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B.9.1 Isolation Condenser Makeup System Description 
B.9.1.1 Purpose

The purpose of the isolation condenser makeup (ICMUP) system is to provide makeup water to the shell side of the IC to compensate for water boiled off dur­
ing IC system operation. Providing an adequate shell side inventory assures a sufficient heat sink for decay heat removal when the reactor is isolated from the main condenser.
B.9.1.2 Description and Configuration

Figure B.9-1 shows a simplified piping schematic of the IC makeup system. 
Makeup water originates from the main header of the fire water system by passing 
through valves FIRE-47, FIRE48, FIRE-49, and FIRE-50. An alternative source for makeup water from the condensate system is normally valved off via manual valve MW-60.

Water level on the shell side is controlled via regulation of AC powered 
MOV IC-10. This valve will fully open on low IC water level, and fully close on 
high IC water level. Remote manual operation from the control room is also 
possible, as well as local manual operation using a handwheel on the valve.
B.9.1.3 System Interfaces

System interfaces for the ICMUP system are shown in Table B.9-1.
B.9.1.4 Instrumentation and Control

The operation of ICMUP system is dependent on three level switches. Makeup 
water is automatically supplied upon receipt of a signal indicating low shell 
side level (69") from level a single switch (1347C). Closure of the makeup valve is dependent on receipt of a signal from either one of two level switches, 
indicating either high shell side level (80") or high-high shell side level (91") from level switches 1347A and B (see Figure B.9-2). Manual control is 
also possible via switch #301 on the control board. Table B.9-2 shows the various instruments and setpoints used.
B.9.1.5 Testing

There are four major tests of the ICMUP system.
SP 608.22 Isolation Condenser Makeup Check Valve Readiness Test

This test checks the flow path through the makeup system check valve 
by manually increasing shell side water level and recording the change in level while the makeup valve is open. This test is per­
formed during refueling outages.
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SP 623.18 Emergency Systems Valve Position Check
This checks the valve position of MOV IC-10 weekly.

SP 627.1 Isolation Condenser Shell Side Water Level and Temperature Check
This checks the shell side level to determine if the level is within 
an appropriate range. (This check is required daily by plant Tech­
nical Specifications.)

OP 307-1 Isolation Condenser Valve Checklist
This weekly check is performed on all valves in the makeup supply 
line from the main header of the fire water system to the isolation 
condenser (i.e., valves FIRE-47, 48, 49, 50, ic-10, 11, and 12).

B.9.1.6 Maintenance
There is no routinely scheduled maintenance for this system. Maintenance is 

performed on an as-needed basis.
B.9.1.7 Technical Specifications

A. The limiting conditions for operation affecting the ICMUP system.
1) When reactor pressure is greater than 90 psig and irradiated fuel is in the reactor vessel, the isolation condenser must be operable 

(except as specified in part 2, below) and the shell side water 
level must be at least 66 inches.

2) If the isolation condenser is inoperable, reactor operation is res­
tricted to 40 percent of full power.

B. Surveillance of the isolation condenser system
1) Isolation condenser system testing:

a. The shell side water level and temperature shall be checked 
daily.

b. Simulated automatic actuation and functional system testing 
shall be performed during each refueling outage or whenever 
major repairs are completed on the system.

B.9.1.8 Operation
Under normal operation shell side water level is automatically maintained 

between 69" and 80" by a series of level switches which open and close MOV IC-10 
in the Makeup line.
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Manual operation of the ICMUP system is accomplished via manipulation of 
the open/close switch #301 on control room pannel 903. Visual indication of 
shell side level is provided on a strip chart indicator.

Alarms are provided for low level, high level, and high high level using 
the same level sensors used for opening and closing MOV IC-10.
B.9.2 Analysis
B.9.2.1 Success/Failure Criteria

Successful operation of the ICMUP system requires the ability to deliver makeup water from the fire water system to the shell side of the IC within 40 
minutes of actuation of the IC. Following this, intermittent operation is required as necessary until the reactor is depressurized or until an alternate 
decay heat removal system is utilized.

System failure occurs whenever the ICMUP system is unable to provide suffi­cient makeup water to compensate for boil off on the shell side of the IC. This 
can occur either 35 to 40 minutes following initial actuation of the IC, or dur­ing subsequent operation.
B.9.2.2 Assumptions

In this analysis the following assumptions are made:
1) The condensate system is not assumed as a possible source of makeup 

water as it is manually valved off due to environmental concerns over low level radiation release.
3) System overfill via the ICMUP system is not viewed as a failure, as the

design of the IC takes into account the hydrostatic loading with the 
shell side filled.

2) No flow division is assumed via the grab sample line as its diameter is significantly smaller than the piping in the makeup line.
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Table B.9-1
Isolation Condenser Makeup System Interfaces Failure Modes and Effects

dd
KD
I
Ln

Front Line System Support System Failure Mode Failure Effect
System Div. Comp. System Div. Comp.

MOVIC Makeup IC-10 AC Power G/T Bus E-1 Zero or low voltage Valve falls as Is

Supply IC Makeup Header Fire Pro­tect Sys. MainHeader Loss of pressure Inability to supply makeup water to IC



Table B.9-2 
IC Makeup Instrumentation

Instrument Function Setpoint
LS 1347 A High High Level Alarm 91"

and MOV IC-10 Close
LS 1347 B High Level Alarm and 80"MOV IC-10 Close
LS 1347 C Low Level Alarm and 69"

MOV IC-10 Open
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FAULT TREE AND FAULT SUMMARY SHEETS

B.9-9



FAULT SUMMARY SHEETS
EVENT DESCRIPTION DETECTION INTERVAL COMMENTS UNAVAILABILITY

ICM-12-XV-FR0
FIRE-47-XV-FRO
FIRE-49-XV-FRO
FIRE-50-XV-FRO

Normally open manual 
valve fails to 
remain open

12000 hrs 
(Flow checked 
after each re­
fueling outage)

Flow checked via 
procedure SP 608.22

3E-4

ICM-12-XV-TMC 
FIRE-47-XV-TMC 
FIRE-49-XV-TMC 
FIRE-50-XV-TMC

Normally open manual 
valve closed for 
.test or maintenance

Weekly Checklist OPS 307-1 
completed weekly. 
Valves would only 
be closed to repair 
leakage or to 
service IC shell 
region

3.3E-6

ICM-Il-CKV-FTO
FIRE-48-CKV-FT0

Normally closed 
check valve fails 
to open

12000 hrs 
(during each 
refueling outage)

Operability checked 
via procedure 
SP 608.22

1.7E-3

ICM-ll-CKV-TMC
FIRE-48-CKV-TMC

Normally operable 
check valve is 
unable to open 
due to test or 
maintenance

Valve position 
checked weekly

Checklist OPS 307-1 
completed weekly

3.3E-6

ICM-IO-MOV-OPC During the course 
of an accident 
operator closes 
makeup valve while 
makeup flow is 
required

Operator error.
MOV will automati­
cally reopen if low 
level signal 
persists

3E-3

MILLSTONE 1
SYSTEM ICMUP
SHEET #1



FAULT SUMMARY SHEETS
EVENT DESCRIPTION DETECTION INTERVAL COMMENTS UNAVAILABILITY

ICM-IO-MOV-FTO Motor operated valve 
fails to open on 
demand

12000 hrs 
(detection is 
during refueling 
outages)

Procedure SP 608.22 
checks operability 
of valve

1.7E-2

ICM-IO-MOV-TMC Motor operated valve 
out of service for 
test or maintenance

Valve position 
checked weekly

Checklist OPS 307-1 
completed weekly

3.3E-5

AC-E1-2C-FTC AC Breaker fails to 
close

12000 hrs 
(detection is 
during refueling 
outage)

Event yields loss 
of control and 
motive power to 
MOV IC-10. Tested 
as per SP 608.22

1.7E-2

903I305-301-3RO Contacts 3 & 3R of 
switch 301 fail to 
remain open

12000 hrs 
(detection is 
during refuel­
ing outage)

Event causes MOV 
IC-10 to fail 
closed. Tested 
as per SP 608.22

1.8E-4

LCL13051347C-XFC Low level switch 
fails to close on 
low level condition 
in the isolation 
condenser

12000 hrs 
(detection is 
during refuel­
ing outage)

Event prevents MOV 
IC-10 from opening. 
Tested during the 
performance of 
SP 608.22

2.3E-3

CO

>xi
I

MILLSTONE 1
SYSTEM ICMUP
SHEET //2



FAULT SUMMARY SHEETS
EVENT DESCRIPTION DETECTION INTERVAL COMMENTS UNAVAILABILITY

LCL13051237A-XR0
LCL13051237B-XRO

LCL13051347A-OMC
LCL13051347B-OMC
LCL13051347C-OMC

Cdfl
I
NJ LCL13051347A-T0M

LCL13051347B-TOM
LCL13051347C-TOM

High level switch 
fails to remain open 
with an acceptable 
water level in the 
isolation condenser

Level sensor switch 
miscalibrated to the 
extent system func­
tion is defeated

Level sensor switch 
out of service for 
test or maintenance

12000 hrs 
(detection is 
during refuel­
ing outage)

12000 hrs 
(detection during 
refueling outage)

12000 hrs 
(detection during 
refueling outage)

Event causes MOV 
IC-10 to close 
prematurely, de­
tected during the 
performance of 
SP 608.22

Event yields in­
ability to control 
MOV IC-10 auto­
matically, event 
detected during 
the performance 
of SP 608.22

Event yields in­
ability to control 
MOV IC-10 auto­
matically, event 
detected during 
the performance 
of SP 608.22

1.8E-4

lE-3

lE-2

MILLSTONE 1
SYSTEM ICMUP
SHEET #3



ICM FAULT TREE PAGE INDEX 

GATE NAME DEFINED ON PAGE TRANSFERS TO PAGE(S)
G-ICM-1 ICM-1
G-ICM-6 ICM-2 ICM-1
G-ICM-8 ICM-3 ICM-2
G-ICM-10 ICM-4 ICM-2
G-ICM-13 ICM-5 ICM-1
G-ICM-17 ICM-6 ICM-5
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IG-t(!M-2 I

HFTH»WICTl rBlLURC OUT or sDivicr tor 
Tf:ST or HRIMT.

I.e. hflKeUP 5YSTEH 
rRlLS to OPCRRTe

»G“ICR-1 I

NO rtOM THROUGH 
Vfk.vr IMC-IO

L.O. AANUAL VALVE NO flon through
i-ic-12 FAILS Closed valve 1-IC-II

fGMCtm

CHECK valve l-IC-ll 
EAtLS CLOSED

IG-tCH-5 I

MOV l-tC-10 fails 
closed

NO TlON RT JUNCTION 
or RRKCUP RNO riRC 
NRTCR srsTcns

OUT OF SERVICE FQR 
TEST OR HAINT.

