back-up gas supply. (Although 
initiated as part of the 1985 water hammer corrective actions, 
installation of the safety related back-up gas supply was 
delayed as a result of redesign to address SEP-Topic XV-1 
concerns).  

3. All three FCV and FCV bypass valve pilot solenoids are powered 
from a common electrical supply. (To maintain train separation 
and power alignment, the FCV and FCV bypass valve pilot 
solenoids actuated by Safeguards Load System Sequencer #2 
should be powered from 125 VDC Bus #2 in lieu of 125 VDC Bus 
#1.) 

4. All three MOVs and all three FCVs and FCV bypass valves close 
too slowly to meet the current 5 second isolation requirement.  
Isolation times are currently less than 60 seconds for the 
MOVs, 60 seconds for the FCVs and 30 seconds for the FCV bypass 
valves (including pilot solenoid time delay relay response).  
It is noted that Diesel Generator starting and loading delays 
are not applicable, since flow would not occur without bus 
power.  

5. Redundant isolation valves or redundant FCV bypass actuation 
has not been provided in the FCV bypass lines.  

The above described susceptibilities affect the feedwater isolation 
capability of the FCVs and bypasses which prevent loss of both ECCS 
trains by acting as back-ups to ECCS realignment valves HV-852A or 
HV-852B during a LOCA. However, the limiting small break LOCA 
events (in which RCS pressure would be higher than steam generator 
pressure but less than SI system shut off head during the 60 second
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closure time of the slowest back-up valves) have been evaluated for 
this condition and found to remain within applicable acceptance 
criteria.  

The single failure susceptibilities identified relative to Main 
Steam Line Breaks (MSLB) or steam generator overfill events were 
concluded to be outside the current design basis for San Onofre Unit 
1 because: 

1) The plant is presently not designed to be able to withstand a 
MSLB concurrently with a single failure of the auxiliary 
feedwater system. This single failure susceptibility has been 
recognized by the NRC and a relaxation of single failure 
criteria for this event has been granted until the next 
refueling outage.  

2) The plant is presently not designed to mitigate the 
consequences of a feedwater system malfunction which could 
result in a steam generator overfill condition. The NRC has 
recognized this susceptibility as part of the Systematic 
Evaluation Program. SCE has committed to evaluate the overfill 
issue as an open item from the San Onofre Unit 1 Integrated 
Assessment.  

D. Overpressure Mitigation 

The evaluation of the Overpressure Mitigation ESF function included 
an analysis of the OMS instrumentation (which is different than the 
normal PORV control system instrumentation) as well as the 
pressurizer power operated relief valves and associated block 
valves. No single failure susceptibilities were identified.  
However, a potential failure of the dedicated shutdown (DSD) control 
transfer switches for one train of PORV/block valve was discovered.  
As corrective action, the 120VAC circuit breakers for the associated 
pneumatic control transfer solenoid valves will be maintained open 
by administrative control whenever OMS operability is required.  

E. Auxiliary Feedwater 

The proposed modifications to the Auxiliary Feedwater System (AFWS) 
and Reactor Protection System (RPS) were conceptually developed 
based on scoping studies which included hydraulic calculations and 
event-specific single failure response analyses for the integrated 
RPS/AFW systems. The resulting design will ensure an acceptable RPS 
scram response for the available AFW flow into the intact feedwater 
lines for any applicable design basis event with or without 
concurrent loss of offsite power and a single active failure.  
Operator actions, when required (e.g., to close a diesel generator 
breaker or to equalize flow), are not needed outside the control 
room. In addition, water-hammer limits are precluded from being
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exceeded by design (hydraulic resistances and.interlocks) rather 
than operator action as in the existing configuration. Relief from 
the single failure criterion for these systems will no longer be 
needed following completion of the proposed modifications.



V.A EMERGENCY CORE COOLING SYSTEM (ECCS) 

Two evaluations were performed for the emergency core 
cooling functions of the ECCS: 

a. A review of the mitigating measures implemented as a 
result of the single failure susceptibilities identified 
in the 1976 SONGS 1 single failure analysis for Loss of 
Coolant Accidents (submitted by SCE (K. P. Baskin) 
letter to the NRC (A. Schwencer) on December 21, 1976), 
and 

b. An event-specific single failure response evaluation for 
those ECCS functions in which a redundant post-accident 
load is powered from swing 480 V Switchgear (SWGR) #3.  
(SWGR #3 was identified as having time and event
dependent alignment as a result of the Main Feedwater 
Isolation single failure analysis in Appendix V.C.) 

The single failure modifications performed as a result of 
the 1976 SONGS1 single failure analysis were determined to 
correct the identified susceptibilities, with the exception 
of control redundancy for each of the recirculation flow 
control valves. Only one of the two control paths for each 
of these valves was provided with a seismically qualified 
air supply. However, this configuration was previously 
reviewed and accepted by the NRC in paragraph 4.25.2 of the 
Integrated Plant Safety Assessment for SONGS 1.  

The event-specific single failure evaluation determined 
that the ECCS has time-dependent single failure 
susceptibilities not previously identified, which could 
result in loss of post-LOCA recirculation capability.



APPENDIX A 

REVIEW OF EMERGENCY CORE COOLING SYSTEM 
SINGLE FAILURE ANALYSIS (1976) 

The ECCS review addresses the 1976 Single Failure Analysis (SFA) 
identified single failure susceptibilities and those mitigating 
measures implemented. To provide continuity, the 1976 SFA 
finding has been reproduced on the computer sheets and given the 
1976 SFA number (e.g., 307.1). Following that is an expanded 
item number(s) (e.g., 307.1.1) which describes the SFA performed 
on the measures implemented (plant modifications or operational 
controls) to determine the effect on the ESF function.  

The abbreviations used in the 1976 SFA and referred to in this 
study are defined below: 

AMF Active Mechanical Failure 

CSS Containment Spray System 

EF Electrical Failure 

HE Human Error 

HLRS Hot Leg Recirculation System 

RS Recirculation System 

SIS Safety Injection System 

VPL Valve Position Light
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ENGINEERED SAFETY F S SINGLE FAILURE ANALYSIS 
SAN ONOFRE UNIT 1 

REVIEW OF ECCS SINGLE FAILURE ANALYSIS 
FILE: ECCS 

ITEM ND. DEVICE ID FAILURE MODE EFFECT-LOC METHOD OF DETECTION INHERENT COMPENSATING EFFECT ON ESF FUNCTION REMARKS 
PROVISIONS 

307.1 LCV 1100C FAIL OPEN OR NORMAL WATER DRAWN FROM THE VOLUME CONTROL T VPL, PERIODIC TEST NONE RECIRCULATED WATER WILL BE DILUTED. AF, EFFECTS UNACPTABLE FOR ECCS 
AND MIXED WITH BORATED RECIRCULATION EMPTY TAW( MAY RESULT IN CAVITATION AND OPERATON. SEE RECOMMENDATIONS IN 
WATER. GAS FROM VOL3 TE CONTROL TANK 2AILURE F CHARGING PP SECTION 4.2.1.4.  
DRAWN INTO CHARGING PUMPS 

307.1.1 MOV 1100C (OLD FAIL OPEN WATER DRAWN FROM VOLUME CONTROL TPW AND VALVE POSITION LIGHT AND FLOW REDOTE K4MAL START OF NO AVERSE EFFECTS ON RECIRCUATION. REF P&ID 5178136 
MOV/LCV 1100C) MIXED WITH BORATED RECIRCULATION WATER INDICATORS IN MCR. PERIODIC THE STANDBY CHARGING PUM1P ONLY THlE RUNNING PUMP IS LOST. STANDBY 

BY RUNNING (PREFERRED) CHARGING PUMP TESTING TO SUPPORT RECIRCLATION PUMP REMAINS OPERATIONAL AND IS 
G33A OR 66 O8Y. .2 GAS IN EMPTY REQUIREMENTS. RECIE PUMP PREVENTED F" AUTOMATIC START UPON SIS 
VOLUME CONTROL TANK DRAWN INTO THIS DISCHARGE PRESSURE CLOSES (CHARGING PUMP NOT REQUJIRED FOR SIS).  
CHARGING PUMP CAUSING CAVITATION AND CC VALVE VCC 301
EVENTUAL PUMP FAILURE 

362.2 ACTUATION FOR FAIL TO OPEN VALVE WATER DRAWN FROM THE VOLUME CONTROL TANK VPL, PERIODIC TEST NONE RECIRCULATED WATER WILL BE DILUTED. EF, HE. EFFECTS ON ECCS UNACCEPTABLE.  
MOV/LCV 110CC POSITION AND MIXED WITH BORATED RECIRCULATION EMPTY TANK MAY RESULT IN CAVITATION AND SEE RECOMMENDATION IN SECTION 

WATER. GAS FROM VOLUME CONTROL TANK FAILURE OF CHARGING PUMP 4.2.1.4.  
DRAWN INTO CHARGING PUMPS 

362.2.1 MOV 110CC (OLD FAIL OPEN WATER DRAWN FROM VOLUME CONTROL TANK AND VALVE POSITION LIGHT AND FLOW REMOTE MANUAL START OF NO ADVERSE EFFECTS ON RECIRCULATION. REF P&ID 5178136 
NOV/LC 110CC) MIXED WITH BORATED RECIRCULATION WATER INDICATORS IN MCR. PERIODIC THE STANDBY CHARGING PUMP ONLY THE RUNNING PUMP IS LOST. STANDBY 

BY RUNNING (PREFERRED) CHARGING PUMP TESTING TO SUPPORT RECIRCULATION PUMP REMAINS OPERATIONAL AND IS 
636A OR 636B (NLY. H2 GAS IN EMPTY REQUIREMENTS. RECIRC PUMP PREVENTED FROM AUTOMATIC START UPON SIS 
VOLUME CONTROL TANK DRAWN INTO THIS DISCHARGE PRESSURE CLOSES (CHARGING PUMP NOT REQUIRED FOR SIS).  
CHARGING PUMP CAUSINB CAVITATION AND CHECK VALVE VCC 301 
EVENTUAL PUMP FAILURE 

36F2 AIR SUPPLY LOW PRESSURE OR LOSS T.FCV 1115DEF CLOSE. 2.FCV 1112 OPENS I. FL 1114 ATC. 2. VNL, Fl 1. NONE 2. NR 3. NONE 1. RS DISABLED 2. CLRS DISABLED 3. NONE I. , HE. EFFECTS ONECC 
OF AIR SUPPLY CV 304,5 AND TV 430C, IR CLOSE. 3. TV 1112 3. VPIN RECTIRED UNACCEPTABLE. SEE RECOMMENDATION IN 

117, SV 3, CV 82, C 114 OPEN. SECTION 4.2.1.5. 2OFCA7N, SECTION 

4.2.1.6. 3. ANT, HE 
368.2.1 FCV 11150 FAIL CLOSED FLW BLOCKAGE OF THE RECIRCULATION LINE FLOW INDICATOR F 3114A IN NCR COLD LEGS B AND C CAN RECIR CUL ATION INJECTION LINE REDUNDANCY REF P&ID 5178110 

TO RUS COLD LEG A SUPPORT RECIRCULATION REDUCED FROM 2/3 TO 2/2. AUP N 
REQUIREMENTS (FCV SYSTEM PREVENTS COMMAIN MOD FAILURE OF 

11ISAE, F) ALL THREE VALVES DUE TO LOSS OF 
INSTNMTENT AIR 

368.2.2 FCV 1115E FAIL CLOSED FLOW BLOCKAGE OF THE RECIRCULATION LINE FLOW INDICATOR FI 2114B IN NCR COLD LESS A AND C CAN RECIRCULATION INJECTION LINE REDUNDANCY REF P&ID 5178110 
TO RCS COLD LEG B SUPPORT RECIRCULATION REDUCED FROM 2/3 TO 2/2. BACKUP N2 

REQUIREMENTS (FCV SYSTEM PREVENTS COMMON MODE FAILURE OF 
1115D,F) ALL THREE VALVES DUE TO LOSS OF 

INSTRUMENT AIR 
368.2.3 FCV 1115F FAIL CLOSED FLOW BLOCKAGE OF THE RECIRCULATION LINE FLOW INDICATOR FI 2114C IN MCR COLD LEGS A AND B CAN RECIRCULATION INJECTION LINE REDUNDANCY REF P&ID 5178110 

TO RCS COLD LES C SUPPORT RECIRCULATION REDUCED FROM 2/3 TO 2/2. BACKUP N2 
REQUIREMENTS (FCV SYSTEM PREVENTS COMMON MODE FAILURE OF 
1115D,E) ALL THREE VALVES DUE TO LOSS OF 

INSTRUMENT AIR 

369.2 120 VAC UTILITY LOSS OF POWER 1. FCV 1115D,E,F CLOSE 1. FI 1114AB,C 1. NONE 1.RS DISABLED 1. EF, HE. EFFECTS ON ECCS 
BUS 2. FCV 1112 NOT AFFECTED, CV 304,5 2. VOL 2. NONE 2. HLRS DISABLED UNACCEPTABLE. SEE RECOMMENDATIONS IN 

CLOSE, PCV 4.30 C,H OPEN SECTION 4.2.1.5 
2. DITTO, 4.2.1.6.  

369.2.1 125 VDC BUS 2 LOSS IF POWER BACKUP N2 CANNOT BE ALIGNED TO FCV FLOW INDICATION (FI 21148,. NONE RECIRCULATION SYSTEM DISABLED FOR EFFECTS ON ECCS UNACCEPTABLE.  
1115D,E,F. FCV.1115DEF CLOSE IF 21140) IN MCR ACCIDENT CONCURRENT WITH SEISMIC EVENT RECOMMENDATION 4.2.1.5 HAS NOT BEEN 
NON-SEISMICAILLY QUALIFIED AIR SYSTEM IS MET BY ASSOCIATED DESIGN CHANGE. REF 
UNAVAILABLE. P&ID 5178110, ELEM 456246
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ENGINEERED SAFETY OT S SINGLE FAILURE ANAYSIS 
SAN ONOFRE UNIT 1 

REVIEW OF ECCS SINGLE FAILURE ANALYSIS 
FILE: ECCS 

ITEM NO. DEVICE ID FAILURE MODE EFFECT-LOC METHOD OF DETECTION INHERENT COMPENSATINS EFFECT ON ESF FUNCTION REMARKS 
PROVISIONS 

369.2.2 120 VAC UTILITY LOSS OF POWER CV 304 (CHARSING ISOLATION VALVE) AND CV VALVE POSITION LIGHTS NONE HOT LEG RECIRCULATION FLOW PATH TO LOOP REF P&ID 5178105, 5178135 
BUS 305 (PRESSURIZER AUXILIARY SPRAY VALVE) B HOT LEG THROUGH PRESSURIZER BLOCKED 

FAIL CLOSED. FCV 1112 (CHARGING FLOW DUE TO CLOSURE OF CV 304. THE ALTERNATE 
CONTROL VALVE), PCV 430C,H (PRESSURIZER HOT LEG RECIRCULATION FLOW PATH TO LOOP 
SPRAY VALVES) REMAIN UNAFFECTED DUE TO C HOT LEG THROUGH MODIFIED PIPING AND 
SEPARATE POWER SOURCE (VITAL BUS 1) VALVING ACCOMPLISHES THE DESIRED 

FUNCTION 
370.2 125 VDC BUS #1 LOSS OF POWER FCV 1112 FAILS CLOSED FI 1112 NONE HLRS DISABLED EF, HE. EFFECTS ON ECCS UNACCEPTABLE.  

SE RECOMMENDATION IN SECTION 
4.2.1.6.  

370.2.1 125 VDC BUS 1 LOSS OF POWER FCV 1112. PCV 430C AND DCV 430H FAIL VALVE POSITION LIGHTS, FLOW NONE BLOCKABE OF HOT LEG RECIRCULATION FLOW REF P&ID 5178105, 5178135 
CLOSED DUE TO LOSS OF VITAL SUS 1 INDICATOR AND BUS STAUS PATH TO LOOP B HOT LEG THROUGH 

INDICATORS. PERIODIC TEST PRESSURIZER. THE ALTERNATE HOT LEG 
RECIRCULATION FLOW PATH TO LOOP C HOT 
LEG THROUGH MODIFIED PIPING AND VALVING 
ACCOMPLISHES THE DESIRED FUNCTION 

401.1 FCV 1112 FAIL CLOSED BLOC(ABE OF HLR FLOW PATH VPL, Fl 1112, PERIODIC TEST NONE HOT LEG RECIRCULATION NOT AVAILABLE ANT, EFFECT ON HLR UNACCEPTABLE. SEE 
RECOMMENDATION IN SECTION 4.2.1.6.  

401.1.1 FCV 1112 FAIL CLOSED BLOCKAGE OF HOT LEG RECIRCULATION FLOW VALVE POSITION LIGHTS AND FLOW NONE HOT LEG RECIRCULATION THROUGH REF P&ID 5178135 
PATH TO LOOP B HOT LEG THROUGH INDICATOR. PERIODIC TEST PRESSURIZER NOT AVAILABLE. THE ALTERNATE 
PRESSURIZER HOT LEG RECIRCULATION FLOW PATH TO LOOP 

C HOT LEG THROUGH MODIFIED PIPING AND 
VALVING ACCOMPLISHES THE DESIRED 
FUNCTION 

401.2 FCV 1112 FAIL OPEN LOSS OF FLOW CONTROL FOR HLR LINE VPL, FI 1112, PERIODIC TEST NONE FLOW THROUGH FCV 111SDE,F REDUCED AMF, EFFECT ON HLR UNACCEPTABLE, SEE 
RECOMMENDATION IN SECTION 4.2.1.6 

401.2.1 FCV 1112 FAIL OPEN LOSS OF FLOW CONTROL FOR HOT LEG VALVE POSITION LIGHTS AND FLOW NONE FLOW THROUGH FCV 1115DE,F REDUCED. THE REF P&ID 5178135 
RECIRCULATION FLOW PATH TO LOOP B HOT INDICATOR. PERIODIC TEST ALTERNATE HOT LEGRECIRCULATION FLOW 
LEG THROUGH PRESSURIZER PATH TO LOOP C HOT LEG THROUGH MODIFIED 

PIPING AND VALVING ACCOMPLISHES THE 
DESIRED FUNCTION 

402.1 CV 305 FAIL CLOSED OR BLOCKA6E OF HLR FLOW PATH VPL, FI 1112 NONE HOT LEG RECIRCULATION NOT AVAILABLE AMF, EFFECT ON HLR UNACCEPTABLE. SEE 

NORMAL RECOMMENDATION IN SECTION 4.2.1.6.  
402.1.1 CV 305 FAIL CLOSED BLOCKAGE OF HOT LES RECIRCULATION FLOW VALVE POSITION LIGHTS AND FLOW NONE HOT LEG RECIRCULATION THROUGH REF P&ID 5178135 

PATH TO LOOP B HOT LEG THROUGH INDICATOR. PERIODIC TEST PRESSURIZER NOT AVAILABLE. THE ALTERNATE 
PRESSURIZER HOT LEG RECIRCULATION FLOW PATH TO LOOP 

C HOT LEG THROUGH MODIFIED PIPING AND 
VALVING ACCOMPLISHES THE DESIRED 
FUNCTION 

403.1 CHECK VALVE 354 FAIL CLOSED BLOCKABE OF HLR FLOW PATH FI 1112 NONE HOT LEG RECIRCULATION NOT AVAILABLE AMF, EFFECT ON HLR UNACCEPTABLE. SEE 
RECOMMENDATION IN SECTION 4.2.1.6.  

403.1.1 CHECK VALVE VCC FAIL CLOSED BLOCKAGE OF HOT LEG RECIRCULATION FLOW FLOW INDICATION NONE HOT LEG RECIRCULATION THROUGH REF P&I 5178135 (OLD P&1D 568767) 
003 (VCC 354) PATH TO LOOP B HOT LEG THROUGH PRESSURIZER NOT AVAILABLE. THE ALTERNATE 

PRESSURIZER HOT LEG RECIRCULATION FLOW PATH TO LOOP 
C HOT LES THROUGH MODIFIED PIPING AND 
VALVINS ACCOMPLISHES THE DESIRED 
FUNCTION
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404.2 CV 304 FAIL OPEN OR NORMAL BORATED WATER DIVERTED TO COLD LEG A VPL NONE HLR FLOW IS REDUCED AMF, EFFECT ON HLR UNACCEPTABLE. SEE 
RECOMMENDATION IN SECTION 4.2.1.6.  

404.2.1 CV 304 FAIL OPEN BORATED WATER DIVERTED TO COLD LEG A VALVE POSITION LIGHT NONE HOT LEG RECIRCULATION FLOW IS REDUCED. REF P&ID 5178135 
THE ATERNATE HOT LEG RECIRCULATION FLOW 
PATH TO LOOP C HOT LEG THROUGH MODIFIED 
PIPING AND VALVING ACCOMPLISHES THE 
DESIRED FUNCTION 

406.1 PCV 430C FAIL OPEN BORATED WATER DIVERTED TO COLD LEG B VPL NONE HLR FLOW IS REDUCED AMF, EFFECT ON HLR UNACCEPTABLE. SEE 
RECOMMENDATION IN SECTiON 4.2.1.6.  

406.1.1 PCV 430C FAIL OPEN BORATED WATER DIVERTED TO COLD LEG B VALVE POSITION LIGHT NONE HOT LEG RECIRCULATION FLOW IS REDUCED. REF P&ID 5178105 
THE ALTERNATE HOT LEG RECIRCULATION FLOW 
PATH TO LOOP C HOT LEG THROUGH MODIFIED 
PIPING AND VALVING ACCOMPLISHES THE 
DESIRED FUNCTION 

407.1 PCV 430H FAIL OPEN BORATED WATER DIVERTED TO COLD LEG A VPL NONE HLR FLOW IS REDUCED AMF, EFFECT ON HLR UNACCEPTABLE. SEE 
RECOMMENDATION IN SECTION 4.2.1.6.  

407.1.1 DCV 430H FAIL OPEN BORATED WATER DIVERTED TO COLD LEG A VALVE POSITION LIGHT NONE HOT LEG RECIRCULATION FLOW IS REDUCED. REF P&ID 5178105 
THE ALTERNATE HOT LEG RECIRCULATION FLOW 
PATH TO LOOP C HOT LEG THROUGH MODIFIED 
PIPING AND VALVING ACCOMPLISHES THE 
DESIRED FUNCTION 

450.1 ACTUATION FAIL TO CLOSE VALVE WORST CASE FAILURE RESULTS IN FLOW FI 1112, VPL, PERIODIC TEST NONE HOT LEG RECIRCULATION NOT AVAILABLE EF, EFFECT ON HLR UNACCEPTABLE. SEE 
CIRCUITRY FCV POSITION BLOCKAGE TO HLR LINE RECOMMENDATION IN SECTION 4.2.1.6.  
1112 

450.1.1 ACTUATION FAIL TO CLOSE VALVE WORST CASE FAILURE RESULTS IN FLOW VALVE POSITION LIGHTS AND FLOW NONE HOT LEG RECIRCULATION FLOW THROUGH REF P&ID 5178135 
CIRCUITRY FCV POSITION BLDAGE OF HLR LINE INDICATOR. PERIODIC TEST PRESSURIZER NOT AVAILABLE. THE ALTERNATE 
1112 HOT LEG RECIRCULATION FLOW PATH TO LOOP 

C HOT LES THROUGH MODIFIED PIPING AND 
VALVINS ACCOMPLISHES THE DESIRED 
FUNCTION 

450.2 ACTUATION FAIL TO OPEN VALVE WORST CASE FAILURE RESULTS IN LOSS OF FI 1112, VPL, PERIODIC TEST NONE RECIRCULATION COLD LES FLOW THROUGH FCV EF, HE. EFFECT ON HLR UNACCEPTABLE.  
CIRCUITRY FCV POSITION FLOW CONTROL IN HLR LINE 1115D,E,F IS REDUCED SEE RECOMMENDATION IN SECTION 
1112 * 4.2.1.6.  

450.2.1 ACTUATION FAIL TO OPEN VALVE WORST.CASE FAILURE RESULTS IN LOSS OF VALVE POSITION LIGHTS AND FLOW NONE FLOW THROUGH FCV 1115D,EF REDUCED. THE REF P&ID 5178135 
CIRCUITRY FCV POSITION FLOW CONTROL IN HLR LINE INDICATOR. PERIODIC TEST ALTERNATE HOT LES RECIRCULATION FLOW 
1112 PATH TO LOOP C HOT LEG THROUGH MODIFIED 

PIPING AND VALVING ACCOMPLISHES THE 
DESIRED FUNCTION 

451.2 ACTUATION FAIL TO OPEN VALVE WORST CASE FAILURE RESULTS IN BORATED VPL NONE HLR FLOW IS REDUCED EF. HE. EFFECT ON HL.R UNACCEPTABLE.  
CIRCUITRY CV 304 POSITION WATER DIVERTED TO COLO LEG A SEE RECOMMENDATION IN SECTION 

4. 2. 1.6 
451.2.1 ACTUATION FAIL TO OPEN VALVE WORST CASE FAILURE RESULTS IN BORATED VALVE POSITION LIGHT NONE HOT LEG RECIRCULATION FLOW IS REDUCED. REF P&ID 5178135 

CIRCUITRY CV 304 POSITION WATER DIVERTED TO COLD LEG A THE ALTERNATE HOT LEG RECIRCULATION FLOW 
PATH TO LOOP C HOT LEG THROUGH MODIFIED 
PIPING AND VALVING ACCOMPLISHES THE 
DESIRED FUNCTION 

452.1 ACTUATION FAIL TO CLOSE VALVE WORST CASE FAILURE RESULTS IN FLOW VPL, FI 1112. NONE HOT LEG RECIRCULATION NOT AVAILABLE EF, HE. EFFECT UN .MLR UNACCEPTABLE.  
CIRCUITRY CV 305 POSITION BLOCKA6E TO HLR LINE SEE RECOMMENDATION IN SECTION 

4.2.1.6.
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452.1.1 ACTUATION FAIL TO CLOSE VALVE BLOCKAGE OF HOT LES RECIRCULATION FLOW VALVE POSITION LIHTS AND FLOW NONE HOT LES RECIRCULATION FLOW THROUGH REF P&ID 5178135 
CIRCUITRY CV 305 POSITION PATH TO LOOP B HOT LEG THROUGH INDICATOR. PERIODIC TEST PRESSURIZER NOT AVAILABLE. THE ALTERNATE 

PRESSURIZER HOT LES RECIRCULATION FLOW PATH TO LOOP 
C HOT LEG THROUGH MODIFIED PIPING AND 
VALVING ACCOMPLISHES THE DESIRED 
FUNCTION 

453.2 ACTUATION FAIL TO OPEN VALVE WORST CASE FAILURE RESULTS IN BORATED VPL NONE HLR FLOW IS REDUCED EF, HE. EFFECT ON HLR UNACCEPTABLE.  
CIRCUITRY PCV POSITION WATER DIVERTED TO COLD LEG B SEE RECOMMENDATION IN SECTION 
430C 4.2.1.6.  

453.2.1 ACTIJATION FAIL TO OPEN VALVE WORST CASE FAILURE RESULTS IN BORATED VALVE POSITION LIGHT NONE HOT LEG RECIRCULATION FLOW IS REDUCED. REF P&ID 5178105 
CIRCUITRY PCV POSITION WATER DIVERTED TO COLD LES B THE ALTERNATE HOT LEG RECIRCULATION FLOW 
430C PATH TO LOOP C HOT LEG THROUGH MODIFIED 

PIPING AND VALVING ACCOMPLISHES THE 
DESIRED FUNCTION 

454.2 ACTUATION FAIL TO OPEN VALVE WORST CASE FAILURE RESULTS IN BORATED VPL NONE HLR FLOW IS REDUCED EF, HE. EFFECT ON HLR UNACCEPTABLE.  
CIRCUITRY PCV POSITION WATER DIVERTED TO COLD LEG A SEE RECOMMENDATION IN SECTION 
430H 4.2. 1.6.  

454.2.1 ACTUATION FAIL TO OPEN VALVE WORST CASE FAILURE RESULTS IN BORATED VALVE POSITION LIGHT NONE HOT LEG RECIRCULATION FLOW IS REDUCED. REF P&ID 5178105 
CIRCUITRY PCV POSITION WATER DIVERTED TO COLD LES A THE ALTERNATE HOT LES RECIRCULATION FLOW 
430H PATH TO LOOP C HOT LES THROUGH MODIFIED 

PIPING AND VALVING ACCOMPLISHES THE 
DESIRED FUNCTION 

600.1 4160V BUS IC UV FAILS UNTRIPPED OR 'AND' MODULE A3 TRAINS 1 AND 2 INPUT CR INDICATION, NO DIESELS MANUAL CAPABILITY TO AUTO SIS/CSS OPERATION DISABLED EF, PREVENTS LOP TRIP SIGNAL TO RPS.  
RELAY NORM FAILURE - DISABLES LOSS OF POWER START/SEQUENCER OPERATION INITIATE SIS/CSS MANUAL ACTION CONSIDERED UNAVAILABiLE 

INFORMATION TO SIS/CSS UNTIL 10 MINUTES AFTER LOCA AND LOSS 
OF POWER EVENT. EFFECTS ON ECCS 
UNACCEPTABLE. SEE RECOMMENDATION IN 
SECTION 4.2.1.1 

600.1.1 4160 V BUS IC IV FAILS UNTRIPPED LOSS OF BUS IC UNDER VOLTAE SIGNALS TO CONTROL ROOM BUS STATUS NONE REQUIRED BUS IC. UNDER VOLTAGE DETECTION LOGIC REF LOGIC 514980, ONE LINE 5102173, 
RELAY 127-3 AUXILIARY RELAYS 127-3X AND 127-7X WITH INDICATION AND ANNUNCIATORS REVERTS FROM 1/2 TO 1/1. NO EFFECT ON 5149348, ELEM 5130351, 5150876 

CONSEQUENT LOSS OF REDUNDANCY IN LOP OR ECCS OR RPS TRIP SIGNAL CAPABILITIES 
LOB SIGNAL TO SEUENCER 1 & 2 SINCE BOTH SEQUENCERS RECEIVE UNDER 

VOLTAGE SIGNALS FROM THE REDUNDANT UV 
RELAY 127-9 

600.1.2 AUX RELAY 127-3X FAILS UNTRIPPED LOSS OF BUS IC REDUNDANT UV SIGNALS TO CONTROL ROOM BUS STATUS NONE REQUIRED BUS IC UNDER VOLTAGE DETECTION LOGIC FOR REF LOGIC 514980, ONE LINE 5102173, 
SEQUENCER I ONLY INDICATION AND ANNUNCIATORS SEQUENCER 1 REVERTS FROM 1/2 TO 1/1. NO 5149348, ELEM 5130351, 5150876 

EFFECT ON ECCS CAPABILITY SINCE 
SEQUENCER I RECEIVES REDUNDANT UNDER 
VOLTAGE SIGNAL FROM THE UV RELAY 127-9 
VIA PAUX RELAY 127-9X 

600.1.3 AUX RELAY 127-7X FAILS UNTRIPPED LOSS OF BUS 1C REDUNDANT UV SIGNALS TO CONTROL ROOM BUS STATUS NONE REQUIRED BUS IC UNDER VOLTAGE DETECTION LOGIC FOR REF LOGIC 514980, ONE LINE 5102173, 
SEQUENCER 2 ONLY INDICATION AND ANNUNCIATORS SEQUENCER 2 REVERTS FROM 1/2 TO 1/1. NO 5149348, ELE 5130351, 5150876 

EFFECT ON ECCS CAPABILITY SINCE 
SEQUENCER 2 RECEIVES REDUNDANT UNDER 
VOLTAGE SIGNAL FROM THE LV RELAY 127-9 
VIA AUX RELAY 127-11 

600.1.4 4160 V BUS 1C IV FAILS UNTRIPPED LOSS OF BUS IC UNDER VOLTAGE SIGNALS TO CONTROL ROOM BUS STATUS NONE REQUIRED BUS IC UNDER VOLTAGE DETECTION LOGIC REF LOGIC 514980, ONE LINE 5102173, 
RELAY 127-9 AUXILIARY RELAYS 127-91 AND 127-Ill WITH INDICATION AND ANNUCIATORS REVERTS FROM 1/2 TO 1/1. NO EFFECT ON 5149348, ELEM 5130351, 5150876 

CONSEQUENT LOSS OF REDUNDANCY IN LOP OR ECCS OR RPS TRIP SIGNAL CAPABILITIES 
LOB SIGNAL TO SEQUENCER 1 & 2 SINCE BOTH SEQUENCERS RECEIVE UNDER 

VOLTAGE SIGNALS FROM THE REDUNDANT UV 
RELAY 127-3.
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600.1.5 AUX RELAY 127-9X FAILS UNTRIPPED LOSS OF BUS !C REDUNDANT UV SIGNALS TO CONTROL ROM BUS STATUS NONE REQUIRED BUS IC UNDER VOLTAGE DETECTION LOGIC FOR REF LOGIC 514980, ONE LINE 5102173.  
SEQUENCER 1 ONLY INDICATION AND ANNUNCIATORS SEQUENCER 1 REVERTS FROM 1/2 TO 1/1. NO 5149348, ELEm 5130351, 5150876 

EFFECT ON ECCS CAPABILITY SINCE 
SEQUENCER 1 RECEIVES REDUNDANT UNDER 
VOLTAGE SIGNAL FROM THE UN RELAY 127-3 
VIA AUX RELAY 127-3X 

600.1.6 AUX RELAY FAILS UNTRIPPED LOSS OF BUS 1C REDUNDANT UY SIGNALS TO CONTROL ROOM BUS STATUS NONE REQUIRED BUS 1C UNDER VOLTAGE DETECTION LOGIC FOR REF LOGIC 514980, DNE LINE 5102173, 
127-11X SEQUENCER 2 ONLY INDICATION AND ANNUNCIATORS SEQUENCER 2 REVERTS FROM 1/2 TO 1/1. NO 5149348, ELEM 5130351, 5150876 

EFFECT ON ECCS CAPABILITY SINCE 
SEQUENCER 2 RECEIVES REDUNDANT UNDER 
VOLTAGE SIGNAL FROM THE I RELAY 127-3 
VIA AUX RELAY 127-7X 

601.1 4160V BUS 2C UY FAILS UNTRIPPED OR SEE 600.1 SEE 600.1 SEE 600.1 SEE 600.1 EF, SEE 600.1 
RELAY NORM 

601.1.1 4160 V BUS 2C UV FAILS UNTRIPPED LOSS OF BUS 2C UNDER VOLTAGE SIGNALS TO CONTRO ROOM BUS STATUS NONE REQUIRED BUS 2C UNDER VOLTAGE DETECTION LOGIC REF LOGIC 514980, ONE LINE 5102173, 

RELAY 127-4 AUXILIARY RELAYS 127-4X AND 127-8 WITH INDICATION AND ANNUNCIATORS REVERTS FROM 1/2 TO 1/1. NO EFFECT ON 5149348, ELEM 5130351, 5150876 

CONSEQUENT LOSS OF REDUNDANCY IN LOP OR ECCS OR RPS TRIP SIGNAL CAPABILITIES 
LOB SIGNAL TO SEQUENCER 1 & 2 SINCE BOTH SEQUENCERS RECEIVE UNDER 

VOLTAGE SIGNALS FROM THE REDUNDANT UV 
RELAY 127-10 

601.1.2. AUX RELAY 127-4X FAILS UNTRIPPED LOSS OF BUS 2C REDUNDANT UN SIGNALS TO CONTROL ROOM BUS STATUS NONE REQUIRED BUS 2C UNDER VOLTAGE DETECTION LOGIC FOR REF LOGIC 514980, ONE LINE 5102173, 
SEQUENCER 1 ONLY INDICATION AND ANNUNCIATORS SEQUENCER I REVERTS FROM 1/2 TO 1/1. NO 5149348, ELEM 5130351, 5150876 

EFFECT ON ECCS CAPABILITY SINCE 
SEQUENCER 1 RECEIVES REDUNDANT INDER 
VOLTAGE SIGNAL FROM THE.UV RELAY 127-10 
VIA AUX RELAY 127-10 

601.1.3 AUX RELAY.127-BX FAILS UNTRIPPED LOSS OF BUS 2C REDUNDANT UV SIGNALS TO CONTROL ROOM BUS STATUS NONE REQUIRED BUS 2C UNDER VOLTAGE DETECTION LOGIC FOR REF LOGIC 514980, ONE LINE 5102173, 
SEQUENCER 2 ONLY INDICATION AND ANNUNCIATORS SEQUENCER 2 REVERTS FROM 1/2 TO 1/1. NO 5149348, ELEM 5130351, 5150876 

EFFECT ON ECCS CAPABILITY SINCE 
SEQUENCER 2 RECEIVES REDUNDANT UNDER 
VOLTA6E SIGNAL FROM THE UN RELAY 127-10 
VIA AUX RELAY 127-12X 

601.1.4 4160 V BUS 2C UY FAILS UNTRIPPED LOSS OF BUS 2C UNDER VOLTAGE SIGNALS TO CONTROL ROOM BUS STATUS NONE REQUIRED BUS 2C UNDER VOLTAGE DETECTION LOGIC REF LOGIC 514980, ONE LINE 5102173, 
RELAY 127-10 AUXILIARY RELAYS 127-OX AND 127-12X INDICATION AND ANNUNCIATORS REVERTS FROM 1/2 TO 1/1. NO EFFECT ON 5149348, ELEM 5130351, 5150876 

WITH CONSEQUENT LOSS OF REDUNDANCY IN ECCS OR RPS TRIP SIGNAL CAPABILITIES 

LOP OR LOB SIGNAL TO SEQUENCER 1 & 2 SINCE BOTH SEQUENCERS RECEIVE UNDER 
VOLTAGE SIGNALS FROM THE REDUNDANT IN 
RELAY 127-4 

601.1.5 AUX RELAY FAILS UNTRIPPED LOSS OF BUS 2C REDUNDANT UV SIGNALS TO CONTROL ROOM BUS STATUS NONE REQUIRED BUS 2C UNDER VOLTAGE DETECTION LOGIC FOR REF LOGIC 514980, ONE LINE 5102173, 

127-101 SEQUENCER I ONLY INDICATION AND ANNUNCIATORS SEQUENCER 1 REVERTS FROM 1/2 TO 1/1. NO 5149348, ELEM 5130351, 5150876 
EFFECT ON ECCS CAPABILITY SINCE 
SEQUENCER 1 RECEIVES REDUNDANT UNDER 
VOLTAGE SIGNAL FROM THE UN RELAY 127-4 
VIA AUI RELAY 127-4X 

601.1.6 AUX RELAY FAILS UNTRIPPED LOSS OF BUS 2C REDUNDANT UV SIGNALS TO CONTROL ROOM BUS STATUS NONE REQUIRED BUS 2C UNDER VOLTAGE DETECTION LOGIC FOR REF LOGIC 514980, ONE LINE 5102173, 

127-12X SEQUENCER 2 ONLY INDICATION AND ANNUNCIATORS SEQUENCER 2 REVERTS FROM 1/2 TO 1/1. NO 5149348, ELEM 5130351, 5150876 
EFFECT ON ECCS CAPABILITY SINCE 
SEQUENCER 2 RECEIVES REDUNDANT UNDER 
VOLTAGE SIGNAL FROM THE UV RELAY 127-4 
VIA AUX RELAY 127-81
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602.1 "AND' A3 FOR FAILS UNTRIPPED OR DISABLES LOSS OF POWER INFORMATION TO SEE 600.1 (FOR TRAIN I OR 2) REDUNDANT TRAIN CAN ECCS TRAIN REDUNDANCY IS REDUCED FROM EF 
SUBCHAN X OR Y NORM SIS/CSS TRAIN A OR B SUPPORT ECCS REQUIREMENTS 1/2 TO 1/1 

602.1.1 'AND' A3 LOGIC FAILS UNTRIPPED DISABLES LOSS OF POWER (LOP) INFORMATION BUS STATUS INDICATIONS IN CR, REDUNDANT TRAIN B, DIESEL TRAIN A IS UNAVAILABLE UNDER SISLOP. FOR REF LOGIC 514980 
BATE, SED I TO SEQUENCER I DUE TO ELECTRIC FAILURE DIESEL BEN 1 NON-START AND SEN 2 (SEQUENCER 2) CAN SIS ALONE, TRAIN A REMAINS FUNCTIONAL.  

OF THE "AND' GATE IN THE SEQUENCER SEQUENCER SURVEILLANCE SUPPORT ECCS ALSO DIESEL GENERATOR START UNDER LOB IS 
SUBCHANNEL X OR Y., THE 'AND' GATE INDICATIONS REQUIREMENTS. MANUAL UNAFFECTED 
COMBINES BUS IC AND BUS 2C UNDER VOLTABE START DIESEL GEN I 
SIGNALS TO GENERATE LOP SIGNAL IN EACH 
SUBCHANNEL 

602.1.2 "AND" A3 LOGIC FAILS UNTRIPPED DISABLES LOSS OF POWER (LOP) INFORMATION BUS STATUS INDICATIONS IN CR, REDUNDANT TRAIN A, DIESEL TRAIN B IS UNAVAILABLE UNDER SISLOP. FOR REF LOGIC 514980 
GATE, SEQ 2 TO SEQUENCER 2 DUE TO ELECTRIC FAILURE DIESEL SEN 2 NON-START AND GEN 1 (SEQUENCER 1) CAN SIS ALONE, TRAIN B REMAINS FUNCTIONAL.  

OF THE 'AND' GATE IN THE SEQUENCER SEQUENCER SURVEILLANCE SUPPORT ECCS ALSO DIESEL GENERATOR START UNDER LOB IS 
SUBDANNEL I OR Y. THE 'AND' GATE INDICATIONS REQUIREMENTS. MANUAL UNAFFECTED 
COMBINES BUS IC AND BUS 2C UNDER VOLTAGE START DIESEL GEN 2 
SIGNALS TO GENERATE LOP SIGNAL IN EACH 
SUBCHANNEL 

603.1 125 VDC BUS 1 LOSS OF ?OWER ALL SIS INSTRUMENTATION CHANNELS TRIP TRANS SW 1,2,3 OPERATION, LOSS MANUAL CAPABILITY TO AUTO SIS/CSS OPERATION DISABLED EF, MANUAL ACTION UNAVAILABLE UNTIL 
RESULTING IN SIS SEQUENCER 2 ACTUATION. OF ALL IND/CONT EX I25VDC BUS CONNECT DIESEL GENERATOR 10 MINUTES AFTER LOCA. EFFECTS ON 
IV RELAY ON 4160V BUS IC FAILS UNTRIPPED #2 SUPPLIED, NO SEQ TRAIN 1 TO 4160V BUS 2C AND LOAD ECCS UNACCEPTABLE. SEE RECOMMENDATICD 

DISABLING LOP INFORMATION TO SEQUENCERS OPERATION ECCS EQUIPMENT BY IN SECTION 4.2.1.1 
1 AND . LOSS OF POWER TO SEQUENCER 1. SEQUENCER 2 
SEQUENCER 2 LOADS ECCS EQUIPMENT ON DEAD 
BUSES.  

603.1.1 125 VDC BUS I LOSS OF POWER LOSS OF SEG 1 DUE TO LOSS OF POWER TRANS SW 1,2,3 OPERATION, LOSS REDUNDANT TRAIN 2, ECCS TRAIN REDUNDANCY IS REDUCED FROM REF LOGIC 514980, ONE LINE 5146828, 
SOURCE AND CONSEQUENT LOSS OF SIS TRAIN OF ALL INDICATION/CONTROL EX (SEQUENCER 2) CAN SUPPORT 1/2 TO 1/1 FOR BOTH SISOP OR LOB. SEQ 2 5102173, 5149348 
A, CSAS TRAIN A, CIS TRAIN A ACTUATION 125VDC BUS 2 SUPPLIED, NO SEG ECCS REQUIREMENTS AND REDUNDANT UI RELAYS ON BUS 2C 
THROUGH SEQ I. REDUNDANT UW RELAYS ON 1 OPER POWERED THRU I25VDC BUS 2 REMAIN 
4160 V BUS IC DE-ENERBIZE TO ACTIVATE OPERATIONAL. COMBINED BUS IC FAIL SAFE 
BUS IC UV SIGNALS TO BOTH SEG 1 & 2 IN A UV SIGNAL AND ANY BUS 2 UY SISMAL 
FAIL SAFE MANNER GENERATES LOP SINAL FOR SEQ 2 

616.1 OVERRIDE/BLOCK FAIL IN BLOCK AUTOMATIC SIS ACTUATION DISABLED CR INDICATION, NO SIS MANUAL CAPABILITY TO AUTOMATIC SIS CAPABILITY DISABLED EF, HE, MANUAL ACTION CONSIDERED SWITCH POSITION OPERATION INITIATE SIS/CSS UNAVAILABLE UNTIL 10 MINUTES AFTER 
LOCA. EFFECTS ON ECCS UNACCEPTABLE.  
SEE RECOMMENDATION IN SECTION 
4.2.1.2.  

616.1.1 CS-I SIS FAIL IN BLOCK AUTOMATIC SIS ACTUATION CAPABILITY FOR SEQUENCER STATUS AND SI FLOW MANUAL CPABILITY TO AUTOMATIC.CAPABILITY TO INITIATE SIS REF LOGIC 5149180, ELEMENTARY 63715 OVERRIDE/BLOCK POSITION TRAIN 1 IS LOST INDICATIONS IN CONTROL ROOM INITIATE SEQUENCER I TRAIN 1 IS LOST BUT TRAIN 2 REMAINS 
SEQ 1 FUNCTION FUNCTIONAL DUE TO SEPARATE BLOCK SWITCH 

AND POWER SOURCE (125 VDC BUS 2) FOR 
SEQUENCER 2. REDUNDANT SIS TRAIN B CAN 
SUPPORT SIS REQUIREMENTS 

616.1.2 (S-2 SIS FAIL IN BLOCK AUTOMATIC SIS ACTUATION CAPABILITY FOR SEQUENCER STATUS AND SI FLOW MANUAL CPABILITY TO AUTOMATIC CAPABILITY TO INITIATE SIS REF LOGIC 5149180, ELEMENTARY 63715 OVERRIDE/BLOCK POSITION TRAIN 2 IS LOST INDICATIONS IN CONTROL ROOM INITIATE SEQUENCER 2 TRAIN 2 IS LOST BUT TRAIN 1 REMAINS 
SED 2 FUNCTION FUNCTIONAL DUE TO SEPARA1E BLOCK SWITCH 

AND POWER SOURCE (125 VDC BUS 2). FOR 
SEQUENCER 1. REDUNDANT SIS TRAIN A CAN 
SUPPORT SIS REQUIREMENTS
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653.1 COMPARATOR A10 FAILS SUCH THAT PERMISSIVE RELAY Ill IS ACTIVATED. INPUT FLOW COMPARATOR PERIODIC TEST NONE ONE OF THE 0 VALVES WILL CLOSE. THE EF, EFFECT ON ECCS UNACCEPTABLE, SEE 
RELAY X11 IS FLOW NORMAL AND EQUAL SO PERMISSIVE DURING REFUELING SHUTDOWN OR REMAINING TWO VALVES WILL BE PARTIALLY RECOMMENDATION IN SECTION 4.2.1.3.  
ACTIVATED. RELAY X12 IS ACTIVATED AND PERMISSIVE VALVE INDICATORS 850 A,B,C. CLOSED. NONE OF THE VALVES CAN BE 

RELAY X13 IS ACTIVATED WHEN ALL 850 RESTORED TO rHEOPEN POSITION.  
VALVES ARE OPEN. ALL FLOW SIGNALS 
ACTIVATE VALVE SELECT RELAYS X4, X5, X6.  

653.1.1 FLOW COMPARATOR NONE. COMPARATOR NONE. SIMULTANEOUS CLOSURE (FULL OR NONE, NO FAILURE NONE REQUIRED NONE REF PAID 568769 (OLD PAID) 
REMOVED PARTIAL) OF SI HEADER VALVES MOV 850 

A,BC DUE TO SINGLE FAILURE IN FLOW 
COMPARATOR IS ELIMINATED WITH THE 
REMOVAL OF THE FLOW COMPARATOR.  

654.1 RELAY XIl CONTACT FAILS CLOSED PERMISSIVE RELAY 11l IS ACTIVATED. INPUT FLOW COMPARATOR PERIODIC TEST NONE ONE D: THE 850 VALVES WILL CLOSE. THE IF, EFFECT ON ECCS UCEPTABLE, SEE.  
FLOW NORMAL AND EQUAL 50 PERMISSIVE DURING REFUELING SHUTDOWN OR REMAINING TWO VALVES WILL BE PARTIALLY RECOMMENDATION IN SECTION 4.2.1.3.  
RELAY X12 IS ACTIVATED AND PERMISSIVE VALVE INDICATORS 850 A,B,C CLOSED. NONE OF THE VALVES CAN BE 
RELAY 113 IS ACTIVATED WHEN ALL 850 MANUALLY RESTORED TO THE OPEN POSITION.  
VALVES OPEN. ALL FLOW SIGNALS ACTIVATE 
VALVE SELECT RELAYS X4, X5, IS.  

654.1.1 FLOW COMPARATOR NONE. COMPARATOR NONE. SIMULTANEOUS CLOSURE (FULL OR NONE, NO FAILURE NONE REQUIRED NONE REF PAID 568769 (OLD) 
REMOVED PARTIAL) OF SI HEADER VALVES MOV 850 

AB,C DUE TO SINGLE FAILURE IN FLOW 
COMPARATOR IS ELIMINATED WITH THE 
REMOVAL OF THE FLOW COMPARATOR.  

655.1 RELAY 7-A,B,C SHORT TO +18 VDC PERMISSIVE RELAY Ill IS ACTIVATED. INPUT FLOW COMPARATOR PERIODIC TEST NONE ONE OF THE 5 VALVES WILL CLOSE. THE ECT CA ECS CE 
COMMON ACT BUS SUPPLY FLOW NORMAL AND EQUAL SO PERMISSIVE DURING REFUELING SHUTDOWN OR REMAINING TWO VALVES WILL BE PARTIALLY RECOMMENDATION IN SECTION 4.2.1.3.  

RELAY X12 IS ACTIVATED AND PERMISSIVE VALVE INDICATORS 850 A,B,C CLOSED. NONE OF THE VALVES CAN BE 
RELAY 113 IS ACTIVATED WHEN ALL 850 MANUALLY RESTORED TO THE OPEN POSITION.  
VALVES OPEN. ALL FLOW SIGNALS ACTIVATE 
VALVE SELECT RELAYS 14, IS, IS.  

655.1.1 FLOW COMPARATOR NONE. COMPARATOR NONE. SIMULTANEOUS CLOSURE (FLL OR - NONE, NO FAILURE NONE REQUIRED REF DAD 568769 (OLD) 
REMOVED PARTIAL) OF SI HEADER VALVES MOV 850 

A,B,C DUE TO SINGLE FAILURE IN FLOW 
COMPARATOR IS ELIMINATED WITH THE : 
REMOVAL OF THE FLOW COMPARATOR.  

656.1 COMPARATOR A3 FAILS TO LOW OR OPEN PERMISSIVE RELAY II IS ACTIVATED. INPUT FLOW COMPARATOR PERIODIC TEST NONE ONE OF THE 850 VALVES WILL CLOSE. TiE ON :CCS LNACC:~B' SF0 FLOW NORML AND EQUAL SO PERMISSIVE DURING REFUELING. SHUTDOWN OR RECOMMENDATION IN SEC70N 4.2.1.3.  
RELAY X12 IS ACTIVATED AND PERMISSIVE VALVE INDICATORS 850 A, B,C CLOSED. NONE OF THE VALVES CAN BE 
RELAY X13 IS ACTIVATED WHEN ALL 850 MANUALLY RESTORED TO ThE OPEN POSITION.  
VALVES OPEN. ALL FLOW SIGNALS ACTIVATE 
VALVE SELECT RELAYS 14, X5, IS.  

656.1.1 FLOW COMPARATOR NONE. COMPARATOR NONE..SIMULTANEOUS CLOSURE (FULL OR NONE, NO FAILURE NONE REQUIRED NONE REF PID 568769 (OLD) 
REMOVED PARTIAL) OF SI HEADER VALVES MOV 850 

A,B,C DUE TO SINGLE FAILURE IN FLOW 
COMPARATOR IS ELIMINATED WITH ThE 
REMOVAL OF THE FLOW COMPARATOR.  

657.1 COMPARATOR UNIT FAILS TO HIGH RELAYS Ill, X12, X13, K7A, KlB, K/C, X4, FLOW COMPARATOR PERIODIC. TEST NONE ONE OF THE &%VALVES WILL CLOSE. THE IF, EFFECT IN ECCS UNACCETABLE SE 
(MODULE A7 A A8) OUTPUT 15 I ARE ACTIVATED. MDV 850A A B ARE DURING REFUELING SHUTDOWN OR REMAINING TWO VALVES WILL BE PARTIALLY RECOMMENDATION IN SECTION 4.2.1.3.  COMMNDED CLOSED. VALVE INDICATORS 850 ABC CLOSED. NONE OF THE VALVES CAN BE (ONLY SINGLE LOCA CONSIDERED DUE TO 

MANUALLY RESTORED TO THE OPEN POSITION. UNIT SYMMETRY, EFFECTS FOR OTHER LEGE 
IDENTICAL)



Pane No.  

08/1087 ENINEERED SAFETY 0RES SINGLE FAILURE ANALYSIS 
SAN ON0FRE UNIT I 

REVIEW OF EMCS SINGLE FAILURE ANALYSIS 
FILE: ECCS 

ITEM NO. DEVICE ID FAILURE MODE EFFECT-LOC METHOD OF DETECTION INHERENT COMPENSATING EFFECT ON ESF FUNCTION REMARKS 
PROVISIONS 

657.1.1 FLOW COMPARATOR NONE. COMPARATOR NONE. SIMULTANEOUS CLOSURE (FULL OR NONE, NO FAILURE NONE REQUIRED NONE REF P&ID 568769 (OLD) 
REMOVED PARTIAL) OF SI HEADER VALVES MOV 850 

A,9,C DUE TO SINGLE FAILURE IN FLOW 
COMPARATOR IS ELIMINATED WITH THE 
REMOVAL OF THE FLOW COMPARATOR.  

815.1 TRANSFER SWITCH SHORT BOTH INPUTS TO THIS SHORT WOULD BE TRANSFERRED TO MCC BUS INDICATORS FOR MEC #1 & #k NONE RS AND CSS DISABLED. SIS INJECTION LINE EF, EFFECTS ON RS AND CSS 
NO. 7 BROUND 1 &#2. LOSS OF POWER TO VITAL BUS #4 AND VITAL BUS NO. 4 REDUNDANCY REDUCED FROM 1/3 TO 1/1 UNACCEPTABLE. SEE RECOMMENDATION IN 

SECTION 4.2.2.1.  
815.1.1 TRANSFER SWITCH NONE (AUTOMATIC NONE. AUTOMATIC SWITCHING FROM MCC 2 TO STATUS INDICATORS FOR MCC I & ALTERNATE AC POWER FROM LOSS OF ALTERNATE POWER SOURCE FROM MCC1 REF ONE LINE 5102166 

NO. 7 TRANSFER DISABLED) MCC 1 HAS BEEN DISABLED AND THE SWITCH 2 AND VITAL BUS 4 IN NCR. DIESEL GENERATOR 2 FOR VITAL BUS 4. HOWEVER IF 125 VDC BUS 
ALIGNED TO NEC 2 WITH ITS BREAKER 8-1238 PERIODIC INSPECTION 1 SHORTS TO GROUND SF, VITAL BUS 4 IS 
CLOSED. MCC I BREAKER 8-1181 FUSE BLOCK POWERED FROM DIESEL GENERATOR.2. NO 
HAS BEEN REMOVED. THIS PREVENTS LOSS OF EFFECT ON ESF SINCE VITAL BUS 4 SERVES 
BOTH MCC DUE TO LOAD SHORT TO.GROUND. NON-ESSENTIAL COMP. AND MCC 1,2,3 POWER 

REDUNDANT COMPS.  
825.1 TRANSFER SWITCH COMMON SHORT ON BOTH SHORT CAUSES FAULTS ON BOTH MCC #1 & #2 BREAKER INDICATORS FOR SIREN NONE RS AND CSS DISABLED. SIS INJECTION LINE EF, EFFECTS ON RS AND CSS 

EMER SIREN INPUTS AND MCC #1 & #2 REDUNDANCY REDUCED FROM 1/3 TO 1/1 UNACCEPTABLE. SEE RECOMENDATION IN 
SECTION 4.2.2.2.  

825.1. 1 TRANSFER SWITCH NONE (AUTOMATIC NONE. AUTOMATIC SWITCHING FROM MCC 1 TO STATUS INDICATORS FOR MCC I & NONE LOSS OF ALTERNATE POWER SOURCE FROM ACC REF ONE LINE 5102165 
EER SIREN TRANSFER DISABLED) MCC 2 HAS BEEN DISARBLED AND THE SWITCH 2 AND SIREN IN MCR. PERIODIC 2 FOR SIREN. ANY SHORT TO GROUND FAULT 

ALIGNED TO MCC I WITH ITS BREAKER INSPECTION IN THE SIREN SYSTEM WILL RENDER BOTH 
42-1145 CLOSED. MCC 2 BREAKER 8-1293A SIREN AND NEC 1 INOPERATIVE. NO EFFECT 
FUSE BLOCK HAS BEEN REMOVED. THIS ON ESF SINCE MCC 1,2,3 POWER REDUNDANT 
PREVENTS LOSS OF BOTH MCC DUE TO LOAD COMPONENTS 
SHORT TO GROUND.  

826.1 TRANSFER SWITCH COMMON SHORT ON BOTH SHORT CAUSES FAULTS ON BOTH MCC #1 1 #2. BREAKER INDICATORS FOR MDY/LCV NONE RS AND CSS DISABLED. SIS INJECTION LINE EF, EFFECTS ON RS AND CSS 
MOV/LCV 1100C INPUTS 110C AND MCC #1 & #2 REDUNDANCY REDUCED FROM 1/3 TO 1/1 UNACCEPTABLE. SEE RECOMMENDATION IN 

SECTION 4.2.2.4.  
826.1.1 TRANSFER SWITCH NONE (AUTOMATIC NONE. AUTOMATIC TRANSFER SWITCH HAS BEEN BREAKER INDICATORS FOR MOV AVAILABILITY OF ALTERNATE INABILITY TO ISOLATE THE VOLUME CONTROL REF ONE LINE 5102169 

MOV 1100C TRANSFER DISABLED) DISABLED. A MANUAL TRANSFER CAPABILITY 1100C AND MCC I & 2A POWER SOURCE TO CLOSE MO0 TANK FROM THE RUNNING CHARGING PUMP 
REQUIRING TWO SEPARATE OPERATOR ACTION, 1100C SUCTION IN A TIMELY MANNER FOLLOWING THE 
ACTIVATING A CONTROL SWITCH AND CLOSING LOSS OF PRIMARY POWER TO M0V 1100C. THE 
A NORMALLY RACKED-OUT FEEDER BREAKER TO RUNNING PUMP MAY BE LOST DUE TO 
THE ALTERNATE POWER SOURCE IS PROVIDED' CAVITATION, HOWEVER THE STANDBY PUMP 

SUPPORTS RECIRCULATION 
827.1 TRANSFER SWITCH COMMON SHORT ON BOTH SHORT CAUSES FAULIS ON BOTH NEC #1 & #2 BREAKER INDICATORS FOR COMM. NONE RS AND CSS DISABLED. SIS INJECTION LINE EF, EFFECTS ON RS AND CSS 

COMM PWR DIST INPUTS POWER AND MCC #1 & 12 REDUNDANCY REDUCED FROM 1/3 TO 1/1 UNACCEPTABLE. SEE RECOMMENDATION IN 
SECTION 4.2.2.3.  

827.1.1 TRANSFER SWITCH NONE (AUTOMATIC NONE. AUTOMATIC SWITCHINS FROM MCC 1 TO STATUS INDICATORS FOR MCC I & NONE LOSS OF ALTERNATE POWER SOURCE FROM MCC REF ONE LINE 5102166 
COMM PWR DIST TRANSFER DISABLED) MCC 2 HAS BEEN DISABLED AND THE SWITCH 2 AND COMMUNICATION PANEL IN 2 FOR COMM. PANEL. ANY SHORT TO GROUND 

ALIGNED TO MCC I WITH ITS BREAKER 8-1195 MCR. PERIODIC INSPECTION FAULT IN THE COMM. PANEL WILL RENDER 
CLOSED. NEC 2 BREAKER 8-1293B FUSE BLOCK BOTH COMM. PANEL AND %EC I INOPERATIVE.  
HAS BEEN REMOVED. THIS PREVENTS LOSS OF NO EFFECT ON ESF SINCE MCC 1,2,3 POWER 
BOTH NEC DUE TO LOAD SHORT TO GROUND. REDUNDANT COMPONENTS



480 V SWGR #3/MCC-3 
EVENT-SPECIFIC SINGLE FAILURE RESPONSE EVALUATION 

SAN ONOFRE NUCLEAR GENERATING STATION, UNIT 1 

As a result of the event-specific single failure response 
evaluation for the Main Feedwater Isolation function of the 
Emergency Core Cooling System (ECCS), a previously unrecognized 
potential single failure susceptibility was identified for ESF 
functions which rely on swing 480 V SWGR #3 or MCC-3 to power one 
or more redundant components. This susceptibility occurs as a 
result of the normal/SIS alignment of SWGR #3 to Train 1/125 VDC 
Bus #1, the SISLOP alignment of SWGR #3 to Train 2/125 VDC Bus 
#2, and the dependency on both 125 VDC Bus #1 (to trip the normal 
feeder breaker) and Bus #2 (to close the Train 2 bus tie breaker) 
to effect the bus transfer.  

A review of the applicable one-line, elementary and emergency 
operating condition diagrams (5148063, 5151906, 5149958) 
identified the following safety-related loads on SWGR #3 and 
MCC-3: 

REDUNDANT POST
DEVICE DESCRIPTION ACTUATION ACCIDENT LOAD 

G-12 Boric Acid Inj. Remote-man. NO 
G-15C South CCW Pump SEQ #2 YES (G-15A, B) 
MOV-22 Loop C FW Isol. SEQ #1 YES (FCV-458) 
MOV-358 Recirc to Loop C Remote-man. YES (MOV-356, 357) 
MOV-883 RWST isol to Chg. Remote-man. NO 
MOV-850C UPS backup supply ------------- NO 
MOV-1100D Recirc to Chg Pp. SEQ #2 YES (MOV-1100B) 

Of the above items which are redundant post-accident loads, 
MOV-22 has already been addressed under the MFI (ECCS) 
evaluation, and susceptibility of CCW to common-mode failure via 
SWGR #3 would only occur if G-15A or G-15B were out of service 
and G-15C had been creditted to meet the Technical Specification 
Limiting Conditions for Operation. (Such a susceptibility can be 
prevented by administrative control.) The remaining redundant 
post-accident loads are associated with the ECCS recirculation 
function.  

For the ECCS recirculation function, at least one of the 
redundant valves MOV-1100B or MOV-1100D must open to provide 
auction to a charging pump, and at least 2 of the 3 redundant 
valves MOV-356, MOV-357 and MOV-358 must open to provide adequate 
recirculation flow to the reactor core with one loop spilling.  
Because the volume control tank (ie., normal) auction path 
isolation valve MOV-1100C is also interlocked with MOV-1100B and 
MOV-1100D and is powered in association with whichever charging 
pump train has been pre-selected to start on a SIS or SISLOP, an 
evaluation which specifically considers the integrated response 
of these features to single failures was performed.



The following assumptions were made: 

1. The existing design is as follows: 

a. Train 1 components are charging pump G-8B (4160 V Bus #1C 
power, 125 VDC Bus #1 control, SEQ #1 actuation), MOV
1100B (480 V MCC-1 power and control, SEQ #1 actuation), 
MOV-356 (480 V MCC-1 power and control, remote-manual 
actuation).  

b. Train 2 components are charging pump G-8A (4160 V Bus #2C 
power, 125 VDC Bus #2 control, SEQ #2 actuation) and MOV
357 (MCC-2 power and control, remote-manual actuation).  

c. Components associated with swing 480 V MCC-3 are MOV
1100D (SEQ #2 actuation) and MOV-358 (remote-manual 
actuation). Transfer of swing 480 V SWGR #3 (and MCC-3) 
will occur on a SEQ #2 SISLOP if 125 VDC Bus #1 power is 
available to trip Train 1 feeder breaker 1303, and 125 
VDC Bus #2 power is available to close SWGR 2-3 tie 
breaker 1203. (Interlocks prevent closing the tie 
breaker until the Train 1 feeder breaker is open.) 

d. If Bus #1C is pre-selected, MOV-1100C is aligned to 
Train 1 (MCC-1 power and control) and G-8B will start/G
8A will trip on respective SEQ signals. If Bus #2C is 
pre-selected, MOV-1100C is aligned to Train 2 (MCC-2 
power and control) and G-8A will start/G-8B will trip on 
respective SEQ signals. MOV-1100C actuation occurs on 
either SEQ signal via energizing of a relay (SIX) in the 
respective MOV-1100B or MOV-1100D control circuit.  

e. MOV-1100C is interlocked to prevent closing until at 
least one of MOV-1100B or D is fully open, irrespective 
of train pre-selection.  

f. Loss of 125 VDC power will disable the associated SEQ and 
diesel generator governor, and prevent operating 4160 V 
and 480 V switchgear breakers. Loss of the 125 VDC bus 
is assumed to result in failure of the diesel generator 
even if already loaded. However, loss of control for 
480 V MCC powered valves would only occur if 480 V (or 
the 4160 V supply) power was lost.  

2. The charging pump auction transfer on low-low volume control 
tank (VCT) level and the low-low-low VCT level trip of G-8A 
are not fully qualified and are therefore not creditted post
accident. Thus, whether the valves are in AUTO or not, 
failure of VCT isolation valve MOV-1100C to shut in response 
to SIS or SISLOP conditions is assumed to result in failure 
of the pre-selected charging pump, if it can be started (i.e, 
125 VDC and 4160 VAC power available), due to cavitation/gas 
binding.  

2



3. Other than as specified in assumption 2 above, both charging 
pumps are assumed to be idle at the time of the event. This 
assumption is conservative because: 

a. It permits credit for a charging pump only if control 

power is available to close its breaker (continued 
running of a pump without control power is not 
creditted), and 

b. Undesired auto-start or failure of the de-selected pump 
to trip (if running) could only occur as a result of loss 
of its SEQ or 125 VDC control power. Failure of DC 
control power is already assumed to result in loss of the 
pump per assumption 3.a, and failure of the de-selected 
pump's SEQ could not.affect the VCT isolation valve (MOV
1100C) since it would be aligned to the opposite 
(selected) train. Thus, loss of both pumps from this 
failure could only occur if both recirculation suction 
valves (MOV-110OB and D) failed to open. Since these 
valves are actuated from opposite SEQa, common failure 
could only occur if they were subject to a loss of common 
AC electrical power. And, since the failure is a SEQ 
(and not a 4160 V bus), such a loss of power could only 
occur (as a result of failure to start a diesel 
generator) during a SISLOP. However, since 125 VDC 
control power would not be affected,.the SWGR #3 powered 
valve (MOV-1100D) would either remain energized from 
Train 1 (failure to transfer the bus due to loss of SEQ 
#2) or would become energized from Train 2 (SEQ #2 
initiated bus transfer). As neither of these cases 
results in loss of power to both MOV-1100B and D, such a 
loss of suction can not occur due to loss of a SEQ, and 
the identity of the running charging pump need not be 
considered in this single failure response evaluation.  

4. Consequences of an event/single failure combination are 
considered acceptable if at least one auction valve (MOV
1100B or D), one charging pump (G-8B or A) and two cold leg 
recirculation valves (MOV-356, 357 and 358) remain available 
and can be operated from the control room.
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480 V SWGR #3/MCC-3 

EVENT-SPECIFIC SINGLE FAILURE RESPONSE EVALUATION 
SAN ONOFRE NUCLEAR GENERATING STATION, UNIT 1 

EVENT: LOSS OF COOLANT ACCIDENT 
NO LOSS OF OFFSITE POWER 

SINGLE FAILURE TIMING: PRIOR TO SAFETY SIGNAL 
PREFERRED CHARGING ALIGNMENT: TRAIN 1 (B-8B) 

EFFECT ON 
-RECIRCULATION---

TRAIN I TRAIN 2 SWR 3 
SINGLE FAILURE POWER/DC CONTROL POWER/DC CONTROL ALIMENT/PWR/CNTRL MOV-1100B/CID PUMP 68B/PUMP GA MO-356/-357/-358 NET EFFECT 

SEQ #1 Power available Power available Train 1 FAILS (SIGNAL) Available Available 2 pumps available to 
DC available DC available Power available Shuts normally Available Available 3 cold legs 

DC available Opens normally Available 

SEG #2 Power available Power available Train 1 Opens normally Starts normally Available 2.pumps available to 
DC available DC available Power available Shuts normally Available Available 3 cold legs 

DC available FAILS (SIGNAL) Available 

DC BUS #1 Power available Power available Train 1 FAILS (SIGNAL) FAILS (CONTROL) Available 1 pump available to 
DC FAILS DC available Power available Shuts normally Available Available 3 cold legs 

DC FAILS Opens normally Available 

DC BUS #2 Power available Power available Train 1 Opens normally Starts normally Available 1 pump available to 
DC available DC FAILS Power available Shuts normally FAILS (CONTROL) Available 3 cold legs 

DC available FAILS (SIGNAL) Available 

4kV BUS IC POWER FAILS Power available Train 1 FAILS (POWER) FAILS (POWER) FAILS (POWER) C/R action required 
DC available DC available POWER FAILS FAILS (POWER) Available Available to realign SWR 3 

DC available FAILS (POWER) FAILS (POWER) 

4kV BUS 2C Power available POWER FAILS Train 1 Opens normally Starts normally Available 1 pump available to 
DC available DC available Power available Shuts normally FAILS (POWER) FAILS (POWER) 2 cold legs 

DC available Opens normally Available
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480 V SWGR 83/MCC-3 

EVENT-SPECIFIC SINGLE FAILURE RESPONSE EVALUATION 
SAN ONOFRE NUCLEAR GENERATING STATION, UNIT 1 

EVENT: LOSS OF COOLANT ACCIDENT 
NO LOSS OF OFFSITE POWER 

SINGLE FAILURE TIMING: PRIOR TO SAFETY SIGNAL 
PREFERRED CHARGING ALIGMENT: TRAIN 2 (G-8A) 

EFFECT ON 
{ . -RECIRCULATION---

TRAIN I TRAIN 2 SWGR 3 
SINGLE FAILURE POWER/DC CONTROL POWER/DC CONTROL ALIGNMENT/PWR/CNTRL MOV-1100B/C/D PUMP 688/PUMP GBA MOV-356/-357/-358 NET EFFECT 

SEQ #1 Power available Power available Train 1 FAILS (SIGNAL) Available Available 2 pumps available to 
DC available DC available Power available Shuts normally Starts normally Available 3 cold legs 

DC available Opens normally Available 

SEG #2 Power available Power available Train I Opens normally Available Available 2 pumps available to 
DC available DC available Power available Shuts normally Available Available 3 cold legs 

DC available FAILS (SIGNAL) Available 

DC BUS #1 Power available Power available Train 1 FAILS (SIGNAL) FAILS (CONTROL) Available 1 pump available to 
DC FAILS DC available Power available Shuts normally Starts normally Available 3 cold legs 

DC FAILS Opens normally Available 

DC BUS #2 Power available Power available Train 1 Opens normally Available Available 1 pump available to 
DC available DC FAILS Power available Shuts normally FAILS (CONTROL) Available 3 cold legs 

DC available FAILS (SINAL) Available 

4kV Bus 1C POWER FAILS Power available Train 1 FAILS (POWER) FAILS (POWER) FAILS (POWER) LOSS OF RECIRC 
DC available DC available POWER FAILS FAILS (INTERLOCK) FAILS (CAVITATION) Available (PUMPS) 

DC available FAILS (POWER) FAILS (POWER) 

4kV BUS 2C Power available POWER FAILS Train 1 Opens normally Available Available 1 pump available to 
DC available DC available Power available FAILS (POWER) FAILS (POWER) FAILS (POWER) 2 cold legs 

DC available Opens normally Available



480 V SWGR 83/MCC-3 
EVENT-SPECIFIC SINGLE FAILURE RESPONSE EVALUATION 

SAN ONOFRE NUCLEAR GENERATING STATION, UNIT 1 

EVENT: LOSS OF COOLANT ACCIDENT 
NO LOSS OF OFFSITE POWER 

SINGLE FAILURE TIMING: AFTER SAFETY SIGNAL, BEFORE RECIRCULATION 
PREFERRED CHARGING ALIGNMENT: TRAIN 1 (6-88) 

EFFECT ON 
{ ----- -RECIRCULATION---

TRAIN I TRAIN 2 SWBR 3 
SINGLE FAILURE POWER/DC CONTROL POWER/DC CONTROL ALIGNMENT/PWR/CNTRL NOV-1100BIC/D PUMP B8B/PLP GBA NOV-356/-357/-358 NET EFFECT 

SED #1 Power available Power available Train 1 Opens normally Starts normally Available 2 pumps available to 
DC available DC available Power available Shuts normally Available Available 3 cold legs 

DC available Opens normally Available 

SEQ #2 Power available Power available Train 1 Opens normally Starts normally Available 2 pumps available to 
DC available DC available Power available Shuts normally Available Available 3 cold legs 

DC available Opens normally Available 

DC BUS #1 Power available Power available Train 1 Opens normally Starts normally Available 2 pumps available to 
DC FAILS DC available Power available Shuts normally Available Available 3 cold legs 

DC FAILS Opens normally Available 

DC BUS #2 Power available Power available Train 1 Opens normally Starts normally Available 1 pump available to 
DC available DC FAILS Power available Shuts normally FAILS (CONTROL) Available 3 cold legs 

DC available Opens normally Available 

4kV BUS IC POWER FAILS Power available Train 1 Opens normally FAILS (POWER) FAILS (POWER) C/R action required 
DC available DC available POWER FAILS Shuts normally Available Available to realign SWGR 3 

DC available Opens normally FAILS (POWER) 

4kV BUS 2C Power available POWER FAILS Train 1 Opens normally Starts normally Available 1 pump available to 
DC available DC available Power available Shuts normally FAILS (POWER) FAILS (POWER) 2 cold legs 

DC available Opens normally Available



0 0@ 
480 V SWGR 83/MCC-3 

EVENT-SPECIFIC SINGLE FAILURE RESPONSE EVALUATION 
SAN ONOFRE NUCLEAR GENERATING STATION, UNIT 1 

EVENT: LOSS OF COOLANT ACCIDENT 
NO LOSS OF OFFSITE POWER 

SINGLE FAILURE TIMING: AFTER SAFETY SIGNAL, BEFORE RECIRCULATION 
PREFERRED CHARGING ALIGNENT: TRAIN 2 (6-4A) 

EFFECT ON 
S---RECIRCULATION---

TRAIN 1 TRAIN 2 SWGR 3 
SINGLE FAILURE POWER/DC CONTROL POWER/DC CONTROL ALIGNMENT/PWR/CNTRL MOV-1100B/C/D PUMP 68B/PUMP BSA MOV-356/-357/-358 NET EFFECT 

SED #1 Power available Power available Train 1 Opens normally Available Available 2 pumps available to 
DC available DC available Power available Shuts normally Starts normally Available 3 cold legs 

DC available Opens normally Available 

SEQ #2 Power available Power available Train 1 Opens normally Available Available 2 pumps available to 
DC available DC available Power available Shuts normally Starts normally Available 3 cold legs 

DC available Opens normally Available 

DC BUS #1 Power available Power available Train 1 Opens normally FAILS (CONTROL) Available 1 pump available to 
DC FAILS DC available Power available Shuts normally Starts normally Available 3 cold legs 

DC FAILS Opens normally Available 

DC BUS #2 Power available Power available Train 1 Opens normally Available Available 2 pumos available to 
DC available DC FAILS Power available Shuts normally Starts normally Available 3 cold leos 

DC available Opens normally Available 

4kV BUS 1C POWER FAILS Power available Train 1 Opens normally FAILS (POWER) FAILS (POWER) C/R action required 
DC available DC available POWER FAILS Shuts normally Starts normally Available to realign SWBR 3 

DC available Opens normally FAILS (POWER) 

4kV BUS 2C Power available POWER FAILS Train 1 Opens normally Available Available I pump available to 
DC available DC available Power available Shuts normally FAILS (POWER) FAILS (POWER) 2 cold legs 

DC available Opens normally Available



0@ 
480 V SWGR #3/MCC-3 

EVENT-SPECIFIC SINGLE FAILURE RESPONSE EVALUATION 
SAN ONOFRE NUCLEAR GENERATING STATION, UNIT 1 

EVENT: LOSS OF COOLANT ACCIDENT 
WITH LOSS OF OFFSITE POWER 

SINGLE FAILURE TIMING: PRIOR TO SAFETY SIGNAL 
PREFERRED CHARGING ALIGNMENT: TRAIN 1 (6-8B) 

EFFECT ON 
{ ------- -RECIRCULATION---

TRAIN I TRAIN 2 SWGR 3 
SINGLE FAILURE POWER/DC CONTROL POWER/DC CONTROL ALIGNMENT/PWR/CNTRL MOV-1100B/C/D PUMP GBB/PUMP GBA MOV-356/-357/-358 NET EFFECT 

SEQ #1 POWER FAILS Power available Train 2 FAILS (POWER) FAILS (POWER) FAILS (POWER) 1 pump available to 
DC available DC available Power available FAILS (POWER) Available Available 2 cold legs 

DC available Opens normally Available 

SEQ #2 Power available POWER FAILS Train 1 Opens normally Starts normally Available 1 pump available to 
DC available DC available Power available Shuts normally FAILS (POWER) FAILS (POWER) 2 cold legs 

DC available FAILS (SIGNAL) Available 

DC BUS #1 POWER FAILS Power available Train 1 FAILS (POWER) FAILS (POWER) FAILS (POWER) LOSS OF RECIRC 
DC FAILS DC available POWER FAILS FAILS (POWER) Available Available (VALVES) 

DC FAILS FAILS (POWER) FAILS (POWER) 

DC BUS #2 Power available POWER FAILS Train 1 Opens normally Starts normally Available 1 pump available to 
DC available DC FAILS Power available Shuts normally FAILS (POWER) FAILS (POWER) 2 cold legs 

DC available FAILS (SIGNAL) Available 

4kV BUS IC POWER FAILS Power available Train 2 FAILS (POWER) FAILS (POWER) FAILS (POWER) 1 pump available to 
DC available DC available Power available FAILS (POWER) Available Available 2 cold legs 

DC available Opens normally Available 

4kV BUS 2C Power available POWER FAILS Train 2 Opens normally Starts normally Available C/R action required 
DC available DC available POWER FAILS Shuts normally FAILS (POWER) FAILS (POWER) to realign SNGR 3 

DC available FAILS (POWER) FAILS (POWER)



480 V SWGR 83/MCC-3 
EVENT-SPECIFIC SINGLE FAILURE RESPONSE EVALUATION 

SAN ONOFRE NUCLEAR GENERATING STATION, UNIT 1 

EVENT: LOSS OF COOLANT ACCIDENT 
WITH LOSS OF OFFSITE POWER 

SINGLE FAILURE TIMING: PRIOR TO SAFETY SIGNAL 
PREFERRED CHARGING ALIGNIENT: TRAIN 2 (B-BA) 

EFFECT ON 
-- -RECIRCULATION-

TRAIN I TRAIN 2 SWGR 3 
SINGLE FAILURE POWER/DC CONTROL POWER/DC CONTROL ALIBNMENT/PWR/CNTRL MOV-1100B/C/D PUMP 688/PUMP 68A MOV-356/-357/-358 NET EFFECT 

SEQ #1 POWER FAILS Power available Train 2 FAILS (POWER) FAILS (POWER) FAILS (POWER) 1 pump available to 
DC available DC available Power available Shuts normally Starts normally Available 2 cold legs 

DC available Opens normally Available 

SEG #2 Power available POWER FAILS Train 1 Opens normally Available Available 1 pump available to 
DC available DC available Power available FAILS (POWER) FAILS (POWER) FAILS (POWER) 2 cold legs 

DC available FAILS (SIGNAL) Available 

DC BUS #1 POWER FAILS Power available Train 1 FAILS (POWER) FAILS (POWER) FAILS (POWER) LOSS OF RECIRC 
DC FAILS DC available POWER FAILS FAILS (INTERLOCK) FAILS (CAVITATION) Available (PUMPS,VALVES) 

DC FAILS FAILS (POWER) FAILS (POWER) 

DC BUS #2 Power available POWER FAILS Train.1 Opens normally Available Available 1 pump available to 
DC available DC FAILS Power available FAILS (POWER) FAILS (POWER) FAILS (POWER) 2 cold legs 

DC available FAILS (SIGNAL) Available 

4kV BUS IC POWER FAILS Power available Train 2 FAILS (POWER) FAILS (POWER) FAILS (POWER) 1 pump available to 
DC available DC available Power available Opens normally Starts normally Available 2 cold legs 

DC available Shuts normally Available 

4kV BUS 2C Power available POWER FAILS Train 2 Opens normally Available Available C/R action required 
DC available DC available POWER FAILS FAILS (POWER) FAILS (POWER) FAILS (POWER) to realign SWGR 3 

DC available FAILS (POWER) FAILS (POWER)



0 00 
480 V SWGR 83/MCC-3 

EVENT-SPECIFIC SINGLE FAILURE RESPONSE EVALUATION 
SAN ONOFRE NUCLEAR GENERATING STATION, UNIT 1 

EVENT: LOSS OF COOLANT ACCIDENT 
WITH LOSS OF OFFSITE POWER 

SINGLE FAILURE TIMING: AFTER SAFETY SIGNAL, BEFORE RECIRCULATION 
PREFERRED CHARGING ALIGNMENT: TRAIN 1 (6-B) 

EFFECT ON 
-RECIRCULATION--

TRAIN I TRAIN 2 SWGR 3 
SINGLE FAILURE POWER/DC CONTROL POWER/DC CONTROL ALIGNMENT/PWR/CNTRL MOV-1100B/C/D PUMP 68B/PUMP 68A MO-356/-357/-358 NET EFFECT 

SEQ #1 Power available Power available Train 2 Opens normally Starts normally Available 2 pumps available to 
DC available DC available Power available Shuts normally Available Available 3 cold legs 

DC available Opens normally Available 

SEQ #2 Power available Power available Train 2 Opens normally Starts normally Available 2 pumps available to 
DC available DC available Power available Shuts normally Available Available 3 cold legs 

DC available Opens normally Available 

DC BUS #1 POWER FAILS Power available Train 2 Opens normally FAILS (POWER) FAILS (POWER) 1 pump available to 
DC FAILS DC available Power available Shuts normally Available Available 2 cold legs 

DC available Opens normally Available 

DC BUS 82 Power available POWER FAILS Train 2 Opens normally Starts normally Available LOSS OF RECIRC 
DC available DC FAILS POWER FAILS Shuts normally FAILS (POWER) FAILS (POWER) (VALVES) 

DC FAILS Opens normally FAILS (POWER) 

4kV BUS IC POWER FAILS Power available Train 2 Opens normally FAILS (POWER) FAILS (POWER) 1 pump available to 
DC available DC available Power available Shuts normally Available Available 2 cold legs 

DC available Opens normally Available 

4kV BUS 2C Power available POWER FAILS Train 2 Opens normally Starts normally Available C/R action required 
DC available DC available POWER FAILS Shuts normally FAILS (POWER) FAILS (POWER) to realign SWGR 3 

DC available Opens normally FAILS (POWER)



06.  
480 V SWGR 43/MCC-3 

EVENT-SPECIFIC SINGLE FAILURE RESPONSE EVALUATION 
SAN ONOFRE NUCLEAR GENERATING STATION, UNIT 1 

EVENT: LOSS OF COOLANT ACCIDENT 
WITH LOSS OF OFFSITE POWER 

SINGLE FAILURE TIMING: AFTER SAFETY SIGNAL, BEFORE RECIRCULATION 
PREFERRED CHARGING ALIGMENT: TRAIN 2 (G-8A) 

EFFECT ON 
-RECIRCULATION

TRAIN I TRAIN 2 SW8R 3 
SINGLE FAILURE POWER/DC CONTROL POWER/DC CONTROL ALIGNMENT/PWR/CNTRL MOV-1100B/C/D PUMP GBB/PUMP 68A MOV-356/-357/-358 NET EFFECT 

SED #1 Power available Power available Train 2 Opens normally Available Available 2 pumps available to 
DC available DC available Power available Shuts normally starts normally Available 3 cold legs 

DC available Opens normally Available 

SED #2 Power available Power available Train 2 Opens normally Available Available 2 pumps available to 
DC available DC available Power available Shuts normally Starts normally Available 3 cold legs 

DC available Opens normally Available 

DC BUS #1 POWER FAILS Power available Train 2 Opens normally FAILS (POWER) FAILS (POWER) 1 pump available to 
DC FAILS DC available Power available Shuts normally Starts normally Available 2 cold legs 

DC available Opens normally Available 

DC BUS #2 Power available POWER FAILS Train 2 Opens normally Available Available LOSS OF RECIRC 
DC available DC FAILS POWER FAILS Shuts normally FAILS (POWER) FAILS (POWER) (VALVES) 

DC FAILS Opens normally FAILS (POWER) 

4kV BUS IC POWER FAILS Power available Train 2 Opens normally FAILS (POWER) FAILS (POWER) 1 pump available to 
DC available DC available Power available Shuts normally Starts normally Available 2 cold legs 

DC available Opens normally Available 

4kV BUS 2C Power available POWER FAILS Train 2 Opens normally Available Available C/R action required 
DC available DC available POWER FAILS Shuts normally FAILS (POWER) FAILS (POWER) to realign SWBR 3 

DC available Opens normally FAILS (POWER)



SWING 480 V SWGR #3/MCC-3 REALIGNMENT 
EVENT-SPECIFIC SINGLE FAILURE RESPONSE EVALUATION 

SAN ONOFRE NUCLEAR GENERATING STATION, UNIT 1 

In Revision 0 of this evaluation, a previously unrecognized 
potential single failure susceptibility was identified for ESF 
functions which rely on swing 480 V SWGR #3 or MCC-3 to power one 
or more redundant components. This susceptibility occurred as a 
result of the normal/SIS alignment of SWGR #3 to Train 1/125 VDC 
Bus #1, the SISLOP alignment of SWGR #3 to Train 2/125 VDC Bus 
#2, and the dependency on both 125 VDC Bus #1 (to trip the normal 
feeder breaker) and Bus #2 (to close the Train 2 bus tie breaker) 
to effect the bus transfer.  

Subsequently, PFCs 1-88-039, 1-88-5113.02 and 1-88-5113.04 
eliminated the SISLOP realignment of SWGR #3 and provided a 
SIS/SISLOP trip of SWGR #3 (Station Service Transformer 3) normal 
feeder breaker 152-11C11. Additionally, a SIS/SISLOP trip of 
SWGR #1 - #3 tie breaker 52-1103 from Sequencer #1, and SWGR #2 
#3 tie breaker 52-1203 from Sequencer #2 was added, to permit 
normal operation with SWGR #3 powered from SST #3 (as previously) 
or via the bus tie breakers from SWGR #1 or #2. Further 
modifications in PFCs 1-88-3501.00 and 1-88-3501.03 reassigned 
those redundant post-accident loads which would be required 
before operator action could be creditted outside the control 
room, including the Charging System recirculation realignment 
valves.  

A review of the applicable one-line, elementary and emergency 
operating condition diagrams (drawings 5148063, 5151906, 5149958) 
following implementation of the above identified modifications 
identified the following safety-related loads remaining on SWGR 
#3 and MCC-3: 

REDUNDANT POST
DEVICE DESCRIPTION ACTUATION ACCIDENT LOAD 

G-12 Boric Acid In. Remote-man. NO 
G-15C South CCW Pump SEQ #2 * NO * 
MOV-883 RWST isol to Chg. Remote-man. YES (CRS-301) 
UPS Battery charger for -------------- YES (MOV-850A,-850B, 

MOV-850C/358 UPS -356, -357) 

* The susceptibilities of CCW to common-mode failure via SWGR #3 
identified in Revision 0 of this evaluation could only occur if 
G-15A or G-15B were out of service and G-15C had been creditted 
to meet the Technical Specification Limiting Conditions for 
Operation. This has been precluded by administratativly prohi
biting credit for G-15C under the Technical Specifications. As 
such, it is no longer a redundant post-accident load.  

1



The redundant post-accident loads which remain on SWGR #3 and 
MCC-3 (MOV-883 and the MOV-850C/MOV-358 UPS battery charger) are 
required for the post-LOCA ECCS recirculation function, in the 
time-frame for which manual action outside the control room can 
be creditted. Consequently, in Revision 2 of this evaluation, 
the evaluation of Charging System recirculation short-term 
realignment will be moved to a separate Part (Part 4),.and this 
Part (Part 3) will evaluate the automatic trip and subsequent 
long-term operator actions to re-energize SWGR #3 and MCC-3 for 
the above identified redundant post-accident loads.  

The following assumptions are applicable to this evaluation: 

1. The electrical system control power and safeguards sequencer 
assignments are as shown per the attached sketch. Control 
power for SWGR #3 breakers (including 52-1303) is switched by 
a contactor controlled by the position of the SWGR #2 - #3 tie 
breaker, 52-1203 (or manually) as per elementary diagram 
5151906.  

2. Breakers 52-1103, 52-1203 and 52-1303 are interlocked as per 
the applicable elementary diagrams (455430, 455431 and 455429, 
respectively) so that closure of any one of these three break
ers requires the other two to be open or racked out (ie, 
transfer must be by drop-and-pickup). Thus, spurious closure 
of breakers will not be considered. (Spurious opening of 
breakers is bounded by failure of the breaker in the open 
position after the safety signal.) 

3. The status of each bus tie and feeder breaker following the 
single failure will be evaluated as: 

a. AVAILABLE if the respective source of DC control power 
remains available and the breaker can be opened and closed 
from the control room without local manual action (eg. to 
clear the interlock).  

b. INTERLOCKED if the breaker is open and the respective 
source of DC control power remains available, but the 
breaker can be closed from the control room only after 
local manual action to clear the interlock (ie, by tripping 
or racking open the other 480 V breaker which remains 
closed).  

c. UNAVAILABLE if the breaker is open and the respective 
source of DC control power is unavailable for reclosing and 
fault protection.  

d. LOCAL ONLY if the breaker is closed and the respective 
source of DC control power is unavailable, so that the 
breaker can only be opened (eg. to clear the interlock) by 
manually tripping it locally at the respective switchgear.



e. RACK-OUT ONLY if the breaker itself is failed in the closed 
position so that the circuit can only be opened (eg. to 
clear the interlock) by de-energizing the bus and racking 
out the breaker at the respective switchgear.  

f. FAILED if the breaker itself is failed in the open posi
tion.  

4. Loss of DC control power following failure of the respective 
Train's 480 V bus is not explicitly considered, because: 

a. Such a failure could not occur until after battery 
discharge (ie, at least 90 minutes).  

b. The affected breakers could still be tripped or racked open 
locally to permit realignment of SWGR #3 to the other 
Train's 480 V bus.  

5. A Train/Bus is considered to be: 

a. AVAILABLE to SWGR 3 if it remains energized/energizable and 
can be aligned to power SWGR 3.  

b. UNAVAILABLE to SWGR 3 if it remains energized/energizable 
but cannot be aligned to power SWGR 3.  

c. FAILED (OVLD) due to bus undervoltage and/or diesel 
generator overload, if SWGR #3 remains connected to that 
Train during SIS/SISLOP loading (ie, with the respective 
SEQ and DC Bus available).  

d. FAILED (DG) due to Diesel Generator failure, if the DC bus for 
that Train fails at any time during a SISLOP condition.  
(Credit is taken for manual Diesel Generator start in the 
event of SEQ failure.) 

6. The consequences of an event/single failure combination will 
be considered acceptable if at least one Train remains 
energized/energizable and 2 of the 3 480 V busses (Train A 
SWGR #1, Train B - SWGR #2, Swing SWGR #3) remain available, 
with credit for operator action in the control room and 
locally at the switchgear, as needed.  

7. Events other than LOCA (with and without loss of off-site 
power) are not evaluated for SWGR #3 and MCC-3, since the only SWGR #3 and MCC-3 powered post-accident load creditted for a non-LOCA event is MOV-883, which can be closed manually for 
long-term steam generator recirculation following a MSLB or 
FWLB-D* event in containment. (MOV-850C is not creditted as a Safety Injection path in the transient analyses for MSLB 
outside containment, and MOV-358 is not required except for 
post-LOCA recirculation.) 

*FWLB-D is defined in Part 1 of this document.
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SWING 480 V SW6R 83/MCC-3 REALIGMENT 
EVENT-SPECIFIC SINGLE FAILURE RESPONSE EVALUATION 

SAN ONOFRE NUCLEAR GENERATING STATION, UNIT I 

EVENT: LOSS OF COOLANT ACCIDENT 
NO LOSS OF OFFSITE POWER 

SINGLE FAILURE TIMING: PRIOR TO SAFETY SIGNAL 
INITIAL SMSR #3 ALIGNMENT: S6R #1 (BAKR 52-1103) 

( ----- EFFECTS ON-----} 
BRKR 2-1103 BRKR 52-1203 BRKR 52-1303 BRKR 152-IIC11 TRAIN A TRAIN B 

SINGLE FAILURE POSITIONIDC/STATUS POSITION/DC/STATUS POSITION/DC/STATUS POSITION/DC/STATUS SW6R #l/SST 83/DC SWGR 82 / DC NET EFFECT 

SED #1 CLOSED Open Open Open Available Available 2 trains energized 
DC available DC available DC (I) available DC available Available DC available Swgr 3 available to 
Available Available Available Available DC available 2 trains from C/R 

SE9 #2 Open Open Open Open Available Available 2 trains energized 
DC available DC available DC (41) available DC available Available DC available SWBR 3 available to 
Available Available Available Available DC available 2 trains from C/R 

DC BUS #1 CLOSED Open Open Open Available Available 2 trains energized 
DC FAILED DC available DC (#I) FAILED DC FAILED UNAVAILABLE DC available SWBR 3 available to 
LOCAL ONLY INTERLOCKED UNAVAILABLE UNAVAILABLE DC FAILED Train A from C/R 

Train B w/LOCAL TRIP 

DC BUS #2 Open Open Open Open Available UNVAILABLE 2 trains energized 
DC available DC FAILED DC (1) available, DC available Available DC FAILED SW6R 3 available to 
Available UNAVAILABLE Available Available DC available Train A from C/R 

BRKR 1103 CLOSED Open Open Open FAILED (0VLD) Available Train B energized 
DC available DC available DC (#1) available DC available FAILED DC available SWBR 3 available to 
RACK-OUT ONLY INTERLOCKED INTERLOCKED Available DC available Train B w/RACK-OUT 

BRKR 1203 Open Open Open Open Available UNAVAILABLE 2 trains energized 
DC available DC available DC (#I) available DC available Available DC available S"6R 3 available to 
Available FAILED Available Available DC available Train A from C/R 

BRKR 1303 Open Open Open Open Available Available 2 trains energized 
DC available DC available DC (1) available DC available UNAVAILABLE DC available SWBR 3 available to 
Available Available FAILED Available DC Available 2 trains from C/R 

BRKR 1I1Cl Open Open Open Open Available Available 2 trains energized 
DC available DC available DC (#I) available DC available UNAVAILABLE DC available SWBR 3 available to 
Available Available Available FAILED DC available 2 trains from C/R



SWING 480 BR 83/MCC-3 REALIBNMENT 
EVENT-SPECIFIC SINGLE FAILURE RESPONSE EVALUATION 

SAN ON0FRE NUCLEAR GENERATING STATION, UNIT 1 

EVENT: LOSS OF COOLANT ACCIDENT 
NO LOSS OF OFFSITE POWER 

SINGLE FAILURE TIMINB: PRIOR TO SAFETY SIGNAL 
INITIAL SWGR #3 ALIGNMENT: SWGR #2 (BRKR 52-1203) 

---- EFFECTS ON-- -

BRKR 52-1103 BRKR 52-1203 BRKR 52-1303 BRKR 152-1ICI TRAIN A TRAIN B 
SINGLE FAILURE POSITION/DC/STATUS POSITION/DC/STATUS POSITION/DC/STATUS POSITION/DC/STATUS SWBR #1/SST #3/DC SWBR #2 / DC NET EFFECT 

SED #1 Opern Open Open Open Available Available 2 trains energized 
DC available DC available DC (#1) available DC available Available DC available SBR 3 available to 

Available Available Available Available DC available 2 trains from C/R 

SEO #2 Open CLOSED Open Open Available Available 2 trains energized 
DC available DC available DC (12) available DC available Available DC available SWBR 3 available to 
Available Available Available Available DC available 2 trains from C/R 

DC BUS #1 Open Open Open Open UNAVAILABLE Available 2 trains energized 
DC FAILED DC available DC (#1) FAILED DC FAILED UNAVAILABLE DC available SMBR 3 available to 

UNAVAILABLE Available UNAVAILABLE UNAVAILABLE DC FAILED Train 8 from C/R 

DC BUS #2 Open CLOSED Open Open Available Available 2 trains energized 
DC available DC FAILED DC (42) FAILED DC available Available DC FAILED SWBR 3 available to 

INTERLOCKED LOCAL ONLY INTERLOCKED Available DC available Train A w/LOCAL TRIP 
Train B from C/R 

BRKR 1103 Open Open Open Open UNAVAILABLE Available 2 trains energized 
DC available DC available DC (#I) available DC available Available DC available SWBR 3 available to 

FAILED Available Available Available DC available 2 trains from C/R 

BRKR 1203 Open CLOSED Open Open Available FAILED (OVLD) Train A energized 

DC available DC available DC (02) available DC available Available DC available SWBR 3 available to 

INTERLOCKED RACK-OUT ONLY INTERLOCKED INTERLOCKED DC available Train A wlRACK-OUT 

BRKR 1303 Open Open Open Open Available Available 2 trains energized 
DC available DC available DC (1) available DC available UNAVAILABLE DC available SWBR 3 available to 

Available Available FAILED Available DC available 2 trains from C/R 

BRKR 11C11 Open Open Open Open Available Available 2 trains energized 
DC available DC available DC (11) available DC available UNAVAILABLE DC available SMR 3 available to 

available Available Available FAILED DC available 2 trains from C/R



SWING R #3/MCC-3 REALIGNMENT 
EVENT-SPECIFIC FAILURE RESPONSE EVALUATION 

SAN ONOFRE NUCLEAR GENERATING STATION, UNIT 1 

EVENT: LOSS OF COOLANT ACCIDENT 
NO LOSS OF OFFSITE POWER 

SINGLE FAILURE TIMINB: PRIOR TO SAFETY SIGNAL 
INITIAL SW6R #3 ALIGNMENT: SST #3 (BUS #1C, BRKRS 152-11C11, 52-1303) 

{ - ---- EFFECTS ON-- -) 

BRKR 52-1103 BRKR 52-1203 BRKR 52-1303 BRKR 152-IICI TRAIN A TRAIN B 
SINGLE FAILURE POSITION/DC/STATUS POSITION/DC/STATUS POSITION/DC/STATUS POSITION/DC/STATUS SWGR 1/SST 83/DC SWGR #2 / DC NET EFFECT 

SEQ #1 Open Open CLOSED CLOSED Available Available 2 trains energized 
DC available DC available DC (#1) available DC available Available DC available SW6R 3 available to 
Available Available Available Available DC available 2 trains from C/R 

SEO #2 Open Open CLOSED Open Available Available 2 trains energized 
DC available DC available DC (01) available DC available Available DC available SWBR 3 available to 
Available Available Available Available DC available 2 trains from C/R 

DC BUS #1 Open Open CLOSED CLOSED UNAVAILABLE Available 2 trains energized 
DC FAILED DC available DC (01) FAILED DC FAILED available DC available SW6R 3 available to 
UNAVAILABLE INTERLOCKED LOCAL ONLY LOCAL ONLY DC FAILED Train A from C/R 

Train B u/LOCAL TRIP 

DC BUS #2 Open Open CLOSED Open Available UNAVAILABLE 2 trains energized 
DC available DC FAILED DC (01) available DC available Available DC FAILED SUBR 3 available to 
Available UNAVAILABLE Available Available DC available Train A from C/R 

BRKR 1103 Open Open CLOSED Open UNAVAILABLE Available 2 trains energized 
DC available DC available DC (#1) available DC available Available DC available SWBR 3 available to 
FAILED Available Available Available DC available 2 trains from C/R 

BRKR 1203 Open Open CLOSED Open Available UNAVAILABLE 2 trains energized 
DC available DC available DC (01) available DC available Available DC available SW6R 3 available to 
Available FAILED Available Available DC available Train A from C/R 

BRKR 1303 Open Open CLOSED Open Available Available 2 trains energized 
DC available DC available DC (#1) available DC available Available DC available SUBR 3 available to 
INTERLOCKED INTERLOCKED RACK-OUT ONLY Available DC available Train A from C/R 

Train B u/RACK-OUT 

BRKR 11CH Open Open CLOSED CLOSED FAILED (OVLD) Available Train B energized 
DC available DC available DC (01) available DC available FAILED DC available SWBR 3 available to 
ava~iah. uailvahp available RACK-T ONLY DC available Train B from C/R



SWING 480R 83/MCC-3 REALIGNMENT 
EVENT-SPECIFIC SINGLE FAILURE RESPONSE EVALUATION 

SAN ONOFRE NUCLEAR GENERATING STATION, UNIT 1 

EVENT: LOSS OF COOLANT ACCIDENT 
NO LOSS OF OFFSITE POWER 

SINGLE FAILURE TIMING: AFTER SAFETY SIGNAL, BEFORE RECIRCULATION 
INITIAL SWGR 13 ALIGNMENT: SWGR #1 (BRKR 52-1103) 

--- - -- --- EFFECTS ON--- - --- 

BRKR 52-1103 BRKR 52-1203 BRKR 52-1303 BRKR 152-ICII TRAIN A TRAIN B 
SINGLE FAILURE POSITION/DC/STATUS POSITION/DC/STATUS POSITION/DC/STATUS POSITION/DC/STATUS SWR #1/SST 83/DC SWGR 12 / DC NET EFFECT 

SED #1 Open Open Open Open Available Available 2 trains energized 
DC available DC available DC (1) available DC available Available DC available SWGR 3 available to 
Available Available Available Available DC available 2 trains from C/R 

SEQ #2 Open Open Open Open Available Available 2 trains energized 
DC available DC available DC (1) available DC available Available DC available SUGR 3 available to 
Available Available Available Available DC available 2 trains from C/R 

DC BUS #1 Open Open Open Open UNAVAILABLE Available 2 trains energized 
DC FAILED DC available DC (1) FAILED DC FAILED UNAVAILABLE DC available SWGR 3 available to 
UNAVAILABLE Available UNAVAILABLE UNAVAILABLE DC FAILED Train B from C/R 

DC BUS #2 Open Open Open Open Available UNAVAILABLE 2 trains energized 
DC available DC FAILED DC (#1) available DC available Available DC FAILED SWBR 3 available to 
Available UNAVAILABLE Available Available DC available Train A from C/R 

BRKR 1103 Open Open Open Open UNAVAILABLE Available 2 trains energized 
DC available DC available DC (1) available DC available Available DC available SWGR 3 available to 
FAILED Available Available Available DC available 2 trains from C/R 

BRKR 1203 Open Open Open Open Available UNAVAILABLE 2 trains energized 
DC available DC available DC (M1) available DC available Available DC available SWBR 3 available to 
Available FAILED Available Available DC available Train A from C/R 

BRKR 1303 Open Open Open Open Available Available 2 trains energized 
DC available DC available DC (1) available DC available UNAVAILABLE DC available SWGR 3 available to 
Available Available FAILED Available DC available 2 trains from C/R 

BRKR 11C11 Open Open Open Open Available Available 2 trains energized 
DC available DC available DC (1) available DC available UNAVAILABLE DC available SW6R 3 available to 
Available Available Available FAILED DC available 2 trains from C/R



SWINB 480W R 83/MCC-3 REALIGMENT 
EVENT-SPECIFIC SINGLE FAILURE RESPONSE EVALUATION 

SAN ONOFRE NUCLEAR 6ENERATINB STATION, UNIT 1 

EVENT: LOSS OF COOLANT ACCIDENT 
NO LOSS OF OFFSITE POWER 

SINGLE FAILURE TIMING: AFTER SAFETY SIGNAL, BEFORE RECIRCULATION 
INITIAL SW6R 43 ALIGNMENT: SW6R 82 (BRKR 52-1203) 

--- EFFECTS ON- -- --- -

BRKR 52-1103 BRKR 52-1203 BRKR 52-1303 BRKR 152-1IC1I TRAIN A TRAIN B 
SINGLE FAILURE POSITION/DC/STATUS POSITION/DC/STATUS POSITION/DC/STATUS POSITION/DC/STATUS SW6R #1/SST *3/DC SW6R #2 / DC NET EFFECT 

SEQ #1 Open Open Open Open Available Available 2 trains energized 
DC available DC available DC (#1) available DC available Available DC available SW6IR 3 available to 
Available Available Available Available DC available 2 trains from C/R 

SED #2 Open Open Open Open Available Available 2 trains energized 
DC available DC available DC (81) available DC available Available DC available SWBR 3.available to 
Available Available Available Available DC available 2 trains from C/R 

DC BUS #1 Open Open Open Open UNAVAILABLE Available 2 trains energized 
DC FAILED DC available DC FAILED DC FAILED UNAVAILABLE DC available SWBR 3 available to 
UNAVAILABLE Available UNAVAILABLE UNAVAILABLE DC FAILED Train B from C/R 

DC BUS #2 Open Open Open Open Available UNAVAILABLE 2 trains energized 
DC available DC FAILED DC (1) available DC available Available DC FAILED SWR 3 available to 
Available UNAVAILABLE Available Available DC available Train A from C/R 

BRKR 1103 Open Open Open Open UNAVAILABLE Available 2 trains energized 
DC available DC available DC (#1) available DC available Available DC available SWGR 3 available to 
FAILED Available Available Available DC available 2 trains from C/R 

RKR 1203 Open Open Open Open Available UNAVAILABLE 2 trains energized 
DC available DC available DC (#1) available DC available Available DC available SW6R 3 available to 
Available FAILED Available Available DC available Train A from C/R 

BRKR 1303 Open Open Open Open Available Available 2 trains energized 
DC available DC available DC (1) available DC available UNAVAILABLE DC available SWGR 3 available to 
Available Available FAILED Available DC available 2 trains from C/R 

BRKR 1IC11 Open Open Open Open Available Available 2 trains energized 
DC available DC available DC (#1) available DC available UNAVAILABLE DC available SW6R 3 available to 
Available Available Available FAILED DC available 2 trains from C/R



SWI .NG 480 I R 83/M4CC-3 REALIGNMENT 
EVENT-SPECIFIC SINGLE FAILURE RESPONSE EVALUATION 

SAONOFRE NUCLEAR GENERATING STATION, UNIT I 

EVENT: LOSS OF COOLANT ACCIDENT 
NO LOSS OF OFFSITE POWER 

SINGLE FAILURE TIMING: AFTER SAFETY SIGNAL, BEFORE RECIRCULATION 
INITIAL SM6R #3 ALIGNMENT: SST 13 (BUS #1C, BRKRS 152-11011, 52-1303) 

- - ---- EFFECTS ON---

BRKR 52-1103 BRKR 52-1203 BRKR 52-1303 BRKR 152-IICI TRAIN A TRAIN B 
SINGLE FAILURE POSITION/DC/STATUS POSITION/DC/STATUS POSITION/DC/STATUS POSITION/DC/STATUS SWGR #1/SST 13/DC SWGR #2 / DC NET EFFECT 

SED #1 Open Open CLOSED Open Available Available 2 trains energized 
DC available DC available DC (41) available DC available Available DC available SWR 3 available to 
Available Available Available Available DC available 2 trains from C/R 

SEQ #2 Open Open CLOSED Open Available Available 2 trains energized 
DC available DC available DC (#I) available DC available Available DC available SW5R 3 available to 
Available Available Available Available DC available 2 trains from C/R 

DC BUS #1 Open Open CLOSED Open UNAVAILABLE Available 2 trains energized 
DC FAILED DC available DC (#I) FAILED DC FAILED UNAVAILABLE DC available SWGR 3 available to 
UNAVAILABLE INTERLOCKED LOCAL ONLY UNAVAILABLE DC FAILED Train B W/LOCAL TRIP 

DC BUS #2 Open Open CLOSED Open Available UNAVAILABLE 2 trains energized 
DC available DC FAILED DC (1) available DC available Available DC FAILED SWBR 3 available to 
Available UNAVAILABLE Available Available DC available Train A from C/R 

BRKR 1103 Open Open CLOSED Open UNAVAILABLE Available 2 trains energized 
DC available DC available DC (1) available DC available Available DC available SWGR 3 available to 
FAILED Available Available Available DC available 2 trains from C/R 

BRKR 1203 Open Open CLOSED Open Available UNVAILABLE 2 trains energized 
DC available DC available DC (#1) available DC available Available DC available SWBR 3 available to 
Available FAILED Available Available DC available Train A from C/R 

BRKR 1303 Open Open CLOSED Open Available Available 2 trains energized 
DC available DC available DC (1) available DC available Available DC available SW6R 3 available to 
INTERLOCKED INTERLOCKED RACK-OUT ONLY Available DC available Train A from C/R 

Train 8 w/RACK-OUT 

BRKR 11C1 Open Open CLOSED Open Available Available 2 trains energized 
DC available DC available DC (01) available DC available UNAVAILABLE DC available SBR 3 available to ~~~~~~~w in~r Ii f~



SWING SWGR #3/MCC-3 REALIGNMENT 
EVENT-SPECIFIC SINBLE FAILURE RESPONSE EVALUATION 

SAN ONOFRE NUCLEAR GENERATING STATION, UNIT 1 

EVENT: LOSS OF COOLANT ACCIDENT 
WITH LOSS OF OFFSITE PONER 

SINGLE FAILURE TIMING: PRIOR TO SAFETY SIGNAL 
INITIAL SW6R #3 ALIGNMENT: SW6R #1 (BRKR 52-1103) 

I --- EFFECTS ON - I 
BRKR 52-1103 BRKR 2-1203 BRKR 52-1303 BRKR 152-ICII TRAIN A TRAIN B 

SINGLE FAILURE POSITION/DC/STATUS POSITIONIDC/STATUS POSITION/DC/STATUS POSITION/DC/STATUS SWGR #1/SST 83/DC SWGR #2 / DC IET EFFECT 

SEG 1 CLOSED Open Open Open Available Available 2 trains energizable 
DC available DC available DC (1) available DC available Available DC available SWBR 3 available to 
Available Avialable Available Available DC available 2 trains from C/R 

SED #2 Open Open Open Open Available Available 2 trains energizable 
DC available DC available DC (I) available DC available Available DC available SWBR 3 available to 
Available Available Available Available DC available 2 trains from C/R 

DC BUS #1 CLOSED Open Open Open FAILED (DB) Available Train B energized 
DC FAILED DC available DC (1) FAILED DC FAILED FAILED DC available SiGR 3 available to 
LOCAL ONLY INTERLOCKED UNAVAILABLE UNAVAILABLE DC FAILED Train B wILOCAL TRIP 

DC BUS #2 Open Open Open Open Available FAILED (D6) Train A energized 
DC available DC FAILED DC (81) available DC available Available DC FAILED SWGR 3 available to 
Available UNAVAILABLE Available Available DC available Train A from C/R 

BRKR 1103 CLOSED Open Open Open FAILED (OVLD) Available Train B energized 
DC available DC available DC (1). available DC available FAILED DC available SWGR 3 available to 
RACK-OUT ONLY INTERLOCKED INTERLOCKED Available DC available Train B w/RACK-OJlT 

BRKR 1203 Open Open Open Open Available UNAVAILABLE 2 trains energized 
DC available DC available DC (#I) available DC available Available DC available SWGR 3 available to 
Available FAILED Available Available DC available Train A fro C/R 

BRKR 1303 Open Open Open Open Available Available 2 trains energized 
DC available DC available DC (#l) available DC available UNAVAILABLE DC available SWBR 3 available to 
Available Available FAILED Available DC available 2 trains from C/R 

BRKR ICI Open Open Open Open Available Available 2 trains energized 
DC available DC available DC (I) available DC available UNAVAILABLE DC available SWGR 3 available to 
Available Available Available FAILED DC available 2 trains from C/R



SWING 480WGR 83/MCC-3 REALIGNMENT 
EVENT-SPECIFIC SINGLE FAILURE RESPONSE EVALUATION 

SAN ONOFRE NUCLEAR GENERATING STATION, UNIT 1 

EVENT: LOSS OF COOLANT ACCIDENT 
WITH LOSS OF OFFSITE POWER 

SINGLE FAILURE TIMING: PRIOR TO SAFETY SIGNAL 
INITIAL SWBR #3 ALIGNMENT: SWGR 82 (BRKR 52-1203) 

-EFFECTS ON-- ----- } 
BRKR 52-1103 BRKR 52-1203 BRKR 52-1303 BRKR 152-ICI TRAIN A TRAIN B 

SINGLE FAILURE POSITION/DC/STATUS POSITION/DC/STATUS POSITION/DC/STATUS POSITION/DC/STATUS SW6R #1/SST #3/DC SWR 12 / DC NET EFFECT 

SEQ 11 Open Open Open Open Available Available 2 trains energizable 
DC available DC available DC (1) available DC available Available DC available SWGR 3 available to 
Available Available Available Available DC available 2 Trains from C/R 

SEQ #2 Open CLOSED Open Open Available Available 2 trains energizable 
DC available DC available DC (42) available DC available Available DC available SWGR 3 available to 
Available Available Available Available DC available 2 trains from C/R 

DC BUS #1 Open Open Open Open FAILED (D6) Available Train B energized 
DC FAILED DC available DC (I) FAILED DC FAILED FAILED DC available SW6R 3 available to 
UNAVAILABLE Available UNAVAILABLE UNAVAILABLE DC FAILED Train B from C/R 

DC BUS 12 Open CLOSED Open Open Available FAILED (D6) Train A energized 
DC available DC FAILED DC (32) FAILED DC available Available DC FAILED SWR 3 available to 
INTERLOCKED LOCAL ONLY INTERLOCKED Available DC available Train A w/LOCAL TRIP 

BRKR 1103 Open Open Open Open UNAVAILABLE Available 2 trains energized 
DC available DC available DC (#1) available DC available Available DC available SWBR 3 available to 
FAILED Available Available Available DC available 2 trains from C/R 

BRKR 1203 Open CLOSED Open Open Available FAILED (0YLD) Train.A energized 
DC available DC available DC (42) available DC available Available DC available SWR 3 available to 
INTERLOCKED RACK-OUT ONLY INTERLOCKED Available DC Available Train A w/RACK-0UT 

BRKR 1303 Open Open Open Open Available Available 2 trains energized 
DC available DC available DC (1) available DC available UNAVAILABLE DC available SWGR 3 available to 
Available Available FAILED Available DC available 2 trains from C/R 

BRKR 11C11 Open Open Open Open Available Available 2 trains energized 
DC available DC available DC (1) available DC available UNAVAILABLE DC available SW6R 3 available to 
Available Available Available FAILED DC available 2 trains from C/R



SWING R *3/MCC-3 REALIGNMENT 
EVENT-SPECIFIC SINGLE FAILURE RESPONSE EVALUATION 

SAN ONOFRE NUCLEAR GENERATING STATION, UNIT I 

EVENT: LOSS OF COOLANT ACCIDENT 
WITH LOSS OF OFFSITE POWER 

SINGLE FAILURE TIMINB: PRIOR TO SAFETY SIGNAL 
INITIAL SW6R #3 ALIGNMENT: SST #3 (BUS #1C, BRKRS 152-11II, 52-1303) 

S----EFFECTS ON--- - -- _ ---------

BRKR 52-1103 BRKR 52-1203 BRKR 52-1303 BRKR 152-IICI TRAIN A TRAIN B 
SINGLE FAILURE POSITION/DC/STATUS POSITION/DC/STATUS POSITION/DC/STATUS POSITION/DC/STATUS SWGR #I/SST #3/DC SWGR #2 / DC NET EFFECT 

SEQ 81 Open Open Open CLOSED Available Available 2 trains energizable 
DC available DC available DC (#1) available DC available Available DC available SWGR 3 available to 
Available Available Available Available DC available 2 trains from C/R 

SEQ #2 Open Open CLOSED Open Available Available 2 trains energizable 
DC available DC available DC (#1) available DC available Available DC available SWGR 3 available to 
Available Available Available Available DC available 2 trains from C/R 

DC BUS #1 Open Open CLOSED CLOSED FAILED (DG) Available Train B erergized 
DC FAILED DC Available DC (#1) FAILED DC FAILED FAILED DC available SWGR 3 available to 
UNAVAILABLE INTERLOCKED LOCAL ONLY UNAVAILABLE DC FAILED Train 8 w/LOCAL TRIP 

DC BUS #2 Open Oen Open Open Available FAILED (DG) Train A energized 
DC available DC FAILED DC (#1) available DC available Available DC FAILED SWGR 3 available to Available UNAVAILABLE Available Available DC available Train A from C/R 

BRKR 1103 Open Open Open Open UNAVAILABLE Available 2 trains energized 
DC available DC available DC (61) available DC available Available DC available SWGR 3 available to 
FAILED Available Available Available DC available 2 trains from C/R 

BRKR 1203 Open Open Open Open Available UNAVAILABLE 2 trains energized 
DC available DC available DC (#1) available DC available Available DC available SWGR 3 available to 
Available FAILED Available Available DC available Train A from C/R 

BRKR 1303 Open Open CLOSED Open Available Available 2 trains energized 
DC available DC available DC (61) available DC available Available DC available SW6R 3 available to 
INTERLOCKED INTERLOCKED RACK-T ONLY Available DC available Train A from C/R 

Train B wIRACK-flT 

BRKR IICI Open Open Open CLOSED Available Available 2 trains energized 
DC available DC available DC (61) available DC available Available DC available SMER 3 available to 
Available Available Available RACK-OUT ONLY DC available 2 trains from C/R



SWINB &R 83/MCC-3 REALIGNM ENT 
EVENT-SPECIFIC SINGLE FAILURE RESPONSE EVALUATION 

SAN ONOFRE NUCLEAR GENERATING STATION, UNIT I 

EVENT: LOSS OF COOLANT ACCIDENT 
WITH LOSS OF OFFSITE POWER 

SINGLE FAILURE TIMING: AFTER SAFETY SIGNAL, BEFORE RECIRCULATION 
INITIAL SWBR #3 ALIGNMENT: SWGR #1 (BRKR 52-1103) 

---- EFFECTS ON-----------------
BRKR 52-1103 BRKR 52-1203 BRKR 52-1303 BRKR 152-ICI TRAIN A TRAIN B 

SINGLE FAILURE POSITION/DC/STATUS POSITION/DC/STATUS POSITION/DC/STATUS POSITION/DC/STATUS SWGR 1/SST 83/DC SWGR #2 / DC NET EFFECT 

SEO #1 Open Open Open Open Available Available 2 trains energized 
DC available DC available DC (11) available DC available Available DC available SW6R 3 available to 
Available Available Available Available DC available 2 trains from C/R 

SEQ #2 Open Open Open Open Available Available 2 trains energized 
DC available DC available DC (1) available DC available Available DC available SWBR 3 available to 
Available Available Available Available DC available 2 trains from C/R 

DC BUS #1 Open Open Open Open FAILED (D) Available Train B energized 
DC FAILED DC available DC FAILED DC FAILED FAILED DC available SWBR 3 available to 
UNAVAILABLE Available UNAVAILABLE UNAVAILABLE DC FAILED Train B from C/R 

DC BUS #2 Open Open Open Open Available FAILED (DG) Train A energized 
DC available DC FAILED DC (1) available DC available Available DC FAILED SWGR 3 available to 
Available UNAVAILABLE Available Available DC available Train A from C/R 

BRKR 1103 Open Open Open OPen UNAVAILABLE Available 2 trains energized 
DC available DC available DC (1) available DC available Available DC available SWGR 3 available to 
FAILED Available Available Available DC available 2 trains from C/R 

BRKR 1203 Open Open Open Open Available UNAVAILABLE 2 trains energized 
DC available DC available DC (I) available DC available Available DC available SWGR 3 available to 
Available FAILED Available Available DC available Train A from C/R 

BRKR 1303 Open Open Open Open Available Available 2 trains energized 
DC available DC available DC (#I) available DC available UNAVAILABLE DC available SN6R 3 available to 
Available Available FAILED Available DC available 2 trains from C/R 

BRKR 11C11 Open Open Open Open Available Available 2 trains energized 
DC available DC available DC (81) available DC available UNAVAILABLE DC available SWGR 3 available to 
Available Available Available FAILED DC available 2 trains from C/R



SWING 4& GR 83/MCC-3 REALI6NENT 
EVENT-SPECIFIC SINGLE FAILURE RESPONSE EVALUATION 

SAN ONOFRE NUCLEAR GENERATING STATION, UNIT 1 

EVENT: LOSS OF COOLANT ACCIDENT 
WITH LOSS OF OFFSITE POWER 

SINGLE FAILURE TIMING: AFTER SAFETY SIGNAL, BEFORE RECIRCULATION 
INITIAL SWGR #3 ALIGNMENT: SWBR #2 (BRKR 52-1203) 

_ _---__-- -- ------- EFFECTS ON--- -

BRKR 52-1103 BRKR 52-1203 BRKR 52-1303 BRKR 152-11C11 TRAIN A TRAIN B 
SINGLE FAILURE POSITION/DC/STATUS POSITION/DC/STATUS POSITION/DC/STATUS POSITION/DC/STATUS SWGR 1/SST 3/DC SWGR 12 / DC NET EFFECT 

SEO #1 Open Open Open Open Available Available 2 trains energized 
DC available DC available DC (11) available DC available Available DC available SWGR 3 available to 
Available Available Available Available DC available 2 trains from C/R 

SED #2 Open Open Open Open Available Available 2 trains energized 
DC available DC available DC (I) available DC available Available DC available SWBGR 3 available to 
Available Available Available Available DC available 2 trains from C/R 

DC BUS #1 Open Open Open Open FAILED (0) Available Train 8 energized 
DC FAILED DC available DC FAILED DC FAILED FAILED DC available SW6R 3 available to 
UNAVAILABLE Available UNAVAILABLE UNAVAILABLE DC FAILED Train B from C/R 

DC BUS #2 Open Open Open Open Available FAILED (DB) Train A energized 
DC available DC FAILED DC (#I) available DC available Available DC FAILED SWGR 3 available to 
Available UNAVAILABLE Available Available DC available Train A from C/R 

BRKR 1103 Open Open Open Open UNAVAILABLE Available 2 trains energized 
DC available DC available DC (#1) available DC available Available DC available SWGR 3 available to 
FAILED Available Available Available DC available 2 trains from C/R 

BRKR 1203 Open Open Open Open Available UNAVAILABLE 2 trains energized 
DC available DC available DC (1) available DC available Available DC available SW6R 3 available to 
Available FAILED Available Available DC available Train A from C/R 

BRKR 1303 Open Open Open Open Available Available 2 trains energized 
DC available DC available DC (#1) available DC available UNAVAILABLE DC available SWBR 3 available to 
Available Available FAILED Available DC available 2 trains from C/R 

BRKR 11C11 Open Open Open Open Available Available 2 trains energized 
DC available DC available DC (1) available DC available UNAVAILABLE DC available SW6R 3 available to 
Available Available Available FAILED DC available 2 trains froe C/R



SWING *k R #3/MCC-3 REALIGNMENT 
EVENT-SPECIFIC SINGLE FAILURE RESPONSE EVALUATION 

SAN ONOFRE NUCLEAR GENERATING STATION, UNIT 1 

EVENT: LOSS OF COOLANT ACCIDENT 
WITH LOSS OF OFFSITE POWER 

SINGLE FAILURE TIMING: AFTER SAFETY SIGNAL, BEFORE RECIRCULATION 
INITIAL SWGR 13 ALIGNMENT: SST #3 (BUS #1C, BRKRS 152-11C11, 52-1303) 

f - - - ---- EFFECTS ON---- -

BRKR,52-1103 BRKR 52-1203 BRKR 52-1303 BRKR 152-1ICI TRAIN A TRAIN B 
SINGLE FAILURE POSITION/DC/STATUS POSITION/DC/STATUS POSITION/DC/STATUS POSITION/DC/STATUS SMBR I1/SST 83/DC SWGR #2 / DC NET EFFECT 

SED #1 Open Open Open Open Available Available 2 trains energized 
DC available DC available DC (I) available DC available Available DC available SW6R 3 available to 
Available Available Available Available DC available 2 trains from C/R 

SEG 12 Open Open Open Open Available Available 2 trains energized 
DC available DC available DC (1) available DC available Available DC available SNBR 3 available to 
Available Available Available Available DC available 2 trains from C/R 

DC BUS #1 Open Open Open Open FAILED (DG) Available Train B energized 
DC FAILED DC available DC (#1) FAILED DC FAILED FAILED DC available SWBR 3 available to 
UNAVAILABLE Available UNAVAILABLE UNAVAILABLE DC FAILED Train B from C/R 

DC BUS #2 Open Open Open Open Available FAILED (DB) Train A energized 
DC available DC FAILED DC (#1) available DC available Available DC FAILED SWBR 3 available to 
Available UNAVAILABLE Available Available DC available Train A from C/R 

BRKR 1103 Open Open Open Open UNAVAILABLE Available 2 trains energized 
DC available DC available DC (11) available DC available Available DC available SWGR 3 available to 
FAILED Available Available Available DC available 2 trains frem C/R 

BRKR 1203 Open Open OPEN Open Available UNAVAILABLE 2 Trains energized 
DC available DC available DC (#I) available DC available Available DC available SWBR 3 available to 
Available FAILED. Available Available DC available Train A from C/R 

BRKR 1303 Open Open Open Open Available Available 2 trains energized 
DC available DC available DC (#1) available DC available UNAVAILABLE DC available SWGR 3 available to 
Available Available FAILED Available DC available 2 trains from C/R 

BRKR 11C11 Open Open Open Open Available Available 2 trains energized 
DC available DC available DC (I) available DC available UNAVAILABLE DC available SWBR 3 available to 
Available Available Available FAILED DC available 2 trains from C/R



CHARGING SYSTEM RECIRCULATION REALIGNMENT 
EVENT-SPECIFIC SINGLE FAILURE RESPONSE EVALUATION 

SAN ONOFRE NUCLEAR GENERATING STATION, UNIT 1 

In Revision 0 of this evaluation, the charging cold-leg 
recirculation function was evaluated as part of the event
specific single failure response of SWGR #3 and MCC-3, which 
powered redundant post-LOCA recirculation valves MOV-1100D 
(redundant to MOV-1100B) and MOV-358 (redundant to MOV-356 and 
MOV-357). However, these valves were subsequently reconnected to 
other sources (MCC-2 and the MOV-850C UPS, respectively) by PFCs 
1-88-3501.00 and 1-88-3501.03, respectively, to address the 
Revision 0 findings.  