AECHHNICfl. failure
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G-ICH-6

!Ch-10-H0V-0PC G-lCH-10

NO CONTROL SIGNflL TO OPEN 1-lC-lO

NOV I-IC-IO rfllLS CLOSED

OPERATOR ERROR CLOSES MOV 1-IC-10 
DURING TRMNSIENT

MECHMNICML MNO LOCflL 
CIRCUIT ERIl URES

OUT OF SERVICE FOR 
TEST OR MRINT. LOSS OF AC POWER TO MCC-El
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SPURIOUSLY

G-ICM-8 I

7X
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G-ICM-7

NO CONTROL SIGNflL TO 
OPEN 1-IC-lO

I  G-ICH-8 I

I flC-El-2C-rRCl

a
IG-lCH-9 I

uu• m i L U R E  OF BREflKER LEVEL SWITCH 1347C LOSS OF 120V AC ONVO AT MCC-El, CUB NO. FAILS TO CLOSE ON CONTROL POWER1 2C LOW I.e. WATER LEVEL CIRCUIT
Oi

I flC-El-2C-LCC-L0r 1

OUT OF SERVICE FOR TEST OR MAINT.
INCORRECTCALIBRATION

L.S. 1347C FAILS

1 LCL130S1347C-T0M 1

o
1 LCL13O51347C-0MC 1

'  ' O '
1 LCL13051347C-XFC 1

H0 s:1U)



CO
•
VO
I

IG‘Ich-il f

A
MOV J-IC-IO CLOSES 

SPURIOUSLY

G-ICM-6 G-TCM-10 I

I903130S-301-3RO I

LCVa SWITCH 1347A 
FRILS CLOSED - 

CQNinCTS R2 AND ni

COMTACTS 3 and 3T 
MANUAL SWITCH 403/ 
1305-301 EAIL CLOSED

LEVEL SWITCH 1347B 
FAILS CLOSED - 

CONTACTS A2 AM) A1

ie-ioi-12 I

£
OUT or SERVICE FQR 
TEST OR MAINT.

INCORWTT
cnLiBRniioN

L.S. SMITCH 1347A 
miLS

OUT OF SERVICE FOR 
TEST OR MAINT.

INCORRECT
CALIBRATION

L.S. SWITCH 1347B 
FAILS

ILCL1305I347A-T0MI 1 LCLl3O513<7fl-0MC 1 

■ ' 6

ILCL1305134'm-XR0 1

o
ILCL130S1347B-T0M 1 ILCL13051347B-0MC 1 IlCL 1305134^6-Xto 1

O

n3:
\



Cd
•VO
I—a
00

G-lCM-13G-lCM-4
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UNAVAILABLE
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MECHANICAL FAILUREOUT OF SERVICE FOR 
TEST OR MAINT.

I F I R E - ^ ^ - F R O  I IFIRE-47-XV^TMC
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B.10.1 Vapor Suppression System Description 
B.IO.1.1 Purpose

The purpose of the vapor suppression system is to provide overpressuriza- tion protection for the primary containment following a loss-of-coolant- 
accident. This system performs this function by providing a heat sink for the released steam. [Additionally the vapor suppression system supplies a heat 
sink for the automatic pressure relief system.]
B.IO.1.2 Description and Configuration

The term "vapor suppression system", as applied in this report, means a 
conglomerate of the drywell, pressure suppression chamber (i.e., torus or wetwell), vent pipes, ring manifold, downcomer pipes and vacuum breaker 
valves. A schematic of the vapor suppression system is shown in Figure B.10-1.

The drywell is a steel pressure vessel with a spherical lower portion and 
cylindrical upper head. Access to the drywell may be made through the drywell 
head, a double door personnel air lock and a bolted equipment hatch. The dry- 
well is connected to the torus by eight large circular vent pipes. The torus 
is a doughnut shaped steel pressure vessel which encircles the drywell and may be accessed through two manholes with double-gasketed covers.

The ring manifold, mounted approximately coaxially within the torus, and 
the downcomer pipes are designed to direct steam and water from the drywell, 
uniformly under the surface of the water in the torus. The vacuum breaker valves permit flow from the airspace in the suppression pool to the drywell to 
equalize pressure or to prevent collapse of the drywell walls due to a pressure differential.
B.IO.1.3 System Interfaces

The vapor suppression system performs its function independently of all other plant systems. There are no components in the system that require cool­
ing or AC or DC power.
B.IO.1.4 Instrumentation and Control

The vapor suppression system is a pressure system which requires no instrumentation or control to operate. Instrumentation is provided to assure 
that the vapor suppression system is maintained in a condition which will 
allow it to perform its heat removal and pressure reduction function when 
required to do so. Table B.10-1 lists this instrumentation.
B.IO.1.5 Testing

Testing of the vapor suppression system is performed to assure that it 
can perform its function. An integrated leak test of the system is performed 
along with numerous leak tests which are performed on components necessary to ensure vapor suppression system integrity. The following specific tests are 
also important:
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SP 623.4 Suppression Chamber Water Level Check
The suppression chamber water level is checked daily to ascertain 
whether adequate water is in the suppression pool for post accident needs.

SP 623.5 Suppression Chamber Water Temperature Check
The suppression chamber water temperature is checked daily to ascer­
tain whether suppression pool temperature exceeds specified limits.

B.IO.1.6 Maintenance
There is no routinely scheduled maintenance for this system. Maintenanceis performed on an as-needed basis.

B.IO.1.7 Technical Specifications
During normal plant operation the following conditions must be maintained:
1. The water volume in the suppression chamber must be between 94,000

and 92,000 cubic feet (corresponding to a downcomer submergence of 4.9 and 4.7 ft., respectively). If both of the water level measuring
systems are operable for six hours the reactor must be shut down
within 24 hours.

2. The suppression pool water temperature, except during tests, must be90° F or less. (During tests the maximum temperature is 10^ Fhigher). The reactor is scrammed if water temperature in the torus 
reaches 110°F.

3. Under normal conditions the drywell torus differential pressure mustbe at least 1 psig. If the differential pressure monitoring system
is inoperable for six hours the plant must be shut down within 24 
hours.

The technical specifications require that the above conditions be checked 
at least one per shift. Additionally, the suppression pool to reactor build­
ing instrumentation and set points must be checked every three months.

An integrated leak rate test must be performed at least three times every 
ten years with component leak rate tests performed on a more frequent basis.
B.IO.1.8 Operation

In the event of a LOCA, steam is conducted from the drywell through the vent lines and into the ring header in the torus. From there, it is conducted 
through the downcomer pipes under the surface of the water in the torus. The 
steam is then condensed, limiting the pressure transient in the primary con­
tainment.
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[In a similar fashion, steam released during safety/relief value oper­
ation passes through each valve and its associated discharge line to a point 
below the water level in the torus where it is condensed.]

During normal operation, the drywell atmosphere is inerted with nitrogen 
to prevent fuel-water interaction in the event of a loss-of-coolant accident.
B.IO.2 Analysis
B.IO.2.1 Success/Failure Criterion

Successful functioning of the vapor suppression system requires condensa­tion of an adequate amount of steam generated by a LOCA to prevent primary 
containment overpressurization.
B.10.2.2 Assumptions

The vapor suppression system used in Millstone Point is essentially the same as that used in Peach Bottom, which was analyzed in WASH-1400. Thus, the 
assumptions used as the basis for determining the unavailability of the vapor suppression system at Peach Bottom were reviewed to determine their applic­
ability for the Millstone analysis. On the basis of the similar design and applicable assumptions used in the WASH-1400 analysis, the availability for 
the vapor suppression system at Millstone was judged to be similar to that at 
Peach Bottom.

The median unavailabilities developed in the WASH-1400 analysis were used in this Millstone analysis. They are:
Probability of the vapor suppression system not functioning following a 

small L X A  = 1.6 x 10"3
Probability of the vapor suppression system not functioning following a 

large LOCA = 4.6 x 10“5.
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Table B.10-1 
Vapor Suppression Instrumentation

Instrument
Suppression Pool Water Level
Pressure Meter
Suppression Pool Water 

Temperature Recorder

Range 
-10" to +10" 
-5 to +5 psig

Normal 
4" - 5" 

atmospheric

<90°F
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B.n.l station Air System Description 
B.n.1.1 Purpose

The station air system provides clean dry air for pneumatic controls. The 
air system also provides utility air for pneumatic tools, filter system, tanks, and emergency breathing air. This analysis only considers the air supply to the main steam safety-relief valves and feedwater regulator valves.
B.n. 1.2 Description and Configuration

The station air system includes both the instrument air and service systems 
(see Figure B.11-1 for the flow configuration of these plant air systems). The 
instrument air system consists of one teflon ring non-lubricated air compressor with intake filter and aftercooler, one receiver, one filter-dryer and associ­
ated piping. The function of the system is to supply instrument and control air for the entire station on a continuous basis and to provide a backup for the 
service and sparging air systems. The service and instrument air systems are interconnected at their respective receiver outlets.

The service air system consists of one teflon ring nonlubricated compressor with intake filter and aftercooler, one receiver and associated piping. The 
function of the system is to supply service air requirements on an intermittent basis for breathing and backwash operations, and to provide a backup for both 
the instrument air and sparging air systems.

Both the instrument and service air compressor normally operate continu­ously on an automatic load-unload basis. However, either compressor can meet 
total instrument and service air requirements operating alone. There is a back­up instrument air supply to the drywell which provides air to vital equipment in the event that an air system failure were to occur. The backup air supply has 
two banks of cylinders, containing 3 bottles each which supply air to the dry- 
well air supply line, ultimately feeding a header through a reducer which 
maintains pressure at 85 psig.
B.11.1.3 System Interfaces

System interfaces for the instrument air system are shown in Table B.11-1. 
B.11.1.4 Instrumentation and Control

Automatic operation of the plant air system is dependent on several pressure alarm switches. When in the standby mode, the instrument and service 
air compressors start when air pressure in the instrument air header decreases 
to 85 psig. The service air compressor starts when the instrument air receiver 
pressure decreases to 90 psig or when the service air receiver pressure drops to 85 psig. Table B.11-2 shows the various instruments and setpoints used.

Manual control of both the service and instrument air compressors if 
possible via local control switches on each compressor. Figure B.11-2 shows the 
control circuitry used for manual and automatic system operation.
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B . 1 1 . 1 . 5  Te s t i ng

Standard preoperational tests were performed after installation, as 
indicated in OP 333. Since these systems are in continuous use, periodic test­ing is not required.
B.11.1.6 Maintenance

There is no routinely scheduled maintenance for this system; however, the maintenance is performed on an as-needed basis.
B.11.1.7 Technical Specification

There are no specific technical specifications for this system.
B.11.1.8 Operation

Under normal conditions, one compressor is operating in the automatic load-unload mode and one compressor is in the standby mode. When in standby 
mode, the instrument and service air compressors will both start when air 
pressure in the instrument air header decreases to 85 psig. The service air 
compressor will start when the instrument air receiver pressure decreases to 90 
psig or if its receiver pressure drops to 85 psig. The plant air systems can 
also be used as a backup to the radwaste sparging air blowers. Check valves on 
the instrument and service air receiver inlets would close if the compressors 
shutdown or an air leak develops upstream of either receiver. A check valve on 
the instrument air receiver outlet closes in the case of an instrument air receiver leak or if the instrument air receiver drain was left open acci­
dentally, preventing backup air from escaping. If both compressors become 
inoperative and the instrument air receiver outlet check valve closes, the 
service air receiver, which is larger than the instrument air receiver, has 
sufficient capacity to ensure a safe plant shudown. To prevent excessive loss of service air pressure, which may impair the capacity of the service air system 
to back up the instrument air system, a pressure regulator (SA-5) is provided in 
the service air supply line to the plant to prevent service air usage from draw­ing the receiver pressure below 80 psig.

The service air provides backup to the instrument air system. Should instrument air pressure fall below 93 psig, a cross connection with a pressure
regulator (SA-23) is located between the instrument air receiver discharge and
the service air receiver discharge to maintain instrument air pressure.

In addition to the aforementioned protective devices, the following have 
been provided to ensure continuous plant operation:

1) The instrument air backup to service air line has pressure control
valves (IA-34 and IA-35) which maintain service air pressure at 85 psig 
on the service air header.
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2) The service air receiver has a check valve on the outlet side to pre­
vent backup instrument air from escaping in the event of leakage from 
the service air receiver.

In the event that both compressors are inoperative and the instrument air system becomes isolated from the service air system, the instrument air receiver 
has sufficient capacity to provide air (above 70 psig), to all essential equip­ment for at least four minutes after shutdown is initiated. In addition, each 
main steam isolation valve and pressure relief valve is provided with an accumu­
lator which retains its initial air charge at a pressure of 105 psig by means of 
an inlet check valve. Each main steam isolation valve accumulator has 
sufficient capacity to close its respective valve while maintaining a pressure 
over 90 psig on the actuator.