For the cold-leg recirculation function, at least one of the 
redundant valves MOV-1100B or MOV-1100D must open to provide 
suction to a charging pump, at least 2 of the 3 redundant valves 
MOV-356, MOV-357 and MOV-358 must open, and the normal charging 
path to the loop A cold leg and pressurizer auxiliary spray must 
be isolated (by closure of FCV-1112 or both of CV-304 and CV
305), to provide adequate cold-leg recirculation flow to the 
reactor core with one loop spilling. Because the volume control 
tank (ie., normal) suction path isolation valve MOV-1100C is also 
interlocked with MOV-1100B and MOV-1100D and is powered in 
association with whichever charging pump train has been pre
selected to start on a SIS or SISLOP, an evaluation which 
specifically considers the integrated response of these features 
to single failures was performed.  

The following assumptions are applicable: 

1. The design following implementation of PFCs 1-88-3501.00 and 
1-88-3501.03 is as follows: 

a. Train I components are charging pump G-8B (4160 V Bus #1C 
power. 125 VDC Bus #1 control, SEQ #1 actuation), MOV
1100B (480 V MCC-1 power and control, SEQ #1 actuation), 
MOV-356 (480 V MCC-1 power and control, remote-manual 
actuation), and FCV-1112 (Vital Bus #4 power/control for 
closure, remote-manual actuation). FCV-1112 fails closed 
on loss of air. Vital Bus #4 will auto-transfer to a 
Train 2 (480 V MCC-2) powered source on loss of its 
normal Train 1 power source (125 VDC Bus #1 powered 
inverter).  

b. Train 2 components are charging pump G-8A (4160 V Bus #2C 
power, 125 VDC Bus #2 control, SEQ #2 actuation), MOV
1100D (480 V MCC-2 power and control, SEQ #2 actuation), 
MOV-357 (480 V MCC-2 power and control, remote-manual 
actuation), CV-304/HY-1304 and CV-305/HY-1305 (Utility 
Bus (MCC-2) power and control, remote-manual actuation).  
CV-304/HY-1304 and CV-305/HY-1305 fail closed on loss of 
power or loss of air.



c. The only-component associated with swing 480 V MCC-3 is 
the MOV-850C/MOV-358 UPS, which is capable of supporting 
a 1/2 hour design duty cycle (opening of MOV-850C on SIS 
or SISLOP, then closing MOV-850C and opening MOV-358 
remote-manually 30 minutes later) prior to restoring 
power to its battery charger.. The actions required to 
re-energize SWGR #3 and MCC-3 to maintain power to MOV
850C and MOV-358 after 1/2 hour are evaluated in Part 3 
of this document.  

d. If Bus #1C is pre-selected, MOV-1100C is aligned to 
Train 1 (MCC-1 power and control) and G-8B will start/G
SA will trip on respective SEQ signals. If Bus #2C is 
pre-selected, MOV-1100C is aligned to Train 2 (MCC-2 
power and control) and G-8A will start/G-8B will trip on 
respective SEQ signals. MOV-1100C actuation occurs on 
either SEQ signal via energizing of a relay (SIX) in the 
respective MOV-1100B or MOV-1100D control circuit.  

e. MOV-1100C is interlocked to prevent closing until at 
least one of MOV-1100B or D is fully open, irrespective 
of train pre-selection.  

f. Loss of 125 VDC power will disable the associated SEQ and 
diesel generator governor, and prevent operating 4160 V 
and 480 V switchgear breakers. Loss of the 125 VDC bus 
is assumed to result in failure of the diesel generator 
even if already loaded. However, loss of control for 
480 V MCC powered valves would only occur if 480 V (or 
the 4160 V supply) power was lost.  

2. The charging pump suction transfer on low-low volume control 
tank (VCT) level and the low-low-low VCT level trip of G-8A.  
are not fully qualified and are therefore not creditted post
accident. Thus, whether the valves are in AUTO or not, 
failure of VCT isolation valve MOV-1100C to shut in response 
to SIS or SISLOP conditions is assumed to result in failure 
of the pre-selected charging pump, if it can be started (i.e, 
125 VDC and 4160 VAC power available), due to cavitation/gas 
binding.  

3. Credit is conservatively not taken for closure of FCV-1112, 
CV-304 or CV-305 on loss of air (eg. due to compressor lock
out on SISLOP or HELB-induced damage to air lines).  

4. Other than as specified in assumption 2 above, both charging 
pumps are assumed to be idle at the time of the event. This 
assumption is conservative because: 

a. It permits credit for a charging pump only if control 
power is available to close its breaker (continued 
running of a pump without control power is not 
creditted), and



b. Undesired auto-start or failure of the de-selected pump 
to trip (if running) could only occur as a result of loss 
of its SEQ or 125 VDC control power. Failure of DC 
control power is already assumed to result in loss of the 
pump per assumption 4.a, and failure of the de-selected 
pump's SEQ could not affect the VCT isolation valve (MOV
1100C) since it would be aligned to the opposite 
(selected) train. Thus, loss of both pumps from this 
failure could only occur if both recirculation suction 
valves (MOV-1100B and D) failed to open. However, since 
these valves are powered and actuated from opposite 
trains, such a common mode failure can not occur. Thus, 
the identity of the running charging pump need not be 
considered in this single failure response evaluation.  

5. Credit is taken for operator action to prevent repositioning 
of MOV-1100B, C and D to their pre-SIS/SISLOP positions 
following Sequencer related failures (125 VDC Bus or 
Sequencer), in accordance with the current SONGS 1 resolution 
of NRC Inspection and Enforcement Bulletin 80-06.  

6. Consequences of an event/single failure combination are 
considered acceptable if at least one.suction valve (MOV
1100B or D), one charging pump (G-8B or A), and two cold leg 
recirculation valves (MOV-356, 357 and 358) remain available 
and can be operated from the control room, and the normal 
charging path can be isolated (by FCV-1112 or the CV-304/CV
305 valve pair) from the control room.
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CHARGING SYSTEM RECIRCULATION REALIGNMENT 
EVENT-SPECIFIC SINGLE FAILURE RESPONSE EVALUATION 

SAN ONOFRE NUCLEAR GENERATING STATION. UNIT 1 

EVENT: LOSS OF COOLANT ACCIDENT 
NO LOSS OF OFFSITE POWER 

SINGLE FAILURE TIMING: PRIOR TO SAFETY SIGNAL 

PREFERRED CnARGING ALiS8NMENT: TRAIN 1 (6-8B) 

E:FECT GN 
i------------------- -------------------- -------------------- ---RECIRCULATION---- --------------------------------------------------------

TRAIN I TRAIN 2 FCV-1i12 
SINGLE FAILURE P0kER/DC COTROL POWER/DC CONTROL CV-304 & CV-3015 MOV-110O8/C/D PUMP 68b/PUMP &8A MOV-356i-357i-358 NET EFFECT 

SED 0i Power availabie Power available Available FAILS (SIGNAJ Available Availabie 2 pumps available to 
DC available DC availaDle Available Snuts rormaIiy Availaole Available 3 cold legs, normal 

Opens normally Available path isolable 

SEQ #2 Power available Power available Available Opens normally Starts normally Available 2 purps available to 
DC available DC available Available Shuts normally Available Available 3 cold legs, normal 

FAILS (SIGNAL) Available oath isolable 

DC BUS #I. Power available Power available Available FAiLS (SIGNAL) FAILS (CONTROL) Availaole 1 pump available to 
DC FAILS DC available Available Shuts normally Available Available 3 cold legs, normal 

Opens normally Available path isolable 

DC BUS #2 Power available Power available Available Opens normaly Starts normally Availaoie 1 puamp available to 
DC avalianie DC FAILS Available Shuts normally FAILS (CONTROL) Available 3 cold legs, normal 

FAILS (SIGNAL) Available oath isolable 

4kV S iC POWER FAILS Power availaole Available FAILS (POWER) FAILS (POWER) FAILS (POWER) 1 pump available to 
DC available DC available Available FAILS (POWER) Available Available 2 cold legs, normal 

Opens normally Available path isolable 

4kV BUS 2C Power available POWER FAILS Available Opens normally Starts normally Available I purop available to 
DC available DC available Fails shut Shuts normally FAILS (POWER) FAILS (POWER) 2 cold legs, normal 

FAILS (POWER) Available path isolated



ACHARGING SSEM CIRCLATI-N RELI NEMNT 
EVENT-SPECiFIC SINGLE FAILURE RESPONSE EVALUATION 

SAN ONOFRE NLCLEAR GENERATING STATION, UNIT 1 

EVENT: LOSS LF COOLANT ACCiDENT 
NO LOSS OF OFFSITE POWER 

SINGLE FAlwRE TIMIN: PRIOR TO SAFETY SIGNAL 
PREFERRED CHARGING ALIGNMENT: TRAIN 2 (6-BA) 

EFFECT ON 
----- _---- ---------- --- RECIRCATION---- ---------------------------------------- -------------------

TRAIN TRAIN 2 FCV-i112 
INGLE FaiLURE POWER/DC CONTL POWER/DC CONTROL CV-304 & CV-30'5 MOV-1lO/C/D PJAP 6SS/PUNiP 68A MOV-356/ -357/-358 NET EFFECT 

Pcl ower availabLe Power available Available FAILS '5IGNAL) Availaole AvailaDe 2 pumps availaole to 
DC available DC available Availaole Snuts ricrally Starts normally Availaaie 3 cold legs, normai 

Opens normaIly Available path isolabie 

SED 02 Power available Power availaole Avadiable Doens normally Available Availaoie 2 ouses available to 
DC available DC available AvaiIable Shuts normally Available Available 3 cold legs, normal 

FAILS (SIGNAL) Available path isolable 

DC US 1 Power available Power available Available FAILS (SIGNAL) FAILS (CONTROL) Available 1 pump available to 
DC FAILS DC available HvailatLe u t s normaily Starts normally Available 3 cold legs. normal 

Opens normally Available path isolable 

DC BUS #2 Power available Power available Ava.iable Ooens normally Available Available I pumo available to 
DC availacle DC FAILS Available Shuts normally FAILS (CONTROL) Available 3 cold legs, normal 

FAILS (SIGNAL) Availaole Datn isolable 

4kV Bus IC POWER FAILS Power available Availaole FAILS (POWER) FAILS (POWER) FAILS (POWER) I pump available to 
DC ava-iable DC available Available Shuts normally Starts normally Available 2 cold legs, normal 

Opens normally Available patn isolable 

4V BUS 2C Power available POWER FAILS Available Opens normally Available Availaole i pune available to 
DC availaole DC available Fails shut FAILS (POWER) FAILS (POWER) FAILS (POWER) 2 cold legs, normal 

FAILS (POWER) Available path isolated



CHARSING SYSTEM RECIRCuLATION REALIGNMENT 
EVEhT-SPECIFIC SiNGLE FAILuRE RESPONSE EVALUATION 

SAN ONOFRE NUCLEAR GENERATING SrATION, UNIT 1 

EVENT: LOSS OF COOLANT ACCIDENT 
NO LOSS OF OFFSITE POWER 

SINm.E FAILuRE TIMING: AFTER SAFETY SIGNAL, BEFORE RECIRCULATiON 
PREFERRED CHARGING ALIGMEN*'T: TRAIN I (6-88) 

EFFrECT ON 
{------------------ ---- --- ------------------ --- RECiRCLATION---

TRAIN i TRAIN E FCV-li2 
SINGLE FILURE POWER/DC CONTROL POWER/DC CONTROL CV-304 & CV-3u5 MOV- ioki0B/L/D PuMP 68/PUMP 68A N--3-7 -35 NET EFFECT 

SEd vi Power available Power availaole Available Doers normallv Starts normalyiv Avaie 2 oumps available to 
DC availaole DC available Availaoie Sruts normally Availaole Availabie 3 cole legs, normal 

Opens normally Availaole Dath isolable 

SE #2 Power, availaole Power available Availaole Doens normally Starts riormaily Available 2 pumos available to 
DC available DC available Available Snuts normally Available Available 3 cold lens, normal 

Goens normally Avaliable patn isolable 

DC BUS bi Power availaole Power available Avaiable Doens normally Starts normally Available 2 pumps available to 
DC FAILS DC available Availaole Shuts normally Available Available .3 cold leas, normal 

Goens normaIly Available Datn isolable 

DC BUS #2 Power availacle Power available Available Goens normally Starts normally Available 1 pumo available to 
DC available DC FAILS Availaole Shuts normally FAILS (CONTRDL) Available 3 cold legs, normal 

Goen1s normaliv Available oath isoiable 

4kV BUS 1C PO ER FAILS Power availaole Avalanle Opens normally FAILS (POWER) FAILS (POWER) i oeum available to 
DC available DC available Available Shuts normally Available Available 2 cold leas, normal 

Opens normally Availaole uatn isolable 

4kV BUS 2C Power available POWER FAILS Available Doens normally Starts normally Available 1 pumo available to 
DC available DC available Fails shut Shuts normally FAILS (POWER) FAILS (POWER) 2 cold legs, normal 

Onens normally Available oath isolated



CHARGING SYSTEM R-CIRCULATION REALIGNMENT 
EVENT-SPECIFIC SINGLE FAILURE RESPONSE EVALUATION 

SAN ONOFRE NUCLEAR GENERATING STATION. UNIT i 

EVENT: LOSS OF COOLANT ACCIDENT 
NO LOSS OF OFFSITE POWER 

SINGLE FAILuRE TIKING: AFTER SAFETY SIGNAL, BEFORE RECIRCuLATION 
PREFERRED CHARGING ALIGNMENT: TRAIN 2 (6-BA) 

EFFECT ON 
------------ ------------------ --- RECIRCLATION--------- ----------------------------- ----

TRAIN I TRAIN 2 FCV-1112 
SI&GLE FAILURE POWER/DC CONTROL POWER/DC CONTROL CY-304 & CV-305 MOV-i±O00B,/C/D PUMP 68B/PuMP 68A MOV-356/-3571-358 NET EFFECT 

SE# 1 Power available Power available Available Opens normally Available Available 2 pumps available to 
DC available DC available Available Shuts normally Starts ncrmaily Availaole 3 cold legs, normal 

Opens normally Available path isolabie 

SED #2 Power available Power available Available Ooens normally Available Available 2 pumps available to 
DC available DC available Available Shuts normally Starts normally Available 3 cold legs, normal 

Opens aornaIly Available path isolable 

DC BUS #1 Power available Power available Available Doens norialiy FAILS (CONTROL) Available 1 oump available to 
DC FAILS DC available Available Snuts ormally Starts normally Available 3 -cold legs, normal 

Opens normally Available oath isolabie 

DC BU'S #2 Power available Power available Available Opens normally Available Availaole 2 pumos available to 
DC availaole DC FAILS Available Shuts normally Starts normally Available 3 cola legs, normal 

Opens normally Available oath isolable 

4kV BUS IC POWER FAILS Power available Available Opens normally FAILS (POWER) FAILS (POWER) 1 po available to 
DC available DC available Available Shuts normally Starts normally Availanle 2 cold leas, normal 

Opens normally Available patn isolable 

4KV BUS 20 Power available POWER FAILS Available Ooens normally Available Availaole 1 pump available to 
DC available DC available Fails shut Shuts normally FAILS (POWER) FAILS (POWER) 2 cold legs, normal 

Opens normally Available oath isolated



CriARGING SYSEM RECIRCULATION REALIGNMENT 
EVENT-SPECIFIC SINGLE FAILURE RESPONSE EVALuATION 

SAN ONOFRE NUCLEAR BENERATING STATION, UNIT 1 

EVENT: LOSS OF COOLANT ACC1DENT 
WITH LOSS OF OFFSiTE POWER 

SiNGLE FAILURE TiMING: PRIOR TO SAFETY SIGNAL 
PREFERRED CriARGING ALIGMiENT: TRAIN I (G-88) 

EFFECT ON 

{------------------- - -------------- RECIRCULATION---- --------------------------- --------

TRAIN TRAIN 2 FCV-1112 
SINGLE FAILuRE POWER/DC CONTROL POWERiDC CONTROL CV-304 & CV-305 MOV-1100B/C/D PUMP G8/PUMP GbA MOV-356/-357/-358 NET EFFECT 

SED #1 POWER FAILS Power available Availabie FAILS (POWER) FAILS (POWER) FAILS (POWER) 1 pump available to 

DC available DC available Availaole FAILS (POWER) Available Availaole 2 cold legs, normal 

Opens norma lly Available path isolable 

SEQ #2 Power available POWER FAILS Availaole OPeris normal1y Scarts normally Available I pump available to 

DC available DC available Fails shut Shuts normaally FAILS (POWER) FAILS (POWER) 2 cold legs, normal 
FAILS (POWER) Available path isolated 

DC BUS #1 POWER FAILS Power availaole Available FAILS (POWER) FAILS (POWER) FAILS (POWER) 1 Dumb available to 

DC FAILS DC available Available ALS (POWER) Available Avalaole 2 cold legs, normal 

Operis normally Available path isolable 

DC BUS #2 Power ava haade POWER FAILS Available Doeris normally Starts normally Availabie 1 pump available to 

DC availaIe DC FAILS Fails shut Shuts normally FAILS (POWER) FAILS (POWER) 2 colo legs, normal 
FAILS (SIGNAL) Available path isolated 

4k0 RjS aC POWER FARLS Power available Ovailable FAILS (POWER) FAILS (POWER) FAiLS (POWER) 1 pumo available to 

DC availaole DC available Availaole FAILS (POWER) Available Available 2 cold legs. normal 

Opens normally Availible path isolable 

4kV S EC Power available POWER FAILS Available Opens normally Starts normally Availaole I pump available to 

DC available DC available Fails shut Shuts normally FAILS (POWER) FAILS (POWER) 2 colo leas, normal 
FAILS (POWER) Available path isolated



CHARGING SYSTEM RECiRCULATION REALIGNMENT 
EVENT-SPECIFIC SINGLE FAILURE RESPONSE EVALUATION 

SAN ONOFRE NUCLEAR GENERATING STATION, UNIT 1 

vINT: LOSS OF COOLANT ACCIDENT 

WITH LOSS OF OFFSITE POWER 

SINGLE FAILURE TIMING: PRIOR TO SAFETY SIGNAL 
PREFERRED CHARGING ALIGNMENT: TRAIN 2 (6-8A) 

------------------------- --- RECIRCULATi0N---

TRAIN 1 TRAIN 2 FC-1112 
SINGLE FAILURE POWER/DC CONTROL POWER/DC CONTROL CV-304 & CV-30)5 MOV-1100BIC/D P6MP GD/PuMP BA MOV-356i-357-358 NET EFFECT 

SED #1 POWER FAILS Power available Available FAILS (PDWER) FAILS (POWER) FAILS (POWER) 1 umo available to 
DC available DC availaole Available Shuts norhally Starts normally Available 2 coin legs. vormal 

Opes noraliy Available - path isolable 

SEQ #2 Power available POWER FAILS Available Opens normally Available Available 1 pump available to 

DC available DC available Fails shut FAILS (POWER) FAILS (POWER) FAILS (POWER) 2 cold legs, normal 
FAILS (POWER) Available oath isolated 

DC BUS #i POWER FAILS Power availanle Available FAILS (POWER) FAILS (POWER) FAILS (POWER) 1 pump available to 
DC FAILS DC available Available Souts normally Starts normally Available 2 cold legs, normal 

Opens normally Available path isolanie 

DC BUS #2 Power ava~iaoie POWER FAI.S Available Doens normally Available Available 1 pumn available to 
DC availaole DC FAILS Fails shut FAILS (POWER) FAILS (POWER) FAILS (POWER) 2 cold legs, normal 

FAILS (POWER) Available patn isolated 

4kV BUS 1C POWER FAIlS Power available Available FAILS (POWER) FAILS (POWER) FAILS (POWER) 1 oump available to 

DC avaxiable DC available Available Doens normally Starts normally Available 2 cold legs, normal 

Shuts normally Availabie path isolable 

4kV BUS 2C Power available POWER FAILS Available Opens normally Available Available I pump available to 
DC available DC available Fails shut FAILS (POWER) FAILS (POWER) FAILS (POWER) 2 cold legs, normal 

FAILS (POWER) Available oath isolated



CHARGING SYSTEEM RECIRCULAiTON REALI6NMENT 
EVEhT-SPECIFIC SINGLE FAILURE RESPONSE EVALUATION 

SAN ONOFRE NUCLEAR GENERATING STATION, UNIT 1 

E.VNT: LOSS OF COOLANT ACCIDENT 
WITH LOSS OF OFFSITE POWER 

SINGjLE T iLEIMiNG: AFTER SAFETY SIGNAL, BEFORE RECIRCLLATION 
PREFERRED CHARGING ALiGNMENT: TRAIN I (6-89) 

EFFECT ON 

{------- ---------------------------------------- ---RECIRCULATID----- ------------------------- --------------------
TRAIN i TRAIN 2 FCV-lii2 

SINGLE FAILURE POWER/DC CONTROL POWER/DC CONTROL CV-304 & CV-305 MOV-1100BIC/D PUMP 688/PMP 90 MV-356/-357/-378 NET EFFECT 

SEQ #1 Power available Power available Available Opens normally Starts normally Availabie 2 pumps available to 
DC available DC available Available Snuts norma llY Available Availaole 3 cold legs, normal 

Opens normally Available path isolable 

SED #2 Power available Power available Available Doens normally Starts normally Available pumps available to 
DC available DC available Available Snuts normIally Available Available 3 cold leas, normal 

Ooens rrollaIy AvaIlable oatn isoiable 

DC BUS #I POWER FAILS Power available Available Doens normally FAILS (POWER) FAILS (POWER) 1 admo available to 
DC FAILS DC available Available :nuts normally Available Availaoae 2 cold legs. normal 

Goens normally Available Path isolanle 

DC BUS 42 Power availaole POWER FA:LS Available Opens normally Starts normally Available 1 pumo available to 
DC available DC FAILS Fails shut Shuts normaIIy FAILS (POWER) FAILS (POWER) 2 cold legs, normal 

Opens normaiy Available patn isolated 

4kV BUS 1C POWER FAiLS.. Power available Available Opens normally FAILS (POWER) FAILS (POWER) 1 pump available to 
DC availaoie DC availa ie Available Shuts normally Available Available 2 cold legs, normal 

Opens normally Available oath isolable 

4kV BUS 2C Power available POWER FAILS Availaole Opens normally Starts normally Available i bump available to 
DC available DC available Fails shut Shuts normIally FAILS (POWER) FAILS (POWER) 2 cold legs, normal 

Opens normally Availaole path isolated



CHARGING SYSTEM RECIRCULATIDN REALIGNMENT 
EVENT-SPECIFIC SINGLE FAILURE RESPONSE EVALUATION 

SAN ONOFRE NUCLEAR GENERATING STATION, UNIT 1 

EVENT: LOSS OF COOLANT ACCIDENT 
WITH LOSS OF OFFSITE POWER 

S01GLE FAILURE TIMING: AFTER SAFETY SIGNAL, BEFORE RECIRCULATION 
PREFERRED CARGING ALIGtMENT: TRAIN 2 (6-8A) 

EFFECT ON 
------------------- -------------------- -------------------- --- RECIRCULATION---- ------------------- -------------------- ------------------

TRAIN 1 TRAIN VCV-1ii2 
SING&E FAILURE POWER/DC CONTROL POWER/DC CONTROL CV-304 & CV-305 01OV-1i008/C/D PUMP GdBiPUmP 88A !,-356/-357/-358 NET EFECTI 

SED #1 Power available Power .available Available Opens normally Availaoie Available 2 pumps avaitanie to 
DC available DC available Available Snuts normally starts normally Available 3 cold legs, normal 

Opens normally Available path isolable 

SEQ #2 Power available Power available Available Ovens normaily Available Availaole 2 oumps available to 
DC available DC available Available Snuts normally Starts normally Available 3 cold legs, normal 

Opens normally Available patq isolable 

DC BuS #i POWER FAILS Power availaole Available Opens normally FAILS (POWER) FAILS (POWER) 1 oumo available to 
DC FAILS DC available Availaole Shuts normally Starts normally Availaoie 2 cola leas, normai 

Opens normally Available path isolabie 

DC BUS #2 Power available POWER FAILS Available. Opens normally Available Available 1 pump available to 
DC available DC FAILS Fails shut Shuts normally FAILS (POWER) FAILS (POWER) 2 cold leos, normal 

Opens normally Availaole path isolated 

4WV BUS IC POWER FAILS Power available Available Opens normally FAILS (POWER) FAILS (POWER) 1 pump available to 
DC availaoe DC availabie Available Shuts normally Starts normally Available 2 cold leas, normal 

Opens normally Available path isolable 

4kV BUS 2C Power available POWER FAILS Available Opens normally Available Avaliaole i pumo available to 
DC available DC available Fails shut Shuts normally FAILS (POWER) FAILS (POWER) 2 cold legs, normal 

Opens normally Available path isolated



MAIN FEEDWATER PUMP REALIGNMENT AND INTERLOCKS 
EVENT-SPECIFIC SINGLE FAILURE RESPONSE EVALUATION 

SAN ONOFRE NUCLEAR GENERATING STATION. UNIT 1 

This evaluation was initially developed as M40664, Revision 0, 
"Safety Evaluation of Changes to the HV-851/HV-854 Interlocks Not 
Addressed in Amendment 38 or 52 to the SONGS 1 Provisional Opera
ting License". It has been incorporated verbatim into Revision 2 
of this document. This evaluation, in conjunction with the .  
evaluations of Main Feedwater Isolation in Part 2 of this docu
ment, and of the post-LOCA termination of Safety Injection/Main 
Feedwater Pump flow in Design Calculation DC-3089, assess the 
event-specific single failure response of the Safety Injection 
System.  

BACKGROUND: The design of the main feedwater / safety injection 
systems at SONGS 1 includes safeguards against the accidental 
injection of unborated water to the reactor coolant system (RCS).  
These safeguards include interlocks between the condensate isola
tion valve on the feedwater pump suction (HV-854 A, B) and the 
safety injection isolation valve on the feedwater pump discharge 
(HV-851 A, B). The specific design of these safeguards described 
in FSA Section 4.1.6 was modified as part of the work described 
in Amendments 38 and 52. However, while the 10,CFR 50.59 evalua
tions for the modifications described by these Amendments went 
into considerable detail for the other facets of the main feed
water pump and isolation valve design (eg, the interlock from 
condensate suction valve HV-854 A, B position to the safety 
injection isolation valve HV-851 A, B controls), the modifica
tions to the interlock from safety injection isolation valve (HV
851 A, B) position to the condensate suction isolation valve (HV
854 A, B) controls were not addressed.  

The interlock from safety injection isolation valve (HV-851 A, B) 
position to the condensate suction isolation valve (HV-854 A, B) 
controls described in FSA Section 4.1.6 is from a limit switch 
contact which blocks HV-854 opening whenever HV-851 is not fully 
closed. The interlock between these valves in the post-Amendment 
38 and 52 .plant, however, is from a limit switch contact which 
blocks HV-854 opening only when .HV-851 is fully open.  

DISCUS5ION: Under normal overatinq conditions, the condensate 
suction isolation valves (HV-854 A,B) are open, the condensate 
and heater drain pumps are running, the safety injection isola
tion valves (HV-851 A, B) and the safety injection header isola
tion valves (MOV-850 A, B, C) are closed, and RCS pressure is 
greater than the shut-off head of the condensate and feedwater 
system. Since RCS pressure is greater than condensate and feed
water system shut-off head, injection of unborated water cannot 
occur even if multiple active failures or operator errors were to 
result in concurrent opening of an HV-854 condensate suction 
isolation valve, an HV-851 safety injection isolation valve and 
an MOV-850 .safety injection header isolation valve. In accordance 
with the Technical Specifications, the Safety Injection Signal



(SIS), which provides a concurrent opening signal to the HV-851 
and MOV-850 valves, is blocked before RCS pressure is reduced 
below the shut-off head of the condensate and feedwater system.  
Additionally, the Technical Specifications require two positive 
barriers to condensate and feedwater in3ection to the RCS when
ever RCS pressure is below 500 psi. Thus, the interlock from HV
851 position which blocks HV-854 opening has no effect under 
normal conditions.  

Under SIS conditions, the condensate and-heater drain pumps are 
tripped, the MOV-850 and HV-851 safety in3ection isolation valves 
receive an open signal, the HV-854 condensate suction isolation 
valves receive a close signal, HV-851 opening is dependent on 
full closure of the associated HV-854 valve (via the HV-854 limit 
switch position to HV-851 controls interlock), and RCS pressure may 
decrease below the shut-off head of the condensate and feedwater 
system. Since the Sequencer for each train sends both the pump 
trip and valve actuation signals on a SIS, and the limit switches 
for the interlocks operate from valve stem position rather than 
from the actuator, there is no single active failure which can 
both leave condensate or heater drain pumps running and result in 
an open path to the RCS. Because, however, HV-851 opening on SIS 
is dependent on the interlock from HV-854 position, failure of 
the interlock (eg. by failure of one an HV-854 limit switches) 
could result in both valves being partially open, during conden
sate and heater drain pump coast-down, while the valves are 
stroking to the SIS positions. As described in FSA Section 
4.1.6.5 (which is based on the 10 second ore-Amendment 38 stroke 
time of the isolation valves rather than the current 5 second 
nominal stroke time), this interlock failure would result in 
in3ection of a volume of unborated water to the RCS less than 
that contained between the four isolation valves for each main 
feedwater .pump, and hence, bounded by the assumptions of the 
design basis transient analyses.  

Because HV-854 starts in the normally open position and closes on 
a SIS in the above single failure scenario, the interlock from 
HV-851 limit switches to block HV-854 opening has no effect.  
Further, from the preceeding discussion, it is clear that this 
interlock would only have an effect on the injection of unborated 
water to the RCS if HV-854 were already closed and RCS pressure 
was less than condensate and feedwater system shut-off head. As 
discussed above, positive controls preclude in3ection of unbor
ated water to the RCS with RCS pressure reduced under normal 
conditions. Thus, the interlock would only have an effect under 
SIS conditions, and only after the SIS actuation of the isolation 
valves.  

As shown in the attached Single Failure Response Evaluation for 
the current plant configuration, the worst single active failure 
of a Sequencer, DC control power, HV-851, HV-854 or the assoc
iated interlocks, in terms of the in3ection of unborated water to 
the RCS, is the above discussed case of both valves partially



open in one train during pump coast-down, while stroking to the 

SIS positions. Single active failure of any device, circuit or 

power source after SIS actuation would be much less severe, since 
stroke time to the SIS.positions (using energy stored in a gas 
spring) is nominally 5 seconds, whereas stroke time to the pre
SIS positions (using an air-operated hydraulic pump) is on the 
order of 5 to 10 minutes. The selection of HV-851 open in lieu 
of HV-851 not closed, for the limit switch interlock to HV-854, 
would only affect the potential consequences of unborated injec
tion in the event of HV-851 failure partially open post-SIS, with 
additional failures (or operator errors) to open HV-854 and 
restart a condensate or heater drain pump. However, multiple 
failures of this type, post-accident, are outside the SONGS 1 
design basis.  

CONCLUSION: Based on the above,.the change in the HV-851 limit 
switch position to 854 control interlock from valve not-closed to 
valve open in the modifications made under Amendments 38 and 52 
does not affect the probability or consequences of relevant 
design basis events, nor create the possibility of a design basis 
accident or malfunction of a different type than previously 
evaluated in the FSA.



ntegrated system test was to demonstrate pro functioning 
o nstrumentation and actuation circuits, evaluate the 
dyn s of placing the system in operat , and to expose 
the syst to conditions representativ of those which can 
be expecte or loss-of-coolant acc. ents. Flow was 
established in 1 parts of the s tem.  

Injection system ope tion w initiated by the installed 
instrumentation and con s. An injection signal was 
generated by coincide ressurizer level and low 
pressurizer press . The f comparator circuits were 
tested separatel rather than to quire an injection flow 
test through tinjection lines.  

Design o he Safety Injection System pe ts periodic testing 
of co onents to assure that the system will rform its design 

ion if it should be called on during plant fetime. In 
dition, provisions are available to conduct a no- ow system 

test on a periodic basis during shutdown conditions.  

4.1.6 SAFEGUARDS AGAINST ACCIDENTAL nIJECTION OF UNBORATED WATER 

The reactivity control of the core is dependent upon having boric acid 
present in the reactor coolant to corrplement the control rods. The dis
solved boric acid provides control of the reactivity associated with the 
cold to hot operating temperature change, for equilibrium xenon, samarium 
poisons, and fuel depletion during the life of the plant. Therefore, a 
large dilution of the reactor coolant boric acid concentration migit 
result in an undesirable insertion of reactivity.  

4.1.6.1 Feedwater Pumps 

The Safety Injection System utilizes the turbine cycle feed
water pumps. These pumps during normal plant operation are 
in operation as part of the feedwater and condensate system.  
The volume of the borated safety injection lines is a total 
of 302 cubic feet. The two branches to the injection header 
are not equal.in volume, being 104 cubic feet and 123 cubic 
feet. The injection headers contain a total of 75 cubic feet.  

The feedwater pumps are operated during plant operation and 
develop the head necessary to pump the condensate into the 
shell side of the steam generators. The pumps operate in 
series with the condensate and reheater drain pumps in the 
feedwater train and are dependent upon these pumps for ade
quate flow and suction conditions. The pumps normally will 
not be operated independently. During normal operation the 
condensate pumps provide approximately 70 percent and the 
reheater drain pump 30 percent of the flow delivered to the 
feedwater pump Suction. The condensate pumps take their 
suction f.om the codenser hotwells which have a five-minute 
full flow storage capacity. The reheater drain pumps deliver 
the drains from the third point heater into the condensate 
system upstream of the second point heater.  
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4.1.6.2 Reactor Coolant System Safeguards 

The combined shutoff head of the feedwater and condensate 
pumps is approximately 1,400 psig. During normal operation 
of the Reactor Coolant System, the pumps could not deliver 
any water to the system. In addition, for a substantial 
part of the plant heatup and cooldown period, no water 
can be delivered to the system through the safety injection 
lines. During cold shutdowns when Reactor Coolant System 
pressure is low, protection against injection of unborated 
condensate is provided by basic design features, protective 
interlocks, and administrative procedures which require 
positive shutoff of flow paths from the source of condensate.  

The system design also provides an inherent safeguard against 
accidental injection of unborated condensate. Even without 
considering protective interlocks and administrative pro
cedures , it is very unlikely that an operator could produce 
the degee of system maloperation necessary to inject con
densate due to the following: 

1. Actuation of the safety injection relays will result, 
in closing the flow path for condensate as well as 
tripping of the condensate and heater drain pumps.  
This feature alone provides two-fold assurance that 
significant quantities of unborated water will not be 
injected.  

2. In order to achieve any condensate injection" by indi
vidual actuation of components, it is necessary to 
disregard specific operating instructions, align more 
than one valve, and start at least one punp.  

Protective interlocks between the condensate isolation 
valves at feedwater pump suction and safety injection header 
isolation valves at pungp discharge will normally be in 
service during cold shutdown conditions. Interlocks pre
vent the opening of one valve unless the other is closed, 
and further assure that an effective barrier to the flow 
of condensate is maintained.  

4.1.6.3 Additional Equiprent Safeguards 

In addition to the above safety features which are inherent 
in the design of the Safety Injection System, administrative 
procedures will be followed during periods of cold shutdown.  
Equipment will be aligned, de-energized, and cleared



according to written procedures. Standard clearance pro
cedures of the Southern California Edison Company will be 
used as required for taking equipment out of operation, 
assuring proper valve positions, racking open breakers, 
and tagging controls and equipment.  

The clearance procedures are based on the requirement that 
violation of at least two clearances is required to establish 
flow of unborated condensate. This criterion also applies 
to test conditions where it is necessary to operate valves 
or start individual pumps. The clearance procedure for a 
valve requires checking for closed valve position and re
mving the fuses from the combination starters. Clearance 
of a pump capable of delivering unborated condensate 
requires racking the breakers to the test position where 
the conductors are physically disconnected and a metal shield 
inserted between them. The clearance of each item of equip
ment will be noted in the operator's log book. A prepared 
checkoff list will be used to ensure proper clearing of 
all equipment and serve as a guide to the operator taking 
the clearance. Cleared corrponents will be tagged at all 
control points. The tags indicate that operation of the 
component is prohibited without first having the clearance 
removed by the responsible operator.  

The design features of the Safety Injection System provide 
reasonable assurance that no accidental injection of borated 
water can occur. When cobined with the clearance procedures 
that will be used to de-activate purps and valves during 
periods of cold shutdon, the degree of protection is such 
as to render the injection of unborated condensate incredible.  

4.1.6.4 Safety Injection Operation 

For protection during a loss-of-coolant accident or- a ,large-
steam break, either of which could initiate safety injection, 
several safeguards are incorporated in the system design to 
limit the amount of unborated water to the Reactor Coolant 
System, including the following: 

1. Safety injection lines are filled with water borated to 
refueling concentration.  

2. Actuation of all required corponents is accomplished as 
programed through the main actuation relays, thereby 
eliminating operator error as a source of malfunction.  
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3. Isolation valves which open the discharge of a feedi:ater 
pump to the injection header are interlocked to prevent 
opening, unless the corresponding pump suction valve 
which isolates the condensate system has completely 
closed. A similar interlock prevents opening the 
condensate isolation valve unless the corresponding 
discnarge valve to the injection header is completely 
closed.  

4. Condensate and heater drain pumps are tripped automatically 
upon initiation of the safety injection silpal and full 
open position of the safety injection purp discharge 
valve.  

4.1.6.5 Interlock Failure 

Failure of the normally open contacts of the interlock to 
complete the circuit upon closing of the suction valve will 
cause the affected discharge valve to remain shut. The 
associated injection train will deliver no water, but the 
other safety injection train will fulfill the safety injection 
design requirements. In the unlikely event that the inter
lock contacts on the suction valves fail closed, the suction 
and discharge valves will move simultaneously upon receiving 
a safety injection signal. With the condensate purps tripped, 
only a portion of the approximately 23 cubic feet of un
borated condensate trapped between the feedwater pump isolation 
valves in one injection train can be injected. The remainder 
will be swept into the feedwater system. The approximately 
23 cubic feet trapped between the suction and discharge valves 
amounts to the maximum quantity of unborated water which can 
conceivably be injected w.ith any single failure of a conpo
nent to respond as required. For loss of coolant cases,this 
quantity of unborated water is insigiificant.  

4.1.6.6 Reactivity Change 

The effect of the reactivity change produced by the injection 
of this quantity of unborated water has been analyzed as a 
condition of the steam break accident, specified in Subsection 
8.4, Steam Line Break. The occurence of this malfunction 
was also considered during the large steam break transient 
since there is a rapid temperature reduction with the Reactor 
Coolant System and no corresponding addition of boron to the 
coolant. The result of this analysis shows that a limiting 
condition of reactivity insertion would not be reached if the 
quantity of unborated water injected were up to 20 tines as 
great as the approximately 23 cubic feet which could be injected 
in the single failure case described.  
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MAINFEEWATER Ut0 .EALIGNMErkT AND INTERLOCKS 
EVENT--SPECIFIC SIOGLE FAILUHE RESPONKE EVALUATION 

SAN DOvDERE NUCLEA:iR 6ENERATING STATION, UNIT I 

ITE DE E VI C iE/ Fi ALURE FAILdRE TIMING EFFECT DlERATDR ACTIONSi 

u 1 B£i.iC E: NCr BEFORE b~i ONE T3AIN TY I FW N4NE r r DD 
A)LI3NPiENT NTWO D 
mOV KY.-85, B, cOPEN. AFFECTED 

H 8 R EMi 4 .N CLOSED TO 

1. S SEQ E.NCE AFTER SISB BEFORE NONE. VALYES,. INCLUDING NONE REDD 
HV-351 OEN HtV-- 854, REPOSITI ON FOR S. A;lD 

STAY !N SI ALIGNMENT DUE TO 
CONTfROL, EAi:lL- - 1IN 

13 SEPU..ENCER AFTER md-851 DP-*EN PSM S, 1.E:) NONE REDD 
BEFORE £IS RESET 

. 4 SEUitlCEL AFTER SIB RESET NONE NONE REQO 

.0.i 125VDC BEFO3E sIS (SAME A - 11) NONE REDD 

7::. 2 125VDCLi. AFTER SIS. BEFORE VALVES, EXCEPT HV-851. NONE RED 
H-iv-8 1 DPEN REPOSITION FOR SI THEN BACK TO 

FW ALIGNMENT. F W FANL) S1 PUIPS 
START. COND AND HTR DR PUMPS 
COAST DOWN. PTENTIAL 
INJECTION OF CONDENSATE 
BOUNDED BY FSA SECTION 4. 1. 6. 5 
ANALYSIS 

. 15VDC AFTER HV-851 OPEN, VALVES, INCLUDING HV-85i, NON ! D 
BEFORE SIS RESET REPOSITION FOR SI THEN BACK TO 

FW ALIGNMENT. FW AND SI PUMPS 
START, COND AND HTR DR PUMPS 
COf-lST DOWN. POTENT IAL 
INJECTION OF CONDENSATE 
BOUNDED BY FSA SECTION 4. 1. b. 5



MAIN FEEDWATER PUMP REALIGNMENT AND INTERLOCKS 
EVENT--SPECIFIC SINGLE FAILURE RESPONSE EVALUATION 
BN ONOFRE NLUCLEAR GENERATING STATION. UNIT 1 

ITEm DEVICE/FAILURE FAILURE TIMING EFFECTS OPERATOR ACTIONS 

2. 4 I5VDC AFTER £1 RESET NONE riDNE LREDD 

1. i. 1 HV-854 (AS-IS) BEFORE SIS INTERLOCK FROM LIMIT SWITCHES NONE i <EDD 

PREVENTS HV-851 FROM OPENING 

3. 1.2 HV-854 (AS-IS) AFTER SIS, bEFORE IF HV--854 FAIL.S AFTER CLDSINi.:, NONE REL4D 
HV-851 OPEN NO EFFECT. IF F ILSN 

MID-STROKE, SAME WS 3. i. 1 

3.1.3 HV--854 (AS-IS) AFTER HV-851 OPEN NONE. (HV--854 FAILED IN NONE REGID 
BEFORE S1B RESET CLDSED POSITION> 

3. i. 4 n.-854 (AS-- AFTER SIB RESET NSAE AS 3. 1. 3) N*iONE REDi 

H. Y-5DERT4 iRRDR lI EFOREY~l SISNN CNIN ~S 3*' ~ ~((.T 

(J5 -ERAT i rD :. r'RR~f b'FLE SB HNONE. (NORMAL POS1IIN DF NONE READ 
4 .OHV-O854) 

OPEN*): 

S OPERTOR ERROR AFTER S1, BEFORE NONE. (HV-854 STAYS 1N S I vONE REOI 
(HV-854 C/S T) HV-85 OPEN ALIGNMENT DUE TO SIB SIGNAL) 
OPEN) 

3.2. 3 OPERATOR ERROR AFTER HV-851 DPEN, NiE41.%i E (HV--854 STA-'YS IN SI Ncjl%-.E ED 
(hV-854 C/5 TO EFORE SIS.RESET HLIGNMENT DUE TO SIB SIGNAt .  
OPEN) AND HV-851 INTERLOCK) 

4. (3 4 PE R i) 0fR ERR: AFTER SIB RESET . NONE.' (HV-854 STAYS IN SI NONtE REGDD 
1,HY""--8 654 C /S I1 ALIGNMyENT DUE TO HV-851 

OPENi) iNTERLOCK) 

3. 3. 1 OPERATOR ERROR BEFORE SIS NO EFFECT ON SAFEGUARDS rP: FFCED FLWP TO 
(HV-854 C/S TO AGAINST INJECTION OF PREVENT PUM,4P DAMAGE 
CLOSE) CONDENSATE. REDUCT I ON OF F W 

TO 3 S/G RESULTS IN PLANT TRIP



AIN FE!EDWATER PUMREALIGNMTil AD .iNERL N OCS 
EVENT5PEIFIC~ SINGLE FAILURE RESPONSE EVALUAT ION 

I J crq&'R' rl NL C i.-tF f~-: i 1 04- 1 A r U L N I I 

TEM DEVICE/F l .. URE Fl.E IING E.FFECT C TOR ACTIONS 

t3. O ERATO E''H --RROR A F T ER k- i b 0E E OE BH-5 )::I DY f CLO N NZN 1 1', 

(HV-854 C/b TO HV-8i OPEN UN SI5 
D S ) 

. C3.,:OPERATOR E OFTER HVER851:R OPfEN , NONE. HY- 54 iAi.. R iE'i Y COE i r UNE REG 
(Q8 C/S TO, B iEFOE" "IS RESET N IS) 

Ci..DE) 

.3.4 OPERi-TLOR E O AFTER S IS5 RzSET i'l,'NE:. (V'-ss.54 ALr .R ' v Y ... SizD) e.IrE REG.BL 
(HV-854 C0/ S 

P IiiVlE FAI L. ESE fS 3. . ) L 0 ,16NN RE tlGD 

4.2 PASSIVE FAI.. AFTER SI[ sBEFORE NTERLOCK CiUSES H-85 TO NONE- R0N i 
H 5 4 HV-8 IG E i RCLO5SE F ROM MID--STROKE 

RE.) Di ESj l) BOUNDED BY 3. 4. 3. NOT 
CREDIBLE FOR LOCA, SLB DR SGTR 
(DOUBLE PASSIVE FiAILURE) 

.4.3 PASSIVE F- H.L t.r~ ~AFER HV-51 OJPEN ITERLOCK CAUSES HV-851 TO NONE REUD 
(HV-854 BEFORE S:1a RESET RECLOSE FROM FULL ST RUFE. NOf 
(RE.) OPEN1D CREDIBLE FOR LOCA, SLB OR STR 

(DOUBLE PASSIVE FAILLIRE). Fr 
WORST CASE ACTIVE FAILURE 
(PORV OR STM DUMP). INJ OF 
COND PRECLUDED SINCE RCS PRESS 
ABOVE FWP S/O HD WHILE COND PP 
HD ABOVE SI PP HD



Pa i 4'. 4 

MAIN FEEDWATER PUMP REALIGNMENT AND INTERLOCKS 
EVENT--SPECIFIC SINGLE FAILURE RESPONSE EVALUATION 

SAN ONOFRE NUCLEAR .GEf.1ERATING STATION, UNIT 1 

ITEM DEVICE/FAILURE FAILURE TIMING EFFECTS OPERATOR ACTIONS 

3..4.4 PASSIVE FAILR AFTER SIS RESET INTERLOCK CAUSES HV-85i TO NONE REQD 
(HY-654 RECLOSE. SINCE COND AND HTR 
(RE)OPENS) DRAIN PUMPS ALREADY COASTED 

DOWN, ND POTENTIAL FOR 
IINJECTYION OF- 11:i CND)E NSATE 

4. . HiV-651 (AS-1S) BEFOHE SIS NONE. CLV-854 CLDSES NORMAL..Y NONE REGDD 
TO ISOLATE CONDENSATE AND HTR 
DR PUMPS) 

4.. 1. c HV-8.1 (AS-IS.) AFTER SIS BEFORE (SAME AS 4. 1. 1 NONE REGD 
HV-851 OPEN 

4.1.3 HV-851 (AS-IS) AFTER HV-S51 OPEN, NONE. (TRAIN REAL.IGNS NONE REDD 
BEFORE 315 RESET NORMALLY BEFORE FAILURE) 

4. 1. 4 H<-851 (H--1 1) AFTER, SIS RHESET ASAM 4. 1. 3) NONE REDD 

4.2. . OPERTOR ERRDR BEFOME Sr~ O1i . NONE. (HV-851 STAYS CLOSED NONE REDD 
(V--851 C/S TU DUEO HV-854 INTERLOCK) 
OPEN) 

2. c 0PERATOR ERROR AFTER F18 I F U ., LFR N. (HV-8 5 1 TAYS CLOSED NONE RED..Q 

(HV-51 E/S Ti HV-78'1 I'PEN UNTIL HV-854 INTERLOCK CLEiR- S.  
OPEN) 'TRAIN REALIGNS NORMALLY) 

+,. OPERiiTR ERROR. AFTER KV-851 OPENS! NONE. (VALVE ALREADY OPEN) NONE REIL2D 

*(HV-851 C/S To BEFORE SIS RESET



MAIN FEEDWFTER PUMP REALIAND INTERLOCKS 
EVENT-SPECIFIC SINGLE F ILURE RESPONSE EVALUATION 

S AN ONO FRE NLCLEAR GENERTFI iNiG STfI Il(N. UNIT 1 

ITEM DEVI CE /fiILURE FAILURE TIMING EFFETS OPERAiTOR ACTIONS 

4.E . 4 DP ERf1TOR ERROR AFTER S.S RELS.T (SDM AS 4. E. 31. NONE REGD 
(HV--851 C/S TIO 

4. 5. 1 Dl PERA'lOR ER BEFDRE SIS 4 NuE' rE Ui) 

(HV-851 C/S rn 
CLOSE) 

4. 3.2 OPERATOR ERROR A FTER SIS. BEFORE NONE. ( sI SIGNAL OIVERRIDE NO) RE 
(HV-851 C/S TO HV-851 OPEN CONTROL S W I TCi)H 
CLOSE 

4. 3. 3 OPERATOR ERDR AFTER HV-851 DPEN, NONE. (HV-51i STAYS IN Si NONE REUD 
(HV--851 C/S TO BEFORE SIS RESET ALIGNMENT DUE TO SI G IGNAL) 

CLD'SE) 

3. 4 OERfTOR ERROR AFTER SS RESET HY-8 51 RECLOSES ON:i FFFFE CTD NUN PED 
(HV-851 C/S TO TRN. NO EFFECT ON HV-854 

CLDSE) 

4.4. 1 PASSIVE Ff1!..R BEFbE IS COND .IJ DURING NORMAL OPS NONE REQD 
(HV-851. &DPFINS) PRECLUDED BY MOV-850ABC AND 

RCS PRESSURE, EVEN IF 
INTERLOCK DOES NOT CLOSE 
HY-854. POTENTI AL INJ OF COND 
DURING SI CONDITIONS BOUNDED 
BY FSA SECTION 4.1.6.5. NOT 
CREDIBLE DURING LOCA, SLB OR 
SGTR (DOUBLE PASSIVE FAILURE)
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oOUDE bY N~i LET]O 4r .t, 

r ~lR i P S L_( i I) m- i ~ .. 1)IJI 0i w L 

_'A. tLL IE SGTR (O~ fRif4 

4.4. 3 PASSIVER F:!lILR FATIER HV--851 OPEN, NO EFFEC'T A FLREALDY f.NONE R ED 
(HV-K451 OPEti i) BEFORE Biro: RES._ET C- OPEN)\ EVYLN,,I- NUTm LCRELIBILt 

1) U R ING LOCO, S L t30R LGT R 

4.4.4 PA S V F4Ii.. -f(j E R S R i.- I (5(A4M- A""- 4.4. 3)~9. R rz.'Q 
(HV-FAS1 OJPENS')) 

H,)-1. 8' H 51S4 L1I MI1 S W 'IEFL S_ 1 iNrTE R .Cr", H V 8S DEF E~TD AOERE 
(S; U LR 10 OU CHYiV-- 6 Ji WILL BEGIN OPENING 

SIUNL)CCi:it'RRE N-' WITH HV-8574 CLOSUREI 
O N S IS. POTE14*T I A1L INJ OF COND 
BOLJNDI)E) B3Y FSA- SECTi ClON 4. 1.6G. 5 
HNALYSI S 

.4 L'Iyi 
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MAIN FEEDWATER PUMP REALIGNMENT AiND INTERLOCi'S 
EVENT-SPECIFIC SING("LE FAILURE RESPONSE EVALUATION 
S4AN ONOFRE NUCLEAR (ENERATING STATION. UNIT 1 

I TEM~ DEVIE/FILURE FMLE TIMIN EFFECTS RAOPERATOR ACTIONS' 

. 4 HV-8-'5&4 LI -MIT SW AFTE- SI S REST (SAME - .. 3 NONr r AiD 

5. H. 1 HU85 LI SW BEFORE SIS N fVALVE NORMALLY OPEN. ON LLVA 
(SPURIOoUS OPEN REDUNOAT SW WILL PROVIDE 
S I1NIAL.) PE R'i . SS I 31V E Oi h-- 8 L WhEN 

H-854 STROKED CL S 0 0N SIS) 

5.2.2 HV-854 i-IMIT SW AFTER S'S . B0EFORE NONE. EDDANT LVliD .-a, ' 1 
(SPUR IUS OPEN HV-85 OPEN PERM IS SI VE FD!R -8 i WHEN 

SIG.NAL) HV-8564 r.COSED Si IS, f 

5.2. HV--654 LIMIT SW FTER H-51 OPEN N, (VALVES ALREADY .N SI NONE REuD 
(SPURIOUS GPEN BEFORE SIS RSET POSTIONS. REDUN NT SWITCH 

IGN~LF) M-INTAINS PERM ISSIVE FOR 
HV-51 WHEN tiV-854 S TRUKED 
CLUSD ON SIS) 

, .484 .1T W AFTER SS RESbT (SAMEI A 5. E. 3) -- NO?'LNE RECD 

(SPURInus OPEN 
SI GNAL.) 

6,. i.. 1 HY-81 Lif*[lT SW bEFEirr IS HV-84 CLOSES DUE TO T RFIP AF:FECTED FWP TO 
(SPURI S OPEN INTERLOCK. REDUCTION DF FW TO PREVENT PUMP DAMAGE 

SNA-i..) S/0 RESULTS IN PLANT 1RIP 

6.1.2: HY-8651 LINIT SW AFTER . SIS EFORE NONE. (HV-854 ALREADY CLOSING NONE RED 
(SPURIOUS OPEN HV-851 OPEN ON SIS) 
SIGNAL)



Ll r 4!DY--3PC IF C S-IN4GLE F PiLUi E R 3 0 N-EE V A L U A ICri 
0:110 .;if Hi- R NL LfAA E r I 6ibi R Pi N ST 'A:( I ON. LIi 

i TENi IDE*"M-'.) [G'LtE! / i-Fji LURE F IF Lii Tc~iN -Fi 13 DPER' -OR ACTIONS4 

6i. 1 -3: HV.--l L1 [ijj r SW AFTL.R H'VybJl OPii 'iONE. (i-V-6&:4 RUED~ L~D ~ '-LOD 

(.IU~~SOPEN BEF:3F- E StIS RES-3ET( 

6. 1. 4 S-a LiI ~ T L.I-S Rt:SE- 'I.i U bCT i' t: F L 3 L4u4 S r rL u 

(SUR IOUS iF'ip:EN'\ A~3 6"~ 1 N T N T I U, V, .

SlGNAL) CONL)iENSF1TE rLIWEh. ., H-6-SSit 

A 1,NNO-T *bF- 1 E.i: I f V, .EI D A"'I i7f' 

6. s2. i HV-851 L FY -, (SW bEr-.*(TEHE '731 NONE. (H V -131 15S NO R M -L L Y 1,Nl'E R(A 
(3,P UR PILIGS LLUSED. I \iit: R,-LOLr. TO Hv&3'SLI4 

CLOJSED S-I 6NAL) R E M A1N'S F U N C T10 N A D UE "iO 
RDbN h M)" :)Vj c-H) 

6.. . ainY-bi LNI SW AFFEF SIPS, FJFGE ONE. ( 1NTERLOL?. S;,W DOES D~ NNE R E U1 

LSPRT 003 8Y-S~ 5PE ~ FE[ir 4 C L CS L-1 E ON S1.  

CzD3:L i*-iV-i-b--P L, PICH RLLNSFNIN 

L)ILE*TOL REDU'NDANT S W ii T*'.H) 

R.~ii Lj SOE 1 RESE .T 
LUS.0 3IGNAiL-) 

E . ;- ''1.S ',W iF: F R 513 R S'.F (SAMP~E AS E,*-a' a) NUL H U L) 

0SO i U 
C L0ELI) S, L )



MAIN FEEDWATER ISOLATION FUNCTION OF ECC 
EVENT-SPECIFIC SINGLE FAILURE RESPONSE EVALUATION 

SAN ONOFRE NUCLEAR GENERATING STATION, UNIT 1 

Assumptions: 

1. The Main Feedwater (MFW) isolation design following implemen
tation of PFCs 1-88-3501.0, 1-88-3501.1, 1-88-3501.2, 1-88
3364.02 and 1-88-3472 is as follows: 

a. Electrical power alignment, control power and safeguards 
sequencer assignment for each subsystem or device is as per 
the attached sketch. (Reference applicable elementary 
diagrams and P&IDs 5178115, 5178205 and 5178206.) 

b. The MFW pump realignment valves fail to their normal (MFW) 
positions on loss of control power. Response time for 
realignment valves HV-852A and HV-852B is less than or 
equal to 5 seconds following receipt of a SIS. The MFW 
pumps trip on SIS or SISLOP and restart 11 seconds later.  

c. Motor operated valves MOV-20, MOV-21 and MOV-22 are 
environmentally qualified and fail as-is on loss of control 
or motive power. Response time for these valves is less 
than or equal to 10 seconds following receipt of a SIS and 
less than or equal to 21 seconds (including diesel 
generator and sequencer load group delays) following 
receipt of a SISLOP.  

d. Pneumatically operated valves FCV-456, FCV-457 and FCV-458 
fail open on loss of actuator gas pressure. Actuation of 
the associated environmentally qualified isolation pilot 
solenoid valves blocks the respective positioner pneumatic 
signal and applies air or backup nitrogen pressure to the 
actuator diaphragm. Concurrent actuation of the associated 
environmentally qualified damper bypass solenoid valve 
ensures that the closure time for these valves is less than 
or equal to 10 seconds following receipt of a SIS or 
SISLOP.  

e. Pneumatically operated valves CV-142, CV-143 and CV-144 
fail closed on loss of actuator gas pressure. Actuation of 
either of the redundant environmentally qualified isolation 
pilot solenoid valves on each CV isolates and vents the 
actuator diaphragms. The response time for these valves is 
less than or equal to 10 seconds following receipt of a 
SIS or SISLOP.  

2. The main steam line break accident analyses assume main 
feedwater isolation within 10 seconds following receipt of the 
SIS actuation signal (no loss of off-site power), and that



safety injection flow to the reactor coolant system (RCS) 

occurs after realignment of either FW/SIS train when RCS 

pressure decreases below SI system shut-off head. It is 

assumed that the integrated main feedwater flow for the SIS/10 

second isolation case bounds that of the SISLOP/21 second 

isolation case, due to the pump coastdown which would occur 

following the loss of off-site power.  

3. For postulated loss of 125 VDC control power, the affected 
4kV breakers cannot be tripped from the control room; trip of 
the associated pumps is therefore creditted only after local 

operator action (in the 4kV room).  

4. The applicable events are evaluated both with and without 
offsite power.
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MAIN FEEDWATER ISOLATION FUNCTION OF ECCS 
EVENT-SPECIFIC SINGLE FAILURE RESPONSE ANALYSIS 
SAN ONOFRE NUCLEAR GENERATION STATION, UNIT 1 

EVENT: MAIN STEAM LINE BREPA, INSIDE CONTAINMENT 
NO LOSS OF OFFSITE POWER 

COMMON CAUSE FAiLURES: 
FWCS: UNQUALIFIED LEVEL TRANSMITTERS IN HARSH ENVIRONMENT. ASSUMED FuLL OPEN SIGNAL TO FCVs (IN AUTO) 
AiR: NO EFFECT. (Unqualified devices outside narsn area; compressor capacity adequate to maintain pressure at FCVs) 

{ --- - ------------ ------ ----- ----- ErFLC O1 
MAIN REDWATER I50LATION------------- ----------

SINGLE FAILURE F -TRAIN FW TRAIN 2 STEkM OENERATOR A STEM GENERATOR B STEAM BENERATOR C NET EFFECT 

H9-852B SI FLOW TO FW HEADER NONE (Train reaions NONE (MOV, FCV and CV NONE (MO, FCV and CV NONE (MOV, FCV and CV NONE 
normal ly) isolate normally) isolate normally) isolate normally) 

HV-852A NONE (Train realigns SI FLOW TO FW HEADER NONE (MOV, FCV and CV NONE (MOV, FCV and CV NONE (MOV, FCV and CV NONE 

normally) isolate normally) isolate normally) isolate normally) 

SEG #1 FW FLOW TO FW HEADER NONE (Train realians MOV isolates normally MOV FAILS OPEN MOV FAILS OPEN NONE 
normally) FCV FAILS AS-IS* FCV isolates normally FCV isolates normally 

CV isolates normally CV isolates normally CV isolates normally 
SEG #2 NONE (Train reaiiens FW FLOW TO FW HEADER MOY FAILS OPEN MOV isolates normally MDV isolates normally NONE 

normally) FCV isolates normally FCV FAILS AS-IS* FCV FAILS AS-IS* 

CV isolates normally CV isolates normally CV isolates normally 

DC BUS #1 FW FLOW TO FW HEADER NONE (Train realions MOV isolates normally MOV FAILS OPEN MOV FAILS OPEN NONE 
normally) FCY FAILS AS-IS* FCV isolates normally FCV isolates normally 

CV isolates normally CV isolates normally CV isolates normally 

DC BUS #2 NONE (Train reaiigrs FW FLOW TO Fw HEADER MOV FAILS OPEN NOV isolates normally MOV isolates normaily NONE 
normally) FCV isolates normally FCV FAILS AS-IS* FCV FAILS AS-IS* 

CV isolates normally CV isolates normally CV isolates normally 

40R FULL OPEN IF IN AUTO



MIN FEEDWATER ISOLATION FUNCTION OF ECCS 
EVENT-SPECIFIC SINGLE FAILURE RESPONSE ANALYSIS 

SAN ONOFRE NUCLEAR GENERATION STATION, UNIT 1 

EVENT: MAIN STEAM LINE BREAK, INSIDE CONTAINMENT 
WITH LOSS OF OFFSITE POWER 

COMMON CAUSE FAILURES: 
FWCS: UNGUALIFIED LEVEL TRANSMITTERS IN HARSH ENVIRONMENT. ASSUMED FULL OPEN SIGNA TO FCVs (IN AUTO) 
AIR: LOST AS A RESULT OF SISLOP/LOP. FCVs FAIL OPEN (UNLESS SV ACTUATED) 

{------------- - ------ ---- -------- EFFECT ON MAIN FEEDWATER ISOLATION---------------------

SINGLE FAILURE FW TRAIN 1 FW TRAIN 2 STEAM GENERATOR A STEAM GENERATOR B STEAM GENERATOR C NET EFFECT 

HY-852B SI FLOW TO FW HEADER NONE (Train reaiigns NONE (MOV, FCV, CV NONE (MOV, FCV. CV NONE (MOV. FCV, CV NONE 
normally) isolate normally) isolate normaliy) isolate normally) 

HV-852A NONE (Train realigns SI FLOW TO FW HEADER NONE (MOV, FCV, CV NONE (MOV, FCV, CV NONE (MOV, FCV, CV NONE 
normally) isolate normally) isolate normally) isolate normally) 

SEQ #1 NONE (Pumps stop due to NONE (Train realigns NOV isolates normally M4OV FAILS OPEN MOV FAILS OPEN NONE 

loss of power) noraIally) FCV FAILS OPEN FCV isolates normally FCV isolates normally 
CV isolates normally CV isolates normally CV isolates normally 

SE@ #2 NONE (Train realigns NONE (Pumps stop due to MOV FAILS OPEN MOV isolates normally MOV isolates normally NONE 

normally) loss Of power) FCV isolates normally FCV FAILS OPEN FCV FAILS OPEN 

CV isolates normally CV isolates normally CV isolates normally 

DC BUS #1 NONE (Pumps stop due to NONE (Train realigns MOV isolates normally MOV FAILS OPEN MOV FAILS OPEN NONE 

loss of power) normally) FCV FAILS OPEN FCV isolates normally FCV isolates normally 
CV isolates normally CV isolates normally CV isolates normally 

DC BUS #2 NONE (Train realigns. NONE (Pumps stop due to MOV FAILS OPEN NOV isolates normally MOV isolates normally NONE 

normally) loss of power) FCV isolates normally FCV FAILS OPEN FCV FAILS OPEN 

CV isolates normally CV isolates normally CV isolates normally



MAIN FEEDWATER ISOLATION FUNCTION GL ECCS 
EVENT-SPECiFiC SINGLE FAILURE RESPONSE ANALYSIS 
SAN ONOFRE NUCLEAR GENERATION STATION, UNIT 1 

EVENT: MAIN STEAM LINE BREAK, OUTSIDE CONTAINMENT 
NO LOSS OF OFFSITE POWER 

COMMON CAUSE FAILURES: 
FWCS: UNGUALIFIED FCV AND CV POSITIONERS IN HARSH ENVIRONMENT. FCVs ASSUMED TO FAIL OPEN (UNLESS SV ACTUATED) 
AIR: UNQUALIFIED COMPRESSORS IN HARSH ENVIRONMENT; AIR LINES ASSUMED IMPACTED. FCVs FAIL OPEN (UNLESS SV ACTUATED) 

- ------- -- -------- EFFECT ON MAIN FEEDWATER ISOATION------ ----------------------

SINGLE FAILURE FW TRAIN 1 FW TRAIN 2 STEAM GENERATOR A STEAM GENERATOR B STEAM OENERATOR C NET EFFECT 

HY-8528 SI FLOW TO FW HEADER NONE (Train realions NONE (MOV, FCV, CV NONE (MOV, FCV. CV NONE (MOV, FCV, CV NONE 
normally) isolate normally) isolate normally) isolate normally) 

HV-852A NONE (Train realigns SI FLOW TO FW HEADER NONE (MOV, FCV, CV NONE (MOV, FCV, CV NONE (MOV, FCV, CV NONE 
normaliy) isolate normally) isolate normally) isolate normally) 

SED #1 FW FLOW TO FW HEADER NONE (Train realigns MOV isojates normally MOV FAILS OPEN MOV FAILS OPEN NONE 
normally) FCV FAILS OPEN FCY isolates normally FCV isolates normally 

CV isolates normally CV isolates normally CV isolates normally 

SEG #2 NONE (Train realigns FW FLOW TO FW HEADER MOV FAILS OPEN MOV isolates normally MOV isolates normally NONE 
normally) FCV isolates normally FCV FAILS OPEN FCV FAILS OPEN 

CV isolates normally CV isolates normally CV isolates normally 

DC BUS #1 FW FLOW TO FW HEADER NONE (Train realions MOV isolates normally MOV FAILS OPEN MOV FAILS OPEN NONE 
normal y) FCV FAILS OPEN FCV isolates normally FCV isolates normally 

CV isolates normally CV isolates normally CV isolates normally 

DC BUS #2 NONE (Train realigns FW FLOW TO FW HEADER MOV FAILS OPEN NOV isolates normally NOV isolates normally NONE 
nornally) FCV isolates normally FCV FAILS OPEN FCV FAILS OPEN 

CV isolates normally CV isolates normally CV isolates normally



MAIN FEEDWATER ISOLATION FUNCTION OF ECCS 
EVENT-SPECIFIC SINGLE FAILURE RESPONSE ANALYSIS 

SAN ONOFRE NUCLEAR GENERATION STATION, UNIT 1 

EVENT: MAIN STEAM LINE BREAK, OUTSIDE CONTAiNMENT 
WITH LOSS OF OFFSITE POWER 

COMMON CAUSE FAILURES: 
FWCS: UNQUALIFIED FCV AND CV POSITIONERS IN HARSH ENVIRONMENT. FCVs ASSUMED TO FAIL OPEN (UNLESS SV ACTUATED) 
AIR: LOST AS A RESULT OF SISLOP/LOP. FCVs FAIL OPEN (UNLESS SV ACTUATED) 

--- --------- EFFECT ON MAIN FEEDWATER ISOLATiON---------------- -------- -------

SINGLE FAILURE FW TRAIN i FW TRAIN 2 STEAM GENERATOR A STEAM GENERATOR B STEAM GENERATOR C NET EFFECT 

HV-852B SI FLOW TO FW HEADER NONE (Train realigns NONE (10V, FCV, CV NONE (MOV, FCV, CV NONE (MOV, FCV, CV NONE 
normally) isolate normally) isolate normally) isolate normally) 

HV-852A NONE (Train realions SI FLOW TO FW HEADER NONE (M0V, FCV, CV NONE (MOV, FCV, CV NONE (MOV, FCV, CV NONE 
normal V) isolate normally) isolate normally) isolate normally) 

SED #1 NONE (Pumps stop due to NONE. (Train realigns MOY isolates normally MOV FAILS OPEN MOV FAILS OPEN NONE 
loss of power) normally) FCV FAILS OPEN FCV isolates normally FCV isolates normally 

CV isolates normally CV isolates normally CV isolates normally 

SED #2 NONE (Train realions NONE (Pumps stop due to MOV FAILS OPEN MOV isolates normally MOV isolates normally NONE 
normally) loss of power) FCV isolates normally FCV FAILS OPEN FCV FAILS OPEN 

CV isolates normally CV isolates normally CV isolates normally 

DC BUS #1 NONE (Pumos stop due to NONE (Train realions MOV isolates normally MOV FAILS OPEN MOV FAILS OPEN NONE 
loss of power) normally) FCV FAILS OPEN FCV isolates normally FEV isolates normally 

CV isolates normally CV isolates normally CV isolates normally 

DC BUS #2 NONE (Train realigns NONE (Pumps stop due to MOV FAILS OPEN MOV isolates normally MOV isolates normally NONE 
normally) loss of power) FCV isolates normally FCV FAILS OPEN FCV FAILS OPEN 

CV isolates normaliy CV isolates normally CV isolates normally



MAIN FEEDWATER ISOLATION FUNCTION OF ECCS 
EVENT-SPECIFIC SINGLE FAILURE RESPONSE ANALYSIS 
SAN ONOFRE NUCLEAR GENERATION STATION, UNIT 1 

EVENT: LOSS OF COOLANT ACCIDENT 
NO LOSS OF OFFSITE POWER 

COMMON CAUSE FAILURES: 
FWCS: UNQUALIFIED LEVEL TRANSMITTERS IN HARSH ENVIRONMENT. ASSUMED FULL OPEN SIGNAL TO FCV5 (IN AUTO) 
AIR: NO EFFECT. (Unqualified devices rot significantly affectea in first 30 minutes; compressor capacity adequate to maintain pressure at FC~s) 

-- --- ----- --- - --------- EFFECT ON MAIN FEEDWATER ISLATION--------------------
SINGLE FAILURE FW TRAIN 1 FW TRAIN 2 STEAM GENERATOR A STEAM GENERATOR B STERM GENERATOR C NET EFFECT 

HV-852B NONE (RCS less than 9/6 NONE (Train realimns NONE (MOV, FCV and CV NONE (MOV, FCV and CV NONE (MOV, FCV and CV NONE 
Dressure) normally) isolate normally) isolate normally) isolate normally) 

HV-852A NONE (Train realions NONE (RCS less tnan Si NONE (MOV, FCV and CV NONE (MOV, FCV and CV NONE (MOV, FCV and CV NONE 
normally) pressure) isolate normally) isolate normally) isolate normally) 

SEQ #1 FW FLOW TO FW HEADER NONE (Train realions MOV isolates normally MOV FAILS OPEN MOV FAILS OPEN NONE 
normally) FCV FAILS AS-IS* FCV isolates normally FCV isolates normally 

CV isolates normally CV isolates normally CV isolates normally 

SEG #2 NONE (Train realigns FW FLOW TO FW HEADER MOV FAILS OPEN MOV isolates normally MDV isolates normally NONE 
normally) FCV isolates normally FCV FAILS AS-IS* FCV FAILS AS-IS* 

CV isolates normally CV isolates normally CV isolates normally 

DC BUS #1 FW FLOW TO FW HEADER NONE (Train realigns MOV isolates normally MOV FAILS OPEN MOV FAILS OPEN NONE 
normally) FCV FAILS AS-IS* FCV isolates normally FCV isolates normally 

CV isolates normally CV isolates normally CV isolates normally 

DC BUS #2 NONE. (Train realigns FW FLOW TO FW HEADER MOV FAILS OPEN MOV isolates normally MOV isolates normally NONE 
normally) FCV isolates.normally FCV FAILS AS-IS* FCV FAILS AS-IS* 

CV isolates normally CV isolates normally CV isolates normally 

*0R FULL OPEN IF IN AUTO



MAIN FEEDWATER ISOLATION FUNCTION OF ECCS 
EVENT-SPECIFIC SINGLE FAILURE RESPONSE ANALYSIS 
SAN ONOFRE NUCLEAR GENERATION STATION, UNIT 1 

EVENT: LOSS OF COOLANT ACCIDENT 
WITH LOSS OF OFFSITE POWER 

COMMON CAUSE FAILURES: 
FWCS: UNGUALIFIED LEVEL TRANSMITTERS IN HARSH ENVIRONMENT. ASSUMED FULL OPEN SIGNAL TO FCVs (IN AUTO) 
AIR: LOST AS A RESULT OF SISLOP/LOP. FCVs FAIL OPEN (UNLESS SY ACTUATED) 

----- ------- EFFECT ON MAIN FEEDWATER ISOLATION ---------------------- ----------

SINGLE FAILURE FW TRAIN 1 FW TRAIN 2 STEAM GENERATbR A STEAM GENERATOR B STEAM GENERATOR C NET EFFECT 

HV-852B NONE (RCS less than S/S NONE (Train realigns NONE (NOV. FCV. CV NONE (MOV, FCV, C4 NONE (MOY, FCV, CV NONE 
pressure) normally) isolate normally) isolate -normally) isolate normally) 

HV-852A NONE (Train realigns NONE (RCS less than 5/6 NONE (MOV, FCV, CV NONE (MOV, FCV, CV NONE (MOV. FCV. CV NONE 
normailly) pressure) isolate normally) isolate normally) isolate normally) 

SEQ #i NONE (Pumps stoo due to NONE (Train reaiigns MOV isolates normally MOV FAILS OPEN MOV FAILS OPEN NONE 
loss of power) normaily) FCV FAILS OPEN FCV isolates normally FEV isolates normally 

CV isolates normally CV isolates normally CV isolates normally 

SEQ #2 NONE (Train realigns NONE (Pumps stop due to MOV FAILS OPEN MOV isolates normally NOV isolates normally NONE 
normally) loss of power) FCV isolates normally FCV FAILS OPEN FCV FAILS OPEN 

CV isolates normally CV isolates normally CV isolates normally 

DC BUS #1 NONE (Pumps stoo due to NONE (Train realigns NOV isolates normally NOV FAILS OPEN NOV FAILS OPEN NONE 
loss of power) normally) FCV FAILS OPEN FCV isolates normally FCV isolates normally 

CV isolates normally CV isolates normally CV isolates normally 

DC BUS 12 NONE (Train realigns NONE (Pumps stop due to NOV FAILS OPEN MOV isolates normally MOV isolates normally NONE 
normally) loss of power) FCV isolates normally FCV FAILS OPEN FCV FAILS OPEN 

CV isolates rrmally CV isolates normally CV isolates normaliy



AUXILIARY FEEDWATER/REACTOR PROTECTION SYSTEMS 
EVENT-SPECIFIC SINGLE FAILURE RESPONSE EVALUATION 

SAN ONOFRE NUCLEAR GENERATING STATION, UNIT 1 

Assumptions: 

1. The AFW design, following implementation of PFCs 1-88-3364.00, 
1-88-3364.01, 1-88-3364.03 and 1-88-3364.04 has, the following 
features: 

a. Parallel flow control valves (FCVs) to each steam generator 
(S/G), one Train A (fail closed on loss of power) and one 
Train B (fail open on loss of power).  

b. One AFW flow indicator per S/G (Train B).  

c. Pumps G-10 and G-10S on Train A.  

d. Pump G-10W on Train B.  

e. Interlocks prevent auto-start of G-10 or G-10S unless lead 
pump (G-10W) fails.  

f. Flow restrictions prevent exceeding pump run-out or water 
hammer limits.  

g. Redundant -isolation of steam generator blowdown downstream 
of sample lines. At least two series sample isolation 
valves in the safety related portion of each line, one 
Train A (fail closed on loss of power), and the other 
manual.  

2. The RPS steam/feedwater flow mismatch scram has been modified 
per PFC 1-88-3496 to preclude common mode failure (eg. PT-459 
input) and to have channel trip on both negative and positive 
mismatch (inadequate or excess feedwater flow). The existing 
2 out of 3 steam generator logic for reactor scram is 
retained. Single failure is thus precluded from preventing 
early reactor scram except .for the loss of main feedwater to a 
single steam generator event; for this event, mismatch scram 
will not occur, since only one steam generator is affected.  

3. Loss of offaite power and single active failure are assumed 
in addition to the initiating event; however, scram on the 
Loss of Power (LOP) signal from the Safeguards Load Sequencers 
is not creditted.



4. Loss of train power is conservatively assumed to include the 

associated control power supply.  

5. No credit is taken for local manual operation of pump G-10.  

6. The applicable RPS/AFW transient analysis references are as 

follows: 

CASE A: Loss of Normal Feedwater to 1 S/G, from 100% power 
Reactor trip on high pressurizer water level (50%) 
AFW flow of 185 gpm at 30 minutes 
[Case 1 of W letter SCE-87-612 to SCE dated 8/7/87) 

CASE B: Loss of Normal Feedwater to 3 S/G, from 100% power 
Reactor trip on steam/feedwater flow mismatch 
AFW flow of 165 gpm at 30 minutes.  
ECase 1 of SCE letter to NRC dated 5/1/19863 

CASE C: Loss of Normal Feedwater to 3 S/G, from 50% power 
Reactor trip on high pressurizer water level (50%) 
AFW flow of 185 gpm at 30 minutes 
ECase 2 of W letter SCE-87-612 to SCE dated 8/7/873 

CASE D: Main Feed Line Break (upstream), from 100% power 
Reactor trip on steam/feedwater flow mismatch 
AFW flow of 125 gpm at 30 minutes 
ECase 3 of W letter SCE-87-612 to SCE dated 8/7/87) 

CASE E: Main Feed Line Break (upstream), from 50% power 
Reactor trip on high pressurizer water level (50%) 
AFW flow of 125 gpm at 15 minutes 
ECase 4 of W letter SCE-87-612 to SCE dated 8/7/87) 

CASE F: Main Feed Line Break (downstream), from 100% power 
Reactor trip on steam/feedwater flow mismatch 
AFW flow of 250 gpm at 15 min (+ 5 min to refill lines) 
ECase 2 of SCE letter to NRC dated 5/1/87) 

CASE G: Main Feed Line Break (downstream), from 50% power 
Reactor trip on high pressurizer pressure 
AFW flow of 250 gpm at 15 min (+ 5 min to refill lines) 
[Case 5 of W letter SCE-87-612 to SCE dated 8/7/873



SUMMARY TABLE OF HYDRAULIC CALCULAlON(1) SUPPLEMENT RESULTS FOR AFWS HODIPICATIONS UNDER DCP 3364.OOTJ 

A B C D B F G H I J K L 
CASE PUMP STEAM CEN PRESS(PSIG) AFWS FWW(GPM) TO TOTAL GPM TOEAL(3) FLOW REQ'D APHS FLOW 

NO. OPERATING S/CIA S/clB S/GiC S/GLA SI(DB S/G1C TO S/Cs APNS FLOA W/O MARCIN(2) REQ*DI75 MWR 
(4) AT PUMP 

1 GlOS -------- ATMOSPHERIC--------- 130 130 130 372 401 250 267 ACCEPTABLE 
(1.3.5.6) 

+ t -- G 405 ACCEPTABLE 
(1 

150/Sc ACCEPTABLE 
ID (1.3.5.9) 

3 G10M -------- AED(SPHERIC--------- 134 134 134 384 443 250 267 ACCEPTABLE 
(t I(1.3.5.6) 

J +ACCErTABL 

6 Clow 1015 1015 1015 83 83 83 231 291 185 198 ACCEPTABIE 
+ %16 (1.3.5.1) 

7 GLCO+10S 105 1015 1015 85 85 85 237 311 185 198 ACCEPTABLE 
(1.3.5.1) 

a clos 1015 1015 1015 68 68 68 186 225 165 176.6 ACCEPTABLE 
(1.3.5.2) 

9 C10 1015 1015 1015 79 79 79 719 275 165 176 ACCEPTABLE 
(1.3.5.3) 

10 c1o+G1OS 1015 10L5 BREAK TO 65 65 189 1 74 125 133 ACCEPTABLE * 
AMS(1.3.5.5) 

11 Oi BREAK 10 1015 1015 184 46 46 80 319 125 133 W/A 
L 

OPERATOR ECUALIZES FLD 83 83 83 154 291 125 133 ACCEPTABLE 

OTHUER CASES NOT INCLUDED IN HYDRAULIC CALCULATHONS: 

n 9B C10 1015 1015 BREAK TO 44 44 182 76 308 
AMOS 

OPRATOR 1QBALIZES FLOW 79 79 79 146 275 125 133.75 ACCEPTABLE 
(1.3.5.3) 

* REMODE ISOLATION OF SAMPLE LINES AIRE EQUIRED 
(1) DC2836 AMWS HYDRAULIC CALULATION 
(2) NB6315 DESIGN CRITERIA, APWS NODIFICATIONS 
(3) INCLUDING MINI-FILO EURM 
(4) INCLUDING THE OEMISTY SAPLE LOSSES (6 GPM PER EACH IMAECE SEAN GEERATOR)
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AUXILIARY FEEDWATER/REACTOR PROTECTION SYSTEMS 
EVENT-SPECIFIC SINGLE FAILURE RESPONSE ANALYSIS 
SAN ONOFRE NUCLEAR GENERATION STATION, UNIT 1 

EVENT: SINGLE STEAM GENERATOR LOSS OF FEEDATER 
FROM 1(10% POWER 

COMMON CAUSE FAiLURES: NONE 
STM/FW MISMATCH SCRAM: AVAILABLE 
ACCEPTANCE CRITERION: NO PRESSURIZER FILL 

f--- ------------ -------------------- EFFECT ON RPS/WW ------------------ --------------------- APPLICABLE ANAY 
SINGLE FAILURE REACTOR SCRAM 6-10 6-10S G-10 FLOW INDICATION FCVS / SAMPLE ISUL ACTION (AFw FLOW) (REQUIRED AFW FL 

6-10 HI PZR LEVEL (50%) FAILED AVAILABLE AVAILABLE AVAILABLE 2/LOOP O CLOSE 06-2 BRKR CASE A 
@30 MIN @30 MIN SMPL iSOL OK (231 @ 30 MIN) (185 @ 30 MIN) 

6-10S HI PZR LEVEL (50%) AVAILABLE FAILED AVAILABLE AVAILABLE 2/LOOP O NONE REQUIRED BOUNDED BY CASE 
@3.5 MIN @30 MIN SMPL ISOL O (213 @ 3.5 MIN) (185 @ 30 MIN) 

TRAIN A POWER ml PZR LEVEL (50%) FAILED FAILED AVAILABLE AVAILABLE 1/LOOP FAILED SrIUT CLOSE DB-2 BRKR CASE A 
&30 MIN SMPLS FAILED SHUT (249 @ 30 MIN) (165 @ 30 MIN) 

6-1oW HI PZR LEVEL (50% AVAILABLE AVAILABLE FAILED AVAILABLE 2/LOOP OK NONE REQUIRED BOUNDED BY CASE 
C3.5 MIN @30 MIN SMPL ISOL OK (219 @ 3.5 KIN) (185 @ 30 MIN) 

FLOW INDICATION n PZR LEVE. (50%) AVAILABLE AVAILABLE AVAILABLE FAILED 2/LOOP OK NONE REQUIRED BOUNDED BY CASE 
C3.5 MIN @30 MIN @30 MIN SMPL IS0L OK (219 @ 3.5 MIN) (185 @ 30 MIN) 

TRAIN B POWER rI PZR LEVEL (50%) AVAILABLE AVAILABLE FAILED FAILED 1/LOOP FAILED OPEN NONE REQUIRED BOUNDED BY CASE 
3.5 MIN @30 MIN SMPL ISOL GK (2i9 @ 3.5 MIN) (185 @ 30 MIN)



AUXILIARY FEEDWATER/REACTOR PROTECTION SYSTEMS 
EVENT-SPECIFIC SINGLE FAILURE RESPONSE ANALYSIS 
SAN ONOFRE NUCLEAR GENERATION STATION, UNIT 1 

EVENT: SINGLE STEAM GENERATOR LOSS OF FEEDWATER 
FROM 50% POWER 

COMMON CAUSE FAILURES: NONE 
STM/FW MISMATCH SCRAM: BYPASSED 
ACCEPTANCE CRITERION: NO PRESSURIZER FILL 

{ ---------- -- --------- ---------------- EFFECT ON RPS/ArWS -------------- ------------------------------ APPLICABLE ANLYE 
SINGLE FAILURE REACTOR SCRAM 6-10 G-105 6-lOW FLOW INDICATION FCVS / SAMPLE ISOL ACTION (AFW FLOW) (REQUIRED AFW FLO 

6-10 HI PZR LEVEL (50%) FAILED AVAILABLE AVAILABLE AVAILABLE 2/LOOP OK CLOSE 06-2 BRKR BOUNDED BY CASE E 
30 MIN C30 MIN SMPL ISOL OK (231 @ 30 MIN) (185 @ 30 MIN) 

G-lOS HI PZR LEVEL (50%) AVAILABLE FAILED AVAILABLE AVAILABLE 2/LOOP OK NONE REQUIRED BOUNDED BY CASE I 

@3.5 MIN @30 MIN SMPL ISOL OK (219 @ 3.5 MIN) (185 @ 30 MIN) 

TRAIN A POWER HI PZR LEVEL (50%) FAILED FAILED AVAILABLE AVAILABLE 1/LOOP FAILED SHUT CLOSE DB-2 BRKR BOUNDED BY CASE I 
C30 MIN SMPLS FAILED SHUT (249 @ 30 MIN) (185 0 30 MIN) 

G-1OW HI PZR LEVEL (50%) AVAILABLE AVAILABLE FAILED AVAILABLE 2/LOOP OK NONE REQUIRED BOUNDED BY CASE i 
@3.5 MIN @30 MIN SMPL ISOL OK (219 @ 3.5 MIN) (185 @ 30 MIN) 

FLOW INDICATION Hi PZR LEVEL (50%) AVAILABLE AVAILABLE AVAILABLE FAILED 2/LOOP OK NONE REQUIRED BOUNDED BY CASE 1 
@3.5 MIN 130 MIN @30 MIN SMPL ISOL O (219 @ 3.5 MIN) (185 @ 30 MIN) 

TRAIN B POWER HI PZR LEVEL (50%) AVAILABLE AVAILABLE FAILED FAILED 1/LOOP FAILED OPEN NONE REQUIRED BOUNDED BY CASE 
@3.5 MIN @30 MIN SMPL ISOL OK (219 @ 3.5 MIN) (185 * 30 MIN)



AUXILIARY FEEDWATERiREACTOR PROTECTION SYSTEMS 
EVENT-SPECIFIC SINGLE FAILURE RESPONSE ANALYSIS 

SAN ONOFRE NUCLEAR GENERATION STATION, UNIT 1 

EVENT: COMPLETE LOSS OF MAIN FEEDWATER 
FROM 100% POWER 

COMMON CAUSE FAILuRES: NONE 
STM/FW MISMATCH SCRAM: AVAILABLE 
ACCEPTANCE CRITERION: ND PRESSURIZER FILL 

----- -------- - ----- - - EFFECT ON RPS/AIWS ----------------------------- --------------- } APPLICABLE ANALY.  
SINGLE FAILURE REACTOR SCRAM 6-10 6-loS 6-lOW FLOW INDICATION FCVS / SAMPLE ISOL ACTION (AFW FLOW) (REQUIRED AFW FLI 

6-10 STM/FW MISMATCH FAILED AVAILABLE AVAILABLE AVAILABLE 2/LOOP OK CLOSE D6-I BRKR CASE B 
@30 MIN @30 MIN SMPL ISOL OK (186 @ 30 MIN) OR (165 @ 30 MIN) 

CLOSE 06-2 BARR 
(231 @ 30 MIN) 

6-10S STM/FW MISMATCH AVAILABLE FAILED AVAILABLE AVAILABLE 2/LOOP OK NONE REQUIRED BOUNDED BY CASE 
@3.5 MIN @30 MIN SMPL ISOL OA (219 ( 3.5 MIN) (165 @ 30 MIN) 

TRAIN A POWER STM/FW MISMATCH FAILED FAILED AVAILABLE AVAILABLE 1/LOOP FAILED SHUT CLOSE 06-2 BRKR CASE b 
@30 MIN SMPLS FAILED SHUT (249 @ 30 MIN) (165 @ 30 MIN) 

G-i0W STM/FW MISMATCH AVAILABLE AVAILABLE FAILED AVAILABLE 2/LOOP OK NONE REQUIRED BOUNDED BY CASE i 
@3.5 MIN @30 MIN SMPL ISOL OK (219 @ 3.5 MIN) (165 @ 30 MIN) 

FLOW INDICATION STM/FW AISMATCH AVAILABLE AVAILABLE AVAILABLE FAILED 2/LOOP OK NONE REQUIRED BOUNDED BY CASE 
03.5 MIN @30 MIN @30 MIN SMPL ISOL OK (219 @ 3.5 MIN) (165 @ 30 MIN) 

TRAIN B POWER STM/FW MISMATCH AVAILABLE AVAILABLE FAILED FAILED i/LOOP FAILED OPEN NONE REQUIRED BOUNDED BY CASE I 
@3.5 MIN @30 MIN SMPL ISOL OK (219 @ 3.5 MIN) (165 @ 30 MIN)



AUXILIARY FEEDWATER/REACTOR PROTECTION SYSTEMS 
EVENT-SPECIFIC SINGLE FAILURE RESPONSE ANALYSIS 

SAN ONOFRE NUCLEAR BENERATION STATION, UNIT 1 

EVENT: COMPLETE LOSS OF MAIN FEEDWATER 
FROM 50% POWER 

CDMMON CAUSE FAILURES: NONE 
STM/FW MISMATCH SCRAM: BYPASSED 
ACCEPTANCE CRITERION: NO PRESSURIZER FILL 

- -EFFECT ON RPS/AFWS -------------- -------- ------------- } APPLICABLE ANALY 
SINGLE FAILURE REACTOR SCRAM 6-10 6-1oS 6-10W FLOW INDICATION FCVS / SAMPLE ISOL ACTION (AFW FLOW) (REQUIRED AFW FL 

T-10 HI PZR LEVEL (50%) FAILED AVAILABLE AVAILABLE AVAILABLE 2/LOOP O CLOSE DG-2 BRKR CASE C 
@30 MIN @30 MIN SMPL ISOL OK (231 @ 30 MIN) (185 @ 30 MIN) 

G-10S HI PZR LEVEL (50%) AVAILABLE FAILED AVAILABLE AVAILABLE 2/LOOP OK NONE REQUIRED BOUNDED BY CASE 
@3.5 MIN @30 MIN SMPL ISOL OK (219 @ 3.5 MIN) (185 @ 30 MIN) 

TRAIN A POWER Hi PZR LEVEL (50%) FAILED FAILED AVAILABLE AVAILABLE 1/LOOP FAILED SHUT CLOSE DG-2 BRNR CASE C 
@30 MIN SMPLS FAILED SHUT (249 @ 30 MIN) (185 @ 30 MIN) 

B-lOW HI PZR LEVEL (50%) AVAILABLE AVAILABLE FAILED AVAILABLE 2/LOOP OK NONE REQUIRED BOUNDED BY CASE 
C3.5 MIN @30 MIN SMPL ISOL OK (219 @ 3.5 MIN) (185 @ 30 MIN) 

FLOW INDICATION HI PZR LEVEL (50%) AVAILABLE AVAILABLE AVAILABLE FAILED 2/LOOP OK NONE REQUIRED BOUNDED BY CASE 
@3.5 MIN @30 MIN @30 MIN SMPL ISOL OK (219 @ 3.5 MIN) (185 @ 30 MIN) 

TRAIN B POWER HI PZR LEVEL (50%) AVAILABLE AVAILABLE FAILED FAILED 1/LOOP FAILED OPEN NONE REQUIRED BOUNDED BY CASE 
@3.5 MIN @30 MIN SMPL ISOL OK (219 @ 3.5 MIN) (185 @ 30 MIN)



AUXILlARY FEEDWATER/REACTOR PROTECTiON SYSTEMS 
EVENT-SPECIFIC SINGLE FAILURE RESPONSE ANALYSIS 

SAN ONOFRE NUCLEAR GENERATION STATION, UNIT 1 

EVENT: MAIN FEEDWATER LINE BREAK, UPSTREAM OF S/6 CHECK VALVES 
FROM 100% POWER 

COMMON CAUSE FAILURES: ONE FEEDWATER LINE RUPTURED. ALL AFW TO THE AFFECTED LINE ASSUMED LOST 
STM/FW MISMATCH SCRAM: AVAILABLE 
ACCEPTANCE CRITERION: NO CORE LINCOVERY 

------------------ EFFECT ON RPS/AWS ------------------------- APPLICABLE ANALYS 
SINGLE FAILURE REACTOR SCRAM 6-10 6-lOS 6-lOW FLOW INDICATION . FCVS / SAMPLE ISOL ACTION (AFW FLOW) (REQUIRED AFW FLO 

6-10 STM/FW MISMATCH FAILED AVAILABLE AVAILABLE AVAILABLE 2/LOOP O CLOSE DG-2 BRKR CASE D 
@15 MIN @15 MIN SMPL ISOL.OK AND EQUALIZE FLOW (125 @ 30 MIN) 

(154 @ 15 MIN) 

6-1OS STM/FW MISMATCH AVAILABLE FAILED AVAILABLE AVAILABLE 2/LOOP O (76 @ 3.5 MIN) BOUNDED BY CASE D 
03.5 MIN @15 MIN SMPL ISOL OR 'EQUALIZE FLOW (125 @ 30 MIN) 

(146 @ 15 MIN) 

TRAIN A POWER STM/FW MISMATCH FAILED FAILED AVAILABLE AVAILABLE 1/LOOP FAILED SHUT CLObE D6-2 BRKR CASE D 
@15 MIN SMPLS FAILED SHUT AND EJUALIZE FLOW (125 @ 30 MIN) 

(166 @ 15 MIN) 

6-10w STM/FW MISMATCH AVAILABLE AVAILABLE FAILED AVAILABLE 2/LOOP OK (76 @ 3.5 MIN) BOUNDED BY CASE D 
@3.5 MIN @15 MIN SMPL ISOL O EQUALIZE FLOW (125 @ 30 MIN) 

(146 @ 15 MIN) 

FLOW INDICATION STM/FW MISMATCH AVAILABLE AVAILABLE AVAILABLE FAILED 2/LOOP OK (76 @ 3.5 MIN) BOUNDED BY CASE D 
@3.5 MIN @15 MIN @15 MIN SMPL ISOL O CLOSE DB-1 BRKR (125 @ 30 %IN) 

AND ISOL SMPLS 
(130 @ 15 MIN) 

TRAIN B POWER STM/FW MISMATCH AVAILABLE AVAILABLE FAILED FAILED 1/LOOP FAILED OPEN (76 @ 3.5 MIN) BOUNDED BY CASE 0 
@3.5 MIN 915 MIN SMPL ISOL O CLOSE D6-1 BRKR (125 @ 30 MIN) 

AND ISOL SMPLS 
(130 @ 15 MjN)



AUXILIARY FEEDwATER/REACTOR PROTECTION SYSTEMS 
EVENT-SPECIFIC SINBLE FAILURE RESPONSE ANALYSIS 
SAN ONOFRE NUCLEAR GENERATION STATION, UNIT 1 

EVENT: MAIN FEEDWATER LINE BREAK, UPSTREAM OF SiG CHECK VALVES 
FROM 50% POWER 

COMMON CAUSE FAILURES: ONE FEEDWATER LINE RUPTURED. ALL AFW TO THE AFFECTED LINE ASSUMED LOST 
STM/FW MISMATCH SCRAM: BYPASSED 
ACCEPTANCE CRITERION: NO CORE LICOVERY 

-- - -------------- ---------- EFFECT ON RPS/AWWS --------------- ------------ - APPLICABLE ANALYV 
SINGLE FAILURE REACTOR SCRAM 6-10 6-10S 6-10W FLOW INDICATION FCVS / SAMPLE iSUL ACTION (AFW FLOW) (REQUIRED AFW FLI 

G-10 HI PZR LEVEL (50%) FAILED AVAILABLE AVAILABLE AVAILABLE 2/LOOP 0A CLOSE D6-2 BRKR CASE E 
@15 MIN @15 MIN SMPL iSOL OK AND EQUALIZE FLOW (125 @ 15 MIN) 

(154 @ 15 MIN) 

G-1OS HI P2R LEVEL (50%) AVAILABLE FAILED AVAILABLE AVAILABLE 2/LOOP O (76 C' 3.5 MIN) BOUNDED BY CASE 
@3.5 MIN (15 MIN SMPL ISOL OK EQUALIZE FLOW (125 @ 15 MiN) 

(146 @ 15 MIN) 

TRAIN A POWER HI PZR LEVEL 50%) FAILED FAILED AVAILABLE AVAILABLE 1/LOOP FAILED SHUT CL05E 06-2 BRKR CASE E 
@15 MIN S4PLS FAILED SHUT AND EQUALIZE FLOW (125 @ 15 MIN) 

(166 @ 15 MIN) 

6-10W HI PZR LEVEL (50%) AVAILABLE AVAILABLE FAILED AVAILABLE 2/LOOP OK (76 C' 3.5 MIN) BOUNDED BY CASE £ 
@3.5 MIN @15 MIN SMPL ISOL OK EQUALIZE FLOW (125 @ 15 MIN) 

(146 @ 15 MIN) 

FLOW INDICATION HI PZR LEVEL (50%) AVAILABLE AVAILABLE AVAILABLE FAILED 2/LOOP OK (76 @ 3.5 MIN) BOUNDED BY CASE I 
@3.5 MIN @15 MIN @15 MIN SMPL ISOL o CLOSE DB-1 BRKR (125 @ 15 MIN) 

AND ISOL SMPLS 
(130 @ 15 MIN) 

TRAIN B POWER HI PZR LEVEL (50%) AVAILABLE AVAILABLE FAILED FAILED 1/LOOP FAILED OPEN (76 @ 3.5 MIN) BOUNDED BY CASE i 
@3.5 MIN @15 MIN SMPL ISOL OK CLOSE )6-1 BRKR (125 @ 15 MIN) 

AND ISOL SMPLS 
(130 @ 15 MIN)



AUXILIARY FEEDWATER/REACTOR PROTECTION SYSTEMS 
EVENT-SPECIFIC SINGLE FAILURE RESPONSE ANALYSIS 
SAN ONDFRE NUCLEAR GENERATION STATION, UNIT 1 

EVENT: MAIN FEEDWATER LINE BREAK, DOWNSTREAM OF 5/8 CHECK VALVES 
FROM 100% POWER 

COMMON CAUSE FAILURES: ONE LINE RUPTURED AT STEAM GENERATOR. AFW TO AFFECTED LINE AND STEAM TO G-10 TURBINE ASSUMED LOST 
STM/FW MISMATCH SCRAM: AVAILABLE 
ACCEPTANCE CRITERION: NO CORE UNCOVERY 
Page No. 1 
02108/89 

- ---- EFFECT ON RPS/AFWS --- --- --- -- } APPLICABLE ANALYSI 
SINGLE FAILURE REACTOR SCRAM 6-10 6-105 6-loW FLOW INDICATION FCVS / SAMPLE 190L ACTION (AFW FLOW) (REQUIRED AFW FLOW 

6-10 NO STEAM 

G-10S STM/FW MISMATCH NO STEAM FAILED AVAILABLE AVAILABLE 2/LOOP OK NONE REQUIRED BOUNDED BY CASE F 
@1 MIN* SMPL ISOL OK (256 0 1 MIM+) (250 0 15 NIW+) 

TRAIN A POWER STM/FW MISMATCH NO STEAM FAILED AVAILABLE AVAILABLE 1/LOOP FAILED SHUT NONE REQUIRED BOUNDED BY CASE F 
@1 MIN* SMPLS FAILED SHUT (268 0 1 MIN+) (250 0 15 MIN*+) 

6-loW STM/FW MISMATCH NO STEAM AVAILABLE FAILED AVAILABLE 2/LOOP OK (248 0 1 MIN+) BOUNDED BY CASE F 
@1 MIN* SMPL 190L OK 190L SMPLS (250 0 15 MIN+) 

(260 0 15 MIN+) 

FLOW INDICATION STM/FW MISMATCH NO STEAM AVAILABLE AVAILABLE FAILED 2/LOOP OK NONE REQUIRED BOUNDED BY CASE F 
015 MIN# @1 MIN* SMPL ISOL OK (256 @ 1 MIN+) (2500 15 MIN+) 

TRAIN B POWER STM/FW MISMATCH NO STEAM AVAILABLE FAILED FAILED 1/LOOP FAILED OPEN (248 @ 1 MIN+) BOUNDED BY CASE F 
01 MIN* SMPL ISOL OK ISOL SMPLS (250 @ 15 MIN+) 

(260 @ 15 MIN+) 

# INTERLOCK BLOCKS * SISLOP/DG/PUMP + PLUS 5 MIN FOR 
AUTO-START START REFILL OF INTACT 

FM LINES



AUXILIARY FEEDWATER/REACTOR PROTECTION SYSTEMS 
EVENT-SPECIFIC SINGLE FAILURE RESPONSE ANALYSIS 

SAN ONOFRE NOCLEAR GENERATION STATION, UNIT 1 

EVENT: MAIN FEEDWATER LINE BREAK, DOWNSTREAM OF S/6 C ECK VALVES 
FROM 50% POWER 

COMMON CAUSE FAILURES: ONE LINE RUPTURED AT STEAM GENERATOR. AFW TO AFFECTED LINE AND STEAM TO G-10 TURBINE ASSUMED LOST 
STM/FW MISMATCH SCRAM: BYPASSED 
ACCEPTANCE CRITERION: NO CORE UNCDVERY 

--------- EFFECT ON RPS/AFWS -------------- -------- - - - --- I APPLICABLE MALY 
SINGLE FAILURE REACTOR SCRAM 6-10 6-loS 6-lOW FLOW INDICATION FCVS / SAMPLE ISOL ACTION (AFW FLOW) (REQUIRED AFW FL 

6-10 NO STEAM 

3-10S Hi PZR PRESSURE NO STEAM FAILED AVAILABLE AVAILABLE 2/LOOP OK NONE REQUIRED BOUNDED BY CASE 
@1 MIN* SMPL ISOL DK (256 @ 1 MIN+) (250 @ 15 MIN+) 

TRAIN A POWER HI PZR PRESSURE NO STEAM FAILED AVAILABLE AVAILABLE 1/LOOP FAILED SHUT NONE REQUIRED BOUNDED BY CASE 
@1 MIN* SMPLS FAILED SHUT (268 @ 1 MIN+) (250 @ 15 MIN+) 

G-10W HI PZR PRESSURE NO STEAM AVAILABLE FAILED AVAILABLE 2/cOOP O (248 @ 1 MIN+) BOUNDED BY CASE 
@1 MIN* SMPL iSOL OK ISOL SMPLS (250 @ 15 MIN+) 

(260 @ 15 MIN+) 

FLOW INDICATION hI PZR PRESSURE NO STEAM AVAILABLE AVAILABLE FAILED 2/LOOP OK NONE REQUIRED BOUNDED BY CASE 
@15 MIN# @1 MINI SMPL ISOL OK (256 @ 1 MIN+) (250 @ 15 MIN+) 

TRAiN B POWER Hi PZR PRESSURE NO STEAM AVAILABLE FAILED FAILED I/LOOP FAiLED OPEN (248 @ 1 MIN+) BOUkDED BY CASE 
.1 MIN* SMPL ISOL O ISOL SMPLS (250 @ 15 MIN+) 

(260 @ 15 MIN+) 

# INTERLOCK BLOCKS * SISLOP/DG/PUMP + PLUS 5 MIN FOR 
AUTO-START START REFILL OF INTACT 

FW LINES



SOUHERN CALIFORNIA EDISON CO.  
SONGS, UNIT I 
AFW'S Single Failure Analysis 

AUXILIARY FEEDWATER SYSTEM (AFWS) SINGLE FAILURE ANALYSIS 
SONGS UNIT 1 

INHERENT 
IDENTIFICATION FAILURE LOCAL EFFECTS INCLUDING METHOD OF COMPENSATING EFFECTS UPON REMANKS AND 

1IL1M TRAIN cOTPOWjNENT MODE DEPENDENT FAILURES DETECTION PROVISION(S) AFWS OTHER LIFECTS 

1 A S/G Water Level Level High 2-out-of-3 S/G logic reduced Control Room Redundant Train A initiation may Actuation Devices include: 
Instrumentation (Output to 2-out-of-2 on remaining Indication; Train, Manual not be provided auto- L12400A, B, C; LYV2400A, B, 
(Part of Loop High) S/G's Periodic Initiation matically when 2 S/G's C; LYB2400A, B, C; 
2400) Testing at low level condition. LYC2400A, N, C (Ref.  

451775 and 5159842) 

Level Low 2-out-of-3 S/G logic reduced Control Room None required, Train A flow may be Operator can place train 
(Output to 1-out-of-2 on remaining Alarn Indi- Manual Mode provided automatically in manual mode and prevent 
Low) S/G's cation; and Redundant when only I S/G at low start. Train B is still 

Periodic Train level condition. available.  
Test ing 

2 A AFW Initiation Untripped Loss of capability to provide Periodic Redundant Train A initiation not Initiation Devices include: 
Logic (Part of (Output aut9matic initiation of AFW. Testing; Train, provided automatically LYY2400A, B; H152400A, B; 
Loop 2400) High) Train A Control Room possible when S.G's at low LYI.2400A, B; LYC24000 

Status at Manual level condition. through I. (Ref.  
Redundant Initiation, 451775 and 5159842) 
Train Manual Mode 
Initiation and operation 

Tripped Initiates G1OS and GIO pumps Control Room None required, Train A flow provided Operator can place train in 
(Output in "lag" mode; if GlOW is Alarm, Status Manual Mode to 5/G's (represents manual mode and then stop, 
Low) not delivering flow, GlO and Redundant less than 5% of normal or prevent start if still 

and GIOS will start, and Train feedwater flow). in "lag" period, Train B 
their discharge valves is still available.  
will open.  

3 A GIOS Pump Suc- Pressure Inoperability of Train A Control Room Redundant Inoperability of Train Automatic Protection Inter
tion Pressure Low (Out- automatic (motor-driven) Alarm, Indi- Train, - A automatic (motor- lock Devices include: 
Instrumentation put Low) pumping capability for cation; Manual Mode driven) pumping capa- PT2010, PYV2010, 
(Loop 2010) MSLB or FWLB (downstream Periodic and Operation bility for MSLB or PYB2010, PYI2010, PYY2010, 

of check valves.). Testing FWLB (downstream of PYC2010A, PYC2010B, (Ref: 
check valves).. 451791, 5180611, 5159842).  

NOTE: EQ is required.  

Pressure Inoperability of Train A Periodic None required, Inoperability of Train For equipment protection 
High (Out- motor-driven pump auto- Teiting; Manual Mode A motor-driven pump only; Train B is still 
put High) matic protection. Control.Room and Redundant automatic protection. available.  

Indication Train



SOUTHERN CALIFORNIA EDISON CO.  
SONGS, UNIT 1 
AFWS Single Failure Analysis 

AUXILIARY FEEDWATER SYSTEM (AFWS) SINGLE FAILURE ANALYSIS 
SONGS UNIT I 

INHERENT 
IDENTIFICATION FAILURE LOCAL EFFECTS INCLUDING METHOD OF COMPENSATING EFFECTS UPON REMARKS AND 

llEM TRAIN COMPUNENT MODE DEPENDENT FAILURES DElECTION PROVISION(S) AFWS . OTHER EFFECTS 

4 A Motor-driven Fails to Inoperability of Train A Periodic Redundant Inperability of Train A Operation Devices include: 
AFW Pump (GIOS) Start (motor-driven) pumping capa- Testing; Train (motor-driven) pumping IIS2200A, 8; HS2201A, B; 

bilitiy for MSLB or FWLB Control Room capability for MSLB Circuit Breaker 52-1125 
(downstream of check valves) Alarm, Status, or FWLB (downstream Ref. 5180611.  

Indication of check valves).  

Starts GIOS pump starts and operates Control Room GlOW Pump Dis- GIOS pump starts and Train 8 is still available.  
with GlOW at minimum flow. Discharge Alarm Status charge Mani- operates at minimum 
running valve does not open due to Indication fold 2nd flow flow. Discharge valve 

compensating provision. switch pair does not open due to 
for Train A compensating provision.  

. operation.  

5 A G1OS Pump Dis- Pressure Inoperability of Train A Periodic Redundant Inperability of Train A Automatic Interlock Devices 
charge Pressure Low (Out- automatic (motor-driven) Testing; Train automatic (motor-driven) include: P12011, PYV201i, 
Instrumentation put High) pumping capability for MSLB Control Room Manual Mode pumping capability for PYB2011, PYC20lA, 
(Loop 2011). or FWLB (downstream of check Indication, and Operation MSLB or FWLB (down- (Ref. 451666, 5180611, 

valves) stream of check valves). 5159842). NOTE: EQ is 
required 

Pressure Inoperability of G00S pump. Control Room None required, Inoperability of 0105 Train B is still available.  

High (Out- discharge pressure indication Indication; Manual Mode pump discharge pressure 
put High) and discharge valve inter- Periodic and Redundant, indication and discharge 

lock. Testing Train valve interlock.  

6 A GIOS Cross-Tie Fails in No AFW effect Periodic None Required None . Operation Devices include: 

to Ist Point the closed Testing; HS1204A, B. (Ref. 5159559, 
Heater position Control Room 5180611.  
(MOV1204) , Alarm, Status, 

Indication 

Fails to Inoperability of Train:A Periodic Redundant Inoperability'of Train HOVI204 can be closed by 
close (motor-driven ) pumping capa- Testing . Train, A (motor-driven) pump- manual operation from 

bility of MSLB or FWLB Control Room possible ing capability for MSLB Control Room or locally at 
(downstream of check valves). Alarm, Status, Manual or FWLB (downstream valve. Train B is still 

Indication Operation of check valves). available.



SOUTHERN CALIFORNIA EDISON CO.  
SONGS, UNIT 1 
AFWS Single Failure Analysis 

AUXILIARY FEEDWATER SYSTEM (AFWS) SINGLE FAILURE ANALYSIS 
- SONGS UNIT 1 

INHERENT 
IDENTIFICATION FAILURE LOCAL EFFECTS INCLUDING 14EIIOD OF COMPENSATING EFFECTS UPON REMARKS AND 

tHM lRAIN COMI'ONNT MODE DEPENDENT FAILURES DETECTION PROVISION(S) AFWS OIER EFFECTS 

7 A GIOS Pump Dis- Fails to Discharge valve opens. Control Room GlOW Pump Discharge valve opens. Operation Devices include: 

charge Valve the open GIOS pump does not start Alarm, Status Discharge 6105 pump does not HiS2?OOA,. B; HS2202A, B; 
(HOVI202) position due to compensating Manifold Ist start due to compen- (Ref. 5159842, 5180611).  

with GlOW provisions. Flow switch sating provision.  
running pair for 

Train A operation.  

Fails to. Inoperability of Train A Periodic Redundant Inoperability of Train MOVI202 can he opened by 
open. (motor-driven) pumping capa- Testing; Train, A (motor-driven) pump- manual operition from 

bility for MSLB or FWLB Control Room possible ing capability for HSLB Control Room or locally 
(downstream of check valves) Alarm, Status, Manual or FWLB (downstream of at valve.. Train 8 is 

Indication operation check valves). still available.  

8 A AFW Flow Control Fails FCV closes Control Room FCV 3300A, None (full flow avail- Control Devices include: 

Valve (FCV) closed Alarm,. 3300B, or able through Train B FCV2300A, FCV2300B, 
2300A, 2300B, (F.C.) Indication 3300C parallel FCV). FCV2300C, FY2300Al,.  

2300C Redundant - FY2300Bl, FY2300CI, 
Train FYI2300A, FYI2300B, 

FYI2300C, FC2300A, FC2300B, 
FC2300C, HC2300A, HC2300B, 
HC2300C, FY2300A2,FY2300B2.  
FY2300C2, PCV2300Al, 
PCV2300A2, PCV2300B I, 
PCV2300B2, PCV2300Cl, 
PCV2300C2. ZS02300A, 
ZS02300B, ZS02300C 
(Ref. 451874, 5159842).  

Fails to FCV remains open Periodic Combined GO. Loss of flow equali- Combined Gl0 and GIOS pumps 
close Testing; and.GIOS pump zation capability capacity provides minimum 

Control Room capability for FWLB flow through at least 2 
Indication intact feedwater lines 

without flow equalization.  

9 A Vital Bus Fails to In Train A AFW: Periodic Redundant Train A initiation not G1OS pump HoV1202 and 

No. 3A Supply power - Loss of S/G water level Testing; Train provided automatically MOV1204 are still available 

instrumentation Control Room when S/G's at low by manual operation from 

- Loss of status indication Alarm, level condition; Train Control Room; G0 pump can 
- Loss of AFW initiation logic Indication A FCVs fail closed be started locally (Ref.  

- GlOS and 610 pumps suction preserve Train B 5102174, 5159794, 5159842.  

pressure automatic protection equalization capability Train B is still available.  

. tripped 
- Loss of. GOS and 610 pumps 
discharge pressure automatic 
operation interlocks 

- Loss of FCVs control (F.C.) 
- Loss of 610 pump control 
- 610 pump goes Into "warmup" 
condition 

- Loss of 610 pump discharge 
valve (CV 2620) control (F.O.)
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AUXILIARY FEEDWATER SYSTEM (AFWS) SINGLE FAILURE ANALYSIS 
SONGS UNIT 1 

INHERENT 
IDENTIFICAT1N FAILURE LOCAL EFFECTS INCLUDING METHOD OF COMPENSATING EFFECTS UPON REMARKS AND 

ITEM TRAIN CUI1PONENT MODE DEPENDENT FAILURES DETECTION PROVISION(S) AFWS DiHER EFFEC1S 

10 A 125 Vdc Bus fails to Same as Vital Bus No. 3A Control Room Redundant Train A Controls in- GIO pump can be started 
No.1 supply above plus: Alarm, Train operable. locally; G1OS pump can be 

power - Loss of GIOS pump control Indication . started from 480V Swgr 
- Loss of GIOS pump discharge breaker, since its elec
valve (MOVI202) control trical fault protection 
(Power Failure Interlock does not require external 
closes valve.) contr power; MOVl22 can 

be operated locally at 
valve. (Ref. 5146828, 
5180611). Train B is still 
available.  

11 A 480V MCC No. 1 Fails to In Train A AFW: Control Room Redundant Inoperability of Train. MOV1202 and HIOV1204 can be 
supply - Loss of 10V1202 control Alarm, Status Train A (motor-driven) pump- operated locally at each 

power - oss of MOV1204 control ing capability for MSLB valve. GlO pump is still 
(both failed locked - or FWLB (downstream of available (Ref. 5102165, 
as is) check valves), 5146828, 5159559, 5159842).  

Train B is still available.  

12 A 480V Swgr No. I Fails to Same as 480V MCC No. I Control Room Redundant Inoperability of Train GlO pump-is still available 

supply above plus: Alarm, Status, Train A (motor-driven) pump- (Ref. 5146828, 5102162, 

power - Loss of GIOS Pump Indication ing capability for MSLB 5150885). Train B is still 
or FWLB (downstream of available.  

. check valves) 

13 A 4160 Bus No. IC Fails to Same as 480V 14CC No. 1 Control Room Redundant Inoperability of Train GlO pump is still available 

supply above Alarm, Status, Train A (motor-driven) pump- (Ref. 5146828, 5102162, 

power Indication ing capability for MSLB -5130351, 5150876). Train 8 
or FWLB (downstream of is still available.  
check valves) 

14 A GI1 Pump Suction Pressure Inoperability of automatic Control Room Redundant Inoperability of auto- Automatic Protection Inter

Pressure Instru- Low (Out- pumping capability for LOP Alarm. Train and matic pumping capability lock Devices include: 

mentation Loop put Low) and reduces Train A flow Indication; manual loading for LOP and reduces P12610. PYV2610, PYB2610, 

2610 available via Operator Periodic of Diesel Train A flow available PYT2610, PYY2610, PYC2610A, 
Control Room action.. Testing Generator, . via operator Control PYC2610B (Ref. 5202912, 

Manual Mode Room action. 5159842, 5159794). NOTE: 
and Operation EQ Is required.  

Pressure Inoperability of steam Periodic None Required, Inoperability of steam For equipment protection 

High (Out- turbine-driven pump auto- Testing; Manual Mode turbine-driven pump only; Train 6 is still 
put High) matic protection. Control Room and Redundant automatic protection. available.  

Indication Train with 
manual loading 
of Diesel 
Generator



SOUTHERN CALIFORNIA EDISON CO.  
SONGS, UNIT 1 
AFWS Single Failure Analysis 

AUXILIARY FEEDWATER SYSTEM (AFWS) SINGLE FAILURE ANALYSIS 
SONGS UNIT 1 

INHERENT 
IDENTIFICAT ION FAILURE LOCAL EFFECTS INCLUDING METHOD OF COMPENSATING EFFECTS UPON REMARKS AND 

1li IkAIN COMPUNENT MODE DEPENDENT FAILURES DETECTION. PROVISION(S) AFWS OTHER EFFECTS 

15 A Steam turbine- Fails to . Inoperability of automatic Periodic Redundant Inoperability of auto- Failure to start could also 
driven AFW start pumping capability for LOP Testing; Train and matic pumping capability be "warmup" failure; Oper
pump (bI) and reduces Train A flow Control Room Manual loading for LOP and reduces ation Devices include: 

available via operator Alarm, Status, of Diesel Train A flow available MS2602A, B; HS2612A, B.  
Control Room action. Indication Generator via operator Control (Ref. 5159794).  

Room action.  

Starts with GlO pump starts and Control Room GlO Pump Dis- Gl0 pumps start and Train B is still available.  
GlO running operates at minimum flow. Alarm, charge Mani- operates at minimum 

Discharge valve does not Status, fold 1st flow flow. Discharge valve 
open due to compensating Indication switch pair does not open due to 
provision. for Train A compensating provision.  

operation.  

16 A Gb1 Pump Dis- Pressure Inoperability of automatic Periodic Redundant Inoperability of auto- Automatic Interlock Devices 
charge Pressure Low (Out- pumping capability for LOP Testing; . Train and matic pumping capability include: PT2611, PYV2611, 
Instrumentation put Low) and reduces Train A flow Control Room Manual loading for LOP and reduces PYB2611, PYC2611A.  
(Loop 2601) available via operator Indication of Diesel Train A flow available (Ref. 5202913, 5159794, 

Control Room action. . Generator, via operator Control 5159842). NOTE: EQ is 
Manual Mode Room action. required.  
and Operation.  

Pressure Inoperability of GlO pump Control Room None required, Inoperability of GlO Train B is still available.  

High (Out- discharge pressure ind- Indication; Manual Mode pump discharge pressure 
put High) ication and discharge Periodic and Redundant indication and discharge 

valve interlock. Testing Train valve interlock.  

17 A GI1 Pump Dis- Falls Open Discharge valve opens, GlO Control.Room GlOW Pump Discharge valve opens. Operation Devices include: 

charge Valve (F.0.) with pump does not start due to Alarm, Status Discharge GIOW pump does not HS2602A, B; HS2620A, B.  
CV 2620 GOW compensating provision. Manifold 2nd start due to compen- . (Ref. 5159794).  

running . flow switch sating provision.  
pair for Train 
A operation.  

Fails to Inoperability of automatic Periodic Redundant Inoperability of auto- CY 2620 can be opened by 

open pumping capability for LOP Testing; Train and matic pumping capabil- Manual operation from 

and reduces Train A flow Control Room manual loading ity for LOP and reduces Control Room or locally at 
available via operator Alarm, Status, of Diesel Train A flow available valve. Train B is still 

Control Room action. Indication Generator via operator Control available.  
Room action.
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AUXILIARY FEEDWATER SYSTEM (AFWS) SINGLL.FAILURE ANALYSIS 
SONGS UNIT 1 

INHERENT 
IT NiNFAIlURE LOCAL EFFECTS INCLUDING METHOD OF COMPENSAT 11G EFFECTS UPON .EMAR AND TTWAh ITNIT MODE UEPENOI.NT FAILURES DETECTION PROVISION(S) A[WS OIOER El II (AS 

18 A GlOW Pump Dis- Flow Low GIOS pump starts and operates Periodic GItM Pump Dis- GIOS pump starts and Design precludes concurrent charge Manifold (Output at minimum flow (assume auto Testing; . charge Mani- operates at minimum operation of Trains A and B flow switch High) initiation previously given) Control Room fold 2nd flow flow (assume auto (in auto mode); Train 8 (first pair) Discharge valve does not Alarm, Status switch for initiation previously will act as lead pump (Loops 2306 or open and GI0 pump does not Train A . given). Discharge traii and Train A as lag 2307) start due to compensating operation valve does not open pump train; (Ref. 5159842, 
provision. . and 610 pump does not 5159794, 5180611) 

start due to comipensa- NOTE: EQ is required.  
ting provision.  

Flow High Inoperability of Train A Periodic Redundant Inoperability of Train Train B is still available.  
Output Low automatic pumping capability. Testing; Train, Manual A automatic pumping 

Control Room Mode and capability.  
Status operation 

19 A GIUW Pump Dis- Flow Low 610 pump starts and operates Periodic GlOW Pump Dis- 610 pump starts and Design precludes concurrent 
charge Manifold (Output at minimum flow (assume auto Testing; charge Mani- operates at minimum operation of Trains A and B flow switch High) initiation previously given). Control Room fold 1st flow flow (assume auto (in auto mode); Train B (second pair) Discharge valve does not Alarm, Status switch pair initiation previously will act as lead pump (Loop 2308 or open and GIOS pump does not for Train A given). Discharge train and Train A as lag 2309 start due to compensating operation valve does not open pump train; (Ref. 5159842, 

provision. and GIOS pump does not 5159794, 5180611).  
start due to compensa- NOTE:- EQ is required.  
ting provision.  

Flow High Inoperability of Train A Periodic Redundant Inoperability of Train Train B is still available.  
Output Low automatic pumping capability. Testiig; Train Manual A automatic pumping 

Control Room Mode and capability.  
Status operation 

20 B S/G Water Level Level High 2-out-of-3 S/G logic reduced Control Room Redundant Train B initiation may Actuation Devices include: 
Instrumentation (Output to 2-out-of-2 on remaining Indication; Train, Manual not be provided auto- LT3400A, B, C; LYV3400A, 8, 
(Part.of Loop High) S/G's Periodic Initiation matically when 2 S/G's C; LYB3400A. B, C; 3400) Testing at low level condition. LYC3400A. B, C (Ref.  