The instrument air dryer consists of two drying towers, each containing: activated alumina as a desiccant, a 6.5 KW heater necessary for reactivating the desiccant, flow, moisture, temperature, and pressure indicators, a relief valve 
and two thermostats (over temp and under temp) with associated alarms. The unit 
also has a timer which controls the automatic operation of each tower.

In normal operation of the dryer, one tower is in service drying the instrument air) while the other tower is being activated. One tower will 
operate to dry air for four hours. After four hours a timer will automatically 
switch over the 4-way solenoid valve to the other tower and commence reactiva­
tion of the now shutdown tower.
B.11.2 Analysis
B.l1.2.1 Success/Failure Criteria

Success of the plant air system requires that air be supplied to the main steam safety relief valves and feedwater regulator valves as needed for valve 
operation.
B.l1.2.2 Assumptions
1) In this analysis, the following assumptions are made: There are many small

lines diverging from the instrument header to the various equipment. It is 
assumed that no leak will develop in these equip- ment connections.

2) The valves on the small drain and trap lines are not included in the 
analysis.

3) A back-up compressor is connected to the station air system but it is not 
included in the analysis.
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Table

Station Air Interfaces Failure Mode and Effects

Primary System Support System Failure Mode Failure Effect
System Dlv. Comp. System Dlv. Comp.

AIR Station Air Compressor TBSCCW PumpHt. Exch Loss of TBSCCW flow Compressor overheats

AIR Station AirCompressormotor A/C D/G Bus 12C Low or zero voltage Motor concurrent failure to start or run (CFSR) possible motor burnout

InstrumentAIR Instr. Air Header pressure switch PS/5-3A
DC Pwr Bus11A2 Low or zero voltage Compressor will not start or run automatically on low system pressure

StationAIR

StationAIR

Air Receiver low pressure switch PS/5-13B
PS/5-13A

DC Pwr BuslOlA Low or zero voltage
Unable to detect the low pressure In either air receiver and both compresssors will not start

Air Instrument Air Compressor TBSCCW Pump Ht. Exch. Loss of TBSCCW flow Compressor overheats

Air Instrument Air Compressor Motor AC D/G Bus 12F Low or zero voltage CFSR, possible motor burnout

OD
I
cn



Table B.11-2 
Station Air System Instrumentation

Instrument 
PS 5-3

IS 5-5 
PS 5-26 
IS 5-6

PS 5-27

PS 5-13A

PS 5-13B

PS 5-18

Function
Instrument station air 
header low pressure alarm; starts compressor (either station or instrument air 
compressor)
Station air compressor trip: 
temperature switch and pressure switch
Instrument Air Compressor trip; temperature switch
pressure switch

Instrument air receiver low pressure switch; starts in­strument air compressor
Station air receiver low pressure switch; starts 
station air compressor
Instrument air low pressure alarm

Setpoi nt 
< 85 psig

trips at 330°F 
trips at 15 psig oil pressure
trips at 330°F

trips at 15 psig oil pressure
starts compressor at <90 psig air re­ceiver pressure
starts compressor at <85 psig air re­
ceiver pressure
85 psig
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STATION AIR SYSTEM 
FAULT TREE AND FAULT SUMMARY SHEETS
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FAULT SUMMARY SHEETS
EVENT DESCRIPTION DETECTION INTERVAL COMMENTS UNAVAILABILITY

00

IA-69-CKV-FR0
IA-124-CKV-FR0
IA-14-CKV-FR0
lA-l-CKV-FRO
SA-19-CKV-FR0
SA-15-CKV-FR0
IA-130-CKV-FRO
SA-l-CKV-FRO
IA-X7A-CKV-FR0
lA-XlOA-CKV-FRO
IA-X13A-CKV-FR0
IA-X3A-CKV-FR0
IA-X7B-CKV-FR0
lA-XlOB-CKV-FRO
IA-X13B-CKV-FR0
IA-X3B-CKV-FR0

Check valve fails 
to remain open

Prompt Continuously running 
system, loss of air 
flow would be noted 
immediately

7.2E-6

IA-69-CKV-TMC
IA-124-CKV-TMC
IA-14-CKV-TMC
lA-l-CKV-TMC
SA-19-CKV-TMC
SA-15-CKV-TMC
SA-l-CKV-TMC
IA-X3B-CKV-TMC
IA-X3A-CKV-TMC
IA-X7A-CKV-TMC
lA-XlOA-CKV-TMC
IA-X13A-CKV-TMC
IA-130-CKV-TMC
IA-X7B-CKV-TMC
lA-XlOB-CKV-TMC
IA-X13B-CKV-TMC

Check valve is out 
of service for 
maintenance

Prompt Continuously running 
system, loss of air 
flow would be 
immediately detected

3.0E-6

MILLSTONE 1
SYSTEM SIA
SHEET //I



FAULT SUMMARY SHEETS
EVENT DESCRIPTION DETECTION INTERVAL COMMENTS UNAVAILABILITY

03

I

P O

IA-66-XV-FR0
IA-36-XV-FRO
IA-47-XV-FRO
IA-35-XV-FRO
IA-32-XV-FR0
IA-31-XV-FR0
IA-29-XV-FRO
IA-28-XV-FRO
IA-22-XV-FR0
IA-21-XV-FR0
lA-15-XV-FRO
IA-X82-XV-FR0
IA-2-XV-FRO
IA-16-XV-FR0
SA-22-XV-FR0
SA-16-XV-FR0
SA-17-XV-FR0
SA-20-XV-FR0
SA-X90-XV-FRO
SA-2-XV-FR0
IA-131-XV-FRO
IA-1286-XV-FR0
IA-127B-XV-FR0
IA-126B-XV-FR0
IA-125B-XV-FRO
IA-X14B-XV-FR0
IA-X8B-XV-FR0
IA-X8A-XV-FR0
lA-XllB-XV-FRO
lA-XllA-XV-FRO
IA-X14A-XV-FR0
IA-125A-XV-FRO

Manual valve fails 
to remain open

Prompt Continuously running 
system, loss of air 
flow is immediately 
noted

6.7E-6

MILLSTONE 1
SYSTEM SIA
SHEET n



FAULT SUMMARY SHEETS
EVENT DESCRIPTION DETECTION INTERVAL COMMENTS UNAVAILABILITY

03

I

CO

IA-126A-XV-FR0
IA-127A-XV-FR0
IA-128A-XV-FR0

IA-66-XV-TMC
IA-36-XV-TMC
IA-47-XV-TMC
IA-35-XV-TMC
IA-32-XV-TMC
IA-31-XV-TMC
IA-29-XV-TMC
IA-28-XV-TMC
IA-22-XV-TMC
IA-21-XV-TMC
IA-15-XV-TMC
IA-X82-XV-TMC
IA-2-XV-TMC
IA-16-XV-TMC
SA-22-XV-TMC
SA-20-XV-TMC
SA-17-XV-TMC
SA-16-XV-TMC
SA-X90-XV-TMC
SA-2-XV-TMC
SA-131-XV-TMC
IA-128B-XV-TMC
IA-127B-XV-TMC
IA-126B-XV-TMC
IA-125B-XV-TMC
IA-X14B-XV-TMC
IA-X8B-XV-TMC
IA-X8A-XV-TMC

Manual valve fails 
to remain open

Manual valve is out 
of service due to 
maintenance

Prompt

Prompt

Cotinuously running 
system, loss of flow 
is immediately noted

Air system is in 
operation contin­
uously

6.7E-6

3.0E-6

MILLSTONE 1
SYSTEM SIA
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FAULT SUMMARY SHEETS
EVENT DESCRIPTION DETECTION INTERVAL COMMENTS UNAVAILABILITY

lA-XllB-XV-TMC
lA-XllA-XV-TMC
IA-X14A-XV-TMC
IA-X8A-XV-TMC

Manual valve is out 
of service due to 
maintenance

Prompt Air system is in 
operation contin­
uously

3.0E-6

IA-126A-XV-TMC
IA-125A-XV-TMC
IA-127A-XV-TMC
IA-128A-XV-TMC

Manual valve is out 
due to test or 
maintenance

Prompt Continuously running 
system, loss of air 
flow is immediately 
detected

3.0E-6

IA-68-M0V-FR0 Motor operated valve 
fails to remain open

Prompt Continuously oper­
ating system

6.7E-5

lA-Xl-PHV-FRO
SA-21-PHV-FR0
IA-X5B-PHV-FRC
IA-33-PHV-FR0

Hydraulic/pneumatic 
valve fails to re­
main open

Prompt Continuously oper­
ating system

7.2E-6

SA-21-PHV-TMC
IA-33-PHV-TMC
IA-X5B-PHV-TMC
lA-Xl-PHV-TMC
IA-68-MOV-TMC

The valve is out of 
service test or 
maintenance

Prompt Continuously oper­
ating system

2.8E-6

SA-5-PHV-FTC Pneumatic/hydraulic 
valve fails to close

Prompt 2.4E-6

03

I

-F»
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FAULT SUMMARY SHEETS
EVENT DESCRIPTION DETECTION INTERVAL COMMENTS UNAVAILABILITY

I
oi

IA-12-SRV-FRC
IA-X2-SRV-FRC
IA-13-SRV-FRC
IA-7-SRV-FRC
SA-14-SRV-FRC
SA-13-SRV-FRC
SA-12-SRV-FRC
IA-X12B-SRV-FRC
IA-X15B-SRV-FRC
IA-X9B-SRV-FRC
IA-X6B-SRV-FRC
IA-X6A-SRV-FRC
SA-7-SRV-FRC
IA-129-SRV-FRC
IA-30B-SRV-FRO
IA-30A-SRV-FRC
IA-X9A-SRV-FRC
IA-X15A-SRV-FRC

Safety relief valve 
fails to remain 
closed

Prompt System pressure 
monitored

7.2E-5

lA-PF-FIL-LOF
SA-PF-FIL-LOF
lA-IF-FIL-LOF
lA-F-FIL-LOF

SA-M53-
IA-M56-
lA-MlA-
IA-M2A-
IA-M3A-
lA-MlB-
IA-M2B-
IA-M3B-

TNK-LOF
TNK-LOF
TNK-LOF
TNK-LOF
TNK-LOF
TNK-LOF
TNK-LOF
TNK-LOF

Filter fails due 
to fouling

Prompt System flow 
monitored

8.7E-3

Air receiver leaks Prompt 3.37E-4

MILLSTONE 1
SYSTEM SIA
SHEET



FAULT SUMMARY SHEETS
EVENT DESCRIPTION DETECTION INTERVAL COMMENTS UNAVAILABILITY

IA-M54-CPR-OSP
SA-M51-CPR-0SP

Operator stops 
compressor acci­
dentally during 
accident

3E-3

IA-M54-CPR-L0F
SA-M51-CPR-L0F

Mechanical faults 
of compressor

Prompt 7.2E-4

IA-M54-CPR-T0M
Sri-M51-CPR-T0M

Compressor is out 
of service tor 
maintenance

Prompt 7.2E-4

AC-F3-2A-FTC
AC-12F-13B-FTC
AC-12C-13A-FTC

Breaker fails to 
close

Prompt 7.2E-5

906CS-392-1FC
906CS-390-1FC
906CS-390-4FC
906CS-393-1FC
906CS-393-4FC

Control switch con­
tact pair fails to 
close

12000 hrs 
(refuel)

The system can run 
for the entire fuel 
cycle without 
manual actions

6.0E-4

906CS-392-FTE
906CS-390-FTE
906CS-393-FTE

Control switch fails 
to activate

12000 hrs 
(refuel)