451776 and 5159843) 

Level Low 2-out-of-3 5/G logic reduced Control Room None required, Train B flow may be Operator can place train 
(Output to l-out-of-2 on remaining Alarm, Indi- Manual Mode . provided automatically in manual mode and prevent 
Low) S/G's cation; and Redundant when only 1 S/G at low start. Train A is still 

Periodic Train level condition. available.  
Testing
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AUXILIARY FEEDWATER SYSTEM (AFWS) SINGLE FAILURE ANALYSIS 
SONGS UNIT I 

INHERENT 
IDENTIFICATION FAILURE LOCAL EFFECTS INCLUDING METHOD OF COMPENSATING EFFECTS UPON REMARKS AND 

ITiM lI itP'OuNTif MODE DEPENDENT FAILURES DETECTION PROVISION(S) AFWS OIHER EFFECIS 

21 B AFW Initiation Untripped Loss of capability to provide Periodic Redundant Train B initiation not Initiation Devices include: 
Logic (Part of (Output automatic initiation of AFW Testing; Train, provided automatically LYY3400A, R; H53400A, B; 
Loop 3400) High) Train B Control ,oom possible when S/6's at low L.YL3400A, B; IYC3400D 

Status at Mannal level condition.. through J (Ref. 451776 
Redundant Initiation and 5159843) 
Train Manual Mode 
Initiation and operation 

Tripped Initiates GlOW pump and Control Room None required, Train B flow provided Operator can place train in 
(Output discharge valve will open. Alarm, Status Manual Mode to S/G's (represents manual mode and then stop.  
Low) and Redundant less than 5% of normal Train A is still available.  

Train feedwater flow) 

22 B GlOW Pump Suc- Pressure Inoper-ability of Train B Control Room Redundant Inoperability of Train Automatic Protection Inter
tion Pressure Low (Out- automatic pumping capabi- Alarm, Indi- Train, B automatic pumping lock Devices include: 
Instrumentation put Low) lity. cation, Manual Mode capability. P13010, PYV3010, 
(Loop 3010) Periodic and Operation .PYB3010, PYT3010, PYY3010, 

Testing PYC3010A, PYC3010B, (Ref: 
451869, 5159843.  
NOTE: EQ is required.  

Pressure Inoperability of Train B Periodic None required, Inoperability of Train For equipment.protection 
High (Out- pump automatic protection. Testing; Manual Mode B pump automatic only; Train A is still 
put High) Control Room and Redundant protection. available.  

Indication Train 

23 B Motor-driven Fails to Inoperability of Train B Periodic Redundant Inoperability of Train Operation Devices include: 

AFW Pump (GlOW) Start, automatic pumping capability. Testing; Train B pumping capability. HS3219A, B; HS3215A, B; 

stops Control Room Circuit Breaker A2Cl4.  
Alarm, Status, GiOS and 610 pumps start 
Indication based on GlOW pump dis 

charge manifold low flow' 
signal, assume auto 
initiation previously 
given. (Ref. 5151027)
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24 B GlOW Pump Dis- Pressure Inoperability of Train B Periodic Redundant Inperability of Train B Automatic Interlock Devices 

charge Pressure Low (Out- automatic pumping capability. Testing Train pump discharge pressure incldel: lPT3011, PYV3Ull, 
Instrumentation put Low) Control Room Manual Mode indication and dis- PYB13011, PY3011, 

(Loop 3011) Indication and Operation charge valve inter- (Ref. 451666, 5180611, 
locks. 5159842). NOTE: EQ is 

required 

Pressure Inoperability of Train B pump Control Room None required, Inoperability Train B Train A is still available.  

High (Out- discharge pressure indication Indication; Manual Mode pump discharge pressure 
put High) and discharge valve inter- Periodic and Redundant indication and discharge 

lock. Testing Train valve interlock.  

25 B GlOW Pump Dis- Fails open If F.0. before GlOW Pump at Control Room None required If F.D. before GlOW Operation Device include: 

charge Valve (F.0.) normal operating speed, will Alarm, Status pump at normal oper- HS3219A, B; HS3110A, B.  

(CV 3110) cause insignificant delay in ating speed, will cause (Ref. 5151027).  
pump providing full flow. insignificant delay in 

providing full flow.  

Fails to Inoperability of Train B Periodic Redundant Inoperability of Train CV3110 can be.opened by 
opens pumping capability. Testing; Train possible B pumping capability. manual operation from 

Control Room Manual Control Room or locally at 
Alarm, Status, Operation valve. Train A is still 

indication available.  

26 B AFW Flow Control Fails to FCV closes., Control Room FCV2300A, None (full flow avail- Control Devices include: 

Valve FCV-3300A the closed Alarm, 23008 or able through Train A FCV3300C, FCV-3300B, 

3300B, or 3300C position Indication 2300C parallel FCV) FCV3300A, FY3300Al, 
(Redundant FY3300B1, FY3300C], 
Train) FYI3300A, FYI3300B, 

FYI3300C, 
HC3300A, HC33008, HC3300C, 
FC3300A, FC3300B, FC3300C, 
FY3300A2, FY3300B2, 
FY3300C2, PCV3300Al, 
PCV3300A2, PCV3300BI, 
PCV330082, PCV3300Cl, 
PCV3300C2, 25033008, 
ZSO3300C, ZS03300A 

Fails open FCV remains open Periodic Combine 010 Loss of flow equali- Combined G0 and G1OS pumps 

(F.D.) Testing and GlOS zation capability for capacity provides minimum 

Control Room capacity. FWLB. flow through at least 2 

Indication intact feedwater lines 
without flow equalization.



APPENDIX B 

CONTAINMENT ISOLATION 
FAILURE MODE AND EFFECTS ANALYSIS 

1. Instrument connections, instrument valves and the instruments themselves 
are considered extensions of the piping and were not explicitly analyzed 
in this SFA.  

2. Drain and vent valves which are normally closed and which are not part of 
the process system were not analyzed in this SFA.  

3. In-line strainers are considered as part of the pipe and were not 
analyzed in this SFA.  

4. Where electrical failure modes affect tagged mechanical items, then the 
failure mode or position of the mechanical item was cited.  

5. The solenoid valves, pressure control valves and other block valves in 
the instrument air system and the gaseous nitrogen system were not 
analyzed in this SFA since the failure modes of the valves which these 
gas sources actuate would encompass any failure mode of the valves in the 
actuating supply lines.  

6. The following failure mode codes were used in this SFA: 

Code Failure Mode Description 

1 Fail open 
2 Fail closed 
3 Input open 
4 Input short 
5 Input high 
6 Input low or input lost 
7 Output open 
8 Output short 
9 Output high 
10 Output low or output lost 
11 Tripped (bistable, circuit breaker) 
12 As-is (un-tripped, last position maintained) 
13 Output volts high (instrument power supply) 
14 Output volts low, grounded (power supply) 
15 All contact open (switch, relay, breaker) 
16 All contacts closed (switch, relay, breaker) 
17 All contacts grounded (switch, relay, breaker) 
18 All contact shorted (paralleling of switch or relay contacts) 

1)
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7. The containment pressure sensors which input the sequencer were analyzed 
as distinct instruments (since they were not covered in previous 
studies). The sequencer and the Containment Isolation System (CIS) panel 
were considered as "black boxes" and their outputs to the final 
controlled devices considered to have only two failure modes; no signal 
and good signal.  

8. The CIS panel for Train A and the CIS panel for Train B are independent 
and each has been considered as a single entity which fails safe, that 
is, loss of power to either train's logic will generate a signal to 
isolate containment.  

9. Each CIS panel is interlocked with, and overrides, any process signals 
that may interface with the CIS. Thus, any failure in the process 
instrumentation or control has no effect on CIS function.  

10. The CIS is not affected by loss of offsite power alone, as all 
instruments and controls are supplied by the 125 vDC or 125 vAC vital 
busses, and the containment isolation valves are powered by safety 
related gas supplies, stored energy (accumulators or springs) or the 
emergency diesel generators.  

11. The Main Steam System containment isolation was addressed in the 
Systematic Evaluation Program and SCE modified procedures to manually 

W6 close valves. Therefore, the main steam lines through penetrations 1-N-1 
and 2-J-1 up to the main steam stop valves are not analyzed in this SFA.  
Reference SEP Topic VI-4 and SEP paragraph 4.23.7.2.  

12. Penetration. B-11 and its associated lines CRS-728, CRS-729 and CRS-737 
are considered to be part of the containment; therefore, none of these 
lines, their interconnecting lines, their valves, etc., are included in 
this study.  

13. The notation for the containment isolation FEMA is as follows: 

section| Containment isolation is numbered as Section 1 

groupi Penetrations and sub-systems in which like functions are 

grouped 

train| Redundant functions and/or different functions will be 
given unique train numbers 

devicel All tag numbered devices will be uniquely numbered in 
functional order from the final actuated device toward 
the electrical power source or sequencer.  

failure model As defined in item 6, above.
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Index of Groups 

Group Penetration(s) Service 

00 None Initiating Pressure Signal 

01 B-12 Feedwater Sampling 

02 B-7A, B, C Seal Water 

03 B-8 RCP Seal Water Return 

04 B-lA, B, C Safety Injection System 
B-17A, E-15 

05 B-3, B-18A Containment Spray 

06 B-6 Letdown Demineralizer 

07 B-5 Pressurizer Aux Spray 

08 B-12, A-15 Sampling 

09 A-8, 11, B-2, 10 Radwaste 
C-2A, C 

10 C-1A, B, C Feedwater 
C-3A, B, C 

11 A-9A, B, A-14 Cooling Water 

12 A-5, 6, B-16B Nitrogen Gas 

13 A-12, 13 Instrument Air 

14 B-17B, 18B, E-1 Ventilation



CONTAINMENT ISOLATION 

The findings for each group relative to containment isolation 
redundancy criteria (GDC 55, 56, 57) are as follows: 

Group 0. No electrical failure mode was found which would 
prevent containment isolation signals from actuating 
both trains. No single failure susceptibility was 
found.  

Group 1. The main steam sample lines meet GDC 57. Each line 
has one automatic isolation valve outside containment, 
and the secondary system piping inside containment 
meets the criteria for a closed system.  

Group 2. The seal water lines to the main coolant pumps via 
penetrations B-7A,B,C do not meet GDC 55. Inside 
containment, each line has a check valve in the branch 
to the main coolant pump, and a normally closed remote 
manual valve in the branch to the safety injection 
header. Outside containment, each line has two remote 
manual valves in parallel branches, one of which (FCV 
1115A, B, C) fails open on loss of instrument air.  
However, because these valves must be opened for post
LOCA charging/recirculation, the NRC accepted this 
configuration, under SEP Topic VI-4, on the basis of 
greater safety function (NRC letter to SCE dated March 
3, 1982).  

Group 3. Seal water return through penetration B-8 meets GDC 55 
for safe shutdown systems. There are .remote manual 
valves inside and outside containment at this 
penetration. While single failures reduce isolation 
redundancy, no single failure will violate containment 
isolation provided credit is taken for the normally 
closed nitrogen valves (SEP 4.23.1.1).  

Group 4. Safety injection system meets the design criteria of 
GDC 55. The feedwater pump bypasses and the 
overpressure relief to the hold tank reduce the 
isolation redundancy. While single failures reduce 
isolation redundancy, no single failure will violate 
containment isolation.  

Group 5. Containment spray and recirculation system 
penetrations connect to containment atmosphere. Neither 
spray penetration B-A8A nor recirculation penetration 
B-3 meet GDC 56 in that there are no automatic 
isolation valves inside or outside containment. For 
penetration B-18A, there are remote manual valves 
inside containment (CV 82, CV 92, CV 114) and simple 
check valves outside containment (CRS 304, CRS 305).  
CV 82 and CV 114 fail open on loss of the non-safety 
grade instrument air system. There are also several



normally closed valves on branch lines between the 
penetrations and the check valves (MOV 880, CRS 382, 
CRS 338, CRS 361, CRS 321). The NRC accepted the 
configuration for these two penetrations, based on 
their post-accident safety functions and administrative 
control of the normally closed valves, in SEP paragraph 
4.23.7.1.  

Group 6. The letdown demineralizer penetration isolation meets 
the design requirements of GDC 55. The isolation valves 
are Paul Munroe and they fail closed on loss of 
instrument air. While single failures reduce isolation 
redundancy, no single failure will violate containment 
isolation.  

Group 7. Penetration B-5 meets the design requirements of GDC 
55 in that there are remote manual isolation valves in 
an ESF system with leak detection on the valves outside 
containment. While single failures reduce isolation 
redundancy, no single failure will violate containment 
isolation.  

Group 8. Penetration B-12 meets the design requirements of GDC 
55 as amended by SEP paragraph 4.23.2 in which the NRC 
accepts remote manual isolation valves within 
containment. While single failures reduce isolation 
redundancy, no single failure will violate containment 
isolation provided credit is taken for the normally 
closed nitrogen valves (SEP 4.23.1.1).  

Group 9. Penetration A-8,. A-11, B-2, B-10, C-2A and C-2C have 
automatic isolation valves both inside and outside 
containment and they fail closed on loss of actuating 
power. They meet GDC 55. While single failures reduce 
isolation redundancy, no single failure will violate 
containment isolation.  

Group 10. The feedwater lines do not meet GDC 57. Although the 
secondary system piping inside containment meets the 
criteria for a closed system, each of the chemical feed 
connections outside containment is isolated only by a 
check valve. Each main and bypass control branch is 
isolated by a check valve, backed up by automatic 
isolation valves which close on a SIS (a flow control 
valve and motor operated isolation valve in the main 
path, and a bypass flow control valve in the bypass 
path). The NRC accepted the above configuration, in 
SEP paragraph 4.23.3. It is noted that the safety
related boundaries include all of the above valves.  
Additionally, the NRC has reviewed the main steam lines 
from penetrations 1-J-1 and 2-J-1 to the main steam 
stop valves (SEP paragraph 4.23.7.2) and has accepted 
the existing configuration.



Group 11. The NRC has reviewed penetrations A-9A, A-9B and A-14 
as part of SEP. IPSAR paragraph 4.23.6 states that the 
configuration satisfies the requirements of GDC 57.  
However, for GDC 57 to apply the closed system inside 
containment should be of safety-grade design. The 
seimic design of safety related systems was reviewed as 
part of the Seismic Reevaluation Program under SEP 
Topic 111-6. In this program system boundaries were 
established up to a single valve. Therefore, these 
lines were evaluated from the containment boundary to 
the single isolation valve.  

Group 12. Penetration B-16B meets the design requirements of GDC 
57. Penetration A-6 is acceptable provided credit is 
taken for the normally closed nitrogen valves (SEP 
4.23.1.1). Penetration A-5, which supplies safety
related backup nitrogen to the PORV and block valve 
actuators, has a check valve inside containment and a 
normally open remote manual valve outside containment.  
This configuration does not meet GDC requirements.  
However, the nitrogen system outside containment meets 
the criteria for a closed system, ensuring that 
containment isolation is maintained. In addition, the 
normally open position of the remote manual isolation 
valve is the one required for the post-accident safety 
function of the PORVs and block valves.  

Group 13. Penetration A-12 meets the design requirements of GDC 
57. Penetration A-13 has been reviewed by the NRC in 
SEP paragraph 4.23.3 and the NRC considers that PCV 40 
and check valve ISA 955 outside containment coupled 
with check valve ISA 001 inside containment is 
acceptable. While single failures reduce isolation 
redundancy, no single failure will violate containment 
isolation provided credit is taken for the normally 
closed nitrogen valves (SEP 4.23.1.1).  

Group 14. Penetrations B-17B and B-18B meet the design 
requirements of GDC 56 with automatic isolation valves 
both inside and outside containment. Penetration E-1 
has both isolation valves outside containment; one is 
an automatic isolation valve and one is locked closed 
whenever the plant is in operation. This arrangement is 
acceptable per SEP paragraph 4.23.4. While single 
failures reduce isolation redundancy, no single failure 
will violate containment isolation provided credit is 
taken for the normally closed nitrogen valves (SEP 
4.23.1.1).
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ENGINEERED SAFETY FEATURES SINSLE FAILURE ANALYSIS 
SAN ONOFRE UNIT I 

CONTAINMENT ISOLATION 
GROtUP 0. INITIATING PRESSURE SIGNAL FILE:CI-CIS 

ITEM NO. DEVICE ID FAILURE MODE EFFECT-LOC METHOD OF DETECTION INHERENT COMPENSATING EFFECT ON ESF FUNCTION REMARKS 
PROVISIONS 

1.0.1.01.09 PT 1120A OUTPUT HIGH HIGH CONTAINMENT PRESSURE SIGNAL WILL PERIODIC TESTING 4THIS TRAIN REMAINS NONE REF ELEM DIAS 451355 
HAVE ONE ERRONEOUS INPUT INTO THE 2/3 AVAILABLE FOR AUTOMATIC 
LOGIC AND CONTAINMENT ISOLATION WILL BE ISOLATION AND THE 
INITIATED IF ONE MORE SIGNM IS RECEIVED REDUNDANT TRAIN IS 

UNAFFECTED 
1.0.1.01.10 PT 1120A OUTPUT LOW HIGH CONTAINMENT PRESSURE SIGNAL WILL PERIODIC TESTING THIS TRAIN REMAINS NONE REF ELEM DIAG 451355 

HAVE LOST ONE OF THE 2/3 LOGIC INPUTS AVAILABLE FOR AUTOMATIC 
AND ANY RESULTING ISOLATION WILL HAVE TO ISOLATION AND THE 
BE DERIVED FROM 2/2 OF THE REMAINING REDUNDANT TRAIN IS 
INSTRUMENTS UNAFFECTED 

1.0.1.02.03 PY 1120A INPUT OPEN HIGH CONTAINMENT PRESSURE SIGNAL WILL PERIODIC TESTING THIS TRAIN REMAINS NONE REF ELEM DIAS 451355 
HAVE LOST ONE OF THE 2/3 LOGIC INPUTS AVAILABLE FOR AUTOMATIC 
AND MY-RESULTING ISOLATION WILL HAVE TO ISOLATION AND THE 
BE DERIVED FROM 2/2 OFiHE REMAINING REDUNDANT. TRAIN. IS 
INSTRUMENTS UNAFFECTED 

1.0.1.02.04 PY 1120A INPUT SHORT HIGH CONTAINMENT PRESSURE SIGNAL WILL PERIODIC TESTING THIS TRAIN REMAINS NONE REF ELEM DIAS 451355 
HAVE LOST ONE OF THE 2/3 LOGIC INPUTS AVAILABLE FOR AUTOMATIC 
AND ANY RESULTING ISOLATION WILL HAVE TO ISOLATION AND THE 
BE DERIVED FROM 2/2 OF THE REMAINING REDUNDANT TRAIN IS 
INSTRUMENTS UNAFFECTED 

1.0.1.02.05 PY 1120A INPUT HIGH HIGH CONTAINMENT PRESSURE SIGNAL WILL PERIODIC TESTING THIS TRAIN REMAINS NONE REF ELEM DIAG 451355 
HAVE ONE ERRONEOUS INPUT INTO THE 2/3 AVAILABLE FOR AUTOMATIC 
LOGIC AND CONTAINMENT ISOLATION WILL BE ISOLATION AND THE 
INITIATED IF ONE MORE SIGNAL IS RECEIVED REDUNDANT TRAIN IS 

UNAFFECTED 
1.0.1.02.06 PY 1120A INPUT LOW HIGH CONTAINMENT PRESSURE SIGNAL WILL PERIODIC TESTING THIS TRAIN REMAINS NONE REF ELEN DAG 451355 

HAVE LOST ONE OF THE 2/3 LOGIC INPUTS AVAILABLE FOR AUTOMATIC 
AND ANY RESULTING ISOLATION WILL HAVE TO ISOLATION AND THE 
BE DERIVED FROM 2/2 OF THE REMAINING REDUNDANT TRAIN IS 
INSTRUMENTS UNAFFECTED 

1.0.1.02.07 PY 1120A OUTPUT OPEN HIGH CONTAINMENT PRESSURE SIGNAL WILL PERIODIC TESTING THIS TRAIN REMAINS NONE REF ELEM DIAG 45355 
HAVE LOST ONE OF THE 2/3 LOGIC INPUTS AVAILABLE FOR AUTOMATIC 
AND ANY RESULTING ISOLATION WILL HAVE TO ISOLATION AND THE 
BE DERIVED FROM 2/2 OF THE REMAINING REDUNDANT TRAIN IS 
INSTRUMENTS UNAFFECTED 

1.0.1.02.08 PY 1120A OUTPUT SHORT HIGH CONTAINMENT PRESSURE SIGNAL WILL PERIODIC TESTING THIS TRAIN REMAINS NONE REF ELEM DIAG 451355 
HAVE LOST ONE OF THE 2/3 LOGIC INPUTS AVAILABLE FOR AUTOMATIC 
AND ANY RESULTING ISOLATION WILL HAVE TO ISOLATION AND THE 
BE DERIVED FROM 2/2 OF THE REMAINING REDUNDANT TRAIN IS 
INSTRUMENTS UNAFFECTED 

1.0.1.02.09 PY 11204 OUTPUT HIGH HIGH CONTAINMENT PRESSURE SIGNAL WILL PERIODIC TESTING THIS TRAIN REMAINS NONE REF ELEM DIAG 451355 
HAVE ONE ERRONEOUS INPUT INTO THE 2/3 AVAILABLE FOR AUTOMATIC 
LOGIC AND CONTAINMENT ISOLATION WILL BE ISOLATION AND THE 
INITIATED IF ONE MORE SIGNAL IS RECEIVED REDUNDANT TRAIN IS 

UNAFFECTED 
1.0.1.02.10 PY 1120A OUTPUT LOW HIGH CONTAINMENT PRESSURE SIGNAL WILL PERIODIC TESTING THIS TRAIN REMAINS NONE REF ELEM DIAG 451355 

HAVE LOST ONE OF THE 2/3 LOGIC INPUTS AVAILABLE FOR AUTOMATIC 
AND ANY RESULTING ISOLATION WILL HAVE TO ISOLATION AND THE 
BE DERIVED FROM 2/2 OF THE REMAINING REDUNDANT TRAIN IS 
INSTRUMENTS UNAFFECTED



Page No . 2 0 07/30/87 

ENGINEERED SAFETY FEATURES iNLE FAILURE ANALYSIS 
SAN ONOFRE UNIT I 

CONTAINMENT ISOLATION 
GROUP 0. INITIATING PRESSURE SIGNAL FILE:CI-CIS 

ITEM NO. DEVICE ID FAILURE MODE EFFECT-LOC METHOD OF DETECTION INHERENT COMPENSATING EFFECT ON ESF FUNCTION REMARKS 
PROVISIONS 

1.0.1.03.03 PA 1i20 INPUT OPEN HIGH CONTAINMENT PRESSURE SIGNAL WILL PERIODIC TESTING THIS TRAIN REMAINS NONE DUTUT OF THE P iNSTRUMENT :s BOTH 
-AVE LOST ONE OF THE 2/3 LOAIC INPUTS AVAILABLE FOR AUTOMATIC TO CIS PANEL 2/3 LOGIC AND TO THE PC 
AND ANY RESULTING ISOLATION WILL HAVE TO ISOLATION AND THE INSTRUMENTS. REF ELEM DIAS 451355 
BE DERIVED FROM 2/2 OF THE REMAINING REDUNDANT TRAIN IS 
INSTRUMENTS UNAFFECTED 

1.0.1.03.04 PA 1120A INPUT SHORT HIGH CONTAINMENT PRESSURE SIGNAL WILL PERIODIC TESTING THIS TRAIN REMAINS NONE REF ELEM DIAS 451355 
HAVE LOST ONE OF THE 2/3 LOGIC INPUTS AVAILABLE FOR AUTOMATIC 
AND ANY RESULTING ISOLATION WILL HAVE TO ISOLATION AND THE 
BE DERIVED FROM 2/2 OF THE REMAINING REUNDANT TRAIN IS 
INSTRUMENTS UNAFFECTED 

1.0.1.03.15 PA 1120A CONTACT OPEN HIGH CONTAINMENT PRESSURE SIGNAL WILL PERIODIC TESTING THIS TRAIN REMAINS NONE REF ELEM DIAS 451355 
HAVE LOST ONE OF THE 2/3 LOGIC INPUTS AVAILABLE FOR AUTOMATIC 
AND ANY RESULTING ISOLATION WILL HAVE TO ISOLATION AND THE 
BE DERIVED FROM 2/2 OF THE REMAINING REDUNDANT TRAIN IS 
INSTRUMENTS UNAFFECTED 

1.0. 1.03.16 PA 1120A CONTACT CLOSED HIGH CONTAINMENT PRESSURE SIGNAL WILL PERIODIC TE'STING THIS TRAIN REMAINS NONE RE ELEM DIAS 451355 
HAVE ONE ERRONEOUS INPUT INTO THE 2/3 AVAILABLE FOR AUTOMATIC 
LOGIC AND CONTAINMENT ISOLATION WILL BE ISOLATION AND THE 
INITIATED IF ONE MORE SIGNAL IS RECEIVED REDUNDANT TRAIN IS 

UNAFFECTED 
1.0.1.03.17 PA 1120A CONTACT GROUNDED INSTRUMENT FUSE OPENS AND HIGH PERIODIC TESTING THIS TRAIN REMAINS NONE REF ELEM DIAG 451355 

CONTAINMENT PRESSURE SIGN: WILL HAVE AVAILABLE FOR AUTOMATIC 
LOST ONE OF THE 2/3 LOGIC INPUTS AND ANY ISOLATION AND THE 
RESULTING ISOLATION WILL HAVE TO BE REDUNDANT TRAIN IS 
DERIVED FROM 2/2 OF THE REMAINING UNAFFECTED 
INSTRUMENTS 

1.0.1.04.03 PC 1120A INPUT OPEN NO EFFECT ON CIS OPERATION PERIODIC TESTING NONE REQUIRED NONE OUTPUT OF PC INSTRUMENTS IS NOT CIS.  
REF ELEM DIAS 451355 

1.0.1.04.04 PC 1120A INPUT SHORT AFFECTS THE INPUT TO THE CIS 2/3 LOGIC PERIODIC TESTING THIS TRAIN REMAINS NONE REF ELEM DIAS 451355 
AND HIGH CONTAINMENT PRESSURE SIGNAL AVAILABLE FOR AUTOMATIC 
WILL HAVE ONE ERRONEOUS INPUT INTO THE ISOLATION AND THE 
2/3 LOGIC AND CONTAINMENT ISOLATION WILL REDUNDANT TRAIN IS 
BE INITIATED IF ONE MORE SIGNAL IS UNAFFECTED 
RECEIVED 

1.0.1.05.09 PT 11208 OUTPUT HIGH HIGH CONTAINMENT PRESSURE SIGNAL WILL PERIODIC TESTING THIS TRAIN REMAINS NONE REF ELEM DIS 451355 
HAVE ONE ERRONEOUS INPUT INTO THE 2/3 AVAILABLE FOR AUTOMATIC 
LOGIC AND CONTAINMENT ISOLATION WILL BE ISOLATION AND THE 
INITIATED IF ONE MORE SIGNAL IS RECEIVED REDUNDANT TRAIN IS 

UNAFFECTED 
1.0.1.05.10 PT 11208 OUTPUT LOW HIGH CONTAINMENT PRESSURE SIGNAL WILL PERIODIC TESTING THISTRAIN REMAINS NONE REF ELEM DIAS 451355 

HAVE LOST ONE OF THE 2/3 LOGIC INPUTS AVAILABLE FOR AUTOMATIC 
AND ANY RESULTING ISOLATION WILL HAVE TO ISOLATION AND THE 
BE DERIVED FROM 2/2 OF THE REMAINING REDUNDANT TRAIN IS 
INSTRUMENTS UNAFFECTED 1.0.1.06.03 PY 11208 INPUT OPEN HIGH CONTAINMENT PRESSURE SIGNAL WILL PERIODIC TESTING THIS TRAIN REMAINS NONE REF LEN DIPG 451355 
HAVE LOST ONE OF THE 2/3 LOGIC INPUTS AVAILABLE FOR AUTOMATIC 
AND ANY RESULTING ISOLATION WILL HAVE TO ISOLATION AND THE 
BE DERIVED FROM 2/2 OF THE REMAINING REDUNDANT TRAIN IS 
INSTRUMENTS UNAFFECTED



Pace No. 3 * 
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ENGINEERED SAFETY FEATU* GLE FAILURE ANALYSIS 
SAN ONOFRE UNIT I 

CONTAINMENT ISOLATION 
GROUP 0. INITIATING PRESSURE SIGNAL FILE:CI-CIS 

ITEM NO. DEVICE ID FAILURE MODE EFFECT-LOC METHOD OF DETECTION INHERENT COMPENSATING EFFECT ON ESF FUNCTION REMARKS 
PROVISIONS 

1.0.1.06.04 PY 11208 INPUT SHORT HIGH CONTAINMENT PRESSURE SIGNAL WILL PERIODIC TESTING THIS TRAIN REMAINS NONE REF ELEM DIAG 451355 
HAVE LOST ONE OF THE 2/3 LOGIC INPUTS AVAILABLE FOR AUTOMATIC 
AND ANY RESULTING ISOLATION WILL HAVE TO ISOLATION AND THE 
BE DERIVED FROM 2/2 OF THE REMAINING REDUNDANT TRAIN IS 
INSTRUMENTS UNAFFECTED 

1.0. 1.6. 05 PY 1120B INPUT HIGH HIGH CONTAINMENT PRESSURE SIGNAL WILL PERIODIC TESTING THIS TRAIN REMAINS NONE REF EL.El DIAG 451355 
HAVE ONE ERRONEOUS INPUT INTO THE 2/3 AVAILABLE FOR AUTOMATIC 
LOGIC AND CONTAINMENT ISOLATION WILL BE ISOLATION AND THE 
INITIATED IF ONE MORE SIGNAL IS RECEIVED REDUNDANT TRAIN IS 

UNAFFECTED 
1.0.1.06.06 PY 11208 INPUT LOW HIGH CONTAINMENT PRESSURE SIGNAL WILL PERIODIC TESTING THIS TRAIN REMAINS NONE REF ELEM DIAS 451355 

HAVE LOST ONE OF THE 2/3 LOGIC INPUTS AVAILABLE FOR AUTOMATIC 
AND ANY RESULTING ISOLATION WILL HAVE TO ISOLATION AND THE 
BE DERIVED FROM 2/2 OF THE REMAINING REDUNDANT TRAIN IS 
INSTRUMENTS UNAFFECTED 

1.0.1.06.07 PY 11208 OUTPUT OPEN HIGH CONTAINMENT PRESSURE SIGNAL WILL PERIODIC TESTIN6 THIS TRAIN REMAINS NONE REF ELEM DIAS 451355 
HAVE LOST ONE OF THE 2/3 LOGIC INPUTS AVAILABLE FOR AUTOMATIC 
AND ANY RESULTING ISOLATION WILL HAVE TO ISOLATION AND THE 
BE DERIVED FROM 2/2 OF THE REMAINING REDUNDANT TRAIN IS 
INSTRUMENTS UNAFFECTED 

1.0.1.06.08 PY 11208 OUTPUT SHORT HIGH CONTAINMENT PRESSURE SIGNAL WILL PERIODIC TESTING THIS TRAIN REMAINS NONE REF ELEM DIAG 451355 
HAVE LOST ONE OF THE 2/3 LOGIC INPUTS AVAILABLE FOR AUTOMATIC 
AND ANY RESULTING ISOLATION WILL HAVE TO ISOLATION AND THE 
BE DERIVED FROM 2/2 OF THE REMAINING REDUNDANT TRAIN IS 
INSTRUMENTS UNAFFECTED 

1.0.1.06.09 PY 11208 OUTPUT HIGH HIGH CONTAINMENT PRESSURE SIGNAL WILL PERIODIC TESTING THIS TRAIN REMAINS NONE REF ELEM DIAG 451355 
HAVE ONE ERRONEOUS INPUT INTO THE 2/3 AVAILABLE FOR AUTOMATIC 
LOGIC AND CONTAINMENT ISOLATION WILL BE ISOLATION AND THE 
INITIATED IF ONE MORE SIGNAL IS RECEIVED REDUNDANT TRAIN IS 

UNAFFECTED 
1.0.1.0.10 PY 11208 OUTPUT LOW HIGH CONTAINMENT PRESSURE SIGNAL WILL PERIODIC TESTING THIS TRAIN REMAINS NONE REF ELEM DIAS 451355 

HAVE LOST ONE OF THE 2/3 LOGIC INPUTS AVAILABLE FOR AUTOMATIC 
AND ANY RESULTING ISOLATION WILL HAVE TO ISOLATION AND THE 
BE DERIVED FROM 2/2 OF THE REMAINING REDUNDANT TRAIN IS 
INSTRUMENTS UNAFFECTED 

1. 0. 1.07.03 PA 11208 INPUT OPEN HIGH CONTAINMENT PRESSURE SIGNAL WILL PERIODIC TESTING THIS TRAIN REMAINS NONE OUTPUT OF THE PA INSTRUMENT IS BOTH 
HAVE LOST ONE OF THE 2/3 LOGIC INPUTS AVAILABLE FOR AUTOMATIC TO CIS PANEL 2/3 LOGIC AND TO 7HE PC 
AND ANY RESULTINS ISOLATION WILL HAVE TO ISOLATION AND THE INSTRUMENTS. REF ELEM DIAS 451355 
BE DERIVED FROM 2/2 OF THE REMAINING REDUNDANT TRAIN IS 
INSTRUMENTS UNAFFECTED 

1.0.1.07.04 PA 11208 INPUT SHORT HIGH CONTAINMENT PRESSURE SIGNAL WILL PERIODIC TESTING THIS TRAIN REMAINS NONE REF ELEM DIAG 451355 
HAVE LOST ONE OF THE 2/3 LOGIC INPUTS AVAILABLE FOR AUTOMATIC 
AND ANY RESULTING ISOLATION WILL HAVE TO ISOLATION AND THE 
BE DERIVED FROM 2/2 OF THE REMAINING REDUNDANT TRAIN IS 
INSTRUMENTS UNAFFECTED 

1.0.1.07.15 PA 11208 CONTACT OPEN HIGH CONTAINMENT PRESSURE SIGNAL WILL PERIODIC TESTING THIS TRAIN REMAINS NONE REF ELEM DIAB 451355 
HAVE LOST ONE OF THE 2/3 LOGIC INPUTS AVAILABLE FOR AUTOMATIC 
AND ANY RESULTING ISOLATION WILL HAVE TO ISOLATION AND THE 
BE DERIVED FROM 2/2 OF THE REMAINING REDUNDANT TRAIN IS 
INSTRUMENTS UNAFFECTED



Pane No.  
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ENSINEERED SAFETY FEm SINGLE FAILURE ANALYSIS 
SAN ONOFRE UNIT 1 

CONTAIWENT ISOLATION 
GROUD 0. INITIATING PRESSURE SIGNAL FILE:CI-CIS 

ITEM NO. DEVICE ID FAILURE MODE EFFECT-LOC METHOD OF DETECTION INHERENT COMPENSATING EFFECT ON ESF FUNCTION REMARKS 
PROVISIONS 

1.0.1,07.16 PA 1120B CONTACT CLOSED HIGH CONTAINMENT PRESSURE SIGNAL WILL PERIODIC TESTING THIS TRAIN REMAINS NONE REF ELEM DIAG 451355 

HAVE ONE ERRONEOUS INPUT INTO THE 2/3 AVAILABLE FOR AUTOMATIC 

LOGIC AND CONTAINMENT ISOLATION WILL BE ISOLATION AND THE 

INITIATED IF ONE MORE SIGNAL IS RECEIVED REDUNDANT TRAIN IS 
UNAFFECTED 

1.0.1.07.17 PA 11208 CONTACT GROUNDED INSTRUMENT FUSE OPENS AND HIGH PERIODIC TESTING THIS TRAIN REMAINS NONE REF ELEM DIAG 451355 

CONTAINMENT PRESSURE SIGNAL WILL HAVE AVAILABLE FOR AUTOMATIC 

LOST ONE OF THE 2/3 LOGIC INPUTS AND ANY ISOLATION AND THE 
RESULTING ISOLATION WILL HAVE TO BE REDUNDANT TRAIN IS 

DERIVED FROM 2/2 OF THE REMAINING UNAFFECTED 
INSTRUMENTS 

1.0.1.08.03 PC 11208 INPUT OPEN NO EFFECT ON CIS OPERATION PERIODIC TESTING NONE REQUIRED NONE CUTRUT OF PC INSTRUMENTS IS NOT CIS.  
REF ELE.M DIPS 451355 

1.0.1.08.04 PC 11202 INPUT SHORT AFFECTS THE INPUT TO THE CIS 2/3 LOGIC PERIODIC TESTING THIS TRAIN REMAINS NONE REF ELEM DIAS 451355 

AND HIGH CONTAINMENT PRESSURE SIGNAL AVAILABLE FOR AUTOMATIC 

WILL HAVE ONE ERRONEOUS INPUT INTO THE ISOLATION AND THE 
2/3 LOGIC AND CONTAINMENT ISOLATION WILL REDUNDANT TRAIN IS 

BE INITIATED IF ONE MORE SIGNAL IS UNAFFECTED 
RECEIVED 

1.0.1.09.09 PT 1120C OUTPUT HIGH HIGH CONTAINMENT PRESSURE SIGNAL WILL PERIODIC TESTING THIS TRAIN REMAINS NONE REF ELEM DIA 451355 

HAVE ONE ERRONEOUS INPUT INTO THE 2/3 AVAILABLE FOR AUTOMATIC 

LOGIC AND CONTAINMENT ISOLATION WILL BE ISOLATION AND THE 
INITIATED IF ONE MORE SIGNAL IS RECEIVED REDUNDANT TRAIN IS 

UNAFFECTED 

1.0.1.09.10 PT 1120C OUTPUT LOW HIGH CONTAINMENT PRESSURE SIGNAL WILL PERIODIC TESTING THIS TRAIN REMAINS NONE REF ELEm DIPS 451355 

HAVE LOST ONE OF THE 2/3 LOGIC INPUTS AVAILABLE FOR AUTOMATIC 

AND ANY RESULTING ISOLATION WILL HAVE TO ISOLATION AND THE 

BE DERIVED FROM 2/2 OF THE REMAINING REDUNDANT TRAIN IS 
INSTRUMENTS UNAFFECTED 

1.0. 1. 10.03 PY 1120C INPUT OPEN HIGH CONTAINMENT PRESSURE SIGNAL WILL PERIODIC TESTING THIS TRAIN REMAINS NONE REF ELEM DIAG 451355 

HAVE LOST ONE OF THE 2/3 LOGIC INPUTS AVAILABLE FOR AUTOMATIC 

AND ANY RESULTING ISOLATION WILL HAVE TO ISOLATION AND THE 
BE DERIVED FROM 2/2 OF THE REMAINING REDUNDANT TRAIN IS 
INSTRUMENTS UNAFFECTED 

1.0.1.10.04 PY 1120C INPUT SHORT HIGH CONTAINMENT PRESSURE SIGNAL WILL PERIODIC TESTING THIS TRAIN REMAINS NONE REF ELEM DIAS 451355 

AVE LOST ONE OF THE 2/3 LOGIC INPUTS AVAILABLE FOR AUTOMATIC 

AND ANY RESULTING ISOLATION WILL HAVE TO ISOLATION AND THE 
BE DERIVED FROM 2/2 OF THE REMAINING REDUNDANT TRAIN IS 
INSTRUMENTS - UNAFFECTED 

1.0.1.10.05 PY 1120C INPUT HIGH HIGH CONTAINMENT PRESSURE SIGNAL WILL PERIODIC TESTING THIS TRAIN REMAINS NONE REF ELEM DIAG 451355 

HAVE ONE ERRONEOUS INPUT INTO THE 2/3 AVAILABLE FOR AUTOMATIC 
LOGIC AND CONTAINMENT ISOLATION WILL BE ISOLATION AND THE 
INITIATED IF ONE MORE SIGNAL IS RECEIVED REDUNDANT TRAIN IS 

UNAFFECTED 

1.0.1.10.06 PY 1120C INPUT LOW HIGH CONTAINMENT PRESSURE SIGNAL WILL PERIODIC TESTING THIS TRAIN REMAINS NONE REF ELEM DIAG 451355 

HAVE LOST ONE OF THE 2/3 LOGIC INPUTS AVAILABLE FOR AUTOMATIC 

AND ANY RESULTING ISOLATION WILL HAVE TO ISOLATION AND THE 

BE DERIVED FROM 2/2 OF THE REMAINING REDUNDANT TRAIN IS 

INSTRUNENTS UNAFFECTED
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CONTAINMENT ISOLATION 

GROUP 0. INITIATING PRESSURE SIGNAL FILE:CI-CIS 

ITEM NO. DEVICE ID FAILURE MODE EFFECT-LDC METHOD OF DETECTION INHERENT COMPENSATING EFFECT ON ESF FUNCTION REMARKS 
PROVISIONS 

1.0.1.10.07 PY 1120C OUTPUT OPEN HIGH CONTAINMENT PRESSURE SIGNAL WILL PERIODIC TESTING THIS TRAIN REMAINS NONE REF ELEM DIAG 451355 
HAVE LOST ONE OF THE 2/3 LOGIC INPUTS AVAILABLE FOR AUTOMATIC 
AND ANY RESULTING ISOLATION WILL HAVE TO ISOLATION AND THE 
BE DERIVED FROM 2/2 OF THE REMAINING REDUNDANT TRAIN IS 
INSTRUMENTS UNAFFECTED 

1.0.1.10.08 PY 1120C OUTPUT SHORT HIGH CONTAINMENT PRESSURE SIGNAL WILL PERIODIC TESTING THIS TRAIN REMAINS NONE REF ELEM DIAG 451355 

HAVE LOST ONE OF ThE 2/3 LOGIC INPUTS AVAILABLE FOR AUTOMATIC 
AND ANY RESULTING ISOLATION WILL HAVE TO ISOLATION AND THE 
BE DERIVED FROM 212 OF THE REMAINING REDUNDANT TRAIN IS 
INSTRUMENTS UNAFFECTED 

1.0.1.10.09 PY 1120C OUTPUT HIGH HIGH CONTAINMENT PRESSURE SIGNAL WILL PERIODIC TESTING THIS TRAIN REMAINS NONE REF ELEM DIAG 451355 
HAVE ONE ERRONEOUS INPUT INTO THE 2/3 AVAILABLE FOR AUTOMATIC 
LOGIC AND CONTAINMENT ISOLATION WILL BE ISOLATION AND THE 
INITIATED IF ONE MORE SIGNAL IS RECEIVED REDUNDANT TRAIN IS 

UNAFFECTED 

1.0.1.10.10 PY 1120C OUTPUT LOW HIGH CONTAINMENT PRESSURE SIGNAL WILL PERIODIC TtSTING THIS TRAIN REMAINS NONE REF ELEM DiAG 451355 

HAVE LOST ONE OF THE 2/3 LOGIC INPUTS AVAILABLE FOR AUTOMATIC 
AND ANY RESULTING ISOLATION WILL HAVE TO ISOLATION AND THE 
BE DERIVED FROM 2/2 OF THE REMAINING REDUNDANT TRAIN IS 
INSTRUMENTS UNAFFECTED 

1.0.1.11.03 PA 1120C INPUT OPEN HIGH CONTAINMENT PRESSURE SIGNAL WILL PERIODIC TESTING THIS TRAIN REMAINS NONE OUTPUT OF THE PA INSTRUMENT IS BOTH 

HAVE LOST ONE OF ThE 2/3 LOGIC INPUTS AVAILABLE FOR AUTOMATIC TO CIS PANEL 2/3 LOGIC AND TO THE 0C 

AND ANY RESULTING ISOLATION WILL HAVE TO ISOLATION AND THE INSTRUMENTS. REF ELEM DIAB 451355 

BE DERIVED FROM 2/2 OF THE REMAINING REDUNDANT TRAIN IS 
INSTRUMENTS UNAFFECTED 

1.0.1.11.04 PA 1120C INPUT SHORT HIGH CONTAINMENT PRESSURE SIGNAL WILL PERIODIC TESTING THIS TRAIN REMAINS NONE REF ELEM DIAG 451355 

HAVE LOST ONE OF THE 2/3 LOGIC INPUTS AVAILABLE FOR AUTOMATIC 
AND ANY RESULTING ISOLATION WILL HAVE TO ISOLATION AND THE 
BE DERIVED FROM 2/2 OF THE REMAINING REDUNDANT TRAIN IS 
INSTRUMENTS UNAFFECTED 

1.0. 1.11.15 PA 1120C CONTACT OPEN HIGH CONTAINMENT PRESSURE SIGNAL WILL PERIODIC TESTING THIS TRAIN REMAINS NONE REF ELEM DIAG 451355 

HAVE LOST ONE OF THE 2/3 LOGIC INPUTS AVAILABLE FOR AUTOMATIC 
AND ANY RESULTING ISOLATION WILL HAVE TO ISOLATION AND THE 
BE DERIVED FROM 2/2 OF THE REMAINING REDUNDANT TRAIN IS 
INSTRUMENTS UNAFFECTED 

1.0. 1. 11. 16 PA 1120C CONTACT CLOSED HIGH CONTAINMENT PRESSURE SIGNAL WILL PERIODIC TESTING THIS TRAIN REMAINS NONE REF ELEM DIAG 451355 
HAVE ONE ERRONEOUS INPUT INTO THE 2/3 AVAILABLE FOR AUTOMATIC 
LOGIC AND CONTAINMENT ISOLATION WILL BE ISOLATION AND THE 
INITIATED IF ONE MORE SIGNAL IS RECEIVED REDUNDANT TRAIN IS 

UNAFFECTED 

1.0.1.11.17 PA 1120C CONTACT GROUNDED INSTRUMENT FUSE OPENS AND HIGH PERIODIC TESTING THIS TRAIN REMAINS NONE REF ELEM DIAG 451355 

CONTAINMENT PRESSURE SIGNAL WILL HAVE AVAILABLE FOR AUTOMATIC 
LOST ONE OF THE 2/3 LOGIC INPUTS AND ANY ISOLATION AND THE 
RESULTING ISOLATION WILL HAVE TO BE REDUNDANT TRAIN IS 
DERIVED FROM 2/2 OF THE REMAINING UNAFFECTED 
INSTRUMENTS 

1.0.1.12.03 PC 11200 INPUT OPEN NO EFFECT ON CIS OPERATION PERIODIC TESTING NONE REQUIRED NONE OUTPUT OF PC INSTRUMENTS IS NOT CIS.  
REF ELEM DIAG 451355
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1.0.1.12.04 PC 1120C INPUT SHORT AFFECTS THE INPUT TO THE CIS 2/3 LOGIC PERIODIC TESTING THIS TRAIN REMAINS NONE REF ELEM DIAS 451355 
AND HIGH CONTAINMENT PRESSURE SIGNAL AVAILABLE FOR AJTDMATIC 
WILL HAVE ONE ERRONEOUS INPUT INTO THE ISOLATION AND THE 
2/3 LOGIC AND CONTAINMENT ISOLATION WILL REDUNDANT TRAIN IS 
BE INITIATED IF ONE MORE SIGNAL IS UNAFFECTED 
RECEIVED 

1.0.2.01.09 PT 1121A OUTPUT HIGH HIGH CONTAINMENT PRESSURE SIGNAL WILL PERIODIC TESTING THIS TRAIN REMAINS NONE REF ELEM DIAG 451355 
HAVE ONE ERRONEOUS INPUT INTO THE 2/3 AVAILABLE FOR AUTOMATIC 
LOGIC AND CONTAINMENT ISOLATION WILL BE ISOLATION AND THE 
INITIATED IF ONE MORE SIGNAL IS RECEIVED REDUNDANT TRAIN IS 

UNAFFECTED 
1.0.2,01.10 PT 1121A OUTPUT LOW HIGH CONTAINMENT PRESSURE SIGNAL WILL PERIODIC TESTING THIS TRAIN REMAINS NONE REF ELEM DIAG 451355 

HAVE LOST ONE OF THE 2/3 LOGIC INPUTS AVAILABLE FOR AUTOMATIC 
AND ANY RESULTING ISOLATION WILL HAVE TO ISOLATION AND THE 
BE DERIVED FROM 2/2 OF THE REMAINING REDUNDANT TRAIN IS 
INSTRUMENTS UNAFFECTED 

1.0.2.02.03 PY 1121A INPUT OPEN HIGH CONTAINMENT PRESSURE SIGNAL WILL PERIODIC TESTING THIS TRAIN REMAINS NONE REF ELEM DIAG 451355 
HAVE LOST ONE OF THE 2/3 LOGIC INPUTS AVAILABLE FOR AUTOMATIC 
AND ANY RESULTING ISOLATION WILL HAVE TO ISOLATION AND THE 
BE DERIVED FROM 2/2 OF THE REMAINING REDUNDANT TRAIN IS 
INSTRUMENTS UNAFFECTED .  

1.0.2.02.04 PY 1121A INPUT SHORT HIGH CONTAINMENT PRESSURE SIGNAL WILL PERIODIC TESTING THIS TRAIN REMAINS NONE REF ELEM DIAG 451355 
HAVE LOST ONE OF THE 2/3 LOGIC INPUTS AVAILABLE FOR AUTOMATIC 
AND ANY RESULTING ISOLATION WILL HAVE TO ISOLATION AND THE 
BE DERIVED FROM 2/2 OF THE REMAINING REDUNDANT TRAIN IS 
INSTRUMENTS UNAFFECTED 

1.0.2.02.05 PY 1121A INPUT HI6H HIGH CONTAINMENT PRESSURE SIGNAL WILL PERIODIC TESTING THIS TRAIN REMAINS NONE REF ELEM DIAG 451355 
HAVE ONE ERRONEOUS INPUT INTO THE 2/3 AVAILABLE FOR AUTOMATIC 
LOGIC AND CONTAINMENT ISOLATION WILL BE ISOLATION AND THE 
INITIATED IF ONE MORE SIGNAL IS RECEIVED REDUNDANT TRAIN IS 

UNAFFECTED 
1.0.2.02.06 PY 1121A INPUT LOW HIGH CONTAINMENT PRESSURE SIGNAL WILL PERIODIC TESTING THIS TRAIN REMAINS NONE REF ELEM DIAS 451355 

HAVE LOST ONE OF THE 2/3 LOGIC INPUTS AVAILABLE FOR AUTOMATIC 
AND ANY RESULTING ISOLATION WILL HAVE TO ISOLATION AND THE 
BE DERIVED FROM 2/2 OF THE REMAINING REDUNDANT TRAIN IS 
INSTRUMENTS UNAFFECTED 

1.0.2.02.07 PY 1121A OUTPUT OPEN HIGH CONTAINMENT PRESSURE SIGNAL WILL PERIODIC TESTING THIS TRAIN REMAINS NOPE REF ELEM DIAG 451355 
HAVE LOST ONE OF THE.2/3 LOGIC INPUTS AVAILABLE FOR AUTOMATIC 
AND ANY RESULTING ISOLATION WILL HAVE TO ISOLATION AND THE 
BE DERIVED FROM 2/2 OF THE REMAINING REDUNDANT TRAIN IS 
INSTRUMENTS UNAFFECTED 

1.0.2.02.08 PY 1121A OUTPUT SHORT HIGH CONTAINMENT PRESSURE SIGNAL WILL PERIODIC TESTING THIS TRAIN REMAINS NONE REF ELEM DIAS 451355 
HAVE LOST ONE OF THE 2/3 LOGIC INPUTS AVAILABLE FOR AUTOMATIC 
AND ANY RESULTING ISOLATION WILL HAVE TO ISOLATION AND THE 
BE DERIVED FROM 2/2 OF THE REMAINING REDUNDANT TRAIN IS 
INSTRUMENTS UNAFFECTED 

1.0.2.02.09 PY 1121A OUTPUT HIGH HIGH CONTAINMENT PRESSURE SIGNAL WILL PERIODIC TESTING THIS TRAIN REMAINS NONE REF ELEM DIAG 451355 
HAVE ONE ERRONEOUS INPUT INTO THE 2/3 AVAILABLE FOR AUTOMATIC 
LOGIC AND CONTAINMENT ISOLATION WILL BE ISOLATION AND THE 
INITIATED IF ONE MORE SIGNAL IS RECEIVED REDUNDANT TRAIN IS 

UNAFFECTED
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1.0.2.02.10 PY 1121P OUTPUT LOW HIGH CONTAINMENT PRESSURE SIGNAL WILL PERIODIC TESTING THIS TRAIN REMAINS NONE REF ELEM DIAG 451355 
HAVE LOST ONE OF THE 2/3 LOGIC INPUTS AVAILABLE FOR AUTOMATIC 
AND ANY RESULTING ISOLATION WILL HAVE TO ISOLATION AND THE 
BE DERIVED FROM 2/2 OF THE REMAINING REDUNDANT TRAIN IS 
INSTRUMENTS UNAFFECTED 

1.0.2.03.03 PA 1121A INPUT OPEN HIGH CONTAINMENT PRESSURE SIGNAL WILL PERIODIC TESTING THIS TRAIN REMAINS NONE OUTPUT OF THE PA INSTRUMENT IS BOTH 
HAVE LOST ONE OF THE 2/3 LOGIC INPUTS AVAILABLE FOR AUTOMATIC TO CIS PANEL 2/3 LOGIC AND TO THE PC 
AND ANY RESULTING ISOLATION WILL HAVE TO ISOLATION AND THE INSTRUMENTS. REF ELEM DIAG 451355 
BE DERIVED FROM 2/2 OF THE REMAINING REDUNDANT TRAIN IS 
INSTRUMENTS UNAFFECTED 

1.0.2.03.04 PA 1121A INPUT SHORT HIGH CONTAINMENT PRESSURE SIGNAL WILL PERIODIC TESTING THIS TRAIN REMAINS NONE REF ELEM DIAG 451355 
HAVE LOST ONE OF THE 2/3 LOGIC INPUTS AVAILABLE FOR AUTOMATIC 
AND ANY RESULTING ISOLATION WILL HAVE TO ISOLATION AND THE 
BE DERIVED FROM 2/2 OF THE REMAINING REDUNDANT TRAIN IS 
INSTRUMENTS UNAFFECTED 

1.0.2.03.15 PA 1121A CONTACT OPEN HIGH CONTAINMENT PRESSURE SIGNAL WILL PERIODIC TESTING THIS TRAIN REMAINS NONE REF ELEM DIAG 451355 
HAVE LOST ONE OF THE 2/3 LOGIC INPUTS AVAILABLE FOR AUTOMATIC 
AND ANY RESULTING ISOLATION WILL HAVE TO ISOLATION AND THE 
BE DERIVED FROM 2/2 OF THE REMAINING REDUNDANT TRAIN IS 
INSTRUMENTS UNAFFECTED 

1.0.2.03.16 PA 1121A CONTACT CLOSED HIGH CONTAINMENT PRESSURE SIGNAL WILL PERIODIC TESTING THIS TRAIN REMAINS NONE REF ELEM DIAG 451355 
HAVE ONE ERRONEOUS INPUT INTO THE 2/3 AVAILABLE FOR AUTOMATIC 
LOGIC AND CONTAINMENT ISOLATION WILL BE - ISOLATION AND THE 
INITIATED IF ONE MORE SIGNAL IS RECEIVED REDUNDANT TRAIN IS 

UNAFFECTED 
i.0. 2. 03.17 PA 1121A CONTACT GROUNDED INSTRUMENT FUSE OPENS AND HIGH PERIODIC TESTING THIS TRAIN REMAINS NONE REF ELEM DIAG 451355 

CONTAINMENT PRESSURE SIMNAL WILL HAVE AVAILABLE FOR AUTOMATIC 
LOST ONE OF THE 2/3 LOGIC INPUTS AND ANY ISOLATION AND THE 
RESULTING ISOLATION WILL HAVE TO BE REDUNDANT TRAIN IS 
DERIVED FROM 2/2 OF THE REMAINING UNAFFECTED 
INSTRUMENTS 

1.0.2.04.03 PC 1121A INPUT OPEN NO EFFECT ON CIS OPERATION PERIODIC TESTING NONE REQUIRED NONE OUTPUT OF PC INSTRUMENTS IS NOT CIS.  
REF ELEM DIAG 451355 

1.0.2.04.04 PC 11219 INPUT SHORT AFFECTS THE INPUT TO THE CIS 2/3 LOGIC PERIODIC TESTING THIS TRAIN REMAINS NONE REF ELEM DIAG 451355 
AND HIGH CONTAINMENT PRESSURE SIGNAL AVAILABLE FOR AUTOMATIC 
WILL HAVE ONE ERRONEOUS INPUT INTO THE ISOLATION AND THE 
2/3 LOGIC AND CONTAINMENT ISOLATION WILL REDUNDANT TRAIN IS 
BE INITIATED IF ONE MORE SIGNAL IS UNAFFECTED 
RECEIVED 

1.0.2.05.09 PT 11218 OUTPUT HIGH HIGH CONTAINMENT PRESSURE SIGNAL WILL PERIODIC TESTING THIS TRAIN REMAINS NONE REF ELEM DIAG 451355 
HAVE ONE ERRONEOUS INPUT INTO THE 2/3 AVAILABLE FOR AUTOMATIC 
LOGIC AND CONTAINMENT ISOLATION WILL BE ISOLATION AND THE 
INITIATED IF ONE MORE SIGNAL IS RECEIVED REDUNDANT TRAIN IS 

UNAFFECTED 

1.0.2.05.10 PT 1121B OUTPUT LO HIGH CONTAINMENT PRESSURE SIGNAL WILL PERIODIC TESTING THIS TRAIN REMAINS NONE REF ELEM DIAG 451355 
HAVE LOST ONE OF THE 2/3 LOGIC INPUTS AVAILABLE FOR AUTOMATIC )AND ANY RESULTING ISOLATION WILL HAVE TO ISOLATION AND THE 
BE DERIVED FROM 2/2 OF THE REMAINING REDUNDANT TRAIN IS 
INSTRUMENTS UNAFFECTED
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1.0.2.06.03 PY 1121B INPUT OPEN HIGH CONTAINMENT PRESSURE SIGNAL WILL PERIODIC TESTING THIS TRAIN REMAINS NONE REF ELEM DIAG 451355 
HAVE LOST ONE OF THE 2/3 LOGIC INPUTS AVAILABLE FOR AUTOMATIC 
AND ANY RESULTING ISOLATION WILL HAVE TO ISOLATION AND THE 
BE DERIVED FROM 2/2 OF THE REMAINING REDUNDANT TRAIN IS 
INSTRUMENTS UNAFFECTED 

1.0.2.06.04 PY 11219 INPUT SHORT HIGH CONTAINMENT PRESSURE SIGNAL WILL PERIODIC TESTING THIS TRAIN REMAINS NONE REF ELEM DIAG 451355 
HAVE LOST ONE OF THE 2/3 LOGIC INPUTS AVAILABLE FOR AUTOMATIC 
AND ANY RESULTING ISOLATION WILL HAVE TO ISOLATION AND THE 
BE DERIVED FROM 2/2 OF THE REMAINING REDUNDANT TRAIN IS 
INSTRUMENTS UNAFFECTED 

1.0.2.06.05 PY 1121B INPUT HIGH HIGH CONTAINMENT PRESSURE SIGNAL WILL PERIODIC TESTING THIS TRAIN REMAINS NONE REF ELEM DIAG 451355 
HAVE ONE ERRONEOUS INPUT INTO THE 2/3 AVAILABLE FOR AUTOMATIC 
LOGIC AND CONTAINMENT ISOLATION WILL BE ISOLATION AND THE 
INITIATED IF ONE MORE SIGNAL IS RECEIVED REDUNDANT TRAIN IS 

UNAFFECTED 
1.0.2.06.06 PY 1121B INPUT LOW HIGH CONTAINMENT PRESSURE SIGNAL WILL PERIODICTESTING THIS TRAIN REMAINS NONE REF ELEM DIAS 451355 

HAVE LOST ONE OF THE 2/3 LOGIC INPUTS AVAILABLE FOR AUTOMATIC 
AND ANY RESULTING ISOLATION WILL HAVE TO ISOLATION AND THE 
BE DERIVED FROM 2/2 CF THE REMAINING REDUNDANT TRAIN IS 
INSTRUMENTS UNAFFECTED 

1.0.2.06.07 PY 1121B OUTPUT OPEN HIGH CONTAINMENT PRESSURE SINAL WILL PERIODIC TESTING THIS TRAIN REMAINS NONE REF ELEM DIAG 451355 
HAVE LOST ONE OF THE 2/3 LOGIC INPUTS AVAILABLE FOR AUTOMATIC 
AND ANY RESULTING ISOLATION WILL HAVE TO ISOLATION AND THE 
BE DERIVED FROM 2/2 OF THE REMAINING REDUNDANT TRAIN IS 
INSTRUMENTS UNAFFECTED 

1.0.2.06.08 PY 1121B OUTPUT SHORT HIGH CONTAINMENT PRESSURE SIGNAL WILL PERIODIC TESTING THIS TRAIN REMAINS NONE REF ELEM DIA6 451355 
HAVE LOST ONE OF THE 2/3 LOGIC INPUTS AVAILABLE FOR AUTOMATIC 
AND ANY RESULTING ISOLATION WILL HAVE TO ISOLATION AND THE 
BE DERIVED FROM 2/2 CF THE REMAINING REDUNDANT TRAIN IS 
INSTRUMENTS UNAFFECTED 

1.0.2.06.09 PY 11218 OUTPUT HIGH HIGH CONTAINMENT PRESSURE SIGNAL WILL PERIODIC TESTING THIS TRAIN REMAINS NONE REF ELEM DIAG 451355 
HAVE ONE ERRONEOUS INPUT INTO THE 2/3 AVAILABLE FOR AUTOMATIC 
LOGIC AND CONTAINMENT ISOLATION WILL BE ISOLATION AND THE 
INITIATED IF ONE MORE SIGNAL IS RECEIVED REDUNDANT TRAIN IS 

UNAFFECTED 
1.0.2.06.10 PY 1121B OUTPUT LOW HIGH CONTAINMENT PRESSURE SIGNAL WILL PERIODIC TESTING THIS TRAIN REMAINS NONE REF ELEM DIAG 451355 

HAVE LOST ONE OF THE 2/3 LOGIC INPUTS AVAILABLE FOR AUTOMATIC 
AND ANY RESULTING ISOLATION WILL HAVE TO ISOLATION AND THE 
BE DERIVED FROM 2/2 CF THE REMAINING REDUNDANT TRAIN IS 
INSTRUMENTS UNAFFECTED 

1.0.2.07.03 PA 11218 INPUT OPEN HIGH CONTAINMENT PRESSURE SIGNAL WILL PERIODIC TESTING THIS TRAIN REMAINS NONE OUTPUT OF THE PA INSTRUMENT IS BOTH 
HAVE LOST ONE OF THE 2/3 LOGIC INPUTS AVAILABLE FOR AUTOMATIC TO CIS PANEL 2/3 LOGIC AND TO THE PC 
AND ANY RESULTING ISOLATION WILL HAVE TO ISOLATION AND THE INSTRUMENTS. REF ELEM DIAG 451355 
BE DERIVED FROM 2/2 OF THE REMAINING REDUNDANT TRAIN IS 
INSTRUMENTS UNAFFECTED 

1.0.2.07.04 PA 1121B INPUT SHORT HIGH CONTAINMENT PRESSURE SIGNAL WILL PERIODIC TESTING THIS TRAIN REMAINS NONE REF ELEM DIAS 451355 
HAVE LOST ONE CF THE 2/3 LOGIC INPUTS AVAILABLE FOR AUTOMATIC 
AND ANY RESULTING ISOLATION WILL HAVE TO ISOLATION AND THE 
BE DERIVED FROM 2/2 OF THE REMAINING REDUNDANT TRAIN IS 
INSTRUMENTS UNAFFECTED
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1.0.2.07.15 PA 1121B CONTACT OPEN HISH CONTAINMENT PRESSURE SIGNAL WILL PERIODIC TESTING THIS TRAIN REMAINS NONE REF ELEM DIAS 451355 
HAVE LOST ONE OF THE 2/3 LOGIC INPUTS AVAILABLE FOR AUTOMATIC 

AND ANY RESULTING ISOLATION WILL HAVE TO ISOLATION AND THE 
BE DERIVED FROM 2/2 OF THE REMAINING REDUNDANT TRAIN IS 
INSTRUMENTS UNAFFECTED 

1.0.2.07.16 PA 1121B CONTACT CLOSED HIGH CONTAINMENT PRESSURE SIGNAL WILL PERIODIC TESTING THIS TRAIN REMAINS NONE REF ELEM DIA6 451355 

HAVE ONE ERRONEOUS INPUT INTO THE 2/3 AVAILABLE FOR AUTOMATIC 

LOGIC AND CONTAINMENT ISOLATION WILL BE ISOLATION AND THE 

INITIATED IF ONE MORE SIGNAL IS RECEIVED REDUNDANT TRAIN IS 
UNAFFECTED 

1.0.2.07.17 PA 1121B CONTACT GROUNDED INSTRUMENT FUSE OPENS AND HIGH PERIODIC TESTING THIS TRAIN REMAINS NONE REF ELEM DIAG 451355 
CONTAINMENT PRESSURE SIGNAL WILL HAVE AVAILABLE FOR AUTOMATIC 
LOST ONE OF THE 2/3 LOGIC INPUTS AND ANY ISOLATION AND THE 
RESULTING ISOLATION WILL HAVE TO BE REDUNDANT TRAIN IS 

DERIVED FROM 2/2 OF THE REMAINING UNAFFECTED 
INSTRUMENTS 

1.0.2.08.03 PC 11212 INPUT OPEN NO EFFECT ON CIS OPERATION PERIODIC TESTING NONE REQUIRED NONE OUTPUT OF PC INSTRUMENTS IS NOT CIS.  
REF ELEM DIAG 451355 

1.0.2.08.04 PC 11212 INPUT SHORT AFFECTS THE INPUT TO THE CIS.2/3 LOGIC PERIODIC TESTING THIS TRAIN REMAINS NONE REF ELEM DIAS 451355 
AND HIGH CONTAINMENT PRESSURE SIGNAL AVAILABLE FOR AUTOMATIC 

WILL HAVE ONE ERRONEOUS INPUT INTO THE ISOLATION AND THE 
2/3 LOGIC AND CONTAINMENT ISOLATION WILL REDUNDANT TRAIN IS 

BE INITIATED IF DNE MORE SIGNAL IS UNAFFECTED 
RECEIVED 

!.0.2.09.09 PT.1121C OUTPUT HIGH HIGH CONTAINMENT PRESSURE SIGNAL WILL PERIODIC TESTING THIS TRAIN REMAINS NONE REF ELE14 DIAG 451355 

HAVE ONE ERRONEOUS INPUT INTO THE 2/3 AVAILABLE FOR AUTOMATIC 
LOGIC AND CONTAINMENT ISOLATION WILL BE ISOLATION AND THE 
INITIATED IF ONE MORE SIGNAL IS RECEIVED REDUNDANT TRAIN IS 

UNAFFECTED 

1.0.2.09.10 PT 1121C OUTPUT LOW HIGH CONTAINMENT PRESSURE SIGNAL WILL PERIODIC TESTING THIS TRAIN REMAINS NONE REF ELEM DIAS 451355 

HAVE LOST ONE OF THE 2/3 LOGIC INPUTS AVAILABLE FOR AUTOMATIC 
AND ANY RESULTINB ISOLATION WILL HAVE TO ISOLATION AND THE 

BE DERIVED FROM 2/2 OF THE REMAINING REDUNDANT TRAIN IS 

INSTRUMENTS UNAFFECTED 

1.0.2.10.03 PY 1121C INPUT OPEN HIGH CONTAINMENT PRESSURE SIGNAL WILL PERIODIC TESTING THIS TRAIN REMAINS NONE REF ELEM DIAS 451355 

HAVE LOST ONE OF THE 2/3 LOGIC INPUTS AVAILABLE FOR AUTOMATIC 

AND ANY RESULTING ISOLATION WILL HAVE TO ISOLATION AND THE 
BE DERIVED FROM 2/2 OF THE REMAINING REDUNDANT TRAIN IS 
INSTRUMENTS UNAFFECTED 

1.0.2.10.04 PY 1121C INPUT SHORT HIGH CONTAINMENT PRESSURE SIGNAL WILL PERIODIC TESTING THIS TRAIN REMAINS NONE REF ELEM DIAS 451355 

HAVE LOST ONE OF THE 2/3 LOGIC INPUTS AVAILABLE FOR AUTOMATIC 
AND ANY RESULTING ISOLATION WILL HAVE TO ISOLATION AND THE 

BE DERIVED FROM 2/2 OF THE REMAINING REDUNDANT TRAIN IS 
INSTRUMENTS UNAFFECTED 

1.0.2.10.05 PY 1121C INPUT HIGH HIGH CONTAINMENT PRESSURE SIGNAL WILL PERIODIC TESTING * THIS TRAIN REMAINS NONE REF ELEM DIAS 451355 

HAVE ONE ERRONEOUS INPUT INTO THE 2/3 AVAILABLE FOR AUTOMATIC 

LOGIC AND CONTAINMENT ISOLATION WILL BE ISOLATION AND THE 
INITIATED IF ONE MORE SIGNAL IS RECEIVED REDUNDANT TRAIN IS 

UNAFFECTED
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1.0.2.10.06 PY 1121C INPUT LOW HIGH CONTAINMENT PRESSURE SIGNAL WILL PERIODIC TESTING THIS TRAIN REMAINS NONE REF ELEM DIAS 451355 
HAVE LOST ONE OF THE 2/3 LOGIC INPUTS AVAILABLE FOR AUTOMATIC 
AND ANY RESULTING ISOLATION WILL HAVE TO ISOLATION AND THE 
BE DERIVED FROM 2/2 OF THE REMAINING REDUNDANT TRAIN IS 
INSTRUMENTS UNAFFECTED 

1.0.2.10.07 PY 1121C OUTPUT OPEN HIGH CONTAINMENT PRESSURE SIGNAL WILL PERIODIC TESTING THIS TRAIN REMAINS NONE REF ELEM DIAS 451355 
HAVE LOST ONE OF THE 2/3 LOGIC INPUTS AVAILABLE FOR AUTOMATIC 
AND ANY RESULTING ISOLATION WILL HAVE TO ISOLATION AND THE 
BE DERIVED FROM 2/2 OF THE REMAINING REDUNDANT TRAIN IS 
INSTRUMENTS UNAFFECTED 

1.0.2.10.08 PY 1121C OUTPUT SHORT HISH CONTAINMENT PRESSURE SIGNAL WILL PERIODIC TESTING THIS TRAIN REMAINS NONE REF ELEM DIAS 451355 
HAVE LOST ONE OF THE 2/3 LOGIC INPUTS AVAILABLE FOR AUTOMATIC 
AND ANY RESULTING ISOLATION WILL HAVE TO ISOLATION AND THE 
BE DERIVED FROM 2/2 OF THE REMAINING REDUNDANT TRAIN IS 
INSTRUMENTS UNAFFECTED 

1.0.2.10.09 PY 1121C OUTPUT HIGH HIGH CONTAINMENT PRESSURE SINAL WILL PERIODICTESTING THIS TRAIN REMAINS NONE REF ELEM DIA6 451355 
HAVE ONE ERRONEOUS INPUT INTO THE 2/3 AVAILABLE FOR AUTOMATIC 
LOGIC AND CONTAINMENT ISOLATION WILL BE ISOLATION AND THE 
INITIATED IF ONE MORE SIGNAL IS RECEIVED REDUNDANT TRAIN IS 

UNAFFECTED 
1.0.2.10.10 PY 1121C OUTPUT LOW HIGH CONTAINMENT PRESSURE SIGNAL WILL PERIODIC TESTING THIS TRAIN REMAINS NONE REF ELEM DIAS 451355 

HAVE LOST ONE OF THE 2/3 LOGIC INPUTS AVAILABLE FOR AUTOMATIC 
AND ANY RESULTING ISOLATION WILL HAVE TO ISOLATION AND THE 
BE DERIVED FROM 2/2 OF THE REMAINING REDUNDANT TRAIN IS 
INSTRUMENTS UNAFFECTED 

1.0.2.11.03 PA 1121C INPUT OPEN HIGH CONTAINMENT PRESSURE SIGNAL WILL PERIODIC TESTING THIS TRAIN REMAINS NONE OUTPUT OF THE PA INSTUMENT IS BOTH 
HAVE LOST ONE OF THE 2/3 LOGIC INPUTS AVAILABLE FOR AUTOMATIC TO CIS PANEL 2/3 LOGIC AND TO THE PC 
AND ANY RESULTING ISOLATION WILL HAVE TO ISOLATION AND THE INSTRUMENTS. REF ELEM DIAS 451355 
BE DERIVED FROM 2/2 OF THE REMAINING REDUNDANT TRAIN IS 
INSTRUMENTS UNAFFECTED 

1.0.2.11.04 PA 1121C INPUT SHORT HIGH CONTAINMENT PRESSURE SIGNAL WILL PERIODIC TESTING THIS TRAIN REMAINS NONE REF ELEM DIAS 451355 
HAVE LOST ONE OF THE 2/3 LOGIC INPUTS AVAILABLE FOR AUTOMATIC 
AND ANY RESULTING ISOLATION WILL HAVE TO ISOLATION AND THE 
BE DERIVED FROM 2/2 OF THE REMAINING REDUNDANT TRAIN IS 
INSTRUMENTS UNAFFECTED 

1.0.2.11.15 PA 1121C CONTACT OPEN HIGH CONTAINMENT PRESSURE SIGNAL WILL PERIODIC TESTING THIS TRAIN REMAINS NONE REF ELEM DIPG 451355 
HAVE LOST ONE OF THE 2/3 LOGIC INPUTS AVAILABLE FOR AUTOMATIC 
AND ANY RESULTING ISOLATION WILL HAVE TO ISOLATION AND THE 
BE DERIVED FROM 2/2 OF THE REMAINING REDUNDANT TRAIN IS 
INSTRUMENTS UNAFFECTED 

1.0.2.11.16 PA 1121C CONTACT CLOSED HIBM CONTAINMENT PRESSURE SIGNAL WILL PERIODIC TESTING THIS TRAIN REMAINS NONE REF ELEM DIAS 451355 
HAVE ONE ERRONEOUS INPUT INTO THE 2/3 AVAILABLE FOR AUTOMATIC 
LOGIC AND CONTAINMENT ISOLATION WILL BE ISOLATION AND THE 
INITIATED IF ONE MORE SIGNAL IS RECEIVED REDUNDANT TRAIN IS 

UNAFFECTED 
1.0.2. 11.17 PA 1121C CONTACT GROUNDED INSTRUMENT FUSE OPENS AND HIGH PERIODIC TESTINS THIS TRAIN REMAINS NONE REF ELEM DIAS 451355 

CONTAINMENT PRESSURE SISNAL WILL HAVE AVAILABLE FOR AUTOMATIC 
LOST ONE OF THE 2/3 LOGIC INPUTS AND ANY ISOLATION AND THE 
RESULTING ISOLATION WILL HAVE TO BE REDUNDANT TRAIN IS 
DERIVED FROM 2/2 OF THE REMAINING UNAFFECTED 
INSTRUMENTS



07/30/87 

ENGINEERED SAFETY FEATURES SINGLE FAILURE ANALYSIS 
SAN ONOFRE UNIT 1 

CONTAINMENT ISOLATION 
GROUP 0. INITIATING PRESSURE SIGNAL FILE:CI-CIS 

ITEN NO. DEVICE ID FAILURE MODE EFFECT-LOC METHOD OF DETECTION INHERENT COMPENSATING EFFECT ON ESF FUNCTION REMARKS 
PROVISIONS 

1.0.2.12.03 PC 1121C INPUT OPEN NO EFFECT ON CIS OPERATION PERIODIC TESTING NONE REQUIRED NONE OUTPUT OF PC INSTRUMENTS IS NOT CIS.  
REF ELEM DIA6 451355 

1.0.2.12.04 PC 1121C INPUT SHORT AFFECTS THE INPUT TO THE CIS 2/3 LOGIC PERIODIC TESTING THIS TRAIN REMAINS NONE REF ELEM DIAB 451355 
AND HIGH CONTAINMENT PRESSURE SIGNAL AVAILABLE FOR AUTOMATIC 
WILL HAVE ONE ERRONEOUS INPUT INTO THE ISOLATION AND THE 
2/3 LOGIC AND CONTAINMENT ISOLATION WILL REDUNDANT TRAIN IS 
BE INITIATED IF ONE MORE SIGNAL IS UNAFFECTED 
RECEIVED



age No.  
07130/87 

ENGINEERED SAFETY FEATURES SINGLE FAILURE ANALYSIS 
SAN DNOFhE UNIT 1 

CONTAINMENT ISOLATION 
BROUP 1. PENETRATION 9-12 FEEDWATER SAMPLIN6 FILE: CI-260 

ITEM NO. DEVICE ID FAILURE MODE EFFECT-LOC METHOD OF DETECTION INHERENT COMPENSATING EFFECT ON ESF FUNCTION REMARKS 
PROVISIONS 

1.01.1.01.1 SV 119 FAIL OPEN OUTSIDE ISOLATION CAPABILITY LOST NONE TWO MANUAL SR VALVES IN LOSS OF ISOLATION CAPABILITY FOR REF P&I 5178260 
SERIES CAN BE CLOSED PENETRATION B-12 

1.01.1.01.2 SV 119 FAIL CLOSED NONE, NORMALLY CLOSED, SAMPLE LINE NONE NONE REQUIRED NONE REF P&I 5178260 
ISOLATED 

1.01.1.02.1 FSS 303 FAIL OPEN NONE, NORML POSITION NONE SOLENOID VALVE WILL NONE REF P&I 5178260 
ISOLATE 

1.01.1.02.2 FSS 303 FAIL CLOSED NONE, SAMPLE LINE ISOLATED NONE NONE REQUIRED NONE REF P&I 5178260 
1.01.1.03.1 FSS 301 FAIL OPEN NONE, NORMAL POSITION NONE SOLENOID VALVE WILL NONE REF P&I 5178260 

ISOLATE 
1.01. 1.03.2 FSS 301 FAIL CLOSED NO, SAMPLE LINE ISOLATED NONE NONE REQUIRED NONE REF P&I 5178260 
1.01.2.01.1 SV 120 FAIL OPEN OUTSIDE ISOLATION CAPABILITY LOST NONE TWO MANUAL SR VALVES IN LOSS OF ISOLATION CAPABILITY FOR REF P&I 5178260 

SERIES CAN BE CLOSED PENETRATION B-12 
1.01.2.01.2 SV 120 FAIL CLOSED NONE, NORMALLY CLOSED, SAMPLE LINE NONE NONE REQUIRED NONE REF P&I 5178260 

ISOLATED 
1.01.2.02.1 FSS 306 FAIL OPEN NONE, NORMAL POSITION NONE SOLENOID VALVE WILL NONE REF PSI 5178260 

ISOLATE 
1.01.2.02.2 FSS 306 FAIL CLOSED NONE, SAMPLE LINE ISOLATED NONE NONE REQUIRED NONE REF P&I 5178260 
1.01.2.03.1 FSS 302 FAIL OPEN NONE, NORMAL POSITION NONE SOLENOID VALVE WILL NONE REF P&I 5178260 

ISOLATE 
1.01.2.03.2 FSS 302 FAIL CLOSED NONE, SAMPLE LINE ISOLATED NONE NONE REQUIRED NONE REF P8I 5178260 
1.01.3.01.1 SV 121 FAIL OPEN OUTSIDE ISOLATION CAPABILITY LOST NONE TWO MANUAL SR VALVES IN LOSS OF ISOLATION CAPABILITY FOR REF P8I 5178260 

SERIES CAN BE CLOSED PENETRATION B-12.  
1.01.3.01.2 SV 121 FAIL CLOSED NONE, NORMALLY CLOSED, SAMPLE LINE NONE NONE REQUIRED NONE REF P&I 5178260 

ISOLATED 
1.01.3.02.1 FSS 308 FAIL OPEN NONE, NORMAL POSITION NONE SOLENOID VALVE WILL NONE REF P&I 5178260 

ISOLATE 
1.01.3.02.2 FSS 308 FAIL CLOSED NONE, SAMPLE LINE ISOLATED NONE NONE REQUIRED NONE REF P&I 5178260 
1.01.3.03.1 FSS 304 FAIL OPEN NONE, NORMAL POSITION NONE SOLENOID VALVE WILL NONE REF P&I 5178260 

ISOLATE 
1.01.3.03.2 FSS 304 FAIL CLOSED NONE, SAMPLE LINE ISOLATED NONE NONE REQUIRED NONE REF P&I 5178260 
1.01.4.01.1 SV 122 FAIL OPEN OUTSIDE ISOLATION CAPABILITY LOST NONE TWO MANUAL SR VALVES IN LOSS OF ISOLATION CAPABILITY FOR REF P&I 5178260 

SERIES CAN BE CLOSED PENETRATION B-12 
1.01.4.01.2 SV 122 FAIL CLOSED NONE, NORMALLY CLOSED, SAMPLE LINE NONE NONE REQUIRED NONE REF P8I 5178260 

ISOLATED 
1.01.4.02.1 FSS 338 FAIL OPEN NONE, NORMA POSITION NONE SOLENOID VALVE WILL NONE REF P&I 5178260 

ISOLATE 
1.01.4.02.2 FSS 338 FAIL CLOSED NONE, SAMPLE LINE ISOLATED NONE NONE REQUIRED NONE REF P8I 5178260 
1.01.4.03.1 FSS 334 FAIL OPEN NONE, NORMAL POSITION NONE SOLENOID VALVE WILL NONE REF PSl 5178260 

ISOLATE 
1.01.4.03.2 FSS 334 FAIL CLOSED NONE, SAMPLE LINE ISOLATED NONE NONE REQUIRED NONE REF P8I 5178260 
1.01.5.01.1 SV 123 FAIL OPEN OUTSIDE ISOLATION CAPABILITY LOST NONE TWO MANUAL SR VALVES IN LOSS OF ISOLATION CAPABILITY FOR REF P&I 5178260 

SERIES CAN BE CLOSED PENETRATION B-12 
1.01.5.01.2 SV 123 FAIL CLOSED NONE, NORMALLY CLOSED,.SAMPLE LINE NONE NONE REQUIRED NONE REF P81 5178260 

ISOLATED 
L01.5.02.1 FSS 329 FAIL OPEN NONE, NORMAL POSITION NONE SOLENOID VALVE WILL NONE REF P&I 5178260 

ISOLATE 
1.01.5.02.2 FSS 329 FAIL CLOSED NONE, SAMPLE LINE ISOLATED NONE NONE REQUIRED NONE REF P8I 5178260



07/30/87 
ENIN ENGINEERED SAFETY FER7 ES SINGLE FAILURE ANALYSIS 

SAN ONOFRE UNIT 1 
CONTAINMENT ISOLATION 

GROUP 1. PENETRATION 9-12 FEEDWATER SAMPLING FILE: CI-2E0 

ITEM NO. DEVICE ID FAILURE MODE EFFECT-LOC METHOD 09 DETECTION INiERENT COMPENSATING EFFECT ON ESF FUNCTION REMARKS 
PROVISIONS 

1.01.5.03.1 FSS 327 FAIL OPEN NONE, NORMAL POSITION NONE SOLENOID VALVE WILL NONE REF PSI 5178260 
ISOLATE 

1.01.5.03.2 FSS 327 FAIL CLOSED NONE, SAMPLE LINE ISOLATED NONE NONE REQUIRED NONE REF PSI 5178260 
1.01.6. 01.1 SV 124 FAIL OPEN OUTSIDE ISOLATION CAPABILITY LOST NONE TWO MANUAL SR VALVES IN LOSS OF ISOLATION CAPABILITY FOR REF PSI 5178260 

SERIES CAN BE CLOSED PENETRATION 8-12 
1.01.6.01.2 SV 124 FAIL CLOSED NONE, NORMALLY CLOSED, SAMPLE LINE NONE NONE REQUIRED NONE REF P4I 5178260 

ISOLATED 
1.01.6.02.1 FSS 340 FAIL OPEN NONE, NORMAL POSITION NONE SOLENOID VALVE WILL NONE REF P&I 5178260 

ISOLATE 
1.01. . 02.2 FSS 340 FAIL CLOSED NONE, SAMPLE LINE ISOLATED NONE NONE REQUIRED NONE REF P&I 5178260 
1.01.6.03.1 FSS 336 FAIL OPEN NONE, NORMAL POSITION NONE SOLENOID VALVE WILL NONE REF P&I 5178260 

ISOLATE 

1.01.6.03.2 FSS 336 FAIL CLOSED NONE, SAMPLE LINE ISOLATED NONE NONE REQUIRED NONE REF P&I 5178260



Pane No.  

0730/87 ENGINEERED SAFETY FW S SINLE FAILURE ANALYSIS 
SAN ONOFRE UNIT I 

CONTAINMENT ISOLATION 
GROUP 2: PENETRATION B-7A,B,C SEAL WATER FILE: CI-110 

ITEM NO. DEVICE ID FAILURE MODE EFFECT-LOC METHOD OF DETECTION INHERENT COMPENSATING EFFECT ON ESF FUNCTION REMARKS 
PROVISIONS 

1.02.1.01.1 FCV 1115A FAIL OPEN OUTSIDE ISOLATION CAPABILITY LOST CONTROL ROOM SYSTEM INDICATION REDUNDANT VALVES INSIDE REDUCED ISOLATION REDUNDANCY FOR CHECK VALVE RCP 005 AND MOV 358 IN 
CONTAINMENT PENETRATION B7-C. CONTAINMENT. REF P&I 5178110 

1.02.1.01.2 FCV !115A FAIL CLOSED NONE NONE NONE REQUIRED NONE REF P&I 5178110. FC WOULD BE DUE TO 
CONTROLLER FAILURE 
ON LOSS OF INSTRUMENT AIR THE VALVE 

WOULD FO.  
1.02.1.02.1 FCV 1115D FAIL OPEN OUTSIDE ISOLATION CAPABILITY LOST CONTROL ROOM SYSTEM INDICATION REDUNDANT VALVES INSIDE REDUCED ISOLATION REDUNDANCY FOR REF PSI 5178110. FO WOULD BE DUE TO 

CONTAINMENT PENETRATION 87-C CONTROLLER FAILURE 
ON LOSS OF INSTRUMENT AIR THE VALVE 

WOULD FC.  
1.02.1.02.2 FCV 1115D FAIL CLOSED NONE NONE NONE REQUIRED NONE REF P&I 5178110 
.. 02.1.03.1 SV 1115AD FAIL OPEN NONE NONE NONE REQUIRED NONE REF P&I 5178110. BACKUP N2 NOT 

AVAILABLE AND ON LOSS OF INSTRUMENT 
AIR FCV 1115D FAILS CLOSED 

1.02.1.03.2 SV 1115AD FAIL CLOSED NONE NONE NONE REQUIRED NONE BACKUP NITROGEN AVAILABLE. REF P&I 
5178110 

1.02.2.01.1 FCV 1115B FAIL OPEN OUTSIDE ISOLATION CAPABILITY LOST CONTROL ROOM SYSTEM INDICATION REDUNDANT VALVES INSIDE REDUCED ISOLATION REDUNDANCY FOR CHECK VALVE RCP 006 AND MOV 357 IN 
CONTAINMENT PENETRATION B7-B. CONTAINMENT. REF P&I 5178110 

1.02.2.01.2 FCV 11158 FAIL CLOSED NONE NONE NONE REQUIRED NONE REF PSI 5178110. FC WOULD BE DUE TO 
CONTROLLER FAILURE 
ON LOSS OF INSTRUMENT AIR THE VALVE 

WOULD FO.  
1.02.2.02.1 FCV 1115E FAIL OPEN OUTSIDE ISOLATION CAPABILITY LOST CONTROL ROOM SYSTEM INDICATION REDUNDANT VALVES INSIDE REDUCED ISOLATION REDUNDANCY FOR REF P&I 5178110. FO WOULD BE DUE TO 

CONTAINMENT PENETRATION 87-B CONTROLLER FAILURE 
ON LOSS OF INSTRUMENT AIR THE VALVE 

WOULD FC.  
1.02. 2. 02.2 FCV 1115E FAIL CLOSED NONE NONE NONE REQUIRED NONE REF P&I 5178110 
1.02.2.03.1 SV 1115BE FAIL OPEN NONE NONE NONE REQUIRED NONE REF P&L 5178110. BACKUP N2 NOT 

AVAILABLE AND ON LOSS OF INSTRUMENT 
AIR FCV 1115E FAILS CLOSED 

1.02.2.03.2 SV 1115BE FAIL CLOSED NONE NONE NONE REQUIRED NONE BACKUP NITROGEN AVAILABLE. REF PSI 
5178110 

1.02. 3.01.1 FCV 1115C FAIL OPEN OUTSIDE ISOLATION CAPABILITY LOST CONTROL ROOM SYSTEM INDICATION REDUNDANT VALVES INSIDE REDUCED ISOLATION REDUNDANCY FOR CHECK VALVE RCP 104 AND "OV 358 IN 
CONTAINMENT PENETRATION 87-A. CONTAINMENT. REF P&I 5178110 

1.02.3.01.2 FCV 1I11C FAIL CLOSED NONE NONE NONE REQUIRED NONE REF P&I 5178110. FC WOULD BE DUE TO 
CONTROLLER FAILURE 
ON LOSS OF INSTRUMENT AIR THE VALVE 

WOULD FO.  
1.02, 3. 02.1 FCV 1115F FAIL OPEN OUTSIDE ISOLATION CAPABILITY LOST CONTROL ROOM SYSTEM INDICATION REDUNDANT VALVES INSIDE LOSS OF ISOLATION CAPABILITY FOR REF P&I 5178110. FO WOULD BE DUE TO 

CONTAINMENT PENETRATION 87-A CONTROLLER FAILURE 
ON LOSS OF INSTRUMENT AIR THE VALVE 

WOULD FC.  
1.02.3.02.2 FCV 1115F FAIL CLOSED NONE NONE NONE REQUIRED NONE REF P&I 5178110 
1.02.3.03.1 SV 1115CF FAIL OPEN NONE NONE NONE REQUIRED NONE REF PSI 5178110. BACKUP N2 NOT 

AVAILABLE AND ON LOSS OF INSTRUMENT 
AIR FCV 1115F FAILS CLOSED 

1.02.3.03.2 SV 1115CF FAIL CLOSED NONE NONE NONE REQUIRED NONE BACKUP NITROGEN AVAILABLE. REF P&I 
5178110



Pane No.  

.111 7 ENINEERED SAFETY FEA R S SINGLE FAILURE ANALYSIS 
SAN ONOFRE UNIT I 

CONTAINMENT ISOLATION 
GROUP 3: PENETRATION B-8 RCP SEAL WATER RETURN FILE:CI-111 

ITEM NO. DEVICE ID FAILURE MODE EFFECT-LOC METHOD OF DETECTION. INHERENT COMPENSATING EFFECT ON ESF FUNCTION REMARKS 
PROVISIONS 

1.03.1.01.1 CV 527 FAIL OPEN INSIDE ISOLATION CAPABILITY LOST CONTROL ROOM POSITION REDUNDANT VALVE OUTSIDE REDUCED ISOLATION REDUNDANCY FOR REF P&I 5178111. FO WOULD BE DUE TO 
INDICATION CONTAINMENT PENETRATION B-8 CONTROLLER FAILURE 

ON LOSS OF INSTRUMENT AIR THE VALVE 
WOULD FC.  

1.03.:.01.2 CV 527 FAIL CLOSED NONE CONTROL ROOM POSITION NONE REQUIRED NONE REF P&I 5178111 
INDICATION 

1.03.1.02.1 CV 528 FAIL OPEN OUTSIDE ISOLATION CAPABILITY LOST CONTROL ROOM POSITION REDUNDANT VALVE INSIDE REDUCED ISOLATION REDUNDANCY FOR REF P&I 5178136. FD WOULD BE DUE TO 
INDICATION CONTAINMENT PENETRATION B-8 CONTROLLER FAILURE 

ON LOSS OF INSTRUMENT AIR THE VALVE 
WOULD FC.  

1.03.1.02.2 CV 528 FAIL CLOSED NONE CONTROL ROOM POSITION NONE REQUIRED NONE REF P&I 5178136 
INDICATION 

1.03.1.03.1 VCC 345 FAIL OPEN OUTSIDE ISOLATION CAPABILITY LOST NONE NONE LOSS OF ISOLATION CAPABILITY FOR NITROSEN SYSTEM SR VALVE NORMALLY 
PENETRATION B-8 CLOSED AND ACCEPTED AS ADEQUATE 

ISOLATION BY THE NRC, SEE SEP 
PARAGRAPH 4.23.1.1. REF P&I 5178136 

1.03.1.03.2 VCC 345 FAIL CLOSED NONE, NORMALLY CLOSED NONE NONE NONE REF P&I 5178136



Page No.  

ENGINEERED SAFETY F* S SINLE FAILURE ANALYSIS 
SAN ON0FRE UNIT I 

CONTAINMENT ISOLATION 

GROUP 4: PENETRATION B-1A,B,C,E-15,B-17A SIS FILE: CI-115 

ITE NO. DEVICE ID FAILURE MODE EFFECT-LDC METHOD OF DETECTION INHERENT COMPENSATING EFFECT ON ESF FUNCTION REMARKS 
PROVISIONS 

1.04.1.01.1 HV 851A FAIL OPEN OUTSIDE ISOLATION CAPABILITY LOST CONTROL ROOM POSITION REDUNDANT VALVE INSIDE REDUCED ISOLATION REDUNDANCY FOR FO WOULD BE DUE TO CONTROLLER FAILURE 
INDICATION CONTAINMENT PENETRATION B1-A,B,C ON LOSS OF INSTRUMENT AIR THE VALVE 

IS BACKED UP BY BOTTLED N2. VALVE 
FAILURE MODE IS NOT PRDICTABLE BUT 
FO IS THE WORST CASE. REF P&I 5178115 

1.04.1.01.2 HV 851A FAIL CLOSED NONE, NORMALLY CLOSED CONTROL ROOM POSITION NONE REQUIRED NONE REF P&I 5178115 
INDICATION 

1.04.1.02.1 SIS 320 FAIL OPEN OUTSIDE ISOLATION CAPABILITY LOST NONE REDUNDANT VALVE INSIDE REDUCED ISOLATION REDUNDANCY FOR REF P&I 5178115 
CONTAINMENT PENETRATION Bl-A,B,C 

1.04.1.02.2 SIS 320 FAIL CLOSED NONE, NORMAL POSITION NONE NONE REQUIRED NONE REF P&I 5178115 
1.04.1.03.1 SV 702A FAIL OPEN ISOLATION OUTSIDE CONTAINMENT IS LOST CONTROL ROOM POSITION REDUNDANT VALVE INSIDE REDUCED ISOLATION REDUNDNCY FOR REF P&I 5178115 

INDICATION CONTAINMENT PENETRATION E-15 
1.04.1.03.2 SY 702A FAIL CLOSED NONE, NORMAL OPERATION CONTROL ROOM POSITION NONE REQUIRED NONE REF P&I 5178115 

INDICATION 
1.04.1.04.1 SV 7028 FAIL OPEN ISOLATION INSIDE CONTAINMENT IS LOST 30SITION INDICATION IN CONTROL REDUNDANT VALVE OUTSIDE REDUCED ISOLATION REDUNDANCY FOR REF P&I 5178115 

ROOM CONTAINMENT PENETRATION E-15 
1.04.1.04.2 SY 7028 FAIL CLOSED NONE, NORMAL POSITION POSITION INDICATION IN CONTROL NONE REQUIRED NONE REF P&I 5178115 

ROOM 
1.04.1.05.1 MOV 850C FAIL OPEN INSIDE ISOLATION CAPABILITY LOST CONTROL ROOM POSITION REDUNDANT VALVE OUTSIDE REDUCED ISOLATION REDUNDANCY FOR VALVE IS FAI. FO IS WORST CASE. REF 

INDICATION CONTAINMENT ON PEN. PENETRATION Bl-A,B,C AND E-15. REDUCED P&I 5178115 
B1-A,B,C. NONE FOR PEN. ISOLATION REDUNDANCY FOR PENETRATION 
817-A 817-A 

1.04.1.05.2 MOV 850C FAIL CLOSED NONE CONTROL ROOM POSITION NONE REQUIRED NONE VALVE IS FAI. FC IS NORMAL POSITION.  
INDICATION REF P&I 5178115 

1.04.2.01.1 HV 8518 FAIL OPEN ISOLATION OUTSIDE CONTAINMENT IS LOST POSITION INDICATION IN CONTROL REDUNDANT VALVE INSIDE REDUCED ISOLATION REDUNDANCY FOR FO WOULD BE DUE TO CONTROLLER FAILURE 
ROOM CONTAINMENT PENETRATION B1-AB,C ON LOSS OF INSTRUMENT AIR THE VALVE 

IS BACKED UP BY BOTTLED N2. VALVE 
FAILURE MODE IS NOT PREDICTABLE BUT 
FO IS THE WORST CASE. P&I 5178115 

1.04.2.01.2 V 8518 FAIL CLOSED NONE, NORMALLY CLOSED POSITION INDICATION IN CONTROL NONE REQUIRED NONE REF P&I 5178115 
ROOM 

1.04.2.02.1 SIS 319 FAIL OPEN ISOLATION OUTSIDE CONTAINMENT IS LOST NONE REDUNDANT VALVE INSIDE REDUCED ISOLATION REDUNDANCY FOR REF P&I 5178115 
CONTAINMENT PENETRATION BI-A,B,C 

1.04.2.02.2 SIS 319 FAIL CLOSED NONE, NORMAL POSITION NONE NONE REQUIRED NONE REF P&I 5178115 
1.04.2.03.1 SY 702C FAIL OPEN OUTSIDE ISOLATION CAPABILITY LOST CONTROL ROOM POSITION REDUNDANT VALVE INSIDE REDUCED ISOLATION REDUNDANCY FOR REF P&I 5178115 

INDICATION CONTAINMENT PENETRATION E-15 
1.04.2.03.2 SY 702C FAIL CLOSED NONE, NORMAL POSITION CONTROL ROOM POSITION NONE REQUIRED NONE REF P81 5178115 

INDICATION 
1.04.2.04.1 SY 702D FAIL OPEN INSIDE ISOLATION CAPABILITY LOST CONTROL ROOM POSITION REDUNDANT VALVE OUTSIDE REDUCED ISOLATION REDUNDANCY FOR REF P&I 5178115 

INDICATION CONTAINMENT PENETRATION E-15 
1.04.2.04.2 SY 702D FAIL CLOSED NONE, NORMAL POSITION CONTROL ROOM POSITION NONE REQUIRED NONE REF P&I 5178115 

INDICATION 
1.04.2.05.1 MOV 8509 FAIL OPEN INSIDE ISOLATION CAPABILITY LOST CONTROL ROOM POSITION REDUNDANT VALVE OUTSIDE REDUCED ISOLATION REDUNDANCY FOR VALVE IS FAT. O IS WORST CASE. RE; 

INDICATION CONTAINMENT ON PEN. PENETRATION 81-A,B,C AND E-15. REDUCED P&I 5178115 
B1-A,B,C. NONE FOR PEN. ISOLATION REDUNDANCY FOR PENETYATION 
817-A 817-A 

1.04.2.05.2 MOV 8508 FAIL CLOSED NONE CONTROL RDOM POSITION NONE REQUIRED NONE VALVE IS FAI. FC IS NORMAL POSITION.  
INDICATION REF P&I 5178115



Pa e No.  
07/30/87 

ENGINEERED SAFETY F.S SINGLE FAILURE ANALYSIS 
SAN ONOFRE UNIT 1 

CONTAINMENT ISOLATION 
GROUP 4: PENETRATION 8-IA,B,C,E-15,8-17A SIS FILE: CI-115 

TP4 NO. DEVICE ID FAILURE MODE EFFECT-LOC METHOD OF DETECTION INHERENT COMPENSATING EFFECT ON ESF FUNCTION REY.ARKS 
PROVISIONS 

1.04.3.01.1 SIS 385 FAIL OPEN NOT APPLICABLE, SEE REMARKS NONE NONE REQUIRED NONE THIS VALVE IS LOCKED CLOSED SUBJECT 
TO THE VALVE LOCKING PROGRAM. RET PS' 
5178115 

04. 3. 01.2 SI 385 FAIL CLOSED NONE, LOCKED CLOSED NONE NONE REQUIRED NONE THIS VALVE IS LOCKED CLOSED SUBJECT 
TO THE VALVE LOCKING PROGRAM. RE PI
5178115 

1.04.3.02.1 SIS 386 FAIL OPEN OUTSIDE ISOLATION CAPABILITY LOST NONE REDUNDANT VALVE INSIDE REDUCED ISOLATION REDUNDANCY FOR REF P&I 5178115 
CONTAINMENT PENETRATION 817-A 

1.04.3.02.2 SIS 386 FAIL CLOSED NONE, NORMAL SPRING LOADED CHECK VALVE NONE NONE REQUIRED NONE REF P&I 5178115 
POSITION 

1.04.3.03.1 SIS 390 FAIL OPEN OUTSIDE ISOLATION CAPABILITY LOST NONE REDUNDANT VALVE INSIDE REDUCED ISOLATION REDUNDANCY FOR REF P&I 5178115 
CONTAINMENT PENETRATION B17-A 

1.04.3.03.2 SIS 390 FAIL CLOSED NONE, NORMAL POSITION NONE NONE REQUIRED NONE REF P&I 5178115 
1.04.3.04.1 RV 868 FAIL OPEN OUTSIDE ISOLATION CAPABILITY LOST NONE REDUNDANT VALVE INSIDE REDUCED ISOLATION REDUNDANCY FOR REF P&I 5178115 

CONTAINMENT PENETRATION 817-A 
1.04.3.04.2 RV 868 FAIL CLOSED NONE, NORMAL RELIEF VALVE D0SITION NONE NONE REQUIRED NONE REF P&I 5178115 
1.04.3.05.1 MOV 850A FAIL OPEN INSIDE ISOLATION CAPABILITY LOST CONTROL ROOM POSITION REDUNDANT VALVE OUTSIDE REDUCED ISOLATION REDUNDANCY FOR VALVE IS FAI. FO IS WORST CASE. RET 

INDICATION CONTAINMENT ON PEN. PENETRATION Bl-A,B,C AND E-15. REDUCED P&I 5178115 
Bl-A,B,C. NONE FOR PEN. ISOLATION REDUNDANCY FOR PENETRATION 
B17-A B17-A 

1.04.3.05.2 MOV 850A FAIL CLOSED NONE CONTROL ROOM POSITION NONE REQUIRED NONE VALVE IS FAI. FC IS NORMAL POSITION.  
INDICATION REF P&I 5178115



ENGINEERED SAFETY FE W SIN6LE FAILURE ANALYSIS 
SAN ONOFRE UNIT 1 

CONTAINMENT ISOLATION 
GROUP 5: PENETRATION B-18A,3 CONTAINMENT SPRAY FILE:CI-120 

ITEM NO. DEVICE ID FAILURE.MODE EFFECT-LOC METHOD OF DETECTION INHERENT COMPENSATING EFFECT ON ESF FUNCTION REMARKS 

PROVISIONS 

1.05. 1.01. 1 CV 82 FAIL OPEN INSIDE ISOLATION CAPABILITY LOST CONTROL ROOM POSITION REDUNDANT VALVE OUTSIDE REDUCED ISOLATION REDUNDANCY FOR REF P&I 5178120. NRC WILL ACCEPT 
INDICATION CONTAINMENT PENETRATION 818-A CHECK VALVES CRS 304 AND CRS 305 AS 

ACCEPTABLE PER SEP PARAGRAPH 4.23.7.1 

05. 1.OI.2 CV 82 FAIL CLOSED NONE CONTROL ROOM POSITION NONE REQUIRED NONE 
INDICATION 

1.05.1.02.1 CRS 021 FAIL OPEN INSIDE ISOLATION CAPABILITY LOST CONTROL ROOM SYSTEM INDICATION REDUNDANT VALVE OUTSIDE REDUCED ISOLATION REDUNDANCY FOR REF P&I 517820. NRC WILL ACCEPT 

CONTAINMENT PENETRATION 918-A CHECK VALVES CPS 304 AND CRS 305 AS 
ACCEPTABLE PER SEP PARAGRAPH 4.23.7.1 

1.05.1.02.2 CRS 021 FAIL CLOSED NONE NONE NONE REQUIRED NONE REF P&I 5178120 
1.05.2.01.1 CV 114 FAIL OPEN INSIDE ISOLATION CAPABILITY LOST CONTROL ROOM POSITION REDUNDANT VALVE OUTSIDE REDUCED ISOLATION REDUNDANCY FOR REF P&I 5178120. NRC WILL ACCEPT 

INDICATION CONTAINMENT PENETRATION B18-A CHECK VALVES CRS 304 AND CRS 305 AS
ACCEPTABLE PER SEP PARAGRAPH 4.23.7.1 

1.05.2.01.2 CV 114 FAIL CLOSED NONE CONTROL ROOM POSITION NONE REQUIRED NONE REF P&I 5178120 
INDICATION 

1,05.3.01.1 CV 92 FAIL OPEN INSIDE ISOLATION CAPABILITY LOST CONTROL ROOM POSITION REDUNDANT VALVE OUTSIDE REDUCED ISOLATION REDUNDANCY FOR REF P&I 5178120. NRC WILL ACCEPT 
INDICATION CONTAINMENT PENETRATION BIB-A CHECK VALVES CRS 304 AND CRS 305 AS 

ACCEPTABLE PER SEP PARAGRAPH 4.23.7.1 

1.05.3.01.2 CV 92 FAIL CLOSED NONE CONTROL ROOM POSITION NONE REQUIRED NONE REF P&I 5178120.  
INDICATION 

1.05.4.01.1 CRS 020 FAIL OPEN INSIDE ISOLATION CAPABILITY LOST NONE REDUNDANT VALVE OUTSIDE REDUCED ISOLATION REDUNDANCY FOR REF P&I 5178120. NRC WILL ACCEPT 
CONTAINMENT PENETRATION 8-3 CHECK VALVES CRS 304 AND CRS 305 AS 

ACCEPTABLE PER SEP PARAGRAPH 4.23.7.1 

1.05.4.01.2 CRS 020 FAIL CLOSED INSIDE ISOLATION CAPABILITY LOST NONE REDUNDANT VALVE OUTSIDE REDUCED ISOLATION REDUNDANCY FOR REF P&I 5178120. NO CREDIT CAN BE 
CONTAINMENT PENETRATION 8-3 TAKEN FOR CHECK VALVE CRS 020 

1.05.4.02.1 CRS 341 FAIL OPEN OUTSIDE ISOLATION CAPABILITY LOST NONE REDUNDANT VALVE OUTSIDE REDUCED ISOLATION REDUNDANCY FOR REF P&I 5178120. NRC WILL ACCEPT 
CONTAINMENT PENETRATION 8-3 CHECK VALVES CRS 304 AND CRS 305 AS 

ACCEPTABLE PER SEP PARAGRAPH 4.23.7.1 

1.05.4.02.2 CRS 341 FAIL CLOSED NONE, NORMALLY CLOSED NONE NONE REQUIRED NONE REF P&I 5178120 
1.05.4.03.1 CRS 342 FAIL OPEN OUTSIDE ISOLATION CAPABILITY LOST NONE NONE LOSS OF ISOLATION CAPABILITY FOR NITROGEN SYSTEM SR VALVE NORMALLY 

PENETRATION 8-3. SEE REMARKS CLOSED AND ACCEPTED AS ADEQUATE 
ISOLATION BY THE NRC, SEE SEP 
PARAGRAPH 4.23.1.1. REF P&I 5178120 

1.05.4.03.2 CRS 342 FAIL CLOSED NONE, NORMALLY CLOSED NONE NONE REQUIRED NONE REF P&I 5178120 

1.05.4.04.1 CRS 304 FAIL OPEN OUTSIDE ISOLATION CAPABILITY LOST NONE REDUNDANT VALVE INSIDE REDUCED ISOLATION REDUNDANCY FOR 
CONTAINMENT PENETRATION B-3, 18-A 

i.05.4.04.2 CRS 304 FAIL CLOSED NONE NONE NONE REQUIRED NONE 
1.05.4.05.1 CRS 305 FAIL OPEN OUTSIDE ISOLATION CAPABILITY LOST NONE REDUNDANT VALVE INSIDE REDUCED ISOLATION REDUNDANCY FOR 

CONTAINMENT PENETRATION 8-3, 18-A 
1.05.4.05.2 CRS 305 FAIL CLOSED NONE NONE NONE REQUIRED NONE



age No, 
07/308 @ 

ENGINEERED SAFETY Fe -S SINGLE FAILURE ANALYSIS 
SAN ONOFRE UNIT I 

CONTAINENT ISOLATION 
GROUP 6: PENETRATION 9-6 LETDOWN DEMINERALIZER FILE:CI-130 

1TEM NO. DEVICE ID FAILURE MODE EECT-LOC METHOD OF DETECTION IHERENT COMPENSATING EFFECT ON ESF FUNCTION REMARKS 
PROVISIONS 

1.06.1.01.1 CV 525 FAIL OPEN INSIDE ISOLATION CAPABILITY LOST CONTROL ROOM POSITION REDUNDANT VALVE OUTSIDE REDUCED ISOLATION REDUNDANCY FOR REF P&I 5178130. FO WOULD BE DUE TO A 
INDICATION CONTAINMENT PENETRATION 8-6 VALVE MECHANICAL FAILURE. ON LOSS OF 

INSTRUMENT AIR THE VALVE WILL FC.  
.06. 1.01.2 CV 525 FAIL CLOSED NONE CONTROL ROOM POSITION NONE REQUIRED NONE REF P&I 5178130 

INDICATION 
1.06.1.02.1 CV 526 FAIL OPEN OUTSIDE ISOLATION CAPABILITY LOST CONTROL ROOM POSITION REDUNDANT VALVE INSIDE REDUCED ISOLATION REDUNDANCY FOR REF P&1 5178140. FO WOULD BE DUE TO A 

INDICATION CONTAINMENT PENETRATION B-6 VALVE MECHANICAL FAILURE. ON LOSS OF 
INSTRUMENT AIR THE VALVE WILL FC.  

1.06.1.02.2 CV 526 FAIL CLOSED NONE CONTROL ROOM POSITION NONE REQUIRED NONE REF P&I 5178140 
INDICATION 

1.06.1.03.1 LDS 312 FAIL OPEN OUTSIDE ISOLATION CAPABILITY LOST NONE REDUNDANT VALVE INSIDE REDUCED ISOLATION REDUNDANCY FOR NITROGEN SYSTEM SR VALVE NORMALLY 
CONTAINMENT PENETRATION B-6 CLOSED AND ACCEPTED AS ADEQUATE 

ISOLATION BY THE NRC, SEE SEP 
PARAGRAPH 4.23.1.1. REF P91 5178140 

1.06.1.03.2 LOS 312 FAIL CLOSED NONE. NORMAL POSITION NONE NONE REQUIRED NONE REF P&I 5178140



Page No.  

07/30/87 W GINEERED SAFETY FEA SINLE FAILURE ANALYSIS 
SAN ONOFRE UNIT I 

CONTAINMENT ISOLATION 
GROUP 7: PENETRATION B-5 PRESSURIZER SPRAY AUX FILE:CI-135 

ITEM NO. DEVICE ID FAILURE MODE EFFECT-LOC METHOD OF DETECTION INHERENT COMPENSATING EFFECT ON ESF FUNCTION REMARKS 
PROVISIONS 

1.07.1.01.1 FCV 1112 FAIL OPEN OUTSIDE ISOLATION CAPABILITY LOST CONTROL ROOM SYSTEM INDICATION REDUNDANT VALVE INSIDE REDUCED ISOLATION REDUNDANCY FOR REF P&I 5178135 
CONTAINMENT PENETRATION B-5 

1.07.1.01.2 FCV 1112 FAIL CLOSED NONE CONTROL ROOM SYSTEM INDICATION NONE REQUIRED NONE REF P&I 5178135 
1.07.1.02.1 CV 304 FAIL OPEN INSIDE ISOLATION CAPABILITY LOST CONTROL ROOM POSITION REDUNDANT VALVE OUTSIDE REDUCED ISOLATION REDUNDANCY FOR REF P&I 5178135 

INDICATION CONTAINMENT PENETRATION B-5 
1.07.1.02.2 CV 304 FAIL CLOSED NONE CONTROL ROOM POSITION NONE REQUIRED NONE REF P&I 5178135 

INDICATION 
1.07.2.01.1 CV 305 FAIL OPEN INSIDE ISOLATION CAPABILITY LOST CONTROL ROOM POSITION REDUNDANT VALVE OUTSIDE REDUCED ISOLATION REDUNDANCY FOR REF P&I 5178135 

INDICATION CONTAINMENT PENETRATION 8-5 
1.07.2.01.2 CV 305 FAIL CLOSED NONE CONTROL ROOM POSITION NONE REQUIRED NONE REF P11 5178135 

INDICATION



:)aae No.  

0 NSINEERED SAFETY FT 1 S SINGLE FAILURE ANALYSIS 
SAN ONOFRE UNIT I 

CONTAINMENT ISOLATION 
GROUP 8: PENETRATION B-12,A-15 SAMPLING FILE: CI-150 

ITM NO. DEVICE ID FAILURE MODE EFFECT-LOC METHOD OF DETECTION INHERENT COMPENSATING EFFECT ON ESF FUNCTION REMARKS 
PROVISIONS 

.08.1.011 CV 948 FAIL OPEN INSIDE ISOLATION CAPABILITY LOST PASS ROOM POSITION INDICATION REDUNDANT VALVE OUTSIDE REDUCED ISOLATION REDUNDANCY FOR REF PI 5178150 
CONTAINMENT PENETRATION C-12 1.08.1.01.2 CV 948 FAIL CLOSED NONE PASS ROOM POSITION INDICATION NONE REQUIRED NONE REF PSI 51781 1.08.1.02.1 CV 349 FAIL OPEN OUTSIDE ISOLATION CAPABILITY LOST PAS ROM POSITION INDICATION REDUDN VALVE INSIDE RE D ISOLATION REDUNDANCY FOR REF PS1 5178150 
CONTAINMENT PENETRATION C-12 1.08.1.02.2 CV 949 FAIL CLOSED NONE PASS ROM POSITION INDICATION NONE REQUIRED NONE REF P4I 5178150 1.08.1.03.1 SNI 440 FAIL OPEN OUTSIDE ISOLATION CAPABILITY LOST NONE NONE LOSS OF ISOLATION CAPABILITY FOR NITROGEN SYSTEM VALVE NORMALLY CLOSED 

PENETRATION B-12 AND ACCEPTED AS ADEQUATE ISOLATION BY 
THE NRC, SEE SEP PARAGRAPH 4.23.1.1.  
REF P41 5178400 1.08.1.03.2 SNI 440 FAIL CLOSED NONE NONE NONE REQUIRED NONE REF PS1 51780 1. 08.2.01.1 CV 962 FAIL OPEN INSIDE ISOLATION CAPABILITY LOST PASS ROOM POSITION INDICATION REDUNDANT VALVE OUTSIDE REDUCED ISOLATION REDUNDANCY FOR REF PSI 5178150 

CONTAINMENT PENETRATION C-12 1.08.2.01.2 CV 962 FAIL CLOSED NONE 3ASS ROM POSITION INDICATION NONE REQUIRED NONE REF PSI 5178150 1.08.2.02.1 CV 957 FAIL OPEN OUTSIDE ISOLATION CAPABILITY LOST PAS ROOM POSITION INDICATION REDUNDANT VALVE INSIDE REDUCED ISOLATION REDUNDANCY FOR REF P4I 5178150 
CONTAINMENT PENETRATION S-12 .08.2.02.2 CV 957 FAIL CLOSED NONE PASS ROOM POSITION INDICATION NONE REQUIRED NONE REF PSI 5178150 1.08.2.03.1 RSS 310 FAIL OPEN OUTSIDE ISOLATION CAPABILITY LOST NONE NONE LO OF ISOLATION CAPABILITY FOR NITROGN SYSTEM SR VALVE NORMALLY 

PENETRATION 0-12 CLOSD AND ACCEPTED AS ADEQUATE 
03ISOLATION BY THE NRC, SEE SEP 

PARAGRAPH 4.23.1.1. REF RSS 5178150 1.08.2.03.2 RSS 310 FAIL CLOSED NONE NONE NONE REQUIRED NONE REF PSI 5178150 1. 08. 3.01.1 CV 955 FAIL OPEN INSIDE ISOLATION CAPABILITY LOST PASS ROOM POSITION INDICATION REDUNDANT VALVE OUTSIDE REDUCED ISOLATION REDUNDANCY FOR REF PSI 5178150 
CONTAINMENT PENETRATION -12 .08.3.01.2 CV 95 FAIL CLOSED NONE PASS ROOM POSITION INDICATION NONE REQUIRED NONE REF PSI 5178150 1.08.3.02.1 CV 956 FAIL OPEN INSIDE ISOLATION CAPABILITY LOST PASS ROOM POSITION INDICATION REDUNDANT VALVE OUTSIDE REDUCED ISOLATION REDDANCY FOR REF PSI 5178150 
CONTAINMENT PENETRATION 8-12 .08.3. 02.2 CV 956 FAIL CLOSED NONE PASS ROOM POSITION INDICATION NONE REUIRED NONE REF PSI 5178150 1.08.3.03.1 SV 3302 FAIL OPEN OUTSIDE ISOLATION CAPABILITY LOST PASS ROOM POSITION INDICATION REDUNDANT VALVE INSIDE REDU ISOLATION REDUNDANCY FOR REF P4I 5178150 
CONTAIENT PENETRATION B-12 1.08.3.03.2 SV 3302 FAIL CLOSED NNE PASS ROOM POSITION INDICATION NONE REQUIRED NONE REF PSI 5178150 1.08.3.04.1 RSS 315 FAIL OPEN OUTSIDE ISOLATION CAPABILITY LOST NONE ONE LOSS OF ISOLATION CAPABILITY FOR NITROGEN SYSTEM SR VALVE NORMALLY 

PENETRATION -12 CLOSED AND ACCEPTED AS AQUATE 
ISOLATION BY THE NRC, SEE SEP 
PARAGRAPH 4.23.E1.1. REF P 5178150 i.08. 3.04.2 RS 315 FAIL CLOSED NONE NONE NONE REQUIRED NONE REF PSI 5178150 1.08.3.05.1 RSS 345 FAIL OPEN NONE, SEE REMARKS NONE NONE REQUIRED NONE, SEE REMARKS VALVE LOCKED CLOSED AS PART OF THE 

VALVE LOCKING PROGRAM. REF P1 
5178150 i.08. 3. 05. 2 RSS 345 FAIL CLOSED NONE, NORMAL POSITION NONE NONE REQUIRED NONE, SEE REMARKS VALVE LOCKED CLOSED AS DART OF TE 

VALVE LOOKING PROGRAM. PE 41 
5178150 1.08.3.06.1 RSS 018 FAIL OPEN INSIDE ISOLATION CAPABILITY LOST NONE REDUNDANT VALVE OUTSIDE REDUCED ISOLATION REDUNDANCY FOR 

CONTAINMENT PENETRATION A-1 1.08.3.06.2 RSS 018 FAIL CLOSED NONE NONE NONE REQUIRED NONE REF P41 5178150 1.08.3.07.1 RSS (2W FALL OPEN INSIDE ISOLATION CAPABILITY LOST NONE REDUNDANT VALVE OUTSIDE REDUCED ISOLATION REDUNDANCY FOR NITROGEN SYSTEM SR VALVE NORMALLY 
CONTAINMENT PENETRATION -CL AND ACCEPTED AS ADEQUATE 

ISOLATION BY THE NRC, SEE SEP 
PARAGRAPH 4.23.1. 1. REF P1 5178150



Pae No.  

07/31/87 WENGINEERED SAFETY F S SINGLE FAILURE ANALYSIS 
SAN ONOFRE UNIT 1 

CONTAINMENT ISOLATION 
BROLP 8: PENETRATION 8-12,A-:5 SAMPLING FILE: CI-150 

ITEM NO. DEVICE ID FAILURE MODE EFFECT-LOC METHOD OF DETECTION INHERENT COMPENSATING EFFECT ON ESF FUNCTION REMARKS 
PROVISIONS 

1.08.3.07.2 RSS 020 FAIL CLOSED NONE NONE NONE REQUIRED NONE REF P&I 5178150 
1.08.3.08.1 RSS 344 FAIL OPEN NONE, SEE REMARKS NONE NONE REQUIRED NONE, SEE REMARKS VALVE LOCKED CLOSED AS PART OF THE 

VALVE LOCKING PROGRAM. REF P81 
5178150 

1.08.3.09.2 RSS 344 FAIL CLOSED NONE, NORMAL POSITION NONE NONE REQUIRED NONE, SEE REMARKS VALVE LOCKED CLOSED AS PART OF THE 
VALVE LOCKING PROGRAM. REF P&I 
5178150 

1.08.3.10.1 RSS 347 FAIL OPEN OUTSIDE ISOLATION CAPABILITY LOST NONE NONE LOSS OF ISOLATION CAPABILITY FOR NITROGEN SYSTEM SR VALVE NORMALLY 
PENETRATION A-15 CLOSED AND ACCEPTED AS ADEQUATE 

ISOLATION BY THE NRC, SEE SEP 
PARAGRAPH 4.23.1.1. REF P&I 5178150 

1.08.3.10.2 RSS 347 FAIL CLOSED NONE NONE NONE REQUIRED NONE REF P&I 5178150 
1.08.4.01.1 CV 953 FAIL OPEN INSIDE ISOLATION CAPABILITY LOST PASS ROOM POSITION INDICATION REDUNDANT VALVE OUTSIDE REDUCED ISOLATION REDUNDANCY FOR REF P&I 5178150 

CONTAINMENT PENETRATION B-12 
1.08.4.01.2 CV 953 FAIL CLOSED NONE PASS ROOM POSITION INDICATION NONE REQUIRED NONE REF P&I 5178150 
.. 08.4.02.1 CV 951 FAIL OPEN INSIDE ISOLATION CAPABILITY LOST PASS ROM POSITION INDICATION REDUNDANT VALVE OUTSIDE REDUCED ISOLATION REDUNDANCY FOR REF P&I 5178150 

CONTAINMENT PENETRATION B-12 
1,8.4.02.2 CV 951 FAIL CLOSED NONE PASS ROOM POSITION INDICATION NONE REQUIRED NONE REF 081 5178150 

1.08.4.03.1 CV 992 FAIL OPEN OUTSIDE ISOLATION CAPABILITY LOST PASS ROOM POSITION INDICATION REDUNDANT VALVE INSIDE REDUCED ISOLATION REDUNDANCY FOR REF P&I 5178150 
CONTAINMENT PENETRATION B-12 

1.08.4.03.2 CV 992 FAIL CLOSED NONE PASS ROOM POSITION INDICATION NONE REQUIRED NONE REF P&I 5178150 
1.08.4.04.1 RSS 331 FAIL OPEN OUTSIDE ISOLATION CAPABILITY LOST NONE NONE LOSS OF ISOLATION CAPABILITY FOR NITROGEN SYSTEM SR VALVE NORMALLY 

PENETRATION 8-12 CLOSED AND ACCEPTED AS ADEQUATE 
ISOLATION BY THE NRC, SEE SEP 
PARAGRAPH 4.23.1.1. REF 4L1 5178150 

1.08.4.04.2 RSS 331 FAIL CLOSED NONE NONE NONE REQUIRED NONE REF P&I 5178150 
1.08.5.01.1 CV 2145 FAIL OPEN NONE NONE NONE REQUIRED NONE THIS SAMPLE LINE DOES NOT PENETRATE 

CONTAINMENT. REF P&I 5178150 
1.08.5.01.2 CV 2145 FAIL CLOSED NONE NONE NONE REQUIRED NONE THIS SAMPLE LINE DOES NOT PENETRATE 

CONTAINMENT. REF P&I 5178150



Page No.  
07/31/87W 

ENGINEERED SAFETY FEATURES SINGLE FAILURE ANALYSIS 
SAN ONOFRE UNIT 1 

CONTAINMENT ISOLATION 
GROUP 9: PENETRATION A-8.11.B-2, 10. C-2A.C RAD WASTE F:CI-158 

ITEM NO. DEVICE ID FAILURE MODE EFFECT-LOC METHOD OF DETECTION INHERENT COMPENSATING. EFFECT ON ESF FUNCTION REMARKS 
PROVISIONS 

1.09.1.01.1 CV 102 FAIL OPEN INSIDE ISOLATION CAPABILITY LOST CONTROL ROOM POSITION REDUNDANT VALVE OUTSIDE REDUCED ISOLATION REDUNDANCY FOR REF P&I 5178158. FO WOULD BE DUE TO A 
INDICATION CONTAINMENT PENETRATION A-8 VALVE MECHNICAL OR CONTROLLER 

FAILURE. ON LOSS OF INSTRUMENT AIR 
THE VALVE WILL FC.  