The system may run 
for the entire fuel 
cycle without the 
need for operator 
action

1.7E-4

C O

I
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FAULT SUMMARY SHEETS
EVENT DESCRIPTION DETECTION INTERVAL COMMENTS UNAVAILABILITY

IA-M54-CPR-OEb
SA-M51-CPR-0FS
IA-68-MOV-OFO

Operator fails to ac­
tivate the control 
switch to start com­
pressor or fails to 
open the M.O. valve

l.OE-2

IA-68-MUV-0PC Operator inadver­
tantly closes valve 
IA-68

3.0E-3

90662-TDDG-XRC Time delay relay con­
tact pairs fail to 
remain closed

Prompt 7.2E-7

90662-TDDQ-FTD Relay coil fails to 
energize

Prompt E-4

LCLPS-5-3A-XFC
LCLTS-5-5-XFC
LCLTS-5-6-XFC
LCLPS-5-26-XFC
LCLPS-5-27-XFC

Sensor switch fails 
to operate

Prompt 9. lE-6

LCLPS-5-13B-OMC
LCLPS-5-13A-0MC
LCLPS-5-27-OMC
LCLTS-5‘5-OMC
LCLTS-5-6-OMC
LCLPS-5-3A-OMC
LCLPS-5-26-OMC

Operator miscalibrates 
the sensor

lE-3

CO
I
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FAULT SUMMARY SHEETS
EVENT DESCRIPTION DETECTION INTERVAL COMMENTS UNAVAILABILITY

LCLPS-5-
LCLPS-5-
LCLPS-5-
LCLTS-5-
LCLTS-5-
LCLPS-5-
LCLPS-5-

3A-T0M
26-TOM
27-TOM
5-TOM
6-TOM 
13A-T0M 
13B-T0M

Sensor is out ror 
test or maintenance

Condition is detected 
at the following test

lE-2

926622-15-2FC 
9321530-322-XFC 
9321530-105-3FC 
9321530-113-3FC 
92683-7FC 
92627X-2FC 
926LNP-3-1FC 

I 926LNP-3A-1FC
00 9321530-106-llFC

9321530-101-5FC 
9321530-102-5FC 
9321530-106-lFC 
9321530-101-3FC 
9321530-102-lFC 
926LNP-2-1FC 
926-LNP-2A-1FC

Relay contact pairs 
fail to close

Prompt 7.2E-6

926622-15-FTE
9321530-105-FTE
9321530-113-FTE
92683-FTE
92627X-FTE

Relay coil fails 
to renergize

Prompt 7.2E-6

MILLSTONE 1
SYSTEM SIA
SHEET #8



FAULT SUMMARY SHEETS
EVENT DESCRIPTION DETECTION INTERVAL COMMENTS UNAVAILABILITY

92662-FTE
9321530-106-FTE
9321530-101-FTE
9321530-102-FTE

Relay coil fails 
to energize

These coils are 
developed as part 
of the LPCI system.

LCLPS-5-13A-XRC 
LCLPS-5-13B-XRC

Pressure switch fails 
to remain closed

Prompt 7.2E-7

92662-2RC
92627X-3RC

Contacts pair fails 
to remain closed

Prompt 2.4E-6

9321530-352A-XRC Manual switch contact 
pair fails to remain 
closed

Prompt 7.2E-7

IA-M57A-HTX-LOF
IA-M57B-HTX-LOF

Air dryer loss of 
function

Heat exchanger data 
from NPRDS

2E-4

IA-M55-HTX-LOF
SA-M52-HTX-LOF
IA-M52-HTX-LOF

After cooler loss of 
function

Heat exchanger data 
from NPRDS

2E-4

DO
I

lO

MILLSTONE 1
SYSTEM SIA
SHEET y/9



SIA FAULT TREE PAGE INDEX
GATE NAME DEFINED ON PAGE TRANSFERS TO PAGE
G-IA-APR SIA-1
G-SIA-6 SIA-2 SIA-1, SIA-15
G-SIA-10 SIA-3 SIA-2
G-SIA-15 SIA-4 SIA-3
G-SIA-17 SIA-5 SIA-2,SIA-4
G-SIA-21 SIA-6 SIA-5
G-SIA-24 SIA-7 SIA-6
G-SIA-30 SIA-8 SIA-5
G-SIA-34 SIA-9 SIA-8
G-SIA-39 SIA-10 SIA-9
G-SIA-40 SIA-11 SIA-9,SIA-10
G-SIA-45 SIA-12 SIA-1
G-SIA-50 SIA-13 SIA-12
G-SIA-53 SIA-14 SIA-13
G-IA-FW-5A-PHV SIA-15
G-IA-FW-5B-PHV SIA-15
G-SIA-61 SIA-16 SIA-14
G-SIA-64 SIA-17 SIA-14
G-SIA-67 SIA-18 SIA-1
G-SIA-70 SIA-19 SIA-11
G-SIA-73 SIA-20 SIA-7
G-SIA-77 SIA-21 SIA-20
G-SIA-81 SIA-22 SIA-21,SIA-28
G-SIA-84 SIA-23 SIA-21
G-SIA-89 SIA-24 SIA-23
G-SIA-92 SIA-25 SIA-24
G-SIA-93 SIA-26 SIA-24
G-SIA-98 SIA-27 SIA-19
G-SIA-101 SIA-28 SIA-27
G-SIA-104 SIA-29 SIA-27
G-SIA-107 SIA-30 SIA-29
G-SIA-110 SIA-31 SIA-29
G-SIA-112 SIA-32 SIA-19
G-SIA-113 SIA-32 SIA-20
G-SIA-114 SIA-33 SIA-22
G-SIA-115 SIA-33 SIA-19
G-SIA-116 SIA-34 SIA-20
G-SIA-117 SIA-34 SIA-25
G-SIA-118 SIA-35 SIA-25
G-SIA-119 SIA-35 SIA-25
G-SIA-120 SIA-36 SIA-26
G-SIA-121 SIA-36 SIA-26
G-SIA-122 SIA-37 SIA-26
G-SIA-123 SIA-37 SIA-28
G-SIA-124 SIA-38 SIA-28
G-SIA-125 SIA-39 SIA-12
G-SIA-128 SIA-40 SIA-39
G-SIA-132 SIA-41 SIA-40
G-SIA-135 SIA-42 SIA-40

B.l1-20
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NO n m  n«M  m m u i, 
vn.vE i - t f t - a s

NEXH. rmuLT tmn. vnuVC l-IA-66

NO niR THRU OCCK 
«».VE l - in -6 9

NO niR ntan n.o. va.VE l-Ift-68

X
NO niR FRCn CMXX 

VALVE OR AIR 
CTLINOCR

I9-Sin-2I

ICCH. mULT OF CHECK 
VALVE l-Ift-89

vn.VE OUT OUE TO 
HHTNT. l-IfV<8

a E M ]

LOSS or FLON THRU 
MOTOR OPERmEO VALVE l-IR-68

CS3^I

NO AIR FROM CMXK 
VALVE l-IH-134

X
NO AIR FROn 
OOHPRESSED AIR 
CTLINDOtS

DEaHQ

1 1
NO AIR FROM MANUAL 
VALVE 1-IA«

ICCH. FAULT OF CHECK 
VALVE l-IA-131

VALVE l-IA-69 OUT 
OUE TO HAINT. 

1-IA-iaV

VALVE OUT DUE TO 
AAINT. l-IA-66

1 If^jjm



NO fliR FRon tmn. 
VRLVE l - IB -3 6

S -S Ift-5

8 -m -T N -5B -»W

tl3
IIvjN)

NO flIR n m  HRNURL w x H . m jL T  o r VRLVE OUT OUE TO
VRLVE 1 - I R - * HRNURL VRLVE 1 -IR -S 6 HRIHT. OR TEST 

T-1H-3B

llt!S->-tii6..l
5

NO RIR n m  VRLVES HECH. nULT o r VRLVE OUT DUE TO FRILURE o r  FILTER
l- IIV -3 2 /3 3 HRNURL VRLVE l-IH -35 HRINT. OR TEST 

l-lfV -35
DUE TOFQULINB

nftfynyiw
HD M R n o n  D .C . 

MLVE l - I f t - 3 3
NO MR n m  im N un. 

VRLVE t - m - 3 3

NO MR n m  m u L
VRLVE l - I R - 2 2

[E^ri

tc c H . n u L T  o r  p . c .  
VRLVE l - m - 3 3

VRLVE o u r  OUE TO 
HRINT. OR TEST 

l- I H -3 3

COH>
ITO



A
NO niR n m  nmun.
VRLVE l-lB-32

6 - S I M r̂ siyici

NO n iR  n m  selec tor  
VRLVE l- lR -3 1

RECH. FRULY OF 
RRNURL VRLVE l- I R - 3 2

l4-«Vii 1

• J
O

1 .... 1 1
1tvj00

RIR DRYERS FAIL RECH. FRULT OF 
SELECT VfLVE l- lH -3 1

VRLVE DOT OUE TO 
RRINY. OR TEST 

l- IR -3 1

X

16-SlMj I fTWrVv-fW I f ift-ai-yv-wc I

AIR onoi n niiLS X
n i R  DRYER B m iL S

X
VfLVE OUT DUE TO 

tn iN T . OR TEST 
l-in-32

I I

NO RIR FRDR SELECTOR 
VRLVE l- IR -3 9

STUCK DPOi RELIEF 
VffcVE 1-IR -30R

RIR DRYER fl LERKS 
R 5-7

NO RIR FRDR SELECTOR 
VRLVE l - I R - 2 9

STUCK OPEN RELIEF 
VRLVE 1-IR -30B

RIR DRYER B LERKS

H-5IIFI5 1A n ? P 3 ^ - « e i l l M 5 ^ - v 0 r | ra^PT-TS 1A r i A - 3 ( ^ - n » i 1 I A4 «» ^ -L i r  1

w
H>
IUJ



ro

NO flIR FROM SELEXTOR VRLVE l-IR-29

B-SlR-13G-SIfl-M
I e - s i i ^ i s  I

_ 5 l _

I B-Sli^l6  I 1R-29-XV-TMC
" V

NO RIR FROM MRNURL VRLVE l-Ifl-22 MECH. FRULTS OF MRNURL VRLVE l-lfl-28 OUT DUE TO TEST OR MfllNT. l-Ifl-28

A 1 Ifl-28-XV-tHC 1o 1 IR-2B-XV-FR0 1

NO RIR FROM MRNURL VRLVE l-IR-29 OUT MECH. FRULTS OF
1 VRLVE l-Ift-28 DUE TO TEST OR MRNURL VRLVE l-Ift-29MRINT.

IR-29-XV-FR0

cn
H>

I
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1 \

NO RIR ntcn RflNun. 
VRLW: 1-IR-J5 AND 
StRVICC RIR m i N

NO RIR n m  tmn. 
VRLVE l-IR-21

tfXH. H U .T S  o r  
t m n .  VRLVE l-IIV-31

I I

NO RIR n m  t m n . NO FUM n m  t m n .
VRLVE l - I R - I S VRLVE l - I R - 1 6

7T

LtfcisdtoPIS '

NO RIR n m  CtfXK HECH. FRULTS OF VRLVE 1 - I R - lS  OUT
VRLVE RNO t m n . t m n .  VRLVC l - I R - 1 5 CUE TO TEST OR

v n v c HRINT.