.09. 1.01.2 CV 102 FAIL CLOSED NONE CONTROL ROOM POSITION NONE REQUIRED NONE REF P&I 5178158 
INDICATION 

1.09.1.02., CV 103 FAIL OPEN OUTSIDE ISOLATION CAPABILITY LOST CONTROL ROOM POSITION REDUNDANT VALVE INSIDE REDUCED ISOLATION REDUNDANCY FOR REF P&I 5178158. FO WOULD BE DUE TO A 
INDICATION CONTAINMENT PENETRATION A-8 VALVE MECHANICAL OR CONTROLLER 

FAILURE. ON LOSS OF INSTRUMENT AIR 
THE VALVE WILL FC.  

i.09. 1.02.2 CV 103 FAIL CLOSED NONE CONTROL ROOM POSITION NONE REQUIRED NONE REF P&I 5178158 
INDICATION 

1.09.1.03.1 RLC 525 FAIL OPEN OUTSIDE ISOLATION CAPABILITY LOST NONE REDUNDANT VALVE INSIDE REDUCED ISOLATION REDUNDANCY FOR REF P&I 5178158. NITROGEN SYSTEM SR 
CONTAINMENT PENETRATION A-8 VALVE NORMALLY CLOSED AND ACCEPTED AS 

ADEQUATE ISOLATION BY THE NRC, SEE 
SEP PARAGRAPH 4.23. 1..1 

.09.1.03.2 RLC 525 FAIL CLOSED NONE, NORMAL POSITION NONE NONE REQUIRED NONE REF P&I 5178158 
1.09.2.01.1 CV 104 FAIL OPEN INSIDE ISOLATION CAPABILITY LOST CONTROL ROOM POSITION REDUNDANT VALVE OUTSIDE REDUCED ISOLATION REDUNDANCY FOR REF P&I 5178158. FO WOULD BE DUE TO A 

INDICATION CONTAINMENT PENETRATION B-10 VALVE MECHANICAL OR CONTROLLER 
FAILURE. ON LOSS OF INSTRUMENT AIR 

/ THE VALVE WILL FC.  
1.09.2.01.2 CV 104 FAIL CLOSED NONE CONTROL ROOM POSITION NONE REQUIRED NONE REF P&I 5178158 

INDICATION 
1.09.2.02.1 CV 105 FAIL OPEN OUTSIDE ISOLATION CAPABILITY LOST CONTROL ROOM POSITION REDUNDANT VALVE INSIDE REDUCED ISOLATION REDUNDANCY FOR REF P&I 5178158. FO WOULD E DUE TO A 

INDICATION CONTAINMENT PENETRATION 8-10 VALVE MECHANICAL OR CONTROLLER 
FAILURE. ON LOSS OF INSTRUMENT AIR 
THE VALVE WILL FC.  

1.09.2.02.2 CV 105 FAIL CLOSED NONE CONTROL ROOM POSITION NONE REQUIRED NONE REF P&I 5178158 
INDICATION 

1.09.2.03.1 RLC 522 FAIL OPEN OUTSIDE ISOLATION CAPABILITY LOST NONE REDUNDANT VALVE INSIDE REDUCED ISOLATION REDUNDANCY FOR REF P&I 5178158. NITROGEN SYSTEM SR 
CONTAINMENT PENETRATION B-10 VALVE NORMALLY CLOSED AND ACCEPTED AS 

ADEQUATE ISOLATION BY THE NRC, SEE 
SEP PARAGRAPH 4.23.1.1.  

1.09.2.03.2 RLC 522 FAIL CLOSED NONE, NORMAL POSITION NONE NONE REQUIRED NONE REF P&I 5178158 
1.09.3.01.1 CV 106 FAIL OPEN INSIDE ISOLATION CAPABILITY LOST CONTROL ROOM POSITION REDUNDANT VALVE OUTSIDE REDUCED ISOLATION REDUNDANCY FOR REF P&I 5178158. FO WOULD BE DUE TO A 

INDICATION CONTAINMENT PENETRATION C2-C VALVE MECHANICAL OR CONTROLLER 
FAILURE. ON LOSS OF INSTRUMENT AIR 
THE VALVE WILL FC.  

1.09.3.01.2 CV 106 FAIL CLOSED NONE CONTROL ROOM POSITION NONE REQUIRED NONE REF P&I 5178158 
INDICATION 

1.09.3.02.1 CV 107 FAIL OPEN OUTSIDE ISOLATION CAPABILITY LOST CONTROL ROOM POSITION REDUNDANT VALVE INSIDE REDUCED ISOLATION REDUNDANCY FOR RE; P&I 5178158. FO WOULD BE DUE TO A 
INDICATION CONTAINMENT PENETRATION C2-C VALVE MECHANICAL OR CONTROLLER 

FAILURE. ON LOSS Oc INSTRUmENT AIR 
TIE VALVE WILL FC.  

1.09.3.02.2 CV 107 FAIL CLOSED NONE CONTROL ROOM POSITION NONE REQUIRED NONE REF P&I 5178158 
INDICATION 

1.09.3.03.1 RLC 520 FAIL OPEN OUTSIDE ISOLATION CAPABILITY LOST NONE REDUNDANT VALVE INSIDE REDUCED ISOLATION REDUNDANCY FOR REF P&I 5178158. NITROGEN SYSTEM SR 
CONTAINMENT PENETRATION C2-C VALVE NORMALLY CLOSED AND ACCEPTED AS 

ADEQUATE ISOLATION BY THE NRC, SEE 
SEP PARAGRAPH 4.23.1.1.



Pace No.  
07/31/87W 

ENGINEERED SAFETY F*ES SINGLE FAILURE ANALYSIS 
SAN ONOFRE UNIT 1 

CONTAINMENT ISOLATION 
GROUP 9: PENETRATION A-8,11,B-2,10,C-2A,C RAD WASTE F:CI-158 

ITEM NO. DEVICE ID FAILURE MODE EFFECT-LOC METHOD OF DETECTION INHERENT COMPENSATING EFrCT ON ESF FUNCTION REMARKS 
PROVISIONS 

1.09.3.03.2 RLC 520 FAIL CLOSED NONE, NORMAL POSITION NONE NONE REQUIRED NONE REF P81 5178158 
1.09.4.01.! CV 536 FAIL OPEN INSIDE ISOLATION CAPABILITY LOST CONTROL ROOM POSITION REDUNDANT VALVE OUTSIDE REDUCED ISOLATION REDUNDANCY FOR REF P&I 5178158. 7O WOLLD BE DUE TO A 

INDICATION CONTAINMENT PENETRATION C2-A VALVE MECHANICAL OR CONTROLLER 
FAILURE. ON LOSS OF INSTRUMENT AIR 
THE VALVE WILL FC.  

1.09.4.01.2 CV 536 FAIL CLOSED NONE CONTROL ROOM POSITION NONE REQUIRED NONE REF P&I 5178158 
INDICATION 

1.09.4.02.1 CV 535 FAIL OPEN OUTSIDE ISOLATION CAPABILITY LOST CONTROL ROOM POSITION REDUNDANT VALVE INSIDE REDUCED ISOLATION REDUNDANCY FOR REF PSI 5178158. FO WOULD BE DUE TO A 
INDICATION CONTAINMENT PENETRATION C2-A VALVE MECHANICAL OR CONTROLLER 

FAILURE. ON LOSS OF INSTRUMENT AIR 
THE VALVE WILL FC.  

1.09.4.02.2 CV 535 FAIL CLOSED NONE CONTROL ROOM POSITION NONE REQUIRED NONE REF P&I 5178158 
INDICATION 

1.09.4.03.1 GNI 595 FAIL OPEN OUTSIDE ISOLATION CAPABILITY LOST NONE REDUNDANT VALVE INSIDE REDUCED ISOLATION REDUNDANCY FOR REF P1 5178158. NITROGEN SYSTEM SR 
CONTAINMENT PENETRATION C2-A VALVE NORMALLY CLOSED AND ACCEPTED AS 

ADEQUATE ISOLATION SY THE NRC, SEE 
SEP PARAGRAPH 4.23.1.1.  

1.09.4.03.2 BNI 595 FAIL CLOSED NONE, NORMAL POSITON NONE NONE REQUIRED NONE REF P&I 5178158 
1.09.5.01.1 CV 533 FAIL OPEN INSIDE ISOLATION CAPABILITY LOST CONTROL ROOM POSITION REDUNDANT VALVE OUTSIDE REDUCED ISOLATION REDUNDANCY FOR REF P&I 5178370. FC WOULD BE DUE TO A 

INDICATION CONTAINMENT PENETRATION B-2 VALVE MECHANICAL OR CONTROLLER 
FAILURE. ON LOSS OF INSTRUMENT AIR 
THE VALVE WILL FC.  

1.09.5.01.2 CV 533 FAIL CLOSED NONE CONTROL ROOM POSITION NONE REQUIRED NONE REF P&I 5178370 
INDICATION 

1.09.5.02.1 CV 534 FAIL OPEN OUTSIDE ISOLATION CAPABILITY LOST CONTROL ROOM POSITION REDUNDANT VALVE INSIDE REDUCED ISOLATION REDUNDANCY FOR REF P&I 5178370. FO WOULD BE DUE TO A 
INDICATION CONTAINMENT PENETRATION 8-2 VALVE MECHANICAL OR CONTROLLER 

FAILURE. ON LOSS OF INSTRUMENT AIR 
THE VALVE WILL FC.  1.09.5.02.2 CV 534 FAIL CLOSED NONE CONTROL ROOM POSITION NONE REQUIRED NONE REF P&I 5178370 

INDICATION 
1.09.5.03.1 PMU 364 FAIL OPEN DUTSIDE ISOLATION CAPABILITY LOST NONE REDUNDANT VALVE INSIDE REDUCED ISOLATION REDUNDANCY FOR VALVE LOCKED CLOSED, PART OF VALVE 

CONTAINMENT PENETRATION 8-2 LOCKING PROGRAM. REF P&I 5178370.  
NITROGEN SYSTEM SR VALVE NORMALLY 
CLOSED AND ACCEPTED AS ADEQUATE 
ISOLATION BY THE NRC, SEE SEP 
PARAGRAPH 4.23. 1. 1.  1.09.5.03.2 PMU 364 FAIL CLOSED NONE NONE NONE REQUIRED NONE VALVE LOCKED CLOSED. PART OF VALVE 
LOCKING PROGRAM. REF 91 5178370 

1.09.6.01.1 CV 537 FAIL OPEN INSIDE ISOLATION CAPABILITY LOST CONTROL ROOM POSITION REDUNDANT VALVE OUTSIDE REDUCED ISOLATION REDUNDANCY FOR REF P&I 5178381. FO WOLLD BE DUE TO A 
INDICATION CONTAINMENT PENETRATION A-11 VALVE MECHANICAL OR CONTROLLER 

FAILURE. ON LOSS OF INSTRUMENT AIR 
THE VALVE WILL FC.  

1.09.6.01.2 CV 537 FAIL CLOSED NONE CONTROL ROOM POSITION NONE REQUIRED NONE REF PSI 5178381 
INDICATION 

1.09.6.02.1 CV 115 FAIL OPEN OUTSIDE ISOLATION CAPABILITY LOST CONTROL ROOM POSITION REDUNDANT VALVE INSIDE REDUCED ISOLATION REDUNDANCY FOR RE- P&I 5178381. FO WOULD SE DUE TO A 
INDICATION CONTAINMENT PENETRATION A-l VALVE MECHANICAL OR CONTROLLER 

FAILURE. ON LOSS OF INSTRUMENT AIR 
THE VALVE WILL FC.



Pace No.  
07/31/87 

ENOINEERED SAFETY FO SINGLE FAILURE ANALYSIS 
SAN ONOFRE UNIT 1 

CONTAINMENT ISOLATION 
GROUP 9: PENETRATION A-8,11,B-2,10,C-2A,C RAD WASTE F:CI-158 

TZM NO. DEVICE ID FAILURE MODE EFFECT-LOC METHOD OF DETECTION INHERENT COMPENSATING EFFECT ON ESF FUNCTION REMARKS 
PROVISIONS 

1.09.6.02.2 CV 115 FAIL CLOSED NONE CONTROL ROOM POSITION NONE REQUIRED NONE REF P&I 5178381 
INDICATION 

1.09.6.03.1 SOW 416 FAIL OPEN OUTSIDE ISOLATION CAPABILITY LOST NONE REDUNDANT VALVE INSIDE REDUCED ISOL.ATION REDUNDANCY FOR REF P&I 5178381. NITROGEN SYSTEM SR 
CONTAINMENT PENETRATION A-l1 VALVE NORMALLY CLOSED AND ACCEPTED AS 

ADEQUATE ISOLATION BY THE NRC, SEE 
SEP PARAGRAPH 4.23.1.1.  

1.09.6.03.2 SOW 416 FAIL CLOSED NONE, NORMAL POSITON NONE NONE REQUIRED NONE REF P&I 5178381



Page No.  

ENGINEERED SAFETY FEATURES SINGLE FAILURE ANALYSIS 
SAN ONOFRE UNIT 1 

CONTAINMENT ISOLATION 
GROUP 10. PENETRATION C-1ABLC,C-3A,B,C FEEDWATER F:CI-206 

ITEM NO. DEVICE ID FAILURE MODE EFFECT-LOC METHOD OF DETECTION INHERENT COMPENSATING EFFECT ON ESF FUNCTION REMARKS 
PROVISIONS 

I,10.1.01.1 FCV 456 FAIL OPEN ONE REDUNDANT ISOLATION VALVE LOST CONTROL ROOM SYSTEM INDICATION REDUNDANT VALVE OUTSIDE REDUCED ISOLATION REDUDAiNCY FOR REF 01 5178206. EN- C CRE-'):T THE 
CONTAINMENT PENETRATION C3-A CHECK VALVE IN CONJUNCTION ITH TE 

MDV, SEE SEP PPRPGRA3H 4. 23. 3.  1.10.1.01.2 FCV 456 FAIL CLOSED NONE CONTROL ROOM SYSTEM INDICATION NONE REQUIRED NONE REF PS1 5178206. AO OT 3O \' CZ 

OR CONTROLLER FAILURE. ON LOSS OF 
INSTRUMENT AIR FO.  1.10. 1.02.1 MOV 21 FAIL OPEN ONE REDUNDANT ISOLATION VALVE LOST CONTROL ROOM SYSTEM INDICATION REDUNDANT VALVE OUTSIDE REDUCED ISOLATION REDUNDANCY FOR THIS IS THE ANTICIPATED "FAIL AS-IS" 

CONTAINNT PENETRATION C3-A POSITION FOR THIS YOV. REF P&I 
5178206. THE NRC CREDITS THE CHECK 
VALVE IN CONJUNCTION WITH THE MOV, 
SEE SEP PARAGRAPH 4.23.3.  1.10.1.02.2 MOV 21 FAIL CLOSED NONE CONTROL ROOM SYSTEM INDICATION NONE REQUIRED NONE REF P R H 5178 426 

1.10.1.03.1 FWS 345 FAIL OPEN ONE REDUNDANT ISOLATION VALVE LOST CONTROL ROOM SYSTEM INDICATION REDUNDANT VALVE OUTSIDE REDUCED ISOLATION REDUNDANCY FOR REF PSI 5178206. THE NRC CREDITS THE 
CONTAINMENT PENETRATION C3-A CHECK VALVE IN CONJUNCTION WITH THE 

MOV, SEE SEP PARAGRPH 4.23.3.  1.10.1.03.2 FWS 345 FAIL CLOSED NONE CONTROL ROOM SYSTEM INDICATION NONE REQUIRED NONE REF PS1 5178206 
1.10.1.04.1 CV 142 FAIL OPEN ONE REDUNDANT ISOLATION VALVE LOST CONTROL ROOM SYSTEM INDICATION REDUNDANT VALVE OUTSIDE REDUCED ISOLATION REDUNDANCY FOR REF P&I 5178206. THE NRC CREDITS THE 

CONTAINMENT PENETRATION C3-A CHECK VALVE IN CONJUNCTION WITH THE 
MDV, SEE SEP PARAGRAPH 4.23.3.  1.10.1.04.2 CV 142 FAIL CLOSED NONE CONTROL ROOM SYSTEM INDICATION NONE REQUIRED NONE REF PAI 5178206 

1.10.1.05.1 FWS 379 FAIL OPEN ONE REDUNDANT ISOLATION VALVE LOST CONTROL ROOM SYSTEM INDICATION REDUNDANT VALVE OUTSIDE REDUCED ISOLATION REDUNDANCY FOR REF P&I 5178206. THE NRC CREDITS THE 
CONTAINMENT PENETRATION C3-A CHECK VALVE IN CONJUNCTION WITH THE 

MDOV, SEE SEP PARAGRAPH 4.23.3.  1.10.1.05.2 FS 379 FAIL CLOSED NONE CONTROL ROOM SYSTEM INDICATION NONE REQUIRED NONE REF PS 5178206 
1.10.1.06.1 FWS 369 FAIL OPEN ONE REDUNDANT ISOLATION VALVE LOST NONE REDUNDANT VALVE OUTSIDE REDUCED ISOLATION REDUNDANCY FOR REF P1I 517820 

CONTAINMENT. FWS 373 PENETRATION C3-A 
STILL CLOSED TO BLOCK 
BYPASS 

1.10.1. 06.2 FWS 369 FAIL CLOSED NONE NONE NONE REQUIRED NONE REF PSI 5178206 1.10.1.07.1 AFW 321 FAIL OPEN OUTSIDE ISOLATION CAPABILITY LOST CONTROL ROOM SYSTEM INDICATION NONE REDUCED ISOLATION CAPACITY FOR FOLLOWING A LOCA, AUX FEEDWATER WOULD 
PENETRATION C3-A. OTHER CHECK VALVES BE INJECTED VIA THIS LINE. REF P31 
(AFW 309, AFW 320, AFW 399) BACKUP AFW 5178220 
321 1.10.1.07.2 AFW 321 FAIL CLOSED NONE CONTROL ROOM SYSTEM INDICATION NONE REQUIRED NONE REF PI 5178220 1.10.1.08.1 SCF 359 FAIL OPEN OUTSIDE ISOLATION CAPABILITY LOST NONE NONE LOSS OF ISOLATION CAPABILITY FOR REF PSI 5178270. CHEC VALVE 
PENETRATION C3-A CONSIDERED ADEQUATE FOR ISOLATION IN 

THIS SERVICE, SEE SEP PARAGRAPH 
4.23 1.10. 1.08.2 SCF 359 FAIL CLOSED NONE NONE NONE REQUIRED NONE REF PSI 5178270 

1.10.2.01.1 FCV 457 FLOPEN O REDUNDANT ISOLATION VALVE LOST CONTROL ROOM SYSTEM INDICATION REDUNDANT VALVE OUTSIDE REDUCED ISOLATION REDUNDANCY FOR THE NRC CREDITS THE CHECK VALVE IN 
CONTAINMENT PENETRATION C3-C CONJUNCTION WITH THE MDYV, SEE SEP 

PARAGRAPH 4.23.3. 3REF 01 5178206 1.10.2.01.2 FCV 457 FAIL CLOSED NONE CONTROL ROOM SYSTEM INDICATION NONE REQUIRED NONE REF PSI 5178206. FC DUE TO MECHANICAL 
OR CONTROLLER FAILURE. ON LOSS OF 
INSTRUMENT AIR FO.  1.10.2.02.1 MOV 20 FAIL OPEN ONE REDUNDANT ISOLATION VALVE LOST CONTROL ROOM SYSTEM INDICATION REDUNDANT VALVE OUTSIDE REDUCED ISOLATION REDUNDANCY FOR THE NRC CREDITS THE CHECK VALVE IN 

CONTAINMENT PENETRATION C3-C CONJUNCTION WITH THE MDV, SEE SEP 
PARAGRAPH 4.23.3. THIS IS THE 
ANTICIPATED "FAIL AS-IS' POSITION FOR 
THIS MDV. REF 381 51782%



Pace No.  

ENGINEERED SAFETY F!A UES SINGLE FAILURE ANALYSIS 
SAN ONOFRE UNIT 1 

CONTAINMENT ISOLATION 
GROUP 10. PENETRATION C-iA,B,C.C-3A,B.C FEEDWATER F:CI-206 

ITEM NO. DEVICE ID FAILURE MODE EFFECT-LOC METHOD OF DETECTION INHERENT COMPENSATING EFFECT ON ESF FUNCTION REMARKS 
PROVISIONS 

1.10.2.02.2 M0V 20 FAIL CLOSED NONE CONTROL ROOM SYSTEM INDICATION NONE REQUIRED NONE REF P&I 5178206 
1,10.2.03.1 F"WS 346 FAIL OPEN ONE REDUNDANT ISOLATION VALVE LOST CONTROL ROOM SYSTEM INDICATION REDUNDANT VALVE OUTSIDE REDUCED ISOLATION REDUNDANCY FOR REF PaI 5178206. THE NRC CREDITS THE 

CONTAINMENT PENETRATION C3-C CHECK VALVE IN CONJU.NCTION WITH THE 
MOV, SEE SEP PARAGRAPH 4.23.3.  

1.10.2.03.2 FWS 346 FAIL CLOSED NONE CONTROL ROOM SYSTEM INDICATION NONE REQUIRED NONE REF P&I 5178206 
1.10.2.04.1 CV 144 FAIL OPEN ONE REDUNDANT ISOLATION VALVE LOST CONTROL ROOM SYSTEM INDICATION REDUNDANT VALVE OUTSIDE REDUCED ISOLATION REDUNDANCY FOR REF P&1 517820. THE NRC CREDITS THE 

CONTAINMENT PENETRATION C3-C CHECK VALVE IN CONJUNCTION WITH THE 
MDV, SEE SEP PARAGRAPH 4.23.3.  

1.10.2.04.2 CV 144 FAIL CLOSED NONE CONTROL ROOM SYSTEM INDICATION NONE REQUIRED NONE REF P&I 5178206 
1.10.2.05.1 FWS 378 FAIL OPEN ONE REDUNDANT ISOLATION VALVE LOST CONTROL ROOM SYSTEM INDICATION REDUNDANT VALVE OUTSIDE REDUCED ISOLATION REDUNDANCY FOR REF P&I 5178206. THE NRC CREDITS THE 

CONTAINMENT PENETRATION C3-C CHECK VALVE IN CONJUNCTION WITH THE 
M0V, SEE SEP PARAGRAPH 4.23.3.  

1.10.2.05.2 F6S 378 FAIL CLOSED NONE CONTROL ROOM SYSTEM INDICATION NONE REQUIRED NONE REF P&I 5178206 
10.2.06.1 FWS 384 FAIL OPEN ONE REDUNDANT ISOLATION VALVE LOST NONE REDUNDANT VALVE OUTSIDE REDUCED ISOLATION REDUNDANCY FOR REF P&I 5178206 

CONTAINMENT. FWS 388 PENETRATION C3-C 
STILL CLOSED TO BLOCK 
BYPASS 

1.10.2.06.2 FWS 384 FAIL CLOSED NONE NONE NONE REQUIRED NONE REF P&I 5178206 
1.10.2.07.1 AFW 322 FAIL OPEN OUTSIDE ISOLATION CAPABILITY LOST CONTROL ROOM SYSTEM INDICATION NONE REDUCED ISOLATION CAPACITY FOR FOLLOWING A LOCA, AUX FEEDWATER WOULD 

PENETRATION C3-C. OTHER CHECK VALVES BE INJECTED VIA THIS LINE. REF P&I 
(AFW 310, AFW 318, AFW 384) BACKUP AFW 5178220 

322 
1.10.2.07.2 AFW 322 FAIL CLOSED NONE CONTROL ROOM SYSTEM INDICATION NONE REQUIRED NONE REF Pa1 5178220 
1.10.2.08.1 SCF 368 FAIL OPEN OUTSIDE ISOLATION CAPABILITY LOST NONE NONE LOSS OF ISDLATION CAPABILITY FOR CHECK VALVE CONSIDERED ADEQUATE FOR 

PENETRATION C3-C ISOLATION IN THIS SERVICE, SEE SEP 
PARAGRAPH 4.23.3. REF P&I 5178270 

1.10.2.08.2 SCF 368 FAIL CLOSED NONE NONE NONE REQUIRED NONE REF P&I 5178270 
1.10.3.01.1 FCV 458 FAIL OPEN ONE REDUNDANT ISOLATION VALVE LOST CONTROL ROOM SYSTEM INDICATION REDUNDANT VALVE OUTSIDE REDUCED ISOLATION REDUNDANCY FOR REF P&1 517820. THE NRC CREDITS THE 

CONTAINMENT PENETRATION C3-B CHECK VALVE IN CONJUNCTION WITH THE 

MDV, SEE SEP PARAGRAPH 4.23.3.  
1.10. 3.01.2 FCV 458 FAIL CLOSED NONE CONTROL ROOM SYSTEM INDICATION NONE REQUIRED NONE REF P&I 5178206. FC DUE TD MECHANICAL 

OR CONTROLLER FAILURE. ON LCSS OF 
INSTRUMENT AIR FO.  

1.10.3.02.1 MOV 22 FAIL OPEN ONE REDUNDANT ISOLATION VALVE LOST CONTROL ROOM SYSTEM INDICATION REDUNDANT VALVE OUTSIDE REDUCED ISOLATION REDUNDANCY FOR THE NRC CREDITS THE CHECK VALVE IN 
CONTAINMENT PENETRATION C3-B CONJUNCTION WITH THE MOV, SEE SEP 

PARAGRAPH 4.23.3. FOR THESE YV'S 
FAIL OPEN IS THE ANTICIPATED FAIL 
AS-IS POSITION. REc P&I 5178206 

1.10.3.02.2 MOV 22 FAIL CLOSED NONE CONTROL ROOM SYSTEM INDICATION NONE REQUIRED NONE REF Pal 5178206 
1.10.3.03.1 FWS 398 FAIL OPEN ONE REDUNDANT ISOLATION VALVE LOST CONTROL ROOM SYSTEM INDICATION REDUNDANT VALVE OUTSIDE REDUCED ISOLATION REDUNDANCY FOR THE NRC CREDITS THE CHECK VALVE IN 

CONTAINMENT PENETRATION C3-B CONJUNCTION WITH THE MOV, SEE SEP 
PARAGRAPH 4.23.3. REF P&I 5178206 

1.10.3.03.2 FWS 398 FAIL CLOSED NONE CONTROL ROOM SYSTEM INDICATION NONE REQUIRED NONE REF P&I 5178206 
1.10.3.04.1 CV 143 FAIL OPEN ONE REDUNDANT ISOLATION VALVE LOST CONTROL ROOM SYSTEM INDICATION REDUNDANT VALVE OUTSIDE REDUCED.ISOLATION REDUNDANCY FOR THE NRC CREDITS THE CHECK VALVE IN 

CONTAINMENT PENETRATION C3-B CONJUNCTION WITH THE MOV, SEE SEP 
PARAGRAPH 4.23.3. REF P81 517826 

1.10.3.04.2 CV 143 FAIL CLOSED NONE CONTROL ROOM SYSTEM INDICATION NONE REQUIRED NONE REF P&I 5178206



Page No. 3 
07/31/87 

ENGINEERED SAFETY FA W SINGLE FAILURE ANALYSIS 
SAN ONOFRE UNIT 1 

CONTAINMENT ISOLATION 
GROUP 10. PENETRATION C-IA,B,C,C-3A,B,C FEEDWATER F:CI-206 

ITEM NO. DEVICE ID FAILURE MODE EFFECT-LOC METHOD OF DETECTION INHERENT COMPENSATING EFFECT ON ESF FUNCTION REMARKS 
PROVISIONS 

1.10.3.05.1 FWS 417 FAIL OPEN ONE REDUNDANT ISOLATION VALVE LOST CONTROL ROOM SYSTEM INDICATION REDUNDANT VALVE OUTSIDE REDUCED ISOLATION REDUNDANCY FOR THE NRC CREDITS THE CHECK VALVE IN 
CONTAINMENT PENETRATION C3-B CONJUNCTION WITH T-'E '0V, SEE SEP 

PARAGRAPH 4.23.3. REF 0&I 51782% 
1.10.3.05.2 FWS 417 FAIL CLOSED NONE CONTROL ROOM SYSTEM INDICATION NONE REQUIRED NONE REF P&I 5178206 
1.10.3.06.1 FWS 408 FAIL OPEN ONE REDUNDANT ISOLATION VALVE LOST NONE REDUNDANT VALVE OUTSIDE REDUCED ISOLATION REDUNDANCY FOR REF P&I 5178206 

CONTAINMENT. FMS 412 PENETRATION C3-B 
STILL CLOSED TO BLOCK 
BYPASS 

1.10.3.06.2 FWS 408 FAIL CLOSED NONE NONE NONE REQUIRED NONE REF P&I 5178206 
1.10.3.07.1 AFW 324 FAIL OPEN OUTSIDE ISOLATION CAPABILITY LOST CONTROL ROOM SYSTEM INDICATION NONE REDUCED ISOLATION CAPACITY FOR FOLLOWING A LOCA, AUX FEEDWATER WOULD 

PENETRATION C3-B. OTHER CHECK VALVES BE INJECTED VIA THIS LINE. REP P&I 
(AFW 312, AFWW 317, AFW 388) BACKUP AFW 5178220 

324 
1.10.3.07.2 AFW 324 FAIL CLOSED NONE CONTROL ROOM SYSTEM INDICATION NONE REQUIRED NONE REP :&I 5178220 
1.10.3.08.1 SCF 398 FAIL OPEN OUTSIDE ISOLATION CAPABILITY LOST NONE NONE LOSS OF ISOLATION CAPABILITY FOR CHECK VALVE CONSIDERED ADEQURTE FOR 

PENETRATION C3-B ISOLATION IN THIS SERVICE, SEE SED 
PARAGRAPH 4.23.3. REF P&I 5178270 

1.10.3.08.2 SCF 398 FAIL CLOSED NONE NONE NONE REQUIRED NONE REF P1 5178270 
1.10.4.01.1 CV 100 FAIL OPEN OUTSIDE ISOLATION CAPABILITY LOST CONTROL ROOM POSITION CLOSED SYSTEM IN LOSS OF ISOLATION CAPABILITY FOR REF P&I 5178206. FO WOULD BE DUE TO A 

INDICATION CONTAINMENT PENETRATION Cl-A,B,C VALVE MECHANICAL OR CONTROLLER 
FAILURE. ON LOSS OF INSTRUMENT AIR 
THE VALVE WILL FC. FWS 380 IS 
NORMALLY CLOSED TO BLOCK INSTRUMENT 
AIR FLOW 

1.10.4.01.2 CV 100 FAIL CLOSED NONE CONTROL ROOM POSITION NONE REQUIRED NONE REF P&I 5178206 
INDICATION 

1.10.4.02.1 FWS 580 FAIL OPEN OUTSIDE ISOLATION CAPABILITY LOST CONTROL ROOM POSITION CLOSED SYSTEM IN LOSS OF ISOLATION CAPABILITY FOR REF P&I 5178206. CLOSED MANUAL VALVE, 
INDICATION CONTAINMENT PENETRATION C1-A,B,C REQUIRES OPERATOR ACTION TO OPEN 

1.10.4.02.2 FWS 580 FAIL CLOSED NONE CONTROL ROOM POSITION NONE REQUIRED NONE REF P&I 517820 
INDICATION 

1.10.4.03.1 CV 100B FAIL OPEN OUTSIDE ISOLATION CAPABILITY LOST CONTROL ROOM POSITION REDUNDANT VALVE OUTSIDE REDUCED ISOLATION REDUNDANCY FOR REF P&I 5178206. TO WOULD BE DUE TO A 
INDICATION CONTAINMENT PENETRATION C1-A,B,C VALVE MECHANICAL OR CONTROLLER 

FAILURE. ON LOSS OF INSTRUMENT AIR 
THE VALVE WILL FC.  

1.10.4.03.2 CV 100B FAIL CLOSED NONE CONTROL ROOM POSITION NONE REQUIRED NONE REF P&I 517820 
INDICATION 

1.10.4.04.1 F6S 581 FAIL OPEN NONE NONE NONE REQUIRED NONE REF P&I 5178206 
1.10.4.04.2 FWS 581 FAIL CLOSED NONE NONE NONE REQUIRED NONE REF P4I 5178206 
1.10.4.05.1 CV 100A FAIL OPEN OUTSIDE ISOLATION CAPABILITY LOST NONE REDUNDANT VALVE OUTSIDE REDUCED ISOLATION REDUNDANCY FOR REF P&I 5178206. FO WOULD BE DIE TO A 

CONTAINMENT PENETRATION C1-A,B,C VALVE MECHANICAL OR CONTROLLER 
FAILURE. ON LOSS OF INSTRUMENT AIR 
THE VALVE WILL FC.  

1.10.4.05.2 CV OOA FAIL CLOSED NONE NONE NONE REQUIRED NONE REF P&I 5178206



Page No.  

07/31/87 NGINEERED SAFETY F SSINGLE FAILURE ANLYSIS 
SAN ONDFRE UNIT 1 

CONTAINMENT ISOLATION 
GROUP 11: PENETRATION A-9A,B,Pi-14 COOLING WATER FILE:CI-320 

IT9M NO. DEVICE ID FAILURE MODE EFFECT-LOC METHOD OF DETECTION INHERENT COMPENSATING EFFECT ON ESF FUNCTION REMARKS 
PROVISIONS 

i11.1.01.1 CV 515 FAIL OPEN OUTSIDE ISOLATION CAPABILITY LOST CONTROL ROOM POSITION NONE LOSS OF ISOLATION CAPABILITY FOR PIPING INSIDE CONTAINMENT IS 
INDICATION PENETRATION A-98, A-14 NON-SEISMIC. TCW 516 CAN BE MANUALLY 

CLOSED TO ISOLATE PENETROTION A-14.  
REF P&I 5178320 

!.11. 1.01.2 CV 515 FAIL CLOSED NONE CONTROL ROOM POSITION NONE REQUIRED NONE REF P&I 5178320 
INDICATION 

1.11.2.01.1 CV 516 FAIL OPEN OUTSIDE ISOLATION CAPABILITY LOST CONTROL ROOM POSITION NONE LOSS OF ISOLATION CAPABILITY FOR PIPING INSIDE CONTAINMENT IS 
INDICATION PENETRATION A-9A NON-SEISMIC. REF P&I 5178320 

1.11.2.01.2 CV 516 FAIL CLOSED NONE CONTROL ROOM POSITION NONE REQUIRED NONE REF P9I 5178320 
INDICATION



Page No. I 
08/25187 

ENGINEERED SAFETY FEATURED SINGLE FAILURE ANALYSIS 
SAN ONOFRE UNIT 1 

CONTAINMENT ISOLATION 
GROUP 12: PENETRATION A-5.6,B-16 GAS NITROGEN FILE:CI-402 

ITEM NO. DEVICE 10 FAILURE MODE EFFECT-LOC METHOD OF DETECTION INHERENT COMPENSATING EFFECT ON ESF FUNCTION REMARKS 
PROVISIONS 

1.12.1.01.1 SV 2004 FAIL OPEN OUTSIDE ISOLATION CAPABILITY LOST PERIODIC TESTING REDUNDANT VALVE INSIDE REDUCED ISOLATION REDUNDANCY FOR REF P&I 5178402 
CONTAINMENT PENETRATION B-16B 

112.'. 01.2 SV 2004 FA:L CLOSED NONE NONE NONE REQUIRED NONE REF P&I 5178402 
1.12.1.02.1 SY 3004 FAIL OPEN INSIDE ISOLATION CAPABILITY LOST PERIODIC TESTING REDUNDANT VALVE OUTSIDE REDUCED ISOLATION REDUNDANCY FOR REF P&1 5178405 

CONTAINMENT PENETRATION B-168 
1.12. 1.02.2 SV 3004 FAIL CLOSED NONE NONE NONE REQUIRED NONE REF P&I 5178405 

1.12.2.01.1 CV 532 FAIL OPEN OUTSIDE ISOLATION CAPABILITY LOST CONTROL ROOM POSITION REDUNDANT VALVE INSIDE REDUCED ISOLATION REDUNDANCY FOR REF P&I 5178404 
INDICATION CONTAINMENT PENETRATION A-5 

1.12.2.01.2 CV 532 FAIL CLOSED NONE CONTROL ROOM POSITION NONE REQUIRED NONE REF P&I 5178404 
INDICATION 

1.12.2.02.1 6NI 732 FAIL OPEN OUTSIDE ISOLATION CAPABILITY LOST PERIODIC TESTING REDUNDANT VALVE INSIDE REDUCED ISOLATION REDUNCANCY FOR LOCKED CLOSED AS PART OF VALVE 
CONTAINMENT PENETRATION A-5 LOCKING PROGRAM. REF P&I 5178404 

1.12.2.02.2 SNI 732 FAIL CLOSED NONE NONE NONE REQUIRED NONE LOCKED CLOSED AS PART OF THE VALVE 
LOCKING PROGRAM. REF P&I 5178404 

1.12.2.03.1 6NI 736 FAIL OPEN OUTSIDE ISOLATION CAPABILITY LOST PERIODIC TESTING REDUNDANT VALVE INSIDE REDUCED ISOLATION REDUNDANCY FOR NITROGEN SYSTEM SR VALVE NORMALLY 
CONTAINMENT PENETRATION A-5 CLOSED AND ACCEPTED AS ADEQUATE 

ISOLATION BY THE NRC, SEE SEP 
PARAGRAPH 4.23.1.1. REF P&I 5178404 

1.12.2.03.2 GNI 736 FAIL CLOSED NONE NONE NONE REQUIRED NONE REF P&I 5178404 1.12.2.04.1 GN1 102 FAIL OPEN INSIDE ISOLATION CAPABILITY LOST PERIODIC TESTING CLOSED SYSTEM OUTSIDE LOSS OF AUTOMATIC ISOLATION CAPABILITY REF P&I 5178405 
CONTAINMENT, REMOTE FOR PENETRATION A-5 
MANUAL VALVE 

1.12.2.04.2 GNI 102 FAIL CLOSED NONE NONE NONE REQUIRED NONE REF P&I 5178405 
I.12.3.01.1 GNI 336 FAIL OPEN OUTSIDE ISOLATION CAPABILITY LOST PERIODIC TESTING REDUNDANT VALVE INSIDE REDUCED ISOLATION REDUNDANCY FOR NITROGEN SYSTEM SR VALVE NORMALLY 

CONTAINMENT PENETRATION A-6 CLOSED AND ACCEPTED AS ADEQUATE 
ISOLATION BY THE NRC, SEE SEP 
PARAGRAPH 4.23.1.1. REF P41 5178400 

1.12.3.01.2 GNI 336 FAIL CLOSED NONE NONE NONE REQUIRED NONE REF P&I 5178400 
1.12.3.02.1 GNI 362 FAIL OPEN OUTSIDE ISOLATION CAPABILITY LOST PERIODIC TESTING REDUNDANT VALVE INSIDE REDUCED ISOLATION REDUNDANCY FOR NITROGEN SYSTEM SR VALVE NORMALLY 

CONTAINMENT PENETRATION A-6 CLOSED AND ACCEPTED AS ADEQUATE 
ISOLATION BY THE NRC, SEE SEP 
PARAGRAPH 4.23.1.1. REF P&I 5178400 

1.12.3.02.2 GNI 362 FAIL CLOSED NONE NONE NONE REQUIRED NONE REF P&I 5178400 
1.12.3.03.1 GNI 001 FAIL OPEN INSIDE ISOLATION CAPABILITY LOST PERIODIC TESTING' REDUNDANT VALVE OUTSIDE REDUCED ISOLATION REDUNDANCY FOR NITROGEN SYSTEM SR VALVE NORMALLY 

CONTAINMENT PENETRATION A-E CLOSED AND ACCEPTED AS ADEQUATE 
ISOLATION BY THE NRC, SEE SEP 
PARAGRAPH 4.23.1.1. REF P&I 5178405 

1.12.3.03.2 NI 001 FAIL CLOSED NONE NONE NONE REQUIRED NONE REF P&I 5178405



Pace No. *
ENGINEERED SAFETY FEA S SINGLE FAILURE ANALYSIS 

SAN ONOFRE UNIT I 

CONTAINMENT ISOLATION 

GROUP 13: PENETRATION A-12,13 INSTRUMENT AIR FILE: CI-442 

ITEM NO. DEVICE ID FAILURE MODE EFFECT-LOC METHOD OF DETECTION INHERENT COMPENSATING EFFECT ON ESF FUNCTION REMARKS 

PROVISIONS 

1.13.1.01.1 SV 125A FAIL OPEN OUTSIDE ISOLATION CAPABILITY LOST NONE NONE LOSS OF ISOLATION CAPABILITY FOR REF P&I 5178442 
PENETRATION A-12 

1.13.1.01.2 SV 125A FAIL CLOSED NONE NONE NONE REQUIRED NONE REF P&I 5178442 

1.13.1.02.1 ISA 539 FAIL OPEN OUTSIDE ISOLATION CAPABILITY LOST NONE NONE LOSS OF ISOLATION CAPABILITY FOR LOCKED CLOSED AS PART OF ThE VALVE 

PENETRATION P-12 LOCKING PROGRAM. REF P&I 5178442 

i.13.1.02.2 ISA 539 FAIL CLOSED NONE NONE NONE REQUIRED NONE LOCKED CLOSED AS PART OF VALVE 
LOCKING PROGRAM. REF P&I 5178442 

.13.1.03.1 ISA 540 FAIL OPEN OUTSIDE ISOLATION CAPABILITY LOST NONE NONE LOSS OF ISOLATION CAPABILITY FOR NITROGEN SYSTEM SR VALVE NORMALLY 

PENETRATION A-12 CLOSED AND ACCEPTED AS ADEQUATE 
ISOLATION BY THE NRC, SEE SEP 
PARAGRAPH 4.23.1.1. REF P&I 5178442 

1.13.1. 03.2 ISA 540 FAIL CLOSED NONE NONE NONE REQUIRED NONE REF P&I 5178442 

1.13.2.01.1 PCV 40 FAIL OPEN OUTSIDE ISOLATION CAPABILITY LOST NONE REDUNDANT VALVE INSIDE REDUCED ISOLATION REDUNDANCY FOR SEE SEP PARAGRAPH 4.23.3. REF P&I 

CONTAINMENT. REDUNDANT PENETRATION A-13 5178444 

VALVE OUTSIDE CONTAINMENT 

1.13.2.01.2 DCV 40 FAIL CLOSED NONE NONE NONE REQUIRED NONE REF P&I 5178444 

1.13.2.02.1 ISA 538 FAIL OPEN OUTSIDE ISOLATION CAPABILITY LOST NONE REDUNDANT VALVE INSIDE REDUCED ISOLATION REDUNDANCY FOR SEE SEP PARAGRAPH 4.23.3. REF P&I 

CONTAINMENT. REDUNDANT PENETRATION A-13 5178442 

VALVE OUTSIDE CONTAINMENT 

1.13.2.02.2 ISA 538 FAIL CLOSED NONE NONE NONE REQUIRED NONE REF P&I 5178442 

1.13.2.03.1 ISA 955 FAIL OPEN OUTSIDE ISOLATION CAPABILITY LOST NONE REDUNDANT VALVE INSIDE REDUCED ISOLATION REDUNDANCY FOR SEE SEP PARAGRAPH 4.23.3. REF P&I 

CONTAINMENT. REDUNDANT PENETRATION A-13 5178444 

VALVE OUTSIDE CONTAINMENT 

1.13.2.03.2 ISA 955 FAIL CLOSED NONE NONE NONE REQUIRED NONE REF P&I 5178444 

!.13.2.04.1 ISA 959 FAIL OPEN OUTSIDE ISOLATION CAPABILITY LOST NOWE REDUNDANT VALVE INSIDE REDUCED ISOLATION REDUNDANCY FOR NITROGEN SYSTEM SR VALVE NORMALLY 

CONTAINMENT PENETRATION A-13 CLOSED AND ACCEPTED AS ADEQUATE 
ISOLATION BY THE NRC, SEE SEP 
PARAGRAPH 4.23.1.1. REF P&I 5178444 

1.i3.2.04.2 ISA 959 FAIL CLOSED NONE NONE NONE REQUIRED NONE REF P&I 5178444 

1.13.2.05.1 ISA 001 FAIL OPEN INSIDE ISOLATION CAPABILITY LOST NONE REDUNDANT VALVE OUTSIDE REDUCED ISOLATION REDUNDANCY FOR SEE SEP PARAGRAPH 4.23.3. REF P&I 

CONTAINMENT PENETRATION A-13 5178449 

3 > 05 2 ISA FAIL CLOSED NONE - NONE NONE REQUIRED NONE REF 0&1 5178449



Pace No.  

ENGINEERED SAFETY FEATURES SINGLE FAILURE ANALYSIS 
SAN ONOFRE UNIT I 

CONTAINMENT ISOLATION 
GROUP 14: PENETRATION B-179,18B,E-1 VENTILATION FILE:CI-600 

ITEM NO. DEVICE ID FAILURE MODE EFFECT-LOC METHOD F DETECTION INHERENT COMPENSATING EFFECT ON ESF FUNCTION REMARKS 
PROVISIONS 

1.14.1.01.1 CV 146 FAIL OPEN INSIDE ISOLATION CAPABILITY LOST CONTROL ROOM POSITION REDUNDANT VALVE OUTSIDE REDUCED ISOLATION REDUNDANCY FOR REF P81 5178600 
INDICATION CONTAINMENT PENETRATION 8-188 

1. 14.1.01.2 CV 146 FAIL CLOSED NONE CONTROL ROOM POSITION NONE REQUIRED NONE REF PSl 5178600 
INDICATION 

1.14.1.02.1 SV 1212-8 FAIL OPEN OUTSIDE ISOLATION CADABILITY LOST NONE REDUNDANT VALVE INSIDE REDUCED ISOLATION REDUNDANCY FOR REF P&I 5178601 
CONTAINMENT PENETRATION B-18B 

1.14.1.02.2 SV 1212-8 FAIL CLOSED NONE NONE NONE REQUIRED NONE REF P&I 5178601 
1.14.1.03.1 CVS 333 FAIL OPEN OUTSIDE ISOLATION CAPABILITY LOST NONE REDUNDANT VALVE INSIDE REDUCED ISOLATION REDUNDANCY FOR NITROGEN SYSTEM SR VALVE NORMALLY 

CONTAINMENT PENETRATION B-188 CLOSED AND ACCEPTED AS ADEQUATE 
ISOLATION BY THE NRC, SEE SEP 
PARAGRAPH 4.23.1.1. REF PII 5178601 

1.14.1.03.2 CVS 333 FAIL CLOSED NONE NONE NONE REQUIRED NONE REF P&I 5178601 
1.14.2.01.1 CV 147 FAIL OPEN INSIDE ISOLATION CAPABILITY LOST CONTROL ROOM POSITION REDUNDANT VALVE OUTSIDE REDUCED ISOLATION REDUNDANCY FOR REF P81 5178600 

INDICATION CONTAINMENT PENETRATION B-18B 
1.14.2.01.2 CV 147 FAIL CLOSED NONE CONTROL ROOM POSITION NONE REQUIRED NONE REF P! 5178600 

INDICATION 
1.14.2.02.1 CVS 335 FAIL OPEN OUTSIDE ISOLATION CAPABILITY LOST NONE REDUNDANT VALVE INSIDE REDUCED ISOLATION REDUNDANCY FOR NITROGEN SYSTEM SR VALVE NORMALLY 

CONTAINMENT PENETRATION B-188 CLOSED AND ACCEPTED AS ADEQUATE 
ISOLATION BY THE NRC, SEE SEP 
PARAGRAPH 4.23.1.1. REF P&I 5178601 J 1.14.2.02.2 CVS 335 FAIL CLOSED NONE NONE NONE REQUIRED NONE REF P&I 5178601 

1.14.2.03.1 SV 1212-9 FAIL OPEN OUTSIDE ISOLATION CAPABILITY LOST NONE REDUNDANT VALVE INSIDE REDUCED ISOLATION REDUNDANCY FOR REF P&I 5178601 
CONTAINMENT PENETRATION 8-188 

1.14.2.03.2 SV 1212-9 FAIL CLOSED NONE NONE NONE REQUIRED NONE . REF P&I 5178601 
1.14.3.01.1 CV 40 FAIL OPEN INSIDE ISOLATION CAPABILITY LOST CONTROL ROOM POSITION REDUNDANT VALVE OUTSIDE REDUCED ISOLATION REDUNDANCY FOR REF P&I 5178600 

INDICATION CONTAINMENT PENETRATION 8-178 
1.14.3.01.2 CV 40 FAIL CLOSED NONE CONTROL ROOM POSITION NONE REQUIRED NONE REF P&I 5178600 

INDICATION 
1.14.3.02.1 CV 116 FAIL OPEN INSIDE ISOLATION CAPABILITY LOST CONTROL ROOM POSITION REDUNDANT VALVE OUTSIDE REDUCED ISOLATION REDUNDANCY FOR REF P&I 5178600 

INDICATION CONTAINMENT PENETRATION B-178 
1.14.3.02.2 CV 116 FAIL CLOSED NONE CONTROL ROOM POSITION NONE REQUIRED NONE REF P8I 5178600 

INDICATION 
1.14.3.03.1 CVS 328 FAIL OPEN OUTSIDE ISOLATION CAPABILITY LOST NONE REDUNDANT VALVE INSIDE REDUCED ISOLATION REDUNDANCY FOR NITROGEN SYSTEM SR VALVE NORMALLY 

CONTAINMENT PENETRATION 8-178 CLOSED AND ACCEPTED AS ADEQUATE 
ISOLATION BY THE NRC, SEE SEP 
PARAGRAPH 4.23.1.1. REF P&I 5178601 

1.14.3.03.2 CVS 328 FAIL CLOSED NONE NONE NONE REQUIRED NONE REF P8l 5178601 
1.14.3.04.1 CV 10 FAIL ODEN OUTSIDE ISOLATION CAPABILITY LOST NONE REDUNDANT VALVE INSIDE REDUCED ISOLATION REDUNDANCY FOR REF PS1 5178601 

CONTAINMENT PENETRATION B-17B 
1.14.3.04.2 CV 10 FAIL CLOSED NONE NONE NONE REQUIRED NONE REF D&1 5178601 
1.14.4.01.1 POV 10 FAIL OPEN ONE REDUNDANT ISOLATION VALVE LOST CONTROL ROOM POSITION REDUNDANT VALVE OUTSIDE REDUCED ISOLATION REDUNDANCY FOR CVS 313 IS LOCKED CLOSED DURING PLAPN 

INDICATION CONTAINMENT PENETRATION E-1 OPERATION. SEE SEP PARAGRAPi 4.23.4.  
REF P&I 5178601 

1.14.4.01.2 POV 10 FAIL CLOSED NONE CONTROL ROOM POSITION NONE REQUIRED NONE REF P&I 5178601 
INDICATION 

1.14.4.02.1 6N1 374 FAIL OPEN OUTSIDE ISOLATION CAPABILITY LOST NONE NONE LOSS IF ISOLATION CAPABILITY FOR NITROGEN SYSTEM SR VALVE NORMALLY 
PENETRATION E-i CLOSED AND ACCEPTED AS ADEQUATE 

ISOLATION BY THE NRC, SEE SEP 
PARAGRAPH 4.23.1.1. REF P8I 5178601



Pace No. EGNEE AEYF P 

ENINEERED SAFETY FERa-d SINGLE FAILURE ANALYSIS 
SAN ONOFRE UNIT 1 

CONTAINMENT ISOLATION 

GROUP 14: PENETRATION B-178,18B,E-1 VENTILATION FILE:CI-600 

ITEM NO. DEVICE ID FAILURE MODE EFFECT-LOC METHOD OF DETECTION INHERENT COMPENSATING EFFECT ON ESF FUNCTION RE.ARKS 

PROVISIONS 

1. 14. 4.02.2 GNI 374 FAIL CLOSED NONE NONE NONE REQUIRED NONE REF P&I 5178601 

1.14.4.03.1 SNI 373 FAIL OPEN OUTSIDE ISOLATION CAPABILITY LOST NONE REDUNDANT VALVE OUTSIDE REDUCED ISOLATION REDUNDANCY FOR NITROGEN SYSTEM SR VALVE NORMALLY 

CONTAINMENT PENETRATION E-1 CLOSED AND ACCEPTED AS ADEQUATE 
ISOLATION BY THE NRC, SEE SEP 
PARAGRAPH 4.23.1.1. REF P51 5178601 

14. 4. 03.2 SNI 373 FAIL CLOSED NONE NONE NONE REQUIRED NONE REF P&I 5178601 

1.14.4.04.1 CVS 313 FAIL OPEN OUTSIDE ISOLATION CAPABILITY LOST NONE REDUNDANT VALVE OUTSIDE REDUCED ISOLATION REDUNDANCY FOR CVS 313 IS LOCKED CLOSED DURING PLANT 

CONTAINMENT PENETRATION E-1 OPERATION. SEE SEP DARAGRAPH 4.23.4.  
REF P&I 5178601 

1.14.4.04.2 CVS 313 FAIL CLOSED NONE NONE NONE REQUIRED NONE REF P&I 5178601 

1.14.5.01.1 POV 9 FAIL OPEN ONE REDUNDANT ISOLATION VALVE LOST CONTROL ROOM POSITION REDUNDANT VALVE OUTSIDE REDUCED ISOLATION REDUNDANCY FOR CYS 301 IS LOCKED CLOSED DURING PLANT 

INDICATION CONTAINMENT PENETRATION E-1 OPERATION. SEE SED PARAGRAPH 4.23.4.  
REF P&I 5178601 

1. 14.5. 01.2 POV 9 FAIL CLOSED NONE CONTROL ROOM POSITION NONE REQUIRED NONE REF P&I 5178601 

INDICATION 

1.14.5.02.1 SNI 378 FAIL OPEN OUTSIDE ISOLATION CAPABILITY LOST NONE NONE LOSS OF ISOLATION CAPABILITY FOR NITROGEN SYSTEM SR VALVE NORMALLY 

PENETRATION E-1 CLOSED AND ACCEPTED AS ADEQUATE 
ISOLATION BY THE NRC, SEE SEP 

PARAGRAPH 4.23.1.1. REF P&I 5178601 

1.14.5.02.2 SNI 378 FAIL CLOSED NONE NONE NONE REQUIRED NONE REF P&I 5178601 

1.14.5.03.1 GNI 377 FAIL OPEN OUTSIDE ISOLATION CAPABILITY LOST NONE REDUNDANT VALVE OUTSIDE REDUCED ISOLATION REDUNDANCY FOR NITROGEN SYSTEM SR VALVE NORMALLY 

CONTAINMENT. PENETRATION E-1 CLOSED AND ACCEPTED AS ADEQUATE 
ISOLATION BY THE NRC, SEE SEP 

PARAGRAPH 4.23.1.1. REF P&I 5178601 

1.14.5,03.2 GNI 377 FAIL CLOSED NONE NONE NONE REQUIRED NONE REF P&I 5178601 

1.14.5.04.1 CVS 301 FAIL OPEN OUTSIDE ISOLATION CAPABILITY LOST NONE REDUNDANT VALVE OUTSIDE REDUCED ISOLATION REDUNDANCY FOR CYS 301 IS LOCKED CLOSED DURING PLANT 

CONTAINMENT PENETRATION E-1 OPERATION. SEE SEP PARAGRAPH 4.23.4.  
REF P&I 5178601 

1.14.5.04.1 CYS 301 FAIL CLOSED NONE NONE NONE REQUIRED NONE REF P&I 5178601



V.C MAIN FEEDWATER ISOLATION FUNCTION OF THE ECCS 

The evaluation of the Main Feedwater Isolation function of 

the Emergency Core Cooling System (ECCS) was performed by 
way of a failure modes and effects analysis (FMEA) and, 
based on the FMEA results, an event-specific single failure 

response evaluation which explicitly accounted for common 

cause effects and the event-dependent alignment of 480 V 

MCC #3 (which powers one of the isolation valves). The 

event-apecific evaluation is provided in Appendix V.C.1, 
and the FMEA in Appendix V.C.2.  

These analyses identified event-related single failure 
susceptibilities which could result in: 

a. Failure to isolate main feedwater to one or more steam 

generators in the time assumed in the existing design 
basis transient analyses for Main Steam Line Break 
(MSLB) and Loss of Coolant Accident. Such failure 
could result in more adverse core and containment 
consequences for MSLB, and in the potential for steam 
generator overfill concurrent with a LOCA.  

b. Diversion of both trains of safety injection to the 
steam,generators during an MSLB. Such failure could 
result in more adverse core and containment 
consequences than previously analysed for this event.



MAIN FEEDWATER ISOLATION FUNCTION OF ECCS 
EVENT-SPECIFIC SINGLE FAILURE RESPONSE EVALUATION 

SAN ONOFRE NUCLEAR GENERATING STATION, UNIT 1 

Assumptions: 

1. The existing Main Feedwater (MFW) isolation design is as 
follows: 

a. Electrical power alignment, control power and safeguards 
sequencer assignment for each subsystem or device is as per 
the attached sketch. (Reference applicable elementary 
diagrams and P&IDs 5178115, 5178205 and 5178206.) MCC-3 
power and control are aligned to Train 1 under normal and 
SIS conditions, and to Train 2 under SISLOP conditions.  

b. The MFW pump realignment valves fail to their normal (MFW) 
positions on loss of control power. Response time for 
realignment valves HV-852A and HV-852B is less than or 
equal to 5 seconds following receipt of a SIS.  

c. Motor operated valves MOV-20, MOV-21 and MOV-22 fail as-is 
on loss of control or motive power. Response time for 
these valves is less than or equal to 60 seconds following 
receipt of a SIS.  

d. Pneumatically operated valves FCV-456, FCV-457 and FCV-458 
fail open on loss of instrument air pressure. Actuation of 
the associated isolation pilot solenoid valves bypasses the 
respective positioners and applies instrument air pressure 
to the actuator diaphragms as permitted by the positioner 
bleed rate. The response time for these valves is less 
than or equal to 60 seconds following receipt of a SIS.  

e. Pneumatically operated valves CV-142, CV-143 and CV-144 
fail closed on loss of instrument air pressure. Actuation 
of the associated isolation pilot solenoid valves isolates 
and vents the 'actuator diaphragms. The response time for 
these valves is less than or equal to 30 seconds following 
receipt of a SIS.  

2. The main steam line break accident analyses assume main 
feedwater isolation within 5 seconds following receipt of the 
SIS actuation signal, and that safety injection flow to the 
reactor coolant system (RCS) occurs after realignment of 
either FW/SIS train when RCS pressure decreases below SI 
system shut-off head.



3. For postulated loss of 125 VDC control power, the affected 

4kV breakers cannot be tripped from the control room; trip of 
the associated pumps is therefore creditted only after local 

operator action (in the 4kV room).  

4. The applicable events are evaluated both with and without 
offaite power.
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MAIN FEEDWATER ISOLATION FUNCTION OF ECCS 
EVENT-SPECIFIC SINGLE FAILURE RESPONSE ANALYSIS 

SAN ON0FRE NUCLEAR GENERATION STATION, UNIT 1 

EVENT: MAIN STEAM LINE BREAK, INSIDE CONTAINMENT 
NO LOSS OF OFFSITE POWER 

COMMON CAUSE FAILURES: 
FWCS: NO EFFECT. (Unqualified devices outside harsh area) 
INST AIR: NO EFFECT. (Unqualified devices outside harsh area; compressor capacity adequate to maintain pressure at FCVs) 
EQ_: NO EFFECT. (FCVs, CVs, MOVs and MCCs outside harsh area) 

MCC-3 ALIGNED TO: TRAIN 1 

----- EFFECT ON MAIN FEEDWATER ISOLATION- - -- I 
SINGLE FAILURE FW TRAIN 1 FW TRAIN 2 STEAM GENERATOR A STEAM GENERATOR B STEAM GENERATOR C NET EFFECT 

HV-852B SI FLOW TO FW HEADER NONE (Train realigns NONE (MOV, FCV and CV NONE (MOV, FCV and CV NONE (MOV, FCV and CV SI DIVERTED TO 3 S/G FOR 
normally) isolate normally) isolate normally) isolate normally) 1 MIN 

H-852A NONE (Train realigns SI FLOW TO FW HEADER NONE (MOV, FCV and CV NONE (MOV, FCV and CV NONE (MOV, FCV and CV SI DIVERTED TO 3 S/G FOR 
normally) isolate normally) isolate normally) isolate normally) I MIN 

SEG #1 FW FLOW TO FW HEADER NONE (Train realigns MOV isolates normally MOV FAILS OPEN MOV FAILS OPEN FW ISOLATED TO 2 S/G IN 1 
normally) FCV FAILS AS-IS* FCV isolates normally FCV isolates normally MIN, FW TO 1 S/8 

CV FAILS AS-IS CV isolates normally CV isolates normally UNISOLATED 

SEQ #2 NONE (Train realigns FW FLOW TO FW HEADER MOV FAILS OPEN MOV isolates normally NOV isolates normally FW TO 1 S/6 ISOLATED IN 1 
normally) FCV isolates normally FCV FAILS AS-IS* FCV FAILS AS-IS* MIN, FW TO 2 S/6 

CV isolates normally CV FAILS AS-IS CV FAILS AS-IS UNISOLATED 

DC BUS #1 FW FLOW TO FW HEADER NONE (Train realigns MOV isolates normally NOV FAILS OPEN NOV FAILS OPEN FW TO 3 S/6 UNISOLATED 
normally) FCV FAILS AS-IS* FCV FAILS AS-IS* FCV FAILS AS-IS* 

CV FAILS AS-IS CV FAILS AS-IS CV FAILS AS-IS 

DC BUS #2 NONE (Train realigns FW FLOW TO FW HEADER MOV FAILS OPEN MOV isolates normally NOV isolates normally FW TO 1 S/ ISOLATED IN 1 
normally) FCV isolates normally FCV FAILS AS-IS* FCV FAILS AS-IS* MIN, F TO 2 5/8 

CV isolates normally CV FAILS AS-IS CV FAILS AS-IS UNISOLATED 

4OR TO 5% IF IN AUTO



MAIN FEEDWATER ISOLATION FUNCTION OF ECCS 
EVENT-SPECIFIC SINGLE FAILURE RESPONSE ANALYSIS 

SAN DNDFRE NUCLEAR GENERATION STATION, UNIT I 

EVENT: MAIN STEAM LINE BREAK, INSIDE CONTAINMENT 
WITH LOSS OF OFFSITE POWER 

COMMON CAUSE FAILURES: 
FWCS: NO EFFECT. (Unqualified devices outside harsh area) 
INST AIR: LOST AS A RESULT OF SISLOP/LOP. FCVs FAIL OPEN, CVs FAIL SHUT 
EQ: NO EFFECT. (FCVs, CVs, MOVs and MCCs outside harsh area) 

MCC-3 ALIGNED TO: TRAIN 2 

---------- EFFECT ON MAIN FEEDWATER ISOLATION----
SINGLE FAILURE FW TRAIN 1 FW TRAIN 2 STEAM GENERATOR A STEAM GENERATOR B STEAM GENERATOR C NET EFFECT 

V_-852B SI FLOW TO FW HEADER NONE (Train realigns MOV isolates normally MOV isolates normally NOV isolates normally SI DIVERTED TO 3 S/S FOR 
normally) FCV FAILS OPEN FCV FAILS OPEN FCV FAILS OPEN I MIN 

CV isolates normally CV isolates normally CV isolates normally 

HV-852A NONE (Train realigns SI FLOW TO FW HEADER MDV isolates normally MOV isolates normally NOV isolates normally SI DIVERTED TO 3 S/6 FOR 
normally) FCV FAILS OPEN FCV FAILS OPEN FCV FAILS OPEN 1 MIN 

CV isolates normally CV isolates normally CV isolates normally 

SEQ #1 NONE (Pumps stop due to NONE (Train realigns MOV isolates normally MOV FAILS OPEN NOV FAILS OPEN NONE 
loss of power) normally) FCV FAILS OPEN FCV FAILS OPEN FCV FAILS OPEN 

CV fails shut CV isolates normally CV isolates normally 

SEQ #2 NONE (Train realigns NONE (Pumps stop due to NOV FAILS OPEN MOV isolates normally MOV FAILS OPEN NONE 
normally) loss of power) FCV FAILS OPEN FCV FAILS OPEN FCV FAILS OPEN 

CV isolates normally CV fails shut CV fails shut 

DC BUS #1 NONE (Pumps stop due to NONE (Train realigns NOV isolates normally MOV FAILS OPEN MOV FAILS OPEN NONE 
loss of power) normally) FCV FAILS OPEN FCV FAILS OPEN FCV FAILS OPEN 

CV fails shut CV fails shut CV fails shut 

DC BUS #2 NONE (Train realigns NONE (Pumps stop due to MOV FAILS OPEN MOV isolates normally MOV FAILS OPEN NONE 
normally) loss of power) FCV FAILS OPEN FCV FAILS OPEN FCV FAILS OPEN 

CV isolates normally CV fails shut CV fails shut



MAIN FEEDWATER ISOLATION FUNCTION OF ECCS 
EVENT-SPECIFIC SINGLE FAILURE RESPONSE ANALYSIS 

SAN ONOFRE NUCLEAR GENERATION STATION, UNIT 1 

EVENT: MAIN STEAM LINE BREAK, OUTSIDE CONTAINMENT 
NO LOSS OF OFFSITE POWER 

COMMON CAUSE FAILURES: 
FWCS: FCV AND CV POSITIONERS AFFECTED BY HARSH ENVIRONMENT. FCVs ASSUMED TO FAIL OPEN 
INST AIR: COMPRESSORS AFFECTED BY HARSH ENVIRONMENT; AIR LINES ASSUMED IMPACTED. FCVs ASSUMED TO FAIL OPEN, CVs TO FAIL SHUT 
Et: FCV AND CV SOLENOIDS, MOVs AND MCC-3 AFFECTED BY HARSH ENVIRONMENT 

MCC-3 ALINED TO: TRAIN I 

-EFFECT ON MAIN FEEDWATER ISOLATION----) 
SINGLE FAILURE FW TRAIN 1 FW TRAIN 2 STEAM GENERATOR A STEAM GENERATOR B STEAM GENERATOR C NET EFFECT 

V-852B SI FLOW TO FW HEADER NONE (Train realigns MOV FAILS OPEN MOV FAILS OPEN NOV FAILS OPEN SI DIVERTED/UNISOLATED TO 
normally) FCV FAILS OPEN FCV FAILS OPEN FCV FAILS OPEN 3 S/8 

CV fails shut CV fails shut CV fails shut 

HV-852A NONE (Train realigns SI FLOW TO FW HEADER MOV FAILS OPEN MOV FAILS OPEN MDV FAILS OPEN SI DIVERTED/UNISOLATED TO 
normally) FCV FAILS OPEN FCV FAILS OPEN FCV FAILS OPEN 3 S/6 

CV fails shut CV fails shut CV fails shut 

SEQ #1 FM FLOW TO FW HEADER NONE (Train realigns MOV FAILS OPEN MOV FAILS OPEN NDV FAILS OPEN FW TO 3 S/6 UNISOLATED 
normally) FCV FAILS OPEN FCV FAILS OPEN FCV FAILS OPEN 

CV fails shut CV fails shut CV fails shut 

SEQ #2 NONE (Train realigns FW FLOW TO F HEADER MOV FAILS OPEN MOV FAILS OPEN MDV FAILS OPEN F TO 3 S/6 UNISOLATED 
normally) FCV FAILS OPEN FCV FAILS OPEN FCV FAILS OPEN 

CV fails shut CV fails shut CV fails shut 

DC BUS #1 FW FLOW TO F HEADER NONE (Train realigns MDV FAILS OPEN MOV FAILS OPEN MOV FAILS OPEN F TO 3 5/6 UNISOLATED 
normally) FCV FAILS OPEN FCV FAILS OPEN FCV FAILS OPEN 

CV fails shut CV fails shut CV fails shut 

DC BUS #2 NONE (Train realigns FW FLOW TO F HEADER MOV FAILS OPEN NOV FAILS OPEN MOY FAILS OPEN FW TO 3 5/5 UNISOLATED 
normally) FCV FAILS OPEN FCV FAILS OPEN FCV FAILS OPEN 

CV fails shut CV fails shut CV fails shut



MAIN FEEDWATER ISOLATION FUNCTION OF ECCS 
EVENT-SPECIFIC SINGLE FAILURE RESPONSE ANALYSIS 

SAN DNDFRE NUCLEAR GENERATION STATION, UNIT 1 

EVENT: MAIN STEAM LINE BREAK, OUTSIDE CONTAINMENT 
WITH LOSS OF OFFSITE POWER 

COMMON CAUSE FAILURES: 
FWCS: FCV AND CV POSITIONERS AFFECTED BY HARSH ENVIRONMENT. FCVs ASSUMED TO FAIL OPEN 
INST AIR: LOST AS A RESULT OF SISLOP/LOP. FCVs FAIL OPEN, CVs FAIL SHUT 
_Q: FCV AND CV SOLENOIDS, MOVs AND MCC-3 AFFECTED BY HARSH ENVIROMNT 

MCC-3 ALIBNED TO: TRAIN 2 

-- - -EFFECT ON MAIN FEEDWATER ISOLATION-------) 
SINGLE FAILURE FW TRAIN 1 FW TRAIN 2 STEAM GENERATOR A STEAM GENERATOR B STEAM GENERATOR C NET EFFECT 

W-852B SI FLOW TO FW HEADER NONE (Train realigns MOY FAILS OPEN NOV FAILS OPEN NOV FAILS OPEN SI DIVERTED/IUNISOLATED TO 
normally) FCV FAILS OPEN FCV FAILS OPEN FCV FAILS OPEN 3 S/6 

CV fails shut CV fails shut CV fails shut 

HY-852A NONE (Train realigns SI FLOW TO FW HEADER MOV FAILS OPEN NOV FAILS OPEN NOV FAILS OPEN SI DIVERTED/UNISOLATED TO 
normally) FCV FAILS OPEN FCV FAILS OPEN FCV FAILS OPEN 3 S/G 

CV fails shut CV fails shut CV fails shut 

SEQ #1 NONE (Pumps stop due to NONE (Train realigns MOV FAILS OPEN MOV FAILS OPEN NOV FAILS OPEN NONE 
loss of power) normally) FCV FAILS OPEN FCV FAILS OPEN FCV FAILS OPEN 

CV fails shut CV fails shut CV fails shut 

SEQ #2 NONE (Train realigns NONE (Pumps stop due to MOV FAILS OPEN MOV FAILS OPEN NOV FAILS OPEN NONE 
normally) loss of power) FCV FAILS OPEN FCV FAILS OPEN FCV FAILS OPEN 

CV fails shut CV fails shut CV fails shut 

DC BUS #1 NONE (Pumps stop due to NONE (Train realigns MOV FAILS OPEN MOV FAILS OPEN NOV FAILS OPEN NONE 
loss of power) normally) FCV FAILS OPEN FCV FAILS OPEN FCV FAILS OPEN 

CV fails shut CV fails shut CV fails shut 

DC BUS #2 NONE (Train realigns NONE (Pumps stop due to NOV FAILS OPEN NOV FAILS OPEN MOV FAILS OPEN NONE 
normally) loss of power) FCV FAILS OPEN FCV FAILS OPEN FCV FAILS OPEN 

CV fails shut CV fails shut CV fails shut



MAIN FEEDWATER ISOLATION FUNCTION OF ECCS 
EVENT-SPECIFIC SINGLE FAILURE RESPONSE ANALYSIS 

SAN ON0FRE NUCLEAR GENERATION STATION, UNIT 1 

EVENT: LOSS OF COOLANT ACCIDENT 
NO LOSS OF OFFSITE POWER 

COMMON CAUSE FAILURES: 
FWCS: NO EFFECT. (Unqualified devices not significantly affected in first 30 minutes) 
INST AIR: NO EFFECT. (Unqualified devices not significantly affected in first 30 minutes;.compressor capacity adequate to maintain pressure at FCVs) 
E: NO EFFECT. (MCCs outside harsh area; FCV and CV solenoids, MOVs not significantly affected in first 30 minutes) 

MCC-3 ALIGNED TO: TRAIN I 

--------- EFFECT ON MAIN FEEDWATER ISOLATION- } 
SINGLE FAILURE FW TRAIN 1 FW TRAIN 2 STEAM GENERATOR A STEAM GENERATOR B STEAM GENERATOR C NET EFFECT 

HV-852B NONE (RCS less than S/6 NONE (Train realigns NONE (MOV, FCV and CV NONE (MOV, FCV and CV NONE (MDV, FCV and CV NONE (RCS less than S/6 
pressure) normally) isolate normally) isolate normally) isolate normally) pressure) 

HY-852A NONE (Train realigns NONE (RCS less than S/6 NONE (MOV, FCV and CV NONE (M0V, FCV and CV NONE (MOV, FCV and CV NONE (RCS less than 5/6 
normally) pressure) isolate normally) isolate normally) isolate normally) pressure) 

SEQ #1 FW FLOW TO F HEADER NONE (Train realigns MDV isolates normally MDV FAILS OPEN MOV FAILS OPEN FW TO 2 S/6 ISOLATED IN 1 
normally) FCV FAILS AS-IS* FCV isolates normally FCV isolates normally MIN, FM TO 1 S/6 

CV FAILS AS-IS CV isolates normally CV isolates normally UNISOLATED 

SEQ #2 NONE (Train realigns F FLOW TO FW HEADER MOV FAILS OPEN MOV isolates normally MOV isolates normally FW TO 1 S/G ISOLATED IN 1 
normally) FCV isolates normally FCV FAILS AS-IS* FCV FAILS AS-IS* MIN, FW TO 2 S/6 

CV isolates normally CV FAILS AS-IS CV FAILS AS-IS UNISOLATED 

DC BUS #1 F FLOW TO FW HEADER NONE (Train realigns MOV isolates normally MOV FAILS OPEN MOV FAILS OPEN FW TO 3 5/6 UNISOLATED 
normally) FCV FAILS AS-IS* FCV FAILS AS-IS* FCV FAILS AS-IS* 

CV FAILS AS-IS CV FAILS AS-IS CV FAILS AS-IS 

DC BUS #2 NONE (Train realigns FW FLOW TO FW HEADER MDV FAILS OPEN MDV isolates normally MOV isolates normally FW TO I 5/6 ISOLATED IN 1 
normally) FCV isolates normally FCV FAILS AS-IS* FCV FAILS AS-IS* MIN, FW TO 2 5/6 

CV isolates normally CV FAILS AS-IS CV FAILS AS-IS UNISOLATED 

*OR TO 5% IF IN AUTO



MAIN FEEDWATER ISOLATION FUNCTION OF ECCS 
EVENT-SPECIFIC SINGLE FAILURE RESPONSE ANALYSIS 

SAN ONDFRE NUCLEAR GENERATION STATION, UNIT 1 

EVENT: LOSS OF COLANT ACCIDENT 
WITH LOSS OF OFFSITE POWER 

COMMON CAUSE FAILURES: 
FWCS: NO EFFECT. (Unqualified devices not significantly affected in first 30 minutes) 
INST AIR: LOST AS A RESULT OF SISLOP/LOP. FCVs FAIL OPEN, CVs FAIL SHUT 
EG: NO EFFECT. (MCCs outside harsh area; FCV and CV solenoids, MOVs not significantly affected in first 30 minutes) 

MCC-3 ALIGNED TO: TRAIN 2 

{-- -EFFECT ON MAIN FEEDWATER ISOLATION
SINGLE FAILURE FW TRAIN I FW TRAIN 2 STEAM GENERATOR A STEAM GENERATOR B STEAM GENERATOR C NET EFFECT 

HY-852B NONE (RCS less than S/6 NONE (Train realigns MOV isolates normally MOV isolates normally NOV isolates normally NONE (RCS less than S/6 
pressure) normally) FCV FAILS OPEN FCV FAILS OPEN FCV FAILS OPEN pressure) 

CV isolates normally CV isolates normally CV isolates normally 

HY-852A NONE (Train realigns NONE (RCS less than 5/8 MOV isolates normally MOV isolates normally MV isolates normally NONE (RCS less than S/6 
normally) pressure) FCV FAILS OPEN FCV FAILS OPEN FCV FAILS OPEN pressure) 

CV isolates normally CV isolates normally CV isolates normally 

SEG #1 NONE (Pumps stop due to NONE (Train realigns MOV isolates normally MOV FAILS OPEN NOV FAILS OPEN NONE 
loss of power) normally) FCV FAILS OPEN FCV FAILS OPEN FCV FAILS OPEN 

CV fails shut CV isolates normally CV isolates normally 

SEQ #2 NONE (Train realigns NONE (Pumps stop due to MOV FAILS OPEN MOV isolates normally MOV FAILS OPEN NONE 
normally) loss of power) FCV FAILS OPEN FCV FAILS OPEN FCV FAILS OPEN 

CV isolates normally CV fails shut CV fails shut 

DC BUS #1 NONE (Pumps stop due to NONE (Train realigns NOV isolates normally MOV FAILS OPEN NOV FAILS OPEN NONE 
loss of power) normally) FCV FAILS OPEN FCV FAILS OPEN FCV FAILS OPEN 

CV fails shut CV fails shut CV fails shut 

DC BUS #2 NONE (Train realigns NONE (Pumps stop due to MOV FAILS OPEN MOV isolates normally MDV FAILS OPEN NONE 
normally) loss of power) FCV FAILS OPEN FCV FAILS OPEN FCV FAILS OPEN 

CV isolates normally CV fails shut CV fails shut



APPENDIX C.2 

MAIN FEEDWATER ISOLATION (ECCS) FUNCTION 
FAILURE MODE AND EFFECTS ANALYSIS 

1. Electric circuits were traced back to tagged items which were covered in 
previous studies such as the RPS-SFA study. There was no duplicate 
analysis.  

2. Where electrical failure modes would affect tagged mechanical items, then 
the failure mode or position of the mechanical item was cited.  

3. The pressure control valves and other block valves in the instrument air 
system were not analyzed in this SFA since the failure modes of the 
valves which these gas sources actuate would encompass any failure mode 
of the valves in the actuating supply lines.  

4. The following failure mode codes were used in this SFA.  

Code Failure Mode Description 

1 Fail open 
2 Fail closed 
3 Input open 
4 Input short 
5 Input high 
6 Input low or input lost 
7 Output open 
8 Output short 
9 Output high 
10 Output low or output lost 
11 Tripped (bistable, circuit breaker) 
12 As-is (un-tripped, last position maintained) 
13 Output volts high (instrument power supply) 
14 Output volts low, grounded (power supply) 
15 All contact open (switch, relay, breaker) 
16 All contacts closed (switch, relay, breaker) 
17 All contacts grounded (switch, relay, breaker) 
18 All contact shorted (paralleling of switch or relay contacts)



APPENDIX D 

OVERPRESSURE MITIGATION SYSTEM 
FAILURE MODE AND EFFECTS ANALYSIS 

1. Electric circuits were traced back to tagged items which were covered in 
previous studies such as the RPS-SFA study. There was no duplicate 
analysis.  

2. Where electrical failure modes would affect tagged mechanical items, then 
the failure mode or position of the mechanical item was cited.  

3. The solenoid valves, pressure control valves and other block valves in 
the instrument air system and the gaseous nitrogen system were not 
analyzed in this SFA since the failure modes of the valves which these 
gas sources actuate would encompass any failure mode of the valves in the 
actuating supply lines.  

4. The following failure mode codes were used in this SFA.  

Code Failure Mode Description 

1 Fail open 
2 Fail closed 
3 Input open 
4 Input short 
5 Input high 
6 Input low or input lost 
7 Output open 
8 Output short 
9 Output high 
10 Output low or output lost 
11 Tripped (bistable, circuit breaker) 
12 As-is (un-tripped, last position maintained) 
13 Output volts high (instrument power supply) 
14 Output volts low, grounded (power supply) 
15 All contact open (switch, relay, breaker) 
16 All contacts closed (switch, relay, breaker) 
17 All contacts grounded (switch, relay, breaker) 
18 All contact shorted (paralleling of switch or relay contacts) 

SDR:8745F



OVER-PRESSURE MITIGATION 

For all single failures analyzed, at least one OMS train will 
function as designed. However, this study indicated that one 
redundant loop is frequently disabled. Some failures caused 

unplanned depressurization of the pressurizer to begin, which 
require operator action to terminate.  

In one failure mode of the handswitch HS 320 or HS 321, (fail as

is, OM enabled) the pressurizer cannot be operated above the OM 
mode setpoint without opening the valves which allow the 
pressurizer to vent to the pressurizer relief tank.  

The fail closed and fail shorted failure modes of HS 5546 cause 
loss of control of one OMS block valve and one power operated 
relief valve. This is caused by using the exhaust ports of 
PY 2530 and PY 2546 as supply ports during HS 5546 operation from 
the Safe Shutdown Room.  

These failures of HS 5546, which is located in the Safe Shutdown 
Room, do not prevent operation of the OMS from the control room 
however the failure is undetectable and it does remove one of the 

redundant overpressure mitigation paths from service and prevents 

operation of the OMS from the Safe Shutdown Room. SCE will open 
breakers 8-Y4606 and 8-Y4608, thus de-energizing HS 5546, PY 5530 

and PY 5546. This removes the effect of any safe shutdown room 

equipment failures on the OMS.
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ITEM NO. DEVICE ID FAILURE MODE EFFECT-LOC METHOD OF DETECTION INHERENT COMPENSATING EFFECT ON ESF FUNCTION REMARKS 
PROVISIONS 

3.1.01.09 PT 425-Xl OUTPUT HIGH TRAIN 'A' PDRV OPENS, PORV MANUALLY CONTROL ROOM SYSTEM INDICATION REDUNDANT TRAIN TRAIN 'A' INOPERABLE, REDUCED REDUNDANCY 
OPERABLE, INDICATION FAILURES 

3.1.01.10 PT 425-XI OUTPUT LOW TRAIN 'A" PORY REMAINS CLOSED ON ON PERIODIC TESTING REDUNDANT TRAIN TRAIN "A' INOPERABLE, REDUCED REDUNDANCY 
OVERPRESSURE, PORV MANUALLY OPERABLE, 
INDICATION FAILURES 

3.1.02.03 PSC 425-XI(A) INPUT OPEN TRAIN 'A" PORV REMAINS CLOSED ON ON PERIODIC TESTING REDUNDANT TRAIN TRAIN 'A' INOPERABLE, REDUCED REDUNDANCY 
OVERPRESSURE, PORY MANUALLY OPERABLE, 
INDICATION FAILURES 

3.1.02.04 PSC 425-i(A) INPUT SHORT . TMIN "A' PORV REMAINS CLOSED ON ON PERIODIC TESTING REDUNDANT TRAIN TRAIN '" INOPERABLE, REDUCED REDUNDANCY 
OVERPRESSURE, PORV MANUALLY OPERABLE, 
INDICATION FAILURES 

3.1.02.05 PSC 425-11(A) INPUT HIGH TRAIN -A- PORY OPENS, PORY MANUALLY CONTROL ROOM SYSTEM INDICATION REDUNDANT TRAIN TRAIN 'A' INOPERABLE, REDUC REDUNDANCY 
OPERABLE, INDICATION FAILURES 

3.1.02.06 PSC 425-I(A) INPUT LOW TRAIN '" POR REMAINS CLOSED ON ON PERIODIC TESTING REDUNDANT TRAIN TRAIN 'A* INOPERABLE, REDUCED REDUNDANCY 
OVERPRESSURE, PORV MANUALLY OPERABLE, 
INDICATION FAILURES 

3.1.02.07 PSC 425-X1(A) OUTPUT OPEN TRAIN "A" PORV REMAINS CLOSED ON ON PERIODIC TESTING REDUNDANT TRAIN TRAIN 'A" INOPERABLE, REDUCED REDUNDANCY 
OVERPRESSURE, PORV MANUALLY OPERABLE, 
INDICATION FAILURES 

3.1.02.08 PSC 421-X1(P) OUTPUT SHORT TRAIN "A" PORV REMAINS CLOSED ON ON PERIODIC TESTING REDUNDANT TRAIN TRAIN 'A' INOPERABLE, REDUCED REDUNDANCY 
OVERPRESSURE, PORV MANUALLY OPERABLE, 
INDICATION FAILURES 

3.1.02.09 PSC 425-X1(A) OUTPUT HIGH TRAIN 'A' PORY OPENS, PORY MANUALLY CONTROL ROOM SYSTEM INDICATION REDUNDANT TRAIN TRAIN 'A' INOPERABLE, REDUCED REDUNDANCY 
OPERABLE, INDICATION FAILURES 

3.1.02.10 PSC 425-RI(A) OUTPUT LOW TRAIN 'A' PORY REMAINS CLOSED ON ON PERIODIC TESTING REDUNDANT TRAIN TRAIN 'A' INOPERABLE, REDUCED REDUNDANCY 
OVERPRESSURE, PORV MANUALLY OPERABLE, 
INDICATION FAILURES 

3.1.03.03 PC 425-1(B) INPUT OPEN TRAIN *A' PORV REMAINS CLOSED ON ON PERIODIC TESTING REDUNDANT LOOP AVAILABLE TRAIN 'A" INOPERABLE, REDUCED REDUNDANCY 
OVERPRESSURE, POR MANUALLY OPERABLE, 
INDICATION FAILURES 

3.1.03.04 PC 425-11(B) INPUT SHORT TRAIN *A" PORY REMAINS CLOSED ON ON PERIODIC TESTING REDUNDANT TRAIN TRAIN "A' INOPERABLE, REDUCED REDUNDANCY 
OVERPRESSURE, PORV MANUALLY OPERABLE, 
INDICATION FAILURES 

3.1.03.05 PC 425-XI(B) INPUT HIGH TRAIN 'A' PORY OPENS, PORY MANUALLY CONTROL ROOM SYSTEM INDICATION REDUNDANT TRAIN TRAIN *A* INOPERABLE, REDUCED REDUNDANCY 
OPERABLE, INDICATION FAILURES 

3. 1.03.06 PC 425-XI (B) INPUT LOW TRAIN "A' PORY REMAINS CLOSED ON OM PERIODIC TESTING REDUNDANT TRAIN TRAIN 'A' INOPERABLE, REDUCED REDUNDANCY 
OVERPRESSURE, PORV MAUALLY OPERABLE, 
INDICATION FAILURES 

3.1.03.07 PC 425-I (B) OUTPUT OPEN TRAIN 'A' PORV REMAINS CLOSED ON 0 PERIODIC TESTING REDUNDANT TRAIN TRAIN *A' INOPERABLE, REDUCED REDUNDANCY 
OVERPRESSURE, PORV MANUALLY OPERABLE, 
INDICATION FAILURES 

3.1.03.08 PC 425-X1(B) OUTPUT SHORT TRAIN 'A" PORV REMAINS CLOSED ON ON PERIODIC TESTING REDUNDANT TRAIN TRAIN 'A' INOPERABLE, REDUCED REDUNDANCY 
OVERPRESSURE, PORY MANUALLY OPERABLE, 
INDICATION FAILURES 

3.1.03.09 PC 425-4118) OUTPUT HISH TRAIN 'A' PORY OPENS, PORY MANUALLY CONTROL ROOM SYSTEM INDICATION REDUNDANT TRAIN TRAIN 'A' INOPERABLE, REDUCED REDUNDANCY 
OPERABLE, INDICATION FAILURES 

3.1.03.10 PC 425-11(8) OUTPUT LOW TRAIN "A' PORV REMAINS CLOSED ON ON PERIODIC TESTING REDUNDANT TRAIN TRAIN-'A" INOPERABLE, REDUCED REDUNDANCY 
OVERPRESSURE, PORY MANUALLY OPERABLE, 
INDICATION FAILURES
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3.1.04.03 PRD 425-lX(CD) INPUT OPEN TRAIN "A' PORY REMAINS CLOSED DM ON PERIODIC TESTING REDUNDANT TRAIN TRAIN "A INOPERABLE, REDUCED REDUNDANCY 
OVERPRESSURE, PORW MANUALLY OPERABLE, 
INDICATION FAILURES 

3.1.04.04 PRD 425-X1(C,D) INPUT SHORT TRAIN 'A" PORY REMAINS CLOSED ON O PERIODIC TESTING REDUNDANT TRAIN TRAIN 'A" INOPERABLE, REDUCED REDUNDANCY 
OVERPRESSURE, PORY MANUALLY OPERABLE, 
INDICATION FAILURES 

3.1.04.15 PRD 425-X1(C,D) CONTACTS OPEN TRAIN "A" PORY REMAINS CLOSED ON OM PERIODIC TESTING REDUNDANT TRAIN TRAIN "A" INOPERABLE, REDUCED REDUNDANCY 
OVERPRESSURE, PORY MANUALLY OPERABLE, 
INDICATION FAILURES 

3.1.04.16 PRD 425-XI(C,D) CONTACTS CLOSED TRAIN "A" POR OPENS, POR MANUALLY CONTROL ROM SYSTEM INDICATION REDUNDANT TRAIN TRAIN "A" INOPERABLE, REDUCED REDUNDANCY 
OPERABLE, INDICATION FAILURES 

3.1.04.17 PRO 425-XI(C,D) CONTACTS GROUNDED TRAIN "A" PORY CLOSES, CANNOT BE OPENED CONTROL RO0 SYSTEM INDICATION REDUNDANT TRAIN TRAIN "A" INOPERABLE, REDUCED REDUNDANCY 
3.1.04.18 PRD 425-11(C,D) CONTACTS SHORTED TRAIN "' PORY REMAINS CLOSED ON ON PERIODIC TESTING REDUNDANT TRAIN TRAIN "A" INOPERABLE, REDUCED REDUNDANCY 

OVERPRESSURE, PORY MANUALLY OPERABLE, 
INDICATION FAILURES 

3.1.05.12 HS 320 AS-IS (OM DISABLE OPERATOR UNABLE TO PLACE TRAIN "A" IN PERIODIC TESTING REDUNDANT TRAIN TRAIN 'A" INOPERABLE, REDUCED REDUNDANCY 
POSITION) THE ON ENABLE MODE 

3.1.05.12 HS 320 AS-IS (OM ENABLE OPERATOR UNABLE TO PLACE TRAIN "A* IN PERIODIC TESTING NONE REQUIRED TRAIN "A INOPERABLE, REDUCED REDUNDANCY 
POSITION) THE OM DISABLE MODE 

3.1.05.15 HS 320 CONTACTS OPEN TRAIN "A" PORY REMAINS CLOSED ON 0 PERIODIC TESTING REDUNDANT TRAIN TRAIN "A" INOPERABLE, REDUCED REDUNDANCY 
OVERPRESSURE, PORY MANUALLY OPERABLE, 
INDICATION FAILURES 

3.1.05.16 HS 320 CONTACTS CLOSED OPERATOR UNABLE TO REMOVE TRAIN "A" FROM PERIODIC TESTING NONE REQUIRED NONE 
ON ENABLE MODE 

3.1.05.17 HS 320 CONTACTS GROUNDED TRAIN "A" PORY CLOSES, CANNOT BE OPENED CONTROL ROOM SYSTEM INDICATION REDUNDANT TRAIN TRAIN "A" INOPERABLE, REDUCED REDUNDANCY 
3.1.05.18 HS 320 CONTACTS SHORTED TRAIN "A" PORW REMAINS CLOSED ON 0 PERIODIC TESTING REDUNDANT TRAIN TRAIN "A* INOPERABLE, REDUCED REDUNDANCY 

OVERPRESSURE, POR MANUALLY OPERABLE, 
INDICATION FAILURES 

3.1.06.01 PY 3545 FAIL OPEN TRAIN "A" PORY OPENS, CANNOT BE CLOSED CONTROL ROO POSITION REDUNDANT PORY TRAIN "A' PORV INOPERABLE, REDUCED 
INDICATION REDUNDANCY 

3.1.06.02 PY 3545 FAILS CLOSED TRAIN "A" PORY CLOSES, CANNOT BE OPENED CONTROL ROOM POSITION REDUNDANT PORY TRAIN "A" PORY INOPERABLE, REDUCED 
INDICATION REDUNDANCY 

11.07.01 CV 545 FAIL OPEN TRAIN "A" PORY OPENS, CANNOT BE CLOSED CONTROL ROM POSITION REDUNDANT PORY TRAIN "A" PORY INOPERABLE, REDUCED 
INDICATION REDUNDANCY 

11.07.02 CV 545 FAIL CLOSED TRAIN "A' PORV CLOSES, CANNOT BE OPENED CONTROL ROOM POSITION REDUNDANT PORY TRAIN "A- PORY INOPERABLE, REDUCED 
INDICATION REDUNDANCY 

3.1.08.03 PC 425-11(A) INPUT OPEN TRAIN "A" CONTROL ROOM SYSTEM INDICATION PERIODIC TESTING REDUNDANT TRAIN NONE 
FAILURE 

3.1.08.04 PC 425-X1(A) INPUT SHORT TRAIN "A" PORY REMAINS CLOSED ON 0 PERIODIC TESTING REDUNDANT TRAIN NONE 
OVERPRESSURE, PORY MANUALLY OPERABLE, 
INDICATION FAILURES 

3.1.08.11 PC 425-I(A) TRIPPED TRAIN "A" CONTROL ROOM SYSTEM INDICATION CONTROL ROM SYSTEM INDICATION NONE REQUIRED NONE 
FAILURE 

3.1.08.12 PC 425-IlIA) AS-IS (UNTRIPPED) TRAIN "A* CONTROL ROOM SYSTEM INDICATION PERIODIC TESTING REDUNDANT TRAIN NONE 
FAILURE 

3.1.09.03 PRD 425-XI(A,B) INPUT OPEN TRAIN "A" CONTROL ROOM SYSTEM INDICATION PERIODIC TESTING REDUNDANT TRAIN NONE 
FAILURE
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3.1.09.04 PRD 425-X1(A,B) INPUT SHORT TRAIN "A" CONTROL ROOM SYSTEM INDICATION PERIODIC TESTING REDUNDANT TRAIN NONE 
FAILURE 

11.09.15 PRO 425-X1(A,B) CONTACTS OPEN TRAIN "A" CONTROL ROOM SYSTEM INDICATION PERIODIC TESTING REDUNDANT TRAIN NONE 
FAILURE 

3.1.09.16 PRO 425-11(A,B) CONTACTS CLOSED TRAIN "A" CONTROL ROOM SYSTEM INDICATION CONTROL ROOM SYSTEM INDICATION NONE REQUIRED NONE 
FAILURE 

11.09.17 PRO 425-XI(A,B) CONTACTS GROUNDED TRAIN "A" PORV CLOSES, CANNOT BE OPENED CONTROL ROOM SYSTEM INDICATION REDUNDANT TRAIN TRAIN "A" INOPERABLE, REDUCED REDUNDANCY 
3.1.09.18 PRD 425-I(A,B) CONTACTS SHORTED TRAIN '"A CONTROL ROOM SYSTEM INDICATION PERIODIC TESTING REDUNDANT TRAIN NONE 

FAILURE 
3.1.10.03 PC 425-13(A) INPUT OPEN TRAIN "A" CONTROL ROOM SYSTEM INDICATION PERIODIC TESTING REDUNDANT TRAIN NONE 

FAILURE 

3.1.10.04 PC 425-X3(A) INPUT SHORT TRAIN "A" PORV REMAINS CLOSED ON OM PERIODIC TESTING. REDUNDANT TRAIN NONE 
OVERPRESSURE, PORV MANUALLY OPERABLE, 
INDICATION FAILURES 

3.1.10.11 PC 425-X3(A) TRIPPED TRAIN "A" CONTROL ROOM SYSTEM INDICATION PERIODIC'TESTING REDUNDANT TRAIN NONE 
FAILURE 

11.10.12 PC 425-13(A) AS-IS (UNTRIPPED) TRAIN "A" CONTROL ROOM SYSTEM INDICATION PERIODIC TESTING REDUNDANT TRAIN NONE 
FAILURE 

3.1.11.01 PCV 1531R FAIL OPEN NONE NONE NONE REQUIRED NONE 
3.1.11.02 PCV 1531R FAIL CLOSED TRAIN "A' ISOLATION VALVE OPENS, CANNOT CONTROL ROOM POSITION NONE REQUIRED NONE 

BE CLOSED INDICATION 

3.1.12.12 HS 131 FAIL AS IS (CLOSE TRAIN "A" PORV CLOSES, CANNOT BE OPENED CONTROL ROOM POSITION REDUNDANT TRAIN NONE 
VALVE POSITION) INDICATION 

3.1.12.12 HS 131 FAIL AS-IS (AUTO NONE CONTROL ROOM POSITION NONE REQUIRED TRAIN "A' INOPERABLE, REDUCED REDUNDANCY 

POSITION) INDICATION 
3.1.12.12 HS 131 FAIL AS-IS (OPEN TRAIN "A" PORV OPENS, CANNOT BE CLOSED CONTROL ROOM POSITION REDUNDANT TRAIN TRAIN '"A INOPERABLE, REDUCED REDUNDANCY 

VALVE POSITION) INDICATION 

3.1.12.15 HS 131 CONTACTS OPEN TRAIN "A" PORV CLOSES, CANNOT BE OPENED PERIODIC TESTING REDUNDANT TRAIN TRAIN "A" INOPERABLE, REDUCED REDUNDANCY 

3.1.12.16 HS 131 CONTACTS CLOSED TRAIN "A" PORV OPENS, CANNOT BE CLOSED CONTROL ROOM SYSTEM INDICATION REDUNDANT TRAIN TRAIN "A" INOPERABLE, REDUCED REDUNDANCY 

3.1.12.17 HS 131 CONTACTS GROUNDED TRAIN "A" PORY CLOSES, CANNOT BE OPENED CONTROL ROOM SYSTEM INDICATION REDUNDANT TRAIN TRAIN "A" INDPERABLE, REDUCED REDUNDANCY 
3.1.12.18 HS 131 CONTACTS SHORT TRAIN."A" PORY CLOSES, CANNOT BE OPENED CONTROL ROOM SYSTEM INDICATION REDUNDANT TRAIN TRAIN "A' INOPERABLE, REDUCED REDUNDANCY 

3.1.13.12 HS 127 AS-IS (CLOSE VALVE TRAIN *"A ISOLATION VALVE CLOSES, CANNOT CONTROL ROOM POSITION REDUNDANT TRAIN TRAIN "A" INOPERABLE, REDUCED REDUNDANCY 
POSITION) BE OPENED INDICATION 

3.1.13.12 HS 127 AS-IS (NEUTRAL TRAIN '" ISOLATION VALVE FAILS AS-IS CONTROL ROOM POSITION REDUNDANT TRAIN TRAIN '"A INOPERABLE, REDUCED REDUNDANCY 
POSITION) INDICATION 

3.1.13.12 HS 127 AS-IS (OPEN VALVE TRAIN "A' ISOLATION VALVE OPENS, CANNOT CONTROL ROOM POSITION NONE REQUIRED NONE 
POSITION) BE CLOSED INDICATION 

3.1.13.15 HS 127 CONTACTS OPEN TRAIN."A" ISOLATION VALVE OPENS, CANNOT CONTROL ROOM POSITION NONE REQUIRED NONE 
BE CLOSED INDICATION 

3.1.13.16 HS 127 CONTACTS CLOSED TRAIN " ISOLATION VALVE CLOSES, CANNOT CONTROL ROOK POSITION REDUNDANT TRAIN TRAIN "A" INOPERABLE, REDUCED REDUNDANCY 
BE OPENED INDICATION 

3.1. 13.17 HS 127 CONTACTS GROUNDED TRAIN "A" ISOLATION VALVE OPENS, CANNOT CONTROL RO0 POSITION REDUNDANT TRAIN NONE 
BE CLOSED INDICATION 

3.1.13.18 HS 127 CONTACTS SHORTED TRAIN "A" ISOLATION VALVE OPENS, CANNOT CONTROL ROOM POSITION REDUNDANT TRAIN NONE 
BE CLOSED INDICATION 

3.1.14.01 PY 3531 FAIL OPEN TRAIN "A" ISOLATION VALVE CLOSES, CANNOT CONTROL ROOM POSITION REDUNDANT PORV TRAIN "A" PORV INOPERABLE, REDUCED 
BE OPENED INDICATION REDUNDANCY
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3.1.14.02 PY 3531 FAIL CLOSED TRAIN "A* ISOLATION VALVE OPENS, CANNOT CONTROL ROOM POSITION NONE REQUIRED NONE 
BE CLOSED INDICATION 

3.1.15.01 CV 531 FAIL OPEN TRAIN "A' ISOLATION VALVE OPENS, CANNOT CONTROL ROOM POSITION NONE REQUIRED NONE 
BE CLOSED INDICATION 

3.1.15.02 CV 531 FAIL CLOSED TRAIN "A' ISOLATION VALVE CLOSES, CANNOT CONTROL ROOM POSITION REDUNDANT PORY TRAIN "A' PORV INOPERABLE, REDUCED 
BE OPENED INDICATION REDUNDANCY 

3.1.16.15 ZY 3531 CONTACTS OPEN TRAIN 'A' CONTROL ROOM SYSTEM INDICATION PERIODIC TESTING. NONE REQUIRED NONE 
FAILURE 

3.1.16.16 ZY 3531 CONTACTS CLOSED TRAIN 'A" CONTROL ROOM SYSTEM INDICATION CONTROL ROOM SYSTEM INDICATION NONE REQUIRED NONE 
FAILURE 

3.1.16.17 ZY 3531 CONTACTS GROUNDED TRAIN A' PORV CLOSES, CANNOT BE OPENED CONTROL ROOM SYSTEM INDICATION REDUNDANT TRAIN TRAIN 'A' INOPERABLE, REDUCED REDUNDANCY 
3.1.16.18 ZY 3531 CONTACTS SHORTED TRAIN 'A" CONTROL ROOM SYSTEM INDICATION CONTROL ROOM SYSTEM INDICATION NONE REQUIRED NONE 

FAILURE 
3.1.17.13 YE 425-XI OUTPUT VOLTS HIGH TRAIN "A' PORV 00ENS, PORV MANUALLY CONTROL ROOM SYSTEM INDICATION REDUNDANT TRAIN TRAIN "A" INOPERABLE, REDUCED REDUNDANCY 

OPERABLE, INDICATION FAILURES 
3.1.17.14 YE 425-Xl OUTPUT VOLTS ZERO TRAIN "A" PORV REMAINS CLOSED ON ON PERIODIC TESTING REDUNDANT TRAIN TRAIN '"A' INOPERABLE, REDUCED REDUNDANCY 

OVERPRESSURE, PORY MANUALLY OPERABLE, 
INDICATION FAILURES 

3.1.18.11 8-1215V BREAKER CONTACTS OPEN TRAIN 'A' PORV CLOSES, CANNOT BE OPENED. CONTROL ROOM SYSTEM INDICATION REDUNDAwT TRAIN TRAIN 'A' INOPERABLE, REDUCED REDUNDANCY 
(TRIPPED) TRAIN "A" ISOLATION VALVE OPENS, CANNDT 

BE CLOSED 
3.1.19.01 PCV 1545R FAIL OPEN NONE NONE NONE REQUIRED NONE 
3.1.19.02 PCV 1545R FAIL CLOSED TRAIN 'A' PORV CLOSES, CANNOT BE OPENED CONTROL ROOM POSITION REDUNDANT PORV TRAIN 'A' PORV INOPERABLE, REDUCED 

INDICATION REDUNDANCY 
3.1.20.14 120 VAC BUS-2 OUTPUT VOLTS ZERO OR TRAIN 'A' PORV CLOSES, CANNOT BE OPENED. CONTROL ROOM SYSTEM INDICATION REDUNDANT TRAIN TRAIN "A" INOPERABLE, REDUCED REDUNDANCY 

GROUNDED TRAIN "A" ISOLATION VALVE OPENS, CANNOT 
BE CLOSED 

3.2.01.09 PT 425-12 OUTPUT HIGH TRAIN 'B' PORV OPENS, PORV MANUALLY CONTROL ROOM SYSTEM INDICATION REDUNDANT TRAIN TRAIN 'B" INOPERABLE, REDUCED REDUNDANCY 
OPERABLE, INDICATION FAILURES 

3.2.01.10 PT 425-2. OUTPUT LOW TRAIN 'B" PORV REMAINS CLOSED ON OA PERIODIC TESTING REDUNDANT TRAIN TRAIN 'B" INOPERABLE, REDUCED REDUNDANCY 
OVERPRESSURE, PORY MANJALLY OPERABLE, 
INDICATION FAILURES 

3.2.02.03 PSC 425-X2(A) INPUT OPEN TRAIN "B" PORV REMAINS.CLOSED ON O PERIODIC TESTING REDUNDANT TRAIN TRAIN 'B" INOPERABLE, REDUCED REDUNDANCY 
OVERPRESSURE, PORV MANUALLY OPERABLE, 
INDICATION FAILURES 

3.2.02.04 PSC 425-X2(A) INPUT SHORT TRAIN 'B" PORV REMAINS CLOSED ON 0N PERIODIC TESTING REDUNDANT TRAIN TRAIN 'B" INOPERABLE, REDUCED REDUNDANCY 
OVERPRESSURE, PORV MANUALLY OPERABLE, 
INDICATION FAILURES .  

3.2.02.05 PSC 425-X2(A) INPUT HIGH TRAIN "B' PORV OPENS, PORV MANUALLY CONTROL ROOM SYSTEM INDICATION REDUNDANT TRAIN TRAIN "B" INOPERABLE, REDUCED REDUNDANCY 
OPERABLE, INDICATION FAILURES 

3.2.02.06 PSC 425-X2(k) INPUT LOW TRAIN "B" PORV REMAINS CLOSED ON OM PERIODIC TESTING REDUNDANT TRAIN TRAIN 'B' INOPERABLE, REDUCED REDUNDANCY 
OVERPRESSURE, PORV MANUALLY OPERABLE, 
INDICATION FAILURES 

3.2.02.07 PSC 425-X2(A) OUTPUT OPEN TRAIN 'B" PORV REMAINS CLOSED ON ON PERIODIC TESTING REDUNDANT TRAIN TRAIN "B' INOPERABLE, REDUCED REDUNDANCY 
OVERPRESSURE, PORV MANUALLY OPERABLE, 
INDICATION FAILURES 

3.2.02.08 PSC 421-12(A) OUTPUT SHORT TRAIN "B' PORV REMAINS CLOSED ON ON PERIODIC TESTING REDUNDANT TRAIN TRAIN 'B- INOPERABLE, REDUCED REDUNDANCY 
OVERPRESSURE, PORV MANUALLY OPERABLE, 
INDICATION FAILURES
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3.2.02.09 DSC 425-X2(A) OUTPUT HIGH TRAIN "B" PORV OPENS, PORV MANUALLY CONTROL ROOM SYSTEM INDICATION REDUNDANT TRAIN TRAIN "B" INOPERABLE, REDUCED REDUNDANCY OPERABLE, INDICATION FAILURES 
3.2.02.10 PSC 425-X2(A) OUTOUT LOW TRAIN "B" PORV REMAINS CLOSED ON OM PERIODIC TESTING REDUNDANT TRAIN TRAIN. 'B" INOPERABLE, REDUCED REDUNDANCY OVERPRESSURE, PORY MANUALLY OPERABLE, 

INDICATION FAILURES 
3.2.03.03 PC 425-12(B INPUT OPEN TRAIN "B" PORV REMAINS CLOSED ON ON PERIODIC TESTING REDUNDANT TRAIN TRAIN "B* INOPERABLE, REDUCED REDUNDANCY OVERPRESSURE, PORY MANUALLY OPERABLE, 

INDICATION FAILURES 
3.2.03.04 PC 425-X2(B) INPUT SHORT TRAIN "B" PORY REMAINS CLOSED ON ON PERIODIC TESTING REDUNDANT TRAIN TRAIN "B INOPERABLE, REDUCED REDUNDANCY OVERPRESSURE, PORY MANUALLY OPERABLE, 

INDICATION FAILURES 
3.2.03.05 PC 425-12(B) INPUT HIGH TRAIN "B" PORV OPENS, PORY MANUALLY CONTROL RO0M SYSTEM INDICATION REDUNDANT TRAIN TRAIN '"B INOPERABLE, REDUCED REDUNDANCY OPERABLE, INDICATION FAILURES 
3.2.03.06 PC 425-12(B) INPUT LOW TRAIN "B" PORY REMAINS CLOSED ON ON PERIODIC'TESTING REDUNDANT TRAIN TRAIN B" INOPERABLE, REDUCED REDUNDANCY 

OVERPRESSURE, PORV MNUALLY OPERABLE, 
INDICATION FAILURES 

3.2.03.07 PC 425-42(B) OUTPUT OPEN TRAIN "B" PORV REMAINS CLOSED ON ON PERIODIC TESTING REDUNDANT TRAIN TRAIN "B" INOPERABLE, REDUCED REUNDANCY 
OVERPRESSURE, PORY MNUALLY OPERABLE, 
INDICATION FAILURES 

3.2.03.08 PC 425-12(B) OUTPUT SHORT TRAIN "B" PORY REMAINS CLOSED ON ON PERIODIC TESTING REDUNDANT TRAIN TRAIN "B" INOPERABLE, REDUCED REDUNDANCY OVERPRESSURE, ORV MANUALLY OPERABLE, 
INDICATION FAILURES , 

3.2.03.09 PC 425-X2(B) OUTPUT HIGH TRAIN "B" PORY OPENS, PORY MANUALLY CONTROL ROOM SYSTEM INDICATION REDUDANT TRAIN TRAIN 'B' INOPERABLE, REDUCED REDUNDANCY OPERABLE, INDICATION FAILURES 
3.2.03.10 PC 425-12(B) OUTPUT LOW TRAIN "B' PORY REMAINS CLOSED ON ON PERIODIC TESTING REDUNDANT TRAIN TRAIN 'B" INOPERABLE, REDUCED REDUNDANCY OVERPRESSURE, PORY MANUALLY OPERABLE, 

INDICATION FAILURES 
12.04.03 PRD 425-X2(C,D) INPUT OPEN TRAIN "'" PORY REMAINS CLOSED ON ON PERIODIC TESTING REDUNDANT TRAIN TRAIN "B" INOPERABLE, REDUCED REDUNDACY 

OVERPRESSURE, PORY MANUALLY OPERABLE, 
INDICATION FAILURES 

3.2.04.04 PRO 425-X2(C,D) INPUT SHORT TRAIN "B" PORY REMAINS CLOSED ON ON PERIODIC TESTING REDUNDANT TRAIN TRAIN "B" INOPERABLE, REDUCED REDUNDANCY OVERPRESSURE, PORY NAALLY OPERABLE, 
INDICATION FAILURES 

3.2.04.15 PRO 425-X2(C,D) CONTACTS OPEN TRAIN "B" PORY REMAINS CLOSED ON ON PERIODIC TESTING REDUNDANT TRAIN TRAIN "B' INOPERABLE, REDUCED REDUNDANCY OVERPRESSURE,. PORY MANUALLY OPERABLE, 
INDICATION FAILURES 

3.2.04.16 PRO 425-X2(C,D) CONTACTS CLOSED TRAIN 'B" PORY OPENS, PORY MANUALLY CONTROL ROOM SYSTEM INDICATION REDUNDANT TRAIN TRAIN "B* INOPERABLE, REDUCED REDUNDANCY OPERABLE, INDICATION FAILURES 
3.2.04.17 ORD 425-X2(C,D) CONTACTS GROUNDED TRAIN."B PORV CLOSES, CANNOT BE OPENED CONTROL ROOM SYSTEM INDICATION REDUNDANT TRAIN TRAIN "B' INOPERABLE, REDUCED REDUNDANCY 3.2.04.18 PRD 425-X2(C,D) CONTACTS SHORTED TRAIN "B' PORY REMAINS CLOSED ON ON DERIODIC TESTING REDUNDANT TRAIN TRAIN "B" INOPERABLE, REDUCED REDUNDANCY 

OVERPRESSURE, PORY MANUALLY OPERABLE, 
INDICATION FAILURES 

3.2.05.12 HS 321 AS-IS (ON DISABLE OPERATOR UNABLE TO PLACE TRAIN "B IN THE PERIODIC TESTING REDUNDANT TRAIN TRAIN "B* INOPERABLE, R REDUMNANCY POSITION) ON ENABLE MODE 
13.2.05.12 HS 321 AS-IS (ON ENABLE OPERATOR UNABLE TO PLACE TRAIN "B IN THE PERIODIC TESTING NONE REUIRED TRAIN "B" INOPERABLE, REDUCED REDUNDNCY 

POSITION) 0N DISABLE MODE 
3.2.05.15 HS. 321 CONTACTS OPEN TRAIN 'B" PORY REMAINS CLOSED ON ON PERIODIC TESTING REUNDANT TRIN TRAIN "B" INOPERABLE, REDUCED REUNDANCY OVERPRESSURE, PORY MANUALLY OPERABLE, 

INDICATION FAILURES
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3.2.05.16 -S 321 CONTACTS CLOSED OPERATOR UNABLE TO REMOVE TRAIN "B FROM PERIODIC TESTING NONE REQUIRED NONE 
ON ENABLE AODE 

3.2.05.17 'S 321 CONTACTS GROUNDED TRAIN "B PORY CLOSES, CANNOT BE OPENED CONTROL ROOM SYSTEM INDICATION REDUNDANT TRAIN TRAIN 'B' INOPERABLE, REDUCED REDUNDANCY 
3.2.05.18 HS 321 CONTACTS SHORTED TRAIN "B" PORY REMAINS CLOSED ON OM PERIODIC TESTING REDUNDANT TRAIN TRAIN "B' INOPERABLE, REDUCED REDUNWDCY 

OVERPRESSURE, PORY MANUALLY OPERABLE, 
INDICATION FAILURES 

3.2.06.01 PY 2546 FAIL OPEN TRAIN -B PDORY OPENS,. CANNOT BE CLOSED CONTROL ROOM POSITION REDUNDANT PORY TRAIN -B- PORY INOPERABLE, REDUCED 
INDICATION REDUNDANCY 

12.06.02 PY 2546 FAIL CLOSED TRAIN "B* PORY CLOSES, CANNOT BE OPENED CONTROL ROOM POSITION REDUNDANT PORY TRAIN 'B' PORY INOPERABLE, REDUCED 
INDICATION REDUNDANCY 

3.2.07.01 CV 546 FAIL OPEN TRAIN 'B' PORY OPENS, CANNOT BE CLOSED CONTROL ROOM POSITION REDUNDT PORY TRAIN "B' PORY INOPERABLE, REDUCED 
INDICATION REDUNDANCY 

3.2.07.02 CV 546 FAIL CLOSED TRAIN 'B' PORY CLOSES, CANNOT BE OPENED CONTROL ROOM POSITION REDUNDANT PORY TRAIN "B' PORY INOPERABLE, REDUCED 
INDICATION REDUNDANCY 

3.2.08.03 PC 425-X2(A) INPUT OPEN TRAIN "B" CONTROL ROOM SYSTEM INDICATION PERIODIC TESTING REDUNDANT TRAIN NONE 
FAILURE 

3.2.08.04 PC 425-12(A) INPUT SHORT TRAIN "B DORY REMAINS CLOSED ON 0 PERIODIC TESTING REDUNDANT TRAIN NONE 
OVERPRESSURE, PORY MANUALLY OPERABLE, 
INDICATION FAILURES 

3.2.08.11 PC 425-X2(A) TRIPPED TRAIN "" CONTROL ROOM SYSTEM INDICATION CONTROL ROOM SYSTEM INDICATION NONE REQUIRED NONE 
FAILURE 

3.2.08.12 PC 425-12(A) AS-IS (UNTRIPPED) TRAIN "B" CONTROL ROOM SYSTEM INDICATION PERIODIC TESTING REDUNDANT TRAIN NONE 
FAILURE 

3.2.09.03 PRD 425-X2(A,B) INPUT OPEN TRAIN."B' CONTROL ROOM SYSTEM INDICATION PERIODIC TESTING REDUNDANT TRAIN NONE 
FAILURE 

3.2.09.04 PRO 425-X2(A,B) INPUT SHORT TRAIN "B' CONTROL ROOM SYSTEM INDICATION PERIODIC TESTING REDUNDANT TRAIN NONE 
FAILURE 

3.2.09.15 PRO 425-X2(A,B) CONTACTS OPEN TRAIN 'B' CONTROL ROOM SYSTEM INDICATION PERIODIC TESTING REDUNDANT TRAIN NONE 
FAILURE 

3.2.09.16 PRO 425-42(A,B) CONTACTS CLOSED TRAIN "B' CONTROL ROOM SYSTEM INDICATION CONTROL ROOM SYSTEM INDICATION NONE REQUIRED NONE 
FAILURE 

3.2.09.17 PRD 425-X2(A,B) CONTACTS GROUNDED TRAIN 'B' PORY CLOSES, CANNOT BE OPENED CONTROL ROOM SYSTEM INDICATION REDUNDANT TRAIN TRAIN 'B' INOPERABLE, REDUCED REDUNDANCY 
3.2.09.18 PRO 425-X2(A,BY CONTACTS SHORTED TRAIN "B" CONTROL ROOM SYSTEM INDICATION PERIODIC TESTING REDUNDANT TRAIN NONE 

FAILURE 
3.2.10.03 PC 425-X4(A) INPUT OPEN TRAIN 'B' CONTROL ROOM SYSTEM INDICATION PERIODIC TESTING REDUNDANT TRAIN NONE 

FAILURE 
3.2.10.04 PC 425-4(A) INPUT SHORT TRAIN 'B' PORY REMAINS CLOSED ON ON PERIODIC TESTING REDUNDANT TRAIN NONE 

OVERPRESSURE, PDORYMANUALLY OPERABLE, 
INDICATION FAILURES 

3.2.10.11 PC 425-X4(A) TRIPPED TRAIN "B" CONTROL ROOM SYSTEM INDICATION PERIODIC TESTING REDUNDANT TRAIN NONE 
FAILURE 

12.10. 12 PC 425-X4(A) AS-IS (UNTRIPPED) TRAIN 'B' CONTROL ROOM SYSTEM INDICATION PERIODIC TESTING REDUNDANT TRAIN NONE 
FAILURE 

3.2.11.01 PCV 1530R FAIL OPEN NONE NONE NONE REQUIRED NONE 
b 32.11.02 PCV 1530R FAIL CLOSED TRAIN "B' ISOLATION VALVE OPENS, CANNOT CONTROL ROOM POSITION NONE REQUIRED NONE 

BE CLOSED INDICATION 
3.2.12.12 HS 132 FAIL AS IS (CLOSE TRAIN 'B' DORY CLOSES, CANNOT.BE OPENED CONTROL ROOM POSITION REDUNDANT TRAIN NONE 

VALVE POSITION) INDICATION
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3.2.12.12 HS 132 FAIL AS-IS (AUTO NONE CONTROL ROOM POSITION NONE REQUIRED TRAIN "9 INOPERABLE, REDUCED REDUNDANCY 
POSITION) INDICATION 

3.2.12.12 HS 132 FAIL AS-IS (OPEN TRAIN "B' PORV OPENS, CANNOT BE CLOSED CONTROL ROOM POSITION REDUNDANT TRAIN TRAIN "B" INOPERABLE, REDUCED REDUNDANCY 
VALVE POSITION) INDICATION 

3.2.12.15 HS 132 CONTACTS OPEN TRAIN "B" PORY CLOSES, CANNOT BE OPENED PERIODIC TESTING REDUNDANT TRAIN TRAIN 'B' INOPERABLE, REDUCED REDUNDANCY 
3.2.12.16 HS 132 CONTACTS CLOSED TRAIN 'B" DORY OPENS, CANNOT BE CLOSED CONTROL ROOM SYSTEM INDICATION REDUNDANT TRAIN TRAIN "B* INOPERABLE, REDUCED REDUNDANCY 
3.2.12.17 HS 132 CONTACTS GROUNDED TRAIN "B" DDRV CLOSES, CANNOT BE OPENED CONTROL ROOM SYSTEM INDICATION REDUNDANT TRAIN TRAIN "B" INOPERABLE, REDUCED REDUNDANCY 
3.2.12.18 HS 132 CONTACTS SHORT TRAIN 'B" PORY CLOSES, CANNOT BE OPENED CONTROL ROOM SYSTEM INDICATION REDUNDANT TRAIN TRAIN "S" INOPERABLE, REDUCED REDUNDANCY 
3.2.13.12 HS 128 AS-IS (CLOSE VALVE TRAIN 'B' ISOLATION VALVE CLOSES, CANNOT CONTROL ROOM POSITION REDUNDANT TRAIN TRAIN -B- INOPERABLE, REDUCED REDUNDANCY 

POSITION) BE OPENED INDICATION 
3.2.13.12 HS 128 AS-IS (NEUTRAL TRAIN "B' ISOLATION VALVE FAILS AS-IS CONTROL ROOM POSITION REDUNDANT TRAIN TRAIN "B" INOPERABLE, REDUCED REDUNDANCY 

POSITION) - INDICATION 
3.2.13.12 HS 128 AS-IS (OPEN VALVE TRAIN "B" ISOLATION VALVE OPENS, CANNOT CONTROL ROOM POSITION NONE REQUIRED NONE 

POSITION) BE CLOSED INDICATION 
3.2.13.15 HS 128 CONTACTS OPEN TRAIN "B" ISOLATION VALVE OPENS, CANNOT CONTROL RO0M POSITION NONE REQUIRED NONE 

BE CLOSED INDICATION 
3.2.13.16 HS 128 CONTACTS CLOSED TRAIN "B" ISOLATION VALVE CLOSES, CANNOT CONTROL ROOM POSITION REDUNDANT TRAIN TRAIN "B" INOPERABLE, REDUCED REDUNDANCY 

BE OPENED INDICATION 
3.2.13.17 RS 128 CONTACTS GROUNDED TRAIN "B" ISOLATION VALVE OPENS, CANNOT CONTROL ROOM POSITION REDUNDANT TRAIN NONE 

BE CLOSED INDICATION 
3.2.13.18 HS 128 CONTACTS SHORTED TRAIN "B" ISOLATION VALVE OPENS, CANNOT CONTROL ROOM POSITION REDUNDANT TRAIN NONE 

BE CLOSED INDICATION 
3.2.14.01 PY 2530 FAIL OPEN TRAIN "B" ISOLATION VALVE CLOSES, CANNOT CONTROL ROOM POSITION REDUNDANT PORY TRAIN "B" PORY INOPERABLE, REDUCED 

BE OPENED INDICATION REDUNDANCY 
3.2.14.02 PY 2530 FAIL CLOSED TRAIN "B' ISOLATION VALVE OPENS, CANNOT CONTROL ROOM POSITION NONE REQUIRED NONE 

BE CLOSED INDICATION 
3.2.15.01 CV 530 FAIL OPEN TRAIN 'B' ISOLATION VALVE OPENS, CANNOT. CONTROL ROOM POSITION NONE REQUIRED NONE 

BE CLOSED INDICATION 
3.2.15.02 CV 530 FAIL CLOSED TRAIN "B' ISOLATION VALVE CLOSES, CANNOT CONTROL ROOM POSITION REDUNDANT PORY TRAIN "B' PORY INOPERABLE, REDUCED 

BE OPENED INDICATION REDUNDANCY 
3.2.16.15 ZY 2546 CONTACTS OPEN TRAIN "B' CONTROL ROOM SYSTEM INDICATION PERIODIC TESTING NONE REQUIRED NONE 

FAILURE 
3.2.16.16 ZY 2546 CONTACTS CLOSED TRAIN 'B" CONTROL ROOM SYSTEM INDICATION.CONTROL ROOM SYSTEM INDICATION NONE REQUIRED NONE 

FAILURE 
3.2.16.17 ZY 2546 CONTACTS GROUNDED TRAIN "B* DORY CLOSES, CANNOT BE OPENED CONTROL ROM SYSTEM INDICATION REDUNDANT TRAIN TRAIN "B" INOPERABLE, REDUCED REDUNDANCY 
3.2.16.18 ZY 2546 CONTACTS SHORTED TRAIN 'B" CONTROL ROOM SYSTEM INDICATION CONTROL ROOM SYSTEM INDICATION NONE REQUIRED NON 

FAILURE 
3.2.17.13 YE 425-X2 OUTPUT VOLTS HIGH TRAIN "B" PORV OPENS, PORV.MANUALLY CONTROL ROOM SYSTEM INDICATION REDUNDANT TRAIN TRAIN 'B' INOPERABLE, REDUCED REDUNDANCY 

OPERABLE, INDICATION FAILURES 
3.2.17.14 YE 425-42 OUTPUT VOLTS ZERO TRAIN "B* PORV REMAINS CLOSED 0M O PERIODIC TESTING REDUNDANT TRAIN TRAIN "B" INOPERABLE, REDUCED REDUNDANCY 

OVERPRESSURE, PORV MANUALLY OPERABLE, 
INDICATION FAILURES 

12.18.11 8-1112V BREAKER CONTACTS OPEN TRAIN 'B" PORV CLOSES, CANNOT BE OPENED. CONTROL ROOM SYSTEM INDICATION REDUNDANT TRAIN TRAIN '8' INOPERABLE, REDUCED REDUNDANCY 
(TRIPPED) TRAIN "B" ISOLATION VALVE OPENS, CANNOT 

BE CLOSED 
3.2.13.01 PY 5546 FAIL OPEN TRAIN 'B' PORY CLOSES, CANNOT BE OPENED CONTROL RO0M POSITION BREAKERS 8-Y4606,8-Y4608 NONE, BOTH LOOPS ARE UNAFFECTED AND ARE REF ONE LINE 5196033, ELEMENTARY 4563! 