I I

A
NO RIR n m  t m n .
VRLVE l-Ifl-22

B-5IIV-9
B-SIR-16

IW-riLTER TRILS OUE 
TO rOULINE

OUT OUE TO TEST OR 
tn iN T . l- IR -2 1

tc c H . rnuLTS o r  
t m n .  VRLVE l - I R - 2 2

OUT OUE TO TEST OR 
HRINT. l - I R - 2 2

iift-irisY-Tnc I

cnH
>I
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IN)
(Ti

NO HIR PROn CHECK 
MLVC fN) m U R L  m.VE

NO RIR PROH nmm. 
VRlVE 1-1B-X82

NO n iR  EROI CHECK 
VB.VE 1 - l f t - H

NO RIR n m  R D X IffX VfL/t OUT o n :  TO 
TEST OR HRINT. 

|- IR -< 8 J

HECH. FRULT OT CHECK 
VRLVE 1 - I f t - H

HECH. H U .T  o r  VftVE 
1-IR-XB2

CHECK VRLVE 1 -IR -M  
OUT FOR HRINT.

I iriijiisY-pw

COH>
IOi
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A
MO flw f t om receiver

e-SIfl-23
e-sm-22

le-sm-241

rNbTRlWWT fllR NO 6IR FRon t m a .
RCCCIVER rRlLS

I8-SIH-25 I 16-sm-26 I

STUX OPEN RELIET 
«».VE l - l f l - U

STUCK OPEN r e l ie f  
WtV E  l - I R - 1 3

niR  RECEIVER LEPKS 
1 6 -6

NO n iR  FROn CHECK 
VflLVE l - l B - l

HECH. FflULT OF 
HRNLH. VflLVE » - lf l -2

o u r  FOR TEST OR 
HflWT. l - l f l - 2

o
I I igsiyg:!

flFTER COOLER FAILS l- I f l -1  VflLVE o u r  FOR 
HfllNT.

MECH. fa ult  o f  CHECK 
WLVE 1 - l f l - l

NO HIR FROn 
IN5TRUCNT AIR 

COWRESSOR

AFTER COOLER LEAKS 
MS-5

STUCK OPEN RELEIF 
VftVE 1 -Ifl-F

failure o f  
INSTRUflENT AIR 

COAPRESSQR IS M

INLET f il t e r  fo u lin g

w
H
>
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dd

0 ^ ^

NO r u M  FRon i m n .  
VflLVE l-IfV -16

6-SIft-19

1 1 1
NO rU M FROn W tU L  

VRLVE J-Sft-22 VRLVE our FOR TEST 
OR m iN T . l-IR-16 NECH. FRULT OF 

N M H . VRLVE l- lR - 1 6

r£Si£S

I t-StEŷ  I

NO FLOH FROH RRNURL VRLVE >-SR-a NO RIR rHRU P.C. VRLVE l-SR-21

* ISR-i^^-FRfll

1 ' 1 1
NO flon from check VRLVE l-SR-19

VRLVE our FOR TEST OR HRINr. 1-SH-aO RECH. FRULr OF RRNURL VRLVE 1-SR-X

Xp.c. WLVE our roR TEST OR tniNT. 
J-S ft-21

“

N J NO fl o h  from  P . c . VRLVE o u r  FOR FESr RECH. FRULr OF
0 0 VRLVE l-S R -21 OR RRINr. l-S R -2 2 RRNURL VRLVE l-S R -2 2

rsrt-ja-xv-fw

Ilfr-lerWl

COH>
I

CXI
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MW

SA-VA -VHM JD l*nu ‘KOU 'iNlUU »  
1S31 « U  iPO 3A1M

riL-OUi
S>M-l aA*UA 
*3*d N3d0 )OUS »

5HS3s^

rgfiiFg
9t-«S>t aAlM 

I M U  UOMJ MOld <M

rair-̂if4i5i
06-t 3A*1M VMM JO ITVJ ‘KOU OB-t‘iMiyy mi ino 3a*im---  1

y Ik4î i
sf-ys-t aA*iM )0»3 uoHj yiy ON

06x-yfi-i3A*tM *WNM SSydAfl MMJ NTU ON

9t-y6-t 3A*1M i m «  
JO iTUj *HC»

9 t - y s - f  ‘iN iy y  »  
XS31 MU m o  3A1M

3A'1M
s s y j u  am s a 'im
X O O  u o y j HTM ON

£-SU M3Aiaa3M Miy Hou wy ON

<r»
CM
I

OQ

61-ys-t 
*iNiuu yoj m o  oaim

6(-yS-( SA'UA 
X33I3 JO ITUJ ‘H3»

IX-M5-1 aA*«M 
* W«M M3MJ HJU CM

i

7rK¥fi-ai C£-yiS-9

6 i> y s> i aA'UAxac WHJ KPJ ON



t33
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S-SIfl-37

NO filR FROM CHECK VALVE 1-Sft-I5

MECH. FAULT OF CHECK VALVE l-SA-15NO AIR FROM AIR RECEIVER H5-3 VALVE OUT FOR MAINT l-SA-15

I O-SIA-40
A

I SA-lS-CK’/-tMC I I SA-IS-CW-FTOI

H>
I



tJO
I
to

ID AIR not frm 
coaxR ns-2

......
miLURc or scRvix 
AIR corRcaaoR ns-i

IUCT rtLICR raULlNR

rsft-if-fiL-tir

MLVC OUT rat HMNT. 
l-SH-I

fwr-d;R«n
1 ..... 1

NO AIR PROA SOtVIX 
AIR COWeaMR

SONIX AIR ffflCR 
CQOUH LOKS N5-3

STUCX OPEN REL10’ 
vn.vE i-SA-r

r«-ŷ -nriI raH^iin

itot. nu.T or 
tm n . t u M  ^-on -i

CEESPBD

A
NO fliR nan AIR
RCCCIVER nS-3

6'S1A>38
6'SIA'38

laiiî -iiri

NO AIR FRON OHCOC 
WltfC 1-SA*1

vrtyc GUT roR test 
« miNT. i-sA-a

ACCN. FAULT X muL vfLvc i-SA-a

ca-^HCi

Fnrai

cwHjiy-fflc I

"■ ■■■ f .
NO AIR FROn HANUAL 
Wfl.« l-SA-2

ACCN. FAULT X 
RCXIVCR A5-3

STUCX cm RCLIX 
\M.VC I-SA-H

STUCK OPEN RELIX 
VILVC 1^12

STUCK OPEN RaiX mj/c i-SA-is

QEiS^C]

w
H>
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ICOn;

A
NO AIR nun cqrwcssED Rtt 
CTLIMCRS

O-SIA-3

Q^p] 
¥

O

1 8 - ^ ^  J

_ ■■ 1
NO AIR fMU mUL NO AIR rm  OCCK

m.vc i-m-131 VRLVC l'IA-130

1
fo AIR non ococ

VRLVC I'lfl-X3i
«  AIR nut OCCK 

VH.VC i-if»*xaA

frajm fy^gi

0EQSS3SD

NO AIR noi eoiN 
OCCK VA.RCS

rcoi. m iujRE or 
RceujmR i>iA*xi

REOJUffOR OUT PQR 
TEST OR miNT. 

I-IA-Xl

llfr-kl̂ ŷwi rilRlt̂ TBC

lll̂ l̂ =ffl̂  llft:t̂-f1ICl'

..................... 1 ................. 1 ■“  -------
t€Qt, FAIUJC or 
VRLVE 1-IA>I3I

our FOR TEST OR 
miNT. 1-IA-I31

NO AIR FROH 
RC9ULARR MA-Xl

rccH. rAiLURE or 
OCCK VK.VE 1-IA-lX

Off rOR NAINT. 
1-IA-IV

STUCK OPEN R a io r 
MLVC 1-IA-iai

STUCK OPEN R a ic r 
VRLVE l'IA*X3
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H
>
I

M



NO n iR  FROn CHECK 
VRLVE 1-IH-X3B

NO RIR FROn 
REGULRTOR VRLVE 

J-in-X5B
RECH. FRILURE OF 

CHECK VRLVE 1-IR-X3B
CHECK VRLVE OUT FOR 
HHIHT. J-IR-lOB

tD
I00

00

NO RIR RRNURL VK.VC I'lR-iae RECH. FRILURE CF 
RECULRm l-tR-XSB

RE6ULRTCR OUT FOR 
TEST OR RfllNT. 

l-IR-XSB
STUCK OPEN RaiBF 
VRLVE 1-IR-X6B

□E

NO RIR n « M  ALL 3  
im iN S

RECH. FRILURE OF 
RRNURL VRLVE

i - i fv - ia e e

o u r  FOR TEST OR 
RRINT. 1-IR -128B

w
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I

00



to

A
NO niK  n w h  M X  3 

Tm iN S

e-sin-52

o
NO n iR  FROn NflNURL rccH. r n i u D c  c r VRLVE OUT rOR WUNT.

WLVC l-lft-X S B o m  VRLVE 1-IR-X7B 1-IM-X7B

o o
flft-ŷ ywci CliFff^ygpr

SIUCK CFEN R a iE T RIR CYLINDER LERKS ICCN. FRILURE OF VRLVE o u r  FOR TEST
VRLVE l-lft-X SB RRNURL VRLVE OR m iN T . l-m -X 8 B

I-IR -X 8B

O

nFsrira-i

NO RIR FRON OCCK RECH. FRILURE OF VRLVE our FOR TEST
1 VRLVE l-Ifl-XTB RRNURL VRLVE OR RRINT. 1-IR-I2FB
U) 1-IH-13FB

■ LST'>i«;CBi7;4l
O

NO RIR FROR RMUHL NO RIR THRU RRNURL NO RIR FROH RRNURL
VRLVE 1-IM -127B VRLVE 1-IR -136B vn.VE 1-IR-125B

A
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FEEOHRTa? RE6. VRLVE 1-FH-5R HRS NO RIR SUPPLY
I G-IR-FN-Sfl-PHV I

Iu>U1

FEEDMRTER RES. VRLVE 1-FH-5B HRS NO RIR SUPPLY TO SOLENOID

NO RIR FROH HRNURL NO RIR THRU HRNURL NO RIR FROH HRNURL NO RIR THRU HRNURLVRLVE l-IR-36 VRLVE l-IR-47 VRLVE l-IR-36 VRLVE l-IR-47

B~§iS=g6 B-SIR-606-S1R-6

n
FRULT VRLVE HECH. FRULT OF N.O. HRNURL VRLVE l-IR-47 LOSS OF VRLVE l-IR-47 BY HRINT. TESTHRNURL VRLVE IR-47 BY HRINT.

Ifl-4^-W-FRo'1R-47-XV-THC IIR-47-XV-FR0 I 1R-47-XV-THC
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A
LOSS or f l w  tm u

nOTQR CPERHTCD VflLVE

e-sift-2

ca
I0000

1 "■ ' - 1 ---------------- I ..............  ■' 1
NO MR n o i vn.vc 

i-in-14
Locn. rnuLTs or 
VH.VE i-in-6e

m.VC CLOSCS DUE TO 
HUWM ERROR • 

nCTIVRTC TIC CS/383 
CONTnCT 3-3T

TEST OR HMNT.
ouTME or vavc

LOSS or n.c. 
lUETRIC POMEX TO 

OOHPRCSSOR.

nFS flFS n

f t

U ih s ^ f S L I r n H ^ T K i

NO SIGNRL rROn cs CCMinCT

o

NO POMOt TO BRCTKER
SHGR rs , a m  an

1 1 -------  — I
SNITCH CSOS82 

owrncTS i - it  m iL 
TO CUBE

VflLVC 0PD6 DUE TO 
HUMM ERROR

SNITCH CS/382 flMLS 
TO ncTivnrc icch.

r r f f ™ w i
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m i u i c  GT n t v t c c  
m n  corw caiCT t6 * i

UXn, HECH. mULTS LOSS o r  iwtLimicsCaW CSMK TRIP tn
flCTivnriNS CS/3S3 
CCMWCT 3-3T 

«CCIOPIWi.T »CI

CONTftOL SIOfL PfIlL 
TO sm rioN  mn 

c o n c s a w  l e - i

TEST m miMTOMCC
a im a c  o r  c o w c s s a

LOSS OP lUCTSIC 
p o n  t o  OBWCAMI

c o ipic a i a i  spiAfous
TRIP n INSnUfNTS

SPUI1QU5 TRIP SIM. 
n m  HI f o r  91 Ts 
S-5 -CCHP. OISCHRRK 
CUBES m HI TCTP

9PIB. S I M .OIL “ T r:
- CLOSES (M LO 
LESS ~ ■ ■
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I

o

or
tNSTRlKMT AIR 

CWPRCSSQR m-i

TEST CR HBIWTEWMCC
ouTW or comcsso

COrmSSQR tRIP BT 
ACTIVATIN6 CS/390 

CONTACT 3-3T 
ACCIOPffflLLT CHC)

u m .  rccH. nu.r> 
or corRCSSOR

NO SIGML TO 
INSTRUOIT AIR 

COMPRESSOR H5M
LOSS or accTRic 

P O O  TO M irRCSSOR
n o  480 BUS \r. cxtn m

COW C530R SPURIOUS 
TRIP BT INSTfOENTSLOSS or AUXlLimiGS 

TO COTRESSQR

SPUR. SI6NAL PRQH 
OIL PRESS SM PS S-3P 
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iiff-T̂-fsc'i naiîiarr Ifr-Xfliv̂yv-Trie I

D E 2 E H E 1

CO
H>
I

o



CO

NO niR n m  tmn. 
»«.«: i-in-i26fl

B-Sin-128

NO HIR rROI CHECK HECH. FHIUJRE OF VRLVE our FOR TEST
wlve 1-in-xioB HRNUHL VRLVE

»-in-iaefl
OR miNT. l-Ift-136n

irxfliiSOBiili]
o

1 NO flIR FROn mURL HECH. rniujRE or VRLVC OUT FOR HRINT.
(Ti VfLVE 1-lfhXltn CMXK VfLVE 1-iH-xion

1-IR-X10f»

■fi?;n<'iSK;i'air4
O

STUCK OKN RELIEF 
VRLVC l-in-X13H

NO RIR FROn RIR 
cTLiwER Ran

ICCH. FRILURE OF 
i m n .  VRLVC 
1-IIV-XUfl

VILVE our FOR TEST OR HRINT. i-in-xiin

llfrlTSfc-».K-Llf 1 IJfrxiifhW-fftfll

rwi3gf̂ x̂ -rH61

H>
I



I
tsj

rESIEiS

NO n i R  FRON t fH J R L  
VnuVC l ' l f t - 1 2 5 R

6 * S I f t - 1 2 e

NO RIR FROI CHCCK 
VRLVC 1-IR-X13R

nccN. ntiLURC o r  
HRNURL VRLVC 
I-IR-J25R

1 8-SiA-13B 1

T 5

1 1 1
NO RIR n to n  RRNtn. nCCH. FRlLUtC o r VRLVC OUT FOR
VRLVC I-IH-X14R CNCCK VfLVC HRIHIDRNZ

l-tft-X13R I-IR-X13R

o < J

S n C K  OPCN RCLICr 
VRLVC 1 -IA -X lS R

NO RIR  n to n  RIR 
n L i w x R  n iR

IfX H . FRILURC o r  
HRNURL VRLVC 

I - IR -X H R

VRLVC OUT r a t  TCST 
OR HRINT. 1 -IR -X 14R

1n ? T x i ^ ^ i ^ = T W  1

o 0

VRLVC OUT r a t  TCST 
OR m iN T . > - i n - i 3 s n

riM^=THei

Cfi
H>
I>>

t o



APPENDIX B.12 
REACTOR BUILDING CLOSED COOLING WATER SYSTEM
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B.12.1 Reactor Building Closed Cooling Water System Description 
B.12.1.1 Purpose

During normal operation, the reactor building closed cooling water system 
(RBCCW) provides heat removal for motors and systems in the reactor building. 
Following a transient or when it is necessary to use the shutdown cooling system, the RBCCW cools the shutdown cooling system pumps and removes heat from 
the reactor via the shutdown cooling heat exchangers.
B.12.1.2 Description and Configuration

The RBCCW (Figure B.12.1) consists of three heat exchangers, two pumps and 
the necessary control and support equipment. Each of the three cooling water 
heat exchangers is cooled by the service water system and is designed for one-half system capacity during full power operation. Each of the pumps is 
assigned for full capacity of the system during full power operation. The cool­ing requirements of equipment served by the RBCCW during normal operation are:

Normal Flow Heat Transfer Equipment (gpm) (10° Btu/hr)
Fuel Pool Coolers 1250 7.84
Recirculation Pumps and Motors 100 1.00Dry well Air Coolers 350 2.80Nonregenerative Heat Exchangers 1760 57.00
Reactor Equipment Drain Tank 30 0.50
Filter Recirculation Coolers 6 0.02
Waste Concentrator Condenser 350 7.96
Sparging Air Compressors 72 0.36
Drywell Sump Cooler 30 0.50Three Concentrator Waste Surge Tanks 15 0.24
Cleanup and Precoat Pump Coolers _ ^  0.12

4003 78.34
Since the shutdown heat exchanger and shutdown pump cooler are not used 

during normal operation of the plant, they are not included in the above table.
The RBCCW support equipment includes an expansion tank and a chemical 

feeder. The expansion tank is located above the highest point of the system.
The tank is carbon steel and is vented to the atmosphere. A chemical feeder is 
used for periodically injecting inhibitors into the system as determined necessary by periodic analysis. A level controller maintains the water level in 
the expansion tank with makeup being supplied from the demineralized water 
transfer system. A high level in the expansion tank is alarmed in the control 
room. All major pieces of equipment are equipped with pressure and temperature 
indicators.

In the shutdown cooling mode of operation, the RBCCW is aligned to cool the SDCS pumps and heat exchangers as shown in Figure B.12-2 by opening valve 
RC-39. This mode of operation was modelled for this IREP study.
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B . 1 2 . 1 . 3  System  I n te r fa c e s

System Interfaces for the RBCCW are shown in Table B.12-1.
B.12.1.4 Instrumentation and Control

The RBCCW is manually controlled via pump (start/stop) and MOV (open/close)
switches on the 906 control room panel and by manual valves controlling coolingwater flow to the three heat exchangers.

Both RBCCW pumps receive a trip signal in the event that an LNP occurs. The 
operator must manually restart one of the pumps since there is no automatic start logic. The trip logic is shown in Figure B.12-3.

It is important to recognize that normal operation of the reactor requires operation of at least one RBCCW pump and heat exchanger cooling the reactor 
building loadsT Without this cooling (reactor building HVAC units in par­ticular) a reactor trip on high drywell pressure will occur.
B.12.1.5 Testing

The following tests and surveillance procedures are related to the RBCCW:
SP 608.6 Reactor Building Closed Cooling Water Pump and Discharge Check Valve 

Readiness Test
This test checks the ability of the RBCCW pump discharge check valves 
(2A and 2B) to open during monthly pump rotation (performed monthly coincident with pump rotation)

OPS 309C RBCCW Valve Checklist
B.12.1.6 Maintenance

The RBCCW is operated with only one pump running while in continuous 
service. Each month, the operating pump is shut down and the idle pump is put 
into service. Maintenance is performed on the non-operating pump (and 
associated equipment) only as required. There is no scheduled maintenance.
B.12.1.7 Technical Specifications

The operation of the RBCCW is not specified in the plant technical specifi­
cations.
B.12.1.8 Operation

Under normal operation of the RBCCW System, only one pump (either M4-I0A or 
M4-10B) and two heat exchangers are utilized. The RBCCW pumps are rotated 
monthly.

In the shutdown cooling mode of operation, both RBCCW pumps and all three 
heat exchangers (M4-9A, M4-9B and M4-9C) are utilized to provide a maximum heat 
sink capability. The operator must start the pump that is not running; both pumps following an LNP as there is no auto-start signal for this system.

B. 12 - 3



B.12.2 Analysis
B.12.2.1 Success/Failure Criteria

For the purposes of the IREP Study, the only operating mode of the RBCCW examined was the shutdown cooling mode. In this mode, successful performance 
requires at least one operational pump and heat exchanger. Failure of the RBCCW is defined as failure to cool at least one SDCS pump or its associated SDCS heat 
exchanger via one RBCCW pump and heat exchanger.
B.12.2.2 Assumptions

In this analysis, the following assumptions are made:
1) It is assumed that the RBCCW is operating successfully prior to the time of transient initiation. Thus, it is not possible for both RBCCW pumps 

or all RBCCW heat exchangers to be simultaneously out of service for test or maintenance. This configuration would prevent reactor oper­
ation, specifically, inability to cool the recirculating pumps and 
drywell HVAC units.

2) The RBCCW volumetric surge tank and additional makeup system are not 
modelled since their operation is necessary for RBCCW system operation 
and subsequent reactor operation. Since the surge tank is passive in nature and was working prior to the transient, we assume that reactor 
operation precedes the transient initiator, thus modelling of this 
portion of the RBCCW is not necessary.

3) It is assumed that only the shutdown cooling pumps and heat exchangers 
are of interest in this evaluation, hence only failure to cool these 
devices is modelled.

4) Dependence on DC Power is not assumed in the fault tree as a result of 
the fact that the allowable time period for starting shutdown cooling is 
long. DC power is needed for control power to start the RBCCW pumps.
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Table B.12-1 
RBCCW Interfaces Failure Mode and Effects

I
U l

Primary System Support System Failure Mode Failure Effect
System 01V. Comp. System DJv. Comp.

RBCCW PumplAIB
AC Pwr G/TD/G Bus 14E Bus 14F

Low or zero voltage Pump failure to start or run, possible motor burnout

RBCCW PumplAIB
DC Pwr Bus lOlB Bus lOlA

Low or zero voltage Precludes manual start; no local effect on running pump

RBCCW Heat ExchangerlAIB1C

SWS Secondary side heat transfer
No flow No rejection of RBCCW heat to ultimate heat sink

RBCCW Non-essential header Isolation valve (MOV)

AC Pwr BusE-2 Low or zero voltage No flow from primary con­tainment heat exchangers

RBCCW Essential header Isolation valve (MOV)

DC Pwr Bus101-AB-l Low or zero No flow from reactor and radwaste building heat ex­changers
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REACTOR BUILDING CLOSED COOLING WATER SYSTEM 
FAULT TREE AND FAULT SUMMARY SHEETS

B. 12-9



FAULT SUMMARY SHEETS
EVENT DESCRIPTION DETECTION INTERVAL COMMENTS UNAVAILABILITY

RCW-GBFA-XV-FRO Manual Valve fails Prompt Valves can be closed 6.7E-6
RCW-GBFB-XV-FRO to remain open while shutdown cool­
RCW-28A-XV-FRO ing system is
RGW-28B-XV-FR0 secured. RBCCW
RCW-28C-XV-FRO system is running
RCW-28D-XV-FRO continuously dur­
RCW-53A-XV-FRO ing plant operation
RCW-53B-XV-FRO
RCW-38A-XV-FR0
RCW-37A-XV-FRO
RCW-38B-XV-FRG
RCW-37B-XV-FRO

RCW-GBFA-XV-TMC Manual valve closed 12000 hrs (detected Shutdown cooling 3.6E-5
RCW-GBFB-XV-TMC for test or maint. during refueling initiated regularly
RCW-28A-XV-TMC outage) at refueling
RCW-28B-XV-TMC
RCW-28C-XV-TMC
RCW-28D-XV-TMC
RCW-53A-XV-TMC
RCW-53B-XV-TMC
RCW-38A-XV-TMC
RCW-38B-XV-TMC
RCW-37A-XV-TMC
RCW-37B-XV-TMC