INDICATION WILL BE OPENED, NEGATING AVAILAME FOR OMS OPERATION 
ANY HS 5S46, PY 5530 & PY 
5546 FAILURES, THUS 
ELIMINATING ANY EFFECT OF 
S 5546 CIRCUITRY ON THE
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3.2.19.02 PY 5546 FAIL CLOSED NONE NONE BREAKERS 8-Y4606,B-Y4608 NONE, BOTH LOOPS ARE UNAFFECTED AND ARE REF ONE LINE 51633, ELEMENTARY 45631 
WILL BE OPENED, NEGATING AVAILABLE FOR OMS OPERATION 
ANY 3S 5546, PY 5530& PY 
5546 FAILURES$ THUS 
ELIMINATIN3 ANY EFFECT OF 

3S 5246 CIRCUITRY O2 THE 
OMS 

3.2.20.14 VITAL BUS 1 011TPUT VOLTS ZERO OR TRAIN "B' PORV CLOSES, CANNOT BE OPENED. CONTROL ROOM SYSTEM INDICATIUN REDUNDANT TRAIN TRAIN 'B' INOPERABLE, REDUCED REDUNDANCY 
GR~JDEDTRAIN *B" ISOLATION VALVE OPENS, CANNOT 

BE CLOSED 
3.2.21.01 PY 5530 FAIL OPEN TRAIN '9 SOLATION VALVE CLOSES, CAO CONTROL ROOM POSITION BREAKERS 8-Y4606,8-Y4608 NONE, BOTH LOOPS ARE UNAFFECTED AND ARE REF ONE LINE 5196033, ELEMENTARY 45631 

BE OPENED INDICATION WILL BE OPENED, NEGATING AVAILABLE FOR ONS OPERATION 
ANY HS 5546, PY 5530 & PY 

5546 FAILURES, THUS 

ELIMINATING ANY EFFECT OF 
HS 5546 CIRCUITRY ON THE 

OPIS 
3.2.2i.02 PY 5530 FAIL CLOSED NONE NONE BREAKERS 8-Y4606,8-Y4608 NONE, BOTH LOOPS ARE UNAFFECTED AND ARE REF ONE LINE 5196033, ELEMENTARY 45631 

WILL BE OPENED, NEGATING AVAILABLE FOR (MS OPERATION 
ANY HS 5546, PY 5530 & PY 
5546 FAILURES, THUS 
ELIMINATING ANY EFFECT OF 

BS 5546 CIRCUITRY ON THE 
OMS 

3.2.22.12 FS 5546 AS-IS (CLOSE VALVES CV 530 AND CV 546 REMAIN CLOSED ON PERIODIC TESTING BREAKERS 8-Y4606,8-Y4608 NONE, BOTH LOOPS UNAFFECTED AND ARE REF ONE LINE 519033, ELEMENTARY 45631 
POSITION) OPERAITOR'S ATTEMPT TO OPEN THEM FROM THE WILL BE OPENED, NEGATING AVAILABLE FOR (MS OPERATION 

SAITDO ROOM ANY HS 5546, PY 5530 & PY 

5546 FAILURES, THUS 
ELIMINATING ANY EFFECT OF 
HS 5546 CIRCUITRY ON THE 
(MS 

3.2.22.12 S 5546 AS-IS .(SEITCH CV 530 AND CV 546 REMAIN AS-IS ON PERIODIC TESTING BREAKERS 8-Y4606,8-Y4608 NONE, BOTH LOOPS UNAFFECTED AND ARE REF ONE LINE 5196033, ELEMENTARY 45631 
NEUTRAL POSITION) OPERATOR'S ATTEMPT TO OPEN OR CLOSE THE WILL BE OPENED, NEGATING AVAILABLE FOR OMS OPERATION 

FROM THE SAFE SHUTDOWN ROOM ANY HS 5546, PY 5530 & PY 
5546 FAILURES, THUS 

ELIMINATING ANY EFFECT OF 

HS 5546 CIRCUITRY ON THE 
OmS 

3.2.22.12 HS 5546 AS-IS (VALVES OPEN CV 530 AND CV 546 REMAIN OPEN ON PERIODIC TESTING BREAKERS 8-Y4606,8-Y4608 NONE, BOTH LOOPS UNAFFECTED AND ARE REF ONE LINE 5196033, ELEMENTARY 45631 
POSITION) OPERATOR'S ATTEMPT TO CLOSE FROM THE WILL BE OPENED, NEGATING AVAILABLE FOR M5 OPERATION 

SAFE SHTTDODN ROOM ANY HS 5546, PY 5530 & PY 

5546 FAILURES, THUS 
ELIMINATING ANY EFFECT OF 

HS 5546 CIRCUITRY ON THE 

OMS 

3.2.22. 15 SS 5546 CONTALTS OPEN CV 546 CAN NOT BE OPENED AND CV 530 CAN PERIODIC TESTING BREAKERS B-Y4606,8-Y4608 NONE, BOTH LOOPS UNAFFECTED AND ARE REF ONE LINE 5196033, ELEMENTARY 45631 
-ST )OPT BE CLOSED FROM THE SAFE SHUTDOWN WILL BE OPENED, NEGATINS AVAILABLE FOR OMS OPERATION 

ROOM ANY HS 5546, PY 5530 & PY 
5546 FAILURES, THUS 

ELIMINATING ANY EFFECT OF 

HS 5546 CIRCUITRY ON THE
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3.2.22.16 HS 5546 CONTACTS CLOSED CV 53 CLOSES AND CV 546 OPENS. OPERATOR CONTROL ROOM SYSTEM INDICATION BREAKERS 8-Y4606,B-Y4608 NONE, HOWEVER ONE REDUNDANT LOOP IS REF ONE LINE 516033, ELEMENTARY 45631 
WILL BE UNABLE TO CHANGE VALVES' WILL BE OPENED, NEGATING BLOLW<D AND THE OMS CANNOT BE OPERATED 
POSITION FROM EITHER THE SAFE SHUTDOWN ANY hS 5546, PY 5530 & PY FROM 1THE SAFE SHUTDOWN ROOM 
ROOM OR THE CONTROL ROOM 5546 FAIURES, THUS 

ELIMINATING ANY EFFECT OF 
HO 52.6 CIRCUITRY ON THOE 

3.2.2.01 PY 1549 FAI GPE 

3.2.22.17 HC 5546 CONTACTS GRO5NDED BREAOERS 8-Y460N & C-Y4606 OPEN AND PERIODIC TESTING BREAKERS 8-Y4606,8-Y4608 NONE, BOTH LOOPS UNAFFECTED AND ARE REF ONE LINE 5196033, ELEMENTARY 45631 
OPERATOR WILL BE UNABLE TO RE-POSITION WILL BE OPENED, NEGATING AVAILABLE FOR OMS OPERATION 
THE VALVES FROM THE SAFE SHUTDON ROOM ANY HS 5546, PY 5530 & PYM 

5546 FAILURES, THUS 
ELIMINATING ANY EFFECT OF 

HS 5546 CIRCUITRY ON THE 
OMS 

3.2.22.18 HS 5546 CONTP.CES SHORTED CV 530 WILL CLOSE AND V 546 WILL OPEN. CONTRL R OM SYSTEM INDICATION BREAKERS 8-Y4606,8-Y4608 NONE, BOTH LOOPS ARE UNAFFECTED AD ARE REF ONE LINE 5196033, ELEMENTARY 45631 
OPERATOR WILL BE UNABLE TO CANGE-T WILL BE OPENED, NEGATING AVAILABLE FOR DMS OPERATION 
VALVES' POSITION FROM EITHER THE CONTROL ANY HS 5546, PY 5530 & PY 
ROOM OR TEz SAFE SHUTDOWN ROOM 5546 FAILURES, THUS 

ELIMINATING ANY EFFECT OF 
HS 5546 CIRCUITRY ON THE 

OMS 

3.2.23.01 PCV :546R FAIL OPEN NONE NONE NONE REQUIRED NONE 
3.2.23.02 PCV 15.46.3 FAIL CLOSED TRAI PB ORyCOECNTBEOND CORLROMPSIN REDUNDANT PORV TAN OR INOPERABILE, REDUCED 

INDICATION REDUNDANCY 
3. 2.24.11 8C4606 BREAKER CONTACTS OPEN NO POWER AVAILABLE TO OPERATE PY 5546 PERIODIC TESTING BREAKERS 8-Y4606,8-Y4608 NONE, BOTH LOOPS UNAFFECTED AND ARE REF ONE LINE 5196033, LEMENTARY 45631 

(TRIPPED) (PORV CV 546) WILL BE OPENED, NEGATING AVAILABLE FOR OMS OPERATION 
ANY HS 5546, PY 5530 & PY 
5546 FAILURES, THUS 
ELIMINATING ANY EFFECT OF 

HS 5546 CIRCUITRY ON THE 
DMS 

3.2. 2n.11 8-Y4608 BREAKER CONTACTS OPEN NO POWER AVAILABLE TO OPERATE PY 5530 PERIODIC TESTING BREAKERS 8-Y4606, 8-Y4608 NONE, BOTH LOOPS ARE UNAFFECTED AND ARE REF ONE LINE 5196033, ELEMENTARY 45631 
(TRIPPED) (BLOCK VALVE CV 530) WILL BE OPENED, NEGATING AVAILABLE FOR OMS OPERATION 

ANY HS 5546, PY 5530 & PY 
5546 FAILURES, THUS 
ELIMINATING ANY EFFECT OF 
HS 5546 CIRCUITRY ON THE 
DMS



V.E AUXILIARY FEEDWATER / REACTOR PROTECTION SYSTEMS 

In Revision 0 of this report, the proposed Cycle 10 
configuration of the AFWS and RPS (based on scoping 
studies completed at the time) was evaluated with both a 
failure modes and effects analysis and an event-specific 
single failure response evaluation.  

In Revision 1 of this report, the plant configuration 
following completion of final engineering and implementa
tion of the actual design changes was evaluated, includ
ing the interlocks which were added to the AFWS design to 
prevent exceeding water hammer flow limits.  

The single failure response of the AFWS and RPS was found 
to be acceptable subject to the specified operator 
actions in the control room (to close a diesel generator 
breaker, equalize.flow to the three steam generators, or 
isolate the blowdown sample lines).



AUXILIARY FEEDWATER/REACTOR PROTECTION SYSTEMS 
(POST-CYCLE 10 CONFIGURATION) 

EVENT-SPECIFIC SINGLE FAILURE RESPONSE EVALUATION 
SAN ONOFRE NUCLEAR GENERATING STATION, UNIT 1 

Assumptions: 

1. The AFW design to be implemented in Cycle 10 will have the 
following features: 

a. Parallel flow control valves (FCVs) to each steam generator 
(S/G), one Train A (fail closed on loss of power) and one 
Train B (fail open on loss of power).  

b. One wide range level indicator per S/G (Train A).  

c. One AFW flow indicator per S/G (Train B).  

d. Pumps G-10 and G-10S on Train A.  

e. Pump G-10W on Train B.  

f. Interlocks prevent auto-start of G-10 or G-10S unless lead 
pump (G-10W) fails.  

g. Flow restrictions prevent exceeding pump run-out or water 
hammer limits.  

2. The RPS steam/feedwater flow mismatch scram is modified to 
preclude common mode failure (eg. PT-459 input) and to have 
channel trip on both negative and positive mismatch 
(inadequate or excess feedwater flow). The existing 2 out of 
3 steam generator logic for reactor scram is retained. Single 
failure is thus precluded from preventing early reactor 
scram except for the loss of main feedwater to a single steam 
generator event;'for this event, mismatch scram will not 
occur, since only one steam generator is affected.  

3. Loss of offaite power and single active failure are assumed 
in addition to the initiating event; however, scram on the 
Loss of Power (LOP) signal from the Safeguards Load Sequencers 
is not creditted.  

4. Lose of train power is conservatively assumed to include the 
associated control power supply.  

5. No credit is taken for local manual operation of pump G-10.



6. The applicable RPS/AFW transient analysis references are as 
follows: 

CASE A: Loss of Normal Feedwater to 1 S/G, from 100% power 
Reactor trip on high pressurizer water level (50%) 
AFW flow of 185 gpm at 30 minutes 

CASE B: Loss of Normal Feedwater to 3 S/G, from 100% power 
Reactor trip on steam/feedwater flow mismatch 
AFW flow of 165 gpm at 30 minutes 

CASE C: Loss of Normal Feedwater to 3 S/G, from 50% power 
Reactor trip on high pressurizer water level (50%) 
AFW flow of 185 gpm at 30 minutes 

CASE D: Main Feed Line Break (upstream), from 100% power 
Reactor trip on steam/feedwater flow mismatch 
AFW flow of 125 gpm at 30 minutes 

CASE E: Main Feed Line Break (upstream), from 50% power 
Reactor trip on high pressurizer water level (50%) 
AFW flow of 125 gpm at 15 minutes 

CASE F: Main Feed Line Break (downstream), from 100% power 
Reactor trip on steam/feedwater flow mismatch 
AFW flow of 250 gpm at 15 min (+ 5 min to refill lines) 

CASE G: Main Feed Line Break (downstream), from 50% power 
Reactor trip on high pressurizer pressure 
AFW flow of 250 gpm at 15 min (+ 5 min to refill lines) 

7. AFW flow applicable to each event/condition is provided in the 
following table of hydraulic calculation results.  
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SOUTHERN CALIFORNIA EDISON CO.  
SONGS, UNIT I 
3rd AFW Pump-G-10W Automation Study 

SUMMARY TABLE OF HYDRAULIC CALCULATION RESULTS 
(FOR AFW FLOW CONTROL) 

AFW TOTAL AFWS 
FLOW (GPM) TO TOTAL 

STEAM GENERATOR PRESSURE (PSIG) SEEN BY PUMPS STEAM GEN. (b) FLOW (GPM) 
S/G 1A S/G lB S/G IC 

G10 1015 1015 1015 218 218 

Break to 
G10 1015 Atmosphere 1015 97 295 

G10 1015 1015 Blocked (c) 169 169 

G1OS 1015 1015 1015 184.5 184.5 

Break to 
GIOS 1015 1015 Atmosphere 40.8 230 

GlOS 1015 1015 Blocked (c) 165 165 

GlOS Atmosphere Atmosphere Atmosphere 405 405 

Break to 
GlOS Atmosphere Atmosphere Atmosphere 270 405 

GlOW (a) 1015 1015 1015 210 210 

Break to 
G10W (a) Atmosphere 1015 1015 71.6 263 

GlOW (a) Blocked (c) . 1015 1015 169 169 

G1OW (a) Atmosphere Atmosphere Atmosphere 420 420 

Break to 
G1OW (a) Atmosphere Atmosphere Atmosphere .280 420 

Break to 
G10 + GlOS 1015 1015 Atmosphere 146.6 351.5 

Break to 
GlOW (d) Atmosphere 1015 1015 136.1 336.4 

(a) Restriction orifice in pump discharge.  
(b) Each AFW line with same venturi/orifice downstream of FCV's and before 

AFW-MFW boundary check valve.  
(c) By operator action to close off line break to atmosphere.  
(d) Flow throueh bvass around restriction orifice in discharge.



0* 
AUXILIARY FEEDWATER/REACTOR PROTECTION SYSTEMS 

(POST-CYCLE 10 CONFIGURATION) 
EVENT-SPECIFIC SINGLE FAILURE RESPONSE ANALYSIS 
SAN ONOFRE NUCLEAR GENERATION STATION, UNIT 1 

EVENT: SINGLE STEAM GENERATOR LOSS OF FEEDWATER 
FROM 100% POWER 

COMMON CAUSE FAILURES: NONE 
STM/FW MISMATCH SCRAM: AVAILABLE 

ACCEPTANCE CRITERION: NO PRESSURIZER FILL 

--- - --------- EFFECT ON RPS/AFWS --------- ------ ------- } APPLICABLE ANALYSIS 
SINGLE FAILURE REACTOR SCRAM 8-10 8-105 8-loW FLOW INDICATION FLOW CONTROL VLVS ACTION (AFW FLOW) (REQUIRED AFW FLOW) 

G-10 HI PZR LEVEL (50%) FAILED AVAILABLE AVAILABLE AVAILABLE 2/LOOP OK CLOSE DG-2 BRKR CASE A 
@30 MIN @30 MIN (210 @ 30 MIN) (185 @ 30 MIN) 

G-10S HI PZR LEVEL (50%) AVAILABLE FAILED AVAILABLE AVAILABLE 2/LOOP OK NONE REQUIRED BOUNDED BY CASE A 
@3.5 MIN @30 MIN (218 @ 3.5 MIN) (185 @ 30 MIN) 

TRAIN A POWER HI PZR LEVEL (50%) FAILED FAILED AVAILABLE AVAILABLE 1/LOOP FAILED SHUT CLOSE DB-2 BRKR CASE A 
@30 MIN (210 @ 30 MIN) (185 @ 30 MIN) 

G-10W HI PZR LEVEL (50%) AVAILABLE AVAILABLE FAILED AVAILABLE 2/LOOP OK NONE REQUIRED BOUNDED BY CASE A 
@3.5 MIN @30 MIN (218 @ 3.5 MIN) (185 @ 30 MIN) 

FLOW INDICATION HI PZR LEVEL (50%) AVAILABLE AVAILABLE AVAILABLE FAILED 2/LOOP OK NONE REQUIRED BOUNDED BY CASE A 
@3.5 MIN @30 MIN @30 MIN (218 @ 3.5 MIN) (185 @ 30 MIN) 

TRAIN B POWER HI PZR LEVEL (50%) AVAILABLE AVAILABLE FAILED FAILED 1/LOOP FAILED OPEN NONE REQUIRED BOUNDED BY CASE A 
@3.5 MIN @30 MIN (218 @ 3.5 MIN) (185 @ 30 MIN)



0 *0 
AUXILIARY FEEDWATER/REACTOR PROTECTION SYSTEMS 

(POST-CYCLE 10 CONFIGURATION) 
EVENT-SPECIFIC SINGLE FAILURE RESPONSE ANALYSIS 

SAN ONOFRE NUCLEAR GENERATION STATION, UNIT 1 

EVENT: SINGLE STEAM GENERATOR LOSS OF FEEDWATER 
FROM 50% POWER 

COMON CAUSE FAILURES: NONE 
STM/FW MISMATCH SCRAM: BYPASSED 

ACCEPTANCE CRITERION: NO PRESSURIZER FILL 

S - --------------- EFFECT ON RPS/AFWS ------------ .} APPLICABLE ANALYSIS 
SINGLE FAILURE REACTOR SCRAM 6-10 8-10S B-10W FLOW INDICATION FLOW CONTROL VLYS ACTION (AFW FLOW) (REQUIRED AFW FLOW) 

G-10 HI PZR LEVEL (50%) FAILED AVAILABLE AVAILABLE AVAILABLE 2/LOOP OK CLOSE DG-2 BRKR BOUNDED BY CASE C 
@30 MIN @30 MIN (210 @ 30 MIN) (185 @ 30 MIN) 

0-los HI PZR LEVEL (50%) AVAILABLE FAILED AVAILABLE AVAILABLE 2/LOOP OK NONE REQUIRED BOUNDED BY CASE C 
@3.5 MIN @30 MIN (218 @ 3.5 MIN) (185 @ 30 MIN) 

TRAIN A POWER HI PZR LEVEL (50%) FAILED FAILED AVAILABLE AVAILABLE 1/LOOP FAILED SHUT CLOSE DG-2 BRKR BOUNDED BY CASE C 
@30 MIN (210 @ 30 MIN) (185 @ 30 MIN) 

0-lOW HI PZR LEVEL (50%) AVAILABLE AVAILABLE FAILED AVAILABLE 2/LOOP OK NONE REQUIRED BOUNDED BY CASE C 
@3.5 MIN @30 MIN (218 @ 3.5 MIN) (185 @ 30 MIN) 

FLOW INDICATION HI PZR LEVEL (50%) AVAILABLE AVAILABLE AVAILABLE FAILED 2/LOOP OK NONE REQUIRED BOUNDED BY CASE C 
@3.5 MIN @30 MIN @30 MIN (218 @ 3.5 MIN) (185 @ 30 MIN) 

TRAIN B POWER HI PZR LEVEL (50%) AVAILABLE AVAILABLE FAILED FAILED 1/LOOP FAILED OPEN NONE REQUIRED BOUNDED BY CASE C 
@3.5 MIN @30 MIN (218 @ 3.5 MIN) (185 @ 30 MIN)



AUXILIARY FEEDWATER/REACTOR PROTECTION SYSTEMS 
(POST-CYCLE 10 CONFIGURATION) 

EVENT-SPECIFIC SINGLE FAILURE RESPONSE ANALYSIS 
SAN ONOFRE NUCLEAR GENERATION STATION, UNIT 1 

EVENT: COMPLETE LOSS OF MAIN FEEDWATER 
FROM 100% POWER 

COMMON CAUSE FAILURES: NONE 
STW/FW MISMATCH SCRAM: AVAILABLE 

ACCEPTANCE CRITERION: NO PRESSURIZER FILL 

S---------------EFFECT N RPS/AFWS ---- -- APPLICABLE ANALYSIS 
SINGLE FAILURE REACTOR SCRAM 6-10 B-lOS 8-10W FLOW INDICATION FLOW CONTROL VLVS ACTION (AFW FLOW) (REQUIRED AFW FLOW) 

G-10 STM/FW MISMATCH FAILED AVAILABLE AVAILABLE AVAILABLE 2/LOOP OK CLOSE D6-1 BRKR CASE B 
@30 MIN @30 MIN (184 @ 30 MIN) OR (165 @ 30 MIN) 

CLOSE D6-2 BRKR 
(210 @ 30 MIN) 

6-10S STM/FW MISMATCH AVAILABLE FAILED AVAILABLE AVAILABLE 2/LOP OK NONE REQUIRED BOUNDED BY CASE B 
@3.5 MIN @30 MIN (218 @ 3.5 MIN) (165 @ 30 MIN) 

TRAIN A POWER STM/FW MISMATCH FAILED FAILED AVAILABLE AVAILABLE 1/LOOP FAILED SHUT CLOSE D-2 BRKR CASE B 
@30 MIN (210 @ 30 MIN) (165 @ 30 MIN) 

B-10 STM/FW MISMATCH AVAILABLE AVAILABLE FAILED AVAILABLE 2/LOOP OK NONE REQUIRED BOUNDED BY CASE B 
@3.5 MIN @30 MIN (218 @ 3.5 MIN) (165 @ 30 MIN) 

FLOW INDICATION STM/FW MISMATCH AVAILABLE AVAILABLE AVAILABLE FAILED 2/LOOP OK NONE REQUIRED BOUNDED BY CASE B 
@3.5 MIN @30 MIN @30 MIN (218 @ 3.5 MIN) (165 @ 30 MIN) 

TRAIN B POWER STM/FW MISMATCH AVAILABLE AVAILABLE FAILED FAILED 1/LOOP FAILED OPEN NONE REQUIRED BOUNDED BY CASE B 
@3.5 MIN @30 MIN (218 @ 3.5 MIN) (165 @ 30 MIN)



0 
AUXILIARY FEEDWATER/REACTOR PROTECTION SYSTEMS 

(POST-CYCLE 10 CONFIGURATION) 
EVENT-SPECIFIC SINGLE FAILURE RESPONSE ANALYSIS 

SAN ONOFRE NUCLEAR GENERATION STATION, UNIT I 

EVENT: COMPLETE LOSS OF MAIN FEEDWATER 
FROM 50% POWER 

COMMON CAUSE FAILURES: NONE 
STM/FW MISMATCH SCRAM: BYPASSED 

ACCEPTANCE CRITERION: NO PRESSURIZER FILL 

EFFECT ON RPS/AFWS - - -- APPLICABLE ANALYSIS 
SINGLE FAILURE REACTOR SCRAM 6-10 6-10S -10W FLOW INDICATION FLOW CONTROL VLVS ACTION (AFW FLOW) (REQUIRED AFW FLOW) 

6-10 HI PZR LEVEL (50%) FAILED AVAILABLE AVAILABLE AVAILABLE 2/LOOP OK CLOSE DG-2 BRKR CASE C 
@30 MIN @30 MIN (210 @ 30 MIN) (185 @ 30 MIN) 

G-loS HI PZR LEVEL (50%) AVAILABLE FAILED AVAILABLE AVAILABLE 2/LOOP OK NONE REQUIRED BOUNDED BY CASE C 
@3.5 MIN @30 MIN (218 @ 3.5 MIN) (185 @ 30 MIN) 

TRAIN A POWER HI PZR LEVEL (50%) FAILED FAILED AVAILABLE AVAILABLE 1/LOOP FAILED SHUT CLOSE DB-2 BRKR CASE C 
@30 MIN (210 @ 30 MIN) (185 @ 30 MIN) 

G-lOW HI PZR LEVEL (50%) AVAILABLE AVAILABLE FAILED AVAILABLE 2/LOOP OK NONE REQUIRED BOUNDED BY CASE C 
@3.5 MIN @30 MIN (218 @ 3.5 MIN) (185 @ 30 MIN) 

FLOW INDICATION HI PZR LEVEL (50%) AVAILABLE AVAILABLE AVAILABLE FAILED 2/LOOP OK NONE REQUIRED BOUNDED BY CASE C 
@3.5 MIN @30 MIN @30 MIN (218 @ 3.5 MIN) (185 @ 30 MIN) 

TRAIN B POWER HI PZR LEVEL (50%) AVAILABLE AVAILABLE FAILED FAILED 1/LOOP FAILED OPEN NONE REQUIRED BOUNDED BY CASE C 
@3.5 MIN @30 MIN (218 @ 3.5 MIN) (185 @ 30 MIN)



AUXILIARY FEEDWATER/REACTOR PROTECTION SYSTEMS 
(POST-CYCLE 10 CONFIGURATION) 

EVENT-SPECIFIC SINBLE FAILURE RESPONSE ANALYSIS 
SAN ONOFRE NUCLEAR GENERATION STATION, UNIT 1 

EVENT: MAIN FEEDWATER LINE BREAK, UPSTREAM OF 5/6 CHECK VALVES 
FROM 100% POWER 

COMMON CAUSE FAILURES: ONE FEEDWATER LINE RUPTURED. ALL AFW TO THE 
AFFECTED LINE ASSUMED LOST 

STM/FW MISMATCH SCRAM: AVAILABLE 

ACCEPTANCE CRITERION: NO CORE UNCOVERY 

------- __--------- EFFECT ON RPS/AFWS -------- _ --- ---------------- } APPLICABLE ANALYSIS 

SINGLE FAILURE REACTOR SCRAM B-10 6-lOS 6-lOW FLOW INDICATION FLOW CONTROL VLVS ACTION (AFW FLOW) (REQUIRED AFW FLOW) 

6-10 STM/FW MISMATCH FAILED AVAILABLE AVAILABLE AVAILABLE 2/LOOP OK CLOSE DB-2 BRKR CASE D 
@15 MIN @15 MIN AND EQUALIZE FLOW (125 @ 30 MIN) 

(140 @ 15 MIN) 

B-10S STM/FW MISMATCH AVAILABLE FAILED AVAILABLE AVAILABLE 2/LOOP OK (97 @ 3.5 MIN) BOUNDED BY CASE D 
@3.5 MIN @15 MIN EQUALIZE FLOW (125 @ 30 MIN) 

(145 @ 15 MIN) 

TRAIN A POWER STM/FW MISMATCH FAILED FAILED AVAILABLE AVAILABLE 1/LOOP FAILED SHUT CLOSE D6-2 BRKR CASE 0 
@15 MIN AND EQUALIZE FLOW (125 @ 30 MIN) 

(140 @ 15 MIN) 

6-lOW STM/FW MISMATCH AVAILABLE AVAILABLE FAILED AVAILABLE 2/LOOP OK (97 @ 3.5 MIN) BOUNDED BY CASE D 
@3.5 MIN @15 MIN EQUALIZE FLOW (125 @ 30 MIN) 

(145 8 15 MIN) 

FLOW INDICATION STM/FW MISMATCH AVAILABLE AVAILABLE AVAILABLE FAILED 2/LOOP OK (97 @ 3.5 MIN) BOUNDED BY CASE D 
@3.5 MIN @15 MIN @15 MIN CLOSE DS-1 BRKR (125 8 30 MIN) 

(146 8 15 MIN) 

TRAIN B POWER STM/FW MISMATCH AVAILABLE AVAILABLE FAILED FAILED 1/LOOP FAILED OPEN (97 @ 3.5 MIN) BOUNDED BY CASE D 
@3.5 MIN @15 MIN CLOSE 08-1 BRKR (125 @ 30 MIN) 

(146 8 15 MIN)



AUXILIARY FEEDWATER/REACTOR PROTECTION SYSTEMS 
(POST-CYCLE 10 CONFIGURATION) 

EVENT-SPECIFIC SINGLE FAILURE RESPONSE ANALYSIS 
SAN ONOFRE NUCLEAR GENERATION STATION, UNIT 1 

EVENT: MAIN FEEDWATER LINE BREAK, UPSTREAM OF 5/6 DECK VALVES 
FROM 50% POWER 

COMMON CAUSE FAILURES: ONE FEEDWATER LINE RUPTURED. ALL AFW TO THE 
AFFECTED LINE ASSUMED LOST 

STM/FW MISMATCH SCRAM: BYPASSED 

ACCEPTANCE CRITERION: NO CORE LUCOVERY 

-------- EFFECT ON RPS/AFWS - - - ----- } APPLICABLE ANALYSIS 
SINGLE FAILURE REACTOR SCRAM 6-10 B-1OS 8-10W FLOW INDICATION FLOW CONTROL VLVS ACTION (AFW FLOW) (REQUIRED AFW FLOW) 

G-10 HI PZR LEVEL (50%) FAILED AVAILABLE AVAILABLE AVAILABLE 2/LOOP OK CLOSE DG-2 BRKR CASE E 
@15 MIN @15 MIN AND EQUALIZE FLOW (125 @ 15 MIN) 

(140 @ 15 MIN) 

8-lOS HI PZR LEVEL (50%) AVAILABLE FAILED AVAILABLE AVAILABLE 2/LOOP OK (97 @ 3.5 MIN) BOUNDED BY CASE E 
@3.5 MIN @15 MIN EQUALIZE FLOW (125 @ 15 MIN) 

(145 @ 15 MIN) 

TRAIN A POWER HI PZR LEVEL (50%) FAILED FAILED AVAILABLE AVAILABLE 1/LOOP FAILED SHUT CLOSE DB-2 BRKR CASE E 
@15 MIN AND EQUALIZE FLOW (125 @ 15 MIN) 

(140 @ 15 MIN) 

6-lOW HI PZR LEVEL (50%) AVAILABLE AVAILABLE FAILED AVAILABLE 2/LOOP OK (97 @ 3.5 MIN) BOUNDED BY CASE E 
@3.5 MIN @15 MIN EQUALIZE FLOW (125 @ 15 MIN) 

(145 @ 15 MIN) 

FLOW INDICATION HI PZR LEVEL (50%) AVAILABLE AVAILABLE AVAILABLE FAILED 2/LOOP OK (97 @ 3.5 MIN) BOUNDED BY CASE E 
@3.5 MIN @15 MIN @15 MIN CLOSE 06-1 BRKR (125 @ 15 MIN) 

(146 @ 15 MIN) 

TRAIN B POWER HI PZR LEVEL (50%) AVAILABLE AVAILABLE FAILED FAILED 1/LOOP FAILED OPEN (97 @ 3.5 MIN) BOUNDED BY CASE E 
@3.5 MIN @15 MIN CLOSE DB-1 BRKR (125 @ 15 MIN) 

(146 @ 15 MIN)



0.  
AUXILIARY FEEDWATER/REACTOR PROTECTION SYSTEMS 

(POST-CYCLE 10 CONFIGURATION); 
EVENT-SPECIFIC SINGLE FAILURE RESPONSE ANALYSIS 

SAN DNOFRE NUCLEAR GENERATION STATION, UNIT 1 

EVENT: MAIN FEEDWATER LINE BREAK, DOWNSTREAM OF S/6 CHECK VALVES 
FROM 100% POWER 

COMMON CAUSE FAILURES: ONE LINE RUPTURED AT STEAM GENERATOR. AFW 
TO AFFECTED LINE AND STEAM TO G-10 TURBINE ASSUMED 
LOST 

STM/FW MISMATCH SCRAM: AVAILABLE 

ACCEPTANCE CRITERION: NO CORE UNCOVERY 

EFFECT ON RPS/AFWS - APPLICABLE ANALYSIS 
SINGLE FAILURE REACTOR SCRAM G-10 G-1OS G-10W FLOW INDICATION FLOW CONTROL VLVS ACTION (AFW FLOW) (REQUIRED AFW FLOW) 

G-10 NO STEAM 

G-loS STM/FW MISMATCH NO STEAM FAILED AVAILABLE AVAILABLE 2/LOOP OK NONE REQUIRED BOUNDED BY CASE F 
@1 MIN* (280 @ 1 MIN+) (250 @ 15 MIN+) 

TRAIN A POWER STM/FW MISMATCH NO STEAM FAILED AVAILABLE AVAILABLE 1/LOOP FAILED SHUT NONE REQUIRED BOUNDED BY CASE F 
@1 MIN* (280 @ 1 MIN+) (250 @ 15 MIN+) 

B-10W STM/FW MISMATCH NO STEAM AVAILABLE FAILED AVAILABLE 2/LOOP OK NONE REQUIRED BOUNDED BY CASE F 
@1 MIN* (270 @ 1 MIN+) (250 @ 15 MIN+) 

FLOW INDICATION STM/FW MISMATCH NO STEAM AVAILABLE AVAILABLE FAILED 2/LOOP OK NONE REQUIRED BOUNDED BY CASE F 
@15 MIN# @1 MIN* (280 @ 1 MIN+) (250 @ 15 MIN+) 

TRAIN B POWER STM/FW MISMATCH NO STEAM AVAILABLE FAILED FAILED 1/LOOP FAILED OPEN NONE REQUIRED BOUNDED BY CASE F 
@1 MIN* (270 @ 1 MIN+) (250 @ 15 MIN+)



* 
AUXILIARY FEEDWATER/REACTOR PROTECTION SYSTEMS 

(POST-CYCLE 10 CONFIGURATION) 
EVENT-SPECIFIC SINGLE FAILURE RESPONSE ANALYSIS 

SAN ONOFRE NUCLEAR GENERATION STATION, UNIT I 

EVENT: MAIN FEEDWATER LINE BREAK, DOWNSTREAM OF S/6 CHECK VALVES 
FROM 50% POWER 

COMMON CAUSE FAILURES: ONE LINE RUPTURED AT STEAM GENERATOR. AFW 
TO AFFECTED LINE AND STEAM TO 6-10 TURBINE ASSUMED 
LOST 

STM/FW MISMATCH SCRAM: BYPASSED 

ACCEPTANCE CRITERION: NO CORE UNCOVERY 

EFFECT ON RPS/AFWS --- --- - - - -1 APPLICABLE ANALYSIS 
SINGLE FAILURE REACTOR SCRAM 6-10 -10S 6-10W FLOW INDICATION FLOW CONTROL VLVS ACTION (AFW FLOW) (REQUIRED AFW FLOW) 

6-10 NO STEAM 

6-loS HI PZR PRESSURE NO STEAM FAILED AVAILABLE AVAILABLE 2/LOOP OK NONE REQUIRED BOUNDED BY CASE 6 
@1 MINI (280 @ 1 MIN+) (250 8 15 MIN+) 

TRAIN A POWER HI PZR PRESSURE NO STEAM FAILED AVAILABLE AVAILABLE 1/LOOP FAILED SHUT NONE REQUIRED BOUNDED BY CASE 6 
@1 MINI (280 @ 1 MIN+) (250 @ 15 MIN+) 

G-10W HI PZR PRESSURE NO STEAM AVAILABLE FAILED AVAILABLE 2/LOOP OK NONE REQUIRED BOUNDED BY CASE 6 
@1 MIN* (270 @ 1 MIN+) (250 @ 15 MIN+) 

FLOW INDICATION HI PZR PRESSURE NO STEAM AVAILABLE AVAILABLE FAILED 2/LOOP OK NONE REQUIRED BOUNDED BY CASE 6 
815 MIN# 81 MINI (280 @ 1 MIN+) (250 @ 15 MIN+) 

TRAIN B POWER HI PZR PRESSURE NO STEAM AVAILABLE FAILED FAILED 1/LOOP FAILED OPEN NONE REQUIRED BOUNDED BY CASE 6 
81 MINI (270 @ 1 MIN+) (250 8 15 MIN+) 

# INTERLOCK BLOCKS * SISLOP/DG/PUMP + PLUS 5 MIN FOR 
AUTO-START START REFILL OF INTACT 

FW LINES



SOUTHERN CALIFORNIA EDISON CO.  
SONGS, UNIT I 
AFW Single Failure Analysis 

AUXILIARY FEEDWATER SYSTEM (AFWS) SINGLE FAILURE ANALYSIS 
SONGS UNIT 1 

INHERENT 
IDENTIFICATION FAILURE LOCAL EFFECTS AND METHOD OF COMPENSATING 

ITEM TRAIN COMPONENT MODE DEPENDENT FAILURES DETECTION PROVISION(S) EFFECT ON AFWS REMARKS 

1 A S/G Water Level Level High 2-out-of-3 S/G Logic reduced Control Room Redundant Train A initiation may not Actuation Devices include: LT2400A, Narrow Range (Output High) to 2-out-of-2 on remaining Indication; Train, Manual be provided automatically B, C; LYV2400A, B, C; L12400A, B, C; Instrumentation S/Gs Periodic Testing Initiation when 2 S/G's at low level LYB2400A, B, C (Ref: 451775 Rev. 1, (Part of 
condition 5159842 Rev. 4) Loop 2400) 

Level Low 2-out-of-3 S/G Logic reduced Control Room None required, Train A flow may be Operator can place train in manual 
(Output Low) to 1-out-of-2 on remaining Indication, Manual Mode and provided automatically mode and prevent start. Train B is 

S/G's Status; Redundant Train when only 1 S/G at low still available 
Periodic Testing level condition 

2 A AFW Initiation Untripped Loss of capability to provide Periodic Testing, Redundant Train A initiation not Initiation Devices include: Logic (Part of (output high) automatic initiation of AFW Control Room Train, possible provided automatically LYY2400A, B; HS2400A, B; LYL2400A, Loop 2400) Train A Status at Manual when S/G's at low level B; LYC2400A through I (Ref: 451775 
Redundant Train Initiation condition Rev. 1, 5159842 Rev. 4) 
Initiation 

Tripped Initiates GlOS and 010 pumps Control Room None Required, Train A flow provided to Operator can place train in manual 
(output low) in "lag" mode; if Glow is not Status, Alarm Manual Mode and S/G's (represents less mode and then stop, or prevent start 

delivering flow, 010 and Gl0S Redundant Train than 5% of normal feed- if still in "lag" period. Train B 
will start, and their water flow) is still available 
isolation valves will open 

3 A GlOS Pump Suc- Pressure Low Inoperability of Train A Control Room Redundant Train Inoperability of Train A Automatic Protection Interlock tion Pressure (Output Low) automatic (motor-driven) Alarm, Indication; automatic (motor-driven) Devices include: PT2010, PYV2010, Instrumentation pumping capability for MSLB Periodic Testing pumping capability for PI2010A, PYB2010, PYT2010, PYY2010, (Loop 2010) or FWLB (downstream of check MSLB or FWLB (downstream PYC2010A, PYC2010B (Ref: 451791 
valves) of check valves) Rev. 1, 5159842 Rev. 4). NOTE: EQ 

is required 

Pressure High Inoperability of Train A Periodic Testing None Required, Inoperability of Train A For equipment protection only; 
(Output High) motor-driven pump automatic Manual Mode and motor-driven pump automatic protection not required to 

protection Redundant Train automatic protection prevent pump run-out in new design 

4 A Motor-driven Fails to start Inoperability of Train A Periodic Testing; Redundant Train Inoperability of Train A (Ref: 5180611 Rev. 1) AW Pump (GIOS) (motor-driven) pumping Control Room (motor-driven) pumping 
capability for MSLB or FWLB Status, Alarm, capability for MSLB or 
(downstream of check valves) Indication FWLB (downstream of check 

valves) 

NOTE: "" denotes new equipment, tag number(s) to be provided upon design completion.  
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-* CALIFORNIA EDISON CO.  
SONGS, UNIT 1 
AFW Single Failure Analysis 

AUXILIARY FEEDWATER SYSTEM (AFwS) SINGLE FAILURE ANALYSIS 
SONGS UNIT 1 

INHERENT 
IDENTIFICATION FAILURE LOCAL EFFECTS AND METHOD OF COMPENSATING 

ITEM TRAIN COMPONENT MODE DEPENDENT FAILURES DETECTION PROVISION(S) EFFECT ON AFWS REMARKS 

5 A GlOS Pump Dis- Pressure Low Inoperability of rGO pump Periodic Testing, None required Inoperability of GI0S pump Indication Devices include: PT2011, charge Pressure (Output Low) discharge pressure indication Control Room discharge indication PYV2011, P12011, PYB2011, PYC2011A, Instrumentation 
Indication 

PYC2011B (Ref: 451666 Rev. 4, (Loop 2011) 
5159842 Rev. 4). NOTE: EQ is 
required 

Pressure High Inoperability of G1OS pump Control Room None Required Inoperability of G1OS pump (Output High) discharge pressure indication Indication, discharge indication 
Periodic Testing 

6 A GlOS Cross-tie Fails in the No AFW effect Periodic Testing, None required None (Ref: 5159559 Rev. 2, 5180661 
to 1st point closed Control Room Rev. 1) 
heater position Status 
(MOV1204) 

Fails to close Inoperability of Train A Periodic Testing; Redundant Train Inoperability of Train A MOV1204 can be closed by manual (motor-driven) pumping Control Room (motor-driven) pumping operation from Control Room or capability for MSLB or FWLB Status, Alarm, capability for MSLB or locally at valve 
(downstream of check valves) Indication FWB (downstream of check 

valves) 

7 A GlOS Pump Fails to the If open before 105 Pump at Control Room None required If open before G10S Pump (Ref: 5159841 Rev. 2, 5180611 Discharge Valve open position normal operating speed, will Status at normal operating speed, Rev. 1) (MOV1202) cause insignificant delay in will cause insignificant 
pump providing full flow delay in pump providing 

full flow 

Fails to open Inoperability of Train A Periodic Testing; Redundant Train Inoperability of Train A MOV1202 can be opened by manual (motor-driven) pumping Control Room (motor-driven) pumping operation from Control Room or 
capability for ISLB or FWLB Status, Indication capability for miLB or locally at valve 
(downstream of check valves) FWLB (downstream of check 

valves) 

NOTE: "*" denotes new equipment, tag number(s) to be provided upon design completion.  

Page 2



So CALIFORNIA EDISON Co.  
SONGS, UNIT 1 
AFW Single Failure Analysis 

AUXILIARY FEEDWATER SYSTEM (AFWS) SINGLE FAILURE ANALYSIS 
SONGS UNIT 1 

IDITIFICATION FAILURE LOCAL EFFECTS AND METHOD OF COMPENSATING ITEM TRAIN COMPONENT MODE DEPENDENT FAILURES DETECTION PROVISION(S) EFFECT ON AFWS REHARKS 

8 A AW Flow Fails closed FCV closes Control Room FCV *, 3301, or None (full flow available Control Devices include: FCV2300, Control Valve (F.C.) Indication, Alarm 3300 (Redundant through Train B parallel FCV2301, FCV*, FY2300A, FY2301A, 2301, or0*,Train) 
FCV). FY*A, FY12300, FY12301, FYI*, 2301, or * 

FC2300, FC2301, FC*, HC2300, HC2301, 
HC*, FY2300B, FY2301B, FY*B, 
PCV2300A, PCV2300B, PCV2301A, 
PCV2301B, PCV*A, PCV*B; ZS02300A, B; 
ZSC2300A, B; 2502301A, B; ZSC2301A, 
B; ZSO*A, B; ZSC*A, B (Ref: 451874 
Rev. 2, 5159842 Rev. 4) 

Fails to close FCV remains open. Periodic Testing; Combined GlO Loss of flow equalization Combined G10 and G1OS capacity 
Control Room and GlOS pump capability for FWLB provides minimum flow through at Indication, capacity least 2 intact feedwater lines 
possible alarm without flow equalization 

9 A Vital Bus Fails to In Train A A : Control Room Redundant Train Train A initiation not GOS pump, MOV1202, and MOV1204 are No. 3A supply power -Loss of SIG water level Indication, Alarm provided automatically still available by manual operation 
narrow range instrumentation when S/G's at low level from Control Room; GlO pump can be Loss of status indication condition; Train A FCV's started locally (Ref: 5102174 - Loss of A0 Initiation Logic fail closed to preserve Rev. 37, 5159794 Rev. 3 - Revise, Loss of GOS and GlO pumps' Train B equalization 5159842 Rev. 4 - Revise) suction pressure automatic capability 
protection 

- Loss of GIOS and G10 pumps' 
discharge pressure automatic 
operation interlocks 

- Loss of FCVs control (F.C.) 
- Loss of 010 pump control 
- G10 Pump goes into "warmup" 
condition 

- Loss of G10 pump discharge 
valve (CV3213) control 
(F.O.) 

10 A 125 Vdc Bus Fails to Same as Vital Bus No. 3A above Control Room Redundant Train Train A controls Gb pump can be started locally; No. I supply power plus: Indication, Alarm inoperable GOS pump can be started from 480V 
- Loss of GlOS pump control Swgr breaker, since its electrical 
- Loss of G1OS pump discharge fault protection does not require 

valve (MOVI202) control 
external control power (Ref: (Fails - as is) 
5146828 Rev. 24, 5180611 Rev. 1) 

NOTE: "*" denotes new equipment, tag number(s) to be provided upon design completion.  
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SO CALIFORNIA EDISON CO.  
SONGS, UNIT 1 
AFW Single Failure Analysis 

AUXILIARY FEEDWATER SYSTEM (AFWS) SINGLE FAILURE ANALYSIS 
SONGS UNIT 1 

INHERENT 
IDENTIFICATION FAILURE LOCAL EFFECTS AND METHOD OF COMPENSATING 

ITE TRAIN COMPONENT MODE DEPENDENT FAILURES DETECTION PROVISION(S) EFFECT ON AFNS REARKS 

11 A 480V MCC No. 1 Fails to In Train A AFW: Control Room Redundant Train Inoperability of Train A MOV1202 and MOV1204 can be operated supply power - Loss of MOV1202 control Status (motor-driven) pumping locally at each valve. G1O Pump is - loss of OV1204 control capability for MSLB or still available (Ref: 5102165 (both Fail Locked - as is) FWLB (downstream of check Rev. 38, 5146828 Rev. 24, 5159559 
valves) Rev. 2, 5159841 Rev. 2) 

12 A 480V Swgr No.1 Fails to Same as 480V MCC No. 1 above Control Room Redundant Train Inoperability of Train A G10 Pump is still available (Ref: supply power plus: Status, Alarm, (motor-driven) pumping 5146828 Rev. 24, 5148062 Rev. 9, Loss of GlOS Pump Indication capability for MSLB or 5150885 Rev. 8) 
FNLB (downstream of check 
valves) 

13 A 4160V Bus Fails to Same as 480V swgr No. 1 above Control Room Redundant Train Inoperability of Train A G1O Pump is still available (Ref: No. 1C supply power Alarm, Status, (motor-driven) pumping 5146828 Rev. 24, 5102162 Rev. 16, Indication capability for MSLB or 5130351 Rev. 5, 5150876 Rev. 10) 
FWLB (downstream of check 
valves) 

14 A G : Pump Suc- Pressure Low Inoperability of automatic Control Room Reaundant Train Inoperability of automatic Automatic Protection Interlock tion Pressure (Output Low) pumping capability for LOP and Indication, Alarm; and manual pumping capability for LOP Devices include: PT3OlO, PYV3OlO, Instrumentation reduces Train A flow available Periodic Testing loading of and reduces Train A flow PI3010A, PYB3010, PYT3010, PYY3010, (Loop 3010) via operator Control Room Diesel available via operator PYC3010A, PYC3010B (Ref: 451869 action Generator Control Room action Rev. 1 - Revise, 5159842 Rev. 4 
Revise). NOTE: EQ is required 

Pressure High Inoperability of steam Periodic Testing None Required Inoperability of steam For equipment protection only; (Optput High) turbine-driven pump automatic turbine-driven pump automatic protection not required to protection automatic protection prevent pump run-out in new design 
15 A Steam turbine- Fails to start Inoperability of automatic Periodic Testing; Redundant Train Inoperabilty of automatic Failure to start could also be driven AFW Pump pumping capability for LO0P and Control Room and manual pumping capability for LOP "warmup" failure (Ref: 5159794 (GIO) reduces Train A flow available Status, Alarm, loading of and reduces Train A flow Rev. 3 - Revise) 

via operator Control Room Indication Diesel available via operator 
action Generator Control Room action 

NOTE: "*" denotes new equipment, tag number(s) to be provided upon design completion.  

Page 4



SN CALIFORNIA EDISON CO.  
SONGS, UNIT 1 
AFW Single Failure Analysis 

AUXILIARY FEEDWATER SYSTEM (AFWS) SINGLE FAILURE ANALYSIS 
SONGS UNIT 1 

INHERENT 
IDENTIFICATION FAILURE LCAL EFFECTS AND METHOD OF COMPENSATING 

ITEM TRAIN COMPONENT MODE DEPENDENT FAILURES DETECTION PROVISION(S) EFFECT ON AFWS REMARKS 

16 A G10 Pump Dis- Pressure Low Inoperability of G10 pump Periodic Testing, None required Inoperability of G10 pump Indication Devices include: PT3011, charge Pressure (Output Low) discharge pressure indication Control Room discharge pressure PYV3011, P13011, PYB*, PYC*A, PYC*B 
Instrumentation Indication indication (Ref: 235863 Rev. 2 - Revise, 
(Loop 3011) 5159843 Rev. 2 - Revise) NOTE: ED 

is required 

Pressure High Inoperability of GlOS pump Control Room None Required Inoperability of GlOS pump 
(Output High) discharge pressure indication Indication, discharge pressure 

Periodic Testing indication 

17 A GlO Pump Fails open If F.0. before GlO Pump at Control Room None required If F.0. before GI1 Pump at (Ref: 5159744 Rev. 3 - Revise) 
Discharge Valve (F.O.) normal operating speed, will Status, Alarm normal operating speed, 
(CV3213) cause insignificant delay in will cause insignificant 

pump providing full flow delay in pump providing 
full flow 

Fails to open Inoperability of automatic Periodic Testing; Redundant Train Inoperability of automatic CV3213 can be opened by manual 
pumping capability for LOP and Control Room and manual pumping capability for LOP operation from Control Room or 
reduces Train A flow available Status, Alarm, loading of and reduces Train A flow locally at valve 
via operator Control Room Indication Diesel available via operator 
action Generator Control Room action 

18 A GlOW Pump Dis- Flow Low GlOS & G10 Pumps start and Periodic Testing, GlOW Pump Dis- GlOS & GI1 Pumps start and Interlock final design not compoete.  charge manifold (Output Low) operate at minimum flow Control Room charge Manifold operate at minimum flow Final design will preclude concur
flow switch (assume auto initiation Status 2nd flow switch (assume auto initiation rent operation of Trains A and B (in (first) (Loop * previously given). Discharge for Train A previously given). Dis- Auto mode); Train B will act as lead 
or *) valves do not open due to pump discharge charge valves do not open pump train and Train A as lag pump 

compensating provision valve operation due to compensating train; will address concurrent 
provision single failures, effects of valve 

leakage, physical separation 
requirements and other relevant 
criteria 

Flow High Inoperability of Train A Control Room Redundant Train Inoperability of Train A 
(Output High) automatic pumping capability Status, Periodic automatic pumping 

Testing capability 

NOrE: "*" denotes new equipment, tag number(s) to be provided upon design completion.  
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RN CALIFORNIA El)ISON CO.  

UNIT 1 

AFW Single Failure Analysis 

AUXILIARY FEEDWATER SYSTEM (AFWS) SINGLE FAILURE ANALYSIS 

SONGS UNIT 1 

INHERENT 
IDENTIFICATION FAILURE LOCAL EFFECTS AND METHOD OF COMPENSATING 

ITEM TRAIN COMPONENT MODE DEPENDENT FAILURES DETECTION PROVISION(S) EFFECT ON AFWS REMARKS 

19 A Glow Pump Dis- Flow Low Train A discharge valves Periodic Testing, GlOW Pump Dis- Discharge valves open but Interlock final design not complete.  charge Manifold (Output Low) open but Train A pumps do Control Room charge Manifold Train A Pumps do not start Final design will preclude concurflow switch not start (assume auto Status 1st flow switch (assume auto initiation rent operation of Train A and B (in (second) initiation previously given) for Train A previously given) due to Auto mode); Train B will act as lead (Loop * or ) due to compensating provision pump operation compensating provision pump train and Train A as lag pump 
train; will address concurrent 

single failures, effects of valve 

leakage, physical separation 

requirements and other relevant 

criteria 

Flow High Inoperability of Train A Control Room Redundant Train Inoperability of Train A 
(Output High) automatic pumping capability Status, Periodic automatic pumping 

Testing capability 

20 B S/G Water Level Level High 2-out-of-3 S/G Logic reduced Control Room Redundant Train B initiation may not Actuation Devices include: LT3400A, Narrow Range (Output High) to 2-out-of-2 on remaining Indication; Train, Manual be provided automatically B, C; LYV3400A, B, C; L13400A, B, C; Instrumentation S/G's Periodic Testing Initiation when 2 S/G's at low level LYB3400A, B, C (Ref: 451776 Rev. 1 (Part of 
condition and 5159843 Rev. 2) Loop 3400) 

Level Low 2-out-of-3 S/G Logic reduced Control Room None Required, Train B flow may be Operator can place train in manual 
(Output Low) to 1-out-of-2 on remaining Indication, Manual Mode and provided automatically mode and prevent start. Train A is 

S/G's Status; Redundant Train when only 1 S/G at low still available 
Periodic Testing level condition 

21 B AFW Initiation Untripped Loss of capability to provide Periodic Testing, Redundant Train B initiation not Initiation Devices include: 
Logic (Part of (output high) automatic initiation of AFW Control Room Train, possible provided automatically LYY3400A, B; HS3400A, B; LYL3400A, 
Loop 3400) Train B Status at Manual when S/G's at low level B; LYC3400A through J (Ref: 451776 

Redundant Train Initiation, condition Rev. 1, 5159843.Rev. 2) 
Initiation Manual Mode 

Start 

Tripped Initiates GIOW pump and Control Room None Required, Train B flow provided to Operator can place train in manual 
(output low) discharge valve Status, Alarm Manual Mode and S/G's (represents less mode and then stop. Train A is 

Redundant Train than 5% of normal free- still available 

water flow) 

NOTE: "*" denotes new equipment, tag number(s) to be provided upon design completion.  
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SG & CALIFORNIA EDISON CO. 0 
SONGS, UNIT 1 

AFW Single Failure Analysis 

AUXILIARY FEEDWATER SYSTEM (AFWS) SINGLE FAILURE ANALYSIS 
SONGS UNIT 1 

INHERENT 
IDENTIFICATION FAILURE LOCAL EFFECTS AND METHOD OF COMPENSATING 

ITEM TRAIN COMPONET MODE DEPENDENT FAILURES DETECTION PROVISION(S) EFFECT ON AFIS REMARKS 

22 B GlrW Pump Suc- Pressure Low Inoperabilaty of Train B Control Rao Redundant na operability of Train B Automatic Protection Interlock tion Pressure (Output Low) automatic pumping capability Alarm, Indication; Train, Manual automatic pumping Devices include: Pra, PYV*, PYY*, Instrumentation Periodic Testing Mode Start capability PI*, PYT*, PYC*, and PYB* (Ref: (loop *New 
Elementary and Loop Diagrams) 

NOTE: EQ is required 

Pressure High Inoperability of Train B Periodic Testing None Required Inoperability of Train B For equipment protection only; (Output High) pump automatic protection pump automatic protection automated protection not required to 
prevent run-out in new design 

23 B Motor-driven Fails to start Inoperability of Train B Periodic Testing; Redundant Train Inoperability of Train B GlOS and G10 pumps start based on AFW Pump CGlON) pumping capability Control Room pumping capability GlOW Pump discharge manifold or 
Status, Alarm, discharge low pressure signal 
Indication assume auto initiation previously 

given (Ref: New Elementary 
Diagram) 

24 B GlOW Pump Dis- Pressure Low Inoperability of Train B pump Periodic Testing, None Required Inoperability of Train B Indication Devices include: PT*, charge Pressure (Output Low) discharge pressure indication Control Room pump discharge pressure PYV*, and PI* (Ref: New Elementary Instrumentation 
Indication indication and Loop Diagrams) (Loop * 

Pressure High Inoperability of Train B pump Control Room None required Inoperability of Train B (Output High) discharge pressure indication Indication, pump discharge pressure 
Periodic Testing indication 

25 B GlOW Pump Fails open If F.O. before GlW Pump at Control Room None Required If F.0. before GlOW Pump (Ref: New Elementary Diagram) Discharge Valve (F.O.) normal operating speed, will Status at normal operating speed, (FV3110) cause insignificant delay in will cause insignificant 
pump providing full flow delay in pump providing 

full flow 

Fails to Inoperability of Train B Periodic Testing; Redundant Train Inoperability of Train B FV3110 can be opened by manual open pumping capability Control Room pumping capability operation from Control Room or 
Status, Indication locally at valve 

NOTE: "*" denotes new equipment, tag number(s) to be provided upon design completion.  
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tRN CALIFORNIA EDISON CO.  
SONGS, UNIT 1 
AFW Single Failure Analysis 

AUXILIARY FEEDWATER SYSTEM (ANS) SINGLE FAILURE ANALYSIS 
SONGS UNIT 1 

IDENTIFICATION FAILURE LOCAL EFFECTS AND METHOD OF COMPENSATING ITEM TRAIN COLPONENT MODE DEPEDENT FAILURES DET 10TION PROVISION(S) EFFECT ON AFWS REARKS 

26 B AFW Flow Fails to the FCV closes Control Room FCV 2300, 2301, None (full flow available Control Devices Include: FCV3300, Control Valve closed Indication, Alarm or * (Redundant through Train A parallel FCV3301, FV*, FY3300A, FY3301A, (FCV) o , 3301, position 
Train) FCV) FY*A, FY13300, FY13301, FYI*, or 3300 

HC3300, HC3301, HC*, FC3300, FC3301, 
FC*, FY3300B, FY3301B, FY*B, 
PCV3300A, PCV3301A, PCV*A, PCV*B, 
PCV3300B, PCV3301B; ZS03301A, B; 
ZSO*A, B; ZSO3300A, B; ZSC3300A, B; 
ZSC3301A, B; ZSC*A, B; ZSO*A, B 
(Ref: 451875 Rev. 2, 5159843 
Rev. 2) 

Fails open FCV remains open Periodic Testing; Combine G10 and Loss of flow equalization Combined G10 and GlOS pumps capacity (F.1.) Control Room GIOS capacity capability for FWLB provides minimum flow through at Indication, Alarm least 2 intact feedwater lines 
without equalization 

27 B Vital Bus Fails to Complete loss of AFW flow Control Room Redundant Train B initiation not GlOW Pump is still available by No. 5 supply power Indication. Indication, Alarm Train, with provided automatically manual operation from Control Room.  In Train B A tW: combined G10 when S/G's at low level (Ref: 5159826 Rev. 3 - Revise, New - Loss of /G water level and GIOS condition; loss of flow Elementary Diagram) 
narrow range instrumentation capacity for equalization capability 

- Loss of status indication FWLB (upstream for FWLB (upstream of - Loss of AN Initiation Logic of check check valves) - Loss of G10N pump's suction valves) 
pressure automatic 
protection 

- Loss of GIOW pump's 
discharge pressure 
indication 

- Loss of FCVs control (F.O.) 
- Loss of Glow pump discharge 

valve (FV3110) control 
(F.O.) 

NOTE: "*" denotes new equipment, tag number(s) to be provided upon design completion.  
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SOUHERN CALIFORNIA EDISON CO.  
SONGS, UNIT 1 
AFW Single Failure Analysis 

AUXILIARY FEEDWATER SYSTEM (AFWS) SINGLE FAILURE ANALYSIS 
SONGS UNIT 1 

INHERENT 
IDENTIFICATION FAILURE LOCAL EFFECTS AND METHOD OF COMPENSATING 

ITEM TRAIN COMPONENT MODE DEPENDENT FAILURES DETECTION PROVISION(S) EFFECT ON AFWS REARKS 

28 B 125 Vdc Bus Fails to Same as Vital Bus No. 5 above, Control Room Redundant Train Train B controls GlOW Pump could be started from 
No. 2 supply power plus: Indication, Alarm inoperable 4160V Svgr breaker, but without 

- Loss of GlOW Pump control electrical fault protection since 
it requires external control power 
(Ref: 5146828 Rev. 24 - Revise, 
New Elementary Diagram) 

29 B 480V MCC No. 2, Fails to No AFW effect Control Room None required None (Ref: 5146828 Rev. 24) 
2A, or 2B supply power Status 

30 B 480V Swgr No. 2 Fails to No AFW effect Control Room None Required None (Ref: 5146828 Rev. 24, 5148063 
supply power Alarm, Status, Rev. 11, 5150885 Rev. 8) 

Indication 

31 B 4160V Bus Fails to In Train B AFW: Control Room Redundant Train Inoperability of Train B (Ref: 5146828 Rev. 24, 5102163 
No. 2C supply power - Loss of GlOW Pump Alarm, Status, pumping cability Rev. 15 - Revise, 5130351 Rev. 5, 

Indication 5150876 Rev. 10) 

32 B AFW Flow Flow Low Inoperability of flow equali- Periodic Testing, Combined GI1 & Inoperability of flow Operator would use Train B 
Indication (Output Low) zation capability Control Room GlOS Pumps equalization capability indication to balance flow under 
(Loop 3453, Indication capacity line break-pressurized S/G's 
3454, or 3455) (Redundant scenario. Balancing need can be 

Train) avoided by running both G10 and GlOS 
Pumps together. Indication Devices 
include: FTH3453, FYV3453B, 
FYQ3453B, FYA3453, FTL3453, 
FYV3453A, FYQ3453A, FYS3453A, 
F13453, FY13453, FTH3454, FYV3454B, 

Flow High Inoperability of flow Control Room Combined 010 & Inoperability of flow FYQ3454B, FYA3454, FTL3454, 
(Output High) equalization capability. Indication, GlOS Pumps equalization capability FYV3454A, FYQ3454A, FYS3454A, 

Periodic Testing capacity F13454, FY13454, FTH3455, FYV3455B, 
(Redundant FYQ345SB, FYA3455, FTL3455, 
Train) FYV3455A, FYQ3455A, FYS3455A, 

F13455, FY13455 (Ref: 451876 
Rev. 1, 5159843 Rev. 2) 

NOTE: "*" denotes new equipment, tag number(s) to be provided upon design completion.  
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NUCLEAR GENERATION SITE SYSTEM DESCRIPTION SD-SOl-580 

UNT 1 REVISION 0 PAGE 4 OF 79 

SAFETY INJECTION, RECIRCULATION, AND CONTAINMENT SPRAY SYSTEMS 

FOREWORD 

FUNCTION: The Safety Injection, Recirculation, and 
Containment Spray Systems are designed to 
maintain the Reactor Core covered with 
coolant, maintain containment sphere 
pressure within design limits and 
subsequently prevent the uncontrolled 
release of radioactive fission products 
resulting from a loss of coolant accident.  

The following System Description contains three 

separate and distinct System Descriptions identified 
as Parts I, II, .and III. Each of the systems has 
unique functions and design bases but all three are 
related and dependent upon each other to accomplish a 
primary function; to maintain public safety by 
mitigating core damage resulting from overheating.  

The combination of all three System Descriotions 
reflects existing P&IDs and training documentation.
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SAFETY INJECTION SYSTEM 

PART I 

SAFETY INJECTION SYSTEM



NUCLEAR GENERATION SITE SYSTEM DESCRIPTION SD-SOl-580 
UNIOT 1 REVISION 0 PAGE 6 OF 79 

SAFETY INJECTION SYSTEM 

1.0 FUNCTIONS/DESIGN BASES 

1.1 The Safety Injection System System has the following main functions: 

1.1.2 The Safety Injection System is designed to mitigate 
core damage resulting from overheating following a loss 
of coolant accident. This function is accomplished by 
immediate injection of borated water (negative 
reactivity insertion) to the core and by subsequent 
recirculation of the borated primary coolant through 
the core for long-term post LOCA cooling.  

1.2 The Safety Injection System has the following additional function: 

1.2.1 The Safety Injection System will also inject borated 
water to provide necessary negative reactivity 
insertion during rapid cooldown of the primary coolant 
system following a secondary side Steam Line Break.  

1.3 The Safety Injection System has the following Design Basis: 

1.3.2 The Safety Injection System is designed to prevent.the 
uncontrolled release of fission products resulting from 
cladding failure (fuel rod damage) in the event of a 
rupture (break) of any size line of the Reactor Coolant 
System. This includes a complete serverance of a 
Reactor Coolant Loop.  

1.3.2 The Safety Injection System is designed to limit 
fission product release from a stainless steel clad 
core to 6% of that projected for a complete core 
meltdown.  

1.3.3 The Safety Injection System is designed to insure that 
no inadvertent system operation could constitute a 
hazard such as the addition of unborated feedwater 
(positive reactivity insertion) to the Reactor Coolant 
System.  

1.3.4 To ensure system reliability, the system is provided 
with separation of component power supplies and a 
continuous power source to vital components.  

1.3.5 The system is designed to operate satisfactorily with 
second order mechanical equipment failures i.e.. with a 
loss of coolant accident as a first order condition, 
the failure of any component to respond actively in the 
prescribed manner can be tolerated without loss of 
ability of the system to perform its intended function..  

1.3.6 The design of the equipment in the Safety Injection 
System is in accordance with stringent seismic ground 
motion criteria of 0.5Gs.



NUCLEAR GENERATION SITE SYSTEM DESCRIPTION Su-SuI-580 

UNIT 1 REVISION 0 PAGE 7 OF 79 

SAFETY INJECTION SYSTEM 

2.0 DESCRIPTION 

2.1 System Overview 

2.1.1 Main Flow Path (See Figure 1A) 

The Safety Injection System is divided into two independent pumping 
trains. The two Safety Injection (SI) pumps take suction from the 

Refueling Water Storage Tank (RWST) through locked open manually 
operated valves.  

Each Safety Injection pump discharges through a check valve to a 

pneumatic hydraulic valve HV853 A/B which opens on a safety 
injection signal. Both safety injection pump discharge lines 

contain pressure instrumentation and a minimum flow recirculation 

line that discharges to a common header back to the RWST. The 

recirculation line provides a flow path for testing and to prevent 

overheating when operating with normal discharge valves closed.  

The main feed pumps take suction from the Safety Injection pumps 
and discharge through check valves to pneumatic hydraulic valves.  
HV-851A & B.  

From HV851A&B, Safety Injection water flows to a common header 

which supplies three separate injection lines via motor-operated 
isolation valves. (These MOV's also open on a safety injection 

signal.) Flow then passes through check valves which prevent 
Reactor Coolant System backflow to the Safety Injection System.  

From each check valve, flow is directed to its respective Reactor 

Coolant System cold leg.  

2.12.2 Additional Flow Paths 

.1 The main feed pumps are equipped with bypass lines with 
manual isolations to allow for circulation of borated 
water from. the RWST through the safety injection pumps 
and through idle sections of safety injection piping to 
recirculation lines upstream of.MOV's 850AB&C back to 
the RWST. This is provided to maintain consistent 
boron concentration in the system following periodic 
testing.  

.2 Charging system contribution; when a safety injection 
actuation occurs, the Reactor Coolant System pressure 
may be above the shutoff head of the main feed pumps 

(approximately 1175 psig) to allow for immediate 
injection of borated water. The charging flow control 
valve FCV-1112 automatically opens to provide maximum 

charging into the Reactor Coolant System (Non running 

pump locks out).
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SAFETY INJECTION SYSTEM 

2.0 DESCRIPTION (Continued) 

2.1.2.2 Cold Leg Injection Flowpath: 

The charging pumps take suction from the refueling 
water storage tank through motor-operated valves that 
open automatically upon a safety injection signal.  
Flow discharges through flow control valves which can 
be opened manually for a safety injection flowpath.  

From.the flow control valves, flow travels through 
three injection lines and on to motor-operated valves 
on each cold leg where it is injected into the Reactor 
Coolant System.  

.3 Initial High Pressure Injection Flowpath: 

The preferred charging pump takes suction from the RWST 
through MOV883 and MOV 1100 B & D which open on an S.I.  

* signal. From the charging pump flow is directed to 
FCV-2112 (which opens fully on an SIS) to CV-304 and on 
to RCS Cold Leg A.  

2.1.3 General Control Scheme 

Most components in the Safety Injection System are manually 
operated from the Control Room or automatically operated by the 

Safeguards Load Sequencial System.  

The safety injection signals are initiated either by containment 
pressure instrumentation or pressurizer pressure instrumertation.  
(See System Description SD-SO1-590, Safeguards Load Sequencing 
System.) 

Safety injection may be manually initiated from the Control Room by 
the use of either of two pushbuttons and two hand switches located 
on the SLSS Surveillance Panel.  

Initiation of safety injection will actuate first out annunciator 
and warning systems in the plant, including an emergency siren, 
horns and the Automated Alert System.
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SAFETY INJECTION SYSTEM 

2.0 DESCRIPTION (Continued) 

2.2 Components 

2.2.1 REFUELING WATER STORAGE TANK (RWST) 

RWST (CRS-D-1) 

PURPOSE: To provide a source of highly borated 
water for Safety Injection Operations, 
Refueling Operations. Containment Spray 
Operations (see part III of this System 
Description) and a reserve supply for 
the Chemical and Volume Control System.  

CAPACITY: 240,000 gallons 

MINIMUM REQUIRED CAPACITY: 220,000 gallons (5' 5 3/") 

FLUID STORED: 3750 - 4300 ppm borated water 

DESIGN TEMPERATURE: 1400 F 

DESIGN PRESSURE: Atmospheric 

DESIGN MATERIAL: Plastite Lined carbon steel 

TANK HEIGHT: 37 ft. 1 in.  

TANK DIAMETER: 34 ft. O in.  

VENTS: York Demister.  

LEVEL INCREMENTS: 567 -gallons/inch 
~ 2,400 gallons/% 

LEVEL INSTRUMENTATION: 

LT 950: Provides signal to Control Room 
Annunciator to LI 950 
Control Room Indicator for RWST level 
Range 0-1000 

LS 30: Provides signal to Control Room 
Annunciator Hi-Lo Alarm 

LS 69: Provides signal to Control Room 
Annunciator Low-Low Alarm 

ALARM SETPOINTS: 

HI LEVEL: 35'11" to alert Operator tank is near 
overflow 

LO LEVEL: 35'8" 
LO-LO LEVEL: approaching minimum required 

volume 21% (50,000 gallons) on LI 950
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SAFETY INJECTION SYSTEM 

*0 2.0 DESCRIPTION (Continued) 

2.2.2 REFUELING WATER STORAGE TANK ISOLATION VALVE 
(MOV-883) 

MOV 883 

PURPOSE: To provide a flow path from the Refueling 
Water Storage Tank to the Charging and 
Refueling pumps.  

OPERATOR TYPE: 480 V Induction Motor 

VALVE TYPE: Gate Valve 

VALVE SIZE: 8" (inch) 

FAIL POSITION:. As is 

OPENING TIME: 2-min. 50 sec.  

CLOSING TIME: 2 min. 50 sec.  

DESIGN MATERIAL: Stainless Steel 

INDICATIONS AT 
CONTROL SWITCH: Green-Closed 

Red-Open 

TRIPS: Excessive Torque 
Thermal Overload 

MOV883 recuires the use of two switches for opening and closing.  

One switch has backlighted indication with open and close 

pushbuttons. The second switch is a "power cutout" pushbutton.  
The pushbutton must be depressed to enable valve repositioning.
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SAFETY INJECTION SYSTEM 

2.0 DESCRIPTION (Continued) 

2.2.3 EAST AND WEST SAFETY INJECTION PUMPS 
(G50A and G50B) 

S.I. PUMPS (G50A AND G50B) 

PURPOSE: -To provide NPSH to the Main Feed pumps 
when drawing from RWST in S.I. Mode 

-To. recirculate borated water 
throuah idle sections of the 
Safety Injection System.  

LOCATION: Approximately six (6) feeT south of 
the RWST.  

FLUID PUMPED: Borated Water (up to 4300 ppm) 

DESIGN FLOWRATE: 10,500 gpm (required to support main 
feed pump flow requirements during S.I.  

PRIME MOVER: 4160 V, Induction Motor 

DESIGN HORSEPOWER: 700 HP 

DESIGN SPEED: 1200 RPM 

NPSH REQUIRED: 16 Feet 

NPSH AVAILABLE: . 30 Feet 

DESIGN DISCHARGE PRESSURE: 150 psig @ shutoff head, 106 psig, 
@ 10, 500 gpm 

PUMP SEAL TYPE: Garlock Packing 

DESIGN MATERIAL: 304 Stainless Steel 

AUTOMATIC ACTIONS: Starts on SIAS/Pumps trip on OVERCURRENT 
AND UNDERVOLTAGE 

PRESSURE INSTRUMENTATION: 

PT 910A&B: Provide signal to Control Room 
(Discharge Pressure) 

PI 910A&B: Control Room Discharge Pressure 
Indicators 
0-300.psig 

PUMP BEARING TEMPERATURES: Bearing Temperatures are monitored 
by temperature elements TE 913.  
914, 915, & 916 and are recorded 
in the Control .Room by 
Trend Recorder TR-1119.
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SAFETY INJECTION SYSTEM 

2.0 DESCRIPTION (Continued) 

2.. 2.3 EAST AND WEST SAFETY INJECTION PUMPS 

Each safety injection pump can be manually operated by a START-STOP 

spring return-to-neutral handswitch located on the Control Room 

North Vertical Board.  

The pumps can also be started automatically by a safety injection 

signal (see System Description SD-SOI-590, Safeguards Load 

Sequencing System). When started by a safety injection signal, the 
pumps can be stopped only after the SIS is RESET.  

Above each control switch in the Control Room are pump status 
liahts: Red-Start, Green-Stop, Blue-Safety Injection Signal, 
White-Normal and an ammeter.
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SAFETY INJECTION.SYSTEM 

2.0 DESCRIPTION (Continued) 

2.2.4 EAST AND WEST MAIN FEED PUMPS (G3A AND G3B) 

MAIN FEED PUMPS 

PURPOSE: To pump borated water into the RCS during 
S.I. Mode 

TYPE: Two Stage,. Double Volute, Centrifugal 

PRIME MOVER: 4160 V, Induction Motor 

DESIGN HORSEPOWER: 3500 HP 

DESIGN SPEED: 3550 RPM 

TEMPERATURE OF 
PUMPED FLUID: 3510 F Feedwater 

40' F - 900 F Safety Injection 

ADITIONAL DESIGN The Main Feed pumps are designed to withstard 

FEATURE: a 3000 F temperature drop in a 10 second 
interval. The requirement is necessary 
because of the dual function of the pumps.  

DESIGN FLOWRATE: 7,000 gpm Peed Mode 
10,500 gpm SI Mode 

DESIGN HEAD: 1,825 ft 

SHUTOFF HEAD: 2,360 ft 

NPSH: 180 ft SI Mode 

DESIGN MATERIAL: Chrome Alloy Steel 

PUMP SEAL TYPE: Mecharical
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SAFETY INJECTION SYSTEM 

2.0 DESCRIPTION (Continued) 

2.2.4 EAST AND WEST MAIN FEED PUMPS (G3A AND G3B) 

CONTROLS AND INTERLOCKS 

Manual Start: Each Main Feed Pump can be started by pushbuttons 
located on the Control Room "J" Console. Depressing the Start 

pushbutton energizes the Closing Relay. The Closing Relay Contact 

closes, causing the Breaker to Close and Pump to Start.  

Manual Stop: Depressing the Stop Pushbutton energizes the Tripping 

Relay. The Tripping Relay Contact opens, the breaker trips, anG 
the pump stops.  

Automatic Start: The Main Feed Pumps can also be started by a 
Safety Injection Signal from the Safeguards load Sequencing 
system. Sequencer 2 closes Sequencer 2 Contacts. This causes the 

Running Pump to Trip (Normal Trip Circuit). The 162-1 Time Delay 

Relay Timer energizes for 11 seconds. When timer "Times Out" the 

Time Delay Relay energizes. Pump Trip Contact from Sequencer opens 

and the 162-1 Time Delay Relay Contact in the closing Circuit 
closes. The Normal Closing Circuit energizes, closing the Breaker, 
which starts the Pump.  

Main Feed Pumps 
Start Interlocks: 186 Relay (Overcurrent) 

150 Relay (Undervoltage) 
FW/TD (Feedwater/Time Delay Relays) 
162-1 Time Delay Relay (from Sequencer 
11 Seconds to allow for Realignment to 
Safety Injection Mode)
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SAFETY INJECTION SYSTEM 

2.0 DESCRIPTION (Continued.) 

2.2.5 MAIN FEED PUMP S.I. DISCHARGE VALVES (HV-851 A&B) 

HV-851 A&B 

PURPOSE: To provide a discharge flowpath from the 
Main FeedPumps to the Safety Injection 

Header.  

OPERATOR TYPE: Pneumatic/Hydraulic 

VALVE SIZE: 14" 

VALVE TYPE: Double Disc Gate Valves 

FAIL POSITION: Open 

OPENING TIME: 5 seconds 

CLOSING TIME: 15 minutes (normally 5-7 minutes) 

DESIGN PRESSURE: 1500 psig 

DESIGN DIFFERENTIAL-OPEN: 1500 psig 

DESIGN DIFFERENTIAL-CLOSE: 50 psig 

DESIGN TEMPERATURE: 3500 F 

DESIGN MATERIAL: Stainless Steel 

Control Sequence, and Interlocks 
See Figure - Next page 

For HV-851A or B to open, the associated condensate suction valve 

(HV-854A or B) must be closed. HV-851A or B can then be opened by 

operation of its. handswitch in the Control Room or automatically by i5 
associated Sequencer (HV-851A - Sequencer #2, HV-851B - Sequencer #1).  

To close HV-851A or B; the associated Sequencer must be reset, and the 

control switch operated to the close position.  

HV-851A & B are interlocked with HV-854A & B. The valves cannot open 

unless the associated condensate valves (HV-854A or B) are closed. This 

prevents unborated water addition to the RCS.  

HV-851A & B have solenoid-operated bonnet vent valves. The valves vent 

pressure between the double discs to the feed pump discharge. These 

vent valves open automatically when HV-851A and B are opened. Venting 
the bonnet of internal pressure prevents disc binding and impaired 
movement. The solenoids may also be controlled manually from the North 
Vertical Board above its respective HV-851 valve by manual pushbuttons 
(open-close).
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SAFETY INJECTION SYSTEM 

FIGURE 1-4: SIMPLIFIED ELEMENTARY HV-851 A &_B 
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SAFETY INJECTION SYSTEM 

* 2.0 'DESCRIPTION (Continued) 

2.2.6 MAIN FEED PUMP S.I. SUCTION VALVES (HV-853 A&B) 

HV-853 A&B 

PURPOSE: To provide a flowpath from the Safety 

Injection Pumps Discharge to the Main 
Feed Pump Suctions.  

OPERATOR TYPE: Pneumatic/Hydraulic 

VALVE SIZE: 16' 

VALVE TYPE: Double Disc Gate Valves 

FAIL POSITION: Open 

OPENING TIME: 5 seconds 

CLOSING TIME: 15 minutes 

DESIGN PRESSURE: 350 psig 

DESIGN DIFFERENTIAL: 350 psig 

DESIGN TEMPERATURE: 3500 F 

DESIGN MATERIAL: Carbon Steel 

Control Sequence, Indications and.Interlocks (See Fioure (Next Page) 

To open HV853 A or B the Control Room Handswitch may be taken to 

Open (manually) or automatically from a Safeguards Load Sequencer 

signal. To close HV 853 A or B there must be no Sequencer Signal 

and the Control Room Handswitch is taken to Close.  

There are four indicating lights associated with each valve: 

Red - Open, Green - Closed, White - Normal and Blue - Safety 

Injection Signal from the Sequencer.  

HV853 A&B are interlocked with the Main Feed Pumps. If the.valves 

are not open within 30 seconds, the associated Main Feed Pump 

trips.  

HV853 A&B have manual bonnet vent valves normally left open. These 

valves relieve bonnet pressure to the suction of the feed pumps.  

This allows quick opening of the valves by relieving pressure 

between double discs. The pressure, if not relieved, forces the 

discs out against their seat that may cause binding and impaired 

operation.
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SAFETY INJECTION SYSTEM 

FIGURE 1-5: SIMPLIFIED ELEMENTARY HV-853 A & B 
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SAFETY INJECTION SYSTEM 

2.0 DESCRIPTION (Continued) 

2.2.7 MAIN FEED PUMP FEEDWATER DISCHARGE VALVES 
(HV 852 A&B) 

HV-852 A&B 

PURPOSE: To assure maximum flow to the Safety 
Injection System when the Main 
Feed Pumps are in the SI Mode.  

OPERATOR TYPE: Pneumatic/Hydraulic 

VALVE SIZE: 12" 

VALVE TYPE: Double Disc Gate Valves 

FAIL POSITION: Closed 

OPENING TIME: 15 minutes (normally 5-7 minutes) 

CLOSING TIME: 5 seconds 

DESIGN PRESSURE: 1500 psig 

DESIGN TEMPERATURE: 3500 F 

DESIGN DIFFERENTIAL: 1500 psig 

DESIGN MATERIAL: Carbon Steel 

CONTROL SEQUENCE: See Figure (Next Page) 

OPEN: No Sequencer Signal and 
Control Room Handswitch to Open 

CLOSE: Sequencer Signal or 
Control Room Handswitch to Close 

INDICATIONS: - Red Light - Open 

AT CONTROL - Green Light - Closed 

SWITCH - White Light - Normal 
- Blue Light - Safety Injection Signal 

(Sequencer)
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SAFETY INJECTION SYSTEM 

FIGURE 1-6: SIMPLIFIED ELEMENTARY HV-852 A & B 
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SAFETY INJECTION SYSTEM 

2.0 DESCRIPTION (Continued) 

2.2.8 MAIN FEED PUMP. CONDENSATE SUCTION VALVES 
(HV-854 A&B) 

HV-854 A&B 

PURPOSE: To provide a positive isolation of the 
Condensate System from the Safety 
Injection System when the Main Feed 
Pumps are in the Safety Injection Mode.  

OPERATOR TYPE: Pneumatic/Hydraulic 

VALVE SIZE: 16" 

VALVE TYPE: Double Disc Gate Valves 

FAIL POSITION: Closed 

OPENING-TIME: 15 minutes (normally 5-7 minutes) 

CLOSING TIME: 5 seconds 

DESIGN PRESSURE: 350 psig 0C 
DESIGN TEMPERATURE: 3500 F 

DESIGN DIFFERENTIAL: 350 psig 

DESIGN MATERIAL: Carbon Steel 

CONTROL SEQUENCE, INDICATIONS AND INTERLOCKS (See Figure Next Page) 

To open: HV851 A & B must be closed with no Sequencer signal and 
Control Room Handswitch to Open.  

To close: No Sequencer Signal and Control Room Handswitch to Close.  

There are four indicating lights associated with each valve: Red 

Open, Green - Closed, White - Normal, and Blue - Safety Injection 

Signal from the Sequencer.  

HV854 A & B must be fully closed prior to HV851 A & B beino 

opened. Signal is provided by Limit Switches in the Control Scheme 
of -HV854 A & B.
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SAFETY INJECTION SYSTEM 

FIGURE 1-7: SIMPLIFIED ELEMENTARY HV-854 A & B 
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SAFETY.INJECTION SYSTEM 

* 2.0 DESCRIPTION (Continued) 

2.2.9 PNEUMATIC/HYDRAULIC CONTROL SYSTEM 
FOR HVs 851, 852, 853, AND 854 A&B 

The Pneumatic/Hydraulic valves are designed to move to the 

safety-related position within 5 seconds. This is accomplished by 
the use of a gas-charged accumulator, driving the piston to the 

required position. The valves are moved to the non-safety related 

position by a pneumatic hydraulic motor which takes approximately 
15 minutes.  

HV-851 AND HV-853 A and B Operation (See Figure 2, Pace 25) 

OPEN - Safety Injection Signal or Control Switch to Open 
- SV 524, 528, 526 and 530 energize and close. (Service 
Air to P/H Pumps) 

- Pneumatic/Hydraulic pump motive force is removed 
- SV1 and SV2 are energized and open 
- Oil Ports off top of the Actuator Piston 
- Accumulator Oil Pressure forces Actuator Piston up 
- Valve opens 

CLOSE: - No Safety Injection Signal and Control Switch taken to 

open to Reset Valve. (Safety Injection Sequencer 
Reset does not reset valve) or Control Switch taken to 
close (only if no SI Signal has opened valve) 

- SV1 AND SV2* de-energize and close 
- SV524, 528, 526 and 530 de-energize and open (Service 

Air supply to P/H Pumps) 
- 70 to 1 ratio Pneumatic/Hydraulic Pump starts 
- Oil is forced into top of piston cylinder, forcing 

piston down 
- As piston moves down - valves closes and oil is forced 

back to Accumulator.  
- Accumulator is recharged by piston movement 

HV-852 AND HV-854 A and B Operation (See Fioure 2 Paqe 26) 

The valves close on receipt of a Safety Injection Signal. The 
closing sequence is identical to the opening sequence of HVs 851 
and 853 A&B with the exception of valve numbers supplying Motive 
Force to the P/H pumps.  

Opening of the valves is identical to the closing sequence for 
HV 851 and HV 853 A&B.  

All of the pneumatic valves are normally operated by service air.  

*High pressure nitrogen flasks supply backup Motive Force for the 

pumps. A Solenoid Valve at the flasks and a selector switch 
located in the Control Room allow-for alignment when service air 

* supply fails.
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SAFETY INJECTION SYSTEM 

2.0 DESCRIPTION (Continued) 

2.2.9 PNEUMATIC/HYDRAULIC CONTROL SYSTEM 
FOR HVs 851, 852, 853, AND 854 A&B 

(Continued) 

To maintain proper oil viscosity for more reliable operation, each 
valve is equipped with Hydraulic Oil Heaters controlled by 

temperature controllers.which maintain the temperature at 80-1400F.  

The sianal conditioning alarm system (SCAS) utilizes pressure 
transducers, installed in the cylinder hydraulic system of each 

valve actuator to monitor system pressure.
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FIGURE 1-8: HV-852 A & B AND HV-854 A & B 
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FIGURE 1-9: HV-851 A & B AND HV-853 A & B 
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SAFETY INJECTION SYSTEM 

2.0 DESCRIPTION (Continued) 

2.2.10 MAIN FEED PUMP SAFETY INJECTION RECIRCULATION 
VALVES (CV875 A&B) 

CV-875 A AND B 

PURPOSE: To provide initial recirculation flow 
path from Main Feed Pumps in SI Mode 
to the RWST.  

OPERATOR TYPE: Pneumatic Diaphragm 

VALVE TYPE: Gate Valves 

VALVE SIZE: 3" 

FAIL POSITION: Closed 

DESIGN MATERIAL: Stainless Steel 

Control Sequence, and Indications (see Main Feed Pump Elementary) 

CV's 875 A&B can be opened automatically as follows: The valves 
will open immediately on receipt of a S.I. Signal, Open when HV 853 
A or B respectively is open or intermediate, or MANUALLY by use of 
the Control Room Handswitch on North Vertical Board.  

CV's 875 A&B can be closed when HV 853 A or B is closed 
(respectively), No Safety Injection Signal is present and the 
Control Room Handswitch is taken to close.  

There are four indicating lights associated with each valve: 
Red - Open, Green - Closed, White - Normal. Blue - Safety 
Injection Signal from the Sequencer.
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* 2.0 DESCRIPTION (Continued) 

2.2.11 SAFETY INJECTION TO RCS ISOLATION VALVES 

MOVs 850 A,B&C 

PURPOSE: To provide a flowpath from Safety 
Injection to the Reactor Coolant System.  

(One valve for each of the three RCS loops) 

VALVE SIZE: 6" 

VALVE TYPE: Gate Valve 

OPERATOR TYPE: 480 V Induction Motor 

DESIGN MATERIAL: Stainless Steel 

DESIGN PRESSURE: 2485 psig 

DESIGN DIFFERENTIAL: 1600 psig 

DESIGN TEMPERATURE: 6500 F 

OPENING TIME: 10 seconds 

CLOSING TIME: 10 seconds 

FAIL POSITION: As Is 

CONTROL TRIPS AND INDICATION (See Figure next page) 

MOV's 850 A,B&C can be opened from the Control Room by taking the 

respective handswitch to open. This closes contacts which energize 

the opening coil. The valves may also be opened by sequencer 

signal. The signal energizes a time delay coil which, after eleven 

seconds, closes a time delay contact. Once closed, this energizes 

the opening coil.  

MOV 850A receives a signal from Sequencer 2 

MOV 850B - Sequencer 1 
MOV 850C - Sequencer 1 and 2 

All three valves can be closed by taking the Control Room 

Handswitch to close causing opening contacts to de-energize and 

closing contacts to close, thus energizing the closing coil.  

The Torque Switch will cause the Motor Breaker to trip.  

INDICATIONS: - Red Light - Open 
AT CONTROL - Green Light - Closed 

SWITCH - Blue Light - Safety Injection Signal 
- White Light - Normal
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SAFETY INJECTION SYSTEM 

FIGURE 1-10: SIMPLIFIED ELEMENTARY MOV-850 A & B 
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42/OC 42/CC 
ENERGIZE TO ENERGIZE TO 

SOPEN CLOSE 
(OPENING COIL) (CLOSING COIL) 

-- ~~ - -- - - -- SEO 2 

NOTE: MOV-850A RECIEVES SIGNAL 
FROM SEQUENCER 2 0 62-1 

y TIME 
MOV-850B RECIEVES SIGNAL mm DELAY 
FROM SEOUENCER I ENERGI 

A063 9000
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SAFETY INJECTION SYSTEM 

2.0 DESCRIPTION (Continued) 

2.2.12 NORTH AND SOUTH CHARGING PUMPS 

CHARGING PUMPS 

PURPOSE: To provide some SI flow when the RCS 
pressure is above the shutoff head of the 
feed pumps. (In Safety Injection Mode) 
See also SD-SOI-310 Chemical & Volume 
Control System 

LOCATION: Both Charging Pumps are located in the 
Reactor Auxiliary Building below the volume 
control tank (below the 20-foot elevation).  
(Lower Radwaste) 

TYPE: 12 Stage, Centrifugal 

PRIME MOVER: 4160 V Induction Motor 

DESIGN HORSEPOWER: 550 HP 

DESIGN SPEED: 3570 rpm 

MAXIMUM DESIGN FLOW RATE: 213 gpm 

NORMAL OPERATING FLOWRATE: 136 gpm 

MAXIMUM DESIGN PRESSURE: 2735 psig 

NORMAL OPERATING PRESSURE: 2300 psig 

SUCTION PRESSURE: 30 psig 

NPSH REQUIRED: 11 feet 

NPSH AVAILABLE: 30 feet 

CONTROLS: 

Each pump has a start/stop pushbutton on the "J" Console of the 
Control Room.  

Each pump has a lockout switch located in the 4KV Room. The switch 
positions are 
Bus 1C - OFF - Bus 2C. These positions select the preferred 

Charging Pump for Safety Injection.  

Position IC - South Charging Pump selected to run. North Charging 
Pump must be in the same position. This will lockout 
the North Charging Pump.  

OFF - Pump will start on Safety Injection signal 

2C - North Charging Pump selected to run South Charging 
Pump Lockout switch must be in the 2C position.
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SAFETY INJECTION SYSTEM 

2.0 DESCRIPTION (Continued) 

2.2.12 NORTH AND SOUTH CHARGING PUMPS (Continued) 

CONTROLS: (Continued) 

Each pump has a reset button located below its respective 
Start/Stop Switch. This allows for reset of the pump. If pump is 
locked out by a Safety Injection signal, it must be independently 
reset. (Reset of SIS will not reset pump) and first out 
annunciator "Charging Pump Auto Start Blocked".  

AUTOMATIC ACTIONS: 

Starts: - Low Charging Header Pressure @ 2200 psig 
- Running Pump 186 lockout relay energized.  

(-non-running pump starts) 
- SIS - Preferred pump starts if previously stopped 

.Trips: - Undervoltage (restart available 35 seconds after 
voltage restored) 

- Overcurrent 
- Safety Injection Signal/Loss of Power 
- Manual 
- SIS - Non-preferr.ed pump trips if running 

INDICATIONS: 

- Red Light - Breaker Closed - pump running 
- Green Light - Breaker Open - Pump Off 
- Motor Amps - "J" Console 
- "Charging Pump Auto Start Blocked" Alarm 
- P11119A and PT1119B on the North Vertical Board 

Indicates Charging Pump Discharge Presure 
- F11112 Flow Indication on "J" console
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SAFETY INJECTION SYSTEM 

2.0 DESCRIPTION (Continued) 

2.2.13 SEAL INJECTION FILTER BYPASS VALVES 
(MOVs 18 AND 19) 

MOVs 18 AND 19 

PURPOSE: To provide a flowpath bypassing the Seal 
Injection filters that allows for Cold 
Leg injection to the Reactor Coolant 
System 

OPERATOR TYPE: 480 V Induction Motor 

VALVE TYPE: Gate. Valves 

VALVE SIZE: 4" (inch) 

FAIL POSITION: As Is 

OPENING TIME: 120 seconds 

CLOSING TIME: 120 seconds 

DESIGN MATERIAL: Stainless Steel 

CONTROL: Both valves are controlled by hand 
switches in the Control Room. There 
are no automatic functions associated 
with MOVs 18 and 19.  

INDICATIONS: - Green Light - Closed 
AT CONTROL - Red Light - Open 
SWITCH 

TRIPS: Excessive Toroue 
Thermal: Overload
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SAFETY INJECTION SYSTEM 

2.0 DESCRIPTION (Continued) 

2.2.14 CHARGING FLOW CONTROL VALVE 

FCV-1112 

PURPOSE: To provide a flowpath from the Charging Pumps 
to establish initial Safety Injection flow to 
the Reactor Coolant System through the 
charging flowpath.  

SIZE: 4" 

VALVE TYPE: Gate 

OPERATOR TYPE: Pneumatic (Service Air) 

OPENING TIME: 120 seconds 

CLOSING TIME: 120 seconds 

DESIGN MATERIAL: Stainless Steel 

FAIL POSITION: Open 

DESIGN PRESSURE: 2700 psia 

DESIGN TEMPERATURE: 2500 F 

MAXIMUM FLOW: 125 gpm 

AUTOMATIC ACTIONS: 

Goes full Open on Safety Injection signal 

MANUAL OVERRIDE: FCV 1112 controls are equipped with a Safety 
Injection signal override pushbutton. (Allows returning valve to 
normal operation mode.) 

See Figure on next page.  

A Safety Injection signal (generated from either sequencer) 
energizes a solenoid pilot valve. This provides control air to 
FCV 1112 and the valve opens fully.  

When the.override pushbutton is depressed, the sequencer lockout 
relay (BFD 445) is energized. This energizes both relay conta.cts 
#1 Opens and #2 Closes. The solenoid pilot valve then de-energizes 
and closes. This returns FCV 1112 control to normal.
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SAFETY INJECTION SYSTEM 

FIGURE I-11: SIMPLIFIED ELEMENTARY FOR FCV-1112 

SEQUENCER - SEQUENCER 2 
SIGNAL SIGNAL 

O 

.- 1I SIGNAL 
r-o OVERRIDE 

cc 
I01PUSH BUTTON 

Y_ RELAY CONTACT RELAY CONTACT 
BFD 445 BFD 445 

0 

SOLENOID PILOT 
-1 VALVE PCV-1112 
Xj (ENERGIZED TO 

OPEN VALVE) 

SEQUENCER 
LOCKOUT 
RELAY 
BFD 445
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SAFETY INJECTION SYSTEM.  

2.0 DESCRIPTION (Continued) 

2.2.15 COLD LEG INJECTION VAVLES (MOV's 356, 357 and 358) 

MOVs 356, 357, AND 358 

PURPOSE: . To provide a flowpath for the Cold.Leg 
Injection from either charging pump.  

SIZE: 2 inch 

VALVE TYPE: Gate Valve 

OPERATOR TYPE: 480 V Induction Motor 

DESIGN MATERIAL: Stainless Steel 

OPENING TIME: 120 seconds 

CLOSING TIME: 120 seconds 

FAIL POSITION: As Is 

CONTROL & INDICATION: Each valve has an Open/Close handswitch located 
on. the West Vertical Board of the Control Room.  

Operation of the valves is by handswitch only.  
There are no automatic functions associated 
with the valves.
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SAFETY INJECTION SYSTEM 

3.0 OPERATION 

3.1 Normal Operations 

The Safety Injection System is designed to mitigate core damage 
following a loss of coolant accident. It is maintained in standby 
readiness for use when indications dictate a progression of events 

toward a LOCA.  

The Safety Injection System is aligned for its intended use during 

all plant transitions and power operations. Prior to removing 
Safety Injection from service a > 4% A K/K shutdown 
margin (Hot Standby Xenon-free, all rods in) condition must be 

verified. Normal standby alignment is performed when Reactor 

Coolant System pressure is above 500 psig during plant startup.  
There must be two (2) positive barriers between.the Reactor Coolant 

System and the unborated feedwater condensate system to prevent 

overpressurization and unborated water flow into the RCS when RCS 

pressure is less than 500 psig.  

The Safety Injection System is designed so that two (2) independent 

pumping trains are available for delivery of water borated at 
refueling concentration into the Reactor Coolant System.  

The Safety Injection System will begin operation upon receipt of a 

safety injection signal from 2 out of 3 high containment pressures 
or 2 out of 3 low pressurizer pressures. The sequencer sends a 

start signal to designated pumps and valves so that the system 

automatically aligns itself for injection operations from the 

refueling water storage tank to the reactor coolant system cold.  

legs. (See System Description SYS DES-SO1-590, Safeguards Load 

Sequencing System.) 

When initiated Safety Injection will continue until terminated by 
the operator when the RWST level approaches 21%, the suction limit 

for the Safety Injection and Main Feed pumps.  

Operator action is required to establish long term recirculation or 

other plant configuration when emergency operating instruction.s 

dictate.  

The Safety Injection System piping is maintained filled (with 

borated Water) and depressurized when in standby.
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SAFETY INJECTION SYSTEM 

4.0 REFERENCES 

4.1 P&ID's 

4.1.1 5178205 Feedwater System, Sheet I 

4.1.2 5178206 Feedwater System, Sheet 2 

4.1.3 5178207 Feedwater System, Sheet 3 

4.1.4 5178115 Safety Injection System 

4.1.5 5178135 Volume Control & Charging System, Sheet 1 

4.1.6 5178136 Volume Control & Charging System, Sheet 2 

4.2 Elementaries 

4.2.1 1542 006 MOV 850A and 850B Safety Injection 

4.2.2 1542 008 MOVs 1100B and 11000 

4.2.3 1542 010 Charging Pumps 

4.2.4 1542 011 Safety Injection Pumps 

4.2.5 1542 031 MOVs 866A & B, 356, 357, 358, 18, 19 

4.2.6 1542 032 MOV 1100C 

4.2.7 1542 033 HVs 853A & B Feedwater Discharge Valves 

4.2.8 1542 034 HV 851A.& B Safety Injection Valves 

4.2.9 1542 035 HV 851, 852, 853, 854A & B Pneumatic Scheme 

4.2.10 1542 035A Feedwater Pump SI Valves - Hydraulic Scheme 

4.2.11 1542 006A MOV 805C 

4.2.12 1542 096 MOV 883 Refuelinc Water Storage Tank Isol.  

4.2.13 1542 137 Safety Injection Sequencer No.. 1 

4.2.14 1542 138 .Safety Injection Sequencer No. 2 

4.2.15 1543 001 Feedwater Pumps 

4.2.16 1543 002 Feedwater Control Diagram 

4.2.17 1543 008 HV 854A & B Safety Injection Valves 

4.2.18 1543 011 HV 852A & B
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SAFETY INJECTION SYSTEM 

4.0 REFERENCES (Continued) 

4.3 Technical Manuals 

Later 

4.4 Procedures 

4.4.1 Operating Instructions 

S01-3-1, Plant Startup from Cold Shutdown tc Hot Standby 

SO1-3-2, Plant Startup from Hot Standby to Minimum Load 

SOI-3-3, Plant Operation from Minimum Load to Full Power 

S01-3-4, Plant Shutdown from Full Power to Hot Standby 

S01-3-5, Plant Shutdown from Hot Standby to Cold Shutdown 

SO1-4-17, Safety Injection System Operations 

SO1-4-28, Flushing the Safety Injection, Recirculation and 
Containment Spray System 

SO1-4-39, Safety Injection System Alignment 

S01-12.3-2, Hot Operational Test of the Safety Injection anc 
Containment Spray System 

SOI-12-3.7, Monthly Sequencer Testing 

4.4.2 Emergency Operating Instructions 

S01-1.0-10, Reactor Trip of Safety Injection 

SOI-1.0-12, Safety Injection Termination Following Spurious 
Safety Injection 

SO1-1.0-31, Safety Injection Termination Following Loss of 
Secondary Coolant 

501-1.0-23 Transfer to Cold Leg Injection and Recirculation 

RBrady:3200i
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RECIRCULATION SYSTEM 

PART II 

RECIRCULATION SYSTEM
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RECIRCULATION SYSTEM 

1.0 FUNCTIONS/DESIGN BASES 

1.1 The Recirculation System has the following main function: 

To provide long term core cooling following a loss of coolant accident using 
spilled reactor coolant.  

1.2 The Recirculation System has the following Design Bases: 

1.2.1 To provide sufficient water flow to the reactor core for 

Long term, post accident cooling, when the RWST inventory is 
discharged into the containment sump following a LOCA.  

1.2.2 To accomplish its intended function with any one component 
failing to respond as required.  

1.2.3 The system is designed such that the components may be 
operated for long periods without maintenance.  

2.0 DESCRIPTIONS 

2.1 - System Overview 

2.1.1 Main flow path(s) (see Figure 1A & 2A) 

Normal Cold Leg Recirculation: The two Recirculation Pumps, take 
suction from the containment sphere sump through open flanges. Flow is 
then directed through a recirculation line that discharges back to the 

sump to purge discharge piping for ~ 2 minutes.  

The Recirc Pumps discharge through normally closed MOV's 866A and B then 
through the Recirculation Heat Exchanger CRS-E-11. Flow then travels 
through normally open manual valves to the charging pump suction 
header. Flow then travels through MOV's 1100 B and D (charging Pump 
Suctions) and is discharged to charging flow control valves FCV 1115D, 
E, and F. Flow travels through the normal charging seal injection path 
to MOV's 356, 357 and 358 into the Reactor Coolant System Cold Legs.
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RECIRCULATION SYSTEM 

2.0 DESCRIPTION (Continued) 

2.1.2 Additional flow path s) 

.1 Alternate Cold Leg Injection 

This flow path also uses the Recirculation Pumps 
through the Recirculation Heat Exchanger to the 
Refueling Pumps suction. Flow then travels through MOV 

880 (Refueling to Charging Crosstie valve) into the 

normal Cold Leg Injection line downstream of the Seal 

Injection filter bypass valves MOV 18 and 19.  

This alignment is used when normal Cold Leg Injection 
is unavailable and RCS pressure is less than 200 psig.  

.2 Normal Hot Leg Injection 

The flow path uses the Recirculation Pumps and Heat 

Exchanger. From here flow is directed to the Charging 
Pumps through MOV's 1100 B&D to the Regenerative Heat 
Exchanger. Flow is then directed through the Auxiliary 

Spray Valve CV-305 into the pressurizer and on into the 

Loop B Hot Leg.  

.3 Alternate hot leg injection (see Figure 2B) 

This flow path uses the recirculation pumps and heat 
exchanger. Flow is then directed tothe refueling 

pumps and then to the letdown system manual valve 
LDS-020. From here, injection flow travels through the 
residual heat removal system in reverse direction 

(from normal RHR or letdown flow) through a manually 
operated valve to the RHR heat exchangers and their 
inlet valves to RHR-MOV-.822A and B).  

From, this point, flow travels through manual valve and 
enters the bypass line of the east RHR pump (G-14A).  
Flow is then directed through MOVs 814 and 813 and into 
Reactor Coolant Loop Hot Leg C.



UNIT 1 REVISION 0. PAGE 43 OF 79 

RECIRCULATION SYSTEM 

2.0 DESCRIPTION (Continued) 

2.2 Components 

2.2.1 CONTAINMENT SPHERE SUMP 

CONTAINMENT SPHERE SUMP 

PURPOSE: The containment sphere sump will serve 
as a "catch all" for spilled reactor 
coolant and injected RWST water.  

LOCATION: - 10 ft elevation inside containment 

DEPTH: 6 ft 6 in.  

SIZE: 100 ft, 

CAPACITY: 750 Gallons 

LEVEL INDICATIONS AND ALARMS: 

The Containment Sump High Level Alarm is annunciated at - 14'3" 

(this is approximately 4'3" from the top) on the auxiliary 

annunciator panel by level transmitters. Two wide range level 

indicators are used for post accident level monitoring - level 

indicator switches 2002 and 3002. The range for these indicators 

is - 9'2" to + 12 feet (represents - 600,000 gallons).  

Control Room indication is on the north vertical board. Two narrow 

range level indicators are utilized for post accident level 

monitoring. Level indicator switches 2001 and 3001 monitor between 

15'6" to - 9'7". Control Room indication is located on the north 

vertical board.  

Level Transmitter 2002 annunciates "CONTAINMENT WATER LEVEL HIGH" 

at - 3 ft. This informs the Control Room that enough level is 

available to start the recirculation pumps.  

"SPHERE SUMP HIGH LEVEL" is alarmed by Level Switch 83 at 4'3" from 

the top of the sump (2'3" in the sump). "SPHERE SUMP HIGH-HIGH.  

LEVEL" is alarmed by level switch 73 at 4'6" in the sumo.  

A minimum of 5,400 pounds of anhydrous tri-sodium phosphate is on a 

rack at the -10 foot level of containment.  

During a loss of coolant accident, the TSP will dissolve, 
increasing the pH in the water in the containment sump, to greater 
than 7 within 4 hours. The TSP reduces corrosion on stainless 
steel components required for long term decay heat removal. -The 

sump is covered by a stainless steel cage with a mesh screen that 

prevents any loose materials from entering the sump. The sump area 

cage is located at the lowpoint of the containment and is submerged 
several feet durino a LOCA.
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RECIRCULATION SYSTEM 

2.0 DESCRIPTION (Continued) 

2.2.2 EAST AND WEST RECIRCULATION PUMPS 

(G-45A & B) 

PURPOSE: To transfer water (LOCA spillage) from the 
containment sump to charging pump or refueling' 
pump suctions.  

PRIME MOVER: Horizontally mounted 480 V Submersible 
Induction Motor Canned 

DESIGN SPEED: 1800 RPM 

DESIGN HORSEPOWER: 75 HP 

TYPE: Single Stage, Centrifugal 

NPSH REQUIREMENTS: .8 feet 

NPSH AVAILABLE: 10 feet under LOCA conditions 

DESIGN FLOWRATE: 800 gpm 

DESIGN TEMPERATURE: 3000 F 

DESIGN PRESSURE: 300 psig 

DESIGN HEAD: 150 feet 

SHUTOFF HEAD: 180 feet 

DESIGN MATERIAL: Carbon Steel 

PUMPED FLUID 
TEMPERATURE: 40-2700 

CONTROLS: Each pump has a START/STOP/SPRING RETURN-to 
Neutral Control Switch on the West Vertical 
Board. With a 10 second time delay to allow 
service water flow to pump seals for dry test 
operation.  

There are no automatic functions associated 
pump operation.  

INDICATIONS 
(AT CONTROL SWITCH): Pump Motor Amps for each pump 

Green - Stop 
Red - Running 

INSTRUMENTATION: 
FLOW: East pump - FIS 520 

West pump - FIS 521
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RECIRCULATION SYSTEM 

2.0 DESCRIPTION (Continued) 

2.2.2 EAST AND WEST RECIRCULATION PUMPS (Continued) 

Each pump is capable of delivering sufficient water to keep the 
core covered after safety injection is terminated. The pumps are 

capable of sustained operation in the high temperature, pressure, 
and humidity associated with a loss-of-coolant accident. A suction 

cage are provided to protect the pumps from.debris during 
operation. The materials used are designed to withstand the 
thermal stresses associated with beginning recirculation.  

FT 500 and FT 501 are located inside containment, outside the 
bioshiel.d on the - 14' elevation. The flow indicating switches 

provide indication of pump discharge flow. The flow switches range 
is 0-900 gallons per minute. The transmitters also input the spray 
flow limiting system (see System Description., SYSDES-SD-SO1-580, 
Part III Containment Spray System).  

Recirculation Flow 

Flow is the only parameter measured on the recirculation system.  
There are two flow elements, FE 500 and FE 501 and two flow 
transmitters, FT 500 and FT 501, that provide signals to flow 
indicator switches located FIS 520 and 521 on the Control Room west 

vertical board.
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RECIRCULATION SYSTEM 

2.0 DESCRIPTION (Continued) 

2.2.3 RECIRCULATION PUMP DISCHARGE VALVES 

MOV 866 A & B 

PURPOSE: To provide a flowpath from the recirculation 
pumps to the charging pump and refueling pump 
suctions.  

OPERATOR TYPE: 480 V Induction Motor. 3 HP 

VALVE TYPE: Gate Valves 

VALVE SIZE: 4" 

DESIGN TEMPERATURE: 3500 F 

OPENING TIME: 120 seconds 

CLOSING TIME: 120 seconds 

CONTROLS: Open/Close backlighted pushbuttons on 
West Vertical Board.  

INDICATIONS: Green - Closed 
Red- Oen
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RECIRCULATION SYSTEM 

2.0 DESCRIPTION (Continued) 

2.2.4 RECIRCULATION HEAT EXCHANGER 

RECIRCULATION HEAT EXCHANGER 

PURPOSE: To Cool recirculated spilled reactor coolant 

HEAT EXCHANGER TYPE.: Crossflow, Tube and Shell 

SHELL SIDE 

FLUID: Component Cooling Water 

FLOW RATE: 1000 gpm 

TEMPERATURE IN: 1100 F 

TEMPERATURE OUT: 1600 F 

OPERATING PRESSURE: 50 psig 

MAXIMUM PRESSURE LOSS: 15 psi 

DESIGN PRESSURE: 150 psig 

DESIGN TEMPERATURE: 2000 F 

TUBE SIDE 

FLUID: Partially Borated Water (spilled coolant) 

FLOW RATE: 1600 gpm 

TEMPERATURE IN: 2700 F 

TEMPERATURE OUT: 2400 F 

OPERATING PRESSURE: 100 psig 

MAXIMUM PRESSURE LOSS: 10 psi 

DESIGN PRESSURE: 150 psig 

DESIGN TEMPERATURE: 3000 F 

Component Cooling Water to the Heat Exchanger is controlled by 
valves CCW-CV737A and 737B. Valve controls are open/close 
pushbuttons located on the West Vertical Board with 
GREEN-CLOSED-RED-OPEN indicating lights.



NULLtAI( U INcir./41I JIl 11L -1 - 11 - _- -

UNIT 1 REVISION 0 PAGE 48 OF 79 

RECIRCULATION SYSTEM 

2.0 DESCRIPTION (Continued) 

2.3 Power Supplies 

RECIRCULATION SYSTEM COMPONENT POWER SUPPLIES 

COMPONENT LOCATION BREAKER 

East Recirc-Pump 480 V Bus #1 52-11 

West Recirc-Pump 480 V Bus #2 52-1207 

MOV 866A 480 V MCC #1 42-1182 

MOV 866B 480 V MCC #2 42-1278 

3.0 OPERATIONS 

3.1 Normal Operations 

The recirculation system is placed in service manually (from the 

Control Room) after RWST Injection Phase of S.I. has been 

completed. System alignment begins when the refueling water 

storaae tank level is reduced to 21%.  

Approximately 19 hours after a loss-of-coolant accident occurs, the 

system is alioned for hot leg recirculation. The Recirculation 

System is normally maintained in standby readiness.  

The Recirculation System is aligned for its intended use during all 

plant transitions and power operations. Prior to removing this 

portion of Safety Injection from service a >4% K/K shutdown 

margin (Hot Standby Xenon-free, all rods in) condition must be 

verified. Normal arrangement (alignment) must begin immediately 

upon Reactor Coolant System pressure above 500 psig during plant 

startup.
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RECIRCULATION SYSTEM 

4.0 REFERENCES 

4.1 P&ID's 

4.1.1 5178120 Containment Spray & Recirculation System Sheet 1 

4.1.2 5178121 Containment Spray & Recirculation System Sheet 2 

4.2 Elementaries 

4.2.1 1542 001 Safety Injection Recirculation Pumps 

4.2.2 1542 031 MOV 866 A & B, 356. 357, 358, 18, 19 

4.3 Procedures 

4.3.1 Operating Instructions 

SO-4-17, Flushing Safety Injection and Recirculation 

501-4-28, Hot Operational Test of Safety injection 

S01-4-41, CS and Recirculating System Alignment 

4.3.2 Emergency Operating Instructions 

SO1-1.0-20. Loss of Reactor Coolant 

SOI-1.0-22. Post LOCA Cooldown and Depressurization 

SO1-1.0-23, Transfer to Cold Leg Injection and Recirculation 

501-1.2-1., Response to Inadequate Core Cooling 

501-1.5-2, Response to High Containment Sump Level 

RBrady:3200i
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CONTAINMENT SPRAY SYSTEM 

PART III 

CONTAINMENT SPRAY SYSTEM
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CONTAINMENT SPRAY SYSTEM 

1.0 FUNCTIONS/DESIGN BASES 

1.1 The Containment Spray System has the following main functions: 

1.1.1 The Containment Spray System will spray borated water 
at refueling concentrations into the upper containment 

sphere to reduce containment pressure following a loss 
of coolant accident or a loss of secondary coolant.  

1.1.2 The Containment Spray System will, with Hydrazine 
solution injected, wash down radioactive particulate 
matter and airborne iodine fission products released by 
a LOCA.  

1.1.3 The Containment Spray System will assist in the 
recirculation of (Partially Borated) spilled reactor 
coolant, in the event the charging pumps become 
inoperable, in response to inadequate core cooling.  

1.2 The Containment Spray System has the following Design Basis: 

1.2.1 The system is designed such that power will be 
continuously available to its components.  

1.2.2 The system components are qualified in accordance with 
stringent ground motion criteria (.SG).  

1.2.3 The system is designed to operate satisfactorily with 
second order malfunctions, i.e. with a LOCA as a first 
order malfunction, the failure of any component to 
respond actively in the prescribed manner can be 
tolerated without loss of ability of the system to 
perform its intenoed function.



NUCLEAR GENERATION SITE SYSTEM DESCRIPTION SD-SO1-580 

UNIT 1 REVISION 0 PAGE 52 OF 79 

CONTAINMENT SPRAY SYSTEM 

2.0 DESCRIPTION 

2.1 System Overview 

The Containment Spray System is designed to spray cool water into the 

upper containment sphere to reduce pressure and to ensure that the 

containment design pressure of 49.4. psig is not exceeded in the event of 

a loss of coolant accident when Reactor Coolant System fluid is spilling 
into containment. The system accomplishes this by utilizing 2 spray 
pumps, spray valves, spray nozzles and associated piping and 
instrumentation.  

2.1.1 Main flow path(s) (see Figure 3A) 

The two Refueling Water Pumps (Containment Spray) take suction from 

the Refueling Water Storage Tank through motor operated valve 
MOV 883. This supply ensures all' water added to the containment 

sump contributes to the post accident shutdown margin. Suction 
flow is then directed to each of the pump suction lines through 
manual isolation valves and into the pumps suction.  

Flow is then from the pumps into two 6 inch headers and through 
manual valves 237 and 524, then into.a common discharge header.  

Flow is directed to the Spray Flow Limiter Valves CRS CV-517 and 

CRs CV-518 and on through spray flow restricting orifices RO-525 

and RO-523. From these orifices flow is directed to the Spray 

Valves CV-82 and CV-114 and on to the sphere spray nozzles that 

form 4 ring headers in the containm'ent overhead. A Recirculation 

line back to the RWST from the spray header is provided for system 
functional testing.  

2.1.2 Additional flow path(s) (see Figures 3A and 3C): 

.1 The Refueling Water Pumps (Containment Spray) can also 
be used for recirculation if the charging pumps become 
inoperable. Flow is from the Containment sump to the 
Recirculation Pumps through the Recirculation Heat 
exchanger to the common Refueling Pumps suction header.  

.2 Hydrazine is added to the Containment Spray Water to 
facilitate scrubbing of post LOCA Iodine Fission 
Products from the containment atmosphere. Two positive 
displacement pumps SHA-G200A & G200B take suction from 
the Hydrazine Storage Tank SHA-D-200 and through 
solenoid operated discharge valves SV600 and SV601 to a 
common discharge header that ties into the discharge 
header of the refueling water pumps.  

.3 The Refueling Water pumps also provide fire suppression 
spray in containment. The flow path is the same for 
containment spray except fire spray valve CV-92 is used 
versus normal spray valves.
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CONTAINMENT SPRAY SYSTEM 

. 2.0 DESCRIPTION (Continued) 

2.2 Components 

2.2.1 NORTH AND SOUTH REFUELING WATER PUMPS (G27N&S) 

REFUELING WATER PUMPS (G-27N&S) 

PURPOSE: To provide motive force for flow 
from the RWST to the Containment Spray 
Nozzles.  

LOCATION: North of the Refueling Water 
Storage Tank 

TYPE: Single Stage Centrifugal 

PRIME MOVER: 480 V, 3 Phase, Induction Motor 

FLUID PUMPED: Borated Water 

DESIGN FLOWRATE: 1000 GPM (To provide flow for effective 
nozzle spray) 

MAXIMUM DESIGN PRESSURE: 600 psig 

DESIGN DISCHARGE PRESSURE: 350 psig 

NPSH REQUIREMENT: 14 feet 

. NPSH AVAILABLE: 30 FEET 

DESIGN HORSEPOWER: 150 HP 

DESIGN MATERIAL: Austenetic Stainless Steel 

SEAL TYPE: Mechanical 

CONTROL SEQUENCE: See Figure Next Page 
START: - Containment Spray Actuation Signal 

- Control Room Pushbutton to Start 
- No CSAS Sealed In 

STOP: - Control Room Pushbutton to Stop 
- Overcurrent, Undervoltage 
- The pumps.also have an override feature 
which allows them to be stopped with a 
Containment Spray Actuation Signal 
locked in.  

INSTRUMENTATION: Discharge pressures are indicated locally 
for each pump and by PI 165 on the North 
Vertical Board. (Common discharge pressure)
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CONTAINMENT SPRAY SYSTEM 

2.0 DESCRIPTIONS (Continued) 

2.1.3 General Control Scheme 

The Containment Spray System can be actuated by two methods: 

.1 Manually from the control room west vertical board by 

depressing back lighted handswitches (see detailed 

Control Scheme).  

.2 Automatically by containment pressure with receipt of a 

series of specific input signals (see detailed Control 
Scheme).
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CONTAINMENT SPRAY SYSTEM 

2.0 DESCRIPTION (Continued) 

2.2.2 SPRAY CONTROL VALVES 

CV-82 AND CV-114 

PURPOSE: To control Flow from Refueling Water Pumps to 
the Spray Nozzles in containment.  

OPERATOR TYPE: Pneumatic Positioner (Service Air) 

VALVE TYPE: Butterfly Valve 

VALVE SIZE: 6" (inch) 

FAIL POSITION: OPEN 

CONTROL: The Spray Valves are controlled by solenoid valves 
that de-energize on a containment spray actuation 
signal. This causes the valves to Open - to 
allow the valves to align for injection into 
containment.  

The valves can be controlled manually from the 
Control Room by pushbuttons (open-close) 
HS-2057A&B and HS-2058A&B respectively on the 
West Vertical Board 

INDICATIONS AT 
CONTROL SWITCH: Green - Closed 

Red - Open 
White - Normal
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CONTAINMENT SPRAY SYSTEM 

@2.0 DESCRIPTION (Continued) 

2.2.3 CONTAINMENT SPRAY NOZZLES 

CONTAINMENT SPRAY NOZZLES 

PURPOSE: To evenly disperse, throughout containment, 
a chemically treated water solution for air
borne fission product removal and containment 
pressure reduction following a LOCA.  

FLUID SPRAYED: Borated water with Hydrazine added 

NUMBER OF NOZZLES: 72 

NOZZLE TYPE: Full Cone, Center Jet 

DESIGN FLOW: 15 gpm per nozzle 

DESIGN DIFFERENTIAL: 15 psi 

SPRAY ORIFICE SIZE: 3/8" 

NOZZLE HEADER DESIGN: See Figure next page 
The Header is oriented to ensure uniform 
coverage of the containment volume outside 
the secondary shield.
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CONTAINMENT SPRAY SYSTEM 

FIGURE 111-4: SPRAY NOZZLE ARRANGEMENT 
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CONTAINMENT SPRAY SYSTEM 

2.0 DESCRIPTION (Continued) 

2.2.4 HYDRAZINE STORAGE TANK 

HYDRAZINE STORAGE TANK 

PURPOSE: To provide a source of 21% by weight Hydrazine 
solution for injection into the containment 
spray system to facilitate iodine fission 
product removal from the containment atmosphere 
following a LOCA.  

LOCATION: Auxiliary Building Roof 

CAPACITY: 200 Gallons 

FLUID STORED: 21% by Wt. Hydrazine 

DESIGN TEMPERATURE: 1500 F 

DESIGN PRESSURE: 10 psig 

DESIGN MATERIAL: Stainless Steel 

OVERPRESSURE RELIEF: Pressure Relief Valve set at 8 psig 
2 Vacuum Breakers (Diaphragm Type) 

INSTRUMENTATION: 

PRESSURE: Indicated in the Control Room by PSI-510 

LEVEL: Level Transmitters 50OA&B provide a signal to 
the Control Level Indicators LIS-500A and 
LIS-500B 

The Tank Capacity and location are designed to provide the 

necessary NPSH for the Hydrazine Pumps. It is provided with a 

recirculation pump to maintain a well mixed solution. The Tank is 

pressurized with a nominal 2 psig nitrogen to minimize hyrazine 

degradation during long term storage. (Hydrazine. is an oxygen 
scavenger)
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CONTAINMENT SPRAY SYSTEM 

2.0 DESCRIPTION (Continued) 

2.2.5 EAST AND WEST HYDRAZINE ADDITION PUMPS 

(G-200A AND G-200B) 

G-200A AND G-200B 

PURPOSE: To transfer measured amounts of hydrazine 
solution from the hydrazine storage tank to 
the containment spray header 

PRIME MOVER: 480 V. Induction Motor 

I TYPE: Positive Displacement (to insure accurate 
flow control) 

DESIGN FLOWRATE: 0.4 gpm 

MAXIMUM DISCHARGE 
PRESSURE: 325 psig 

DESIGN TEMPERATURE: 1500 F 

DESIGN MATERIAL: Austenitic Stainless Steel 

PUMPED FLUID: 21% by wt. Hydrazine Solution 

PUMP FLUID TEMPERATURE: 40-900 F 

OVERPRESSURE RELIEF: Relief Valves 2003A&B Relieve to the 

Hydrazine Tank 

INSTRUMENTATION: 

DISCHARGE PRESSURE: Local Pressure Indicators 1121 & 1122 

DISCHARGE FLOW: FT 506 & 507 Respectively 
Provide flow indication in the Control Room 
to FIS-500 and FIS-501 

CONTROL SEQUENCE: See Figure Next Page 

START: No Override, Adequate Tank Level 
Control Room Handswitch to Start 
CSAS Signal 

STOP: No CSAS Signal 
Control Switch to Stop 
Low Suction Pressure (from Tank Level 
Transmitters LT-500A&B
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CONTAINMENT SPRAY SYSTEM 

FIGURE 111-5: SIMPLIFIED ELEMENTARY HYDRAZINE ADDITION PUMPS 
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CONTAINMENT SPRAY SYSTEM 

2.0 DESCRIPTION (Continued) 

2.2.6 SPRAY FLOW LIMITER SYSTEM CV's 517 and 518 

In the event that the recirculation pumps are being used to supply 
the Containment Spray System. The Spray Flow Limiter System is 

available. The system was installed because of the difference in 

flow rates of the recirculation pumps (800 gpm) and the refueling 
pumps (1000 gpm). If one of the recirculation pumps failed it would 

be possible for the refueling pump(s) to tak6 all of the discharge 
flow and thereby starve the charging pumps. I 

The Spray Flow Limiter System is composed ofT two Pneumatic/ Hydraulic 

Spray Valves CV-512 and CV-518. In parallel with a flow restricting 
orifice, and a "Spray Flow Limiter Switch" located on the west 
vertical board. The Switch has two positions - enable and disable.  
Each of the Control Valves (CV-517 & 518) have a handswitch (Open 
Close - Override). When the control switch is placed in the "ENABLE" 

position, if there is a flow imbalance from he recirculation pumps 
an alarm will sound, "Recirculation Pump Flow Measurement Trouble." 
This will cause CV-517 and 518 to close. Flow will then be 
restricted by the flow restricting orifice RO-526.  

I 
Normally the system is not placed in the Enable position. The 

operator aligns the system by closing CV-517 & 518 and verifies only 
one refueling water pump is running, thereby preventing flow 
imbalance.  

2.3 Detailed Control Scheme 

2.3.1 Manual Actuation .  

Each train has two handswitches labeled: "CSAS TRAIN A PUMPS" and 
"CSAS TRAIN A VALVES" for Train A and "CSAS TRAIN B PUMPS" and "CSAS 
TRAIN B VALVES" for Train B.  

A manual initiation of containment spray reqaires that both switches 
for a respective train be depressed simultaneously. Depressing of 
these handswitches will cause the pump to start and all nec.essary 
valves to align to. begin spray.  

2.3.2 Containment Spray Actuation SysItem (CSAS) 
(see Figure 3B) 

The Containment Spray Actuation System actuates containment spray 
upon receipt of specific signals from parameters which it monitors.  
It is composed of a logic cabinet, located behind the west vertical 
board, with two test panels: one for Train A pumps and valves and 
one for Train B pumps and valves, associated instrumentation and 
controls.
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CONTAINMENT SPRAY SYSTEM 

-2.0 DESCRIPTION (Continued) 

2.3.2.1 Automatic Actuation 

The CSAS will automatically actuate containment spray 
when the following conditions are met.  

1) Two (2) out of three (3) high containment pressures 
from pressure transmitters! PT-501, 502 and 503 at 
10 psig 

2) S.I. Signal 

3) Normal voltage on vital 4160V Bus IC & 2C for 10 
seconds.  

As indicated there are two independent actuation 
Trains (A & B) each with their own controls and 
instrumentation. Each Train has an independent power 
supply to ensure reliability andi redundancy.  

2.3.2 Pressure 

Containment Spray Header Pressure is transmitted to the Control Room 

by pressure transmitter PT 18 located in the RWST PIT, North wall.  

This pressure transmitter sends a signal to .the control room to 

pressure indicator PI-165 on the North Vertical Board.  

2.3.3 Flow 

Containment Spray System Flow is measured by Flow Element FE-522.  

From the Flow Element a signal is sent to the Control Room by Flow 

Transmitter FT-904 to FIS-522 on the West Vertical Board.
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CONTAINMENT SPRAY SYSTEM 

2.0 DESCRIPTIONS (Continued) 

2.4 Power Supplies 

CONTAINMENT SPRAY SYSTEM POWER SUPPLIES 

COMPONENT LOCATION BRKR 

North Refueling Water Pump 480V Bus 1 52-1119 

South Refueling Water Pump | 480V Bus 2 52-1219 

Spray Valve CV-82 120 VAC 8-1111V 

Spray Valve CV-114 120 VAC 8-1214V 

Fire Spray Valve CV-92 120 VAC Bus '1 8-111.2V 

Hydrazine Addition Pump A East MCC1 42-1153 

Hydrazine Addition Pump B East MCC 2A 42-12A79 

Hydrazine Pump Discharge Vital Busl1&3 8-1115 
Valve SV 600 120 VAC 8-1314 

Hydrazine Pump Discharge 
Valve SV 601 120 VAC CSAS Inverter 

Spray Flow Limiter Valves 
CV-517 120 VAC Bus 1 . 8-1113V 

CV-518 120 VAC Bus 2 8-1214V
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CONTAINMENT SPRAY SYSTEM 

3.0 OPERATION 

3.1 Normal Operations 

The Containment Spray System may be started manually from the 
control room or automatically by a Containment Spray Actuation 
signal. The system is aligned for operation, during all mode 
changes and power operations. Prior *to removing containment spray 
from service the reactor coolant system temperature must be below 
2000 F 

, I
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CONTAINMENT SPRAY SYSTEM 

4.0 REFERENCES 

4.1 P&ID's 

4.1.1 5178120 Containment Spray &lRecirculation System Sheet 1 

4.1.2 5178121 Containment Spray & Recirculation System Sheet 2 

4.1.3 5178125 Containment Spray Hydrazine Add System 

4.2 Elementaries 

4.2.1 1540 170 CSAS Inverter 

4.2.2 1542 004 Refueling Water Pumps 

4.2.3 1542 085 Cant. Spray Actuation System A PWR & Cant.  

4.2.4 1542 085A Cont. Spray Actuation System A PWR & Cont.  

4.2..5 1542 085A Cont. Spray & Hydrazine Add Cant. Sys. (Pumps) 

4.2.6 1542 085C Cont. Spray & Hydrazine Add Cont. Sys. (Valves) 

4.2.7 1542 085D Cont. Spray & Hydrazine Add Cont. Sys.  

4.2.8 1542 085E Cont. Spray & Hydrazine Add Cont. Sys. Sh. 2 

4.2.9 1542 086 Cont. Spray Actuation Sys. B PWR & Cant 

4.2.10 1542 086A Cont. Spray Actuatioh Sys. B PWR & Cont.  

4.2.11 1542 087 CV 82, 114 Cant. Spr y Valve Cnt.  

4.3 Technical Manuals 

Later 

4.4 Procedures 

4.4.1 Operating Instructions 

S01-12.8-13, Recirculation System Leakage Test 

S01-12.3-35, Cont. Spray and Recirculation System 
Safety-Related AligIment 

SO1-12.8-5, Cold Operability Test, of.Cont. Spray Actuation 
System.
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4.0 REFERENCES (Continued) 

4.4 Procedures (Continued) 

4.4.2 Emergency Operating Instructions 

SO1-1.0-10, Reactor Trip of Saflety Injection 

SO1-1.0-23, Transfer to Cold Leg Injection and Recirculation 

S01-1.0-20, Loss of Reactor Cool1ant 

SO1-1.2-1, Response to Inadequate Core Cooling 

S01-1.5.1, Response to High Containment Pressure 

4.4.3 I & C Surveillance Test 

S01-II-3.4.13, Containment Spray Actuation System Calibratior 

RBrady:3200i
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FIGURE 1-2: SAFETY INJECTION ACTUATION LOGIC 
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FIGURE 11-2: ALTERNATE HOT LEG RECIRCULATION FLOW PATH 
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FIGURE 111-2: CONTAINMENT SPRAY ACTUATION LOG 
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FIGURE 111-3: HYDRAZINE ADDITION SYSTEM 
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APPENDIX A 

CONTROL ROOM ANNUNCIATORS 

REACTOR PLANT NO. 1 

1) S.I. Header High Pressure - 200 psi PC-911 

2) Hydrazine Level LO - 5% Hydrazine Tank Level 

3) Hydrazine Tank Pressure HI/LO - High: 8 psig; LO: 2 psig 

4) Containment Spray Flow LO - 800 gpm 

REACTOR PLANT NO. 2 

1) Recirculation Pump Flow Measurement Trouble - High: 730 gpm; Low: 450 opm 

2) Containment Spray Flow Limit in Effect - Enable Button Pushed 

3) CSAS Cabinet Under Test Train A - Door of Cabinet is Open 

4) CSAS Cabinet Under Test Train B - Door of Cabinet is Open 

5) Refueling Water Valve #883 Not Open - Limit Switch 

6) Cont. Press. Under Test Channel A - Test Switch In Test 

7) Cont. Press. Under Test Channel B - Test Switch In Test 

8) Cont. Press. Under Test Channel C - Test Switch In Test 

RX PLANT MATRIX PARTIAL TRIP 

1) Cont. Spray Actuation Train A -2 of 3 Cont. Press. Greater Than or Equal 
to 10 psig and S.I.S. Signal or Pushbutton.  

2) Cont. Spray Actuation Train B -2 of 3 Cont. Press. Greater Than or Ecual 
to 10 psig and S.I.S. Signal or Pushbutton.  

3) Cont. Press. HI Trip Channel A - 10 psig 

4) Cont. Press. HI Trip Channel B - 10 psig 

5) Cont. Press. HI Trip Channel C - 10 psig 

6) CSAS-A Power Failure Lockout - LO Voltage to CSAS Train A 

7) CSAS-B Power Failure Lockout - LO Voltage to CSAS Train B 

3200i * A-1
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APPENDIX B 

DEVELOPMENTAL RESOURCES 

Safety Injection System 

B.1 P&ID's 

B.1.1 5178205 Feedwater System, Sheet 1 

B.1.2 5178206 Feedwater System, Sheet 2 

B.1.3 5178207 Feedwater System, Sheet 3 

B.1.4 5178115 Safety Injection System 

B.1.5 5178135 Volume Control & Charging System, Sheet 1 

B.1.6 5178136 Volume Control & Charging System, Sheet 2 

B.2 Elementaries 

B.2.1 1542 006 MOV 850A and 850B Safety Injection 

B.2.2 1542 008 MOVs 1100B and 1100D 

B.2.3 1542 010 Charging Pumps 

B.2.4 1542 011 Safety Injection Pumps 

B.2.5 1542 031 MOVs 866A & B, 356, 357. 358, 18, 19 

B.2.6 1542 032 MOV 1100C 

B:2.7 1542 033 HVs 853A & B Feedwater Discharge Valves 

B.2.8 1542 034 HV 851A & B Safety Injection Valves 

B.2.9 1542 035 HV 851, 852. 853, 854A & B Pneumatic Scheme 

B.2.10 1542 035A Feedwater Pump SI Valves - Hydraulic Scheme 

B.2.11 1542 006A MOV 805C 

B.2.12 1542 096 MOV 883 Refueling Water Storage Tank Isol.  

B.2.13 1542 137 Safety Injection Sequencer No. 1 

B.2.14 1542 138 Safety Injection Sequencer No. 2 

B.2.15 1543 001 Feedwater Pumps 

B.2.16 1543 002 Feedwater Control Diagram 

5- 1
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APPENDIX B 

DEVELOPMENTAL RESOURCES 
(Continued) 

B.2 Elementaries (Continued) 

B.2.17 1543 008 HV 854A & B Safety Injection Valves 

B.2.18 1543 011 HV 852A & B 

B.3 Procedures 

B.3.1 Operating Instructions 

SO1-3-1, Plant Startup from Cold Shutdown to Hot Standby 

501-3-2, Plant Startup from Hot Standby to Minimum Load 

SO1-3-3, Plant Operation from Minimum Load to Full Power 

SO1-3-4, Plant Shutdown from Full Power to Hot Standby 

S01-3-5, Plant Shutdown from Hot Standby to Cold Shutdown 

SO1-4-17, Safety Injection System Operations 

SOI-4-28, Flushing the Safety Injection, Recirculation and 
Containment Spray System 

501-4-39, Safety Injection System Alignment 

S01-12.3-2, Hot Operational Test of the Safety Injection and 
Containment Spray System 

S01-12-3.7, Monthly Sequencer Testing 

B.3.2 Emergency Operating Instructions 

SO1-1.0-10., Reactor Trip of Safety Injection 

SOI-1.0-12, Safety Injection Termination Following Spurious 
Safety Injection 

S01-1.0-31, Safety Injection Termination Following Loss of 
Secondary Coolant 

B-2
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APPENDIX B 

DEVELOPMENTAL RESOURCES 
(Continued) 

Recirculation System 

B.1 P&ID's 

B.1.1 5178120 Containment Spray & Recirculation System Sheet 1 

B.1.2 5178121 Containment Spray & Recirculation System Sheet 2 

B.2 Elementaries 

4.2.1 1542 001 Safety Injection Recirculation Pumps 

4.2.2 1542 031 MOV 866 A & B, 356, 357, 358, 18, 19 

B.3 Procedures 

B.3.1 Operating Instructions 

SOI-4-17, Flushing Safety Injection and Recirculation 

S01-4-28, Hot Operational Test of Safety Injection 

SO1-4-41, CS and Recirculating System Alignment 

B.3.2 Emergency Operating Instructions 

SO1-1.0-20, Loss of Reactor Coolant 

SO1-1.0-22, Post LOCA Cooldown and.Depressurization 

SO1-1.0-23, Transfer to Cold Leg Injection and Recirculation 

S01-1.2-1. Response to Inadequate.Core Cooling 

SO-1.5-2, Response to High Containment Sump Level 

B-3
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APPENDIX B 

DEVELOPMENTAL RESOURCES 
(Continued) 

Containment Spray System 

B.1 P&ID's 

B.1.1 5178120 Containment Spray & Recirculation System Sheet 1 

B.1.2 5178121 Containment Spray & Recirculation System Sheet 2 

B.1.3 5178125 Containment Spray Hydrazine Add System 

B.2 Elementaries 

B.2.1 1540 170 CSAS Inverter 

B.2.2 1542 004 Refueling Water Pumps 

B.2.3 1542 085 Cont. Spray Actuation System A PWR & Cont.  

B.2.4 1542 085A Cont. Spray Actuation System A PWR & Cont.  

B.2.5 1542 085B Cont. Spray. & Hydrazine Add Cont. Sys. (Pumps) 

B.2.6 1542 085C Cont. Spray & Hydrazine Add Cont. Sys. (Valves) 

B.2.7 1542 085D Cont. Spray & Hydrazine Add Cont. Sys.  

B.2.8 1542 085E Cont. Spray & Hydrazine Add Cont. Sys. Sh. 2 

B.2.9 1542 086 Cont. Spray Actuation Sys. B PWR & Cont.  

B.2.10 1542 086A Cont. Spray Actuation Sys. B PWR & Cont.  

B.2.11 1542 087 CV 82, 114 Cont. Spray Valve Cont.  

B.3 Procedures 

B.3.1 Operating Instructions.  

501-12.8-13, Recirculation System Leakage Test 

SO1-12.3-35, Cont. Spray and Recirculation'System 
Safety-Related Alignment 

SO1-12.8-5. Cold Operability Test of Cont. Spray Actuation 
System.  

B-4
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APPENDIX B 

DEVELOPMENTAL RESOURCES 
(Continued) 

B.3 Procedures (Continued) 

B.3.2 Emergency Operating Instructions 

SO1-1.0-10, Reactor Trip of Safety Injection 

SO-1.0-23, Transfer to Cold Leg Injection and Recirculation 

S01-1.0-20, Loss of Reactor Coolant 

501-1.2-1, Response to Inadequate Core Cooling 

SOI-1.5.1, Response to High Containment Pressure 

B.3.3 I & C Surveillance Test 

SO1-II-3.4.13, Containment Spray Actuation System Calibration 

B.4 Technical Specifications 

Sections 3.3. 4.2 

B.5 Final Safety Analysis Report 

Volume I Section: 1.1.13. 1.3, 1.4 
Volume II Section: 4.1 
Volume IV Section: 7 
Volume V Section: 8. 10. 11. 12, 13
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SAFEGUARD LOAD SEQUENCING SYSTEM 
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SAFEGUARD LOAD SEQUENCING SYSTEM 

1.0 FUNCTIONS/DESIGN BASES 

1.1 The Safeguard Load Sequencing System has the following main 
functions: 

1.1.1 The main function of the Safeguard Load Sequencing 
System (SLSS) is to detect and react to Low Pressurizer 
Pressure, High Containment Pressure and 4160 V Bus IC 
and/or 2C Undervoltage Signals. The SLSS actuates and 
sequences the various Emergency Safeguard Features in 
the event of a Safety Injection System signal (SIS), 
Loss of Offsite Power (LOP), Loss of 4160 V Bus IC/2C 
(LOB), or Safety Injection System and Loss of Offsite 
Power (SISLOP).  

1.2 The Safeguard Load Sequencing System has the following additiona: 
functions: 

1.2.1 The Safeguard Load Sequencing System provides: Manual 
Actuation of the SIS and/or LOP Signals, Manual 
Blocking of the SIS Signal, and Manual ResettinQ of the 
SIS and/or LOP Signal(s).  

1.3 The Safeguard Load Sequencing System has the following Desior Basis: 

1.3.1 The Safeguard Load Sequencing System is designed to 
ensure proper load sequencing of the Emergency 
Safeguard Features to mitigate postulated accidents.  

1.3.2 The Safeguard Load Sequencing System is designed to 
ensure procer loading of the Emeroency Safeguard 
Features onto the Electrical Safety Buses such that an 
overload condition or the buses does not occur.  

1.3.3 The Safeguard Load Sequencing System is designed to 
support Online Testing to ensure the system and/or 
components are capable of performing the main function.
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SAFEGUARD LOAD SEQUENCING SYSTEM 

2.0 DESCRIPTION 

2.1 System Overview 

2.1.1 Safeguard Load Sequencing System Automatic 
Actions 

The Safeguard Load Sequencing System actuates the Safety Injection 
System upon receipt of a Safety Injection System (SIS) signal. In 
the event of an SIS, the Safeguard Load Sequencing System 
automatically starts the Diesel Generators, but does not 
automatically close the Diesel Generator Output Breakers and 
simultaneously loads the Emergency Safeguards Features onto their 
respective buses.  

In the event of a Loss of Offsite Power (LOP) condition without a 
SIS, the Safeguard Load Sequencing System automatically starts the 
Diesel Generators but does not automatically close the Diesel 
Generator Output Breakers and does not load the Emergency 
Safeguards Features onto their respective buses.  

In the event of a Loss of 4160 V Bus IC or 2C (LOB), the Safeguard 
Load Sequencinc System automatically starts the Diesel Generator 
associated with the lost bus but does not automatically close the 
Diesel Generator .Output Breaker anC ooes not load the Emergency 
Safeguards Features onto the bus.  

In the event a SIS anc a LOP (SISLOP) occur together, the Safeguard 
Load Sequencing System trips and/or locks out certain loads 
(see 2.3.2), automatically starts the Diesel Generators, places tne 
Diesel Generators crtc the 26- V £ses a sequentia ly leads t e 
Emergency Safeguards Equipment onto their respective buses.  

The Safeguard Load Sequencing System also trips the Reactor on a 
SIS and/or LOP and sends logic actuation signals to the Containment 
Isolation and Containment Spray Systems on a SIS or a SISLOP.  

2.1.2 Safeguard Load Sequencing System 

The Safeguard Load Sequencing System (SLSS) is composed of two 
independent and redundant Sequencer trains which are identified as 
Sequencer 1 and Sequencer 2.  

Sequencer 1 provides the actuation and sequencing signals for the 
Safety Injection System Train A components. Sequencer 1 also 
provides an actuation input signal to the Containment Spray System 
Train A Logic and .the Containment Isolation System Train A Logic.  

Sequencer 2 provides the actuation and sequencing signals for the 
Safety Injection System Train B components. Sequencer 2 also 
provides an actuation input signal to the Containment Spray System 
Train B Loaic and the Containment Isolation System Train B Logic.



NUCLEAR GENERATION SITE SYSTEM DESCRIPTION SD-SOI-590 
UNIT 1 REVISION 0 PAGE 5 OF 42 

SAFEGUARD LOAD SEQUENCING SYSTEM 

2.0 DESCRIPTION (Continued) 

2.1.2 Safeguard Load Sequencing System (Continued) 

Each Sequencer is composed of two subchannels which are identified 
as Subchannel X and Subchannel Y. The subchannels.are independent 
of each other, but share the common input signals of Pressurizer 
Pressure, Containment Pressure, 4160 V Bus IC and 2C Undervcltage, 
Diesel Generator Volts/Freq, Diesel Generator Output Breaker 
Status, and Sequencer in Test Conditions, through Isolation 
Circuits.  

EXAMPLE: Subchannel X and Y for Sequencer 1, each receive 
the same pressure signal input from Pressurizer 
Pressure Bistable Controllers PC-430GX, PC-432EX 
and PC-432CX, while Subchannel X and Y, for 
Sequencer 2, each receive the same pressure input 
sionl from Pressurizer Pressure Bistable 
Controllers PC-3000A, PC-3000B and PC-3000C (see 
Figure 2).  

Each Sequence- initiates six Load Groups, A through F; the croups, 
timino sequences and components operated are identified in 
Section 2.3.2. The timinc sequences are initiated only on a 
SISLDr actuation.  

The Remote Surveillance Panels, one for each Sequencer, input four 
manual sionals to its respective Sequencer Cabinet. These sionals 
are: SIS Trip, SIS Reset, LOP Trip and LOP Reset.  

2.1.3 Safeguard Load Sequencing System Manual 
Functions 

Manual Actuation of SIS or LOP is accomplished at the 
Remote Surveillance Panel by depressing the Trip 
pushbutton and turning the Trip/Reset Switch to Trip, 
for the appropriate actuation signal and Sequencer.  
The requirement that both the pushbutton and the switch 
be operated at the same time prevents an inadvertent 
actuation.  

.2 Manual Blockinq of SIS allows the SIS signal to be 
blocked during normal plant cooldown-.  

.3 Manual Resetting of SIS or LOP/LOB is accomplished at 
the Remote Surveillance Panel by depressing the Reset 
pushbutton and turning the Trip/Reset switch to Reset 
for the appropriate actuation signal andSequencer.  
The requirement that both the pushbutton and the switch 
be operated at the same time prevents an inadvertent 
reset.
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SAFEGUARD LOAD SEQUENCING SYSTEM 

2.0 DESCRIPTION (Continued) 

2.1.3 Safeguard Load Sequencing System Manual 
Functions (Continued) 

.4 Testing the Safeguard Load Sequencing System is 
accomplished at the Sequencer Test Panel and/or the 
Input Buffer Modules in the Sequencer Cabinet Card 
Racks,. for the appropriate Sequencer.  

The Sequencer Logic is designed such that an output from 
both Subchannel X and Y is required for Sequencer 
operation. Thus the'design, for each Sequencer, creates 
a dual path for all input signals and requires an AND 
Logic of both .subchannels for the final Sequencer 
actuation signal. Because both subchannels are required 
for Sequencer actuation, this design allows for Online 
Testino of an individual subchannel without an actual 
actuation and prevents a spurious actuation due to a 
subchannel failure.  

TestinG a Seouencer does not prevent the Sequencer from 
performino its main function. If an actuation signal 
occurs while in Test, the actuation signal will perform 
thE re3uire furctiorn, essentially overridinc the test 
si0na.  

2.2 Componerts 

The Safeguard Load Sequencing System utilizes two Sequencer 
Syste-s, Secuencer 2 and Seouence- 2. Each Sequencer Syste- ,s 
made up of one Logic Cabinet, one Termination Cabinet, two Cable 
Assemblies ano one Remote Surveillance Panel. The Logic and 
Termination Cacinets are bolted together and are referred to as a 
Sequencer Cabinet. The Sequencer Cabinets are located behind the 
Main Control Room South Vertical Board.  

2.2.1 Logic Cabinet 

The Logic Cabinet, right hand cabinet of the Sequencer Cabinet, 
contains: four Power Supply Assemblies; the Card Rack which 
contains the Input Buffer Cards, the Logic Cards and the Relay 
Driver Cards for Subchannels X and Y; the Sequencer Test Panel and 
a Ventilation Fan.  

.1 Power Supply Assemblies (Figure 10) - located in the 
bottom of the cabinet, receive 125 VDC input and 
converts it to the 15 VDC and 48 VDC necessary for the 
operation of the Safeguard Load Sequencing System.
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SAFEGUARD LOAD SEQUENCING SYSTEM 

2.0 DESCRIPTION (Continued) 

2.2.1 Logic Cabinet (Continued) 

.2 Card Rack (Figure 11) - located above the Power Supply 
Assemblies, is made up of two rows of modules with 
16 modules per row. The Card Rack is split vertically 
between slots 8 and 9 which is the division between 
Subchannel X and Subchannel Y. A sliding lexan door, 
8 slots wide, makes inadvertent simultaneous acLess to both 
Subchannel X and Subchannel Y impossible.  

.2.1 Input Buffer Cards (Figure 12) - receive the following input 
signals: Pressurizer Pressure, Containment Pressure, 4160 V 
Bus Undervoltage, Diesel Generator Volts & Freq., Diesel 
Generator Output Breaker Status, and Sequencer in Test 
Conditions, and Sequence Block Status.  

The input Buffer Cards isolate the Safeguard Load Sequencing 
System.from voltage spikes, filters out noise and false 
signals, and provides an output signal to the logic 
circuitry indicative of the status for the input parameters.  

Each Input Buffer Card. is equipped with pushbuttons to 
provide test capability of the individual Input Buffer 

) Relays.  

Each Input Buffer Card has solid state LED Test Lamp 
indication which will extinguish when the buffer contacts 
are not in their normal condition.  

The Input Buffer Cards occupy slots I through 6 
(Subchannel X) and 9 through 14 (Subchannel Y) in the Card 
Racks' upper row.  

.2.2 Logic Cards (Figure 13) - receive the various outputs from 
the Input Buffer Cards, determine the logic input and supply 
appropriate outputs to the Relay Driver Cards. The Logic 
Cards also provide the instantaneous outputs or the timing 
outputs to the Relay Driver Cards.  

The Logic Cards occupy slots 7 (Subchannel X) and 15 
(Subchannel Y) in the Card Racks' upper row.  

.2.3 Relay Driver Card (Figure 14) - receive the logic command 
from the Logic Cards to drive the Relay Driver 48 VDC Relays 
which provide actuation of some component function. The 
Relay Driver Cards maintain isolation between the input from 
the Logic Cards and the 48 VDC Relay Circuitry. It 
de-energizes the 48 VDC Relays regardless of the input logic 
state when the 15 VDC voltage decreases below a minimum 
value, and current limits each Relay Driver Circuit. Each 
Relay Driver Card has four independent circuits, each 
circuit can drive up to five .48 VDC Relays.
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SAFEGUARD LOAD SEQUENCING SYSTEM 

2.0 DESCRIPTIONS (Continued) 

2.2.1 Logic Cabinet (Continued) 

.2.3 (continued) 

The Relay Driver Cards occupy slots 8 (Subchannel X) and 
16 (Subchannel Y) of the Card Racks' upper row and Slots 
1-8 (Subchannel X) and 9-16 (Subchannel Y) of the Card 
Racks' lower row.  

.3 Sequencer Test Panel (Figure 9) - located above the Card 
Rack, is equipped with one Normal/Test toggle switch, 
two Test Select switches and one Reset/Operate/Test 
switch.  

.3.1 Reset-Operate-Test Switch: This switch is used for 
overall control of testinc the Subchannels. There ,is 
one common switch for each Sequencer.  

Once a test on a particular Sequencer has been 
performed, this switch must be placed in the Reset 
position. If not, the trip stays latched, and when the 
next Subchannel. is tested a SIS or LOP may be initiated.  

.3.2 Test Select Switch: This switch selects which of the 
Sequencer inputs is tested. There is a separate switch 
for each subchannel in the Sequencer with following 
positions: 

Ooerate - Normal position 

SIS-PRPZ - Simulates 2'3 Low Pressurizer Pressure 

SIS-CONT - Simulates 2/3 High Containment Pressure 

SIS-PRPZ and CONT - Simulates 2/3 Low Pressurizer 
Pressure and 2/3 High Containment Pressure 

LOB-IC - Simulates Undervoltage on 4160 V Bus IC 

LOB-2C - Simulates Undervoltage on 4160 V Bus 2C 

LOP - Simulates Undervoltage on 4160 V Buses IC and 2C 

SIS and LOP - Simulates SIS and LOP inputs 

.3.3 Normal-Test.Toggle Switch: This switch is common for 
each Sequencer. The function of this switch is to 
change the normal logic circuitry of the Sequencer for 
Safety Injection Actuation from a two out of three 
Pressurizer Pressure "OR" two out of three Containment 
Pressure to a two out of three Pressurizer Pressure 
"AND" two out of three Containment Pressure inputs.
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SAFEGUARD LOAD SEQUENCING SYSTEM 

2.0 DESCRIPTIONS (Continued) 

2.2.1 Logic Cabinet (Continued) 

This feature allows testing the Containment Isolation 
System Actuations Signal without initiating a SIS 
signal. This may occur since the Pressure Transmitters 
for Containment Pressure are common to SIS and CIS.  

.4 Ventilation Fan - located in the top of the Logic 
Cabinet provides ventilation for the Logic and 
Termination Cabinets.  

The fan is not required for Sequencer operation, 
however, it will improve electronic component life by 
reducing internal cabinet temperatures.  

2.2.2 Termination Cabinet 

The Termination Cabinet, left hand cabinet of the Sequencer 
Cabinet, contains all the Input/Output Terminal boards for the 
Sequencer Cabinet.  

The Termination Cabinet also contains the two 48 VDC Relay Panels.  

The upper 48 VDC Relay Panel contains Subchannel X and Y Relay 
Drivers which cause or prevent some actions, Subchannel X and Y 
Test Lamps, and the Load Monitoring Lamps (Section 2.3.3.1) for 
Load Group A.  

The lower 48 VDC Relay Panel contaihs Subchannel X and Y Relay 
Drivers which cause or prevent some actions, Subchannel (X and Y) 
Test Lamps, and the Load Monitoring Lamps (Section 2.3.3.1) for 
Load Groups B through F.  

The 48 VDC Relays, for Subchannels X and Y, each have two sets of 
contacts (see Figure 10). One set of contacts is for the Control 
Circuit, the other set of contacts is for the Amber Test Lamps.  

2.2.3 Remote Surveillance Panel (Figure 8) 

The two Remote Surveillance Panels, one for each Sequencer, are 
mounted in the Main Control Room on their associated Diesel 
Generator Control Board (SPG).  

Each Remote Surveillance Panel contains the SIS Manual Initiation 
and Reset pushbuttons and switch, the LOP Manual Initiation and 
Reset pushbuttons and switch, and eight Status Lamps as described 
in Section 2.3.5.
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2.0 DESCRIPTION (Continued) 

2.2.4 Safety Injection System Block Switch 

The two Safety Injection System Block Switches, one for each 
Sequencer, are mounted in the Main Control Room on the Nuclear 
Control Auxiliary Panel (North Main Vertical Board).  

If 2 out of 3 Pressurizer-Pressure Bistables are < 1900 psig, 
placing the switch in the Block position prior to a SIS actuation 
will prevent the SIS latch from being set on that Sequencers' 
Subchannels, thus preventing the SIS actuation.  

If the SIS actuation occurs .prior to placing the switch in the 
Block position, then placing the switch in the Block position will 
have no effect on the logic (see Section 3.1).  

2.3 Detailed Locic and Indications 

2.3.1 Safeguard Load Sequencing System Summary 

Each Sequencer will respond to certain combinations of input 
sionals reachinc their respective setpoints. These combinations, 
logics and setpoints are summarized below: 

NOTE: Each Sequencer has its own set of bistable inputs.  

Event Sional/Locic/Setpoint Basic Response 

Safety Low Pressurizer Pressure/ Reactor Trips, DI/Gs 
Injection 2 out of 3 channels/1735 psic start but their 
System or Output Breakers do 
(SIS) High Containment Pressure/ not close onto the 
Actuation 2 out of 3 channels/1.4 psig 4160 V Buses and all 

Sequencer outputs for 
Safety Injection 
Loads are initiated 
without time delay.  

NOTE: With the Normal - Test Toggle Switch in Test, the logic 
changes, requiring both a 2 out of 3 Pressurizer Pressure 
Signal AND a 2 out of 3 Containment Pressure Signal to cause 
an actuation.  

The Normal - Test Toggle Switch is placed in Test when testing both the 
High Containment Pressure and the Low Pressurizer Pressure sionals at 
the same time (using simulated signals), and when testing the 
Containment Isolation System using the Containment Pressure 
Transmitters.
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22.0 DESCRIPTION (Continued) 

2.3.1 Safeguard Load Sequencing System Summary (Continued) 

Event Signal/Logic/Setpoint Basic Response 

Safety SIS from either of the preceding Reactor Trips, D/Gs 
Injection AND Undervoltage on 1 out of 2 start and their Output 
Signal and Relays for both 4160 V Buses IC Breakers close onto the 
Loss of AND 2C. 4160 V Buses, Safety 
Offsite Injection Loads are 
Power initiated in a timed 
(SIS/LOP) sequence and non-vital 
Actuation equipment is Locked Out.  

Loss of Uncervoltage or 1 out of 2 Reactor Trips, D/Gs 
Offsite Undervoltage Relays for start but their Output 
Power (LOP) 4160 V Buses IC AND 2C. Breakers do not close 
Actuation onto the 4160V Buses.  

The operator has the 
capability to manually 
close the D/G Output 
Breakers ant operate 
components as required 
(Certair inrterlocks must 
be met).  

Loss of Undervoltage on I out of 2 No Reactor Trip, 
4160 V Undervoltage Relays for Associated D/G starts 
Bus IC or 4160 V Bus IC (Sequencer 1 only) but the Output Breaker 
2C (LOB) does not close onto the 
Actuation OR 4160V Bus. Tne operator 
Actuation has the.capability to 

Undervoltage on 1 out of 2 manually close the D/G 
Undervoltage Relays for Output Breaker and 
4160 V Bus 2C (Sequencer 2 only) operate components as 

required (certain 
interlocks must be met).  

SIS Pressurizer Pressure/ Automatically reinstates 
Unblock 2 out of 3 Channels/ the SIS actuation 

> 1900 psig capability of the 
Safeguards Load 
Sequencing System for 
Low Pressurizer Pressure.  

SIS Pressurizer Pressure/ Enables Operator to Block 
Block 2 out of 3 Channels/ the SIS actuation signal, 
Permissive < 1900 psig only.  
Alarm 

SIS Pressurizer Pressure/ Alerts the Operator of 
Alert 2 out of 3 Channel/ an impending SIS 
Block 1800 psig actuation if it is 
Alarm not Blocked.
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2.0 DESCRIPTION (Continued) 

2.3.2 Basic Sequencer Controls 

NOTE: If only one Sequencer functions, an unusual combination 
of equipment running or tripped may be observed.  

TIME OPERATION EVENT 

Trip Reactor Trip Breakers LOP/SIS/SISLOP, 
De-energize Reactor Trip.Breaker 
Undervoltage Relays LOP/SIS/SISLOP 

Energize Lockcut Relays for 
Switchgears 1, 2 and 3 SISLOP 

Energize Lockout Relays for 
MCC's 1, 2C. 2, 2A and 3 SISLOP 

Trip 4160-V Bus IC and 2C Tie Breakers SISLOP 
Trip Diesel Generator I and 2 Circuit LOB/LOP/SIS/ 
Breakers SISLOP 
Elock Diesel Generator 2 and 2 Excitation LOB/LOP/STS 
Shutdown Ckts SISLOP 
Reset Diesel Generatcr Field 

Load Trip Lighting Transformer SISLOP 
Group A Lockout Motor Heater hcrels SIS/SISLOP 
Sequence Start Diesel Generator I and 2, LOB/LOP/SIS 

'0 sec.. (2 Circuits per Diese: 'SISLOP 
Close Feedwater Bypass/Control Valves 
(CV-242. 143 and 144/FCV-456, 457 and 458) SIS/SISLOP 

Oper Safety Injection har. Isolation Valves 
(HV-852 A&E. HV-853 A&E) SIS/SISLOP 

Close HP & LP Feedwater Hdr. Isolation Valves 
(HV-852 A&E, HV-854 A&B) SIS/SISLOP.  

First Out Annunciators, Auto Alert 
System & TSC SIS/SISLOP 

Trip Heater Drain Pumps !SIS/SISLOP 
Trip Condensate Pumps SIS/SISLOP 
Initiate Event Recorder 1SIS/SISLOP 
Trip Feedwater Pumps SIS/SISLOP 
Actuate Containment Isolation System SIS/SISLOP 
Open Safety Injection Loop Isolation Valves 
(MOV-850A, B & C) SIS/SISLOP 

Close Letdown Orifice Isolation Valves 
(CV-202, 203 & 204) SIS/SISLOP 

Close 480 V Bus 2 and 3 Tie Breakers SIS/SISLOP 
'Signal to Feedwater Pump Control Circuit 

Starts Feedwater Pump after an 21 Second 
Time Delay SIS/SISLOP 

Trip Turbine Plant Cooling Water Pumps SISLOP
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2.0 DESCRIPTION (Continued) 

. 2.3.2 Basic Sequencer Controls (Continued) 

ITIME OPERATIONEVN 

ILoad IClose Diesel Generator I and 2 Circuit 
IGroup A 1Breakers SLO 
Sequencel(Note: Breaker closure will occur when the DG I 
10 sec. lis at rated voltage and frequency, 10 secs. isI 
I I~the maximum allowable time.)I 

Load IOpen Charging Line Flow ControlI 
IGroup 8 1Valve (FCV-1112) S/ILO I 
Sequence Start Safety injection Pumps ISILO 
11I sec. Open Feedwater Recirc. System 

Valves (CV-875 A&B) S/ILO 
Open Refueling.Water to Charging Pump SuctionI 
Valves (MOV-1100 B&D) S/ILO I 

Start Emergency. Siren' S/ILO I 
.Close Main Feedwater Iso at-ion 

ValVES (MOV-20, 21 & 22)- SO 
Block Ov e rload Trips* for Safety Injection 

Pumps and. Feedwater P umps, 
Trip Reactor Coolant Pumps "A", "B" & "C"/ISO 
(NOTE: occurs 1 sec. after DG .Breaker closes) 

Load Close Feedwater Pump Miniflow Valves 
Group C Valves (CV-36 & 37) S/ILO 
Seq 'uence! (Note: occurs 2 seCs. after DG Breaker closes)! 

I~oad I Sart hargng Pmps SIS/ILOP 

I~rop DI Strt ompnentCooingWate Pups SIS/SISLOP 
;Seqenc: SartSalwate Colin Pups SIS/SISLOP 

Spra Sysem SIS/SISLOP 

I~oa I~pre SIS/SISLOP 

I~SIS/SISLOP 

Load Start ChrigPmsSIS/SISLOP 
Group D StrIopnn oln WtrPmsSSSSO 
SequencelSatSlwtrCoigPmsSSSSO 
21 sabe. Sftlneto inlt otimn
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2.3.3 Termination Cabinet Indications 

.1 Load Monitoring Lamps: These normally ON white neon 
lights monitor the Subehannel X and Y 48 VDC Relays for 
circuits having series contacts.  

If Subchannels X and Y are not actuated there will be a 
small trickle cf current through the lamp keeping it 
illuminated.  

If Subchannels X and Y actuate the lamp will extinguish.  

NOTE "The Load Monitoring Lamps are controlled by 
both the component circuitry and the 
Sequencer Subchannel.  

These neon lights will not be on if there is 
another contact in the circuit that is not 
closed, such'as; a switch that is normally 
in automatic but is not, or a breaker that 
is open or racked out.  

The 48 VDC Relay circuits having parallel contacts do 
not have Load Monitoring Lamps.  

.2 Subchannel "X" and "Y" Test Lamps: These normally ON 
Amber neon lichts monitor the Subchannel X and Y 48 VDC 
Relay Status. They are used to ensure each Subchannel 
is performing its desired function when performing tests 
on the Sequencer Subchannels.  

These neon lights will extinguish when an actuation 
signal (Test or Actual) is present.  

2.3.4 Logic Cabinet Indications 

.1 Input Buffer Cards: The Red neon light indications are 
illuminated when the buffer contacts are in their normal 
condition, and extinguish when an actuation signal is 
present.  

.2 Logic Cards (Modules): Have the same type Red neon 
indication as the Input Buffer Cards. These indicate 
which Load Group A-F has received an initiation signal, 
and if SIS, LOP, SISLOP and/or LOB is latched in; and 
which 2/3 high Containment Pressure or 2/3 low 
Pressurizer Pressure signals have come in.
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2.0 DESCRIPTION (Continued) 

2.3.4.3 There are power supply lights in the power supply 
portion of this cabinet. These lights will extinguish 
when power is removed and an annunciator will illuminate 
in the Main Control Room.  

2.3.5 Remote Surveillance Panel Indications 

.1 The Remote Surveillance Panel has a load sequencing 
light indication for each load group. The lights are 
normally illuminated and will extinguish when their 
respective group is sequenced on.  

.2 Also, there is a normally illuminated lamp indicating 
power available. If this lamp extinguishes, it is an 
indication of power supply failure.  

.3 The other irdication for the Sequencer is a "Door 
Closed" indication. If any of the four (4) Sequencer 
doors are opened, this light will extinguish.  

2.3.6 Remote Surveillance Panel Controls 

A SIS Trip - This functicn is performed by holdiT te SIS 
"Trip/Reset Switch" in the "Trip" position while at the 
same time depressing the "SIS Manual Trip" button.  

This manually sets the SIS latches on Subchannels X 
and Y. This signal is processed by the logic regardless 
of the current logic or system status.  

.2 SIS Reset - This function is performed by holding the 
SIS "Trip/Reset Switch" in the "Reset" position while at 
the same time depressing the "SIS Manual Reset" button.  

This resets the SIS latches on Subchannels X and Y. It 
is locked out until the End of Sequence latch is set.  
It is independent of the accident inputs returning to 
normal.  

.3 LOP Trip - This function is performed by holding the 
"LOP Trip/Reset Switch" in the "Trip" position while at 
the same time depressing the "LOP Manual Trip" button.  

This manually sets the LOP latches on Subchannels X 
and Y. This signal is processed by the Logic regardless 
of the current logic or system status.
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SAFEGUARD LOAD SEQUENCING SYSTEM 

2.0 DESCRIPTION (Continued) 

2.3.5 Remote Surveillance Panel Indications (Continued) 

.4 LOP Reset - This function is performed by holding the 
"LOP Trip/Reset Switch" in the "Reset" position while at 
the same time depressing the "LOP Reset" button.  

This Resets the LOP latches on Subchannels X and Y. It 
is locked out until the End of Sequence lat:h is set.  
It is independent of the accident inputs returning to 
normal.  

2.4 Power Supplies 

COMPONENT BREAKER LOCATION 

Sequencer 1 72-124 125 VDC Bus No. 1 

Sequencer 2 72-212 125 VDC Bus No. 2 

Ventilation Fan No. 4 L06 (120 VAC) 

The power supplies to the Sequencers are train-separated as shown.  
Loss of a 125 VDC Bus will result in the inability of the 
associated Sequencer to perform its intended function, however, the 
design of the SLSS is that one operable Sequencer is sufficient to 
operate the necessary components to place the Plant in a safe 
condition.  

NOTE: Opening and then reclosing these breakers may 
start the associated Diesel Generator (see yellow 
placard on Diesel Generator Bus).
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SAFEGUARD LOAD SEQUENCING SYSTEM 

3.0 OPERATION 

3.1 Normal Operations 

During Plant Startup, the Safeguard Load Sequencing System (the SIS 
actuation remains Blocked) is placed in service prior to increasing 
RCS temperature above 2000 F. When the RCS pressure reaches 1900 
psig the SIS actuation is automatically Unblocked as indicated by 
the Block Permissive annunciators extinguishing and the SIS 
Override LEDs illuminating in the Card Rack.  

During.Plant cooldown, the Automatic Safety Injection System Signal 
due to Low Pressurizer Pressure is manually blocked, prior to 
reducing. pressure below the SIS setpoint. This prevents an 
inadvertent actuation of Safety Injection. Activation of the Block 
signa is incicatec by annunciators and the extinguishing of the 
SIS Override LED's in the Card Rack.  

The permissive to allow blocking the SIS signal is enabled when 2 
out of 3 Pressurizer Pressure bistables are < 1900 psig.  

The Pressurizer Pressure Bistables generate an alarm signal which 
illuminates the SI Block Permissive annunciator (190 psic) anc the 
Alert Block annunciator.(1800 psig) in the Main Control Room, to 
advise the operator that the Safety Iniectior SysteF shou be 
manually blocked as pressure is intentionally reduced. If no 
manual block occurs, there will be an inadvertent actuation of the 
Safety Injection System. Should system actuation be required after 
blocking, manual actuatior of both Safety Injection trains is 
possible by the manual initiation switches and pushbuttons on both 
Remote Surveillance Panels. The individual components will be 
under operator control after the Sequencer is reset by using the 
manual Reset Switch and pushbuttons on the Remote Surveillance 
Panel.  

The Block signalonly blocks the SIS signal. it -has no effect on 
the LOP or LOBE signals.  

3.2 Safety Injection Signal (SIS) with 220 kV Source of Offsite Power 
Available (See Figure 3) 

The Safety Injection Signal (SIS) is derived from Low Pressurizer 
Pressure or High Containment Pressure bistable elements as 
described in Section 2.3.1. Each Sequencer has its own bistable 
channel inputs and the contacts from each of the bistable output 
relays are supplied to its Sequencer X and Y Subchannels.  

Under normal conditions (Normal/Test Toggle Switch in Normal), the 
Sequencer will generate a Safety Injection Signal when any two out 
of three Pressurizer Pressure. bistable output relays are actuated, 
"OR" when any two out of three Containment Pressure bistable output 
relays are actuated. The two out of three logic function for 
Pressurizer Pressure and Containment Pressure signals is performed 
within each Sequencer on a Subchannel basis.
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SAFEGUARD LOAD SEQUENCING SYSTEM 

3.0 OPERATION (Continued) 

3.2 (Continued) 

During certain testing of pressure inputs and Sequencer Channel 
tests, the Sequencer logic is manually changed to generate a Safety 
Injection Signal when any two out of three Pressurizer Pressure 
bistable output relays are actuated in coincidence with actuation 
of any two out of three Containment Pressure bistable output 
relays. This feature is accomplished via a toggle switch located 
on each Sequencer Test Panel. The t.est switch changes the 
Sequencer "OR" logic to an "AND" logic.  

3.2.1 Safety Injection SLSS Actions 

Initiation of the Safety Injection Signal will result in 
a Reactor Trip and a Unit Trip.  

.Z The Safety Injection Signal will also initiate the 
starting of the Emergency Diesel Generators of both 
trains. The Diesel Generators will be running in a 
standby mode (output breakers open).  

.3 The Safety Injection Signal will cause the Sequencer to 
aC::ate a:! cf tne Safe-, injection loads v.ithc* t ar 
timing sequence.  

3.3 Loss of Offsite Power (LOP) rom the 220 kV System (See Figure 4) 

Each Seouencer monitors the availability of offsite power by means 
of the inout sianals it receives from redundant undervoltace relays 
associated wi th each of the 4160 V Buses IC and 2C., Each Sequencer 
had its own Auxiiary UV Relays and generates a reliable 
undervoltage signal for its internal use by combining signals from 
Buses IC and 2C in an "AND" configuration.  

LOP occurs when I out of 2 UV Relays on IC AND 1 out of 2 UV 
Relays on 2C show both 4160 V Buses have a loss of power supply.  

3.3.2 Loss of Offsite Power SLSS Actions 

.2 The Loss of Power signal will result in a Reactor Trip 
and a Unit Trip.  

The LOP signal will also initiate starting of the 
Emergency Diesel Generators for both trains. The Diesel 
Generators will be running in a standby mode. The 
operator will have the capability to manually close the 
Diesel Generator output breakers, if required.
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SAFEGUARD LOAD SEQUENCING SYSTEM 

3.0 OPERATION (Continued.) 

3.4 Loss of.4160 V Bus (LOB) (See Figure 6) 

Loss of Bus signal to each Sequencer is generated by its associated 
4160 V Bus Undervoltage Relay input signal.  

An LOB occurs when I out of 2 UV Relays (same Relays as used for 
LOP) show its 4160 V Bus to have lost power.  

3.4.1 Loss of Bus SLSS Actions 

.1 Loss of Bus signal will initiate the starting of its 
associated Emergency Diesel Generator unit. The Diesel 
Generator will be running in a standby mode.  

3.5 Simultaneous Occurrence of Safety Injection and Loss of Offsite 
Power from 220 kV System (SISLOP) (See Figures 3 and 4) 

3.5.1 Safety Injection Signal with Loss of Offsite Power Signal 

.2 Upon initiation of the SISLOP Signal, the Reactor and 
Unit will Trip.  

.x The SISLOr a'sc iritiates the startino of tre EmergeIZy 
Diesel Generators.  

.3 A SISLOP sional will result in tripping 4160 V and 
480 V loads.  

.4 The SISLOP will place the Eme-gency Diesel Generators 
online by automatically closing the output breakers when 
rated voltage and freouency are reached an' initiates 
load sequencing as described in 2.3.2 and 3.5.2.  

3.5.2 . Load Sequencing (See Figure 7) 

Load sequencino will be initiated automatically, as soon 
as the Emergency Diesel Generators are online. The 
Safety Injection loads will be sequentially actuated in 
groups as specified below. During load sequencing, the 
operator will not be able to select the loads. Manual, 
load selection may resume, up to 4725 Kw, when sequencing 
is completed and the Sequencers are reset by the 
operator.
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SAFEGUARD LOAD SEQUENCING SYSTEM 

3.0 OPERATION (Continued) 

3.5.2 Load Sequencing (See Figure 7) (Continued) 

.1 Load Group A - Time 0 secs. - This load group performs 
its function immediately and it is not connected to any 
timing circuitry.  

NOTE: There is a 10 second allowance for the 
Diesel Generators to reach rated volts and 
frequency before 3.5.3.2, 3, 4 & 5 can take 
place.  

.2 Load Group E - Time 11 secs. - This Load Group is 
designed to come on one second after the Diesel 
Generator has reached proper speed and voltage with the 
Diesel Generator Output Breaker closed.  

.3 Load Group C - Time 22 secs. - This Load Group is 
designed to come on 2 secs. after the Diesel Generator 
Output Breaker is closed to limit the starting current 
strain on the Diesel Generators.  

.4 Load Group D - Time 21 secs. - This Load Group is 
designed to come on 21 secs. after the Diesel Generator 
Output Breaker is closed to limit the starting current 
strain on the Diesel Generator.  

.5 Load Grou-s E and F are spares and are not used.  

3.6 Safety Injection with Safety Injection Signals (SIS) Returning to 
Normal, Followed by Loss of Offsite Power from 220 kV System 
(See Figures 3 and 4) 

3.6.2 Safety Injection Signal 

.1 After reaching their associated setpoints, the 
Pressurizer Pressure or Containment Pressure initiate 
Safety Injection and the Sequencer functions normally as 
in 3.2 above.  

.2 If Pressurizer Pressure and/or Containment Pressure 
return to normal levels or fluctuate about their Safety 
Injection setpoints, the Safety Injection System will 
continue to function normally (unless reset and 
rearmed).  

Once reset by the Operator, SI would reactivate if armed 
and the setpoint is reached.
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SAFEGUARD LOAD SEQUENCING SYSTEM 

3.0 OPERATION (Continued) 

3.6.2 Loss of Power Signal 

.1 A Loss of Power signal following actuation of normal SIS 
results in Sequencer operation as if a simultaneous 
Safety Injection System and Loss of Offsite Power 
(SISLOP) has occurred as in 3.5 above.  

.2 If the Sequencers have been Reset by the operator after 
Safety Injection initiation but prior to the occurrence 
of the Loss of Offsite Power, and Pressurizer Pressure 
or Containment Pressure are restored to normal, the 
Sequencer will operate as if Loss of Offsite Power (LOP) 
only had occurred.  

3.7 Safety Injection Followed by Safety Injection Block Initiation 
Followed by Loss of Offsite Power from 220 kV System 
(See Figures 3 and 4) 

3.7.1 . Safety injection Signal 

.1 After reaching their associated setpoints, the 
Pressurizer Pressure or Containment Pressure initiates 
Safety Injection. The Sequencer functions normall as 
in 3.2 above.  

.2 After Safety Injection initiation, the Sequencer Safety 
Injection Block Signal is initiated per station 
procedures. The Safety Injection System will continue 
to function normally.  

3.7.2 Loss of Power Signal 

.1 Upon occurrence of a Loss of Offsite Power. the 
Sequencer will neglect the Safety Injection Block and 
operate as IT a simultaneous Safety Injection Signal and 
Loss of Offsite Power (SISLOP) had occurred.  

3.8 De-energizing and Energizing the Sequencer 

3.8.1 De-energizing the Sequencer(s) 

The Sequencer(s) are normally de-energized by opening both 
Subchannel Y power supply breakers and then opening both 
Subchannel X power supply breakers. This allows the Sequencer(s) 
to be properly re-energized as described below.  

The Sequencer(s) can also be de-energized by opening the main power 
breaker at the appropriate 125 VOC Panel, however, if this is done 
the individual breakers should then be opened to prevent an 
inadvertent SIS actuation when the main breaker is reclosed.
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SAFEGUARD LOAD SEQUENCING SYSTEM 

3.0 OPERATION (Continued) 

3.8.2 Energizing the Sequencer(s) 

When Subchannels X and Y, for each Sequencer, are energized they 
may be in a TRIPPED condition, therefore failure to properly 
energize or failure to Reset the Tripped condition as required may 
result in an advertent SIS actuation.  

Sequencer 1 is energized by first verifying that both Subchannel X 
power supply breakers are open and that both Subchannel Y power 
supply breakers are open and then closing the 125VDC main power 
supply breaker. Subchannel Y is energized by closing both power 
supply breakers, then Subchannel Y is Reset to remove any Trip 
condition. Subchannel X is now energized by closing both power 
supply breakers, then Subcnannel X is Resetto remove any Tri.p 
.condition.  

Sequencer 2 is energized in the same manner as Sequencer 1.  

When actually performing the above, the LED's in the Card Rack and 
the annunciators in the Main Control Room should be checked to 
verify proper system indications.  

4 .C R E E E EE 

4.1 Elementaries 

4.1.i 5149180, Sequencer Logic Diagram 
i542 Sheet 137M 

4.1.2 5149957, Safety Injection Sequencer No.1 
2542 Sheet 139 

4.1.3 5250E75. Safety Injection, Sequencer No. 2 
1542 Sheet 137A 

4.1.4 5149270, Load Sequence Schedule Load Train No. 1 
1542 Sheet 140 

4.1.5 5249179, Load Sequence Schedule Load Train No. 2 
1542 Sheet 141 

4.1.6 5149181, Load Sequence Schedule Load Train No. 2 
1542 Sheet 143 

4.2.7 5149182, Load Sequence Schedule Load Train No. 2 
1542 Sheet 144 

4.1.8 5150158,. SIS/SP Lockout Relays 
1545 Sheet 54
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SAFEGUARD LOAD SEQUENCING SYSTEM 

4.0 REFERENCES (Continued) 

4.1 Elementaries (Continued) 

4.1.9 5102173, 125 VDC System No. 1 
1540 Sheet 17 

4.1.10 5149348, 125 VOC System No. 2 
1540 Sheet 178 

4.2 Technical Manuals 

4.2.1 Consolidated Controls Corp. Technical Manual 9N33, 
Safeguard Load Sequencing System 

4.3 Procedures 

4.3.2 502-4-27, Safety Injection System Operations 

4.3.2 50-2.0-12, S1 Termination following Spurious SI 

4.3.3 501-1.0-21, S1 Termination following Loss of Reactor 
Cool ant 

.3.4 SDI-: .0-3:. S: 7erminatior fcllowing Loss of Seccnda 
Coolant 

4.3.5 501-3-2, Plant Startup from Cold Shutdown to Hot Standby 

4.3.6 502-3-5, Plant Shutdown from Hot Standby to Cold Shutdown 

4.3.7 502-22.0-4, Operations Surveillance Requirements for 
Mode Chances 

4.3.8 501-12.3-7, Monthly Sequencer Test 

- 4.3.9 50-13-5, Permissive Information Display Annunciator 

4.3.10 S02-13-6, Reactor Plant First-Out Annunciator 

4.3.11 S01-13-7, Reactor Plant Matrix Partial Trip Annunciator 

4.3.12 S01-23-10, Electrical Annunciator 

4.4 Technical Specifications 

4.4.1 Section 3.5.5 

4.4.2 Section 4.1.4 

4.4.3 Section 3.7.I.A.5 

4.4.4 Section 4.4.E and F 

DR ilvy: 3285
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FIGURE 12: INPUT BUFFER CARD 

(Slots 1-6, 9-14 Upper Row) 

TP4 -48 V 

TP3 +48 V 

TP5 INPUT TO CKT I 

S1 TEST SWITCH CKT I 

TP7 INPUT TO CKT 2 

S2 TEST SWITCH CKT 2 

TP9 INPUT TO CKT 3 

S3 TEST SWITCH CKT 3 

TP10 OUTPUT TO LOGIC CARD (CKT 3) 

0S1 ( CKT I ENERGIZED (WHEN DUT) 

TP8 OUTPUT TO L GIC CARD (CKT 2) 

DS2 CKT 2 ENERGIZED (WHEN OUT) 

TP6 OUTPUT TO LOGIC CARD (CKT 1) 

0S3 CKT 3 ENERGIZED (WHEN DUT) 

TP2 -15 V 

TP1 +15 V
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FIGURE 13: LOGIC CARD 

(Slots 7 and 15 Upper Row) 

TPI DSS LOAD GROUP A 

TP2 ) DS2 LOAD GROUP B 

TP3 DS3 LOAD GROUP C 

TP4 DS4 LOAD GROUP D 

TP5 DS5 LOAD GROUP E 

TP6 DS6 LOAD GROUP F 

TP13 DS7 SIS LATCHED IN 

TP7 OS LOP LATCHED IN 

TPB OS9 SIS-LOP LATCHED IN 

TP9 0 S10 LOSS OF BUS 

TP10 DS11 

TPiI ) DS12 2 OUT OF 3 PRESSURIZER 
PRESSURE CONTROLLER 

TP12 0 

NOTES: 1. TP-13 IS COMMON (NEGATIVE) 

2. 0 THIS IS A TEST POINT STUD 

3. THIS IS A TEST POINT JACK 

4. THIS IS AN LED
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FIGURE 14: RELAY DRIVER CARD 

(Slots 8 and 16 Upper Row, Slots 1-16 Lower Row) 

TP2 -48 V 

TPI +48 V 

TPI6 OUTPUT SIGNAL TO RELAY CKT 

TPi3 OUTPUT SIGNAL TO RELAY CKT 

TPIO OUTPUT SIGNAL TO RELAY CKT 

TP7 OUTPUT SIGNAL TO RELAY CKT 

TP5 OUTPUT SIGNAL OF Ul CKT 

TPI4 INPUT SIGNAL CKT 

TPI2 OUTPUT SIGNAL OF Ul CKT 

TPa INPUT SIGNAL CKT 

TP9 OUTPUT SIGNAL OF U1 CKT 

TPe INPUT SIGNAL CKT 

TP6 OUTPUT SIGNAL OF UI CKT 

TP5 INPUT SIGNAL CKT 

TP3 +15 V 

TP4 -15 V 

NOTES: 1. THIS IS A TEST POINT JACK
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APPENDIX A 

SAFEGUARD LOAD SEQUENCING SYSTEM SIGNALS 

Inputs to each Sequencer 

.1 Pressurizer Pressure 

a. Seouencer No. 1 Seouencer No. 2 

PC-430G PL-3000A 
PC-431E PC-3000B 
PC-432C PC-3000C 

.2 Containment Pressure 

PC-a120A PC-1121A 
PC-1120B PC-1121B 
PC-1120C PC-1222C 

.3 UndervoItage Signal from 4160 V Bus IC and 4160 V 
Bus 2C.  

.4 Safety injection Elock 

Emergencv Diese' GeneratiorVoltage Frequency Sir; ,a 
and "Output Breaker Position Signal" 

.6 Test Switch 

Sequencers 1 and 2 output to: 

.i 4160 V Breakers 

.2 480 V Breakers 

.> 480 V Motor Control Centers 

.4 Lockout Relays 

Emergency Diesel Generators 

.6 Safety Injection System 

.7 Containment Spray System 

.8 Containment Isolation System 

3285i A-I
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APPENDIX B 

SAFEGUARD LOAD SEQUENCING SYSTEM ALARMS 

PERMISSIVE ANNUNCIATOR ALARMS 

WINDOW NAME 
(Number) INPUT SETPOINT 

S.I. Block Permissive 2 out of 3 Pressurizer < I00 psig 
LO Pressure Channel I, II, III Pressure Transmitters 

(13, 14, 15) 

Automatic Safety Injection Safety Injection Switch in 
"A", "B" Circuit .iocked Block Switch "BLOCK" positior 

(9, 10) 

REACTOR PLANT FIRST OUT ANNUNCIATOR ALARMS 

WINDOW NAME 
(N'moer) INPUT ET 

Safety Injection 2 out of 3 Pressurizer < 1735 psic 
(2) Pressure Transmitters 

OR OR 
2 cut CF 3 Containment 
Pressure Transmitters 1.4 psig 

Alert Elock Auto 2 out of 3 Pressurizer 1800 psic 
Safety Injection Pressure Transmitters 

(36) 

B-12
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APPENDIX B 

SAFEGUARD LOAD SEQUENCING SYSTEM ALARMS 

(Continued) 

REACTOR PLANT MATRIX PARTIAL TRIP ANNUNCIATOR ALARMS 

WINDOW NAME 
(Number) -INPUT SETPOINT 

Pressurizer LO Pressure 
Safety Injection Train A, B PT-430G, < 1735 psig 
Channel I PT-3000A 

(14, 4) 

Pressurizer LO Pressure 
Safety Injection Train A, B PT-431E, 1735 psig 
Channel II PT-3000B 

(15, 5) 

Pressurizer LO Pressure 
Safety Injection Train A, B PT-432C, 1735 psig 
SChannel III PT-3000C 

(16, 6) 

ELECTRICAL ANNUNCIATOR ALARMS 

WINDOW NAME 
(Number) INPUT SETPOINT 

Sequencer In Test NORMAL/TEST . Switch in 
(36) Toggle Switch TEST 

Sequencer Cooling Kl-S02 & S03 Loss of Power 
Fan Power Failure j to Either 

(33) Cooling Fan 

Sequencer Power Sequencer 2 or 2 Loss of Power 
Supply Trouble Power in or to 

(35) Sequencer 1 or 2 

3185i B-2
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APPENDIX C 

DEVELOPMENTAL RESOURCES 

Elementaries 

5149180, Sequencer Logic Diagram 
1542 Sheet 137M 

5149957, Safety Injection Sequencer No.1 
1542 Sheet 139 

5150875, Safety Injection, Sequencer No: 2 
1542 Sheet 137A 

5149170, Load Sequence Schedule Load Train No. 2 
1542 Sheet 140 

5249179, Load Sequence Schedule Load Train No. 2 
1542 Sheet 141 

5149181, Load Sequence Schedule Load Train No. 2 
1542 Sheet 143 

5149182, Load Sequence Schedule Load Train No. 2 
1542 Sheet 244 

5150158, SIS/SP Lockout Relays 
1545 Sheet 54 

5102173, 125 VDC System No. 1 
1540 Sheet 27 

5149348, 123 VDC System No. 2 
1540 Sheet 17E 

Technical Manuals 

Consolidated Controls Corp. Technical Manual 9N33, Safegurad Load Sequencing 
System.  

Procedures 

SO1-4-17, Safety Injection System Operations 

501-1.0-12, SI Termination following Spurious SI 

S01-1.0-21, SI Termination following Loss of Reactor Coolant 

SOI-1.0-31, SI Termination following Loss of Secondary Coolant 

S01-3-1, Plant Startup from Cold Shutdown to Hot Standby 

501-3-, Plant Shutdown from Hot Standby to Cold Shutdown 

3185i C-1
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APPENDIX C 
DEVELOPMENTAL RESOURCES 

(Continued) 

Procedures 

501-12.0-4, Operations Surveillance Requirements for Mode Changes 

S01-12.3-7, Monthly Sequencer Test 

SO1-13-5, Permissive Information Display Annunciator 

S01-13-6, Reactor Plant First-Out Annunciator 

501-13-7, Reactor Plant Matrix Partial Trip Annunciator 

SO1-13-10. Electrical Annunciator 

Technical Specifications 

Section 3.5.5 

Section 4.2.4 

Section 3.7.1.A.5 

Section 4.4.E and F 

Others 

Fn Safety 4A v ssRc 

Student Hancout for Safeguard Loac Seouencing System 

Study Guide 18. Safeguarc Load Secuercing System 

DRiley:31851 C-2



CONTAINMENT ISOLATION 

Drawing~g TL2 itl1e 
5178110 Reactor Coolant Pump Seal Water System 
5178111 Reactor Coolant Pump Seal Water System 
5178115 Safety Injection System 
5178120 Containment Spray & Recirculation System 
5178130 Letdown & Residual Heat Removal Systems 
5178135 Volume Control & Charging System 
5178136 Volume Control & Charging System 
5178140 Letdown Demineralizer System 
5178150 Reactor Cycle Sampling System 
5178158 Radwaste Liquid Collection System 
5178205 -Feedwater System 
5178206 Feedwater System 
5178220 Auxiliary Feedwater System 
5178221 Auxiliary Feedwater System 
5178225 Main Steam System 
5178260 Feedwater Sampling System 
5178270 Secondary Chemical Feed System 
5178320 Turbine Plant Cooling Water System 
5178370 Primary Plant Make-up Water System 
5178381 Service & Domestic Water System 
5178400 Gaseous Nitrogen System 
5178402 Gaseous Nitrogen System 
5178404 Gaseous Nitrogen System 
5178405 Gaseous Nitrogen System 
5178442 Instrument & Service Air System 
5178444 Instrument & Service Air System 
5178449 Instrument & Service Air System 

R178600 Containment Ventilation System 
5178601 Containment Ventilation System 
SD-SO-630 System Desc Containment & Containment Isolation
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CONTAINMENT AND CONTAINMENT ISOLATION SYSTEM 
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CONTAINMENT AND CONTAINMENT ISOLATION SYSTEM 

1.0 FUNCTIONS/DESIGN BASES 

1.1 Main Function: 

The main function of the containment at SONGS Unit 1 is to protect 
the health and welfare of the general public by creating a barrier 
to the release of radioactive materials and by limiting radiation 
dose rates coming from the facility to within applicable limits.  

1.2 Additional Functions: 

1.2.1 Limit radiation dose rate to personnel inside of the 
Sphere.  

Radiation shielding is provided within the Sphere.  
limiting the radiation dose rate to personnel to within 
the limits of 10CFR20 (Standards For Protection Against 
Radiation); such that access to the Sphere is allowed 
in all modes of reactor operation. (see Section 2.2.5, 
Personnel Access).  

1.2.2 Provide Reactor Coolant System (RCS) leak detection 
capabilities.  

RCS leakage monitoring is provided by the Sphere HVAC 
and liquid radioactive waste collection system. For a 
discussion of RCS leak detection see the following 
system descriptions: 

* ORMS SD-SO1-550 

* RCS SD-SO1-280 

* HVAC System SD-S01-450 

1.3 Design Basis: 

Containment and associated systems shall provide an essentially 
* leak-tight barrier against the uncontrolled release of 

radioactivity to the environment and assure that the containment 
design pressure, temperature and leakage are not exceeded during 
the design basis Loss-of-Coolant Accident (LOCA).  

The leakage and direct radiation exposure from containment during 
the worst accident cannot expose the general public to more than 25 
REM whole body dose and no more than 300 REM thyroid dose (from 
radioactive Iodine) in the following two exposure areas:
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1.0 FUNCTIONS/DESIGN BASES (Continued) 

1.3 Design Basis (Continued) 

1) Standing at the boundary of the area surroundingthe reactor 
which is directly controlled by SCE, for two hours (Exclusion 
Area limit) 

- and 

2) Standing at the boundary of the area surrounding the reactor 
which is not directly controlled by SCE but can be reasonably 
evacuated, for the entire period of the release of 
radioactivity (Low Population Zone limit).
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2.0 DESCRI-PTION (Continued) 

2.1 Overview 

The containment is referred to as the last barrier for the release of 
radioactive material to the environment. The other three barriers, the 
fuel pellet, the fuel cladding and the Reactor Coolant System (RCS) are 
all within the containment.  

The containment at SONGS Unit One consists of a steel sphere which, along 
with the containment process line isolation system, is the barrier to the 
release of radioactive material; and the concrete Sphere Enclosure 
Building (SEB) which, with the interior sphere structures, reduces the 
total whole body penetrating radiation dose rate to the public to within 
allowable limits.  

This system description breaks the containment system.into component 
parts by function. The basis of all design functions is found in Title 
10, Code of Federal Regulations (CFR), primarily Part 50, Domestic 
Licensing of Production Facilities and Part 100, Reactor Site Criteria.  

These design functions are defined in the facility FSA and implemented 
through the Technical Specifications.  

This system description contains or references information from the CFRs, 
the Final Safety Analysis (FSA), and the Technical Specifications 
required by the reader to understand the Containment System Design.  

Containment Integrity: 

The implementation of the containment requirements at SONGS Unit 1 is 
accomplished through adherence to the Technical Specifications. The 
Technical Specifications strive to maintain a condition of containment 
integrity. -Containment Integrity is defined in the Unit 1 Technical.  
Specifications Section 1, Definitions.  

The integrity of containment is of importance when a threat to the 
barriers to the release of radioactive material is present. The 
Technical Specifications Section 3.6 defines the plant conditions 
requiring the integrity of containment.  

The variable considered to determine the need for integrity is the extent 
to which the other barriers to the release of radioactive material are 
threatened: 

- If the threat of an inadvertent criticality is high then the threat 
to fuel cladding breach is high.  

- . If the Reactor Coolant System (RCS) pressure is high then the 
threat to a breach of the RCS boundary is high.  

- If the RCS is to be opened for maintenance extra guarantees must be 
made to keep the fuel cladding and/or the containment intact.
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W1 2.0 DESCRIPTION (Continued) 

2.1 Overview (Continued) 

The Containment and Containment Isolation System (CIS) requirement is as 
follows: 

The containment, including access openings, penetrations, and the heat 
removal system shall be designed so that the containment and its internal 
compartments can accommodate, without-exceeding the design leakage rate, 
the calculated pressure and temperature conditions resulting from any.  
(LOCA). This margin shall reflect.consideration of the effects of all 
credible energy sources.  

This criteria contains the following major elements: 

2.1.1 The Containment Structure 

The containment structure at SONGS Unit I consists of the Sphere 
Enclosure Building (SEB) and the Sphere.  

This system description covers the containment structure in two 
component parts.  

* SEB 
* Sphere - including internal shielding 

2.1.2 The Containment Penetrations 

The containment penetrations at SONGS Unit 1 is pertinent to the 
Sphere only.  

This system description presents containment (Sphere) penetrations 
in four component parts: 

* Piping penetrations 

* Containment isolation valves - including the CIS 
control panel 

* Sphere electrical penetrations 

* Personnel access penetrations 

Ip
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2.0 DESCRIPTION (Continued) 

2.1.3 General Control Scheme (see Table 1 for Sphere 
isolation valve requirements) 

Those containment isolation valves required to close automatically 
receive a signal from the Emergency Safeguards Feature, Containment 
Isolation logic scheme (see Figure 5). The Containment Isolation 
signal is initiated from either: 

* A Safety Injection Signal (SIS) 

* A containment pressure of > 1.4 psig as sensed on at 
least two of the three Sphere pressure detectors.  

* Manual pushbutton operation from the Control Board 

For redundancy the CIS is divided into two trains; Train A or F and 
Train B or G, each train has a separate power supply.



NUCLEAR GENERATION SITE SYSTEM DESCRIPTION SD-S01-630 
UNIT 1 REVISION 0 PAGE 7 OF 47 

CONTAINMENT AND CONTAINMENT ISOLATION SYSTEM 

2.0 DESCRIPTION (Continued) 

2.2 Components 

The following components of the Containment and Containment Isolation 
System will be presented in this section: 

* Containment structure 
- SEB 

- Sphere 

* Sphere piping penetrations 

* Containment isolation valves and CIS control panel 

* Sphere electrical penetrations 

Personnel access penetrations 

All other components of the containment and containment isolation systems 
are covered in Section 2.1 of this system description or are covered in 
these other system descriptions: 

* Safety Injection and Containment Spray System SD-SO1-500 

* Operational Radiation Monitoring System SD-SO1-550 

* Area Radiation Monitoring System SD-SO1-540 

* Reactor Coolant System SD-SO1-280 

* Component Cooling System 50-501-330 

* Hydrogen Monitoring and Recombiner System SD-SO1-670 

* HVAC System SD-SO1-450 

* Turbine Plant Cooling Water System SD-SO1-500 

* Fuel Transfer, Handling and Storage System SD-SO1-350 

* Cathodic Protection System SD-SO1-490 

* Meteorological Systems/Seismic SD-SO1-440
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2.0 DESCRIPTION (Continued) 

2.2.1 Containment Structure - Sphere Enclosure Building 
(SEB) 

SPHERE ENCLOSURE BUILDING (SEB) 

PURPOSE: Biological shield, reducing radiaion 
dose rates to the general public to 
within design limits.  

DIMENSIONS: Cyl radius = 72'6" 
Height = 114'8" 
Wall Thickness = 3' min.  
Arched composite roof thickness 1 ' min.  

MATERIAL OF CONSTRUCTION: Reinforced concrete 

DESIGN PRESSURE: Open to atmosphere 

The SEB, a Seismic Category A, reinforced concrete structure, 
surrounding the Sphere.  

The cylindrical wall is continuous except for openings from grade 
to elevation 54 to accommodate the turbine .deck and from grade to 
elevation 40 to accommodate.the piping penetration building.  
Smaller penetration openings are provided for electrical cable, 
piping, and the personnel access lock. The wall is continuous from 
elevation 54 to elevation 105. At elevation 105 a ring girder is 
provided for roof support.  

Also included in the SEB design are the building auxiliary 
systems. These systems, which have no safety function, include two 
supply and two exhaust fans for ventilation, lighting, fire 
detection, fire protection, cathodic protections, and grounding 
systems.  

The purpose of the SEB is to attenuate post-accident direct 
radiation dose rates. Since the building is open to atmosphere, it 
does not function to contain or reduce post-accident pressure 
temperature, or radioactivity release. The SEB functions to 
mitigate dose rates at the exclusion area boundary and low 
population zone to less than 10CFR100 limits (defined in 
Section 1.3 Design Basis).
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2.0 DESCRIPTION (Continued) 

2.2.1 Containment Structure - Sphere 

SPHERE 

| PURPOSE: See Main and Additional Functions 
Sections 1.1 and 1.2 

DIMENSIONS: 140 ft. DIA (40 ft below grade) 
1" thick 

I*DESIGN PRESSURE: 53.3 psig 
2.0 psig vacuum 

I*DESIN TEMPERATURE: 391.5 0 F (200 0 F max. temp. rise) 

I*CALCULATED ACCIDENT PRESSURES: 46.0 psig LOCA 
51.0 psig secondary break 
1.7 psig vacuum 

OPERATING PRESSURE LIMIT: 0.4 psig 

MATERIAL OF CONSTRUCTION: ASME SA212 carbon-silicon Grade B 
steel of fire box quality 

GROSS VOLUME: 1.44 X 106 ft3 

FREE VOLUME: 1.21 X 10' ft3 

* See letter from K. P. Baskin (SCE) to A. Schwencer (NRC) dated 
1/19/77, "Containment Post-Accident Pressure Reanalysis".  

The Sphere, enclosing the nuclear reactor and its related 
equipment, is designed to contain any accidental release of 
radioactivity from the reactor coolant system. The Sphere is the 
final barrier that guards against release of significant quantities 
of fission products and upon which reliance is placed under the 
conditions of maximum potential release (i.e., the hypothetical 
condition of major rupture of the reactor coolant system and gross 
failure of the fuel and fuel cladding).  

The Sphere is designed to accommodate, without exceeding design 
leakage, those pressures and temperatures resulting from the 
largest credible energy release following a LOCA or steam break 
accident.  

The Sphere and interior shielding (see Section 2.2.5 and Figure 6) 
are designed to limit the dose rate outside the Sphere to less than 
1 mr/hr with the unit at full power.
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2.0 DESCRIPTION (Continued) 

2.2.1 Containment Structure - Sphere (Continued) 

The bottom of the Sphere is protected to preclude contact between 
the metal Sphere and ground water. In addition, corrosion 
protection is provided by a cathodic protection system (see 
SD-SO1-490, Cathodic Protection System).  

Missile protection is provided by the Sphere interior structures 
such that any missile generated by the high pressure systems or 
components within the Sphere will not damage the Sphere itself or 
any of the safety related equipment within the Sphere.  

The missile protection consists of three parts: (see Figure 6) 

* An annular six foot thick concrete primary 
shield surrounding the reactor vessel.  

* A two foot thick concrete and one .inch thick steel 
slab missile shield located above the reactor vessel head.  
This shield protects the Sphere from missiles created by 
reactor control rod ejection and reactor vessel head bolt 
failure.  

* A one and one-half foot thich concrete auxiliary shield 
located adjacent and perpendicular to the slab missile shield 
above the reactor vessel. The auxiliary shield is south of 
the reactor vessel.  

Sphere systems annunicators can be found in Appendix A.  

Sphere instrumentation can be found in Appendix C.  

2.2.2 Sphere Piping Penetrations (see Tables 1 and 2) 

Sphere penetration requirements: 

Piping systems penetrating the Sphere are to be provided with leak 
detection, isolation, and containment capabilities, and have 
redundancy, reliability, and performance capabilities which reflect 
the importance to safety of isolating these piping systems.  

The piping penetrations are defined at SONGS Unit 1 by first 
grouping the types of Sphere penetrations as follows: 

* Group A. Lines which penetrate the Sphere and normally 
carry radioactive fluids shall have two valves in 
series, one of which will be located within the Sphere 
and the other outside the Sphere shell. These valves 
shall be remotely operated whenever necessary to 
prevent outward flow in the event of an accident.
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2.0 DESCRIPTION (Continued) 

2.2.2 Sphere- Piping Penetrations (see Tables 1 and 2) 
(Continued) 

Incoming lines will be provided with a check valve 
inside the Sphere and will be either backed up with a 
closed piping system outside the Sphere or by a 
remotely operated valve, if necessary.  

* Group B. Lines which penetrate the Sphere and open to the 
free volume of the Sphere have two valves in series to 
prevent outward flow in the event of an accident. One 
valve closes automatically, the other can be closed 
from the control room.  

* Group C. Lines which penetrate the Sphere and open to the 
turbine cycle are equipped with one isolation valve.  
In the main steam lines, the turbine stop valves serve 
this purpose.  

* Group D. Lines which penetrate the free volume of the 
Sphere but which are normally closed during operation 
of the reactor are equipped with a single isolation 
valve. Depending on the service, a lock, interlock or 
operating procedures ensure that these valves are 
closed whenever the integrity of the Sphere is 
required. The ventilation penetrations are included in 
this category.  

The following notes pertain to the above penetration groups: 

NOTES: 1. Lines which enter and leave the Sphere but are not open 
to the Sphere free volume or the outside atmoSphere may 
not be provided with isolation valves. These lines are 
either part of separate, closed systems or are not 
subject to damage as a result of a LOCA.  

2. Safety injection lines must remain open in the event of 
an accident.  

SONGS Unit 1 uses six different types of piping penetrations to the 
Sphere.  

* Type A - Cold Process Line Penetration 

Type A penetration is used for all cold process lines. Cold 
process lines are uninsulated carbon steel pipes which contain 
fluids at temperatures between 500 F and 2000 F. Piping in this 
temperature range will not cause appreciable temperature 
stresses at the penetrations.
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2.0 DESCRIPTION (Continued) 

2.2.2 Sphere Piping Penetrations (see Tables 1 and 2) 
(Continued) 

Type B - Austenitic Stainless Steel Pipe Penetrations 

The type B Sphere penetration is used for all stainless steel 
process lines, hot or cold. The process piping passes 
through a sleeve in the Sphere wall which is designed to 
withstand the cyclic stress conditions resulting from 
movements imposed by the corresponding piping system.  

* Type C - Hot Process Line Penetrations 

The type C penetrations are used for hot .process lines.  
operated above 2000F. The type C penetration is designed, 
constructed, and tested in the same manner as the type B 
penetration except that the process line is carbon steel.  

* Type D - Main Steam Line Penetration 

Type D penetration through the Sphere is accomplished by 
means of a.bellows-type expansion joint which provides a 
flexible penetration through the Sphere.  

* Type E - Sphere Ventilation Line Penetrations 

The type E penetrations are used for the Sphere ventilation 
pipes. The ventilation pipe spools containing the necessary 
valves and expansion joints are bolted to the penetration 
sections in the Sphere wall.  

* Type F - Spent Fuel Transfer Tube 

The spent fuel transfer tube penetrates the Sphere through a 
sleeve provided in the Sphere wall. The end of the spent 
fuel transfer tube inside the Sphere is sealed with a blind 
flange which is equipped with leak test provisions to monitor 
the integrity of the seal.  

The following notes pertain to the above penetration types.  

NOTES: 1. The Sphere ventilation purge' valves are required 
to be isolated under locked control in Modes 1 
through 4 of plant operations (see Technical 
Specifications Section 1.0, Table 1.2 for 
Operating Modes).  

2. For the main steam lines a turbine trip signal is 
relied upon to.isolate containment since the 
turbine .stop and control valves are considered as 
containment isolation valves.
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2.0 DESCRIPTION (Continued) 

2.2.3 Containment. (Sphere) Isolation Valves and Control 
Panel 

All of the containment (Sphere) isolation valves and actuators, 
located on specific lines penetrating the Sphere, are standard 
types except for two actuators; the Contromatic-pneumatic and the 
Paul-Monroe- pneumatic-hydraulic valve actuators. Both of these 
actuators are found on ball type valves and are described here.  
(see Table 1 for specific valve/penetration application).  

CONTROMATIC VALVE (Figure 3) 

PURPOSE: To operate containment isolation ball type valves 
providing a passive spring driven "fail-safe" 
valve closure stroke.  

OPERATOR TYPE: Air open - spring close 

SIZE: on lines of 2" or less 

CONTROL: Solenoid operated 3-way valve on the 
instrument air supply li.nes.  

Contromatic-valve actuator (see Figure 3): 

The actuator consists of a body, one long cylinder (the spring side), 
one short cylinder (on the pneumatic side), a piston for each 
cylinder, a connecting rod, and a lever which turns the valve stem when 
operated by the connecting rod.  

The connecting rod is common to both pistons. On the connecting rod are 
two small tabs or "sliding blocks" which run in slots in the lever. As 
the connecting rod moves back and forth the lever will turn the valve 
stem as shown in Figure 3.  

Actuator Operation: 

* The actuator is air operated in.the non-safeguards direction 
by energizing the solenoid valve admitting instrument air to the 
short cylinder, stroking the actuator and compressing the spring.  

* The actuator strokes to the safeguards position when 
the solenoid valve is de-eriergized and air is vented from the 
short cylinder, the spring forces the valve to stroke.  

As installed, all Contromatic valves are spring closed on either a loss 
of control power or loss of instrument air pressure.
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2.0 DESCRIPTION (Continued) 

2.2.3 Containment (Sphere) Isolation Valves and Control 
Panel (Continued) 

PAUL-MONROE VALVES (Figure 4) 

PURPOSE: To operate safeguards valves and containment 
isolation valves, providing a passive, oil 
accumulator driven, "fail-safe" valve stroke 

OPERATOR TYPE: Hydraulic 

SIZE: 2" to 8" valves 

CONTROL: Solenoid hydraulic actuated system for: 
Non-safeguards movement - hydraulic.pressure is 
supplied by an air-driven oil pump.  
Safeguards movement - hydraulic pressure is 
supplied by a N2 preloaded accumulator.  

Paul Monroe pneumatic-hydraulic valve actuators (See Figure 4) 

The Paul Monroe pneumatic-hydraulic actuator is a self-contained 
unit consisting of a valve actuating cylinder, a rack-and-pinion 
valve driver, an instrument air driven hydraulic pump, an air 
supply air pilot switch, a solenoid actuating valve, a 1400 psig 
N2 preloaded accumulator (for fail-safe operations), a 

filter, piping and miscellaneous valves to complete the system.  

Actuator Operation: 

* The operating sequence for valve stroke to the 
non-safeguards position is as follows: 

The solenoid valve is energized (closed) and the 
hydraulic pump is started when low pressure is sensed 
by the air pilot switch.  

The hydraulic pump draws oil from the reservoir and 
pumps oil through the filter, ball check and flow 
control valve to the rotary actuator.  

- As the rotary actuator strokes to the non-safeguards 
position oil is forced into the nitrogen loaded 
accumulator at the upper right of Figure 4, preparing 
the valve for a passive (no power) valve stroke.  

To maintain the valve in the non-safeguards position 
the hydraulic pump cycles to maintain hydraulic 
pressure between 2700 and 2800 psig.
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2.0 DESCRIPTION (Continued) 

2.2.3 Containment Isolation Valves and Control Panel 
(Continued) 

The operating sequence for valve stroke to the 
safeguards (fail-safe) position is as follows: 

- The solenoid valve is de-energized (opened) to port oil 
from the non-safeguards side of the rotary actuator 
through the flow control valve to the reservoir.  

The flow control valve is adjusted to allow a 10 to 30 
second stroke time.  

- Oil from the nitrogen loaded accumulator provides the 
motive force to position the actuator to the safeguards 
position.  

The hydraulic pump is prevented from continuous 
operation during this fail-safe stroke by a solenoid in 
the air supply line to the hydraulic pump air motor.  

Accumulator low pressure is annunciated on the 
Auxiliary Feed Water Panel at 1060 to 1600 psi 
depending on the actuator type (see Appendix A, 
Annunciator Listing).  

As installed all Paul-Monroe valve's fail-safe position is closed 
except CV-737A and B-CCW to the recirculation HXs. (See SD-SO1-330 
CCW System for details.) 

.1 Containment Isolation System Control Panel (CIS 
Panel) (Figures 1 and 2) 

The CIS panels are located in the Control Room on the 
. Control Board, North Vertical Board (NVB) East end.  

There are two panels located together. One panel is 
for Train A (upper) and one is for Train B (lower).  

The following controls are available on the CIS panel: 

* Open and close pushbuttons for valves 
associated with the containment isolation system 

* Manual CIS initiate pushbuttons, one for 
each train.  

* Reset pushbuttons, one for each train.  

* Override pushbuttons, eleven for Train A 
60 .and nine for Train B.
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2.0 DESCRIPTION (Continued) 

2.2.3.1 Containment Isolation System Control Panel (CIS 
Panel) (Figures 1 and 2) (Continued) 

The following indication are available on the CIS panel: 

* Open valve indications, red lights 
illuminated in associated open pushbutton 

* Close valve indications, green lights 
illuminated in associated close pushbutton 

* White mounting barriers on pushbuttons 
indicate the associated valve is located outside 
the Sphere 

* Black mounting barriers on pushbuttons 
indicate the associated valve is located.inside 
the Sphere.  

* Gray mounting barriers indicate the 
pushbutton is a control function such as reset, 
override or initiate.  

* CIS Relay Failure light, illuminates red if 
one of the CIS relays fails. (See Figure 5.) 

* Red light illuminated in Override push
button when override condition is actuated.  

* Red light illuminated in Initiate push
button when CIS is initiated.  

* Green light illuminated in Reset pushbutton 
when CIS is reset.  

Refer to Section 3.0 operations for CIS Panel operating 
details.  

2.2.4 Sphere Electrical Penetrations' 

The high voltage, general power, and control and instrumentation 
cables required for the operation of the reactor and auxiliary 
equipment enter the Sphere through Sphere penetration nozzles. The 
seal between the nozzles and the individual copper conductors is 
accomplished by the use of canisters which are welded or bolted to 
the nozzles..  

The canisters are cylindrical steel shells with silicone "O" ring 
internal seals. The canister internals are held in place by pins 
and retaining rings.
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2.0 DESCRIPTION (Continued) 

2.2.4 Sphere Electrical Penetrations (Continued) 

The electrical conductors penetrate the end plates of the canister 
through glass seals which are chemically bonded to the plates and 
the solid electrical conductor pins.  

There are forty electrical type penetrations (including spares).  
The details for these penetrations can be found in the Breaker Book 
in the Containment Eletrical Penetration section.  

The electrical penetrations are equipt with thermal .detectors to 
indicate overheating as part of the station fire detection system 
(see SD-SO1-460 Fire Protection System).  

2.2.5 Personnel Access 

To provide personnel access to the Sphere during all modes of 
operation the Sphere is equipped with two double door Personnel 
Locks, used when integrity is required; and an Equipment Hatch, 
used when integrity is not required.  

All Sphere access openings have double gasket seals for leak 
testing.  

The Personnel Locks have two doors, such that one door can be left 
closed at all times if required to assure the integrity of the 
Sphere (Containment Integrity) (see S0123-0-26 Containment access 
control for Sphere access control).  

The Equipment Hatch, a single 15 foot diameter hatchway, is opened 
only when the integrity of the Sphere is not required. This large 
opening is generally required for equipment used during plant 
outages.  

In addition, a four fan Sphere Cooling and Filtration System is 
provided to reduce airborne radioactivity prior to personnel entry 
(see SD-SO1-450 Airborne Radioactivity Control HVAC System).  

A Sphere purge system is also supplied to purge the Sphere with air 
from outside the Sphere reducing airborne radioactivity prior to 
personnel entry (see SD-S01-450 Airborne Radioactivity Control HVAC 
System).  

Temperature control for personnel habitability in the Sphere is 
accomplished by the Sphere HVAC systems. (See SD-SO1-450 Airborne 
Radioactivity Control HVAC Systems).  

The last provision to allow access to the Sphere in all operating 
modes is shielding to reduce direct radiation dose rates to 
personnel. Shielding for this purpose is divided into two 
categories; the primary shield and the secondary (see Figure 6).
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2.0 DESCRIPTION (Continued) 

2.2.5 Personnel Access (Continued) 

The primary shield, which circumferentially 
surrounds the reactor vessel, attenuates radiation from the 
reactor core to a level which prevents activation of the 
primary system components during operation, and permits 
access during plant maintenance periods. The shield is 
composed of ordinary concrete, with cooling coils, cooled by 
CCW to prevent excessive heating of the concrete.  

* The concrete secondary shield envelops the 
RCS, RCS loops and pumps, Steam Generators and pressurizer 
within the Sphere.  

The working floor above the RCS compartment serves as 
shielding to attenuate radiation during full power 
operation.  

Shielded penetrations are provided in the primary and 
secondary shields for piping and instrumentation.  

* The missile shield, composed of concrete and steel, 
above the Reactor Vessel head also reduces the radiation 
level at the top of the Sphere.  

All shielding is designed to meet the limits of 1OCFR20 
Standards for Protection Against Radiations.
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2.0 DESCRIPTION (Continued) 

2.3 Detailed Control Scheme 

The only detailed control scheme for Containment and Containment 
Isolation that is not covered in another system description is the 
Containment Isolation control scheme. The following is a 
discussion of containment isolation controls.  

A Containment Isolation Signal (CIS) is caused by: (see Figure 5) 

* Sphere pressure > 1.4 psig.  

* Any Safety Injection Signal (SIS) 

* Manual pushbuttons on the CIS panel, one 
for each train of CIS (located on the Control Board (NVB) in 
the Control Room).  

The Containment Isolation System is divided into two.trains 
providing the required redundancy for a safeguards related system.  
These trains are referred to as Train A or F and Train B or G 
interchangably.  

Power Supplies 

A. Train A (F) - Generally powered from 125 VDC Bus 1 

B. Train B (G) - Generally powered from 125 VDC Bus 2 

When actuated all Containment (Sphere) isolation valves shpwn on 
the containment isolation panels (Figures 1 and 2) will close 
except: 

CV 525 & 526 Letdown Line valves (valve inside and outside 
Sphere) 

CV 527 & 528 RCP Seal Water Return valves (valve inside and 
outside Sphere) 

CV 532 Nitrogen to the PORV's (valve outside Sphere) 

CV 515 & 516 Turbine Plant Cooling Water (TPCW) supply and 
return valves (valves outside Sphere) 

CV 2145 Charging Line sample valve (valve outside Sphere) 

The above eight valves must be closed manually if required.  

After initiation of a CIS, manual action is required to open any 
automatically closed valve (see Section 3.0, Operations for 
details).
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CONTAINMENT AND CONTAINMENT ISOLATION SYSTEM 

2.0 DESCRIPTION (Continued) 

2.4 Power Supplies 

Power Supplies for containment isolation valves are as follows: 

I. Valves that close on CIS 

Actuator Valve CIS 
Type No. Description *Location Panel Bkr 

AOV POV 9 Sphere purge supply OC (1) 8-101 

AOV POV 10 Sphere purge exhaust OC (1) 8-101 

AOV CV 40 Inst. header vent IC (2) 8-3001V 

AOV CV 116 Sphere equalization valve IC (2) 8-3001V 

AOV CV 10 Sphere vent OC (1) 8-101 

AOV CV 147 ORMS sample supply IC .(2) 72-221 

SV SV1212-9 ORMS sample supply OC (1) 72-123 

AOV CV 146 ORMS sample return IC (2) 72-221 

SV SV1212-8 ORMS sample return OC (1) 72-123 

Contromatic CV 537 Sphere service water IC (1) 72-122 

AOV CV 115 Sphere service water OC (2) 72-220 

AOV C.V 106 RCDT Vent IC (2) 72-221 

AOV CV 107 RCDT Vent OC (1) 72-123 

AOV CV 104 RCDT Discharge. IC (2) 72-221 

AOV CV 105 RCDT Discharge OC (1) 72-123.  

AOV CV 102 Sphere sump discharge IC (1) 72-221 

AOV CV 103 Sphere sump discharge OC (2) 72-123 

Contromatic CV 533 Primary make-up IC (1) 72-122 

Contromatic CV 534 Primary make-up OC (2) 72-220 

SV SV702A SI Loop 'C' Vent OC (2) 8-30021 

SV SV702B SI Loop 'C' Vent IC (1) 8-1112V 

* OC outside Sphere 
IC inside Sphere
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CONTAINMENT AND CONTAINMENT ISOLATION SYSTEM 

2.0 DESCRIPTION (Continued) 

2.4 Power Supplies (Continued) 

I. Valves that close on CIS 
(Continued) 

Actuator Valve CIS 

Type No. Description *Location Panel Bkr 

SV SV702C SI Loop 'B' Vent OC (2) 8-3002V 

SV SV702D SI Loop 'B' Vent IC (1) 8-1112V 

Contromatic CV 535 N2 to Drain Tank OC (2) 72-221 

Contromatic :V 536 N. to Drain Tank IC (1) 72-123 

SV SV 2004 H. Calib. Gas OC (1) 8-2210V 

SV SV 3004 H, Calib. Gas IC (2) 8-2905V 

SV SV 125 Sphere Service Air OC (1) 72-123 

* SV SV 119 SG 'A' Steam Spl. OC (1) 72-123 

SV SV 120 SG 'B' Steam Spl. OC (1) 72-123 

SV SV 121 SG 'C' Steam Spl. OC (1) 72-123 

SV SV 122 SG 'B' Blowdown Spl. OC (1) 72-123 

SV SV 123 SG 'A' Blowdown Spl. OC (1) 72-123 

SV SV 124 SG 'C' Blowdown Spl. OC (1) 72-123 

AOV CV 992 PZR Sample DC . (2) 8-3001V 

AOV CV 949 PRT Gas Sample OC (2) 8-3001V 

SV SV 3302 PASS RC Loop Sample IC (2) 

SV SV 3303 PASS RC Returns Line OC (2) 8-3003V 

AOV . CV 957 Aux Cooling (RHR) Sample OC (2) 8-3001V 

* OC outside Sphere 
IC inside Sphere



NUCLEAR GENERATION SITE SYSTEM DESCRIPTION SD-SO1-630 
UNIT I REVISION 0 PAGE 22 OF 47 

CONTAINMENT AND CONTAINMENT ISOLATION SYSTEM 

2.0 DESCRIPTION (Continued) 

2.4 Power Supplies (Continued) 

II. Valves that do not close on a CIS 

A. Valves that are indicated on the CIS panel 

Actuator Valve CIS 
Type No. Description *Location Panel Bkr 

P.M. P/H CV 515 TCW out OC (1) 8-1114V 

P.M. P/H CV 516 TCW In OC (2) 8-2909V 

P.M. P/H CV 525 Letdown IC (1) 8-1111V 

P.M. P/H CV 526 Letdown OC. (2) 8-2909 

P.M. P/H CV 527 Seal Water Return IC (1) 8-1111V 

P.M. P/H CV 528 Seal Water Return OC (2) 8-2909V 

SV CV 2145 Charging Line Sample OC (2) 8-3004 

Contromatic CV 532 PZR PORV N, OC .(2) 72-220 

B. Valves that are not indicated on the CIS panel 

Actuator Valve 
Type No. Description *Location Bkr 

AOV CV 951 PZR Liquid Spl IC 8-3311V 

AOV CV 953 PZR Vapor Spl IC 8-3311V 

AOV CV 948 PZR Gas Spl IC 8-3311V 

AOV CV 955 RCS Loop Spl IC 8-3314V 

AOV CV 956 RCS Loop Spl. IC 8-3314V 

AOV CV 962 RHR Sample IC 8-3311V 

AOV FCV 1112 Charging OC 72-130 

AOV FCV 1115A Seal Supply 'A' RCP OC 8-1428 

AOV FCV 1115B Seal Supply 'B' RCP OC 8-1428 

AOV FCV 1115C Seal Supply 'C' RCP OC 8-1428 

* OC outside Sphere 
IC inside Sphere
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CONTAINMENT AND CONTAINMENT ISOLATION SYSTEM 

2.0 DESCRIPTION (Continued) 

2.4 Power Supplies (Continued) 

II Valves that do not close on a CIS 

B. Valves that are not indicated on the CIS panel 
(Continued) 

Actuator Valve 
Type No. Description *Location Bkr 

P/H HV-8514A SIS to RCS OC 72-211 

P/H HV-8514B SIS to RCS OC 72-211 

AOV Turb Stop East OC EH 

AOV Turb Stop West OC EH 

AOV PCV-40 Inst. Air OC NA 

AOV FCV-456 Feed Water to 'A' SG OC 72-130 

AOV FCV-457 Feed Water to 'B' SG OC 72-130 

AOV FCV-458 Feed Water to 'C' SG OC 72-130 

AOV CV-100 SG Blowdown to BDT OC 

AOV CV-100A SG Blowdown to Outfall OC 

AOV CV-100B SG Blowdown to Outfall OC 

AOV CV 92 Refueling Supply to CS IC 8-1102V 

AOV CV 114 Refueling Supply to CS IC 8-1214V 

AOV CV 82 Refueling Supply to CS IC 8-1111V 

CIS Panel A Vital Bus 1 

CIS Panel B Utility Vital Bus 

* OC outside Sphere 
IC inside Sphere
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CONTAINMENT AND CONTAINMENT ISOLATION SYSTEM 

3.0 OPERATION 

3.1 Normal Operation 

Whe a CIS is received from the safeguards actuation system all 
valves indicated on the CIS panel close except for valves in the 
letdown, CCW, charging sample, RCP seal return and N2 to 
PZR PORVs.  

After automatic closure of any containment isolation valve manual 
action is required to reopen them.  

There are two possible manual actions available to the operator 
(see Figures 1 and 2).  

First, if the initiating signal for CIS has cleared, the CIS can be 
reset using the reset pushbuttons (one for each train) on the CIS 
panel right section (Figure 1). A green light will illuminate in 
the pushbutton when reset is activated.  

After reset, the valves associated with the auto CIS may be 
operated individually at the CIS panels, left section (Figure 2), via the pushbuttons provided.  

Second, if the initiating signal for CIS is still present, but 
valve operation is necessary, override pushbuttons are provided on 
the CIS panel, right section (Figure 1).  

The override pushbuttons are alternate action type switches. This 
means that if the pushbutton is depressed it stays locked in the 
Override position until it is depressed a second time, when the 
switch reverts to its normal position, (no override). When the 
pushbutton is in the override position a red light in the 
pushbutton is illuminated.  

Each isolation valve may not have a separate override pushbutton 
(see Figures 1 & 2). Many of the override pushbuttons are 
associated with groups of isolation valves. The isolation valves 
are labeled directly on the pushbutton window.  

After depressing the override pushbutton the individual valve 
pushbutton on the CIS panel, left section (Figure 2), must also be depressed to open the valve.
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CONTAINMENT AND CONTAINMENT ISOLATION SYSTEM 

4.0 REFERENCE 

4.1 P&IDs 

5178110 RCP Sealwater System P0001 

5178111 RCP Sealwater System P0001.  

5178115 Safety Injection System P0001 

5178120 Containment Spray and Recirculation System P0001 

5178121 Containment Spray and Recirculation System P0001 

5178130 Letdown and RHR System P0001 

5178135 Volume Control and Charging System P0001 

5178140 Letdown Demineralizer System P0001 

5178150 Reactor Cycle Sampling System P0001 

5178158 Radwaste Liquid Collection System P0001 

5178206 Feedwater System P0001 

5178225 Main Steam System P0001 

5178226 Main Steam System P0001 

5178260 Feedwater Sampling System P0001 

5178312 CCW System P0001 

5178320 Turbine Plant Cooling Water P0001 

5178370 Primary Plant Make-up P0001 

5178381 Service and Domestic Water P0001 

5178406 Gaseous Nitrogen System P0001 

5178442 Instrument and Service Air P0001 

5178444 Instrument and Service Air P0001 

5178449 Instrument and Service Air P0001 

5178600 Containment Ventilaiton P0001 

5178601 Containment Ventilaiton P0001
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CONTAINMENT AND CONTAINMENT ISOLATION SYSTEM 

4.0 REFERENCE (Continued) 

4.1 P&IDs (Continued) 

517940 Mechanical Containment Penetrations P0001 

5178941 Mechanical Containment Penetrations P0001 

5178942 Mechanical Containment Penetrations P0001 

5180769 P.A.S.S. P0001 

4.2 Elementaries 

064356 CV-82, 114 Containment Spray Vlv Cont. N1542-87 

064358 CV 537, 533, 539 N1542-89A 

064359 CV 536, SV-600 N1542-088 

064360 CV 532, 534, 535 N1542-089 

064362 CV 525, 527 N1542-091 

064363 CV 517 N1542-092 

064364 CV 515, 737A N1542-093A 

064369 CV 737B, CV 518 N1542-094 

064371 CV 526, 528 -N1542-095 

0449408 FCV-456, 457, 458 N1543-026 

0455373 HV-851, A & B SIS N1542-034 

0455455 CV-538, PRT Make-up N1542-067 

0455456 CV-542, PRT Drain N1542-83A 

0455457 FCV 112, Charging Line FCV N1542-125 

0455461 PCV 115, A, B, C RCP Seal Return N1542-063 

5149857 Sphere Purge Press. Eq. Isol Vlv N1542-026 

5159756 CV-949, 957, 992, 116, 40 CIV N1542-169 

5159757 SV-720 B & 0, B/D Sample N1542-166 

5159758 SV-702 A & C, SIS Vents N1542-166A 

5159759 Cont Isol Vlv DC Power Supply N1542-153
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CONTAINMENT AND CONTAINMENT ISOLATION SYSTEM 

4.0 REFERENCE (Continued).  

4.2 Elementaries (Continued) 

515b760 Cont Isol Sys Train-A N1542-155 

5159761 Cont Isol N1542-151 

5159776 Cont Isol Sys Train-B N1542-154 

5159802 PASS SV-3002, 3003 N1542-187 

5167841 CV 2145, Chg Ln Sump. N1542-189 

5180605 CV-951, 963, 948, 962, CIV N1540-008C 

5180714 CV-955, 956 CIV N1542-175 

4.3 Technical Manuals 

PA89570 Paul Monroe Installation, Operation and Maintenance 
Manual 

4.4 Procedures 

No. Title 

501-1.5-1 Response to High Containment Pressure 

SO1-1.5-2 . Response to High ,Containment Sump Level 

SO-1.5-3 Response to High Containment Radiation 

SO1-1-12.2-15 Electrical Penetration Nitrogen Pressurization 

SO1-1-12.3-43 Containment Integrity Verification 

501-1-13-1 Annunication Procedures 
through 7,15, 17, 19 

S0123-0-26 Containment Locking and Unlocking 

S01-14-17 Valve Operations
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CONTAINMENT AND CONTAINMENT ISOLATION SYSTEM 

4.0 REFERENCE (Continued) 

4.5 Technical Specifications 

Section Title 

1.5 Definitions 

3.5.5 CI Instrumentation 

3.5-6 Accident Monitoring Instrumentation 

3.6 Containment Systems 

4.3 Containment Systems 

5.2 Containment 

4.6 Other 

Amendment 52 to the Final Safety Analysis 

Letter from K. P. Baskin (SCE) to A. Schwencer (NRC) dated 1/19/77 
"Containment Post-Accident Pressure Reanalysis".  

AMorris:3217i
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FIGURE 1: CIS PANEL 
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FIGURE 3: CONTROMATIC VALVE ACTUATOR 
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FIGURE 4: PAUL MONROE VALVE ACTUATOR 
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FIGURE 5: CI LOGIC 
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FIGURE 6: SPHERE SHI ELDING 
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APPENDIX A 

ANNUNCIATORS 

Auto 
Annunciator Alarm Board Window Set Point Action Source 

CIS Iniated Aux. Board 5 - - CIS Logic 

Sphere Vent Valves " 8 - - POV9 

Open POV1O 

Sphere Hi Humidity " 9 80% - HX Relay 

Sphere Hi Pressure " 10 +0.4 psig - PS-24 
-1.7 psig 

Sphere Sump Hi " 12 4'3" from Actuates LS-82 
Level top of sump sump pump 

Reactor Cavity " 13 4'5" from Actuates LS-35 
Sump Hi Level top of sump sump pump 

Sphere Access " 29 - -

Equalizing 
Valve open 

Sphere Reactor " 30 . - . sump 
cavity sump pumps pump 
operating breakers 

Sphere sump Hi " 33 3' from Manual 
Hi Level top of sump initiation 

of sump 
recirculation 

CSAS Train A Reactor Plant Matrix '10 10 psig CSA CS Logic 

CSAS Train B " 20 10 psig CSA CS Logic 

Cont. Press " 21 10 psig - PIS511 

High Trip 

Cont. Press " 22 10 psig - PIS512 

High Trip 

Cont. Press " 23 10 psig - PIS513 
High Trip 

A-1
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APPENDIX A 

ANNUNCIATORS 
(Continued) 

Auto 
Annunciator Alarm Board Window Set Point Action Source 

RCP Motor or Sphere HVAC 2 120 0 F - RecordEr 
Sphere Area R-95W4 
Hi Temp Poi'nts7 

7(Te79) 
8(Te80) 
9(Te81) 

15(Te87) 

CV515 actuator Aux. Feedwater 10 1060 psig - PS2515 
failure 

CV516 actuator 20 1060 psig - PS3516 
failure 

Cont. % H2 Hi 23 3% - AE-H2-2DO1 

.Cont. % H2 Hi 28 3% - AE-H 2-3DO1 

CV517 actuator 30 1600 psig - PS2517 
failure 

Cont. Water 33 -3' below - LT2002 
level Hi grade 

CV518 actuator 40 1600 psig - PS3518 
failure 

CV525 actuator " 50 1250 psig - PS2525 
failure 

CV526 actuator " 60 1250 psig - PS3516 
failure 

CV527 actuator " 70 1250 psig - PS2527 
failure 

CV528 actuator " 80 1250 psig 
failure 

CV737A actuator " 90 1250 psig - PS2737A 
failure 

CV737B actuator " 100 1250 psig - PS2737B 
failure 
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APPENDIX B 

DEVELOPMENTAL RESOURCES 

Videotape "Paul-Monroe Pneumatic-Hydraulic Valves" 

Containment Isolation Lesson Plan 

P&IDs 

5178110 RCP Sealwater System P0001 

5178111 RCP Sealwater System P0001 

5178115 Safety Injection System P0001 

5178120 Containment Spray and Recirculation System P0001 

5178121 Containment Spray and Recirculation System P0001 

5178130 Letdown and RHR System P0001 

5178135 Volume Control and Charging System P0001 

5178140 Letdown Demineralizer System P0001 

5178150 Reactor Cycle Sampling System P0001 

5178158 Radwaste Liquid Collection System P0001 

5178206 Feedwater System P0001 

5178225 Main Steam System P0001 

5178226 Main Steam System P0001 

5178260 Feedwater Sampling System P0001 

5178312 CCW System P0001 

5178320 Turbine Plant Cooling Water P0001 

5178370 Primary Plant Make-up P0001 

5178381 Service and Domestic Water P0001 

5178406 Gaseous Nitrogen System P0001 

5178442 Instrument and Service Air P0001 

5178444 Instrument and Service Air P0001 
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APPENDIX B 

DEVELOPMENTAL RESOURCES 
(Continued) 

P&IDs (Continued) 

5178449 Instrument and Service Air P0001 

5178600 Containment Ventilation P0001 

5178601 Containment Ventilation P0001 

5178940 Mechanical Containment Penetrations P0001 

5178941 Mechanical Containment Penetrations P0001 

5178942 Mechanical Containment Penetrations P0001 

5180769 P.A.S.S., P0001 

Elementaries 

064356 CV-82, 114 Containment Spray Vlv Cont. N1542-87 

064358 CV 537, 533, 539 N1542-89A 

064359 CV 536, SV-600 N1542-088 

064360 CV 532, 534, 535 N1542-089 

064362 CV 525, 527 N1542-091 

064363 CV 517 N1542-092 

064364 CV 515, 737A N1542-093A 

064369 CV 737B, CV 518 N1542-094 

064371 CV 526, 528 N1542-095 

0449408 FCV-456, 457, 458 N1543-026 

0455373 HV-851, A & B SIS N1542-034 

0455455 CV-538, PRT Make-up N1542-067 

0455456 CV-542, PRT Drain N1542-83A 

0455457 FCV 112, Charging Line FCV N1542-125 

0455461 PCV 115, A, B, C RCP Seal Return N1542-063 

5149857 Sphere Purge Press. Eq. Isol Vlv N1542-026 
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) APPENDIX B 

DEVELOPMENTAL RESOURCES 
(Continued) 

Elementaries tContinued) 

5159756 CV-949, 957, 992, 116, 40 CIV N1542-169 

5159757 SV-720 B & D, B/D Sample N1542-166 

5159758 SV-702 A & C, SIS Vents N1542-166A 

5159759 Cont Isol Vlv DC Power Supply N1542-153 

5159760 Cont Isol Sys Train-A N1542-155 

5159761 Cont Isol N1542-151 

5159776 Cont Isol Sys Train-B N1542-154 

5159802 PASS SV-3002, 3003 N1542-187 

5167841 CV 2145, Chg Ln Sump. N1542-189 

5180605 CV-951, 963, 948, 962, CIV N1540-008C 

5180714 CV-955, 956 CIV N1542-175 

Technical Manuals 

PA89570 Paul Monroe Installation, Operation and Maintenance Manual 

Procedures 

No. Title 

501-1.5-1 Response to High Containment Pressure 

SO1-1.5-2 Response to High Containment Sump Level 

S01-1.5-3 Response to High Containment Radiation 

501-1-12.2-15 Electrical Penetration Nitrogen Pressurization 

SO1-1-12.3-43 Containment Integrity Verification 

S01-1-13-1 Annunication Procedures 
through 7, 
15, 17, 19 

S0123-0-26 Containment Locking and Unlocking 

S01-14-17 Valve Operations 
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APPENDIX B 

DEVELOPMENTAL RESOURCES 
(Continued) 

Technical Specifications 

Section Title 

3.5.5 CI Instrumentation 

3.5.6 Accident Monitoring Instrumentation 

3.6 Containment Systems 

4.3 Containment Systems 

5.2 Containment 

Other 

Amendment 52 to the Final Safety Analysis 

Letter from K. P. Baskin (SCE) to A. Schwencer (NRC) dated 1/19/77 
"Containment Post-Accident Pressure Reanalysis".  
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APPENDIX C 

INSTRUMENT LISTING 

Instrument C.B. Power Normal 
Number Function Location Range Supply Reading 

(Indication) 
PT-2001 (Wide range NVB -5 - +245psig 8-3310V -0 

Pressure) PI-2001 West end 

PT-3001 " PI-3001 " " 8-2903V -0 

(Indication) 
(Containment Spray) 

(Pressure) WVB 
PT-501 PI-511 North end 0 - 60 psig 8-1116V -0 

PT-502 PI-512 0 - 60 psig 8-15--V ~0 

PT-503 PI-513 " 0 - 60 psig 8-14--V -0 

(SI Sequencer/CIS) 
PT-1120A) ) 

PT-1120B } Train.) 
) A ) 

PT-1120C) ) 

PT-1121A) } No Indication on Control Board 8-2901 

PT-1121B ) Train B ) 8-2901 

PT-1121C) ) 8-2901 

(Indication) . NVB 
PT-6 N.R. Pressure PI160 East end -2 - +2psig -0 

(Indication) NVB 
PT-7 Pressure PI161 East end 0 - 75psig 0 

(Indication) NVB 
LI-2002 Sump Level West end -10'- +12' VB3A 0 

LIS-2002 (bottom of 
contai.nment 
to 600,000 gal 
level) 

LI-3002 LIS-3002 -10' - +12' 8-2903 0 

C-1
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APPENDIX C 

INSTRUMENT LISTING 
(Continued) 

Instrument C.B. Power Normal 
Number Function Location Range Supply Reading 

(Indication) NVB 
LI-2001 Sump Level West end 15'-6 to 9'.-6 " VB3A 0 

LIS-2001 (bottom to 
top of 
contaiment 
sump) 

LI-3001 LIS-3001 VB1 0 

- Sphere sump pump A NVB On -

running indication West end Off 

- Sphere sump pump B NVB On 
running indication West end Off 

Reactor cavity sump NVB On -

pump running indctn. West end Off 

(Hydrogen) NVB 
AI-H 2-2001 AI-H 2-2001 West end 8-3310V 0 

AI-H 2-3001 AI-H 2-3001 8-2905V 0 

(Sphere area Rad) WVB 
RT-1232 R-1232 South end 0-10"mR/hr 10-20 mR/hr 

(100% power) 

Sphere Hi area Rad WVB 
RT-1255 R-1255 South end 100-101R/hr 8-3308V -0 

RT-1257 R-1257 100-10sR/hr 8-2907V 

Sphere Particulate WVB 
RT-1111 R-1111 South end 00-10'cps -100K 

Sphere Gas 
RT-1112 R-1112 00-10'cps -100K 

3217i C-2



MAIN FEEDWATER ISOLATION 

Drawing No. Title 
5178211 First, Second & Third Point Feedwater Heater 
5178213 First, Second & Third Point Feedwater Heater 
5178201 Condensate System 
5178206 Feedwater System 
5149918 Elementary - Heater Drain Pump G36A&B 
5149970 Elementary - Condensate Pumps G-1A,G-1B,G-1C&G-1B 
449408 Elementary - Sol Valves FCV-456,7&8;FW Control 
455379 Elementary - Feedwater MOV-20,21&22;FW Block Valves 
5150874 Elementary - Safety Injection Sequencer 11 
5150875 Elementary - Safety Injection Sequencer #2 
5146828 One Line Diag - Main 
SD-SO1-120 System Desc - 4160 V 
SD-SO1-220 System Desc - Heater Vent & Drain 
SD-SO1-210 System Desc - Condensate & Feedwater 
SD-SO1-260 System Desc - Feedwater Control 
SD-SOl-590 System Desc - Safeguard Load Sequencing
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HEATER VENTS AND DRAINS SYSTEMS 

1.0 FUNCTIONS/DESIGN BASES 

1.1 The Heater Vents and Drains System has the following main functions.  

1.1.1 To provide continuous removal of air and 
non-condensable gases from feedwater heater shells.  

1.1.2 To provide for the continuous removal of condensed 
vapor from the five stages of feedwater Heaters.  

1.1.3 To improve steam cycle efficiency by regenerative 
heating of feedwater.  

1.2 The Heater Vents and Drains System has the following additional 
function: 

1.2.1 To receive drains from reheaters.  

1.3 The Heater Vents and Drains System has the following design bases: 

1.3.1 The Heater Vents are designed to adequately remove air 
and non-condensables under all conditions of operations.  

1.3.2 The Heater Drains are designed to handle drainage from 
the feedwater heaters under all conditions of operation.
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HEATER VENTS AND DRAINS SYSTEMS 

2.0 DESCRIPTION

2.1 System Overview 

2.1.1 Main Flowpath (See Figures 1A and 18) 

Feedwater Heater Operating Vents are cascaded from a higher 
pressure heater shell to the next lower pressure heater shell and 
ultimately to the main condensers. The order of flow is from the 
first point heater to second point, second point to third point, 
third point to fourth point, fourth point to fifth point, and fifth 
point to the main condensers. Drain Cooler Start-up Vents from the 
first, second, fourth and fifth point Heater Drain Coolers 
discharge into the continuous vent line of the associated heater.  

The Feedwater Heater shells are supplied extraction steam through 
Bleeder Trip Valves (BTV's) with the exception of the fifth point 
heater. The highest pressure extraction point is from the High 
Pressure Turbine and supplies the first point heater. The next 
highest pressure extraction point is from the High Pressure Turbine 
Exhaust and supplies the second point heater. Extraction steam for 
the third, fourth, and fifth point Low Pressure heaters is supplied 
from the fourth, seventh, and ninth stages of the Low Pressure 
Turbine respectively. See SD-SO1-200, MAIN TURBINE SYSTEMS.  

Feedwater heater drains are cascaded from higher pressure to lower 
pressure. Drains from the first point heaters are cascaded to the 
second point heaters which in turn are cascaded to the third point 
heaters. Drains from the third point heaters are returned to the 
condensate flowpath between the second and third point heaters by 
the heater drain Pumps. JFor information about the condensate and 
feedwater side of feedwater heaters see SD-SO1-210. CONDENSATE AND 
FEEDWATER SYSTEMS. Drains from the fourth point heaters are 
cascaded to the fifth point heaters, through the external fifth 
point heater drain coolers and to the condensers.  

Feedwater heaters (with the exception of the fourth and fifth point 
heaters) are protected from overpressure due to tube rupture by 
relief valves, their relief flowpath is to the blowdown tank and 
ultimately to the stack where they can be monitored for potential 
contamination. The fifth Doint heater is prevented from 
overpressure by desicn in that it is vented direct1y to the 
condenser. In turn the forth point heater vents and normal drain 
goes to the fifth point heater relying on this flowpath for 
overpressure protection.  

2.1.2 Additional Flow Paths (see Figure lA) 

The first and third point feedwater heaters receive input via 
Bleeder Trip Valves from the Reheater Drain Receivers and the 
Reheater shell side drains. For information about the Moisture 
Separator Reheaters see SD-SO1-190, MAIN STEAM SYSTEM.
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HEATER VENTS AND DRAINS SYSTEMS 

2.0 DESCRIPTION (Continued) 

2.2 Components 

2.2.1 Bleeder Trip Valves, BTV-1 through BTV-14 (See 
Figure 3) 

BLEEDER TRIP VALVES 

LOCATION: Adjacent to Feedwater Heaters (above 
and below East and West Heater Decks)j 

PURPOSE: Prevent reversal of steam flow in 
extraction steam lines and reduce 
overspeed and water introduction 
into the Turbine.  

SIZE: Various 

OPERATOR TYPE: Air Piston 

VALVE TYPE: Air assisted stop check 

AUTOMATIC ACTIONS: BTV-1 through 6 close on high level 
in the associated Feedwater Heater 
and Turbine Trip. BTV-7 through 14 
close on Turbine Trip.  

The Bleeder Trip Valves are straight through flow, swing disc, and 
air assisted, non-return type.  

A swing disc is secured to an arm which is keyed to a shaft. The 
shaft is supported at both ends by bearings in the valve body. The 
shaft extends through a stuffing box on one side of the valve body.  

A lever is fastened to the outside end of the shaft, and the lever 
rotates with the shaft. On one end of the lever is a weight, which 
acts to balance the torque of the disc on the shaft. The other end 
of the lever is secured by a pin to a slotted link, with the pin 
free to slide in the link.  

The link is securely attached by a pin to an air piston rod. The 
piston moves inside an air cylinder which is attached to the valve 
body.  

Air pressureat the bottom of the cylinder forces the piston 
upwards and compresses .a spring in the top of the cylinder. With 
the piston in the up position the disc can freely rotate the shaft, 
lever and weight, as required by the direction of steam flow. The 
lever pin slides freely in the links slot.
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HEATER VENTS AND DRAINS SYSTEMS 

2.0 DESCRIPTION (Continued) 

2.2.1 Bleeder Trip Valves, BTV-1 through BTV-14 (See 
Figure 3) (Continued) 

In the. event of a turbine trip the solenoid valve vents air from 
below the piston, and the spring forces the piston down. The link 
pulls the lever pin down, which rotates the shaft and disc into the 
steam flow. The spring holds the disc onto its seat when closed.  
The valve disc remains on its seat until air pressure is 
re-established below the piston, and moves the piston and link up.  
The disc is then free to swing open when steam flows from the 
turbine.  

A test valve in the vent line from the cylinder top allows 
verification of valve operation. During testing a local manually 
operated 3-way valve admits air to the top of the cylinder. This 
equalizes air pressure on both sides of the piston which allows the 
spring to force the piston down. The piston rod pulls the link and 
lever down, which rotates the shaft and disc into the steam.flow.  
The spring pressure is not sufficient to force the disc completely 
closed while steam flows from the turbine through the extraction 
steam line.  

Testing is done each shift to verify bleeder valve operability.  

BTV-1 Supplies East 1st Point Heater from the HP Turbine 
BTV-2 Supplies West 1st Point Heater from the HP Turbine 
BTV-3 Supplies East 2nd Point Heater from the HP Turbine 
BTV-4 Supplies West 2nd Point Heater from the HP Turbine 
BTV-5 Supplies East 3rd Point Heater from the LP Turbine 
BTV-6 Supplies West 3rd Point Heater from the LP Turbine 
BTV-7 Supplies East 4th Point Heater from the LP Turbine 
BTV-8 Supplies West 4th Point Heater from the LP Turbine 
BTV-9 Supplies East 4th Point Heater from the LP Turbine 
BTV-10 Supplies West 4th Point Heater from the LP Turbine 
BTV-11 Supplies East 1st Point Heater from the Reheater Drain Receiver 
BTV-12 Supplies East 1st Point Heater from the Reheater Drain Receiver 
BTV-13 Supplies West 1st Point Heater from the Reheater Drain Receiver 
BTV-14 Supplies West 1st Point Heater from the Reheater Drain Receiver
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HEATER VENTS AND DRAINS SYSTEMS 

2.0 DESCRIPTION (Continued) 

2.2.2 1st Point High Pressure Heaters, E-6A and 6B 

FI 
1st POINT HIGH PRESSURE HEATERS (SHELL SIDE) 

LOCATION: East and West Heater Decks 

PURPOSE: Condense and collect H.P. Turbine 
Extraction Steam and Reheater Drain 
Receiver drains 

TYPE: Horizontal - Shell and U-tube 

GAGE GLASS: LG-1 (LG-2) 

SHELL SIDE FLOW: 427,373 lb/hr 

DESIGN PRESSURE: 400 psig 

DESIGN TEMPERATURE: 650 0 F 

NOMINAL PRESSURE: 250 psig

[NOMINAL TEMPERATURE: 340 0 F 

OVERPRESSURE PROTECTION: Relief valve, setpoint 400 psig 

.1 Supporting Components (West Components in parenthesis) 

1st POINT LEVEL CONTROL VALVE CV-7 (CV-8) 

PURPOSE: Control 1st Point High Pressure Heater 
Level 

SIZE: 4" 

OPERATOR TYPE: Air Diaphragm 

FAIL POSITION: Open 

CONTROLLER: LC-7 (LC-8) 

AUTOMATIC ACTIONS: Maintains level approximately mid gage 
glass, level setpoint can be manually 
adjusted to maintain any level at the 
contro.ller.  
HI-LO LEVEL annunciated on Auxiliary 
Annunciator, window 40, by LS-1 (LS-3) HI 
and LS-2 (LS-4) LO.  
HI-LO LEVEL annunciated on Feedwater 
Heater Annunciator, NVB, by LLH-1001 
(LLH-1003) HI and LLL-1002 (LLL-1004) LO:
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HEATER VENTS AND DRAINS SYSTEMS 

2.0 DESCRIPTION (Continued) 

2.2.3 2nd Point Low Pressure Heaters, E-7A and E-7B 

I 
2nd POINT LOW PRESSURE HEATERS (SHELL SIDE) 

LOCATION: East and West Heater Decks 

PURPOSE: Condense and collect H.P. Turbine I 
Exhaust Steam 

TYPE: Horizontal - Shell and U-tube 

GAGE GLASS: LG-3 (LG-4) 

SHELL SIDE FLOW: 650,163 lb/hr, 

DESIGN PRESSURE: 150 psig 

DESIGN TEMPERATURE: 400 0F.  

| NOMINAL PRESSURE: 90 psig 

NOMINAL TEMPERATURE: 270OF 

OVERPRESSURE PROTECTION: Relief valve, setpoint 150 psig 

.1 Supporting Components (West Components in Parenthesis) 

2nd POINT LEVEL CONTROL VALVES CV-43 (CV-44) 

PURPOSE: Control 2nd Point Low Pressure Heater 
Level 

SIZE: 6" 

OPERATOR TYPE: Air Diaphragm 

FAIL POSITION: Open 

CONTROLLER: LC-33 (LC-34) 

AUTOMATIC ACTIONS: Maintains level approximately mid gage 
glass, level setpoint can be manually 
adjusted to maintain any level at the 
controller.  
HI-LO LEVEL annunciated on Auxiliary 
Annunciator, window 40, by LS-5 (LS-6) HI 
and LS-13 (LS-14) LO.  
HI-LO LEVEL annunciated on Feedwater 
Heater Annunciator, NVB, by LLH-1005 
(LLH-1006) HI and LLL-1013 (LLL-1014) LO.