RCW-39-MOV-FRO Motor operated valve Prompt Valve RC-39 can be 6.7E-6
RCW-55-MOV-FRO fails to remain open closed when shutdown 

cooling system is 
secured

W
M
I

MILLSTONE 1
SYSTEM RBCCW
SHEET y/1



FAULT SUMMARY SHEETS
EVENT DESCRIPTION DETECTION INTERVAL COMMENTS UNAVAILABILITY

RCW-39-MOV-TMC Motor operated valve Prompt RBCCW system is in 2.8E-6
RCW-55-M0V-TMC closed for test or continuous use

maintenance

RCW-39-MOV-OPC Operator closes motor Prompt RBCCW system is in 3E-3
RCW-55-MOV-OPC operated valve in continuous use

RCW-GFO Operator fails to lE-2
initiate shutdown
cooling by not align­
ing RBCCW to SDCS

RCW-4A-XV-FRG Manual valves on Prompt RBCCW system is in 6.7E-6
RCW-5A-XV-FRG RBCCW heat exchang­ continuous use
RCW-4B-XV-FRG ers fail to remain
RCW-5B-XV-FRG open
RCW-4C-XV-FRG
RCW-5C-XV-FRG

RCW-4A-XV-TMC Manual valves on Detected upon rota­ Heat exchangers usually 2.8E-6
RCW-5A-XV-TMC RBCCW heat exchang­ tion of heat ex­ rotated monthly
RCW-4B-XV-TMC ers closed for test changers
RCW-5B-XV-TMC or maintenance
RCW-4C-XV-TMC
RCW-5C-XV-TMC

RCW-M49A-HTX-TGM RBCCW heat exchangers Detection upon rota­ Heat exchangers 1.7E-5
RCW-M49B-HTX-TGM out of service for tion of heat ex­ rotated monthly
RCW-M49C-HTX-TGM test or maintenance changers

W
M
I

MILLSTONE 1
SYSTEM RBCCW
SHEET //2



FAULT SUMMARY SHEETS
EVENT DESCRIPTION DETECTION INTERVAL COMMENTS UNAVAILABILITY

RCW-2A-CKV-FR0
RCW-2B-CKV-FR0

RBCCW pump discharge 
check valve fails to 
remain open.

Prompt System is in 
constant operation

7.2E-6

RCW-IA-XV-FRO
RCW-3A-XV-FR0
RCW-IB-XV-FRO
RCW-3B-XV-FR0

RBCCW pump isola­
tion valves fail to 
remain open

Prompt The RBCCW pumps are 
normally running

6.7E-6

RCW-IOA-MDP- FTR 
RCW-IOB-MDP- FTR

RBCCW pump fails to 
continue running as 
a result of mechan­
ical or electrical 
failures

Prompt Pumps are normally 
running

7E-4

AC-14F-7-FRC
AC-14E-6-FRC

4160 VAC switchgear 
supplying RBCCW 
pumps fails to remain 
closed

Prompt Pumps are normally 
running

2.4E-5

RCW-IOA-MDP-OSP
RCW-IOB-MDP-OSP

Operator error, stops 
RBCCW pumps

3E-3

RCW-IA-XV-TMC
RCW-IB-XV-TMC

RBCCW pump isolation 
valves closed for 
test or maintenance

One month SP 608.6 verifies 
path. Detection is 
during monthly pump 
rotation.

4.8E-6

RCW-2A-CKV-TMC
RCW-2B-CKV-TMC

RBCCW pump discharge 
check valves closed 
for test or main­
tenance

One month Detected during 
monthly pump rotation

5E-6

ro
M
I

N)

MILLSTONE 1
SYSTEM RBCCW
SHEET #3



FAULT SUMMARY SHEETS
EVENT DESCRIPTION DETECTION INTERVAL COMMENTS UNAVAILABILITY

03

Ul

RCW-IOA-MDP-TOM
RCW-IOB-MDP-TOM

92694-
906XXX
LCL94X
LCL94X
92694-
92694-
906XXX
LCL94X
LCL94X
92694-

2B-FTD
-148-FTD
-5A-FTD
-5C-FTD
lA-FTD
2A-FTD
-149-FTD
-6A-FTD
-6C-FTD
IB-FTD

906XXX
906XXX
LCL94X
LCL94X
906XXX
906XXX
LCL94X-
LCL94X

-148-3R0
-148-4RO
-5A-3RO
-5C-3RO
-149-3RO
•149-4R0
■6A-3RO
-6C-3RO

92694-1A-9F0 
92694-2A-9FO 
92694-IB-BFO 
92694-2B-BFO

RBCCW pump shutdown 
for test or mainte­
nance

Relay coil fails to 
deenergize

Relay contacts fail 
to remain open

Relay contacts fail 
to open

One month

One month

One month

12000 hrs 
(detected during 
refueling outages)

Detected during 
monthly pump rotation

With pump rotating on 
a monthly basis the 
trip coil and contact 
pair failure would be 
detected in the same 
time fi-amp

Detected during 
monthly pump rotation

Tested as per 
SP 628.1 during 
refueling outages

lE-3

6.7E-6

3.6E-5

1.8E-3

MILLSTONE 1
SYSTEM RBCCW
SHEET #4



FAULT SUMMARY SHEETS
EVENT DESCRIPTION DETECTION INTERVAL COMMENTS UNAVAILABILITY

92662-1-XFO 
92662-lA-XFO

Spurious LNP trip 
signal remains 
after power is 
available

12000 hrs 
(detected during 
refueling outages)

Tested as per SP 628.1 
an LNP signal is gen­
erated, and system 
auto-start capability 
is checked

2.0E-3

906XXX-148-OCS
906XXX-149-0CS

Operator places RBCCW 
pump switch in stop moc e

3E-3

906XXX-148-1FC
906XXX-149-1FC

Series contact pair 
of control switches 
148 and 149 fail to 
close. This results 
in failure of pump 
M4-10A and M4-10B

One month Tested per SP 608.6 lE-4

906XXX-148-FTE
906XXX-149-FTE

Control switches 148 
and 149 fail to 
energize. This 
results in failure 
of RBCCW pump 
M4-10A and M4-10B

One month Tested per SP 608.6 lE-5

RCW-PUMP-A-RUN
RCW-PUMP-B-RUN

One pump normally 
running 50% chance 
pump M4-10A or 
M4-10B

. 5

RCW-IOA-MDP-OFS
RCW-IOB-MDP-OFS

Operator fails to 
start pump

Prompt lE-2

RCW-IOA-MDP-FTS
RCW-IOB-MDP-FTS

Pump fails to start 
local fault

Promp t lE-3

ro

I

MILLSTONE 1
SYSTEM RBCCW
SHEET y/5
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e-RC-25 I e-RC-3ie-^2G-S0-53fl2-HTX

L.O. nnNUft. VALVE ON RCM-28fl TAILS CLOSED

SHUTDCMN COOLING PUMP M8-53A PACKING COOLER FAILS TO REMOVE HEAT

L.O. MANUAL VALVE 53A FAILS aOS E ORBCCN SYSTEM FAILS

OUT OF SERVICE FOR TEST OR MAINT.MECHANICAL FAILURE

L.O. MANUAL VALVE GBFA FAILS CLOSED

RCN-GBFA-XV-FROI IRCW-GBFA-XV-TMC

00o0 s:1
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e-RC-4 I 6-RC-3G-S0-53fl2-HTX e-S0-53fl2-HTX

L.O. MfWUflL VALVE ON RCW-28A FAILS CLOSED L.O. MANUAL VALVE 53A FAILS CLOSED

MECHANICAL FAILURE OUT OF SERVICE FOR TEST OR MAINT. MECHANICAL FAILURE OUT OF SERVICE FOR TEST OR MAINT.

I RCN-28A-XV-FR0 RCN-28A-XV-TMC1
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liBCCH STSTEM F fl lL S L .O .  MTMUn. VflUVE L.O. IflNUFL VALVE L .O . MANUAL VALVE ON
eern m i L s  c l o s c d S3fl TAILS CLOSED RCM-See T A IL S a O S E D

ie-w-6 1 I e-RC-r I G-TO-8 I

I RCH-GBm-W-hW I 0 I RCH-SBTfi-XV-IMC I

MECHANICAL TAILURE OUT or SERVICE TOR 
TEST OR MAINT.
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G-RC-25G-S0-53fl2-HTX, 0-30-5301-HTX, G-S0-53B1-HTX, G-SD-53B2-HTX, G-SO-540 G-SD-54B-HTX

G-RC-26 I 6-RC-2B I

RCH-55-HOV-OPC G-RC-27 RCH-5S-H0V-THC~1

RBCCM SYSTEn FfilLS

MOV l-RC-55 FAILS aOSED

OPERATOR ERROR a O S E  MOV l-RC-55 MANUALLY

NO FLOW AT HEAT EXCHANGER OUTLET CROSSTIE
OPERATOR DECIDES NOT TO PUT S.O.C.S. ONTO RBCCN

MOV l-RC-55 SPURIOUSLY CLOSES OUT OF SERVICE FOR TEST OR MAINT.

MECHANICAL AND LOCAL CIRCUIT FAILURES

I RCN-55-M0V-FR0
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NO FLOW m  HEAT CXCHfMeER OUTLET CROSSTIE

e-RC-25 ie-RC-28 I

NO PLOH flT RBCCH NO PLOH OR HEflTPUMP DISCHRR6 E REHOVflL THROUGHCROSSTIE RBCCH HEflTEXCHflNGERS
do

N)
INJ

ie-R<i-jo

X
LOSS OP PLOW WHILE IN SHUTOOHN COOLINB

nooe
HTX TR 96 RNO TR 90 PfilLED - NO PLOH OR HEAT REHOVflL HTX TR 9fl

e-Rd-77 I

R .

HTX TR 9C PfllLED - HTX TR 90 T+H - HTX TR 98 NO PLOH OR HERT REHOVflL
I e-RC-31 I

A

I C-r6-32 I
A

NO PLOH OR HEflT REHOVflL HTX TR 9C - HTX TR 9fl AND 98 T+H
rg-^-in
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6H?C-30

HTX TR 9B AND TR 9C FAILED - NO FLOH OR HEAT REMOVAL HTX TR 9A
I 8 ^ - ^

0}

INJcn

RBCCH HEAT EXCHANGER TRAIN 98 FAILED RBCCH HEAT EXCHANGER TRAIN 9C FAILED NO FLOH OR HEAT REMOVAL THROUGH RBCCH HEAT EXCHANGER M4-9H
G-RC-34

NO FLOH OR HERT REMOVAL THROUGH RBCCH HEAT EXCHANGER fM-9B

RBCCH HEAT EXCHANGER TRAIN 9B OUT OF SERVICE FOR TEST OR MfllNT.
G-RC-11
7 1

I G-RC-«4
A "

G-RC-35 6HIC-40

MECHANICAL FAILURE MECHANICAL FAILURE
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APPENDIX B.13
TURBINE BUILDING SECONDARY CLOSED COOLING WATER SYSTEM
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B.13.1 Turbine Building Secondary Closed Cooling Water System Description 
B.13.1.1 Purpose

The purpose of the turbine building secondary closed cooling water (TBSCCW) system is to provide cooling water to varied equipment in the turbine 
and reactor buildings during normal operation and to essential equipment dur­ing accident conditions. The essential equipment serviced by the TBSCCW system 
during accident conditions are components of the plant air system and the feedwater/feedwater coolant injection (FWCI) system.
B.13.1.2 Description and Configuration

A simplified schematic of the TBSCCW system which includes only essential 
post-accident plant equipment cooled by the TBSCCW system is presented as 
Figure B.13-1. The essential equipment cooled by the TBSCCW system consists 
of the instrument and service air compressors, reactor feed pumps, condensate pumps and condensate booster pumps. The system is closed with a surge tank 
located above the highest point in the system to accommodate system fluctu­ations. There are two TBSCCW pumps that provide flow through the equipment 
coolers and the TBSCCW heat exchangers. The two heat exchangers transfer heat to the service water system.
B.12.1.3 System Interfaces

System interfaces for the TBSCCW system are identified in Table B.13-1. 
B.13.1.4 Instrumentation and Control

The TBSCCW system operates on a continual basis during normal plant oper­
ation and normal shutdown conditions. There are no motor operated valves 
affecting flow to essential components. The two electric pumps, M4-15A and 
M4-15B may be operated from the control room by control switches CS/155 and 
CS/156, respectively.