NUCLEAR GENERATION SITE SYSTEM DESCRIPTION SD-501-220 
UNIT 1 REVISION 1 PAGE t OF 34 

HEATER VENTS AND DRAINS SYSTEMS 

2.0 DESCRIPTION (Continued) 

2.2.4 3rd Point Low Pressure Heaters, E-8A and 8B 

3rd POINT LOW PRESSURE HEATERS (SHELL SIDE) 

LOCATION: East and West Heater Decks 

PURPOSE: Condense and collect No. 1 and No.2 
L.P. Turbine Extraction Steam 

TYPE: Horizontal - Shell and U-tube 

GAGE GLASS: LG-5 (LG-6) 

SHELL SIDE FLOW: 956,694 lb/hr 

DESIGN PRESSURE: 50 psig 

DESIGN TEMPERATURE: 400 0 F 

NOMINAL PRESSURE: 21 psig 

NOMINAL TEMPERATURE: 250 0 F 

OVERPRESSURE PROTECTION: Relief valve, setpoint 50 psig 

.1 Supporting Components (West Components in Parenthesis) 

3rd POINT LEVEL CONTROL VALVE CV-52 (CV-53) 

PURPOSE: Control 3rd Point Low Pressure Heater Level 

SIZE: 8" 

OPERATOR TYPE: Air Diaphragm 

FAIL POSITION: Closed 

CONTROLLER: LC-31 (LC-32) 

AUTOMATIC ACTIONS: Maintains level approximately mid gage 
glass, or can be manually controlled by 
byoassing the controller and using tne 
marual regulator installed adjacent to 
the control valve.  
HI-LO LEVEL annunciated on Auxiliary 
Annunciator, window 40. by LS-7 
(LS-9) HI and LS-8 (LS-10) LO.  
HI- O LEVE L annunciated on Feedwater 

Heater Annunciator, NVB, by LLH-1007 
(LLH-1009) HI and LLL-1008 (LLL-1010) LO.
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HEATER VENTS AND DRAINS SYSTEMS 

2.0 DESCRIPTION (Continued) 

2.2.4 3rd Point Low Pressure Heaters, E-8A and 8B 
(Continued) 

.1 (Continued) 

3rd POINT HIGH LEVEL DUMP VALVE CV-17 (CV-18) 

PURPOSE: Direct 3rd Point Low Pressure Heater DrainsI 
to the Main Condensers if Normal Level 
control fails or tube leakage exceeds the 
capacity of the Normal Level control valve.j 

SIZE: 12" 

OPERATOR TYPE: Air Diaphragm 

FAIL POSITION: Open 

CONTROLLER: LC-5 (LC-6) 

AUTOMATIC ACTIONS: CV-17 (CV-18) opened on 3rd Point Heater | 
High Level, setpoint can be manually 
adjusted to maintain any level at the 
controller.
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HEATER VENTS AND DRAINS SYSTEMS 

2.0 DESCRIPTION (Continued) 

2.2.5 Heater Drain Pumps, G-36A and 36B (see Figure 2) 

HEATER DRAIN PUMPS 

LOCATION: East, Northeast corner of Condensate Bay.  
West, Northwest corner of Condensate Bay.  

PURPOSE: Provide the motive force to deliver 
3rd Point Heater Drains to the 
Feedwater Flowpath.  

PRIME MOVER: 4160V, 30, 600 HP induction motor 

TYPE: Single stage centrifugal (horizontal) 

DESIGN FLOW RATE: 2300 gpm 

DESIGN A P: 950 ft 

I NPSH REQUIREMENT: 20 ft 

NORMAL FLOWRATE: 1600 gpm 

MINIMUM FLOWRATE: 250 gpm 

PUMP SEAL TYPE: Mechanical 

SEAL COOLING: Turbine Plant Cooling Water, 2 gpm 

DESIGN FEATURES: Designed to operate under frequent 
cavitating conditions.  

CONTROLLER LOCATION: Pushbuttons on 'J' Console 

INDICATIONS: Amp meters above pushbuttons 
Red Light - Motor Breaker Closed 
Green Light - Motor Breaker Open 
Bright Green Light - Motor Breaker 

Open on overload 
Neon Light @ MCCI, East Mtr Htr 

Energized 
MCC2, West Mtr Htr 

Energized 

AUTOMATIC ACTIONS: Breaker trips on overcurrent, loss of bus 
voltage, SIS, respective Feed Pump Breaker 
open and Low Level in the 3rd Point 
Feedwater Heater.  

INTERLOCKS: Feed Pump Breaker Open and associated 
Heater Drain Pump Breaker can not be closed.
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HEATER VENTS AND DRAINS SYSTEMS 

2.0 DESCRIPTION (Continued) 

2.2.5 Heater Drain Pumps, G-36A and 36B (see Figure 2) 
(Continued) 

.1 Supporting Components (West Components in Parenthesis) 

MINI-FLOW REGULATOR CV-5 (CV-6) 

PURPOSE: Maintain minimum flow of 250 gpm 
through Heater Drain Pump G-36A 
(G-36B) 

SIZE: 2" 

OPERATOR TYPE: Air Diaphragm 

| FAIL POSITION: Open 

| CONTROLLER: FC-3B (FC-4B) 

AUTOMATIC ACTIONS: Opens to maintain flow at valve
established by adjustment of FC-3B 
(FC-4B). Normally the controller is 
adjusted to maintain 1200 gpm.  

The Heater Drain Pumps have local instrumentation to monitor:. pump 
suction and discharge pressure, pump bearing lube oil pressure, 
pump bearing oil flow, and pump lube oil reservoir level. The 
Heater Drain Pump motor bearings are lubricated by external 
reservoirs and these can be monitored locally. Heater Drain Pump 
and Motor temperatures are recorded by R-4 located on the West 
Vertical Board.
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HEATER VENTS AND DRAINS SYSTEMS 

2.0 DESCRIPTION (Continued) 

2.2.6 4th Point Low Pressure Heaters, E-9A and 9B 

4th POINT LOW PRESSURE HEATERS (SHELL SIDE) 

LOCATION: East and West Heater Decks 

PURPOSE: Condense and collect No. 1 and No.2 
L.P. Turbine Extraction Steam 

TYPE: Shell and U-tube 

GAGE GLASS: LG-7 (LG-8) 

SHELL SIDE FLOW: 102,400 lb/hr 

1 DESIGN PRESSURE: _15 psig 

I DESIGN TEMPERATURE: 300 F 

NOMINAL PRESSURE: 6.5" Hg Vacuum 

NOMINAL TEMPERATURE: 158 0F 

DESIGN FEATURES: Integral with Flash Evaporator 

.1 Supporting Components (West Components in Parenthesis) 

4th POINT LEVEL CONTROL VALVE CV-54 (CV-55) 

PURPOSE: Control 4th Point Low Pressure Heater Level.  

SIZE: 6" 

OPERATOR TYPE: Air Diaphragm 

FAIL POSITION: Open 

CONTROLLER: LC-25 (LC-26) 

AUTOMATIC ACTIONS: Maintains level approximately mid gage glass, 
level setpoint can be manually adjusted to 
maintain any level at the controller.  
HI-LO LEVEL annunciated on Auxiliary 
Annunciator, window 40, by LS-11 (LS-12) HI 
and LS-61 (LS-62) LO.  
HI-LO LEVEL annunciated on Feedwater 
Heater Annunciator, NVB, by LLH-1011 
(LLH-1012) HI and LLL-1061 (LLL-1062) LO.
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HEATER VENTS AND DRAINS SYSTEMS 

2.0 DESCRIPTION (Continued) 

2.2.6 Point Low Pressure Heaters, E-9A and 9B 
(Continued) 

.1 Supporting Components (West Components in Parenthesis) 

4th POINT HIGH LEVEL DUMP VALVE CV-11 (CV-12) 

PURPOSE: Direct 4th Point Low Pressure Heater 
Drains to the Main Condenser if 
normal level control fails or tube 
leakage exceeds the capacity of the 
normal level control valve.  

SIZE: 6" 

OPERATOR TYPE: Air Diaphragm 

FAIL POSITION: Open 

CONTROLLER: LC-11 (LC-12) 

AUTOMATIC ACTIONS: CV-11 (CV-12) opened on 4th Point 
Heater High Level, level setpoint cani 
be manually adjusted to maintain any 
level at the controller.
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HEATER VENTS AND DRAINS SYSTEMS 

2.0 DESCRIPTION (Continued) 

2.2.7 5th Point Low Pressure Heaters, E-9A and 9B 

5th POINT LOW PRESSURE HEATERS (SHELL SIDE) 

LOCATION: East and West Heater Decks 

PURPOSE: Condense and collect No. 1 and No.2 | 
L.P. Turbine Extraction Steam 

TYPE: Shell and U-tube 

GAGE GLASS: LG-9 (LG-10) 

SHELL SIDE FLOW: 238,170 lb/hr 

DESIGN PRESSURE: 15 psig 

DESIGN TEMPERATURE: 300 0 F 

NOMINAL PRESSURE: 22" Hg Vacuum 

NOMINAL TEMPERATURE: 107 0F 

OVERPRESSURE PROTECTION: Vented to condenser 

DESIGN FEATURES: Integral with Flash Evaporator 

.1 Supporting Components (West Components in Parenthesis) 

5th POINT LEVEL CONTROL VALVE CV-15 (CV-16) 

PURPOSE: Control 5th Point Low Pressure Heater Level.  

SIZE: 6" 

OPERATOR TYPE: Air Diaphragm 

FAIL POSITION: Open 

CONTROLLER: LC-27 (LC-28) 

AUTOMATIC ACTIONS: Maintains level approximately mid gage glass, 
level setpoint can be manually adjusted to 
maintain any level at the controller.  
HI-LO LEVEL annunciated on Auxiliary 
Annunciator, window 40, by LS-15 (LS-16) HI .  
and LS-63 (LS-64) LO.  
HI-LO LEVEL annunciated on Feedwater Heater 
Annunciator, NVB, by LLH-1015 (LLH-1016) HI 
and LLL-1063 (LLL-1064) LO.
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HEATER VENTS AND DRAINS SYSTEMS 

2.0 DESCRIPTION (Continued) 

2.2.7 5th Point Low Pressure Heaters, E-9A and 9B 
(Continued) 

.1 Supporting Components (West Components in Parenthesis) 

5th POINT HIGH LEVEL DUMP VALVE CV-13 (CV-14) 

PURPOSE: Direct 5th Point Low Pressure Heater 
Drains to the Main Condenser if | 
normal level control fails or tube 
leakage exceeds the capacity of the 
normal level control valve.  

SIZE: 10"I 

OPERATOR TYPE: Air Diaphragm 

| FAIL POSITION: Open 

CONTROLLER: LC-13 (LC-14) 

I AUTOMATIC ACTIONS: CV-13 (CV-14) opened on 5th Point 
Heater High Level, level setpoint cani 
be manually adjusted to maintain any 
level at the controller. .  

IJ
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HEATER VENTS AND DRAINS SYSTEMS 

2.0 DESCRIPTION (Continued) 

2.3 Power Supplies 

POWER SUPPLIES 
I 

COMPONENT BREAKER LOCATION 

East Heater Drain Pump 152-12009 Bus 2C, 4KV Room 
(G-36A) 

West Heater Drain Pump 152-11C09 Bus IC, 4KV Room 
(G-36B)
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HEATER VENTS AND DRAINS SYSTEMS 

3.0 OPERATION 

3.1 Startup 

Prior to admitting steam to the Feedwater Heaters the startup vents 
are used to evacuate air and non-condensable gases from the heater 
shells. These startup vents vent the Drain Cooler sections of the 
first and second point heaters. The continuous vent lines for the 
third, fourth and fifth point heaters are utilized for venting 
during startup and normal operation., After the shells are vented 
and steam is admitted, the startup vents are closed and the 
continuous vents are used for removal of air and non-condensable 
gases.  

Heater drains cascading to the 3rd Pt Heater shell are directed to 
the condensers until approximately 150 MWe, at which time the 
Heater Drain Pump is placed in service. Waiting until power is 
this high minimizes the time the Heater Drain Pump operates on 
mini-flow only and prevents flashing at the pump suction due to 
overheating.  

3.2 Abnormal Operations 

Feedwater Heaters may be taken out of service as necessary. Low 
Pressure Heaters (2nd, 3rd, 4th and 5th) have a single bypass, this 
requires the entire train to be removed from service even when a 
problem or maintenance is required on one of the low pressure 
heaters. The following load limits apply: 

High Pressure Heaters - Both High Pressure Heaters (East and West 
1st pt) can be removed from service and still maintain 450 MWe 
Gross (100%).  

Low Pressure Heaters - One Low Pressure Heater train out of 
service, 382 MWe Gross (85%). Both Low Pressure Heater Trains out 
of service 315 MWe Gross (70%).  

Heater Drain Pumps - One Heater Drain Pump out of service. 450 MWe 
Gross (100%). Both Heater Drain Pumps out of service, 378 MWe 
Gross (84%).
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HEATER VENTS AND DRAINS SYSTEMS 

4.0 REFERENCES 

4.1 P&IDs 

4.1.1 5178210 1st, 2nd, 3rd Point Feedwater Heaters Sh. 1 

4.1.2 5178211 1st, 2nd, 3rd Point Feedwater Heaters Sh. 2 

4.1.3 5178212 1st, 2nd, 3rd Point Feedwater Heaters Sh. 3 

4.1.4 5178213 1st, 2nd, 3rd,Point Feedwater Heaters Sh. 4 

4.1.5 5178230 High Pressure Turbine System Sh. 1 

4.1.6 5178231 High Pressure Turbine System Sh. 2 

4.1.7 5178235 Low Pressure Turbine Sh. 1 

4.1.8 5178236 Low Pressure Turbine Sh. 2 

4.1.9 5178245 Condenser Vents and Drains 

4.1.10 5178250 Condenser Air Removal System Sh. 1 

4.1.11 5178251 Condenser Air Removal System Sh. 2 

4.1.12 5178252 Condenser Air Removal System Sh. 3 

4.1.13 5178275 Flash Evaporators Sh. 1 

4.1.14 5178276 Flash Evaporators Sh. 2 

4.2 Elementaries 

4.2.1 N1541 Sh. .20 Reheater Control Valves 

4.2.2 N1541 Sh. 21A Reheater Drain Controls 

4.2.3 5149918 Heater Drain Pumps 
(N1543 Sh. 004) 

4.3 Procedures 

4.3.1 S01-7-5 Heater Drain Pump Operations 

4.3.2 S01-7-15 Main and Extraction Steam System 

4.3.3 S01-7-17 Operation of Feedwater Heaters 

CHanton:0312W
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APPENDIX A 

DEVELOPMENTAL RESOURCES 

A.1 P&IDs 

A.1.1 5178210 .1st, 2nd, 3rd Point Feedwater Heaters Sh. 1 

A.1.2 5178211. 1st, 2nd, 3rd Point Feedwater Heaters Sh. 2 

A.1.3 5178212 1st, 2nd, 3rd Point Feedwater Heaters Sh. 3 

A.1.4 5178213 1st, 2nd, 3rd Point Feedwater Heaters Sh. 4 

A.1.5 5178230 High Pressure Turbine System Sh. 1 

A.1.6 5178231 High Pressure Turbine System Sh. 2 

A.1.7 5178235 Low Pressure Turbine Sh. 1 

A.1.8 5178236 Low Pressure Turbine Sh. 2 

A.1.9 5178245 Condenser Vents and Drains.  

A.1.10 5178250 Condenser Air Removal System Sh. 1 

A.1.11 5178251 Condenser Air Removal System Sh. 2 

A.1.12 5178252 Condenser Air Removal System Sh. 3 

A.1.13 5178275 Flash Evaporators Sh. 1 

A.1.14 5178276 Flash Evaporators Sh. 2 

A.2 Elementaries 

A.2.1 N1541 Sh. 20 Reheater Control Valves 

A.2.2 N1541 Sh. 21A Reheater Drain Controls 

A.2.3 5149918 Heater Drain Pumps 
(N1543 Sh. 004) 

A.3 Procedures 

A.3.1 S01-7-5 Heater Drain Pump Operations 

A.3.2 SO1-7-15 Main and Extraction Steam System 

A.3.3 S01-7-17 Operation of Feedwater Heaters 

A-1
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APPENDIX A 

DEVELOPMENTAL RESOURCES 
(Continued) 

A.4 Other References 

A.4.1 Bechtel System Description 20, Feedwater and Condensate 
System 

A.4.2 Bechtel System Description 21, Steam System 

A.4.3 Bechtel System Description 25, Turbine Cyle Vent and Drain 
Systems 

A.4.4 Bechtel Equipment Data 12, Turbine-Generator and Auxiliary 
Systems 

A.4.5 Bechtel Equipment Data 16, Feedwater and Condensate System 

A.4.6 Bechtel Equipment Data 21, Turbine Cycle Vent and Drain 
Systems 

A.4.7 Lesson Plan OT-1067, Heater Vents and Drains 

A.5 Plant Facility Changes 

A.5.1 PFC-1-86-3400.01, East .Flash Evaporator Modification 

A.5.2 PFC-1-86-3400.05, West Flash Evaporator Modification 

0312W A-2
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APPENDIX B 

INSTRUMENT LIST 

INSTRUMENT INSTRUMENT SETPOINT/ OUTPUT 
NAME FUNCTION I (RANGE) 

TE-42 I East Heater Draini Recorder Output R-4-13 
I Pump Thrust j(0-2500F) 
Bearing Temp.  

TE-43 I East Heater Drainj, Recorder Output R-4-14 
-Pump Outboard (0-250 0 F)I 
Sleeve Bearing 

________________ ITemp.  

TE-44 I East Heater Drainl RecorderOutput R-4-15 
Pump Inboard II(0-250 0F) 
ISleeve Bea-ring I 

TE-45 .  

TE-45 East Heater Drain Recorder Output R-4-16 

TE46 Pump Motor (0-2500F)__ _________ 

East Heater Drainl Recorder Output R-4-17 
Pump Motor 

Bearing Temp.  

TE-47 I West Heater DrainI Recorder Output R-4-18 
Pump Bearing d(-250-F) 
Thrust Bearing 
Temp.  

E TI-48 West Heater Drainl Recorder Output -4-19 
Pump Outboard |(-250 0F) 
Sleeve Bearing 
Temp.  

B-i
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APPENDIX 8 

INSTRUMENT LIST 
(Continued) 

INSTRUMENT INSTRUMENT SETPOINT/ OUTPUT 
NAME FUNCTION (RANGE) 

TE-49 I West Heater Drain Recorder Output R-4-20' 
Pump Inboard (0-2500 F) 
Sleeve Bearing 
Temp.  

TE-50 West Heater Recorder Output | R-4-21 
Drain Pump Motor (0-250 0F) 
Inboard Sleeve 
Bearing Temp.  

TE-51 I West Heater Drainl Recorder Output R-4-22 
Pump Motor (0-250aF) 
Outboard Sleeve 
Bearing Temp., 

TI-56 (E) Drain Local None 
IT-57 (W) Receiver Temp. I Indication 

I I 

TI-5 (E) HP Turbine Local None 
TI-66 (W) Extraction Steam Indication (50-550 0 F) 

Temp.  

TI-43 (E) 1st Pt. Htr. Local, None 
TI-44 (W) Drain Temp. Indication (50-5500F) 

TI-7 (E), HP Turbine Local None 
TI-8 (W) Exhaust Steam 'Indication (50-5500F) I 

Temp..  

B-2
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APPENDIX B 

INSTRUMENT LIST 
(Continued) 

INSTRUMENT INSTRUMENT SETPOINT/ OUTPUT 
NAME FUNCTION (RANGE) 

TI-45 (E) 2nd Pt. Htr. Local | None 
TI-46 (W) Drain Temp. Indication | (50-400 0F) 

TI-9 (E) LP Turbine Local None 
TI-10 (W) Extraction Steam Indication (50-4000F) 

Temp.  

TI-16 (E) 3rd Pt. Htr. | Local | None 
TI-47 (W) Drain Temp. Indication (50-3000F) 

TI-11 (E) 4th Pt. Htr. Local | None 
TI-12 (W) Shell Temp. Indication (0-200 0F) 

TI-48 (E) 4th Pt. Htr. Local None 
TI-49 (W) | Drain Temp. Indication 

I . I 
TI-13 (E) 5th Pt. Htr. Local | None 

| TI-14 (W) Shell Temp. Indication | (50-3000 F) 

TI-50 (E) 5th Pt. Htr. Local None 
TI-51 (W) Drain Cooler Indication (20-220 0F) 

Shell Temp.  

B-3
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. APPENDIX B 

INSTRUMENT LIST 
(Continued) 

INSTRUMENT | INSTRUMENT | SETPOINT/ OUTPUT 
I NAME | FUNCTION (RANGE) 

TI-52 (E) 5th Pt. Htr. | Local None 
TI-53 (W) Drain Cooler I Indication 

Outlet Temp. | 

PI-3 (E) HP Turbine Local None 
PI-4 (W) Extraction Steam Indication (0-600 psig) 

Press.  

PI-5 (E) HP Turbine I Local None 
PI-6 (W) Exhaust Steam Indication (0-200 psig) 

Press..  

PI-7 (E) LP Turbine Local None 
PI-8 (W) Extraction Steam Indication (0-60 psig) 

Press.  

PI-1840 (E) 4th Pt. Heater Local None 
None (W) Shell Press. Indication (30" Hg Vac 

15 psig) 

PI-13 (E) 5th Pt. Htr. Local None 
P-14 (W) Shell Press. Indication (30" Hg Vac 

15 psig) 

PI-276 (E) No. 1 LP Turbine Local None 
PI-282 (W) Extraction Steam Indication (0-30" Hg Vac)I 

Press.  

B-4
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APPENDIX B 

INSTRUMENT LIST 
(Continued) 

INSTRUMENT I INSTRUMENT SETPOINT/ OUTPUT 
NAME FUNCTION (RANGE) 

PI-277 (E) No. 2 LP Turbine | Local None 
PI-283 (W) Extraction Steam Indication (0-30" Hg Vac)I 

Press.  

PI-278 (E) No. 1 LP Turbine Local None 
JPI-284 (W) IExtraction Steam Indication (0-30" Hg Vac)l 

Press.  

PI-279 (E) No. 1 LP Turbine Local None 
PI-285 (W) Extraction Steam Indication (0-30" Hg Vac)I 

Press.  

PI-280 (E) No. .2 LP Turbine Local None 
PI-286 (W) |Extraction Steam Indication 1(0-30" Hg Vac)j 

Press.  

PI-281 (E) No. 2 LP Turbine Local None 
PI-287 (W) I Extraction Steam Indication 1 (0-30" Hg Vac)I 

Press.  

B-5
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APPENDIX C 

ANNUNCIATOR LIST 

Auxiliary Annunciator 

I T 

| WINDOW NAME INPUT SETPOINT 
(NUMBER) 

East or West Heater LS-1 through LS-16 High and Low 
and Level 

HI-LO Level (40) LS-61 through LS-64 

C-1
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APPENDIX C 

ANNUNCIATOR LIST 
(Continued) 

Feedwater Heater Annunciator 

WINDOW NAME INPUT 'SETPOINT 
(NUMBER), 

East 1st Pt. Htr. LLH-1001 East 1st Pt. Htr.I 
HI Level (Red) | HI Level 

I *1*I I 

East 1st Pt. Htr. LLL-1002 East 1st Pt. Htr.I 
LO Level (Amber) LO Level 

East 2nd Pt. Htr. LLH-1005 East 2nd Pt. Htr.  
HI Level (Red) HI Level 

East 2nd Pt. Htr. LLL-1013 East 2nd Pt. Htr.  
LO Level (Amber) LO Level 

| East 3rd Pt. Htr. LLH-1007 East 3rd Pt. Htr.  
| HI Level (Red) HI Level 

East 3rd Pt. Htr. LLL-1008 East 3rd Pt. Htr.1 
LO Level (Amber) LO Level 

East 4th Pt. Htr. LLH-1011 East 4th Pt. Htr.  
HI Level (Red) HI Level 

- I 

C-2
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APPENDIX C 

ANNUNCIATOR LIST 
(Continued) 

Feedwater Heater Annunciator 

| WINDOW NAME INPUT SETPOINT 
(NUMBER) 

East 4th Pt. Htr. LLL-1061 East 4th Pt. Htr.I 
LO Level (Amber) LO Level 

I 

East 5th Pt. Htr. LLH-1015 East 5th Pt. Htr.  
HI Level (Red) HI Level 

East 5th Pt. Htr. LLL-1063 East 5th.Pt. Htr.I 
LO Level (Amber) LO Level 

C-3
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APPENDIX C 

ANNUNCIATOR LIST 
(Continued) 

Feedwater Heater Annunciator 

WINDOW NAME INPUT SETPOINT 
(NUMBER) 

West 1st Pt. Htr. LLH-1003 West 1st Pt. Htr.  
HI Level (Red) HI Level 

West 1st Pt. Htr. LLL-1004 West 1st Pt. Htr.1 
LO Level (Amber) LO Level 

West 2nd Pt. Htr. | LLH-1006 West 2nd Pt. Htr.  
HI Level (Red) HI Level 

East 2nd Pt. Htr. LLL-1014 West 2nd Pt. Htr.I 
LO Level (Amber) LO Level 

West 3rd Pt. Htr. LLH-1009 West 3rd Pt. Htr.1 
HI Level (Red) HI Level 

| West 3rd Pt. Htr. LLL-1010 | West 3rd Pt. Htr.I 
|lLO Level (Amber) |ILO Level 

I I 

West 4th Pt. Htr. LLH-1012 | West 4th Pt. Htr.I 
HI Level (Red) HI Level 

C-4
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APPENDIX C 

ANNUNCIATOR. LIST 
(Continued) 

Feedwater Heater Annunciator 

WINDOW NAME INPUT SETPOINT 
(NUMBER) 

West 4th Pt. Htr. I LLL-1062 West 4th Pt. Htr.  
Lo Level (Amber) | Lo Level 

West 5th Pt. Htr. LLH-1016 West 5th Pt. Htr.I 
HI Level (Red) HI Level 

West 5th Pt. Htr. LLL-1064 West 5th Pt. Htr.I 
LO Level (Amber) LO Level 

I 

0312W C-5
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CONDENSATE AND FEEDWATER 

1.0 FUNCTIONS/DESIGN BASES 

1.1 The Condensate and Feedwater System has the following main function: 

1.1.1 To transfer deaerated condensate from the Condenser Hot 
Wells through two parallel trains of Feedwater Heaters 
to the Steam Generators.  

1.2 The Condensate and Feedwater System has the following additional 
.functions: 

1.2.1 To isolate sources of unborated water to RCS when 
Feedwater Pumps are being used for Safety Injection 
System Operation (see SD-SO1-580, Safety Injection, 
Recirculation and Containment Spray Systems).  

1.2.2 To isolate portions of the Condensate and/or Feedwater 
System to allow for maintenance during operations and 
provide cooling for the air ejectors and gland exhaust 
condensers.  

1.2.3 To isolate sections of the condensers, during inleakage 
of sea water, and permit discharging of the 
contaminated hotwell condensate to waste, without 
tripping the unit.  

1.2.4 To maintain sufficient storage capacity, for feed 
quality water, to ensure water inventory of the feed i 
system and steam generators is preserved during plant 
transients.  

1.3 The Condensate and Feedwater System has the following design bases: 

1.3.1 The Condensate and Feedwater System is designed to 
supply feedwater to the Steam Generators at a pressure 
of 720 psig with a flow of 5,706,000 pounds per hour.  

1.3.2 Portions of the system are shared with Reactor Coolant 
Systems Safety Injection System. Design provisions 
enable proper fluid separation, of the Feed Water and 
Safety Injection Water, during all modes of plant 
operation, and assures maintenance of water chemistries.  
The design also prevents overpressurization of the RCS 
by the feed pumps.
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CONDENSATE AND FEEDWATER 

2.0 DESCRIPTION 

2.1 System Overview 

2.1.1 Main Flowpath (See Figure 1A-1B) 

Condensate Pumps take suction from Hotwell sections of condensers 
(E-2A and E-2B), and discharge through two similar parallel trains 
(East and West), of condensate heating equipment to the Feed Pump 
suction.  

Flow from the Feed Pumps discharge through two similar parallel 
trains (East and West), of high pressure feedwater heaters'.  
Discharge from the high pressure heaters join together in a common 
header, which is used to equalize feedwater pressure and 
temperature from the two trains. Flow is then split into three 
1.ines, each penetrating the containment and feeding one of the 
three Steam Generators.  

Each of the Steam Generator feed lines contain the feed regulating 
equipment (see SD-S01-260 "Feedwater Control System").  

Each Condensate/Feedwater.heating train consist of the following 
equipment; Condensate Pumps, Condenser Air Ejector, Turbine Gland 
Seal Steam Condenser, fifth point heater drain cooler, Flash 
Evaporator Condenser (retired), fifth point heater, fourth point 
heater drain cooler, fourth point heater, third point heater, 
second point heater, Feed Pump and first point.heater. The Feed 
Pumps are equipped with pneumatic hydraulic suction and discharge 
valves.  

2.1.2 Additional Flowpaths 

A bypass line is provided to allow removal of each train.of 
feedwater heaters. Flow is from the discharge of the East or West 
Gland Seal Steam Condenser (depending on which train is bypassed) 
through the normally closed manual bypass valve to the inlet side 
of the Feed Pump Suction Valves. The.First Point Heaters are also 
equipped with a bypass line from.the discharge of the Feed Pumps to 
the common header.  

Each Steam Generator Feed regulator valve is bypassed by a remote 
manually operated low flow regulator valve (see SD-S01-260 
"Feedwater Control System"), with remote reading low flow 
indication. A further bypass is also available with a locally 
operated flow control valve.  

Condensate is supplied to various plant subsystems, by a flow path 
from a common header which is connected between two of the 
Condensate Pump discharges.
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CONDENSATE AND FEEDWATER 

2.0 DESCRIPTION .(Continued) 

2.1.2 Additional Flowpaths (Continued) 

The condenserwater inventory in the hotwells is maintained by a 
drawoff flow path from the common Condensate Pump discharge header 
to the Condensate Storage Tank, and two makeup flow paths to the.  
Condenser Hotwells from the Condensate Storage Tank.  

A flow path allows contaminated hotwell condensate to be discharged 
to the Circulating Water System by the Condensate Pumps.  

Condensate pump/air ejector/gland steam condenser miniflow lines 
are provided, from the condensate flow path to the main condenser, 
to protect the equipment.  

Feed pump miniflow paths from the feed pump discharges to the main 
condenser, or to the Refueling water Storage Tank, ensure 
protection of the pumps under the various operating modes.  

Third point heater drains are injected into the condensate train, 
after the third point heater.  

Auxiliary Feedwater connects into the Main Feedwater System, 
downstream of the feed regulation station before the containment 
penetration and also at the inlet or outlet to the West 1st Point 
Heater and then through the normal feedwater flow path (see 
SD-SO1-620, "Auxiliary Feedwater System").
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CONDENSATE AND FEEDWATER 

2.0 DESCRIPTION (Continued) 

2.2 Components 

2.2.1 Main Condensers E-2A (North) and E-2B (South) 
(Figure 1A) 

E-2A AND E-2B 

I PURPOSE: To condense Main Turbine exhaust 
steam 

I TYPE: Divided water box, single pass 

STEAM CONDENSED: 3,293,000 lb/Hr 

CIRCULATING WATER INLET TEMP: - 620 F 

TOTAL CIRC. WATER FLOW: 340,000 GPM 

CONDENSER SHELL PRESS: Full vacuum 

HOTWELL WORKING VOLUME: 20,000 Ft3 

NUMBER OF TUBES: 22,016 

TUBES DESIGN MATERIAL: Titanium for the north half of 2A & 2BI 
Copper nickel for the south half of 
2A & 2B.  

SHELL DESIGN MATERIAL: Carbon Steel 

At the bottom of each of the two hotwells.is a divider plate 
approximately.2 feet high. This divides the collection of the 
condensed condensate into four sections with level indication for 
each. The two hotwell sections in the north condenser (E-2A) are 
called the north half of the north and the south half of the north 
or No. 1 and No. 2 hotwells respectively. The two hotwell sections 
in the south condenser (E-2B) are called the north half of the 
south and the south half of the south or No. 3 and No. 4 hotwells 
respectively.  

.1 Supporting Components and Indication: 

Level is indicated locally by level glass 23 for 
Hotwell No. 1 and level glass 22 for Hotwell No. 2 of 
Condenser E-2A. Level glass 25 provides indication for 
Hotwell No. 3 and level glass 24 for Hotwell No. 4 of 
Condenser E-2B.
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CONDENSATE AND FEEDWATER 

2.0 DESCRIPTION (Continued) 

2.2.1.1 Supporting Components and Indication (Continued) 

Hotwell Level is transmitted to the control room 
on the south "J" console by LT1 for Hotwell No. 1 and 
LT2 for Hotwell No. 2 of the Condenser E-2A. LT3 
transmits level for Hotwell No. 3 and LT4 for Hotwell 
No. 4 of Condenser E-2B. Each level transmitter is 
provided with a seal water supply from the respective 
condensate pump discharge header to prevent air 
inleakage to the condenser. Local seal water flow 
indication is provided by FG19, 20, 21 and 22 
respectively, at each Level Transmitter.  

2.2.2 Hotwell Level Control Tank C-9 (Figure 1A) 

FI 
HOTWELL LEVEL CONTROL TANK C-9 

PURPOSE: To provide representative level of thel 
hotwell and control condensate flow tol 
and from the Condensate Storage Tank. | 

I.LOCATION: Between hotwells in the Condensate | 
Pump Pit.  

DESIGN CAPACITY: .230 gallons 

DESIGN PRESSURE: 15 psig 

The Hotwell Level Control Tank is interconnected with the Main Condensers 
through crossties so'that the level in the tank is representative of the 
average water level in the Condenser Hotwells.  

Supporting components and indications: 

Level Glass 16 is provided on the side of the Hotwell Level Control 
Tank for local indication.  

Level Switch 17 provides a high level.alarm at 2'10" and a low level 
alarm of 2'2" annunciated on the Auxiliary-Annunciator Panel Window #34 in 
in the Control Room.  

Level Control 16T provides input for makeup and drawoff requirements 
between the Condensate Storage Tank and the Condenser Hotwells.
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CONDENSATE AND FEEDWATER 

2.0 DESCRIPTION (Continued) 

2.2.3 Normal Condensate Makeup (CV-20) (Figure 1A) 

CV-20 

PURPOSE: Provides normal makeup of Condensate 
from the CST to the Hotwell on low 
level.  

LOCATION: West wall of the Condenser Bay 

OPERATOR TYPE: Pneumatic 

IVALVE TYPE: Gate Valve 

I VALVE SIZE: 6. inch 

FAIL POSITION: Closed 

DESIGN MATERIAL: Stainless Steel 

CV-20 receives a signal from LC-16 that cascades from LC-16T on the Hotwell 
Level Control Tank. As the level decreases in the hotwell, CV-20 will 
modulate open to provide normal makeup from the Condensate Storage Tank to 
all four hotwells.
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CONDENSATE AND FEEDWATER 

2.0 DESCRIPTION (Continued) 

2.2.4 Emergency Condenser Makeup Valve (CV-19) (Figure 1A) 

CV-19 

PURPOSE: To restore normal Hotwell Level in thel 
event normal makeup fails.  

LOCATION: West wall of.the Condenser Bay 

OPERATOR TYPE: Pneumatic 

VALVE TYPE: Butterfly Valve 

VALVE SIZE: 8 inch 

FAIL POSITION: Closed 

DESIGN MATERIAL: Stainless Steel 

CV-19 receives a signal from LC-16 as does CV-20. During large load changes 
or transients, if CV-20 does not have sufficient capacity to provide makeup 
water, CV-19 will modulate open to provide additional makeup to Hotwells 2 
and 3.
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CONDENSATE AND FEEDWATER 

2.0 DESCRIPTION (Continued) 

2.2.5 Condensate Draww Off Valve (CV-21) (Figure 1A) 

CV-21 

PURPOSE: Provides Condensate Pump discharge 
return to the CST on Hotwell High 
Level.  

LOCATION: West wall of the Condenser Bay 

OPERATOR TYPE: Pneumatic 

VALVE TYPE: Butterfly Valve 

VALVE SIZE: 3 inch 

FAIL POSITION: Open 

DESIGN MATERIAL: Stainless Steel 

CV-21 receives .a signal from LT-17 that cascades from LC-16T on the Hotwell 
Level Control Tank. As the level increases in the hotwell, CV-21 will 
modulate open drawing off condensate from the Condensate Pump discharge 
header to the Condensate Storage Tank.
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CONDENSATE AND FEEDWATER 

2.0 DESCRIPTION (Continued) 

2.2.6. Condensate Pumps (G-1A B, C and D) 

G-1A, B, C AND D 

PURPOSE: To pump condensate from the Condenser 
Hotwells through Condensate Heater 
Trains to the Main Feed Pumps.  

PUMP TYPE: Vertically mounted, centrifugal 

PRIME MOVER: 4160V, Induction motor 

NO. OF STAGES: 6 

DESIGN CAPACITY: 2,900 GPM 

DESIGN HEAD: 735 Ft.  

DESIGN DISCHARGE PRESSURE: 316 psi 

1 REQUIRED NPSH: 2 Ft.  

DESIGN SPEED: 880 RPM 

DESIGN H.P. 700 H.P.  

BEARING LUBRICATION: Water (pump) 

DESIGN MATERIAL: Chrome alloy steel 

NORMAL MOTOR AMPS: 80 

.1 Controls, interlocks and indications: (see Figure 2) 

Each condensate pump is controlled.by START-AUTO-STOP 
pushbuttons located in the Control Room on the south 
portion of the "J" console. Red-Start, Green-Stop and 
Amber-Auto status indicating lights are also provided.  
To place a condensate pump in Auto, the Auto Start 
pushbutton is depressed on the desired pump and an 
amber auto light will be lit. To remove from Auto the 
selected condensate pump stop pushbutton would be 
depressed and the amber auto light would extinguish 
indicating the condensate pump is out of Auto.  

The pumps trip on overcurrent, undervoltage, and a 
Safety Injection Signal from the Sequencer. Auto start 
is initiated by Pressure Switch 79 on low condensate 
discharge pressure of 275 psig.
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CONDENSATE AND FEEDWATER 

2.0 DESCRIPTION (Continued) 

2.2.6.1 (Continued) 

Each condensate pump motor is provided with upper and 
lower oil level sight glasses.  

There is a normal operating vent supplied on the 
condensate pump suction used to remove non-condensible 
gases back to the condenser for removal by the 
condenser air removal system. A startup vent is 
provided at the condensate pump discharge to maintain 
it filled and vented while the pump is in standby or 
prior to startup. This vent is not needed during pump 
operation.  

2.2.7 East and West Air Ejector Condensers (E-22A and 
E-22B) 

E-22A AND E-22B 

PURPOSE: To condense steam contained in air.j 
and non condensible gasses removed 
from the main condenser by the air 
ejector.  

LOCATION: East and West platforms on the 
South side of the Main Condenser 

CONDENSER TYPE: Tube and shell 

| DESIGN CAPACITY (SHELL SIDE-AIR): 7.2 CFM 

DESIGN CONDENSATE FLOW (TUBESIDE): 1000 - 3800 GPM 

2.2.8 East and West Gland Seal Steam Condensers (E-23A and 
231B) 

E-23A AND E-23B 

PURPOSE: *To condense exhaust steam from | 
the Turbine Gland Seals.  

| LOCATION: East and West Platforms on the | 
south side of the main condenser | 
next to the air ejectors.  

CONDENSER TYPE: Tube and shell 

| DESIGN FLOW-STEAM (SHELL): 4500 lb/Hr 

| DESIGN CONDENSATE FLOW (TUBES): 700 - 3800 GPM
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CONDENSATE AND FEEDWATER 

2.0 DESCRIPTION (Continued) 

2.2.9 Condensate Miniflow Valves (CV-71 and CV-72) 
See Figure 1A 

CV-71 AND CV-72 

PURPOSE: Condensate Pump Miniflows provide 
Condensate Pump Protection and ensure 
proper operation of Air Ejectors and 
Gland Seal Steam Condensers.  

LOCATION: East and West Mini Flow Platforms.  

OPERATOR TYPE: Pneumatic 

VALVE TYPE: Gate Valve 

VALVE SIZE: 4 inch 

FAIL POSITION: Open 

DESIGN MATERIAL: Stainless Steel 

The condensate miniflow valves are controlled from either direct 
instrument air or miniflow controlled output through 3 way solenoid 
valves SV-129 and 130 powered from the Condensate Pump Auto Start 
circuit at the switchgear. The solenoid valves are energized when 
all four condensate pumps are off (see Figure 2). This aligns 
instrument air to CV-71 and 72 and maintains them closed. When any 
one condensate pump is running the solenoid valves are de-energized 
providing miniflow controller input to CV-71 and 72 respectively.  
The miniflow controllers are located below the respective miniflow 
CV platform and are set for approximately 1000 gpm. This. setpoint 
is the minimum required to ensure adequate cooling for the air 
ejector. (Gland Steam Condensers and Condensate Pump miniflow 
requirements are less.)
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2.0 DESCRIPTION (Continued) 

2.2.10 . Condensate Seal Pressure Control Valve (CV-73) 
See Figure 1A 

CV-73 

PURPOSE: To regulate seal water flow and 
pressure to the Condensate Pump Seal 
Water Supply System.  

LOCATION: Near the southeast condensate pump in 
the Condensate Pump Pit.  

OPERATOR TYPE: Pneumatic 

VALVE TYPE: Gate Valve 

VALVE SIZE: 1 inch 

FAIL POSITION: Open 

DESIGN MATERIAL: Stainless Steel 

The Condensate Seal Water Supply System is fed from the common 
discharge of the condensate pumps and goes through CV-73 which is 
set by a local controller with a variable setpoint, normally set 
for 125 psig. The system supplies various components to prevent 
air inleakage to the condensers through valve packing and to 
provide cooling/lubrication for condensate pump seals. It also 
supplies Hotwell Level Transmitters to maintain them filled with 
water to prevent air inleakage. Low condensate pump seal water 
pressure is annunciated in the Control Room by PS-91.
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2.0 DESCRIPTION (Continued) 

2.2.11 Fifth Point Heaters (E-9A and E-9B) 

E-9A AND E-9B 

LOCATION: Heater deck adjacent to turbine 

HEATER TYPE: U-tube, integral with flash evaporator 

TUBE SIDE 

FLUID CIRCULATED: Condensate from Fifth Point Drain 
Cooler 

DESIGN MATERIAL: Copper-Nickel U-tubes 

NUMBER OF TUBES: 644 tubes 3/4" diameter 

DESIGN PRESSURE: 350 psig 

FLOWRATE: 1,891,821 LB/Hr 

NOMINAL INLET TEMPERATURE: -99.8 0 F 

NOMINAL OUTLET TEMPERATURE: -103.2 0F 

ENTHALPY IN: 67.8 BTU/LB 

ENTHALPY OUT: 121.1 BTU/LB 

SHELL SIDE 

FLUID CIRCULATED: Steam 

DESIGN MATERIAL: Carbon Steel 

DESIGN PRESSURE: 15 psig 

NOMINAL PRESSURE: 22" Hg vacuum 

DESIGN TEMPERATURE: 300 0 F 

NOMINAL TEMPERATURE: 107 0F 

ENTHALPY IN: 1090.9 BTU/LB (Steam) 

ENTHALPY OUT: 126.2 BTU/LB (Condensate) 

.1 Supporting Components and Indication: 

Temperature is indicated at the heater inlets and 
outlets by local dial temperature indicators.
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2.0 DESCRIPTION (Continued) 

2.2.12 Drain Cooler for Fifth Point Heaters (E-9A and E-9B) 

E-9A AND E-9B 

LOCATION: Heater deck adjacent to turbine 

TUBE SIDE 

FLUID CIRCULATED: Condensate from Gland Seal Steam 
Condenser 

DESIGN MATERIAL: Copper-Nickel U-tubes 

NUMBER OF TUBES: 108 U-tubes 1.5" diameter 

DESIGN PRESSURE: 350 psig 

DESIGN TEMPERATURE: 2500 F 

FLOWRATE: 1,891,821 LB/Hr 

INLET TEMPERATURE: 93.3 0F 

OUTLET TEMPERATURE: 99.8 0F 

ENTHALPY IN: 61.3 BTU/LB 

ENTHALPY OUT: 67.8 BTU/LB 

SHELL SIDE 

FLUID CIRCULATED: Heater drainage 

DESIGN MATERIAL: Carbon Steel 

DESIGN PRESSURE: 15 psig 

DESIGN TEMPERATURE: 2500 F 

INLET TEMPERATURE: 158.2 0F 

OUTLET TEMPERATURE: 107.3 0F 

ENTHALPY IN: 126.2 BTU/LB (Condensate) 

ENTHALPY OUT: 75.2 BTU/LB (Condensate)
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2.0 DESCRIPTION (Continued) 

2.2.13 Fourth Point Heaters (E-9A and E-9B) 

E-9A AND E-9B 

LOCATION: Heater deck adjacent to turbine.  

HEATER TYPE: U-tube integral with flash evaporator.  

TUBE SIDE.  

FLUID CIRCULATED: Condensate from 5th point heater 

DESIGN MATERIAL: Copper-Nickel U-tubes 

NUMBER OF TUBES: 542 tubes 3/4" diameter 

DESIGN PRESSURE: 350 psig 

DESIGN TEMPERATURE: 300OF 

FLOWRATE: 1,891,821 LB/Hr 

NOMINAL INLET TEMPERATURE: -103.2 0F 

NOMINAL OUTLET TEMPERATURE: -190OF 

ENTHALPY IN: 121.1 BTU/LB 

ENTHALPY OUT: 173.7 BTU/LB 

SHELL SIDE 

FLUID CIRCULATED: Extraction steam 

DESIGN MATERIAL: Carbon Steel 

DESIGN PRESSURE: 15.0 psig 

NOMINAL PRESSURE: 6.5" Hg vacuum 

DESIGN TEMPERATURE: 300OF 

NOMINAL TEMPERATURE: 1580F 

ENTHALPY IN: 1108.6 BTU/B (Steam) 

ISID 

CENTHALPY OUT: 135.1 BTU/LB (Condensate) 

S1 Supporting Components and Indication: 

Temperature is indicated at the heater inlets and 
outlets by local dial temperature indicators.
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2.0 DESCRIPTION (Continued) 

2.2.14 Third Point LP Heaters (E-8A and E-8B) 

E-8A AND E-8B 

LOCATION: Heater deck adjacent to turbine 

HEATER TYPE: Horizontal U-tube and shell 

TUBE SIDE 

FLUID CIRCULATED: Condensate from 4th pt. heater 

DESIGN MATERIAL: Copper-Nickel U-tubes 

NUMBER OF TUBES: 522 tubes 3/4" diameter 

DESIGN PRESSURE: 350 psig 

DESIGN TEMPERATURE: 300 0 F 

FLOWRATE: 1,887,692 LB/Hr 

NOMINAL INLET TEMPERATURE: -205.9 0F 

NOMINAL OUTLET TEMPERATURE: -259.90F 

ENTHALPY IN: 173.9 BTU/LB 

ENTHALPY OUT: 228.5 BTU/LB 

SHELL SIDE 

FLUID: Extraction steam 

DESIGN MATERIAL: Carbon Steel 

| DESIGN PRESSURE: 50 psig 

NOMINAL PRESSURE: 21 psig 

DESIGN TEMPERATURE: 400 0 F 

NOMINAL TEMPERATURE: 250 0 F 

ENTHALPY IN: 1174.2 BTU/LB (Steam) 

ENTHALPY OUT: 233.6 BTU/LB (Condensate) 
I I 

.1 Supporting Components and Indications: 

Temperature is indicated locally at the heater outlets 
by local dial temperature indicators.
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2.0 DESCRIPTION (Continued) 

2.2.15 2nd Point LP Heaters (E-7A and E-7B) 

E-7A AND E-7B 

LOCATION: Heater deck adjacent to turbine 

HEATER TYPE: Horizontal U-tube and shell 

TUBE SIDE 

FLUID CIRCULATED: Condensate from 3rd pt. heater 

DESIGN MATERIAL: Copper-Nickel U-tubes 

NUMBER OF TUBES: 810 tubes 3/4" diameter 

DESIGN PRESSURE: 350 psig 

DESIGN TEMPERATURE: 4000 F 

FLOWRATE: 2,853,386.LB/Hr 

NOMINAL INLET TEMPERATURE: -245 0F 

NOMINAL OUTLET TEMPERATURE: -327 0F 

ENTHALPY IN: 230.3 BTU/LB 

ENTHALPY OUT: 308.3 BTU/LB 

SHELL SIDE 

FLUID: Extraction steam 

DESIGN MATERIAL: Steel 

DESIGN PRESSURE: 150 psig 

| NOMINAL PRESSURE: 90 psig 

DESIGN TEMPERATURE: 400aF 

NOMINAL TEMPERATURE: 2700 F 

FLOWRATE: 222,790 LB/Hr 

ENTHALPY IN: 1007.7 BTU/LB (Steam) 

| ENTHALPY OUT: 244.6 BTU/LB (Condensate)
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2.0 DESCRIPTION (Continued) 

2.2.15 2nd Point LP Heaters (E-7A and E-7B) (Continued) 

.1 Supporting Components and Indications: 

Temperature is indicated locally at the heater outlets 
by local dial temperature indicators.
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2.0 DESCRIPTION (Continued) 

2.2.16 Main Feedwater Pump Condensate Suction Valves 
HV-854 A & B 

HV-854 A & B 

PURPOSE: - Normal suction valves for the Main Feed-I 
water Pumps.  

- To provide a positive isolation of the 
Condensate System from the Safety 
Injection System when the Main Feedwaterl 
Pumps are in the Safety Injection Mode.  

I-LOCATION: NW and SW corners of feed pumps 

OPERATOR TYPE: Pneumatic /Hydraulic 

VALVE SIZE: 14" 

VALVE TYPE: Double Disc Gate Valves 

FAIL POSITION: Open 

OPENING TIME: 5 minutes (Maximum) 

CLOSING TIME: 7 seconds (Maximum) 

DESIGN PRESSURE: 350 psig 

DESIGN TEMPERATURE: 350oF 

DESIGN DIFFERENTIAL: 350 psig 

DESIGN MATERIAL: Carbon-Steel 

Valve operator's pneumatic supply pump is normally fed from the 
Compressed Air Systems (see SD-SO1-420 Compressed Air Systems), 
with a common back-up supply from nitrogen bottles, which also 
supply valves HV-852 A & B (see SD-SO1-410 Compressed Gas 
Systems). For arrangement of Service Air and back-up Nitrogen 
supply see Figure 3.  

CONTROL SEQUENCE, INDICATIONS AND INTERLOCKS; (See Figure 4) 

To open HV-854 A or B: HV-851 A or B respectively must be closed 
or intermediate position with no Sequencer Signal and Control Room 
Handswitch to Open.  

To close HV-854 A or B: Sequencer.Signal or HV-851 A or B 
respectively open or Control Room Handswitch to Close.  

There are four indicating lights associated with each valve: Red 
Open, Green - Closed, White - Normal, and Blue - Safety Injection 
Signal from the Sequencer.
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2.0 DESCRIPTION (Continued) 

2.2.16 Main Feedwater Pump Condensate Suction Valves 
(HV-854 A & B) (Continued) 

HV-854 A & B must be fully closed prior to HV-851 A & B being 
opened to prevent unborated water addition to the RCS. Signal is 
provided by Limit Switches in the Control Scheme of HV-854 A & B.  
For details of HV-851 and 853 see SD-SO1-580, Safety Injection, 
Recirculation, and Containment Spray.
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2.0 DESCRIPTION .(Continued) 

2.2.17 Main Feedwater Pump Feedwater Discharge Valves (HV-852 A & 
B) 

HV-852 A &B 

PURPOSE: -Normal discharge valves for the Main 
Feedwater Pumps 

-To provide a positive isolation of the 
Feedwater System when the Main Feedwater 
Pumps are in the Safety.Injection Mode.  

LOCATION: SE corners of Main Feedwater Pumps 

OPERATOR.TYPE: Pneumatic/Hydraulic 

VALVE SIZE: 12" 

VALVE TYPE: Double Disc Gate Valves 

FAIL POSITION: Open 

OPENING TIME: 15 minutes (normally 2-3 minutes) 

CLOSING TIME: 5 seconds 

DESIGN PRESSURE: 1500 psig 

DESIGN TEMPERATURE: 350 0 F 

DESIGN DIFFERENTIAL: 1500 psig 

DESIGN MATERIAL: Carbon Steel 

CONTROL SEQUENCE: See Figure 4 

OPEN: No Sequencer Signal and 
Control Room Handswitch to Open 

CLOSE: Sequencer Signal or 
Control Room Handswitch to Close 

INDICATIONS: - Red Light - Open 
- Green Light - Closed 
- White Light - Normal 
- Blue Light - Safety Injection Signal I 

(Sequencer) 

Valve operator's pneumatic supply is normally from the Compressed Air.  
Systems (see SD-SO1-420 Compressed Air Systems), with a common back-up 
supply from nitrogen bottles, which also supply valves HV-854A & B (see 
SD-SO1-410 Compressed Gas Systems). For arrangement of Service Air and 
back-up Nitrogen supply see Figure 3.
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2.0 DESCRIPTION (Continued) 

2.2.18 PNEUMATIC/HYDRAULIC CONTROL SYSTEM FOR HVs 
852 AND 854 A & B 

All of the pneumatic valves are normally operated by service air.  
High pressure nitrogen bottles supply backup Motive Force for the 
pumps. A Solenoid Valve at the bottles and a selector switch 
located in the Control Room on the north vertical board (one switch 
for A and one for B Train) allow for alignment when service air 
supply fails.  

To maintain proper oil viscosity for more reliable operation, 
each valve is equipped with Hydraulic Oil Heaters controlled by 
temperature controllers which maintain the temperature at 
950F + 100F.  

The signal conditioning alarm systems (SCAS) utilizes pressure 
transducers, installed in the cylinder hydraulic system of each 
valve actuator to monitor system pressure.  

For more details of.HV heater controls and pressure monitoring see 
SD-SO1-580, Safety Injection, Recirculation and Containment Spray 
Systems.  

The Pneumatic/Hydraulic valves are designed to move to the 
safety-related position within approximately 7 seconds. This is 
accomplished by the use of a gas-charged accumulator, driving the 
piston to the required position. The valves are moved to the 
non-safety related position by pneumatic hydraulic pump operation 
which takes approximately 10 minutes.  

HV-852 and HV-854,A and B Operation (See Figure 3 

OPEN - SV1 and SV2 de-energize and close 
- SV525, 527, 529 and 531 de-energize and open 

(Pneumatic Drive to P/H Pumps) 
- 70 to 1(57 to 1 for HV-854) ratio Pneumatic/ 
Hydraulic Pump Starts 

- Oil is forced into the bottom of piston cylinder, 
forcing piston up 

- As piston.moves up - valve closes and oil is forced 
back to Accumulator 

- Accumulator is recharged by piston movement 

CLOSE - SV525, 527, 529 and 531 energize and close 
(Pneumatic Drive to P/H Pumps).  

- Pneumatic/Hydraulic Pump motive force is removed, 
- SV1 and SV2 are energized and open 
- Oil Ports off the bottom of the Actuator Piston.  

Accumulator Oil Pressure forces Actuator Piston down 
- Valve closes
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2.0 DESCRIPTION (Continued) 

2.2.19 East and West Main Feedwater Pumps (G3A and G3B) 

G3A AND G3B 

PURPOSE: -To pump feedwater from the condensate 
system to the steam generators 

-To pump borated water into the RCS 
during S.I. Mode 

TYPE: Two Stage, Double Volute, Centrifugal 

. PRIME MOVER: 4160 V, Induction Motor 

DESIGN HORSEPOWER: 3500 HP 

DESIGN SPEED: 3550 RPM 

TEMPERATURE OF 351 0 F Feedwater 
PUMPED FLUID: 400 F - 900 F Safety Injection | 

ADDITIONAL DESIGN The Main Feedwater pumps are designed tol 
FEATURE: withstand a 300 0 F temperature drop in 

a 10 second interval. The requirement 
is necessary because of the dual I 
function of the pumps.  

DESIGN FLOWRATE: 7,000 gpm Feed Mode 
10,500 gpm SI Mode 

DESIGN HEAD: 790 psig 

REQUIRED NPSH: 69 psig .  

SHUTOFF HEAD: 1200 psig* 

NPSH: 81 psig in SI Mode 

DESIGN MATERIAL: Chrome Alloy Steel 

PUMP SEAL TYPE: Stuffing Box Bushings
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2.0 DESCRIPTION (Continued) 

2.2.19 East and West Main Feedwater Pumps (G3A and G3B) 
(Continued) 

CONTROLS AND INTERLOCKS: (See Figure 5) 

Each Main Feedwater Pump can be started and stopped by pushbuttons 
located in the Control Room on the south side of the "J' Console.  

The Main Feedwater Pumps can also be started by a Safety Injection 
Signal from the Safeguards .load Sequencing system. (See 
SD-SO1-580, Safety Injection, Recirculation and Containment Spray.) 

On a sequencer signal the Main Feedwater Pump will trip (if 
running) and start 11 seconds later from the 162-1 Time Delay 
Relay. This is to allow for suction and discharge valve 
realignment to the SI Mode of operation.  

Main Feedwater Pumps start interlocks also include: 

186 Lockout Relay Reset (Overcurrent either time or instantaneous) 
and 194 Lockout Relay (Undervoltage 4kV Bus) 

Supporting Components and Instrumentation: 

Recirculation failure is alarmed in the control room by a 
pressure switch (PS) placed on the output of each respective Main 
Feedwater Pump normal suction flow transmitter to recirculation 
flow control. As suction flow decreases the output from the flow 
transmitter to the flow controller decreases causing the 
recirculation valve to open, thereby reestablishing minimum suction 
flow. If this minimum flow is not maintained, the output pressure 
from the flow transmitter continues to decrease until the pressure 
switch initiates the recirculation failure alarm at an output 
pressure equivalent to 400 gpm.  

Low Suction Pressure is annunciated in the control room at 
175 psi, if the respective feedwater pump is running. It is 
indicated in the control room on West Vertical Board circular 
recorder R-7 and locally at the Feed Pump suction pressure 
transmitter.  

Suction Temperature is monitored by local temperature 
elements and recorded in control room on West Vertical Board 
circular recorder R-7.  

Main Feedwater Pump Lube Oil System (see Figure 6) 

The Main Feed Pump Lube Oil System consists of a mechanical shaft 
driven main oil pump, an electric motor driven auxiliary lube oil 
pump, an oil reservoir, an oil cooler cooled by Turbine Plant 
Cooling Water, an air cooled oil cooler, and associated piping and 
instrumentation.
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2.0 DESCRIPTION (Continued) 

2.2.19 East and West Main Feedwater Pumps (G3A and G3B) 
(Continued) 

Main Feedwater Pump Lube Oil System (Continued) 

The air cooled oil cooler is in service to comply with Technical 
Specification requirements defining operability of the Main 
Feedwater Pump. Turbine Plant Cooling Water (TPCW) is left 
isolated in the TPCW oil cooler during normal operation.  

During pump startup the motor driven auxiliary oil pump takes 
suction from the lube oil reservoir and discharges to the feedwater 
pump and motor bearings through the air cooled oil cooler. The oil 
is returned to the oil reservoir.  

Pushbutton manual start-stop switches for the auxiliary lube oil 
pump are located in thecontrol room on the south portion of the 
"J" console.  

Automatic start of the electric lube oil pump is initiated by 
following conditions: 

Respective feedwater pump breaker closed 

or .  

Condensate Pump discharge header pressure greater than 150 psig 
as sensed by PS-17.  

and 

Pressure on the lube oil system less than 4 psig as sensed by 
PS-46 (east pump) and PS-47 (west pump).  

The auxiliary lube oil pump stops automatically when oil pressure 
is greater than 7 psig as sensed by PS-59 (east pump) and PS-60 
(west pump). This would indicate that the oil pressure is being 
maintained by the shaft driven lube oil pump after the feedwater 
pump is started.  

The shaft driven oil pump takes suction from the lube oil reservoir 
and discharges through a normally open manual.valve to the air 
cooled oil cooler. From here flow is directed to the inboard and 
outboard pump and motor bearings. The oil is discharged to the 
lube oil reservoir.
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2.0 DESCRIPTION (Continued) 

2.2.19 East and West Main Feedwater Pumps (G3A and G38) 
(Continued) 

The oil cooler fan for each feedwater pump has a 3 position 
selector switch (On-Off-Auto) with On-Off indicating lights located 
at each respective Motor Control Center (MCC1A for west and MCC2 
for east). Automatic start of the lube oil cooler is initiated by 
the following conditions: 

Respective feedwater pump breaker closed 

and 

From TS-34 (east cooler) and TS-35 (west cooler) the fan will 
start at 110 0 F and stop at 100 0 F.  

Oil temperature is indicated locally at the inlet to the air cooler 
by TI-157 and at the air cooler outlet by TI-1980. Oil pressure is 
indicated locally by PI-1980.  

Main Feedwater Pump and Motor bearing temperatures are indicated 
and recorded on the West Vertical Board of the Control Room at 
Recorder R-4. The following is a list of indications and points 
recorded.  

Pump/Motor Bearing R-4 Point Rec 

West Pump Inboard 37 
West Pump Outboard 35 
West Pump Outboard 36 
East Pump Inboard 32 
East Pump Outboard 30 
East Pump Outboard 31 
West Motor Inboard 38 
West Motor Outboard 39 
East Motor Inboard 33 
East Motor Outboard 34 

Temperature recorder R-4 is equipped with high bearing temperature 
alarms.  

Feedwater pump seal water is supplied from the Condensate 
Pump Discharge Header.  

Seal bleedoff returns to the Condenser or can be routed to floor 
drains.  

On occurrence of Safety Injection, or during a hot Safety Injection 
Test, seals must be manually secured to prevent borated water 
addition to the Condenser.
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2.0 DESCRIPTION (Continued) 

2.2.20 First Point High Pressure Heater (E-6A and E-6B) 

E-6A AND E-6B 

LOCATION: Heater deck adjacent to turbine 

| HEATER TYPE: Horizontal Tube and Shell 

TUBE SIDE 

FLUID CIRCULATED: Feedwater from the Main Feed Pumps 

DESIGN MATERIAL: Copper-Nickel U-tubes 

NUMBER OF TUBES: 904 tubes 3/4" diameter 

DESIGN PRESSURE: 1367 psig 

DESIGN TEMPERATURE: 450aF 

FLOWRATE: 2,853,386 LB/Hr 

NOMINAL INLET TEMPERATURE: -339 0F 

NOMINAL OUTLET TEMPERATURE: 405 0 F 

ENTHALPY IN: 311.8 BTU/LB 

ENTHALPY OUT: 394.4 BTU/LB 

SHELL SIDE 

FLUID CIRCULATED: Extraction Steam 

DESIGN MATERIAL: Carbon Steel 

DESIGN PRESSURE: 400 psig 

NOMINAL PRESSURE: 250 psig 

DESIGN TEMPERATURE: 6500 F 

| NOMINAL TEMPERATURE: 340oF 

ENTHALPY IN: 1134.4 BTU/LB (Steam) 

| ENTHALPY OUT: 321.1 BTU/LB (Condensate)
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2.0 DESCRIPTION (Continued) 

2.2.20 First Point High Pressure Heater (E-6A and E-6B) 
(Continued) 

.1 Supporting Components and Indications: (See Figure 1A) 

Temperature is indicated at the inlet, locally, 
by temperature indicator TI-21 for the East Heater and 
by TI-22 for the West Heater. Outlet temperatures are 
indicated by TI-41 and TI-42 respectively.  

Pressure is indicated locally on the outlet of 
each heater by Pressure Indicators PI-47 (east) and 
PI-48 (west). Pressure Transmitter PT-4 transmits a 
discharge pressure signal to a recorder in the Control 
Room.
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2.0 DESCRIPTION (Continued) 

2.2.21 Main Feedwater Pump Normal Miniflow Valves (CV-36 
and CV-37) 

CV-36 AND CV-37 

PURPOSE: Valves open to maintain adequate 
flow.  

LOCATION: NW and NE Corners of the Condenser in 
the Condenser Bay 

OPERATOR TYPE: Pneumatic 

VALVE TYPE: Drag Valves 

VALVE SIZE: 3 inch 

FAIL POSITION: Open 

DESIGN MATERIAL: Stainless Steel 

Valve operator's pneumatic supply is normally from the Compressed 
Air Systems (see SD-SO1-420 Compressed Air Systems), with each 
valve having an independent back-up supply from local nitrogen 
bottles (see SD-SO1-410 Compressed Gas Systems).  

.1 Supporting Components and Indications: 

Main Feedwater Pump Minimum Flow systems are 
provided for both feedwater pumps. Each system 
consists of a takeoff from the feedwater pump discharge 
(upstream of the shutoff valve) which returns to the 
condenser through Control Valves CV-36 and CV-37 and 
pressure breakdown orifices (RO-152 and RO-154).  
Minimum flowrate is approximately 1050 gpm.
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2.0 DESCRIPTION (Continued) 

2.2.22 Swing Check Valves 

FIGURE 7: SWING CHECK VALVE 

0 VALVE BOD)Y TOP.  
O INTERNAL 

BACKET 

PIVOT 

INTEGRAL DISC 
FLOW. FAND ARM 

The check valves identified on the Condensate and Feedwater System 
are termed Swing Check Valves. They are opened by differential 
pressure in the normal direction of flow. As the differential 
pressure increases (as in starting a pump) the integral disk is 
forced up until the disk stop comes in contact with the top of the 
valve body while the disk pivots on the internal bracket. As the 
differential pressure decreases in the desired direction of flow 
the weight of the disk will allow it to pivot closed against the 
flat seal thus preventing any backflow into a lower pressure 
system. The higher the differential pressure is in the reverse 
direction the faster the integral disk will close and the tighter 
the seat rests against the flat seating surface.
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CONDENSATE AND FEEDWATER 

2.0 DESCRIPTION (Continued) 

2.3 Detailed Control Scheme 

2.3.1 Main Feedwater Pump Minimum Flow 

Control Valves CV-36 and CV-37, are modulated open or closed by 
Flow Transmitters FT-6 and FT-7 according to flow through the 
Feedwater Pumps. The valves modulate to maintain a minimum flow of 
1050 gpm through each pump.  

A signal from the Safety Injection System also operates the 
solenoid valves and closes the control valves (CV-36 and CV-37) to 
prevent borated water from entering the condensers during safety 
injection. Safety Injection System Feedwater pump miniflow valves 
875 A & B controls are interlocked with the feedwater pump control 
circuit, and open on SIS signal to ensure miniflow protection for 
the feedwater pumps. (See System Description SD-SO1-580, Safety 
Injection, Recirculation, and Containment Spray.) 

2.4 Power Supplies 

COMPONENT | LOCATION BREAKER 

East Main Feedwater Pump 4KV Bus 2C 152-12CO4 

West Main Feedwater Pump 4KV Bus 1C I 152-11CO4 

East MFP Lube Oil Pump 480 V MCC 2 42-1282 

West MFP Lube Oil Pump 480 V MCC 1A 42-11A15 

East Lube Oil Pump Fan 480 V MCC 2 | 42-1224 

West Lube Oil Pump Fan 480 V MCC 1 42-1124 

Condensate Pump NE 4KV Bus 2C 152-12C08 

Condensate Pump SE 4KV Bus 2C 152-12C06 

Condensate Pump NW 4KV Bus 1C 152-11C08 

Condensate Pump SW 4KV Bus 1C 152-11C06
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CONDENSATE AND FEEDWATER 

3.0 OPERATIONS 

3.1 Start Up Operations 

Steam generator water level is established initially, and during 
startup, by auxiliary feedwater supplied through the main feedwater 
regulator bypass control valves.  

Condenser vacuum is established.  

When main steam pressure reaches 300 psi, the second condensate 
pump and then one feedwater pump are manually started from the unit 
console. (The feedwater pump will not be started until two 
condensate pumps are running because of feedwater pump suction 
requirements). After the feedwater pump has come up to speed the 
auxiliary lube oil pump is stopped.  

Feedwater pump minimum flow recirculation is established 
automatically by control valves CV-36 and CV-37 which, on low 
feedwater flow (600 gpm), open the 3 inch recirculation lines 
between the pump discharge and the condenser.  

When the Unit has attained 10% of full load, the.third condensate 
pump and the second feedwater pump are manually placed in service.  
The fourth condensate pump is positioned for automatic standby.  

3.2 Normal Operations 

Three one-third capacity condensate pumps are normally in 
operation, with the fourth pump on automatic standby. An 8 inch 
balancing crosstie interconnects the discharge side of the east 
train condensate pumps with the discharge side of the west train 
condensate pumps.  

3.3 Abnormal Operations 

Malfunction of any of the low pressure heaters.will require 
isolating the entire low pressure heater group in the affected 
train. A by-pass from the condensate pump outlet to the feedwater 
pump suction is provided for this purpose. During operation, the 
first point heaters can be bypassed by opening their respective 
bypass isolation valve. One or both First Point Heaters may be 
bypassed without reducing unit load. In the event a low pressure 
heater train is required to be isolated, unit load must be reduced 
to approximately 382 MWe gross. If it becomes necessary to remove 
both low pressure heater trains from service, unit load must be 
reduced to approximately 315 MWe gross.
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CONDENSATE AND FEEDWATER 

3.0 OPERATIONS (Continued) 

3.3 Abnormal Operations (Continued) 

Condensate overboarding to the Circulating Water System is 
performed manually to dispose of condensate contaminated by 
saltwater inleakage resulting from condenser tube leaks.  

Each condensate pump takes suction from one of four hotwell.  
sections. Conductivity.is monitored in each hotwell section by 
conductivity elements (CE-17, 18, 19 and 2.0) and is recorded and 
alarmed in the control room. When conductivity increases (causing 
an alarm) saltwater inleakage. is indicated.  

Unit load is reduced and the affected hotwell section is isolated 
(this includes stopping the associated circulating water pump and 
the associated condensate pump.) Normal and emergency make-up is 
isolated to the affected half and the respective overboarding valve 
is opened.  

After tube repair the affected hotwell is refilled and the system 
is realigned for normal operations.  

3.4 Shutdown'Operations 

Following a Station shutdown, one feedwater pump and one condensate 
pump are shut down to reduce flow. The remaining pumps continue to 
operate to supply the steam generators during steam bypass 
operations for removal of residual heat from the reactor core.  
When main steam pressure has dropped to 350 psig, the second 
feedwater pump and the remaining condensate pumps may be shut down 
with steam generator make-up requirements supplied by the Auxiliary 
Feedwater System.
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CONDENSATE AND FEEDWATER 

4.0 REFERENCES 

4.1 P&IDs 

4.1.1 5178200 Condensate System, Sheet I 

4.1.2 5178201 Condensate System, Sheet 2 

4.1.3 5178202 Condensate System, Sheet 3 

4.1.4 5178205 Feedwater System, Sheet 1 

4.1.5 5178206 Feedwater System, Sheet 2 

4.1.6 5178207 Feedwater System, Sheet 3 

4.1.7 5178210 1st, 2nd, 3rd Pt. Feedwater Heat, Sheet 1 

4.1.8 5178211 1st, 2nd, 3rd Pt. Feedwater Heat, Sheet 2 

4.1.9 5178212 1st, 2nd, 3rd Pt. Feedwater Heat, Sheet 3 

4.1.10 5178213 1st, 2nd, 3rd Pt. Feedwater Heat, Sheet 4 

4.1.11 5178225 Main Steam System, Sheet 1 

4.2 Elementaries 

4.2.1 5149970 (N1543 SH3) Condensate Pumps 

4.2.2 N1543021 (N1543SH21) Feedwater Htr. Level Annunciator 
System 

4.2.3 N1543021A (N1543SH21A) Feedwater Htr. Level Annunciator 
System, Sheet 2 

4.2.4 0455517 (N1543 SH14) Feedwater Pump Lube Oil Pumps 

4.2.5 N154300A (N1543SHA) Feedwater and Condensate 

4.2.6 5149189 (N15425H35A) Feedwater Pump SI Valve Hydraulic 
Scheme 

4.2.7 5149858 (N1543 SH3) Feedwater Pumps 

4.2.8 51492651 (N1542SH35) HV851, 852, 853, 854 A & B Pneumatic 
Scheme 

4.2-.9 0455375 (N1543SH11) HV852 A & B Feedwater Pump Discharge 
Valves 

4.2.10 0455372 (N1542SH33) HV853 A & B, Safety Injection Valves 
4.2.11 0455374 (N1543SH8) HV854 A & B, Feedwater Pump Suction 

Valves



NUCLEAR GENERATION SITE SYSTEM DESCRIPTION SD-SO1-210 
UNIT 1 REVISION 1 PAGE 36 OF 48 

CONDENSATE AND FEEDWATER 

4.0 REFERENCES (Continued) 

4.3 Procedures 

Operating Instruction 

501-3-1, Plant Startup from Cold Shutdown to Hot Standby 

S01-3-2, Plant Startup from Hot Standby to Minimum Load 

S01-3-3, Plant Operation from Minimum Load to Full Power 

S01-3-4, Plant Shutdown from Full Power to Hot Standby 

S01-3-5, Plant Shutdown from Hot Standby to Cold Shutdown 

S01-3-8, Power Operations 

S01-7-2, Main Feedwater System Operation 

SO1-7-4, Condensate System 

S01-7-9, Condenser Operations 

SO1-7-15, Main and Extraction Steam System 

301-7-17, Operation of Feedwater Heaters 

S01-7-24, Steam Generation System Alignment 

301-7-25, Steam Generator Blowdown Operations 

S01-13-2, Auxiliary - Supplemental Annunciator 

DRiley:0256W
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FIGURE iB: CONDENSATE AND FEEDWATER SYSTEM 
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APPENDIX A 

DEVELOPMENTAL RESOURCES 

Study Guide No. 57, Feedwater and Condensate 

Bechtel System Description #20, Feedwater and Condensate System 

FSAR 
Section 3.1 
Part 3.1.5, 3.1.6, 3.1.7 

Plant Facility Changes 

PFC 1-85-3091.0 Nitrogen Back-Up System for CV-36 and CV-37 

PFC 1-85-3052.0 Main Feedwater Low Flow Ind.  

PFC 1-86-004 Installation of Feedwater System Drain Valve 

PFC 1-86-3400.00 Replacement of Feedwater Piping 

PFC 1-86-3400.01 East Flash Evaporator Mod.  

PFC 1-86-3400.05 West Flash Evaporator Mod.  

PFC 1-86-3400.02 East Flash Evaporator Mod.  

PFC 1-86-3400.30 Relocation of MFW Check Valves 

PFC 1-86-3400.07 West Flash Evaporator Mod.  

0256W A-1
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APPENDIX B 

WATER CONTAMINATION OF MAIN FEEDWATER PUMP LUBE OIL 

Feedwater Pump Lube Oil contamination had been experienced during startup of 
the Feedwater Pump.  

When a complete train of Feedwater Heaters is removed from service, the inlet 
pressure at the affected Main Feedwater Pump is higher than the pressure of 
the pump seal injection water: This is sufficiently high to allow feedwater 
from the pump casing to overcome seal water pressure and exceed the capacity 
of the drain lines.  

The abnormal leakage causes excessive seal water leakage through the suffing 
box causing contamination of the lube oil and water splashing on the pump 
pedestal. Depending on power level, which has a direct effect on feed pump 
inlet pressure, the lube oil should be sampled periodically. At a Main 
Feedwater Pump suction pressure of approximately 310 psig the lube oil must be r 
sampled every other day. If,. after sampling, it is found that the water 
concentration is greater than 2%, Maintenance should be directed to flush the 
oil system.  

During normal operating conditions (> 80% power) the Main Feedwater Pump 
Suction pressure is between 250 psi and 260 psi. Under these conditions, the 
seal water pressure and flow is sufficient to exclude water intrusion of the ) stuffing box.  

During normal plant operations, high sump or motor bearing temperatures may be 
an indication of a contamination problem.  

0256W B-1
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) APPENDIX C 

SAFEGUARDS AGAINST UNBORATED WATER ADDITION DURING S.I.  

System design is safeguarded against the inadvertent addition of significant 
quantities of unborated water from the feed-water-condensate system by 
inherent safeguards, electrical valve interlocks, and positive administrative 
safeguards.  

The system design also provides an inherent safeguard against accidental 
injection of unborated condensate. Even without considering protective 
interlocks and administrative procedures, it is very unlikely that.an operator 
could produce the degree of system maloperation necessary to inject condensate 
due to the following: 

1. Actuation of the safety-injection relays will result in closing the 
flow path for condensate as well as tripping of the condensate and 
heater drain pumps. This feature alone provides two-fold assurance 
that significant quantities of unborated water will not be injected.  

2. In order to achieve any condensate injection by individual 
actuation of components, it is necessary to disregard specific 
operating instructions, align more than one valve, and start at 
least one pump.  

Protective interlocks between the condensate isolation valves at feedwater 
pump suction and safety injection header isolation valves at the pump 
discharge will normally be in service during cold shutdown conditions.  
Interlocks prevent the opening of one valve unless the other is closed, and 
further assure that an effective barrier to the flow of condensate is 
maintained.  

0256W C-1
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APPENDIX D 

ANNUNCIATOR LIST 

WINDOW NAME INPUT SETPOINT 
(NUMBER) 

Feedwater Pump G-3A PS-3 175 psig 
Low Suction Press/Trip .162 S TD Relay 
.1 ~(1)! 

Feedwater Pump G-3A E PS-20 400 gpm 
Recirculation Failure 

(2) 

Feedwater Pump G-3A | PS-46 4 psig 
Low Oil Pressure | 63 TDC 

(3) | 

Feedwater Pump East TS-34 130aF 
Lube Oil High Temp 

(61) 

Feedwater Pump G-3B W PS-47 4 psig 
Low Oil Pressure 63 TDC 

(18) 

Feedwater Pump G-3B W IPS-10 .400 gpm 
Recirculation Failure 

(19) 

Feedwater Pump G-3BW PS-4 175 psig 
Low Suction Press 1625 TD Relay 

(20) 

Condensate Pump Seal PS-91 40 psig 
Low Press 

(73) 

Condenser Hotwell Tank LS-17 High 2'10" above 
Hi-Lo Level bottom 

Low 2'2" above 
(34) bottom 

0256W D-1
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APPENDIX E 

FEEDLINE WATER HAMMER 

To minimize the probability of water hammer occurrence in the feed lines, when 
re-establishing feed flow after a period of zero feed flow, it is necessary to 0 
avoid steam in the feed lines. It is also necessary to exercise close control 
over feed at low flow rates when re-establishing flow.  

To avoid emptying the feed lines and feed ring of water during zero flow check 
valves are installed in each feed line inside containment. These check valves 
minimize back flow of water from feed rings, and in flow of steam into the 
feed lines. Drain valves, downstream of the check valves, permit drainage of 
these sections of piping, when required.  

To ensure auxiliary feedwater is directed to the steam generators, and does * 

not leak into the main feed piping, check valves are incorporated adjacent to Z 
each feed regulator, and feed regulator bypass line. This ensures the feed a 
lines and feed rings remain filled and auxiliary feed is properly directed to N 
the steam generators. To facilitate leakage testing of these check valves, 
drain and vent connections are provided downstream and upstream of each of 
these check valves. Leakage tests are completed when the plant is shut down.  

During low feed flow conditions .accurate indication must be available to the 
control room operator. A remote reading flow indicator is available for each 
feed regulatory bypass line to permit accurate remote manual control and 
indication of low flows. Low flow rates are necessary to prevent rapid 
condensation of any steam voids which may be present in feed rings or feed 
lines.  

0256W E-1
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FEEDWATER CONTROL SYSTEM 

1.0 FUNCTIONS/DESIGN BASES 

1.1 The Feedwater Control System has the following main function: 

1.1.1 Compares steam and feedwater flow with level deviation from 
level setpoint to automatically regulate the feedwater flow 
to the individual Steam Generators.  

1.2 The Feedwater Control System has the following additional functions: 

1.2.1 Provides input signals for Turbine Trip and Reactor Trip.  

1.2.2 Closes feedwater valves upon Sequencer actuation.  

1.2.3 Closes feedwater valves upon a Turbine Trip when accompanied 
by loss of Main Feedwater and actuation of Auxiliary 
Feedwater.  

1.2.4 Prepositions feedwater valves upon a Turbine Trip when 
accompanied by low Tave.
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FEEDWATER CONTROL SYSTEM 

2.0 DESCRIPTION 

2.1 System Overview 

2.1.1 Main Scheme (Figure 1) 

The Feedwater Control System is a three element control system that 
controls the flow of feedwater to each individual Steam Generator.  

The Feedwater Control System receives inputs of density compensated 
steam flow (steam flow modified by steam pressure), feedwater flow, and 
Steam Generator narrow range level for each Steam Generator. From these 
inputs the Feedwater Control System compares the difference between 
steam and feedwater flow with the level deviation from level setpoint.  
The resultant error signal is supplied to the individual Feedwater 
Control Valves to automatically regulate the flow of feedwater to each 
individual Steam Generator.  

2.1.2 Additional Scheme (Figure 1) 

.1 The Feedwater Control System provides Steam Generator High 
Water Level Trip signals to the Main Turbine Trip circuitry.  

This prevents the intrusion of water into the High Pressure 
Turbine in the event of high water level in the Steam 
Generators (see SD-S01-270, Turbine Control System).  

.2 The Feedwater Control System provides Steam Flow/Feedwater 
Flow Mismatch Trip signals to the Reactor Protection System.  

This minimizes the effects of a steam line break, feedwater 
line break, and the loss of heat sink for the Reactor (see 
SD-SO1-570, Reactor Protection System and Permissives).  

.3 The Feedwater Control System receives inputs from the 
Sequencer System (SI Actuation) to close the Feedwater Block 
Valves, Feedwater Control Valves, and Feedwater Regulating 
Bypass Valves.  

This minimizes the potential of an uncontrolled cooldown of 
the Reactor Coolant System and the introduction of borated 
water into the Steam Generators (see SD-SO1-590, Sequencer 
System).  

.4 The Feedwater Control System receives inputs from the 
Turbine Trip circuitry, the Feedwater Pump Breakers, and the 
Auxiliary Feedwater System circuitry to close the Feedwater 
Control Valves and Feedwater Regulating Bypass Valves.
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FEEDWATER CONTROL SYSTEM 

2.0 DESCRIPTION (Continued) 

2.1.2 Additional Scheme (Figure 1) (Continued) 

.4 (Continued) 

This prevents the loss of Auxiliary Feedwater flow, reverse 
Main Feedwater Pump rotation, and water hammer in the event.  
of a Main Feedwater check valve failure (see SD-S01-210, 
Condensate and Feedwater Systems, Appendix E).  

.5 The Feedwater Control System receives inputs from the 
Turbine Trip Circuitry and Tave circuitry to position the 
Feedwater Control Valves at 5% open.  

This prevents excessive RCS cooldown after a Reactor trip.



NUCLEAR GENERATION SITE SYSTEM DESCRIPTION SD-SO1-260 
UNIT I REVISION 1 PAGE 6 OF 38 

FEEDWATER CONTROL SYSTEM 

2.0 DESCRIPTION (Continued) 

2.2 Components 

2.2.1 Steam Flow Measurement (Figure 1) 

.1 Flow Elements FE-460, 461, and 462 are Dall Flow Tubes and 
installed in the steam outlet lines of Steam Generators A, B 
and C respectively. The flow elements are compact flow 
tubes designed for use in flow measurements where a high 
differential pressure is developed with the lowest possible 
head loss.  

.2 Differential Pressure Transmitters FT-460, 461 and 462 are 
Barton Differential Transmitters for Steam Generators A, B 
and C respectively. The transmitters measure steam flow as 
a function of differential pressure across their respective
flow element. The flow transmitters provide an output 
signal of 0 to 2.5 x 106 lbs/hr to Steam Flow Computers 
FM-460, 461 and 462.  

.3 Steam Flow Computers FM-460, 461 and 462 are located in the 
racks behind the West Vertical Board and extract the square 
root of the differential pressure signals provided by 
FT-460, 461 and 462 respectively. The Steam Flow Computers 
multiply this signal by a correction factor which is a 
function of steam pressure supplied by pressure transmitter 
PT-459 (i.e., Density Compensated Signals).  

The Steam Flow Computers provide an output signal of 
+1 to +9 volts DC which represents true steam flow. The 
output signals are transmitted to Feedwater Flow Controllers 
FC-456A, 457A and 458A, Steam/ Feedwater Flow Comparators 
FM-456B, 457B and 458B, and Steam Generator Level Recorders 
YR-456, 457 and 458.
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FEEDWATER CONTROL SYSTEM 

2.0 DESCRIPTION (Continued) 

2.2.2 Steam Pressure Measurement (Figure 1) 

.1 PT-459 is a Foxboro Pressure Transmitter and is located on 
the east Main Steam Header upstream of the 24 inch block 
valve. PT-459 transmits a 0 - 1000 psig signal to the 
Density Correction Ranging Amplifier (PM-459) of the Steam 
Flow Computers. It also provides a signal to PI-459 located 
on the West Vertical Board. (PT-459 also provides an input 
to Steam Dump Controller PC-418A, see SD-S01-190, Main Steam 
System).  

Since steam is compressible, the same measured mass steam 
flow rate will be different for various steam pressures.  
Therefore, to indicate a true steam flow rate, the steam 
flow is corrected for the different steam pressures 
encountered over the full operating range.  

The Density Correction Ranging Amplifier provides a 
compensation factor in the form of an electronic signal to 
the Steam Flow Computers to correct steam flow for pressure 
variations.  

2.2.3 Feedwater Flow (Figure 1) 

.1 Differential Pressure Transmitters FT-456, 457 and 458 are 
Foxboro Differential Pressure Transmitters and are located 
on the Feedwater Mezzanine. The transmitters measure the 
feedwater flow as a function of differential pressure 
developed across Flow Elements FE-456, 457 and 458. The 
pressure transmitters provide an output signal of 0 to 2.5 x 
106 lbs/hr to the Feedwater Flow Computers FM-456A, 457A and 
458A.  

.2 Feedwater Flow Computers FM-456A, 457A and 458A are located 
in the racks behind the West Vertical Board and extract the 
square root of the differential pressure signals provided by 
FT-456, 457 and 458 respectively. The Feedwater Flow 
Computers provide an output signal of +1 to +9 VDC which is 
a linear function of feedwater flow (i.e. as feedwater flow 
increases the output voltage signal increases 
correspondingly). The output signals are transmitted to 
Feedwater Flow Controllers FC-456A, 457A and 458A, Steam 
Generator Recorders YR-456, 457, 458 and Steam/Feedwater 
Flow Comparators FM-456B, 457B and 4588.
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FEEDWATER CONTROL SYSTEM 

2.0 DESCRIPTION (Continued) 

2.2.3 Feedwater Flow (Figure 1) (Continued) 

.3 Feedwater Flow Controllers FC-456A, 457A and 458A receive 
signals from their respective Steam Flow Computers (density 
compensated steam flow), Feedwater Flow Computers and Steam 
Generator Level Controllers.  

The Feedwater Flow Controllers modify the feedwater flow 
signal using the Steam Generator level signal and compare 
this modified feedwater flow signal to the steam flow 
signal. The controllers then transmit a proportional plus 
reset signal to their respective Feedwater Control Valves 
via the Switching Chassis and Feedwater Flow Control 
Station.  

The Feedwater Flow Controllers are located in the racks 
behind the West Vertical Board.  

.4 Switching Chassis FC-456B, 457B and 458B are located in the 
racks behind the West Vertical Board and receive input 
signals from the Feedwater Flow Controllers, Turbine 
Trip-Tave and LC-453B, 454B and 455B respectively.  

The Switching Chassis determine which signal (Feedwater Flow 
Controller, Turbine Trip-Tave or Steam Generator Level) is 
sent to the Feedwater Flow Control Stations.  

.5 Feedwater Flow Control Stations (RMC) FIC-456, 457 and 458 
(Figure 3) are Hagan Controllers which are located on the 
J-Console.  

With the Manual-Automatic Selector Switch in Automatic, the 
signal from the Feedwater Flow Controller is passed through 
the control station to the E/P Converter to position the 
Feedwater Control Valve. If it is desired to adjust the 
Steam Generator Level, the Auto Level Setpoint Dial is 
turned until the desired level (demand signal) is indicated 
on the Auto Level Setpoint Meter. Turning the Auto Level 
Setpoint Dial changes the level setpoint signal to the Steam 
Generator Level Controller.  

With the Manual-Automatic Selector Switch in Manual, the 
signal from the Feedwater Flow Controller is blocked. The 
Manual Level Setpoint Dial is then used to position the.  
Feedwater Control Valve.
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FEEDWATER CONTROL SYSTEM 

2.0 DESCRIPTION (Continued) 

2.2.3 Feedwater Flow (Figure 1) (Continued) 

.5 (Continued) 

The Null Meter indicates the difference between the Manual 
Level Setpoint and the Auto Level Setpoint. The Null Meter 
is normally maintained at 0 (Manual Signal = Auto Signal) by 
the adjustment of the Manual Level Setpoint Dial when the 
control station is in Auto or by the adjustment of the Auto 
Level Setpoint Dial when the control station is in Manual.  
By maintaining the Null Meter at 0, a "bumpless" transfer 
can be made between Manual and Auto, in both directions.  

Also, with the control station in Manual, adjusting the Auto 
Level Setpoint Dial to a null condition will indirectly 
indicate the Manual Level Setpoint on the Auto Level 
Setpoint Meter.  

.6 Feedwater Regulating Bypass Valve Control Stations 
RMC-142, 143 and 144 (Figure 3) are Hagan Controllers 
located on the J-Console and Foxboro Controllers located on 
the Remote Shutdown Panel.  

A two position, Normal-Override, selector switch on the 
Remote Shutdown Panel is used to select which controller 
(Normal, J-Console; Override, Remote Shutdown Panel) has 
control of the bypass valves.  

The Manual CV Positioner Dial allows the operator to 
remotely position the bypass valve.  

The position demand signal (0-100%) to the E/P Converter at 
the bypass valve is indicated on the CV Demand Meter.  

NOTE: This indication is NOT the bypass valve 
position; it is the demand signal because the 
bypass valve is nonlinear.  

Indication Valve Position 

0% 0% 
50% 25% 
100% 100%
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FEEDWATER.CONTROL SYSTEM 

2.0 DESCRIPTION 

2.2.3 Feedwater Flow (Figure 1) (Continued) 

.7 Steam/Feedwater Flow Comparators FM-456B, 457B and 458B 
generate control signals for the two out of three Reactor 
Trip relay matrix by comparing steam flow to feedwater flow.  

k If two out of three Steam Generators produce a steam flow 
that exceeds feedwater flow by 25% of Full Load Steam Flow, 
then the comparator generates a signal to actuate the 
Reactor Trip circuitry.  

.8 Feedwater Flow Integrator is mounted on the West Vertical 
Board and totalizes the electrical inputs from the Feedwater 
Flow Computers. The display is a digital readout of total 
feedwater flow in pounds per hour.  

2.2.4 Steam Generator Level Measurement (Figures 1 and 2) 

.1 Narrow Range Level is measured by LT-453, 454 and 455 for 
Steam Generators A, B and C respectively. The level 
transmitters have a signal range of +9 VDC to +1 VDC 
corresponding to a 0 to 100 percent level at 800 psig and 
520F (Hot Calibrated). These signals are transmitted to 
the Steam Generator Level Controllers LC-453A, 454A and 
455A; LC-453B, 454B and 455B and LC-453C, 454C and 455C.  

.2 Steam Generator Level Controllers LC-453A, 454A and 455A are 
located in the racks behind the West Vertical Board. The 
controllers compare the Narrow Range level signal with a 
level setpoint, originating from the Feedwater Flow Control 
Stations on the J-Console (FIC-456, 457 and 458), to 
generate a level error signal.  

The level error signal is transmitted to the Feedwater Flow 
Controllers FC-456AlwneA and 458A, where the level error 
signal is used to modify the Feedwater Flow Signal.  

The level signals are transmitted to the Steam Generator 
Level Recorders YR-456, 457 and 458.  

.3 Steam Generator Level Controllers LC-453B, 4548 and 4558 are 
located in the racks behind the West Vertical Board. The 
controllers transmit signals to the Switching Chassis 
FC-456B, 457B and 4588, and the Auto Close logic circuit 
(see Figure 3).  

0ee epit rgntn rmteFewtrFo oto
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FEEDWATER CONTROL SYSTEM 

2.0 DESCRIPTION (Continued) 

2.2.4 Steam Generator Level Measurement (Figures 1 
and 2) (Continued) 

.4 Steam Generator Level Controllers LC-453C, 454C, 455C, 450C, 
451C and 452C are located in the racks behind the West 
Vertical Board. The controllers generate control signals 
for the 2 out of 2 and 1 out of 3 Turbine Trip relay matrix.  
If both the Wide and Narrow Range Level Instruments on any 
one of the three Steam Generators reaches the high level 
trip setpoint (85% NR and 305 in. WR-actual), then a Turbine 
Trip will occur.  

.5 Wide Range Level is measured by LT-450, 451 and 452 for 
Steam Generators A, B and C respectively. The level 
transmitters have a signal range of +1 VDC to +9 VDC 
corresponding to a 0" to 318" level at 80OF (Cold 
Calibrated). These signals are transmitted to LI-450A, 451A 
and 452A on the North Vertical Board; LI-450B, 451B and 452B 
at Feedwater Mezzanine area; LI-450C, 451C and 452C at the 
Remote Shutdown Panel; and at the Emergency Feed Station.  
In addition, the transmitters provide signals to Steam 
Generator Level Controllers LC-450C, 451C, and 452C.  

2.2.5 Recorders, 

.1 Steam Generator Recorders YR-456A, 457A and 458A are located 
on the J-console. Each recorder is a three pen recorder 
that records the following: 

Red Pen - density compensated Steam flow with a 
range of 0 - 2.5 x 106 lbs/Hr.  

Blue Pen - Feedwater flow with a range of 
0 - 2.5 x 106 lbs/Hr.  

Green Pen - Steam Generator narrow range level with a 
range of 0 - 100% (233 to 
318 inches) 

NOTE: All Steam Generator Narrow Range indication is 
Hot Calibrated, and all Steam Generator Wide 
Range indication is Cold Calibrated. See Figure 
10 for S/G WR/NR Level Correlation.
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FEEDWATER CONTROL SYSTEM 

2.0 DESCRIPTION (Continued) 

2.2.6 Feedwater Control Valves (FCV-456, 457 and 458) 

FEEDWATER CONTROL VALVES (FCV's 456, 457 & 458) 

PURPOSE: To regulate feedwater flow during power 
operations to maintain proper Steam 
Generator water level 

LOCATION: Feedwater Mezzanine, above the Main Lube 
Oil Reservoir 

VALVE TYPE: Double disc, ported, direct acting 
globe valve 

VALVE SIZE: 8" 

FAIL POSITION: Open 

OPERATOR TYPE: Pneumatic diaphragm 

FLOW CHARACTERISTICS: Linear flow through full length of travel 

DESIGN PRESSURE: 985 psig 

DESIGN TEMPERATURE: 403OF 

DESIGN MATERIAL: Chrome molebdenum steel 

POSITION INDICATION: J-Console 

CONTROLLER LOCATION: J-Console, Local 

.1 Supporting Components and Indications (See Figures 3 and 4) 

Electric to Pneumatic (E/P) Converters (YN-456B, 457B and 
458B) are provided for each valve -to receive control 
signals. The converters function to convert a -1 to -9 VDC 
electrical input signal to a proportional pneumatic signal 
of 6 to 30 psig respectively. The pneumatic signal 
positions the diaphragm on the control valve. A signal 
decreasing toward 6 psig will open the valve and a signal 
approaching 30 psig will close the valve.
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FEEDWATER CONTROL SYSTEM 

2.0 DESCRIPTION (Continued) 

2.2.6 Feedwater Control Valves (FCV-456, 457 and 458) (Continued) 

.1 (Continued) 

Each E/P Converter receives an electric signal from the 
associated Feedwater Flow Control Station (on the 
J-Console), and outputs a pneumatic signal to the 
appropriate Bailey Positioner for Feedwater Control Valve 
positioning. Each Valve can also be positioned locally 
using the Hand-Open and Hand-Close selectors at the 
associated Bailey Positioner.  

When a Sequencer Actuation (SIS and SISLOP) occurs, the 
affected Feedwater Control Valve(s) automatically close 
after a 20 second time delay. The circuitry opens a 
solenoid valve which supplies full control air pressure (30 
psig) to the Feedwater Control Valve operator. If the 
respective Steam Generator level is high, then the Feedwater 
Control Valve will close without the 20 second time delay.  

In addition, the Feedwater Control Valves automatically 
close on an Auxiliary Trip signal. This occurs when both 
Feedwater Pump Breakers are open, a Turbine Trip has 
occurred, and either Auxiliary Feedwater System Train A or 
Train B has actuated.  

The valve automatic closure signal (initiated by Sequencer 
Actuation or the Auxiliary Trip circuit) bypasses the normal 
Feedwater Control System.  

The valve automatic closure signal is indicated by the red 
backlit SIS/Aux Trip Reset pushbuttons above the respective 
Feedwater Regulating Bypass Valve Controller. There is no 
Control Room Annunciator to alert the Operator of this 
automatic closure signal.  

To regain control of the Feedwater Control Valves after an 
automatic closure, the actuating condition(s) must be Reset 
and the appropriate red backlit SIS/Aux Trip Reset 
pushbuttons must be depressed. The red backlite 
extinguishes indicating valve control is returned to normal.  

FCV-456 receives its SI signal from Sequencer 1, while 
FCV-457 and 458 receive their SI signal from 
Sequencer 2.
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FEEDWATER CONTROL SYSTEM 

2.0 DESCRIPTION (Continued) 

2.2.7 Feedwater Regulating Bypass Valves (CV-142, 143 & 144) 

FEEDWATER REGULATING BYPASS VALVES (CV-142, 143 & 144) 

PURPOSE: To control feedwater flow during startup, 
cooldown and emergency conditions.  

LOCATION: Feedwater Mezzanine, above the Main Lube 
Oil Reservoir 

VALVE TYPE: Globe 

FAIL POSITION: Closed 

OPERATOR TYPE: Pneumatic 

FLOW CHARACTERISTICS: Nonlinear 

DESIGN PRESSURE: 985 psig 

DESIGN TEMPERATURE: 403'F 

POSITION INDICATION: J-Console 

CONTROLLER LOCATION: J-Console, Local 

.1 Supporting Components and Indications (see Figures 3 and 5) 

Electric to Pneumatic (E/P) Converters are provided for each 
valve to receive control signals. The converters function 
to convert a -1 to -9 VDC electrical input signal to a 
proportional pneumatic signal of 3 to 15 psig respectively.  
The pneumatic signal positions the diaphragm on the bypass 
valve. A signal decreasing toward 3 psig will close the 
valve and a signal approaching 15 psig will open the valve.  

Each E/P Converter receives an electric signal from the 
associated Feedwater Regulating Bypass Valve Control Station 
(on the J-Console or Remote Shutdown Panel), and outputs a 
pneumatic signal to the appropriate Bailey Positioner for 
Feedwater Regulating Bypass Valve positioning. Each valve 
can also be positioned locally using the Hand-Open and Hand
Close selectors at the associated Bailey Positioner.
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FEEDWATER CONTROL SYSTEM 

2.0 DESCRIPTION (Continued) 

2.2.7 Feedwater Regulating Bypass Valves (CV-142, 143 & 144) 
(Continued) 

.1 (Continued) 

When a Sequencer Actuation (SIS and SISLOP) occurs, the 
affected Feedwater Regulating Bypass Valve(s) automatically 
close after a 20 second time delay. The circuitry opens a 
solenoid valve which vents the control air from the 
Feedwater Regulating Bypass Valve operator to atmosphere.  
If the respective Steam Generator level is High, then the 
Feedwater Regulating Bypass Valve will close without the 20 
second time delay.  

In addition, the Feedwater Regulating Bypass Valve(s) 
automatically close on an Auxiliary Trip signal. This 
occurs when both Feedwater Pump breakers are open, a Turbine 
Trip has occurred, and either Auxiliary Feedwater System 
Train A or Train B has actuated.  

The valve automatic closure signal (initiated by Sequencer 
Actuation or the Auxiliary Trip circuit) bypasses the normal 
Feedwater Control System.  

The valve automatic closure signal is indicated by the red 
backlit SIS/Aux Trip Reset pushbutton above the respective 
Feedwater Regulating Bypass Valve Controller. There is no 
Control Room Annunciator to alert the Operator of this 
automatic closure signal.  

To regain control of the Feedwater Regulating Bypass Valves 
after an automatic closure, the actuating condition(s) must 
be Reset and the appropriate red backlit SIS/Aux Trip Reset 
pushbuttons must be depressed. The red backlite 
extinguishes indicating valve control is returned to normal.  

CV-142 receives its SI signal from Sequencer 1, while CV-143 
and 144 receive their SI signal from Sequencer 2.
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FEEDWATER CONTROL SYSTEM 

2.0 DESCRIPTION (Continued) 

2.2.8 Feedwater Block Valves (NOV's 20, 21 & 22) 

Feedwater Block Valves (NOV's 20, 21 & 22) 

PURPOSE: To provide positive feedwater isolation.  

LOCATION: Feedwater Mezzanine, above the Main Lube 
Oil Reservoir 

VALVE TYPE: Gate 

OPERATOR TYPE: 480 VAC Motor 

DESIGN PRESSURE: 985 psig 

DESIGN TEMPERATURE: 403'F 

POSITION INDICATION: J-Console 

CONTROLLER LOCATION: J-Console 

.1 Supporting Components and Indication (Figure 6) 

Controls for each MOV are located on the J-Console and 
consist of three backlit pushbuttons.  

The Open (Red) pushbutton opens the valve, the Close (Green) 
pushbutton closes the valve, and the Stop pushbutton stops 
motion of the valve. To resume valve motion, after the Stop 
pushbutton has been depressed, the appropriate pushbutton 
must be depressed.  

The valves will automatically close on a Sequencer 
Actuation. If the Stop pushbutton is depressed during a 
Sequencer Actuation, the valve motion will stop as long as 
the pushbutton is depressed. Once the Stop pushbutton is 
released and the Sequencer signal is still present, valve 
motion will automatically be resumed.  

MOV-20 and 22 receive their SI signal from Sequencer 1, 
while MOV-21 receives its SI signal from Sequencer 2.
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FEEDWATER CONTROL SYSTEM 

2.0 DESCRIPTION (Continued) 

2.3 Detailed Control Scheme 

2.3.1 Automatic Feedwater Valve Control 

With the Feedwater Control Stations FIC-456, 457 and 458 in automatic, 
the Feedwater Control Valve position is controlled by the respective 
Feedwater Flow Controllers, FC-456A, 457A and 458A, which compare the 
steam flow signal with combined feedwater flow and Steam Generator level 
signals. The steam flow signal acts as the master setpoint for valve 
positioning.  

If the Steam Generator level signal is above the setpoint, the 
+5 VDC Normal level signal received from LC-453A, 454A or 455A, will 
increase. This will raise the combined feedwater flow and level signal, 
and if greater than the steam flow signal, will cause the Feedwater 
Control to re-position the Feedwater Control Valve toward the closed 
position.  

If the Steam Generator level signal.is below the setpoint, the 
+5 VDC Normal level signal output from LC-453A, 454A or 455A will 
decrease. The effect on the Feedwater Control Valve will be the reverse 
of the action described above.  

Any error between the steam flow signal and the combined feedwater flow 
and Steam Generator level signals causes the respective Feedwater Flow 
Controller to generate a proportional plus reset output signal (i.e., 
the magnitude of the input is proportional to the output) which causes 
the respective FCV-456, 457 or 458 to open or close.  

2.3.2 Feedwater Switching Chassis Control (Figure 7) 

Each Feedwater Switching Chassis (FC-456B, FC-457B and FC-458B) contains 
a Magnetic Amplifier High S/G Level Relay (LR), a Low Tave Control Relay 
(RY2), an Adjustable Potentiometer (R3), and a dummy Load Resistor (R1).  
Figure 7 shows the Switching Chassis for Steam Generator A. Steam 
Generators B and C are identical except for resistor numbers and relay 
contact numbers.  

Relay RY2 is common to all three Feedwater Control Systems and energizes 
when Tave is less than 5459F and a Turbine Trip has occurred.  

When Relay RY2 energizes, the Switching Chassis interrupts the automatic 
signal between the Feedwater Flow Controller and the Feedwater Flow 
Control Station. Relay RY2 opens contact RY2-12 and closes contacts 
RY2-1 and RY2-4. The preset electrical signal from Resistor R3 closes 
the Feedwater Control Valve until it is only 5% open. Resistor RI 
places a dummy load on the Feedwater Flow Controller to stabilize the 
output signal and protect circuitry.
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FEEDWATER CONTROL SYSTEM 

2.0 DESCRIPTION (Continued) 

2.3.2 Feedwater Switching Chassis Control (Continued) 

In the event Steam Generator narrow range level rises above 85%, the 
circuit established by Relay RY2 is overridden. The high Steam 
Generator level de-energizes Relay LR which closes contact LR(2) and 
opens contacts LR(3) and LR(1). Contact LR(2) re-establishes a direct 
path between the Feedwater Flow Controller and the Feedwater Control 
Station. Contact LR(3) interrupts the 5% open signal from R3, and 
contact LR(1) removes the dummy load (RI) from the Feedwater Flow 
Controller. Control reverts to Automatic and the Feedwater Control 
Valve closes in response to the high Steam Generator level condition.  

In the event of a-high Tave (> 5450F) and a Turbine Trip, the Feedwater 
Control Valves will remain under Automatic Control.  

In any of the above events it is possible to manually position the 
Feedwater Control Valve. The Manual-Automatic Selector Switch on the 
Feedwater Flow Control Station is selected to Manual and then the Manual 
Level Setpoint Dial is adjusted to achieve the desired Feedwater Control 
Valve position.
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FEEDWATER CONTROL SYSTEM 

2.0 DESCRIPTION (Continued) 

2.4 Power Supplies 

COMPONENT BREAKER LOCATION 

S/G Level Transmitter 
Logic Cabinet 8-1102 V Vital Bus #1 

S/G Instrumentation 
Rack R-10 & R-11 8-1105 V Vital Bus #1 

S/G High Level Trip 
(Wide Range) 8-1110 V Vital Bus. #1 

S/G Instrument Rack 
R10 & R11 8-1205 V Vital Bus #2 

S/G High Level Trip 
(Narrow Range) 8-1210 V Vital Bus #2 

S/G Instrument Rack 
R-10 & R-11 8-1305 V Vital Bus #3 

Misc. Relay Rack R-13 8-1414 V Vital Bus #4 

S/G Instrument Rack 
R-10 & R-11 8-11R1 Regulated Bus #1 

S/G Instrument Rack 
R-10 & R-11 8-12R1 Regulated Bus #2 

S/G Instrument Rack 
R-10 & R-11 8-13R1 Regulated Bus #3 

MOV-20 42-1197 MCC-1 

MOV-21 42-1242 MCC-2 

MOV-22 42-1387 MCC-3
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FEEDWATER CONTROL SYSTEM 

2.0 DESCRIPTION (Continued) 

2.4.1 Feedwater Control System Power (Figures 8 and 9) 

The Feedwater Control System is provided with four Vital Bus 120 VAC, 60 
cycle power sources and four Regulated 120 VAC, 60 cycle power supplies.  
The power supplies are located in the racks behind the West Vertical 
Board.  

Three of the four Vital Bus power supplies energize the three Foxboro 
Deviation Bistables mounted in the Steam/Feedwater Flow Comparators.  
Vital Bus 1, 2 and 3 supply the Steam/Feedwater Flow Comparators for 
Steam Generators A, B, and C respectively.  

The fourth Vital Bus power supply (Vital Bus 4) energizes convenience 
outlets on the racks and has no interconnections with any part of the 
Feedwater Control System.  

The four Regulated power supplies are used in all other components of 
the system where 120 VAC, 60 cycle power is required.  

.1 + 15V DC Power Supplies 

Primary + 15V DC power is developed by a Technipower unit 
associated with the Steam Flow Computer. The output of this 
unit is delivered to the + 15V DC Throwover Chassis.  

Primary -15V DC power is developed by Technipower unit 
associated with the Feedwater Flow Computer. The output of 
this unit is also delivered to the + 15V DC 
Throwover Chassis.  

Separate +15V DC and -15V DC Technipower units deliver 
backup supplies to the + 15V DC Throwover Chassis.  

The Steam Flow Computer also has -10V DC reference supplies 
which are used in both the Steam Flow and Feedwater Flow 
Computers.  

When initially energized, the + 15V DC Throwover Chassis 
operates on the backup power supply. The availability of 
backup ± 15V DC power is indicated by two green lights and 
two voltage meters on the + 15V DC Throwover Panel, one for 
+15V DC and one for -15V DC. A red light on the Throwover 
Panel indicates that backup power is on line.
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FEEDWATER CONTROL SYSTEM 

2.0 DESCRIPTION (Continued) 

2.4.1 Feedwater Control System Power (Continued) 

.1 (Continued) 

The availability of the primary ± 15V DC supply is indicated 
by two green lights on the Throwover Panel, however, its 
voltage is not indicated when the supply is not on line.  

To place the primary ± 15V DC Supply in operation, the 
Primary Reset button on the Throwover Panel is depressed.  
The Throwover Relay then puts the primary supply in 
operation in place of the backup supply. The two green 
lights of the primary supply remain illuminated and the 
voltage level is now indicated by the two meters on the 
Throwover Panel. The Backup On Line red light is 
extinguished and the Primary On Line white light is 
illuminated to indicate the use of the primary supply.  

While operating on the primary supply, a 30 volt signal is 
supplied to the Throwover Relay. If the 120 VAC, 60 cycle 
power supply to the primary supply or the primary supply 
itself fails, then the 30 volt signal will decrease and the 
Throwover Relay will automatically switch to the backup 
supply.  

In order to return to the primary supply, the availability 
of power must be indicated by the green lights on the panel 
and the Primary Reset button is used to make the transfer.  

The transfer from backup supply to primary supply cannot be 
made automatically.  

.2 + 10 VDC Power Supplies 

Primary +10V DC and -10V DC power is developed by QB 
Nobatron units that deliver their output to the + 10V DC 
Throwover Chassis. Separate QB Nobatron units develop the 
backup +10V DC and -10V DC.power supplies and also supply 
the + 10V DC Throwover Chassis.  

When initially energized, the + 10V DC Throwover Chassis 
operates on backup power supply. The availability of backup 
± 10V DC power is indicated by two red lights and two 
voltage meters on the + 10V DC Throwover Panel, one for the 
+ 10V DC and one for the -10V DC.  

The availability of the primary ± 10V DC supply is indicated 
by two green lights on the Throwover Panel, however, its 
voltage is not indicated when the supply is not on line.



NUCLEAR GENERATION SITE SYSTEM DESCRIPTION SD-SO1-260 
UNIT 1 REVISION 1 PAGE 22 OF 38 

FEEDWATER CONTROL SYSTEM 

2.0 DESCRIPTION (Continued) 

2.4.1 Feedwater Control System Power (Continued) 

.2 (Continued) 

To place the primary ± 10V DC power supplies in operation, 
the two Reset pushbuttons (one for each supply) must be 
pushed. Each supply can be switched independently. When 
the primary supplies are on line, a red light is illuminated 
for each supply and the meters indicate the voltage level.  

Should there be a power failure affecting the primary 
supplies, the +10V DC or -10V DC supply will automatically 
be switched over to the backup supply. When either one or 
both supplies switch, the affected Primary On-line Red light 
will extinguish, the green light will extinguish, and the 
associated voltage meter will show the supplied backup 
voltage. Upon restoration of one or both primary supplies 
there will be no automatic return. The Green light(s) 
showing that it is permissible to shift to the primary power 
will be illuminated. The reset can then be made and the Red 
light and voltage meter will show that the primary power is 
on line.  

Should the backup power supplies fail in any way, the Red 
lights indicating that the backup supplies are operable will 
be extinguished.
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FEEDWATER CONTROL SYSTEM 

3.0 OPERATION 

3.1 Normal Operations 

3.1.1 Startup Operations 

Steam Generator Level is initially established at approximately 50% narrow 
range by the Auxiliary Feedwater System (see SD-SO1-620, Auxiliary 
Feedwater System). When Tave is at 5350F, Steam Generator Level is 
maintained at approximately 50% narrow range. All control of feedwater to 
the Steam Generators is accomplished manually by using the bypass CV's as 
necessary. During manual control the operator is cautioned to be 
particularly aware of S/G actual level, because blowdown or Tave changes 
could cause the feedring to become uncovered. When increasing power from 
minimum load to full power the appropriate Feedwater Flow Control Stations 
are manually operated to slowly open the Feedwater Control Valves while 
simultaneously closing the associated Feedwater Regulating Bypass Valves.  

At approximately 20% load and when level is observed to be stable, the 
Feedwater Flow Control Stations are switched to automatic. Steam 
Generator level is then reduced to approximately 40% narrow range, and the 
Feedwater Flow Control Stations are switched to automatic and nulled.  
Feedwater flows and Steam Generator levels are closely monitored to -ensure 
stability. Unit load is then increased to approximately 23% power where 
Steam Generator levels are reduced to the normal operating level of 30% 
and automatically maintained at 30% during escalation to 100% power.  

3.1.2 Shutdown Operations 

Prior to reducing load to 33%, the level in the Steam Generators is 
increased to 40%. When level stabilizes or automatic control becomes 
erratic due to low flow conditions, the Feedwater Flow Control Stations 
are placed in manual. Steam flows, feed flows, and S/G levels are closely 
monitored to ensure stability. Steam Generator levels are then slowly 
increased to 50% narrow range where they are maintained until hot standby 
is reached.  

3.2 Other Operations 

3.2.1 Automatic to Manual Transfer of the Feedwater Flow Control 
Stations 

The Manual Level Setpoint Dial (lower knob) is adjusted until the Null 
Meter indicates a null (zero) reading. The Manual-Automatic Selector 
Switch is then placed in Manual.  

3.2.2 Manual to Automatic Transfer of the Feedwater Flow Control 
Stations 

The Auto Level Setpoint Dial (upper knob) is adjusted until the Null Meter 
indicates a null (zero) reading. The Manual-Automatic Selector Switch is 
then placed in Automatic.
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4.0 REFERENCES 

4.1 P&IDs 

4.1.1 5178205, Feedwater System Sh. 1 

4.1.2 5178206, Feedwater System Sh. 2 

4.1.3 5178207, Feedwater System Sh. 3 

4.1.4 5178225, Main Steam System Sh. 1 

4.2 Elementaries 

4.2.1 5129817-3, (N1543 02) Feedwater Control Diagram 

4.2.2 0455379, (N1543 20) MOV's 20, 21 and 22 Feedwater Block 
Valves 

4.2.3 449408, (N1543 26) Sol. Valves FCV-456, 457 and 458 
Feedwater Control & Bypass 

4.2.4 5147125-2, (N1543 31) Generator Level Control 

4.3 Technical Manuals 

4.3.1 Hagan Controls Corp. (1810-AC796-MOOO1) 

4.4 Procedures 

4.4.1 SO1-1.0-30, Loss of Secondary Coolant 

4.4.2 501-1.0-40, Steam Generator Tube Rupture 

4.4.3 SO1-1.3-2, Response to Steam Generator High Level 

4.4.4 501-1.3-3, Response to Steam Generator Low Level 

4.4.5 301-3-1, Plant Startup From Cold Shutdown to Hot Standby 

4.4.6 SO-3-2, Plant Startup From Hot Standby to Minimum Load 

4.4.7 SO1-3-3,. Plant Operation From Minimum Load to Full Power 

4.4.8 SO1-3-4, Plant Shutdown From Full Power to Hot Standby 

4.4.9 SO1-3-5, Plant Shutdown From Hot Standby to Cold Shutdown 

4.4.10 SO1-7-24, Steam Generation System Alignment
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4.0 REFERENCES (Continued) 

4.4.11 SO1-7-2, Main Feedwater System Operations 

4.4.12 SO1-13-3, Reactor Plant No. 2 Annunciator 

4.4.13 501-13-6, Reactor Plant First Out Annunciator 

4.4.14 S01-13-7, Reactor Plant Matrix Partial Trip Annunciator 

4.5 Technical Specifications 

4.5.1 3.5.1, Reactor Trip System Instrumentation 

4.5.2 3.5.6, Accident Monitoring Instrumentation 

OKauppinen:0373W.cln
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STEAM GENERATOR / 
kEVEL INSTRUMENT RELATIONSHIPS 

MANHAY----il. SUlRFACE 
SLOWDOWN 
CONNECTION 

WIDE RANGE 
100% 3180 ID 8' 

85% - - HIGH LEVEL TRIP -305' HIGH LEVEL TRIP 
70% - - HIGH LEVEL -- 292.5' HIGH LEVEL ALARM 

ALARM 8591' 

30 NORAL LEVEL -- 258.5' NORMAL LEVEL 26% - TOP OF 256' TOP OF FEEDRING 
FEEDRING 

0% . -233' 233 -HOT CALIBRATION 
22,TPO LEBM 

FEEDWATER 
INLET NOTE: THE UPPER TAP FOR 

PT-3400B IS AT 305'.  

NUTE COLD S/G. 31 GALLONS / INCH 
HOT S/G. 24 GALLONS / INCH 
HOT S/G. 20.5 GALLONS / % 
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FIGURE 4: FEEDWATER CONTROL VALVE AIR OPERATION 
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FIGURE 5: FEEDWATER REGULATING BYPASS VALVE AIR OPERATION 
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FIGURE 7: SWITCHING CHASSIS FOR ONE STEAM GENERATOR 
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FIGURE 10: STEAM GENERATOR WR/NR LEVEL CORRELATION IN 

100 

90 
0 

80 u 

70 

co 

60 

50 

a:) 

40 

30 

20 

10 

0" 

175 195 215 235 255 275 295 315 

S/G INDICATED WIDE RANGE LEVEL (inches) 

FIGURE 10



NUCLEAR GENERATION SITE SYSTEM DESCRIPTION SD-SO1-260 
UNIT 1 REVISION 1 PAGE 36 OF 38 

APPENDIX A 

DEVELOPMENTAL RESOURCES 

REFERENCES 

Bechtel System Descriptions 

20, Feedwater and Condensate System 

FSAR 

3.1.5, Feedwater and Condensate System 

5.5, Steam Generator Level Control System 

Lesson Plans 

1045, Steam Generator Water Control 

1064, STA/SRO Steam Generator Water Level Control 

Study Guides 

62, Steam Generator Level Control System 
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APPENDIX B 

ANNUNCIATORS 

Reactor Plant No. 2 

WINDOW NAME INPUT SETPOINT 
(NUMBER) 

Alert SW F.W. Control to QC-415B-X 15% of Full Load 
Manual (17) 

Steam Generator Hi Level YR-456 70% 
Loop A (18) 

Steam Generator Hi Level YR-457 70% 
Loop B (19) 

Steam Generator Hi Level YR-458 70% 
Loop C (20) 

Steam Generator Lo Level YR-456 26% 
Loop A (38) 

Steam Generator Lo Level YR-457 26% 
Loop B (39) 

Steam Generator Lo Level YR-458 26% 
Loop C (40) 

Steam Gen. Level Cont. CR-1, 3, 5 through 8 Fault in Output 
Power Supply Malfunction RY-2, 3 and 4 
(58) 

Reactor Plant First Out 

WINDOW NAME INPUT SETPOINT 
(NUMBER) 

Steam/Feedwater Flow FM-456B-X Steam Flow > 
Mismatch (23) FM-457B-X Feedwater Flow 

FM-458B-X by 25% of Full 
Load Steam Flow 

B-1
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APPENDIX B 

ANNUNCIATORS 

Reactor Plant Matrix Partial Trip 

WINDOW NAME INPUT SETPOINT 
(NUMBER) 

Steam/Feedwater Flow FM-456B-X Steam Flow 
Mismatch Reactor Trip > Feedwater Flow 
Loop A (17) by 25% of Full 

Load Steam Flow 

Steam/Feedwater Flow FM-457B-X Steam Flow 
Mismatch Reactor Trip > Feedwater Flow 
Loop B (18) by 25% of Full 

Load Steam Flow 

Steam/Feedwater Flow FM-458B-X Steam Flow 
Mismatch Reactor Trip > Feedwater Flow 
Loop C (19) by 25% of Full 

Load Steam Flow 

Steam Generator A Hi LC-453C or 85% NR or 
Level Partial Trip (24) LC-450CX 305 in. WR 

Steam Generator B Hi LC-454C or 85% NR or 
Level Partial Trip (25) LC-451CX 305 in. WR 

Steam Generator C Hi LC-455C or 85% NR or 
Level Partial Trip (26) LC-452CX 305 in. WR 

0373W.cln B-2
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PRIMARY PROCESS INSTRUMENTATION SYSTEMS 

1.0 FUNCTIONS/DESIGN BASES 

1.1 The Primary Process Instrumentation Systems have.the following main 
functions: 

1.1.1, The Reactor Coolant System Temperature Instrumentation 
monitors, indicates, records and annunciates the 
temperature of the Reactor Coolant System.' 

1.1.2 The Reactor Coolant System Flow Instrumentation 
monitors, indicates, records and annunciates the flow 
of the Reactor Coolant System.  

1.1.3 The Pressurizer Instrumentation monitors, indicates, 
records and annunciates the pressure, level and 
temperature of the Pressurizer.  

1.1.4 Provides temperature, flow, pressure, and level inputs 
to the Rod Contiol System (SO-SO1-400), the Reactor 
Protection.System (SD-S01-570), and various other 
control systems to ensure safe operation of the Plant.
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PRIMARY PROCESS INSTRUMENTATION SYSTEMS 

2.0 DESCRIPTION 

2.1 System Overview 

2.1.1 Main Scheme 

.1 Reactor Coolant System Temperature Instrumentation 
(Figure 1A) 

The Reactor Coolant System Temperature Instrumentation uses 
Resistance Temperature Detectors (RTDs) in the Hot Legs, 
Intermediate Legs, and Cold Legs of each Reactor Coolant Loop to 
indicate, record, and annunciate the individual Loop Temperatures, 
Loop Average Temperatures, and Loop Differential Temperatures.  

Each Reactor Coolant System loop supplies a Hot Leg (Th) and a Cold 
Leg (Tc) signal to a Loop Tave Computer for individual Loop Tave 
computation.  

The individual Loop Tave Computers supply signals to the Tave 
Recorder, the individual Loop Variable Low Pressure Trip (VLPT) 
Bistables in the Reactor Protection System (Reactor Protection 
System and Permissives, SD-S01-570)., the individual loop High-Low ) Tave Annunciators, and an Ave Tave Summing Computer through a Tave 
Defeat Switch.  

The Ave Tave Summing Computer supplies signals to the Ave Tave 
Minus Tref Computer for the Steam Dump System (see SD-S01-570), 
Ave Tave Deviation Recorder and Annunciator, Pressurizer Program 
Level Setpoint, Feedwater Control (see SD-SO1-260, Feedwater 
Control System), Control Rod Drive Summing Computer (see 
SD-SO1-400, Rod Control System), Shutdown Margin Computers, and 
Reactivity Computer.  

Each Reactor Coolant System loop also supplies a Hot Leg (Th) and 
Cold Leg (Tc) signal to a loop AT Computer for individual 
Loop AT computation.  

The individual Loop AT Computers supply signals to the AT Recorder, 
the individual loop Variable Low Pressure Bistables in the Reactor 
Protection System, the individual Loop AT Indications, the High 
AT Annunciators, the Reverse AT Interlock, and the AT Summing Computer 
through a AT Defeat Switch.  

The AT Summing Computer supplies signals to the Shutdown Margin 
Computer and Reactivity Computer.  

2.1.2 Reactor Coolant System Flow Instrumentation 
(Figure 1B) 

The Reactor Coolant System Flow Instrumentation uses Differential 
Pressure Transmitters (located in each Hot Leg elbow just upstream 
of the Steam Generators) to indicate and annunciate the individual 
loop flows.
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PRIMARY PROCESS INSTRUMENTATION SYSTEMS 

2.0 DESCRIPTION (Continued) 

2.1.2 Reactor Coolant System Flow Instrumentation 
(Figure 18) (Continued) 

Each Reactor Coolant System Flow Instrument supplies an individual 
Flow Controller.  

The individual Flow Controllers supply signals to the Loss of Flow 
circuitry in the Reactor Protection System, the individual flow 
indicators, and the Loss of Flow Annunciators.  

2.1.3 Pressurizer Instrumentation (Figure IC) 

The Pressurizer Pressure Instrumentation uses Pressure Transmitters 
to indicate, record and annunciate Pressurizer Pressure, and 
control pressure in the Pressurizer.  

The Pressurizer Pressure Transmitters supply signals to the Reactor 
Protection System (SD-SO1-570), the Sequencer System (SD-SO1-590), the Sub-Cooling Monitor, the Residual Heat Removal System 
(SD-SO1-320), the Power Operated Relief Valves, the Pressurizer Spray Valves, the Pressurizer Heaters (Pressurizer Components are 
in SD-SO1-280, Reactor Coolant System), the Overpressure Mitigation 
System (SD-SO1-280), and the Rod Control System (SD-SO1-400).  

The Pressurizer Level Instrumentation uses Differential Pressure 
Transmitters to indicate, record and annunciate Pressurizer Level, 
and control level in the Pressurizer.  

The Pressurizer Level Differential Pressure Transmitters supply 
signals to the Reactor Protection System, the Chemical and Volume 
Control System (SD-S01-310), the Pressurizer Heaters, and the Rod 
Control System (50-501-400).  

The Pressurizer Temperature Instrumentation uses Resistance 
Temperature Detectors (RT~s) to indicate, record and annunciate 
temperature in the Pressurizer steam and water spaces.
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PRIMARY PROCESS INSTRUMENTATION SYSTEMS 

2.0 DESCRIPTION (Continued) 

2.2 Components 

2.2.1 Reactor Coolant System Loop A Temperature 
* Instrumentation (Figure 2) 

.1 Hot Leg TE-402A 

- Output to TI-5402A on Remote Shutdown Panel R 
- Indicated Range is 100-700aF 

.2 Hot Leg TE-3402A 

- Output to Sub-cooling Monitor System Train A 

- . Output toTI-3401 on AFW Panel 

- Indicated Range is 100-700OF 

.3 Hot Leg TE-2401A 

*Outputto Sub-cooling Monitor System Train 8 

- Output to TI-3402 on AFW Panel 

- Indicated Range is 100-700OF 

.4 Hot Leg TE-401A 

- Output to TQ-401A for Loop Tave development 

.5 Hot Leg TE-400A 

- Output to TT-400 for Loop AT development 

.6 Intermediate Leg TE-402B 

- Output to TI-402B on Remote Shutdown Panel 

- Indicated Range is 100-700aF 

.7 Cold Leg TE-400C 

- Output to TT-400 for Loop AT development 

.8 Cold Leg TE-401C 

- Output to TQ-401A for Loop Tave development I 
.9 Cold Leg TE-402C 

- Output to TR-402 on J-Console 

Indicated Range is 100-6000 F
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PRIMARY PROCESS INSTRUMENTATION SYSTEMS 

2.0 DESCRIPTION (Continued) 

2.2.2 Reactor Coolant System Loop B Temperature 
Instrumentation (Figure 2) 

.1 Hot Leg TE-412A 

Output to TI-5412A on Remote Shutdown Panel V 
- Indicated Range is 100-700aF 

.2 Hot Leg TE-2412A 

- Output to Sub-cooling Monitor System Train A 

- Output to TI-2412A on AFW Panel 

- Indicated.Range is 100-700*F 

.3 Hot Leg TE-3411A 

- Output to Sub-cooling Monitor System Train B 

- Output to TI-3411A on AFW Panel 

- Indicated Range is 100-700'F 

.4 Hot Leg TE-411A 

- Output to TQ-411A for Loop Tave development 

.5 Hot Leg TE-410A 

- Output to TT-410 for Loop AT development 

.6 Intermediate Leg TE-4118 

Output to TR-402 on J-Console 

Indicated Range is 100-600*F 

.7 Intermediate Leg TE-412B 

- Output to TI-412B on Remote Shutdown Panel 

- Indicated Range is 100-700'F 

.8 Cold Leg TE-411C 

Output to TQ-411A for Loop Tave development 

.9 Cold Leg TE-412C 

- Output to TT-410 for Loop AT development
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PRIMARY PROCESS INSTRUMENTATION SYSTEMS 

2.0 DESCRIPTION (Continued) 

2.2.3 Reactor Coolant System Loop C Temperature 
Instrumentation (Figure 2) 

.1 Hot Leg TE-422A 

- Output to TI-5422A on Remote Shutdown Panel 

- Indicated Range is 100-700aF 

.2 Hot Leg TE-2422A 

Output to.Sub-cooling Monitor System Train A 

- Output to TI-2422A on AFW Panel 

- Output to.TI-2009 on AFW Panel 

- Indicated Range is 100-700aF 

.3 Hot Leg TE-3421A 

- Output to Sub-cooling Monitor System Train B 

- Output to TI-3412 on AFW Panel 

- Output to TI-3009 on AFW Panel 

- Indicated Range is 100-700 0 F 

.4 Hot Leg TE-421A 

- Output to TQ-421A for Loop Tave development 

.5 Hot Leg TE-420A 

- Output to TT-420 for Loop AT development 

.6 Intermediate Leg TE-422B 

- Output to TI-422B on Remote Shutdown Panel 

- Indicated Range is 100-700aF 

.7 Cold Leg TE-422C 

- Output to TR-402 on J-Console 

- Indicated Range is 100-600*F 

.8 Cold Leg TE-421C 

- Output to TQ-421A for Loop Tave development I
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PRIMARY PROCESS INSTRUMENTATION SYSTEMS 

2.0 DESCRIPTION (Continued) 

2.2.3 Reactor Coolant System Loop.C Temperature 
Instrumentation (Figure 2) (Continued) 

.9 Cold Leg TE-420C 

- Output to TT-420 for Loop AT development 

2.2.4 Reactor Coolant System Flow Instrumentation 
(Figure 2) 

.1 Loop A FT-400 

- Output to FC-400 which outputs to the Reactor 
Protection System, Low Flow Annunciator, and 
FI-400 

- Indicated Range is 0-100% 

.2 Loop B FT-410 

- Output to FC-410 which outputs to the Reactor 
Protection System, Low Flow Annunciator, and 
FI-410 

- Indicated Range is 0-100% 

.3 Loop C FT-420 

- Output to FC-420 which outputs to the Reactor 
Protection System, Low Flow Annunciator, and 
FI-420 

Indicated Range is 0-100% 

2.2.5 Tave Defeat Switch (Figure 3) 

The Tave Defeat Switch, located in Instrument Rack R-1, is a four 
position switch that allows one of the Loop Tave signals to be defeated during testing or RTD failure.  

Depending upon the position of the Tave Defeat Switch, the Loop Tave signals are supplied to the Ave Tave Summing Computer. The Ave Tave Summing Computer calculates the Average Tave using the following formulas: 

1. Operate - Output = (A + B + C)/3 

2. Loop A - Output = (28 + C)/3 

3. Loop 8 - Output = (A + 2C)/3 

4. Loop C - Output = (2A + B)/3



NUCLEAR GENERATION SITE SYSTEM DESCRIPTION SD-S0l-390 
UNIT 1SYTMDSIPINS-139 

REVISION 1 PAGE 9 OF 62 

PRIMARY PROCESS INSTRUMENTATION SYSTEMS 

2.0 DESCRIPTION (Continued) 

2.2.6 AT Defeat Switch (Figure 4) 

The AT Defeat Switch,.1ocated in Instrument Rack R-2, is a four position switch that allows one of the Loop AT signals to be defeated during testing or RTD failure.  

Depending upon the position of the AT Defeat Switch, the Loop AT signals are supplied to the AT Summing Computer.  
The AT Summing Computer calculates the Average AT using the following formulas: 

1. Operate - Output = (A + 8 + C)3 
2. Loop A - Output = (28 + C)/3 
3. Loop B - Output = (A + 2C)/3 
4. Loop C - Output = (2A + 8)/3 

2.2.7 Reactor Coolant' System Temperature Recorders 

.1 Loop AT Recorder, TR-400 

- Located in Rack R-2 behind the West Vertical Board 

- 3 Pen Recorder; Red Pen - Loop A, Green Pen 
Loop B, Blue Pen - Loop C 

- Range in -15 to +60aF 

.2 Loop Tave Recorder, TR-401 

- Located on J-Console 

3 Pen Recorder; Red Pen - Loop A, Green Pen 
Loop B, Blue Pen - Loop C 

- Range is 525 to 600aF 

.3 Loop Tc Recorder, TR-402 

Located on J-Console 

- 3 Pen Recorder; Red Pen - Loop A, Green Pen 
Loop B, Blue Pen - Loop C 

Range is 100 to 600aF 

.4 Tave - Tref Recorder, TR-405 

- Located on. J-Console 

- 2 Pen Recorder; Red Pen - Tave, Green Pen - Tref 

Range is 525 - 600 0 F
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2.0 DESCRIPTION (Continued) 

2.2.8 Pressurizer Pressure Instrumentation (Figure 5) 

.1 PT-430 

- Output to PI-430 on North Vertical Board 

Output to Variable Low Pressure Trip Bistable 
(50-501-570, Reactor Protection System and 
Permissives) 

- Output to PI-4008 on North Vertical Board (VLPT 
Setpoint) 

- Output to Fixed High Pressure Trip Bistable 
(SD-SO1-570, Reactor Protection System and 
Permissives) 

- Output to Unblock Safety Injection Bistable 
(50-501-590, Sequencer System) 

- Output to Safety Injection Signal Bistable 
(SD-SO1-590, Sequencer System) 

- Output to PR-430 on J-Console 

- Normally outputs, through Switch P/432, to PORV 
CV-545 Bistable; PC-430J to control the High 
Pressure Alarm, Spray Valve PC-430C Controller, 
Spray Valve PC-430H Controller, Pressurizer SCR 
Control Group Heater Bistables, and Pressurizer 
Backup Group Heater Bistables (SO-SO1-280, 
Reactor Coolant System) 

- Indicated Range is 1600 - 2400 psig 

.2 PT-431 

- Output to PI-431 on North Vertical Board 

Output to Variable Low Pressure Trip Bistable 
(50-501-570, Reactor Protection System and 
Permissives) 

- Output to PI-410B on North Vertical Board (VLPT 
Setpoint) 

- .Output to Fixed High Pressure Trip Bistable 
(SD-SO1-570, Reactor Protection System and 
Permissives) 

Output to Unblock Safety Injection Bistable 
(S0-SO1-590, Sequencer System)
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PRIMARY PROCESS INSTRUMENTATION SYSTEMS 

2.0 DESCRIPTION (Continued)' 

2.2.8 Pressurizer Pressure Instrumentation (Figure 5) (Continued) 

.2 (Continued) 

Output to Safety Injection Signal Bistable 
(SO-SO1-590, Sequencer System) 

'Output to PR-430 on J-Console 

Normally outputs, through Switch P/432, to PORV 
CV-546 Bistable, Low Pressure Alarm Bistable, and 
Alert Block Safety Injection Bistable 
(S0-SO1-280, Reactor Coolant System) 

Indicated Range is 1600 - 2400 psig 

.3 PT-432 

Output to PI-432 on North Vertical Board 

Output to Variable Low Pressure Trip Bistable 
(S0-SO1-570, Reactor Protection System and 
Permissives) 

- Output to PI-420B on North Vertical Board (VLPT 
Setpoint) 

- Output to Fixed High Pressure Trip Bistable 
(S0-SO1-570, Reactor Protection System and 
Permissives).  

- Output to Unblock Safety Injection Bistable 
(SD-SO1-590, Sequencer System) 

- Output to Safety Injection Signal Bistable 
(S0-SO1-590, Sequencer System) 

Output to PR-430 on J-Console 

Can also output, through Switch P/432, to PORV 
CV-545 Bistable; PC-430J to control the High 
Pressure Alarm, Spray Valve PC-430C Controller, 
Spray Valve PC-430H Controller, Pressurizer SCR 
Control Group Heater Bistables, and Pressurizer 
Backup Group Heater Bistables (SD-SO1-280, 
Reactor Coolant System) 

OR, through Switch P/432, 

- to PORV CV-546 Bistable, Low Pressure Alarm 
Bistable, and Alert Block Safety Injection 
Bi stable (SD-SO1-280, Reactor Coolant System) 

Indicated Range is 1600 - 2400 psig
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)PRIMARY PROCESS INSTRUMENTATION SYSTEMS 
2.0 DESCRIPTION (Continued) 

2.2.8 Pressurizer Pressure Instrumentation (Figure 5) 
(Continued) 

.4 PT-425 

- Output to PR-425 on J-Console 

Output to interlock for MOV-813 and MOV-814 
(S0-SO1-320, Residual Heat Removal System) 

- Output to Sub-cooling Monitor System Train A for 
Tsat computation 

- Indicated Range is 0-3000 psig 

.5 PT-425-X1 

Output to Overpressure Mitigation System for ARM 
PORV, Pressure Transient in Progress, and OMS 
High Pressure annunciators 

) Output to Sub-cooling Monitor System Train B for 
Tsat computation 

.6 PT-425-X2 

- Output to Overpressure Mitigation System for ARM 
PORV, Pressure Transient in Progress, and OMS 
High Pressure annunciators 

Output to Sub-Cooling Monitor System Train A for 
Tsat computation 

.7 PT-434 and 434A 

- Output to PI-434 on North Vertical Board 

- Output to PI-434A on Remote Shutdown Panel R 

- Indicated RAnge is 0-2500 psig 

.8 DPT-434 

- One side is connected to the Pressurizer, the 
other side to a Dead Weight Tester.  

Used to check calibration of other Pressurizer ) Pressure Transmitters 

.9 PT-3000A, B, C 

- Outputs (one per transmitter) to the Sequencer 
System Train B (SD-S01-590, Sequencer System)
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PRIMARY PROCESS INSTRUMENTATION SYSTEMS 

2.0 DESCRIPTION (Continued) 

2.2.9 Pressurizer Pressure Transmitter Selector Switch, 
P/432 (Figure 5) 

The Pressurizer Pressure Transmitter Selector Switch, 
P/432, is a three position switch located on the North Vertical Board. P/432 is used (during channel testing or transmitter failure) to transfer the controlling 
functions of PT-430 or PT-431 to PT-432.  

Normal Position 

Each pressure transmitter supplies its normal functions 
as described in 2.2.8.1, 2.2.8,2 and 2.2.8.3 

PT-430 Position 

PT-432 supplies its normal functions and PORV CV-545 Bistable; PC-430J to control the High Pressure Alarm Spray Valve PC-430C Controller, Spray Valve PC-430H Controller, Pressurizer SCR Control Group Heater 
Bistables, and Pressurizer Backup Group Heater Bistables 

PT-431 Position 

PT-432 supplies its normal functions, and PORV CV-546 Bistable, Low Pressure Alarm Bistable, and Alert Block Safety Injection Bistable 

2.2.10 Pressurizer Pressure Transmitter Test Switches 

The three Pressurizer Pressure Transmitter Test Switches (one for each pressure transmitter) are two position switches located in the racks behind the North Vertical Board.  

When a pressure transmitter fails, the appropriate Test Switch is placed in the Test position. This installs a trip signal in the Safety Injection and Reactor Trip circuitry.  

2.2.11 Pressurizer Pressure Controllers 

.1 Main Pressure Controller, PC-430J (Figure 1C and 6) 

Main Pressure Controller, PC-430J, is a Proportional plus Rate plus Setpoint Controller.  

PC-430J is the pressure controller that normally controls the Pressurizer Pressure, by controlling the operation of the Pressurizer Spray Valves and Heaters when their controllers are in automatic.
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PRIMARY PROCESS INSTRUMENTATION SYSTEMS 

2.0 DESCRIPTION (Continued) 

2.2.11 Pressurizer Pressure Controllers (Continued) 

.1 (Continued) 

PC-430J normally receives its input from PT-430, 
however, it can receive its input from .PT-432, if 
selected by Switch P/432.  

PC-430J is located on the J-Console and is equipped 
with a Manual-Auto Switch, a Manual Adjust Dial and an Auto Adjust Dial.  

In Auto, PC-430J compares the actual Pressurizer 
Pressure signal to the setpoint signal. The setpoint 
signal is established using the Auto Adjust Dial on PC-430J. PC-430J will then transmit a signal that is proportional to the Pressurizer Pressure Signal, the rate at which the pressure is changing, and the length of time the pressure has been off its setpoint.  

In Manual, the Manual Adjust Dial is used to establish the output of PC-430J.  

PC-430J outputs to the Rod Control System (P minus Pref), the High Pressure Annunciator, the Spray Valves via their controllers, the SCR Control Group Heaters, and the Backup Heaters.  

.2 Spray Valve Controller, PC-430C (PCV-430C) 

Spray Valve Controller, PC-430C, is located on the J-Console and is equipped with a Manual-Auto Switch, a Manual Adjust Dial and an Auto Adjust Dial.  

In Manual, the Spray Valve is operated using the Manual Adjust Dial.  

In Auto, PC-430C receives its signal from PC-430J to operate the Spray Valve.  

The relationship between PC-430C and PC-430J is a 1 to 4 ratio. That is 0-100% on PC-430C correlates to a PC-430J output band of 25%. For example, if PC-430C is set at 30% the Spray Valve would start to open when PC-430J output reaches 30%, and the Spray Valve would be full open when PC-430J output reaches 55%.  

In Auto the Auto Adjust Dial is used to adjust the 0 output of PC-430C so that the Spray Valve operates at the desired setpoint. This enables the operator to change the operating setpoint of the Spray Valve without changing the setpoint of PC-430J (which would also change the setpoint of the other functions supplied by PC-430J).
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2.0 DESCRIPTION (Continued) 

2.2.11 Pressurizer Pressure Controllers (Continued) 

.3 Spray Valve Controller, PC-430H (PCV-430H) 

Spray Valve Controller, PC-430H is identical to PC-430C 
(2.2.11.2).  

2.2.12 Pressurizer Pressure Recorders 

.1 Wide Range Pressurizer Pressure Recorder, PR-425 

- Located on J-Console 

- 2 Pen Recorder, Red Pen - Full Range Pressure, 
Green Pen - Low Range Pressure 

- Range is: 0-3000 psig (Red) 
0-600 psig (Green) 

.2 Pressurizer Pressure Recorder, PR-430 

- Located on J-Console 

- 3 Pen Recorder; Red Pen - Pressurizer Pressure, 
Green Pen - VLPT Setpoint, Blue Pen - Not Used 

- 3 position selector switch on J-Console, selects 
which Pressurizer Pressure Transmitter output is 
to be recorded 

- Range is 1600 to 2400 psig 

2.2.13 Pressurizer Level Instrumentation (Figure 7) 

.1 LT-430 

- Output to LI-430 on North Vertical Board 

Output to High Level Trip Bistable (S0-S01-570, 
Reactor Protection System and Permissives) 

Output to a spare bistable 

- Output to LR-430 on J-Console 

- Normally outputs through Switch L/432, to: 
Pressurizer SCR Control Group and Backup Group 
Heater Bistables to turn on all heaters on a High 
Level and to turn off all heaters on a Low Level 
LC-430F for FCV-1112 (a0-t01-310, Chemical and 
Volume Control System), Low Level Annunciator 
Bistable, and Letdown Isolation (SD-S01-310, 
Chemical and Volume Control System)
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2.0 DESCRIPTION (Continued) 

2.2.13 Pressurizer Level Instrumentation (Figure 7) 
(Continued) 

.1 (Continued) 

- Indicated range is 0-100% (4.7 to 37.2 ft) 

.2 LT-431 

- Output to LI-431 on North Vertical Board 

- Output to High Level Trip Bistable (SD-SO1-570, 
Reactor Protection System and Permissives) 

- Output to a spare bistable 

- Output to LR-430 on J-Console 

- Normally outputs through Switch L/432, to: 
Pressurizer SCR Control Group and Backup Group 
Heater Bistables to turn off all heaters on a Low 
Level, and Letdown Isolation (SD-SO1-310 Chemical 
and Volume Control System) 

- Indicated range is 0-100% (4.7 to 37.2 ft) 

.3 LT-432 

Output to LI-432 on North Vertical Board 

- Output to High Level Trip Bistable (SD-SO1-570, 
Reactor Protection System and Permissives) 

- Output to a spare bistable 

Output to LR-430 on J-Console 

Can also output through Switch L/432, to: 
Pressurizer SCR Control Group and Backup Group 
Heater Bistables to turn on all heaters on a.High 
Level and to turn off all heaters on a Low Level, 
LC-430F for FCV-1112 (SD-SO1-310, Chemical and 
Volume Control System), Low Level Annunciator 
Bistable, and Letdown Isolation (SD-SO1-310, 
Chemical and Volume Control System) 

OR, through Switch L/432, 

to Pressurizer SCR Control Group and Backup Group 
Heater Bistables to turn off all heaters on a Low 
Level, and Letdown Isolation (SD-S01-310, 
Chemical and Volume Control System) 

- Indicated range is 0-100% (4.7 to 37.2 ft)
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2.0 DESCRIPTION (Continued) 

2.2.13 Pressurizer Level Instrumentation (Figure 7) 
(Continued) 

.4 LT-430A 

- Output to LI-430A on the Remote Shutdown Panel 

- Indicated range is 0-100% (4.7 to 37.2 ft) 

.5 LT-435 

-. Output to LI-435 on the North .Vertical Board 

- Cold calibrated (800 F), used when RCS is cooled 
down due to the density difference between Hot 
and Cold conditions 

Indicated range is 0-100% (4.7 - 37.2 ft) 

2.2.14 Pressurizer level Transmitter Selector Switch, L/432 
(Figure 7) 

The Pressurizer Level Transmitter Selector Switch, 
L/432, is a three position switch located on the North 
Vertical Board. L/432 is used during channel testing 
or transmitter failure to transfer the controlling 
functions of LT-430 or LT-431 to LT-432.  

Normal Position 

Each level transmitter supplies its normal functions as 
described in 2.2.13.1, 2.2.13.2, and 2.2.13.3 

LT-430 Position 

LT-432 supplies its normal functions and Pressurizer 
SCR Control Group and Backup Group Heater Bistables to 
turn on all heaters on a High Level and to turn off all 
heaters on a Low Level, LC-430F for FCV-1112 Low Level 
Annunciator Bistable, and Letdown Isolation 
(S0-SO1-310, Chemical and Volume Control System).  

LT-431 Position 

LT-431 supplies its normal functions and Pressurizer 
SCR Control Group and Backup Group Heater Bistables to 
turn off all heaters on a Low Level and Letdown 
Isolation (S0-SO1-310, Chemical and Volume Control 
System).
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2.0 DESCRIPTION (Continued) 

2.2.15 Pressurizer Level Transmitter Test Switches 

The three Pressurizer Level Transmitter Test Switches, 
(one for each level transmitter) are two postion 
switches located in the racks behind the North Vertical 
Board.  

When a level transmitter fails, the appropriate Test 
Switch is placed in the Test position. This installs a 
trip signal in the Reactor Trip circuitry.  

2.2.16 Pressurizer Level Controller, LC-430F 

The Pressurizer Level Controller, LC-430F, is located 
on the J-Console and is equipped with a Manual-Auto 
selector, a Manual Adjust Dial, an Auto Adjust Dial, 
and a Cascade/Man-Set selector.  

LC-430F compares the Program Level Setpoint to the 
actual Pressurizer Level. LC-430F then supplies an 
output (cascade) signal to FC-1112 (50-501-310, 
Chemical and Volume Control System) to adjust charging 
flow as necessary to match actual Pressurizer Level to 
the Program Level Setpoint.  

The Program Level Setpoint is varied depending on the 
selector positions on LC-430F.  

Auto/Cascade: Program Level Setpoint is controlled by 
the input signal from Reactor Coolant System Ave Tave.  

Auto/Man-Set: Program Level Setpoint is controlled by 
Auto Adjust Dial on LC-430F. In this mode, Pressurizer 
level is automatically maintained at a level determined 
by the Operator.  

Manual: LC-430F output signal is controlled by the 
Manual Adjust Dial. All LC-430F automatic functions 
are blocked. PZR level must be closely monitored in 
this mode.  

The Pressurizer Level Program is further described in 
S0-SO1-280, Reactor Coolant System.  

2.2.17 Pressurizer Level Recorder, LR-430 

- Located on J-Console 

2 Pen Recorder; Red pen - Actual level, Green 
pen - Program Level SetpOint
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2.0 DESCRIPTION (Continued) 

2.2.17 Pressurizer Level Recorder, LR-430 (Continued) 

3 position selector switch on J-Console, selects 
which Pressurizer Level Transmitter output is 
recorded 

- Range is 0 to 100% (4.7 to 37.2 ft) 

2.2.18 Pressurizer Temperature Instrumentation 
(Figure IC) 

.1 TE-430A 

- Output to High Liquid Temperature Annunciator 

- Output to TI-430A on the North Vertical Board 

- Output to TR-430 on West Vertical Board 

- Indicated range is 0 - 700aF 

.2 TE-4308 

- Output to High Vapor Temperature Annunciator 

- Output to TI-430B on North Vertical Board 

- Output to TR-430 on West Vertical Board 

- Indicated range is 0 - 700 0 F 

2.2.19 Pressurizer Temperature Recorder, TR-430 I 
- Located on West Vertical Board 

- 2 Pen Recorder, Red pen - Liquid Temperature, 
Green pen - Vapor Temperature 

- Range is 0-700aF 

2.2.20 Sub-Cooling Monitoring System (Figure 8) 

The Sub-cooling Monitoring System calculates, indicates, and 
annunciates the Reactor Coolant System Margin to Saturation.  

The Sub-cooling Monitoring System consists of two trains identified as Train A and Train B.  

Each train of the Sub-cooling Monitoring System receives signals from four Incore Thermocouples via individual toggle switches (one per Core quadrant), three RCS Hot Leg (Th) RTDs, and three Pressurizer Pressure Transmitters to calculate the Margin to Saturation.
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2.0 DESCRIPTION (Continued) 

2.2.20 Sub-Cooling Monitoring System (Figure 8) 
(Continued) 

The two trains are identical with the exception of the Pressurizer 
Pressure inputs.. Train A receives two pressure inputs of which the 
lowest is selected. Train 8 receives one pressure input. A 
Function Generator, for each train, generates the saturation 
temperature for the input pressure.  

The Incore Thermocouple and RCS Hot Leg RTD signals for each train 
are auctioneered high. The highest signal is subtracted from the 
generated saturation temperature to indicate Margin to Saturation 
for each train.  

The Sub-cooling Monitoring System provides indication and 
annunciation on the Auxiliary Feedwater Panel. More specifically, 
indication of the individual RCS Hot Leg RTDs, the highest of the 
Incore Thermocouples or RCS Hot Leg RTDs, the generated saturation 
temperature for the Pressurizer Pressure, the Margin to Saturation, and annunciation of approach to saturation.  

2.2.21 Shutdown Margin Computer (Figure 9) 

The Shutdown Margin Computer calculates, records, and annunciates 
the Control Rod Insertion Limits.  

The Shutdown Margin Computer receives signals from Average Tave and 
AT to calculate the proper Control Rod Insertion Limits for 
Control Banks 1 and 2.  

The calculated Control Rod Insertion Limits are compared to the 
actual Control Bank positions. If the actual position is outside 
the calculated position, then the Shutdown Margin Computer will cause the appropriate annunciator in the Main Control Room to illuminate.  

The Shutdown Margin Computer calculated Control Rod Insertion 
Limits are recorded on the Control Rod Position Recorder on the J-Console.  

The Control Rod Insertion Limits ensure the following: 

1. An acceptable core power distribution during power operation.  

2. Core subcriticality after-a Reactor Trip.  

3. A limit of potential reactivity addition on a hypothetical Rod Ejection Accident.
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2.0 DESCRIPTION (Continued) 

2.2.22 Overpressure Mitigation System (Figure 10) 

The Overpressure Mitigation System protects the Reactor Coolant 
System against overpressurization during solid water operations and 
low pressure conditions.  

The Overpressure Mitigation System uses the Pressurizer Power 
Operated Relief Valves (CV-545 and CV-546) and two Disable/Enable 
Control Switches (HS-320 and HS-321 respectively) to reduce the 
PORV opening setpoint pressure.  

The Overpressure Mitigation System supplies signals to four 
annunciators to indicate the status of the Overpressure Mitigation 
System, the Power Operated Relief Valves, and the Power Operated 
Relief Valve Isolation Valves (CV-530 and CV-531).  

The Disable/Enable Control switches, HS-320 and HS-321 (PORVs 
CV-545 and CV-546 respectively) are two position switches located 
on the North Vertical Board.  

In the Disable Position, the PORVs operate at their normal 
setpoints.  

In the Pull for Enable position, the PORVs operate at the reduced 
pressure, provided the PORV Control Switches are in Pull for Auto.
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2.0 DESCRIPTION (Continued) 

2.3 Detailed Control Scheme 

2.3.1 Tave and Ave Tave Development (Figure 3) 

Each Reactor Coolant System Loop supplies a Hot Leg (Th) and a Cold 
Leg (Tc) signal to a Loop Tave Computer.  

Each Loop Tave Computer adds the Loop Th and Tc signals together 
and then divides by 2, to provide the Loop Average Temperature.  

The output of each Loop Tave Computer is supplied to the Variable 
Low Pressure Trip Bistables, High and Low Tave Annunciators, Tave 
Recorder and Ave Tave Summing Computer via the Tave Defeat Switch.  

The output of the Ave Tave Summing Computer is supplied to the 
Steam Dump Control System, Pressurizer Level Program, Tave-Tref 
Annunciator, Tave-Tref Recorder, Feedwater Control System, Rod 
Control System for the Tave Program (Figure 11), Shutdown Margin 
Computer, and Reactivity Computer. The Tave Program is further described in SD-SO1-280, Reactor Coolant System, Appendix E.  

2.3.2 AT and Average AT Development (Figure 4) 

Each Reactor Coolant System Loop supplies a Hot Leg (Th) and a Cold Leg (Tc) signal to a Loop AT Computer.  

Each Loop AT Computer subtracts the Loop Tc from the Loop Th to provide the loop differential temperature.  

The output of each Loop AT Computer is supplied to an 
individual loop temperature indicator, AT Recorder, High 
AT Annunciator, Reverse AT Interlock, Variable Low 
Pressure Trip Bistables, and AT Summing Computer via the 
AT Defeat Switch.  

The output of the AT Summing Computer is supplied to the 
Reactivity Computer and the Shutdown Margin Computer.  

2.3.3 Tref Controller, TC-415 and Tref Development 
(Figure 3) 

Tref Controller, TC-415 is located on the J-Console and is equipped with a Manual-Auto Switch and a Manual Adjust Dial.  

In Auto, the Tref signal is derived by TM-415 from PT-415, Turbine First Stage Pressure which correlates to Turbine Load.  

In Manual, the Tref signal is controlled by the Manual Adjust Dial.  

The Tref signal is supplied to the Steam Dump Control System (SD-SO1-190, Main Steam Systems), Tave - Tref Annunciator, Tave Tref Recorder on the J-console, and the Rod Control System 
(SD-SO1-400, Rod Control System).
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2.0 DESCRIPTION (Continued) 

2.4 Power Supplies 

2.4.1 North Vertical Board Instrumentation 

COMPONENT BREAKER LOCATION 

Loop A AT, TI-400A j 8-1103V 120VAC Vital Bus #1 

Loop 8 AT, TI-400B 8-1203V 120VAC Vital Bus #2 

Loop C AT, TI-400C 8-1303V 120VAC Vital Bus #3 

Pressurizer Liquid 
Temperature, TI-430A 8-1101V 120VAC Vital Bus #1 

Pressurizer Vapor 
Temperature, TI-430B 8-1201V . 12VAC Vital Bus #2 

High Pressure Trip, PI-400A 8-1101V 120VAC Vital Bus #1 
Low Pressure Trip, PI-400B 
Pressurizer Pressure, 
PI-430 

I 
High Pressure Trip, PI-411AI 8-1201V 120VAC Vital Bus #2 

I Low Pressure Trip, PI-410B 
| Pressurizer Pressure, | 
P 1-431 

High Pressure Trip, PI-421AI 8-1301V 120VAC Vital Bus #3 
Low Pressure Trip, PI-4208 | 
Pressurizer Pressure, 
PI-432 

Pressurizer Pressure, I 
P1-434 8-1401V 120VAC Vital Bus #4.  

Pressurizer Level, LI-435 8-1401V 120VAC Vital Bus #4 

Pressurizer Level, LI-430 8-1101V 120VAC Vital Bus #1 

Pressurizer Level, LI-431 8-1201V 120VAC Vital Bus #2 

Pressurizer Level, LI-432 8-1301V 120VAC Vital Bus #3 

Pressurizer Program Level 
Setpoint, LI-419 8-1401V 120VAC Vital Bus #4 

Loop A Flow, FI-400 I 8-1103V 120VAC Vital Bus #1
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2.0 DESCRIPTION (Continued) 

2.4.1 North Vertical Board Instrumentation (Continued) 

COMPONENT | BREAKER I LOCATION 

Loop 8 Flow, FI-410 8-1203V. 120VAC Vital Bus #2 

Loop C Flow, FI-420 | 8-1303V | 120VAC Vital Bus #3 

Indicating Lights for 8-1508 120VAC Utility Bus 
P/432 & L432 I 

2.4.2 J-Console Recorders 

COMPONENT BREAKER LOCATION 

Pressurizer Pressure & VLPT| 8-1404V 120VAC Vital Bus #4 
Setpoint, PR-430 I 
Wide Range Pressurizer I 
Pressure, PR-425 | 

I Pressurizer Pressure & 
I Program Level Setpoint, 
I LR-430 RCS Loop A, B &C 

RCS Loop A, B &*C Cold 
I Leg, TR-402 

RCS Average Temperature & 
I Reference Temperature, 
I TR-405 
RCS Loop A, 8 & C Average 
Temperature, TR-401 

2.4.3 J-Console Controllers 

COMPONENT BREAKER LOCATION 

IPressure Controller, PC-430JI 8-11R7 120VAC Reg. Bus #1 
ISpray Valve PCV-430C 
Controller, PC-430C 
ISpray Valve PCV-430H 
Controller, PC-430H 
Pressurizer Level 
IController, LC-430F 

Reference Temperature 

ijController, TC-415 8-14R5 120VAC Reg. Bus #4
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2.0 DESCRIPTION (Continued) 

2.4.4 West Vertical Board Recorder 

I COMPONENT I BREAKER I LOCATION I 

I Pressurizer Liquid & Vapor 120 AC Rear of West 
| Temperature, TR-430 | Plug Outlet I Vertical Board | 

2.4.5 Rack R2 Recorder 

COMPONENT BREAKER LOCATION | 

Loop AT, TR-400 .* 8-1403V 120VAC Vital Bus #4 | 

2.4.6 Subcooling Monitor System 

COMPONENT BREAKER LOCATION 

Subcooling Monitor System, 8-3309V 120VAC Vital Bus #3A 
Train A 

Subcooling Monitor System, 8-2904V 120VAC Vital Bus #5 
Train B 

2.4.7 Overpressure Mitigation System 

COMPONENT | BREAKER LOCATION 

PORV CV-545 Logic 8-1215V 120VAC Vital Bus #2 

PORV CV-546 Logic 8-1112V 120VAC Vital Bus #1 
I _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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3.0 OPERATION 

3.1 Normal Operations 

3.1.1 Enabling the Overpressure Mitigation System 

The Overpressure Mitigation System is Enabled prior to going above 
50% Pressurizer Level .during a fill of the Reactor Coolant System 
after a drain down, or between 475 and 425 psig during cooldown.  

The Overpressure Mitigation System is Enabled by: closing the 
PORV's, placing the PORV control switches in Pull for Auto, opening 
the PORV Block Valves, and placing the Disable/Enable control 
switches in Pull for Enable.  

3.1.2 Disabling the Overpressure Mitigation System 

The Overpressure Mitigation System is Disabled prior to going above 
400 psig and after Pressurizer Level has been reduced to less than 
50%.  

The Overpressure Mitigation System is disabled by placing 
Disable/Enable control switches in the Disable position.  

* 3.2 Other Operations 

3.2.1 Removing a Loop Tave Circuit from Service 

Should a Loop Tave Circuit fail, or if it is desired to test a Loop 
Tave circuit, then the affected Loop Tave is removed from service.  

The affected Loop Tave is removed from service by: placing Reactor 
control in Manual, placing the Tave Defeat Switch in the affected 
Loop position, and opening the appropriate VLPT Bistable Knife 
Switch.  

Reactor control can be returned to Auto, if desired, after Tave has 
stabilized and Tave and Tref are within +20F.  

3.2.2 Returning a Loop Tave Circuit to Service 

The affected Loop Tave circuit is returned to service by: placing 
the Reactor control in Manual, closing the appropriate VLPT 
Bistable Knife Switch, verifying normal output, and placing the 
Tave Defeat Switch in the Operate position.  

Reactor control can be returned to Auto, if desired, after Tave has 
stabilized, and Tave and Tref are within +20F.
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3.0 OPERATION (Continued) 

3.2.3 Removing a Loop AT Circuit from Service 

Should a Loop AT circuit fail or if it is desired to test a 
Loop AT circuit, the affected Loop AT is removed from 
service.  

The affected Loop AT is removed from service by: placing the 
AT Defeat Switch in the affected Loop position, and opening 
the appropriate VLPT Bistable Knife Switch.  

3.2.4 Returning a Loop AT Circuit to Service 

The affected Loop AT circuit is returned to service by: 
closing the appropriate VLPT Bistable knife switch, verifying 
normal output, and placing the AT Defeat Switch in the 
Operate position.  

3.2.5 Removing a Pressurizer Pressure Channel from 
Service 

Should a Pressurizer Pressure Channel fail, or ifit is desired to 
test a Pressurizer Pressure Channel, then the affected Pressurizer 
Pressure Channel is removed from service.  

The affected Pressurizer Pressure Channel is removed from service 
by: placing the PORV's in a non-automatic condition, placing 
PC-430J in Manual, placing the Pressurizer Pressure Transmitter 
Selector Switch in a non-affected position, and placing the 
appropriate Pressurizer Pressure Transmitter Test Switch in the 
Test position.  

The PORV's and PC-430J can now be returned to Auto, if desired.  

3.2.6 Returning a Pressurizer Pressure Channel to 
Service 

The affected Pressurizer Pressure Channel is returned to service 
by: placing the appropriate Pressurizer Pressure Transmitter Test 
Switch in the Operate position, verifying normal output, placing 
the PORV's in a non-automatic-condition, placing PC-430J in Manual, 
and placing the Pressurizer Pressure Transmitter Selector Switch in 
Normal.  

The PORV's and PC-430J can now be returned to Auto, if desired.
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3.0 OPERATION (Continued) 

3.2.7 Removing a Pressurizer Level Channel from Service 

Should a Pressurizer Level Channel fail, or if it is desired to 
test a Pressurizer Level, then the affected Pressurizer Level 
Channel is.removed from service.  

The affected Pressurizer Level Channel is removed from service by: 
placing LC-430F in Manual, placing the Pressurizer Heaters in 
Manual, placing FC-1112 in Manual, placing the Pressurizer Level 
Transmitter Selector switch in a non-affected position, and placing 
the appropriate Pressurizer Level Transmitter Test Switch in the 
Test position.  

LC-430F, the Pressurizer Heaters and FC-1112 can now be returned to 
Auto, if desired.  

3.2.8 Returning a Pre'ssurizer Level Channel to Service 

The affected Pressurizer Level Channel is returned to service by: 
placing the appropriate Pressurizer Level Transmitter Test Switch 
in the Operate position, verifying normal output, placing LC-430F 
in Manual, placing the Pressurizer Heaters in Manual, placing 
FC-1112 in Manual, and placing the Pressurizer Level.Transmitter 
Selector Switch in Normal.  

LC-430F, the Pressurizer Heaters and FC-1112 can now be returned to 
Auto, if desired.
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4.0 REFERENCES 

4.1 P&IDs 

4.1.1 5178100, Reactor Coolant System 

4.1.2 5178105, Pressurizer and Pressurizer Relief Tank 

4.2 Elementaries 

4.2.1 5102174, (N1540 18) 120 Volt AC System 

4.2.2 5150338, (N1542 16) Press. Htrs Group A&B ACB's 
(Control Group) 

4.2.3 5150339, (N1542 17) Press. Htrs Group C&D ACB's 
(Backup Group) 

4.2.4 0456316, (N1'542 20A) Press. Power Relief CV-545 & 546 

4.2.5 5154617, (N1542 20M) Reactor Overpressure Mitigation 
System 

4.2.6 N15420052, (N1542 52) Reactor Auxiliaries 

4.2.7 5130359, (N1542 53) Vertical Board Instr. Pwr.  
Supply-Vital Bus 

4.2.8 N15420054, (N1542 54) Reactor Auxiliaries 

4.2.9 5151907, (N1542 55) Vertical Board Instrument Pwr.  
Supply 

4.2.10 Y-20929, (N1542 102C) Reactor Control & Protection 
System 

4.2.11 0063714, (N1542 132).Reactor Coolant System 

4.2.12 0063716, (N1542 133) Pressurizer Pressure System.  

4.2.13 5126359, (N1542 133A) Pressurizer Cont. Sys. Block 
Diagram 

4.2.14 0063717, (N1542 134) Pressurizer Level System 

4.2.15 0063720, Reactor Control and Protection System (Loop 
Diagram) 

*D
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4.0 REFERENCES (Continued) 

4.3 Technical Manuals 

4.3.1 Westinghouse, Reactor Control & Protection System 

4.4 Procedures 

4.4.1 SO1-2.1-11, Overpressurization Mitigation System 
Actuation 

4.4.2 SO1-2.3-3, Abnormal Pressurizer Pressure 

4.4.3 S01-2.3-4, Abnormal Pressurizer Level 

4.4.4 S01-3-1, Plant Startup from Cold Shutdown to Hot 
Standby 

4.4.5 S01-3-3, Plant Operation from Minimum Load to Full 
Power 

4.4.6 SO1-3-4, Plant Shutdown from Full Power to Hot 
Standby 

4.4.7 S01-3-5, Plant Shutdown from Hot Standby to Cold 
Shutdown 

4.4.8 S01-4-1, Filling and Venting the Reactor Coolant 
System 

4.4.9 S01-4-21, Core Monitoring Systems Operations 

4.4.10 S01-13-3, Reactor Plant No. 2 Annunciator 

4.4.11 S01-13-4, Reactor Plant No. 1 Annunciator 

4.4.12 SO1-13-5, Permissive Information OispTay Annunciator 

4.4.13 501-13-6, Reactor Plant First-Out Annunciator 

4.4.14 S01-13-7, Reactor Plant Matrix Partial Trip 
Annunciator 

4.4.15 S01-13-19, Auxiliary Feedwater Annunciator 

4.5 Technical Specifications 

4.5.1 Section 3.5.1, Reactor Trip System Instrumentation 

4.5.2 Section 3.5.6, Accident Monitoring Instrumentation 

DKauppinen:0335W
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NUCLEAR GENERATION SITE 
UNIT 1 

SYSTEM DESCRIPTION SD-SO1-580 
REVISION 0 PAGE 67 OF 79 

LI CA UNIT I SAFETY INJECTION SYSTEM 

e950 

LS LT LT CR 
9 950O 30 

TO RWST GCONTAINMENT 

CAT. SPHERE SO RG FWS CR OUTSIDE INSIDE 

C87SI SCR 

I7IAS 

II S_ 

PS 338 

I CR 

S~C LOO CISA 

CIA T 

CRSS SIIASA 

MOVAG 
TATNSKA 

CRS-1 G 7N88 

RFUGUS 
I I CR 

CR CR50 

V IEIAAS 

CCR 

HS-M 

TO WST CTO D. COTI N 

CA 5A SIAS' HR FC A OUSD ISD 

CR CA 

83 SIAS HS 
I 

MOV H FWS3 8II 
CR 

T-85253A 

I AS I ST 
HV pCVV RCS TOORCP 

1 0 S AS5 4 A GH 8 5 2A O VO L 

301C 
850C 

C 

TO 
R 

P S S I0 

S I A H 

SISGSIAS HS CRA 850 

HVVML-HH 
8538 CR IA 

SEAL6 H 852B LeG-r MHVVI HSG356 

8548 8528 IC 
O T HEADER 

LOOPFROM 2 TO HTR.1 L IC LOOP AO

MON- --A FCV1115F 8O50A 

O10 FCV115 TSEALpPER~t 
F R O M V C TF 

C V 1 1 1 5 0 T O R C P CRS 27100N SIAS CHARGING PUimps 
SEAL 

CV-1112MO 
V/ TO RC P l o A al b e O 

mov G-88 19 SEAL Aetlr ay 

RECIRCTO TO FROM
CHARINGSEAL INJECT-ON 

LOOP A WATER FILTERSF 
AS0639000 FG E 

SD-SOI-580-I -1-1



NUCLEAR GENERATION SITE SYSTEM DESCRIPTION 50-S01-580 
UNIT 1 REVISION 0 PAGE 69 OF 79 

RECIRCULATION SYSTEM 
SPRAY CONTAINMENT REFUELING WATER 

NOZZLE BYPASS SPHERE PUMP MINIFLOW 

REACTOR REFUELING WATER 
REFUELING CAVITY 

Pi 
126 CAS-E-11 

RECIRCULATION 
HEAT EXCHANGER 

CRCHARGING 

CR CR 

CRS-031 FE-521 - FE-520 - FT CRS-316 SPENT FUEL PIT 
(50 500 PUMP SUCTION 

REACTOR CAVITY 
DEWATERING PUMP CAS-426 

SDW-AR-900 CR CR 
HS HS 

SERVICE WATER 866B L 866A 

CR CR CR 

LII l 

66 66 

CR CR 
HS HS 

FV I FVn 
3078 I CRS-G-45B 2077 CRS-G-45AT 

CR CR APERT R 
CRLT C 

* 001 2001 

AlsoAvailableOn 
Aperture Gard 

(BLANK FLANGE) (BLANK FLANGE) 
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NUCLEAR GENERATION SITE SYSTEM DESCRIPTION SO-S01-580 
UNIT 1 REVISION 0 PAGE 71 OF 79 
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SYSTEM DESCRIPTION 50-S01-590 

NUCLEAR GENERATION SITE 
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871110 02\



NUCLEAR GENERATION SITE SYSTEM DESCRIPTION SD-SO1-590 
UNIT 1 .... - REVISION 0 PAGE 25 OF 42 
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NUCLEAR GCLRATION SITE SYSTUM USCRIP UNIT 1 
REVISION 0 PAGE 34 OF 42 

CARD RACK 
CHANNEL "X" 

o -4ev 0 -48v 0 -Aev 0 -4ev 0 -4ev 0 -48y 0 'o 0 -4ev 0 -4ev 0 -4ev 0 -4ev 0 -48V 0 -48v O -48v O) 0 4e 
O +8 ev 0 + ev 0 +4ev 0 +4ev 0 +4ev 0 +4ev ):1; OOA +LvO +e +e v O ev OAvO +ev) ^O + 

0 0 

c~ PERT oo -lcoC 

0U A 0 04V 0 +8 4V +8 0 48 0 F-8 0- +48 oi -10 0 ~ - 0 0 0> >0 0 00c

o )n Q 
LG 

OC110 _ ORI OCU O Rc-w t O SE O a 0 O 0 K-O 0 c- O 0cso O s O sc-U O0 0.s c OE 

PC-430 ) 7s PC430 PC-120A TRIP DT DI 
}Q C-3A) OC-12A)( s's e LPINTS a} GROUP' B 0 CKT- 0E) PC30)E PC-11lA E)C OGs E) LOP 0IN

o 0o A 0 0 oOoo 00 00 a 

PCE-431 D PC-io REE 2C (A 2 G .. 23 )a -0o 0 " O oaO - O -sy O-0y O 0 )s -11sy6 * ) +LOy O -LIsy O -Gsy OC301 -PCsyB OI -sy OPs sy * )O -s 

(D 0 aK- (D a( G(D D( 

~}0i1PFIGURE 11P 

P -1 20 1 1 0 v .D 

*C 3>-i LOTAD INSSCV 0 
43 D0OT0 0 PC43 02C-10C 00--L&N 

0C300 PC- 121C aD TRIP (Los GC~. CLSE iiOIp 0 ( PC-3woc) PC-1121C TRIP) C)I4 TIO ~.12 EC111A SES G' IN~ TEST (D INEES 
-1V 15 -5 0 -1V 0 1V 15 -5V 0 -1V 0 1V -5 C 15 

0 ~ 

a:0 -15V a a 

LATHE IN 

0i PC43 0L PC12C 0 SS 0 IIL O C4 .G.C . 0 LT DI 

00 0 0: 
0) 00 

-0 PC -- 00 

0 P-40 0 PC110A0 
SO-SP 0-9-l ICU RP 0 SG 0PES0 P-3 C12A 0 TI CU RP0 SG 

PC-3000A)~~~~~~~~~~1 .1 O 7 4 i2A) ssLO NTETOC3DOLPC12A)%SLO N 
P~~~~~~~~- 

-- -4.C120 
I C-YL-0 CL W



NU'CLEAR GENERATION SITE SYSTEM DESCRIPTION 50-501-590 
UNIT I REVISION 0 PAGE 26 OF 42 

FIGURE 3: SAFETY INJECTION SIGNAL (SIS) 
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NUCLEAR GENERATION SITE' SYSTEM DESCRIPTION SD-SOI-590 
UNIT 1 REVISION 0 PAGE 27 OF 42 

FIGURE 4: LOSS OF OFFSITE POWER (LOP) 
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NUCLEAR GENERATION SITE SYSTEM DESCRIPTION SD-SO-590.  
UNIT 1 REVISION 0 PAGE 28 OF 42 

FIGURE 5: DIESEL GENERATOR (D/G) 
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NUCLEAR GENERATION SITE SYSTEM DESCRIPTION SD-SO-590 
UNIT 1 REVISION 0 PAGE 29 OF 42 

FIGURE 6: LOSS OF 4160 V BUS (LOB) 
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NUCLEAR GENERATION SITE SYSTEM DESCRIPTION SD-SOI-590 
UNIT 1 REVISION 0 PAGE 30 OF 42 

FIGURE 7: LOAD GROUP SEQUENCING 
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NUCLEAR 4ERATION SITE SYSTEM DESCRIPTION SD-SO 3 

UNIT 1 REVISION 0 PAGE 3. OF 42 

FIGURE 8: REMOTE SURVEILLANCE PANEL 
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NUC ;ENERATION SITE SYSTEM DESCRIPTION SDO 90 
UNI REVISION 0 PA or 42 

FIGURE: SEQUENCER TEST PANEL 
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NU GENERATION SITE SYSTEM DESCRIPTION S 590 
REVISION 0 PAP OF 42 

rIGURE 10: SEQUENCER POWER SUPPLY CIRCUITS 

SEQUENCER I OUTPUT RELAY 
INPUT BUFFER MODULE LOGIC MODULE RELAY DRIVER MODULE 125 VDC 

1 1 

TI5 D TO TO 
10 0_1_ 

BISTABLE CONTROL TEST 
_IT__ CIRCUIT LAMP INPUT____j 

CNRL TS 

0 OUTPUT DERIVED FROM *HIGH" INPUT LOSS OF 15 VDC OR 
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POWER 
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(NORMAL) OUTPUT.  
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MAIN FEEDWATER ISOLATION REFERENCES 

Piping and Instrumentation Diagrams 
5178201 Condensate System 
5178205 Main Feedwater System 
5178211 First, Second and Third Point Feedwater Htra.  
5178213 First, Second and Third Point Feedwater Htrs.  

One Line Diagrams 
5146828 Main One Line 

Elementary Diagrams 
455379 MOV-20, MOV-21, MOV-22 
449408 FCV-456, CV-142 Solenoid Valves 
5149858 Main Feedwater Pumps 
5149918 Heater Drain Pumps 
5149970 Condensate Pumps 
5150874 Safeguards Sequencer #1 
5150875 Safeguards Sequencer #2 
5202910 FCV-457, FCV-458, CV-143, CV-144 Solenoid Valves 

Other Documents 
SD-SO1-120 System Description: 4160 V System 
SD-SO1-210 System Description: Heater Vents and Drains 
SD-SO1-220 System Description: Condensate and Feedwater 
SD-SO1-260 System Description: Feedwater Control System 
SD-SO1-590 System Description: Safeguard Load Sequencing



-AUXILIARY FEEDWATER /REACTOR PROTECTION SYSTEM REFERENCES 

Piping and Instrumentation Diagrams 
5178206 Main Feedwater System 
5178220 Auxiliary Feedwater System 
5178221 Auxiliary Feedwater System 
5178222 Auxiliary Feedwater System 
5178223 Auxiliary Feedwater System 
5178225 Main Steam System 
5178260 Feedwater Sampling System 

One Line Diagrams 
5146828 Main One Line 

Elementary Diagrams 
5151027 Auxiliary Feedwater Pump G-10W and CV-3110 
5159558 Auxiliary Feedwater System Auto Initiation 
5159559 MOV-1204 
5159757 Steam and Blowdown Sample Isolation Valves 
5159794 Auxiliary Feedwater Pump G-10 and Valves 
5159841 MOV-1202 
5159842 AFWAS Initiation - Train A 
5159843 AFWAS Initiation - Train B 
5180611 Auxiliary Feedwater Pump G-10S and MOV-1202 

(See RPS Single Failure Analysis M39405 for elementary and loop 
diagrams applicable to the Steam/Feedwater Flow Mismatch Trip) 

Other Documents 
SD-SO1-620 System Description: Auxiliary Feedwater System
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1I I I 1 1 I I I I I I 11I R.M. I I : I I I B- IB ISPHERE ATMOSPHERIC I CV40 1 GLOBE I AOV ICIS HI I| _T1 I ICIS HII I-11/60 
CVS-961-2"-HH3 I 17BI B I EXHAUST I CV116 I BUTTER-FLY I AOV I ROD I C I FC I CV-10 I BUTTER-FLY I AOV I ROD I C 1 FC 151786011 

_ _ _ _1 I__ _ I I I I I I R.M. I I I I 1_1_ 1 R.M. I I I I I B- IB ISPHERE VAPOR SAMPLE I [ I I c15 - I I I ]lIS H 11 51786001 
jCVS-1233-1"-KP31 18BI B I SUPPLY I CV-147 I GLOBE I AOV I R.M. I NA I FC I SV-1212-9 I GLOBE I SV I ROD I NA I FC 151786011 

S 1 I I I _I I I I I I I I R .M . I I I I B1-f1 8 1 I I I ICIS ciT 1 1517861 
C 5-1234-1 -KP31 18BI 8 ISPHERE SAMPLE RETURNI CV-146 I GLOBE I AOV I R. M. I NA I FC I SV-1212-8 I GLOBE I SV I ROD I NA I FC 151786011 

I I I I I I I I I R .M . 1 I I I I I I ICONTROLT CisI I-~ I ~cis1 I 
-730-2 -KN !A-li NlTOTE1 SERVICE WATER I CV-537 I BALL I MATIC I R.M. I 0 FC I CV-115 I GLOBE AOV I R.1. I 0 I FC 151783811 

_ _I 1 I l _ _ _ _ _ I _ _ _ I_1_ _ I _ _ _ _ I1_ I I__ I _ _ _ _ _ _ _ I_ _ _ I I _ I I_ _ 

I B i I I I cIi I 1 T iT s I II -073-2-HPIC-28 A I RCDT VENT I CV-106 I GLOBE I AOV I R.M. IC FC CV-107 I GLOBE AOV I R.M. I C C 151781581 I I I IcIsI I 
IRLC-7076-2"-HP2 8-10 A I RCDT DISCHARGE [C-104 GLOBE I R.M IC FC I CV-105 I GLOBE I AOV I R.M. I C I FC 151781581 

I I Ss 1 I 1 1 I I s 111-1 1/2"-HP2 IA-8 I A I SUMP DISCHARGE I CV-102 GLOBE I AOV I R.M. I C I FC I CV-103 I GLOBE I AOV I R.M. I C I FC 151781581 . 1 TB I I I I CONTROLI CIS T V [ I I CONTROLI CIS I 1 I I P!U-715-3"-HP I B-2 NO0TEI MAKE-UP TO PRT I CV-533 I BALL I MATIC | R.M. IC 1 FC I CV-534 I BALL I MATIC I R.M. I C I FC 151783701 
_ _ _1_ _ I l 1_ _ __1_ I _ _ _I _ _ _ _I _ _ _I I_ 1 1 _ I _ _ _ _ I _ _ _ _ I _ _ _I _ _ I _ _ I _ _I _ _ _I sII I c c I 1 1 I sI I !6107-3/4"- CL IE-151- I SIS LOOP 'C' VENT I SV-70261 GLOBE I SV [ R.M. I C I FC I SV-702A I GLOBE I SV I R.M. I C I FC 151781151 

ISis- I I I I IIis I s I I I I I cis I T I I 1510C-3/4" - CL IE-151A I SIS LOOP 'B' VENT I SV-702DI GLOBE I SV I R.M. I C I FC I SV-702C I GLOBE I SV I R.M. I C I FC 151781151 1 I 1 1 1 CONTROL Cis 1 I T 1 I CONTROL CIS I I I I jGNI-1410-1"-HH IC-2AITNOTEI N TO RCDT I CV-536 I BALL I MATIC I R.M. IC I FC I CV-535 I BALL I MATIC I R.M. I C I FC 151781581 
1_I 1 1 2 1 I I I I I I I I I I I I I 
18- 1 I i I IS I I1 I 1 [CIS I 1I 78421 

IGNI- I 16BI-8 I H CALIBRATION GAS I SV-30041 GLOBE I SV I R.M. IC I FC I S1-2004 I GLOBE I SV .1 R.M. I C I FC 151784051 
114120-1/2" -HH I 1 2 1 1 1 I A1 C IS cs I 
IISA-953-2"-HH2 IA-121 D I SERVICE AIR SV-125 GLOBE SV I R.M. 1 0 1 FC 51784421 IFSS- C1C1 STEAM SAMPLE 1IcIsI Also Aerture Or 
11201-3/4"-EG1 IB-121C I FROM 'A' SG SV-119 GLOBE SV I R.M. I C I FC 151782601 
IFSS- I IC 1 STEAM SAMPLE 1ICIS 1 I 11202-3/4 "-EG1 1B-121 C I FROM 'B' SG I _ SV-120 GLOBE SV I R.M. IC 1F 5178260 

3 i I 1 7 
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NUCLEAR GENERATION SITE SYSTEM DESCRIPTION SD-SO1-630 
UNIT 1 REVISION 0 PAGE 35 OF 47 

TABLE 1 

CI Line/Valve. Infomation 0* (ontiued) 

1~~( C--SEM-AML I PENTI NBSLIODE SPHERE UTSIDE SPHERE IPENTITYPE1 I C. tC.iNOMFI I I ACT. I ACT. INORMI FAILIDRAWINGI SYS L L1,1 E NO. I NO.J IGRP. I SERVICE IVALVE NOt VALVE TYPE -1 TYPE JIMETHOD I POS' POSt VALVE NO. I VALVE TYPE I TYPE IMETHODIPOS. I POS. I NO. I F ~ffII I I I I C ISTEAM SAMPLE cisIII I CS I I I FSS-1203-3/4"-EG1IB-121C I FROM 'C' SG SV-121 I GLOBE I SV I R.M. I C I FC 151782601 I C I BLOWDOWN SAMPLE I I cis I ;FSS-127-3/4"-EG1 IB-12-C I FROM 'C ' SG I ___ ___ ___I __ISV-124 I GLOBE I SV I R.M. I 0 1 FC 151782601 1 I C IBLOWD04N SAMPLEI 1 -1 1i 1 -7IS 1 1 !FSS-1208-3/4"-EG1IB-121C I FROM 'B' SG i I SV-122 I GLOBE SV I R.M. 1 0 1 FC 151782601 
I I C I BLODOWN SAMPLE 1 cis I I I I 
IFSS-1209-3/4"-EG1B-121 C I FROM 'A' SG SV-123 I GLOBE I SV I R.M. 1 0 1 FC 151782601 
IPZR-5029-3/4"-BH21 IB 1 PZR SAMPLE, CV-951 1 c 1 7 1 C 
IPZR-5032-3/4"-BH21-121A I LIQUID STEAM I CV-953 I GLOBE AOV R.M. C FC I CV-992 I GLOBE AOV R.M. I C I FC 151781501 

1 IB I I I F _ I I I I PZR-5052-3/4"-HH91B-121r I PRT GAS SAMPLE I CV-948 I GLOBE AOV R.M. C FC CV-949 I GLOBE AOV R.M. I C I FC 151781581 
!RCS-5004-3/4"-H21 IB I RCS LOOP V 53_ I 1 CI 1 1 1 I ;PZR-5032-3/4"-BH2B-121 I B & C SAMPLE CV-956 GLOBE 1501 

________ I I ITV __ _ _ _ -7SV370-21 1__ _ S V ICISR M -C 1 SV-3303l___I _ _I_ _I__ _I_ _I I B cis 
RHR-0C0- "-BH21B-12 1 A RHR SAMPLE CV-962 GLOBE AOV R.M. C AOV R.M. I C! FC 151781501 

I PENTI IN SI DE S PH ERE 0 U TS I DE S PH ER E PENITITYPEI I ACT., tACT.I OR!ALII ACT. IAC.IOM FALRAII 
SYS - LT-;, .O. I NO. 0 -P SERVICE IVALVE NOI VALVE TYPE 1TYPE IM.ETHOD I POS0 POSI VALVE NO. I VALVE TYPE I TYPE I fETHOD IPOS. 1 POS. I NO.  VTHE FOLLOWING LINES ARE MANUAL ISOLATIONS WITH VALVENO INDICATED ON THE CIS PANEL 

I I A COOLING WATERTO 
ITC14-743-8"-KN I A-9A ITFOTE I AIR HANDLING UNITS IIIII I I CV-516 I BALL 1P.M. P/HI R.M. 1 0 1 FC 151783201 

7IA-961 A[ COOLING WvATER FROM T II iTCw-3892-4"-KN I A-1 4lTJ5TE I AIR HANDLING UN4ITS IIIII I I CV-515 I BALL 1P.M. P/HI R.M. 1 0 I FC 151783201 
lBI I I 1 1 781 OI ILDS-3005-2"-601 IB-6 I - I LETDOWN TO CVCS I CV-525 I BALL I ___ ___I__I__I CV-526 I BALL 1P.M. P/HI R. M. 1 0 1 FC 151781401 I IB IRCP I I I I 1 I I F 51 8111 IRCP-.2014-3"-HK lB-8 I -A I SEAL WATER RETURN I CV-527 I BALL I_ ___I I___ I I CV-528 I BALL 1P.M. P/HI R.M. 1 0 1-:FC 151781361 T ivcc I I IF CHIARGINE I I 1 -I 1 I I F I I 12024-3/4"-BH3 I NA I NA I LINE SAMPLE I ____I______I_____I___III CV-2145 I GLOBE I SV I R.M. I C I FC 151781501 BI I I I CONTROLI 1 I IGNI IA-I TEI N TO CONTAINMENT IIII I I CV-532 BALL IMATIC I R.M. I C I FC 151784051CVA 1409-3/4"-HH 1 1 1 I 1 151784061a 

3217i1sv-33 
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NUCLEAR GENERATION SITE SYSTEM DESCRIPTION SD-SO1-63O 
UNIT 1 REVISION 0 PAGE 37 OF 47 

TABLE 1 

CI Line/Valve Information I 
(Continued) 

I IPENTI I INS I DE S P HE RE 0 U TS IDE S PH E R E 
IPENTITYPE! I I ACT. JACT. I NORM I AIL!I I I ACT. I ACT. INORMI FAILIDRAWINGI 

~SS-LINE NO. INO. IG-(R-P.I SERVICE IVALVE NO! VALVE TYPE I TYPE IMETHOD I POSI'POSI VALVE NO. I VALVE TYPE I TYPE INETHODIPOS. I POS.I NO. I 
ITHE FOLLOWING LINES ARE ALSO CONSIDERED AS REQUIREME',ITS FORTCONTAINIMENT ISOLATION IN THE FSA II 

IVCC-2002-2"-BH3I I B I CHARGING I IFC11121 I FO I 
IVCC-2080-2"-BH2IB-5 I- I AUX SPRAY I I I I I I I FCV-1112 I GLOBE I AOV I R.M. 1 0 IWOTE 151781351 
IVCC-2081-2"-BH2 I _ TO PZR I I I I I I I I I _ 1 141 -1 
I I TB I SEAL WATER TO I 1 I 1 11. 1 FO I 
IRCP-2006-2"-BH31-7CV- I 'A' RCP I I I I I I I FCV-1115AI GLOBE I AOV I R.M. 1 0 1 NOTE 151781101 

IB I SEAL WATER TO I I I, I 1 I fF0- I[FO I 
IRCP-2009-2"-BH31B-7BIT I 'B' RCP I 1 1 1 FCV-1115BI GLOBE I AOV 1111B 1 0 1 QTE 151781101 
1 Il l 1 R.M. 1 141 1 
1 1 I B I SEAL WATER TO 1FC-I IFOI 
IRCP-2012-2"-BH3B-7Al A I 'C' RCP II I I I I FCV-1115CI GLOBE I AOV 1111C 1 0 1110TE 151781101 
I 1 1 R.M. 141 1 

I IA 1 CCW-3064-8"-HH9IA-1DINOTEI CCW TO RHR HX 'A' 151783121 

I 1 1 1 1 I 1 
C1C-3033-0"-HH91A-1CIOTEI CCW FRON] RHR HX 'A 151783121 

I1 1 I 
O~- 01H9A-1 -1~T CCW TO RHR HX 'B' 1 IIII I517 83121 A 

jCC1-3029-8"-HH9jA-1AfTEj CCW FROM RHR HX 'B'I 78312 

I 1 -, I 
C'C 1A-3 C6 -3"H H 9A -4 B TTEI CCW TO RCP 'A' 1 1 151783121 

iCC -3073-3"-HH9I A-4A I E I CCW FROM RCP 'A' 
S1 1 1 1 I 

I~ I lA II 

I"CC1,1-3068-3" -H1.9 IA-4FI1710TE I CCW TO RCP 'B' I III IIII I 151783121 T 

ICC-3078-3"-HH9IA-4EITOTEI CCW FROM RCP 'B' 151783121 
I _I I 1 I 

ICCW-3067-3"-HH91A-4DINOTE I CCW TO RCP '' I A 151783121 
I1 11 

I CCI3083-3" -HH9I A-4C ITECI CCW FROM RLP ine e Iion 151783121 

9 i. 1 1 1 _ _ _ _ _ _ _ I I I I _ _I l lI I I__ _ _ _ I I_ _ I I _ I 

r~ r, 3217I 
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".NUCLEAR GENERATION SITE SYSTEM DESCRIPTION SD-SO1630 
UNIT 1 REVISION 0 PAGE 38 OF 47 

TABLE 1 

CI Line/Valve Information 4 (Continued).  

I IPENTI I NSIDE SPHERE 0 UTSIDE SPHERE 
IPENTITYPEI I ACT. ACT. INORMIFAILI I I ACT. I ACT. INORMI FAILIDRAWINGI 

ISYS - LINE NO. I NO. I 1 SERVICE IVALVE NOI VALVE TYPE I TYPE IMETHOD I P051 POSt VALVE NO. I VALVE TYPE I TYPE IMETHODIPOS.I POS.I NO. I 

S IA I CCW TO SHIELD 
IccW- IA-2A[NOTEl COOLING COILS 1 151783121 
13094-2 1/2"-HH I 1 1 1 
I I IA I CCW FROM SHIELD 
ICCW- IA-2B INOTEI COOLING COILS I 1 151783121 
13095-2 1/2"-HHI I 1 1 1 1 
I I IA I CCW TO EXESS Ltd. I F 1 
ICCW-3066-3"-HH91A-3AIN0TEI HX II 151783121 

I I CCW FROM . 11I 
ICC-3085-3"-HH91A-3BINOTEI EXCESS Ltd. HX I I I I I I I I 1 1 151783121 

lSIS-6008-6"-BH21 I B I SIS TO LOOP I I 
ISIS-6006-6"-BH2B-1C fiTEI 'A' I I I I I I HV-851A I GATE I P/H I R.M. 1 0 1 FAI 151781151 ZIS-6007-6"-BH21 I 2 1 'B' I I I 1 .1 1 1HV-8511 I 

I I I 'c ' I I I I I I I I 
IB-181 1 1 1 1 1 1 I I 

SIS4-009-2"-CL 1 17AINIOTEI SI RECIRC. TO RWST I I 1 385 GLOBE I MAN. I MAN. 1 0 1 :A 151791151 
1 1 2 1 1 I 

.211- 1 D I I I r I T-";:[Yu~~~- 1E l TURBINE 1 1I TURB 1 517825 -7 G I J-1 IC I STEAM HEADER WEST STOP I AOV I TRIP 1 0 1 151782261 
l lI I I I H ) T I 12-I1D] -1 U RBLJINE 1 . I I F iC 1517 822-51 IMSS-6-24"-EG I J-1 IT I STEAM HEADER WEST ISTOP IAOV ITRIP, 0 ITE151782261 

I IA I 1 51784 1 -ils- IA-131TIO-TEI INSTRUMENT AIRI -lISA- A1I~TIISRMN I PCV-40 I GLOBE IAOV ISELF 1 0 1 FC 151784491 
192S-11 1/2"-HN________II 

C 1 1 I I I F 151782061 
IFUS-393-1O"-EG IC-3Al- I FEEDWATER TO 'A' SGI IFCV-456 I GLOBE AOV I R.M. 1 0 1OTE 151782251 

_ _ _ _ _ I_ _ I I _ _ _ _ _ _ I _ _ _ I . _ _ I_ _ _ I I_ _ _ _ _ _ _ _ I_ _ I_ . 1 _ 

II I c I 1 1 1 T ISISI 7011782 1 
IFWS-392-10"-EG IC-3C c I FEEDWATER TO 'B' SGI II I I FCV-457 I GLOBE AOV I R.M. 1 0 IrTE 151782251 

___ __I__I__I __ _ _ I _ _I__ _ I__ I_ _I I I_ __ _ _ _I __I __I 1 1 _ I I6I 1 1 I IC 1T 1- 7 1 1 SIS IV rI - 51782 1 
IFWS-391-10"-EG IC-3IC I FEEDWATER TO 'C' SGI I I FCV-458 I GLOBE I AOV I R.M. 1 0 1LNTE 151782251 
I I l 6 I 
IFWS-341-2"-EG I CT BLOWDOWN FROM 1 1 t ICV-100 AngleA 
IFWS-343-2"-EG IC-1AI I 'A' SG b -lOOAAnglel AOV I HI IOOCI FC 15178206 IFWS-634-2"-EG I I I 'B SG ROD V 

I I I I'C' SG I I I IVTlO A7BI I 10I 1 OOA IlovialO 
.1 I I I I I. III Ito outfalll i1IyI 

II I I 'I1100 

________I VACT.I ___ IA. NOR IFAL I .~ - I . 1AC . 1OR FAILIDRAWING 

3217j 1 1 1- 1. 1



NUCLEAR GENERATION SITE SYSTEM DESCRIPTION SD-SO1-630 
UNIT 1 REVISION 0 PAGE 3S, OF 47 

. TABLE 1 

CI Line/Valve Information 
(Continued) 

I IPENTI INSIDE SPHERE U OUTSIDE SPHERE 
IPENTITYPEI I ACT. tACT. INORMI AILI I I ACT. I ACT. INORMI FAILIDRAWING 

ISYS - LINE NO. I NO. IGRP.I SERVICE IVALVE Not VALVE TYPE I TYPE IMETHOD I POSI POSI VALVE NO. I VALVE TYPE I TYPE IMETHODIPOS.1 POS.] NO. I 
I l I I I I 1 1 1 I 1 II 
IB- I C I REFUELING | CV-92 I I I I 1 1 1 I II 

ICRS-734-6"-HP 1 18AINOTEI WATER TO CS I CV-119 I BUTTER-FLY I I I I I I I 151781201 
__ I 1 2 II CV-82 I I I I I I I I 
cRS-728-8"-HP I I C I SUMP RECIRC. RETURNI 1 1 

ICRS-729-8"-HP IB-11INOTEI AND REACTOR CAVITY | | | I I | | 151781211 
ICRS-737-8"-HP I 1 8 | DEWATERING I II I t I I I I I _ 

Note 1 - Lines which enter and leave the containment sphere but are not open Note 5 - Thp turbine stop valves fail as is, electrically, but will be 
to the containment sphere free volume or the outside atmosphere are closed by turbine overspeed trip.  
not required to have isolation valves. These lines are either part 
of separate, closes systems or are not subject to damage as a result Note 6 - The feed water regulating valves fail open due to hea; sink 
of a reactor system rupture. requirements associated with reactor trips. However, check valves 

are provided to prevent reverse flow and remotely - controlled, 
:o te 2 - Safety injection lines must remain open in the event of an accident. m!oor-operated valves at the feed water pumps are a second means of 

isolation.  
cte 3 - The seal water return header is a closed loop connected to the 

charging system. Note 7 - Penetration type is defined in System Description SO--630 
Contai nment/Containment Isolation.  

Xote 4 - The seal water supply lines are designed as an alternate path for 
safety injection recirculation, requiring that isolation valves Note 8 - These lines are considered an extension of containmen:.  
fail open.  

APERTURE 
CARD 

AIso Available On 
Aperture Card 
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C 
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Vel 2 3 4 5 6 7 8 9 10 11 12 
FWH-E-939 W 8-540 

4 

DRAIN PMP E OIL IA ATE &OE 0i li U LER HE N 

<cvo~~EAE <RA LOW5<- M Fn2o w wxs 
TO CONDENSER8 
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TO ATHOS 1so FWH-202- G 

TFMRAINR T2IVER44- HH......  

FP ) > s u 2 1 4 -I FP -1 0 4 -8 - E02 

FROM REMEATERS W1-S? RM ELE 
T 9-E-25C & E-25D 

LIRM-50DE 
( MSS) T 78 2 (C-6162 1 ( MSS - 13 9 -1 -N T10 F 

Fn4-12e-Io0-x 5- S782t2 (E-12) (FWHI 
aT s-OT To 4th PT 

11ass4 sa7a228 (c-I2) s-im -12- 

TOWHEWH-22A2-HH TLP 

38-6 2'.10-'TI 

5)7m-524- -35) "x-- F-2 (TL.P l FROM4 LOW PRESS 
(T9SS) 78230 (G-12) THP-22-10-GG - - 0 3 T4 *5 - TP . -- T(.8815 E 2 LP TLP1 ) 

(722 8-0H)41 LP2-(-* (025 F))-MTP 2 suPLY w-ss g suPLY c 287 - 1- 10 Nz sPP 

71722 (o-2c)5178402 (0-121 (GN1 F- -- 802 E G 
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( wwtdo-4< Do sCVosF - )CnEOIPC V P0 H 

FMm 

P008 4 O4 004P 
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4L I f . -2 2 

BRGf SEA F SELGR )( FFH-367 )B I W 
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(~~ Fw8392 Fw-lse
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TWO ON (W)} - FIN9 LCT 20 PO 
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rw ~ ~ --.
E0D 780 O ALESUFN 

EE-G-3M ,,00 I 
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P07802LUREI 0ILRAM LGEND K3) (08 SUILTINCO 0 CN*4E8C280IESFO SIGNATURSTv 38 P 8 I D AG A 

WATE OYTE SEE -- - -

sieta EE oaa -P -asace2 AssT-noP c 3 E OM.IESFRSINTRE-L 8815.t n 3rdNS00418 POINT VESTPPN 

40~ ~~~W CUL-188 0 vISI 88-9 W 
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To FE !DWATER PUMPS QNQ-Q-IA.O-jR.O-1C & Q-0-Dp 
1.S-0-3A I PIIM3 

'"'~~~' ~~'' ~0-38 SEALS ~~2P04CEICI 
I~~~~ ~~~ ~SCP 1121 EI .187 811(SP 

'~~'' ON0 CR0-PS-T2 
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NUCLEAR-GENERATION SITE 
UNIT 1 SYSTEM DESCRIPTION SD-SO1-220 

REVISION 1 PAGE 19 OF 34 

II 
EAST HEATER VENTS AND DRAINS 

1ST. 2ND. AND 3RD POINT 

FFOM REHTEATER AlOM R 
Ti.JB SIDE VENT 

FROM R BTV- 
FROMe 

BTVN1 FAO REHE 
REEVRDRAIN FO 

RCEIVA /EEVJRRHAE 
C-2ASHELL SIDE ORAIN 

TO CONFRO 

PSV TO ATMOS 

TORV-31 
2 

TO_ ____ FROM RELIEF T 
BLOWDOWNLINE HEADER 
TK 

TO TI-P--SV-i 7 V L H TO THPSV-3 RV-35 

H TO TLP-SV-5 e[ BTV-1 

FROM 

LSBI LS 
5k 7 

GLG L 
rn3 33 .155 

LSL 

II 

L I LL 1 

FROM REHEATEATV-1 
DRAINU4 

RECEIVEEER 

43~- FROM 0 

LL 

PPX 

IV 3 1 IX 

I1 

G-6 

IATHAE; 
IRI U 

DRAINSUR 1APETR 
SOSO-2 C-A RD 

L - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - A l s o - A v a i l a b le- - O n



NUCLEAR GENERATION SITE SYSTEM DESCRIPTION SD-501-220 
UNIT 1 REVISION 1 PAGE 20 OF 34 

EAST HEATER VENTS & DRAINS 
4TH & 5TH POINT 

_ _ _ __ _ __ _ _ _TI 

APERTUR 
// . LK>CAR! 

LL _ _ LS 13 TO_ L 5Also Availabe O 
0663.C-152 Aperture Iar 

P1 

281 

PXi 
427 

RETIRDFROM LP NO. 2 

FROM LP NO.2 1 

PT TO CONDENSER L 

VENT P1iP 
1840 276 

42 TI 
13 

FLASH EVAPORATOR LS 

RETIRED INPLACE. Pi 5TH PTHAE1&Kr~ 61 LC 
USED FOR L25 

CONDENSATE 12 5T T DRAIN 4TH PT HEATER41 G LC 
FLOW PATH ONLY -\,Eij 5 (OE & DRAIN COOLER I 

FROM LC-27
SN CV-15 

TO CONDENSERNEN 

FROM LC-13g 1 @7 CV-13BT 

STH PT HEATER , o 

AfA25F400 TO CONDPAHNSER 

TO COOD ONSER 

,--- L



NUCLEAR GENERATION SITE 
UNIT 1 SYSTEM DESCRIPTION S0-S01-220 

EAST HEATER DRAIN PUMP REVISION 1 

LUBE OIL & SEAL WATER DETAIL 

E-938 E-937 

SEAL WATER 
COOLERS 

Also Available On 

TER 
43 

44 TEtreCr 

EAST HEATER DRAIN DRAIN PUMP LUBE 
PUMP OIL PUMP 
(G-36A) 3EAL BRG O (G-986) 

102 19 

FG F 1854 
LUBE OIL 

LUEOI 
COOLER 
(E-941) 

RESEERVOIR (D-949) 

153 * V FIGURE 2 

SD-SO1-220-2-0 

87111002*4-Q



NUCLEAR GENERATION SITE SYSTEM DESC 
UNIT 1 SYSEM D 

BLEEDER TRIP VALVE REVISION 1 PAGE 22 OF 34 

WEIGHT T1 
SWING DISC ARM STUFFING BOX APERTURE 

CARDI 
SHAFT KEY* WEIGHT C R 

LEVERVIN OPEN - Y 
Also Ava~ahle O 

Aperture Card 

SEAT 

SWEIN DISC ' ---------

VALVE VER 

f

AIRLOCYLINDER

INLET 
TRI 

SHAFT KEYV 

BEAINLLVE 

LVE PI 

PISTONO 

AIR 
AIR CYLIPISTO 

FIGURE 3 
SO-SO I-220-3-2 

8711100274-q5



NUCLEAR GENERATION SITE SYSTEM DESCRIPTION SD-SO1-210 
UNIT 1 REVISION 1 PAGE 37 OF 48 

* CONDENSATE AND FEEDWATER SYSTEM 
.-- FEEDWATER HEATER BYPASS ---- TO CONDENSATE BREAKER LOOP 

3RD POINT HTR. DRAINS PUMP SEALS EL 

TO FEED EAST R 
2 8 PUMP SEALS FC 

1ST 2ND s 3 GLAND s CV73 
PT. PT. PT ECT SEAL STM.  

HP HEATER LP HEATER LP HEATER COND FE-11 

S6A E-7A E-8A G -E-22A E-23A CV7 1 

4H PT. 5TH PT. FLASH 3CONDENSATE 

AND EVAP. p 

TO S.I.-* 85 A6 C OE -9 EAj OVABO W O sc2 AT2 AT R 
OVR8 To CU D~ISCE 

3A F o s.. WATER 

FEEDI TO6 CONDENSER s__COSNODENHSER______ 

TO STEAM FE o -AsyE2 
GENERATORS PUMPS 

_________T__ELL__1__HOTL_2_HOTWELL #3 HOTWELL 4 (A[]CONDENSATE 

AE TO 

854 LTCW Disc 
( ___ Lf LKJZ V2 

TOS..4T T.5H T FEFROM S. I. .V3 cwRT SOlsc 

MAI RTR cwNDENE CoCONDENSATE 

E-9B_____ __ -_ _____V72________ ____ N EJECT 

PT. PTE , P. EJ T EO 

HPEATR HETRUPHMTRLPHAERCN 
___ __ __ ___ __ _ TAW 

EAlso Available On 

WEST Aperture Card 

3RD POI. HTR. DRAINS1 

RFEEDWATER HEATER BAS FIGURE IA 

S-SO 1-210-1A-2 

-',tooooN COLRoEIRfcWOs



NUCLEAR GENERATION SITE 
UNIT 1 SYSTEM OESCRIPIN5-0-1 

UNIT 1 REVISION 1 PAGE 39 OF 48 

CONDENSATE PUMPS SIMPLIFIED ELEMEN ARY 

START STOP OVER INDICATION COND. PUMPS COND. PMS 

CURRENT LOW DISCHARGE RECIRCULATION 
PRESSURE 

CS-2 CS-2 PRESSURE 
CL N CONTACT CONTACT SWITCH 

CLOSING -- CLOSED CLOSED CLOSES 
--COIL P SAR WHEN - %WHEN O 

CONTACT START SWITCH SWITCH COND.  
- - PBTTAKEN AC FTER PUMPS 

CS-2 - AUTO TO CONTACT CLOSE LOW CONTACT CLOSED DISC 
CLOSED CONTACT P194 WHEN AFTERPRESS.  

- WHEN CLOSED p- RELAY UNDRVLT SWITCH TRIP 
SWITCH IN STOP CTATLOCKOT AFTER 
TAKEN AUTO CLOSE 
TO OR 
CLOSE T j LCOTCLOSE 

OVERCURRENT 
RELAYS 7 CONTACTS 

OPEN 
CELL CELL rUM SWITCH CLOSED SWITCH PALLET CONTAC 
CONTACT ON CONTACT SWITCH CLOSEDC 
CLOSED - P--CONTACT WHEN 

- WHEN -LOW O-WHEN SE-2 -CLOSED -N 
BREAKER DISC. BREAKER 15215 WHEN AUTO 
IN PRESS. IN TEST BREAKER TEST 63 CLOSED 

PALLET 
SWITCH 

-8 ACONTACT G 
,.186 - I186 -OPENc.  

AR A HEN 
BREAKER g 3 1 ~~CLOSED ~ _ _ 

CLOSING AUTO TRIPPING AUTO 
_______RELAY__ START RELAY RESET 18 PSCS NEGZ.EEG 

COIL RELAY COIL COIL COCL CTO 
COIL 63 CLOSE CLOSE 

ACB CLOSE ACB TRIP CV-71 CV-72 

APERT-UR FGUE 
P.10 Jo0 oo00S0O120-

Aiso vailable On "ale x (De 0 -9 
AwarureCard



EPP" NUCLEAR GENERATION SITE UNIT 1 

R V S O A E 4 F 4 SYSTEM DESCRIPTION SD-SO1-210 
. ~~~REVISION 1IAE4 F4 

I - --- - - -- -- -- -

HV-852 A & B AND HV-854 A' B 
ACTUATION SCHEME 

ACCUM. ACCOM.  
HYDRAULIC THRA a N I 
OIL TANK COMPENSATORI 

01 0) 
SUCTION 0 0 

FILTEAR TTER H 

CONTROL ROOM SELECTOR 
SWITCH ON NORTH VERTICAL S - - - - P/H DISCHARGE L 

BOARD PUMF FILTER 

SV-525 is T 
N2 AIR CRI 

PB L 
- - - - S SV-1 

TO HV854A 

SV-527 

1 S - - - - - PITO -1 

TO HV8528 

SV-520 (A) SV-529 

I I. V-52 B)S - - - - - -

SERVICE AIR ST V @100 psig SV-531 

COUPLED 

-2SV-2 TO VALVE: 

NITROGEN BACKUP 

1SV-521 (A)AP R SV-523 (8)CARD 

Aliso Available On 
Aperture Card 

FIGURE 3 
N2 SUPPLY BOTTLES SD-SO1 290-3-0 

L ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ OS -- -0-3-0 ------ -----

~~~~~~~~~~~~~~~------------------------------------- ---------------------------------------------------------------- ------- ---- ---- -- -- -- -- -- -

871110 2~4~



NUCLEAR GENERATION SITE SYSTEM DESCRIPTION SD-SO1-210 
UNIT 1 REVISION 1 

SIMPLIFIED ELEMENTARY HV-852 Q 54 

CONTACT CS CONTAC 83-1SE 1 83-SEQUENCER 
CLOSED CLOSED I SEAL SIGNAL 
WHEN --CLOSE & IN 

HV 851 OPEN AFTER CONTACT 
CLOSE POS.  

NOTE: THIS CONTACT 
FOR HV 854 ONLY 

LS-2 LS-1 
CONTACT CONTACT 
OPEN * LS-4 . OPEN * LS-3 

CS CONTACT CLOSED WHEN WHEN 
IN THE AFTER CLOSE VALVE VALVE 

& AFTER OPEN PO. CLOSED OPEN 

L11 

0 

SV PROVIDES 
MOTIVE FORCE R B 

SOLENOID SOLENOID TO P/H PUMP.  
VALVE 1 VALVE 2 83-1 
(MET &EGIZE (MST ENEAGIZE 
TO C.OSE) TO CLOSE) 

APERTURE 
CARD 

. Also Available On 

FIGURE 4 Aperture Card 

A50639000 SD-SO1-210-4-3



NUCLEAR GENERATION SITE SYSTEM DESCRII 
UNIT 1 1 REVISION 1 PAGE 42 OF 48 

SIMPLIFIED ELEMENTARY FOR MAIN FEEDWATER 'PUMPS 
START STOP OVERCURRENT VALVE RECIRCULATION NORMAL INDICATION RECIRCULATION SAFETY 

INTER
LOCK 

-UNDER VOLTAGE 194 LOCKOUT 

CONTROL CONTROL CONTROLC CONTROL OPE ROMIOOH
SWITCH IOO _ROM S ITC CS IN TRIP ICONTACT 
AT TR PUSH SUSH AT POSITION 152/a 152/b R CLOSED R B W 

BTTO BTO BREAKER TR FW 186 CONTACT IF 
START STOP /TD CLOSED IF HV-853 

HV-853 NOT 
NOT CLOSED SEG. CLOSED 

83-1 
CV-36/37 

151 ~ 50 -ICLOSE 
TM 150ITELC 

T5M INST. CLOSE CLOSEDNAL 
CR- CLOSD DISABL CA OVERCURRENT OVER- IF 83-3 IF SEG.  

A__CURRENT HV-853 CV-875 SQ 
A PHASE CLOSED CLOSED 

.133 
CELL 

162-1 SWITCH 
TIME 
DELAY _ _SEQ. VALVE -3 

CLOSE 875 
11 SEC SEQ CONTROL 

0 ROOM CONTACT CONTACT 
U-J133 TO CONTROL CLOSED CLOSED 

CELL 186 PHASE SWITCH IF IF 
SWITCH B & C 875 875 

L 162-1 OPENS CLOSED 
0 - TIME I83-1 WHEN 

DELAY CV-87S 
152/a OPEN NOT NOT CLOSED cu NOTSE 11 SEC CLOSED 

186 -I ---- ___ 

SV-17/18 SV-17A/18A 
DE-ENER DE-ENER
GIZE TO GIZE TO 

FW/TO CLOSE CLOSE 
TIME RECIRC. RECIRC.  
DELAY VALVE VALVE 
RELAY CV-36 37 CV-36/37 

CLOSING TRIPPING ENERGIZE 
RELAY RELAY 30 SEC 

152/b SOLENOID AIR CIRCUIT BREAKER AIR CIRCUIT BREAKER 162-1 186 83-3 VALVE 

INELNAOSECHANISMI TR P MECHATIME DELAY LOCKING OUT CV-36/37 DELAY 152/a EEGIZE Also Available On 
INTERNAL MECHANISM INTERNAL MECHANISM R LAY RELAY CLOSE DEEE-TO 

ENERGIZES (OVERCURRENT) INTERLOCK D E - RECIRC. A(Oertre Card 11 SEC 8 SEC VA(OE 

_ ___ __ IVALVE 875 

FIGURE 5 
A4 o6L3600 SO-SOI-210-5-1



NUCLEAR GENERATION SITE SYSTEM DESCRITOHO-O-1 
UNIT 1 RVSO 

_ MAIN FEEDWATER PUMP (FWS-Gc-3B) LUBE OIL AND SHAFT SEAL SSE 

rp-1 

m~ 009r ~ 

En- C) -J CL) 

i~~~ x 
2--

:>~~~' II>-- 0 

Cl) 
F-t in> C 

0 
,-4J 

0M IGR 

PPOOOOO 
O-S 12106

Also vailale () 

Apertre~ C)



NUCLEAR GENERATION SITE SYSTEM DESCRIPTION SD-SO1-260 

UNIT 1 REVISION 1 PAGE 26 OF 38 

FEEDWATER CONTROL SYSTEM BLOCK DIAGRAM 
LOOP A STEAM AAR PRESSUM LOOP B LOOP C 

PT- ~ 'STEA FEEDWATER STEAM GEN. STEAM FEEDWATER SEMGM 

STEAM FEEDWATER STEAM GEM. FLOW FLOWLOW 
FLOW FLOW LEVEL FLOW FO FO LV-F 
FT- FT- LT- TRANSMTTER 461 4T- LT- FT- 458UT 

FLOW 460 FLOW 45~6 LVL453 INDICATOR PC- TO STEAM 545424545 
TRANS- TRANS- TRANS- 41aA DUMP CONTROL 
MITTER MITTER ITTER 45 

P-DNIYLC-LC 
CORCIN454C 45 

STEAM LC-LC
FLOW F.M. FLOW S.G. LEVEL 4548 

COMPUTER COMPUTER CONTROLLER 

FM-H 

FM F- C 

460 

F.W. FLOW 
INTEGRATOR 

SET 

PONTY YM_ _ 

456A 458A 

YR r5 Y R F M-ST E A G . F 

RECORDER 456 4578COMARATOR1545887 

A A A AF-A 4 A FC

HI LOW CONTROLLER 456A FLW5IMAC847 

LEVEL ALARLE 
LOOP 'fUBINETURBINE 

LOW 

LR 

INDCAOR 
PC 

TRTR P 

4558 

rROLC FIC 

ITYN 

F5W. FLI S.G. LEVELSE 57 TE 

TAVE <F TSET IITCHIN LEVELT 

MANUAAL FC- FC- MANUAAL VALVE P. AUX F- F-\F- F-TI 
CONTROL. 142 142 CONTROL FIC-TI 144 144A FC AUX 143 ±~~ FIC

4TATION STRIP 

CONTROLO 
I 

(REMOTE SHUTDOWSN 
F P.ALVE) V F.M FC ATI- AUOcv- F. W. FCV- AUTO SIS CV- F.W. FCV AT I 

VALVEALV O.C- SISLO AUO43/ISO VALVE OIESSO 
LOOP 457 

LEORDER 42OP 456 4568E CPAATIOR 4 OPA 5 O 

LOGIC 
CIRCUIT _____ 

(FIG. 3) _________ ______________________________________ 

S.G. WIDE RANGE LEVEL INDICATION CHANNELS ________ ________ 

(COLD CALIBRATION) 
LOO A LOOP B LOOP C 

LT- L - LT-2/3 
LEVEL LTA LAT 
TRANSMITTERS 450 451 M4TRIX 

LC- LC- 
FIRST-OUT 

450C H1C S.G. TAVEA <RT 

FEEDWATER FEEDWE S M G 

MEZZANINE L-LI- L11 TFLOWAC 

INDICATORS 4584518 REACTTUR FOR RIP 

*2* ~NORTH VERTICALLILI 

REMOTE -FLRAO LEVEL 

5INDICATORS 

I45IC 
Aprture Car 

1-005-900FC-



NUCLEAR GENERATION SITE SYSTEM DESCRIPTION SD-SO1-260 
UNIT 1 REVISION 1 PAGE 28 OF 38 

ELEMENTARY DIAGRAM SOLENOID VALVES FOR 
FEEDWATER CONTROL & BYPASS VALVES 

FCV-456 FCV-457 FCV-458 
WEST EAST CENTER 

AUTO LEVEL 
: CLOSE ON P142 IFWP 'A". SETPOINT DIAL 

SIS/SISLOP Pi2ioo- 1oo- 10 
SEWUENCER SIS/AUX WHEN - C 
NO.1 TRIP RESET CLS WHEN 

FWP BKR. AUTO LEVEL 
IS OPEN SETPOINT 

METER 

b - MANUAL-AUTO 
CLOSE 
TON - SELECTOR SWITCH -- 0

TRAIN A ON -TRAIN 8 A A A 
142-456 AFW M M M 

ACTUATION 

LC-4538-X2 TOE 

K456X CLOSE ON 
-K4X -HIGH S.G. 142-456 1 TTX2 NULL 

LEVEL TDC-20 SEC. CLOSE ON METER - 0 MANUAL LEVEL 0 -*- 0 

C) TURBINE TRIP SETPOINT DIAL 
c> 0 (SEE Ff G. 7) v vo 

:K456XK ::AFWX AFWX 

PB-142 PB-144 PB-143 

SV-142 (ENERGIZE TO SV-456 CV-142/456 CV-144/457 CV-143/458 

FEEDWATER SIS / AUX TRIP SIS / AUX TRIP SIS / AUX TRIP 
FEED WATER CONTROL RESET RESETRET 
REGULATING VALVE 
BYPASS VALVE SOLENOID 

SOLENOID 

MANUAL CV 
100-- POSITIONER 100-- 100

R RED LAMP TOE K456X DIAL 
AT SIS/AUX / -/ UIR - e v 
TRIP RESET 142-456 [AUXIIARY CV DEMAND -
PUSHBUTTON (SIS/SISLOP) TRIP) METER 

0- 0- 0

r CV-142 CV-144 CV-143 

AUTO CLOSE LOGIC CIRCUIT 

CARD FIGURE 3 

Pollooo . SO-SO 1-260-3-1 
Also Available O 

rtuireCar~ 0 2'l



NUCLEAR GENERATION SITE 
SYSTEM DESCRIPTION SD-SO1-260 

NUCLAR GNERAION ITEREVISION 1 PAGE 31 OF 38 
UNIT 1 

ELEMENTARY DIAGRAM 
FEEDWATER BLOCK VALVES 

MOV-20, 21 & 22 

TORUE S-2aLS-lb LS-4b 
A 480V BUS SWITC- OPEN & CLOSE & 

INTERM. INTERM.  

B 

C VALVE POSITION 

Z2- CONTACT CLOSED 

CLOSE ON 
- N.. - NORMALLY OEN CONACT 

42a - N.C. - NORMALLY CLOSED CONTACT 
a42 PEN SEQUENCER O LIMIT SITCH ARANGEMENT FOR 

NO. CE 
MOV-20 
NOV-21 
MOV-22 

R G P 

480-120V CONTACT O. NACVE 

STOPSTOP bSik11111111711 
STOP ---------- -LS-1 

a 

42C420C 
a___ ________________________ 

b bb 

b 

42 42LS
OC cc 

Mb 

LS-4 a ZZZ 

b 
LS-5 

LS-6 

OPEN INTERMEDIATE CLOSE 

FIGURE 6 
SO-SO 1-260-6-1



SYSTEM DESCRIPTION SD-S01-260 
NUCLEAR GENERATION SITE REVISION 1 PAGE 33 OF 38 
UNIT 1 

+15 VOC THROWOVER PANEL 

RESET 

+15 V.D.C. 0 -15 V.D.C.  

HAGAN PRIMARY 

POWR NAG PUSHBUTTON 

VOLTMETER VOLTMETER 

TI 
AkPERTURE 

BACK-UP +15 V.D.C. -15 V.D.C. PRIMARY +15 V.D.C. -15 V.D.C.  

ON LINE BACK-UP BACK-UP ON LINE PRIMARY PRIMARY 

oAs vail2 ableTOn



NUCLEAR GENERATION SITE SYSTEM D 
UNIT 1 REVISION 1 PAGE 34 OF 38 

+10 VDC THROWOVER PANEL 

-10 V.D.C. +10 V.D.C.  

o 0 
HAGAN RESET RESET 
POWR MAG PUSHBUTTON PUSHBUTTON 

VOLTMETER VOLTMETER 

APERTURE 
PRIMARY OK TO RESET BACK-UP PRIMARY OK TO RESET BACK-UP ON LINE PRIMARY OPERABLE ON LINE PRIMARY OPERABLE 

FIGURE 9 
p/o'00000 SD-SO 1-260-9-0



2 3 4 6 7 8 9 10 11 12 
TO VENT MOR THRU CY-40 ( R O2 2 

(CVS) PR93 M- )M - 4 ffP Z-2 

ICost 07860 P0an0 Pz 

s-so 2S- -ZI- _ *1C--- Also Available On 

za LzHAnEON Pz P 1608 1 To7)00 !--I! V0-002-M CC-2080-2 -6142-0180I-Il )0) A 

0A VENT~A NO TRRC-4 SS-04HS-SH FO224 02j P 
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PRS 
S R I E 
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IS N 82Z297 PZR 
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NUCLEAR GENERATION SITE 
UNT1SYSTEM DESCRIPTION S0-50-9 

REVISION 1 PAGE 31 OF 62 

REACTOR COOLANT SYSTEM TEMPERATURE INSTRUMENTATION TH TC TH TC TH TC 
T CT 

401 411 421 UNIT 1 TH TC TH Tc TH TC 
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NUCLEAR GENERATION SITE 
UNIT I 

SYSTEM DESCRIPTION SD-SO1-39 0 REVISION 1 PAGE 32 OF 62 

REACTOR COOLANT SYSTEM FLOW INSTRUMENTATION 
UNIT I 

L 

A 

FCREACTOR PROTECTION SYSTEM 

FT F 400400 
400 

TH 

L 

GNEAT 
REACTOR PROTECTION SYSTEM 

FT 4~O 410 .410~~~I*LR 

THo 
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TH 
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--TH FIGUJRE 1B 
0S-80 1- 3 9 0 - 18-0 

FT111002EA-B



NUCLEAR GENERATION SITE 
UNIT 1 

SYSTEM DESCRIPTIO PRESSURIZER PRESSURE, LEVEL TEMPERATURE INSTRUMENTAT 
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430A CONTROL 
SYSTEM FIGURE l 

SD-SOl-390-C0



NUCLEAR GENERATION SITE 
UNIT 1 

, UNIT 1SYSTEM DESCRIPTION S0-501-390 REVISION 1 PAGE 34 OF 62 

REACTOR COOLANT SYSTEMEMPERATURE & FLOW INSTRUMENTATION 
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PRESSURIZER PRESSURE INSTRUMENTATION 
P4T PT PT PT ( 3000 /,PT 
430 432 431 3000) 3000 

41 P1 A 
PI SWITCH SWITCH PI 
430 P/432 431 . P/432 432 B/S B/s B/S 

SI SI S ISO 0 ISO ISO IRAIN B TRAIN B TRAIN B 
VARIABLE IIVARIABLE I -- VARIABLE 11735 1735 13 
L.P. TRIP L - L.P.TRIP 7 1 5L.P.TRIP I7 N. 1840 MIN.18b40 MIN. 1840 

B/S (DE-ezej PORV -EIZE B/S (DEGIZE B/S 
2200 

40 BRESURE P-20PORV Pi 
CONTROLLER 30J CV546 B/S 

cEDUR3IEE 

ROO CONTROL(OIZ 

PYSEM H.P AH 

RECRDIE B/S ALARM 2220 
56.25% (DE-DEWGZE) L.P. (DE-eGIZE) 

425.25 425 PT PT OPT 

SPRAY (DE-DEGIZE) 20 8/S 
UNBLOCK 0 EJNLOCK (C 9610 OC 

(exi sA (eiz X24444so4Ae va~ eO 

B/S HEATER DALEIRT 
SI GROUP A SI BLOCK B/TSI 

,B/S TRAIN SPRA4Y TRA I N 8/S Ry TRAINB 

A VALVFIGURE005 

PR 
430 seC R p 5B/S HHATERS430 430139RECORDERGROUP B 

ALL RECORDER RECORDER 
6.25% 

PT PaieT5 PT PT PT DPT 
425 X15 X2 434 434A 434AlovaaieO 

PC PC PC P IDEAD WEIGHT] 
425 4xt25-x)2 TESTER .434 434A 

MARM 
PORV 

AA PORV 

-g 
T LRA I N SS L 9 INPESS 

8 4 scM -42 -BF 

I G U R E 5 RPO006',9500 TRAIN PC 
A I4&5X3 Olki HIG 425-)(4 OMRS HIGH SD-SO1-390-5

:iPRESSURE PRESSURE
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FIGURE 6: PC-430J CONTROLLER OUTPUT 

100% 50 

87.5 45 

75 40 

62.5 35 

56.25 32.5 

50 30 

37.5 25 

25 20 

12.5 15 

6.25 12.5 

0% 10 

FIGURE 6 
SD-SO1-390-6-0 

R001j0 0 0 0 0
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TAVE PROGRAM 
UNIT I 

TEMPERATURE oF 

580 

575 

575 
5 (597.3) 

570 

565 

560 

555 

550 551.5 
AT 4 7 
(575. 1) 

545 

540 
539 

535 
535 

530 T COLD 
531 

525 528 

52 (553) 

520 

0 15 50 
100 POWER % 

(DESIGN) TEMPERATURES - SEE SO-SOI-280. REACTOR COOLANT SYSTEM 

/9010 o FIGURE 11 
SD-SO1-390-11-0
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APPENDIX A 

DEVELOPMENTAL RESOURCES 

Study Guides 

3, Reactor Coolant System 

6, Overpressurization Mitigating System 

7, Reactor Coolant System Instrumentation 

11, Primary System Pressure and Level Control and Pressurizer Relief Tank 
12, Reactor Control and Protection System 

Bechtel System Descriptions 

10, Reactor Control and Protection System 

FSAR 

Section 2.5, Reactor Coolant System 

Section 5.2, Reactor Control and Protection System 

Lesson Plans 

1001, Reactor Coolant Instrumentation 

1028, Reactor and Protection System 

1077, Reactor Control (Portion of RCPS) 

1105, Press. and Press. Relief Tank Press. and Level Control 

1158, Reactor Coolant System Instrumentation 

IXC208, Sub-cooling Monitoring System 

Student Handouts 

Reactor Control System 

Pressurizer and Pressurizer Relief Tank and Pressure Control 
Design Chanes 

PFC -8 6-3383.0SE, Pressurizer Instrument Cabinet Heaters (no longer required 

Ain 
service) 

A-1
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APPENDIX B 

ANNUNCIATORS 

REACTOR PLANT NO. 1 ANNUNCIATORS 

WINDOW NAME INPUT . SETPOINT 
(NUMBER) 

I RC Pump Reverse TC-402-X Cold Leg Temp I AT Interlocks Defeated I TC-412-X < 520OF 
(65) I TC-422-X 

1 . f 
Pressurizer Hi Temp. TC-430A-X (Liquid) 680OF (17) TC-430B-X (Vapor) 

Spare 
(57) 

REACTOR PLANT NO. 2 ANNUNCIATORS 

WINDOW NAME INPUT SETPOINT I (NUMBER) 

Reac Cool Hi TA-401A-X 557 0F Tavg Loop A 

(7) 
I Reac Cool Hi TA-411A-X 557 0F I Tavg Loop B 

(8) 

Reac Cool Hi TA-421A-X 557 0F Tavg Loop C 
(9) I 

Shutdown Margin I Control Bank 1 (2) P-5 Permissive Bank 1 (2) I Rod Position and 
Low (11), (12) I Shutdown Margin 

Monitor 

R-1
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REVISION 1 PAGE 46 OF 62 

APPENDIX B 

ANNUNCIATORS 

REACTOR PLANT NO. 2 ANNUNCIATORS (Continued) 

WINDOW NAME INPUT. SETPOINT I 
(NUMBER) I TN 

Reac Cool Lo Tavg TA-401B-X I 5330F ILoop A 
.II 

(27) I 
1I. 1 1 

I Reac Cool Lo Tavg I TA-4118-X I 5330F ILoop B 
1 (28) 1 1 1 

I I1 . 1.  
Reac Cool Lo Tavg TA-421B-X 533oF Loop' CI 

(29) 1 

1 Reac Cool Hi AT TC-400C-X 510F 
1(47) 

LReac Cool Hi AT TC-410C-X '51F Loop.BII 
(48) 

Reac Cool Hi AT TC-420C-X 510F ILoop C TC4C(49) 11 

Reac Cool High Reverse TC-4000-X -50F AT Loop A 
(67) 

Reac Cool High Reverse ITC-4100-X -,50F AT Loop B -50 
1 I (.68) . I 

Reac Cool High Reverse TC-4200-X I 5F AT Loop C
(69) 

B-2
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APPENDIX B 

ANNUNCIATORS 

REACTOR PLANT FIRST OUT ANNUNCIATORS 

WINDOW NAME INPUT SETPOINT (NUMBER) I TN 

Pressurizer Hi Level LC-430A 2 t Reac. Trip LC-431A 50% Pressurizer 
LC-432A Level [1] 

Reac. Cool Reduced Pwr FC-400-Xl 2 out of.3 Lo Flow Reac. Trip FC-410-X1 85% RCS Loop (3) FC-420-XI Flow 
RCP"A"-152b RCP Breaker Open 

.RCP"B"-152b 
IRCP'C"-152b 

Pressurizer High-Level LC-430B-X +4% of Heaters On 4% of 
(6) Programmed Level 

Pressurizer High PC-430D-X 5 Pressure %PC-430J Output 
(7) 

Reac Cool Avg 
5TA-405A-X 5F Tavg Deviation TA-405B-X 

(8) 

IPressurizer Fixed IPC-430K 2 out of 3.  Hi Press Reac. Trip PC-431H 2200 psig (11) I PC-432E 

* Reac. Cool Full PWR FC-400-X2 1oto Lo Flow Reac. Trip FC-410-X2 1 out of 3 
(13) FC-420-X2 Flow 

RCP"A"-152b RCP Breaker Open RCP"B"-152b 
IRCO"C"-152b 

Pressurizer Low-Level LC-430C-X -4% of (16) 
Programmed Level 

Pressurizer Low-Pressure PC-431C-X 2035 psig (17) 2 

L1] Temporary setpoint to compensate for lack of single failure criteria associated with P1-459, Main Steam Header pressure instrument. The lower Pressurizer level trip setpoint prevents the PZR from going solid upon failure of the Steam Flow! Feedwater Flow mismatch trip. Normal setpoint is 70% PZR lev el.
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APPENDIX B 

ANNUNCIATORS 

REACTOR PLANT FIRST OUT ANNUNCIATORS (Continued) 

WINDOW NAME INPUT SETPOINT 
(NUMBER) 

Pressurizer Low-Low-Level LC-430D-X 10% Level 
Heaters Off LC-431B-X 

(26) 

Shutdown Margin BankI Control Bank 1 P-5 Permissive 
Lo-Lo Rod Position and I (27) Shutdown Margin 

Monitor.  

I Shutdown Margin Bank 2 Control Bank 2 P-5 Permissive 
1 Lo-Lo Rod Position and 

(28) Shutdown Margin 
. I Monitor 

OMS High Pressure i PT-425-X3 480 psig 
I(29) 

INPUT 

Pressurizer Variable i PC-430F 20out-ofX3 Lo Press PC-431B Tech. Spec.  Reactor Trip PC-432B 26.15 (0.894 (31) Cn- 14341 

o1840 psig-Minimum 

Pressurizer Transients IPT-425-Xl or X2 500 psig In Progress 
I(35).  

Open PORV PT-425F-X1 and 74-3 i 400 psig Isolation Valves or 
(37) PT-425-X2 and 74-4 

B-4
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APPENDIX B 

ANNUNCIATORS 

REACTOR PLANT FIRST OUT ANNUNCIATORS (Continued) 

WINDOW NAME INPUT SETPOINT I (NUMBER) 1 IPST N 

ARM PORVs I PT-425-X1 or X2 400 psig 
B(38) 

B-5
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APPENOIX B 

ANNUNCIATORS 

REACTOR PLANT MATRIX PARTIAL TRIP ANNUNCIATORS 

Pressurizer Hi Level I LC-430A 50% Pressurizer Reac. Trip I LC-431A Level [1] Channel I, II, III I LC-432A 50% Pressurizer 
(1), (2), (3) Level [1] & 

50% Pressurizer 
Level [1] 

Reac. Cool. Lo Flow FC-400 85% RCS Loop IReac. Trip IFC-410 IFlow Loop A, B, C FC-420 85% RCS Loop (7), (8), (9) 
Flow 
85% RCS Loop 
Flow 

Pressurizer Fixed PC-430K 2200 psig Hi Pressure PC-431H 2200 psig 
Reactor Trip PC-432E 2200 psig 
Channel I, II, III 
(11), (12), (13) 

Pressurizer Lo Pressure PT-430G 1735 psig Safety Injection Train PT-3000A 
A, B Channel I 
(14, 4) 

Pressurizer'Lo Pressure IPT-431E,175pi 
Safety Injection Train PT-3000B 1735 psig 
A, B Channel II 
(15, 5) 

Pressurizer Lo Pressure PC-430F 1735 psig 
Safety Ijection Train PC-431D 1 p 
A, B Channel III PC-432B 
(16, 6) 

Pressurizer Variable Low PC-430F Tech. Specs.  Pressure Reactor Trip PC-4310 e26.5(.894AT + 
Channel I, II, III PC-432B I Tavg) - 14341 
(31), (32), (33) I1840 psig-Minimum 

[1] Temporary setpoint to compensate for lack of single failure criteria associated with PT-459, Main Steam Header pressure instrument. The lower Pressurizer level trip setpoint prevents the PZR from going solid upon failure of the Steam Flow! Feedwater Flow mismatch trip. Normal setpoint is 70%fi PZR level. S
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APPENDIX B 

ANNUNCIATORS 

PERMISSIVE INFORMATION DISPLAY ANNUNCIATORS 

WINDOW NAME INPUT SETPOINT I (NUMBER) 

Single Loop SigeLo Power Range JP-8 Permissive 1 Loss of Flow Instruments iAP-iDA, AP-lOC) I Reactor Trip NIS-1205, 1206 
Defeated 1207 + 1208) 

(2) and Turbine First 
I Stage Pressure 

(PT-415)I 

I S.I. Block Permissive 2 out of 3 > 1900 psig 1 LO Pressure Channel I, Pressurizer Pressure I II, III Transmitters I (13, 14, 15) 

BI 

0 oe ag 

B- nsrmet
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APPENDIX 8 

ANNUNCIATORS 

AUXILIARY FEEDWATER ANNUNCIATOR 
I 

1 WINDOW NAME IINPUT SETPOINT I (NUMBER) I 
I Train A Margin to TYB-2010 

Saturated Condition Below I 
41OF 

(3) I 
Train B Margin to TYB-3010 
Saturated Condition Below 40OF 
41OF 

(8) 1 
1 Subcooling Monitoring TS-2001, 2002, Loss of Input 

System Temp Signal Loss 1 2003, & 2004 
Train A 

I (13) 

Subcooling Monitoring TS-2001, 2002, Loss of Input System Temp Signal Loss 2003, & 2004I I Train B 
I (18) 

0INPUT 

033TWB- 301
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APPENDIX C 

INSTRUMENTATION 

REACTOR COOLANT SYSTEM INSTRUMENTATION 

1 INSTRUMENT INSTRUMENT OUTPUT I INAME I FUNCTION I (RANGE) 

I TE-402A HOT LEG A (in) Remote TI-54028 I IShutdown Panel I(10-700OF) 

TE-3402A HOT LEG A (Tb) Sub-cooling TI-3402A I I IMonitoring I(100-7000F) I I I System A 

TE-401A HOT LEG A (Th) Taverage I TQ-401A 
ICalculation (100-7000F) 

TE-2401A IHOT LEG A (Th) ISub-cooling ITI-2401A 

Monitoring F(100700F) 

TE-400AHOT LEG A (Th) T TT-400 
Calculation P (100700F) 

OFT-400 Loop A Flow Reactor FI-4002 MonProtection I (0-00 ) 
System 

I| 1 

HOTLG-4Th0Tvrae 8Q-01I 

TEc Intermediate acSpare (100-6000F) I HOT Leg A 

TE-401B Intermediate Spare i (100-6000F) I 
SLeg A 

Calulaio (10-70aF 

LoopA Fow eactr F-40
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APPENDIX C 

INSTRUMENTATION 

REACTOR COOLANT SYSTEM INSTRUMENTATION (Continued) 

INSTRUMENT I INSTRUMENT - r-OUTPUT 
NAME I FUNCTION 1 (RANGE) 

TE-4028 I Intermediate Remote TI-402B Leg A Shutdown Panel 1 (100-7000F) 

I1 1 
TE-400C I Cold Leg A (Tc) I AT TT-400 

Calculation (100-600oF) 

TE-401C Cold Leg A (Tc) I Taverage I TQ-401A 
Calculation (100-600oF) 

TE-402C Cold Leg A (TO) I Indication TR-402 
Only (100-600oF) 

TT-400 AT Computer AT TR-400 .1 ICalculation TI-400 
1(-15 to 600F) 

TM-404A 

TQ-401A Taverage Taverage TR-401 Computer Calculation TM-405A 
1 (525 to 600 0F) 

TM-405A Average -Average I TR-405 I Taverage Taverage 1 (525 to 600 0F) Summing Calculation I See 2.3.1 Computer 

TM-404A AT Summing Average See 2.3.2 
Computer AT Calculation S 2 

C-2
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REVISION 1 PAGE 55 OF 62 

APPENDIX C 

INSTRUMENTATION 

REACTOR COOLANT SYSTEM INSTRUMENTATION 

INSTRUMENT I INSTRUMENT OUTPUT 
NAME FUNCTION (RANGE) 

TE-412A Hot Leg B (Th) 1 Remote TI-5412A I Shutdown Panel (100-7000F) 

TE-2412A Hot Leg B (Th) 1 Sub-cooling TI-2412A 
I Monitoring I (10070AF) .  
I systemA 1 

TE-411A Hot Leg 8 (Th) Taverage TQ-411A 
ICalculation (100-7000F) 

TE-3411A Hot Leg 8 (Th) Sub-cooling TI-3411A 
Monitoring I(11007oF) 
System (0 F 

TE-410A Hot Leg B (Th) AT Calculation TT-410 
(100-7000F) 

FT-410 Loop 8 Flow Reactor FI-410 
Protection (0-100%) 
System 

TE-4108 Intermediate Spare 
Leg 8 (100-6000F) 

TE-4118 I Intermediate Indication TR-402 LegB Only (100-600oF) 

C-3
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REVISION 1 PAGE 56 OF 62 

APPENDIX C 
INSTRUMENTATION 
(CONTINUED) 

REACTOR COOLANT SYSTEM INSTRUMENTATION 

INSTRUMENT INSTRUMENT I OUTPUT NAME FUNCTION I (RANGE) 

TE-4128 Intermediate I Remote TI-412B Leg B I Shutdown Panel (100-7000F) I 

TE-410C Cold Leg B (Tc) Spare (100-6000F) 

TE-411C Cold .Leg B (Tc) Taverage I TQ-411A 
Calculation (100-6000F) I 

TE-412C Cold Leg 8 (Tc) AT Calculation TT-410 I 
(100-600oF) I 

TT-410 AT Computer AT Calculation TR-400, 
TI-410 
(-15 to 600F)j 

--TM-404A 

TQ-411A Taverage Taverage TR-401, Computer Calculation TM-405A 
(525 to 600 0 F)i 

TM-405A Average Average TR-405 Taverage Taverage 1(525 to 6000F)l Summing Calculation I See 2.3.1 Computer 

TM-404A AT Summing Average AT See 2.3.2 Computer Calculation 

C-4
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APPENDIX C 

INSTRUMENTATION 
(CONT-INUED) 

REACTOR COOLANT SYSTEM INSTRUMENTATION 

I I 
1 INSTRUMENT INTUETINSTRUMENT IJ OUTPUT II NAME I FUNCTION I (RANGE) 

I 1TE-422A HtLgC(h eoeT-42 

I TE-2422A Hot Leg C (Th) Sub-cooling TI-2422A 

IMonitoring I(100-700oF) 
System A 

I TE-421A Hot Leg C (Th) I I TQ-421A 
ICalcul ation I(100-7000 F) 

1 TE-3421A Hot Leg C (Th) Sub-cooling TI-3421A 
I I Monitoring I(100-7000F) I ISystem B8 

*1 I TE-420A Hot Leg C (Th) AT Calculation TT-420 

I . I (100-7000F) 

I FT-420 Loop C Flow Reactor FI-420 
Protctio (0-100%) I I SystemII 

I TE-4208 Intermediate Spare (100-6000F) I I Leg C 

TE-421B Intermediate Spare (100-6000F) 

I NAM 

HtLeg C (h 

C-5
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APPENDIX C 
INSTRUMENTATION 
(CONTINUED) 

REACTOR COOLANT SYSTEM INSTRUMENTATION 

INSTRUMENT j INSTRUMENT OUTPUT 
NAME FUNCTION (RANGE) 

TE-422B Intermediate Remote TI-4228 Leg C Shutdown Panel (100-7000F) 

TE-422C Cold Leg C (Tc) Indication TR-402 
Only (100-6000F) 

TE-421C Cold Leg C (Tc) Taverage TQ-421A 
Calculation (100-6000F) 

TE-420C Cold Leg C (Tc) AT Calculation TT-420 
(100-6000F) 

TT-420 AT Computer AT Calculation I TR-400, 
I TI-420 
I (-15.to 60aF)i 
I TM-404A 1 

*--------- 1 
I TQ-421A Taverage Taverage TR-401, Computer Calculation TM-405A 

1 (525 to 6000 F)I 

TM-405A Average i Average i TR-405 Taverage I Taverage 1 (525 to 6000 F) Summing i Calculation I See 2.3.1 I I Computer 

TM-404A AT Summing Average AT See 2.3.2 Computer Calculation 

C-6
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APPENDIX C 

INSTRUMENTATION 
(CONTINUED) 

PRESSURIZER PRESSURE INSTRUMENTATION 

INSTRUMENT INSTRUMENT I OUTPUT 
NAME FUNCTION (RANGE) 

PT-430 Pressurizer Reactor Pro- PI-430 
Pressure tection System, (1600-2400 I 

Control through psig) 
P/432, and PR-430 I 
Sequencer (1600-2400 I 
System A I psig) I 

IIPI-400B I 
I (1600-2400 I 

. 11Ip sig) 

PT-431 Pressurizer Reactor Pro- PI-430 
Pressure tection System, I (1600-2400 I Control through psig) 

P/432, and PR-430 
Sequencer (1600-2400 I 
System A psig) 

PI-4108 
(1600-2400 I 
psig) 

PT-432 Pressurizer Reactor Pro- I PI-430 Pressure tection System, I (1600-2400 
Control through I psig) 
P/432, and I PI-430 
Sequencer (1600-2400 

ISystem A psig) 
I PI-420B 
St(1600-2400 

psig) 

PT-425 Wide Range I MOV-813 & 814 I PR-425 Pressurizer Interlock, and (0-600 psig) Pressure ISub-cooling (0-3000 psig) 
Monitoring 

-_System A 

PT-425-X1 Pressurizer Used to Sub-cooling Pressure Generate I Monitoring j 
Saturation System B 

L ITemperature 

C-7
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REVISION 1 PAGE 60 OF 62 

APPENDIX C 
INSTRUMENTATION 

(CONTINUED) 

PRESSURIZER PRESSURE INSTRUMENTATION 

INSTRUMENT INSTRUMENT 
NAME FUNCTION (RANGE) 

PT-425-X2 Pressurizer Used to Sub-cooling Geerte1Monitoring Pressure iGenerateISucoin 
Saturation i SystemA 
Temperature St A 

PT-434 Pressurizer Dedicated I PI-434 P Pressure. Shutdown Panel I (0-2500 psig) 

PT-434A Pressurizer North Vertical I PI-434A Pressure Board 1(0-2500 psig) 

I1 1 

SPT-300 , Pressurizer Safety Injec- Sequencer A, , & c Pressure tion Actuation System 8 

IDPT-434 p 
Pressurizer Compare Deadweight C-8 PressureT 

IIndications Tse 

C-8
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APPENDIX C 

INSTRUMENTATION 
(CONTINUED) 

PRESSURIZER LEVEL INSTRUMENTATION 

INSTRUMENT INSTRUMENT OUTPUT I INAME I FUNCTION I (RANGE) 

1LT-430 * 
I -I Pressurizer IReactor Pro- LI-420 IILevel Itection System; I(0-100%) 

Coto anIR-3 
IChemical and (0-100%) I Volume Control I(4.7-37.2 ft)I 
System through 

I T-2432 

ILT-431 IPressurizer IReactor Pro- ILI-431 I ILevel Itection System, I(0-100%) I I Iand Control ILR-430 I I Ithrough L/432 I(0-100%) 
I (4.7-37.2 ft)j 

ILT-432 IPressurizer IReactor Pro- LI-432 IILevel Itection System; I(0-100%) I IControl, and LR-430 
IChemical and I(0-100%) 
IVolume Control I(4.7-37.2 ft)l I I System through 
fL/432 

LT-430A Pressurizer Auxiliary LI-430A ILevel IControl Panel (0-100%) 

1 (4.7-37.2 ft)L 

SI 
PLT-435 ressurizer North Vertical LI-435 I Level teBoard (Cold (0-100%) 

VoCalibrated (4.7-37.2 ft)f 
Press e Rfor Cooldown I 

Indication) i L 

C-9
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APPENDIX C 

INSTRUMENTATION 
(CONTINUED) 

PRESSURIZER TEMPERATURE INSTRUMENTATION 

INSTRUMENT I INSTRUMENT OUTPUT 
NAME FUNCTION (RANGE) 

TE-430A Pressurizer 1 Indication and TI-430A Vapor I Annunciators (0-7000 F) I Temperature j TR-430 I 
1 1 1 (o-7000 F) 1 

TE-4308 Pressurizer Indication and TI-430B Liquid Annunciators (0-700 0F) I Temperature TR-430 I 
(0-7000F) 1 

Il.  

0335W C-10
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RESSU NTTION 
LT 

LT 430 LT L 432 431 

L/432 3L31 
43243 

ISO 
------------- ---7 ISO 

HIGH 
HIGH 

BEVEL\ LEVEL ~ ,-HIGH 'HIE ALL-AITERS LEL ---- HE--! ARS TRIP BSTI 
/ 

HIGH AVE TAVE E ON LEV L LE L 
B/S LEVEL 50% LETDO / RIm/ 

5 % ID T O RE -ERG I Z I S O L T I O N 5 0 % 

50% LC E 10% (EE-EG 

SAE1112 430F 
B/S SPARE 

SPARE 
SPARE B/S 

LOW LEVEL 
ALL HEATERS B/S ALARM 
OF. F- OFF-4% OF o 

LETDOWN /S PROGRAM LEVEL 
ISOLATIONJ ME-ERI) 
(DE-ENERGIZE) 10% 

LT- K oLT 
RECORDER ~30A 4540As v~beG 

RECORDERRECORDER erture 
RECORDER 

REMOTE 
I 80oF 

SHUTDOWN 
CAL E 7 PANE 435 FOR S/U 

SD-So1-39o-'-o
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~StlB- OEINR~lAONITDItN SYSTEM 
(E;) TRA4INWAF (B) 

TS 2001 (3001) * TI'1L UNIT 1 0Eoo 
TC1 
Dc, .MARGIN TO 

SATURATION 

TS 2002 (3002) 0 
NCCE --T-I--2010 -50 TO +150a F INCORE c : SELECT 

THERMO T 3010 
COUPLE: --- AUCTIONEEREI5 HTI 
ONE PER (3421A) 
GUAORANT TS 2001 (3063)1 

TC3 100 TO 700 F 

S- 2004-1300U 11oo00 
TC4 -'3009) 

SAT -H APPROACHING 
LP A S ATURATION 

TI-2412A 3AUCTIONEERED L 
(3 4tf1AT L A"HG SATURAT WI 9 

HOT LOOP B 22X LEG TTT -27 

TEMP. TP422A 
(3421A)' 

RTD .LOPC07O 0 100 TO 700aF 

PT L OW i FUINCT ION 
425 SEEC /ENERATOR 

PZR PRESSURE TRAIN A 

PT TRAIN 8 P RT R 

PRESSURE 45C R 
X1 FIGUL) E 8 

,1etiR9o SD-SO17-390-8-2 

Als Avial Oo 

Apetue-.r 

PRESSURE 125002774 ' CAR
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