If normal AC power is lost (an LNP occurs), pump M4-15A will automatically start with power from the gas turbine. Pump M4-15B receives a trip signal on 
LNP, and will automatically start only on closure of a 1 out of 2 twice com­bination of high drywell pressure contacts concurrent with the LNP signal. A 
timer is used to sequentially load pump M4-15B on a diesel powered bus. A schematic of the control circuitry is shown in Figure B.13-2.

Table B.13-2 shows the instrumentation used by the TBSCCW system.
B.13.1.5 Testing

The following test procedure is applicable to the TBSCCW System:
OP 608.7 Secondary Closed Cooling Water Pump and Discharge Check Valve Read­iness Test

Monthly, the functional capability of each motor driven pump and 
associated discharge check valve is tested.
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B . 1 3 . 1 .6  Maintenance

There is no specified maintenance schedule for this system. Maintenance is performed on an as needed basis.
B.13.1.7 Technical Specifications

There are no technical specifications explicitly associated with the oper­
ation of the TBSCCW system.
B.13.1.8 Operation

During normal operation, one of two TBSCCW pumps continually circulates water through the two heat exchangers to provide cooling for the essential 
components indicated in Figure B.13-1 and for a number of non-essential com­
ponents. A surge tank is attached to the highest elevation of the system to 
compensate for system fluctuations.

The TBSCCW system is designed to continue uninterrupted operation during 
all transient or LOCA conditions except an LNP. During a sustained LNP, system 
pumps will start automatically as described in section B.13.1.4. Manual start 
of the pumps may also be attempted from the control room.

System alarms are provided in the control room for pump trip, low pump discharge pressure and low or high surge tank level. Operator actions are required to rectify any of these occurrences.
B.13.2 Analysis
B.13.2.1 Success/Failure Criteria

Successful functioning of the TBSCCW system is defined as the maintenance 
of cooling flow to all of the components indicated in Figure B.13-1 during 
normal and accident conditions. Successful cooling of each essential component 
requires that at least one of the TBSCCW pumps and heat exchangers functions and a cooling water flow path to the component is available. Thus, a "partial 
failure" of the TBSCCW system can occur if a flow path to a particular 
component is not available yet other components are being adequately cooled.
B.13.2.2 Assumptions

In this analysis, the following assumptions are made:
1) The sampling lines are not considered as diversion paths because they are significantly smaller in diameter than the TBSCCW lines from which 

they are drawn.
2) The failing open of a relief valve is assumed to affect only the cool­ing of the component directly associated with it and not the entire TBSCCW system. This assumption is based on the diameter on the relief 

valve intake.
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3) Failures of the surge tank or associated valving were not considered 
to result in near term failures of the TBSCCW system. This assumption 
is based on the orientation of the surge tank at the highest elevation 
of the system.

4) During normal operation, each of the TBSCCW pumps is running 50 per­
cent of the time; rotation of the pumps occurs on a weekly basis.
This is based on discussions with plant personnel.

5) A signal to start TBSCCW system pump B after an LNP was analyzed as 
deriving only from the high drywell pressure sensors, because low 
reactor pressure concurrent with low reactor water level will not exist for FWCI actuation after an LNP.
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Table B.13-1
TBSCCW System Interfaces Failure Modes and Effects

0 3

C O
I
<n

Primary System Support System Failure Mode Fault Effect
System Div. Comp. System Div. Comp.

TBSCCW PumplAIB
AC Pwr G/TDiesel Bus 12E Bus 12F

Low or zero voltage Pump falls to start or run concurrent failure to start or run

TBSCCW PumplAIB
DC Pwr Bus lOlB Bus lOlA

Low or zero voltage Precludes manual start, no local effect on already run­ning pump

TBSCCW Heat ExchangerlAIB
SWS Heatexchangersecondaryside

Loss of flow No heat removal from TBSCCW system



Table B.13-2 
TBSCCW System Instrumentation

Sensors
2205/1501-90A
2206/1501-90B2205/1501-90C2206/1501-90D

Function
Hi drywell pressure indication, in con­junction with an LNP signal a pump start 
permissive is generated

Setpoi nt 
1.8 psig
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TURBINE BUILDING SECONDARY CLOSED COOLING WATER SYSTEM 
FAULT TREE AND FAULT SUMMARY SHEETS

B . 1 3 - 1 2



DO
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•
FAULT SUMMARY SHEETS

•
EVENT DESCRIPTION DETECTION INTERVAL COMMENTS UNAVAILABILITY

SC-31A-XV-FR0
SC-31B-XV-FR0
SC-32A-XV-FR0
SC-32B-XV-FR0

N.O. manual valve 
fails to remain 
open due to mechan­
ical failure of 
valve

Prompt Reactor feed pump 
cooling flow 
affected

6.7E-6

SC-31A-XV-TMC N.O. manual valve Prompt Reactor feedpump 2.8E-6
SC-31B-XV-TMC fails to remain cooling flow
SC-32A-XV-TMC open due to test affected
SC-32B-XV-TMC or maintenance re­

lated unavailabil­
ity or misposition

SC-38A1-XV-FRO N.O. manual valve Prompt Condensate booster 6.7E-6
SC-38A2-XV-FR0 fails to remain pump lube oil cool-
SC-38B1-XV-FRO open due to me­ ling flow affected
SC-38B2-XV-FR0 chanical failure

of valve

SC-38A1-XV-TMC N.O. manual valve Prompt Condensate booster 2.8E-6
SC-38B1-XV-TMC fails to remain pump lube oil cool­
SC-38A2-XV-TMC open due to test ing flow affected
SC-38B2-XV-TMC or maintenance

related unavail­
ability or
misposition

SC-33A-XV-FRO N.O. manual valve Prompt Condensate pump 6.7E-6
SC-33B-XV-FRO fails to remain cooling flow
SC-35A-XV-FRO open due to me­ affected
SC-35B-XV-FRO chanical failure
SC-37A-XV-FRO of valve
SC-37B-XV-FRO

MILLSTONE 1
SYSTEM TBSCCW
SHEET n



FAULT SUMMARY SHEETS
EVENT DESCRIPTION DETECTION INTERVAL COMMENTS UNAVA.: LABILITY

SC-33A-XV-TMC
SC-33B-XV-TMC
SC-35A-XV-TMC
SC-35B-XV-TMC
SC-37A-XV-THC
SC-37B-XV-TMC

N.O. manual valve 
fails to remain 
open due to test 
or maintenance 
related unavaila­
bility or misposi­
tion

Prompt Condensate pump 
cooling flow 
affected

2.8E-6

SC-34A-PHV-FRO
SC-34B-PHV-FRO
SC-ll-PHV-FRO
SC-18-PHV-FR0

N.O. valve with po­
sition controlled 
by upstream water 
pressure fails to 
remain open due to 
mechanical fault

Prompt Condensate pump, 
air compressor cool­
ing flow affected

7.2E-6

SC-34A-PHV-TMC
SC-34B-PHV-TMC
SC-ll-PHV-TMC
SC-18-PHV-TMC

Sames as above 
except due to test 
maintenance re­
lated unavailabil- 
lity or misposition

Prompt Condensate pump, 
air compressor 
cooling flow 
affected

2.8E-6

SC-89A-SRV-FRC
SC-89B-SRV-FRC
SC-92-SRV-FRC
SC-93-SRV-FRC

N.C. relief valve 
fails open due to 
mechanical fault

Prompt Condensate pump, 
air compressor 
cooling flow 
affected

7.2E-5

SC-12-S0V-FR0
SC-19-S0V-FR0

Solenoid valve fails 
to remain open due 
to mechanical fail­
ure of valve or ener­
gizing coil

Prompt Air compressor 
cooling; solenoid 
value operates on 
signal to operate 
compressor

6.7E-6

CO

Ca>
I

MILLSTONE 1
SYSTEM TBSCCW
SHEET #2



FAULT SUMMARY SHEETS
EVENT DESCRIPTION DETECTION INTERVAL COMMENTS UNAVAILABILITY

SC-12-S0V-TMC
SC-29-SOV-TMC

Solenoid valve 
fails to remain 
open due to test or 
maintenance related 
unavailability or 
error

Prompt Air compressor 
cooling flow 
affected

0.0

SC-2A-CKV-FR0
SC-2B-CKV-FR0

CK valve fails to 
remain open

Prompt 7.2E-6

SC-llO-XV-FRO
SC-9-XV-FR0
SC-IO-XV-FRO
SC-13-XV-FR0
SC-15-XV-FR0

N.O. manual valve 
fails to remain 
open due to mechan­
ical failure of 
value

Prompt Air compressor 
cooling flow 
affected

6.7E-6

SC-16-XV-FR0
SC-17-XV-FR0
SC-20-XV-FRO
SC-22-XV-FRG

N.O. manual valve 
fails to remain 
open

Prompt Air compressor 
cooling flow 
affected

6.7E-6

SC-llO-XV-TMC
SC-9-XV-TMC
SC-IO-XV-TMC
SC-13-XV-TMC
SC-15-XV-TMC

N.O. manual valve 
fails to remain 
open due to test or 
maintenance related 
unavailability or 
misposition

Prompt Air compressor 
cooling flow 
affected

2.8E-6

SC-16-XV-TMC
SC-17-XV-TMC
SC-20-XV-TMC
SC-22-XV-TMC

N.O. manual valve 
closed due to test/ 
maint.

Prompt Air compressor 
cooling flow 
affected

2.8E-6

DO

COI
cn

MILLSTONE 1
SYSTEM TBSCCW
SHEET #3



FAULT SUMMARY SHEETS
EVENT DESCRIPTION DETECTION INTERVAL COMMENTS UNAVAILABILITY

SC-IA-XV-FRO
SC-3A-XV-FR0
SC-4A-XV-FR0
SC-5A-XV-FR0

N.O. manual valve 
fails to permit 
flow due to me­
chanical faults

Prompt Pump M4-15A, beat 
exchanger M4-14A 
flow affected

6.7E-6

SC-IB-XV-FRO
SC-3B-XV-FR0
SC-4B-XV-FRG
SC-5B-XV-FR0

N.O. manual valve 
fails to permit 
flow

Prompt Pump M4-153, heat 
exchanger M4-14B 
flow affected

6.7E-6

SC-IA-XV-TMC
SC-3A-XV-TMC

Manual valve fails 
to permit flow due 
to test or mainte­
nance related un­
availability or 
misposition

Prompt Pump M4-15A, beat 
exchanger M4-14A 
section flow 
affected

2.8E-6

SC-IB-XV-TMC
SC-3B-XV-TMC

Manual valve closed 
due to test/maint.

Prompt Pump M4-15B, beat 
exchanger M4-14B 
flow affected

2.8E-6

SC-IOA-HTX-LOF
SC-IOB-HTX-LOF

Rx feed pump oil 
cooler failure

Prompt Rx feed pump is 
running during 
plant operation

2.0E-4

SC-7A-HTX-L0F
SC-7B-HTX-L0F

Condensate booster 
pump bearing cooler 
failure

Prompt Condensate booster 
pump is running dur­
ing plant operation

2.0E-4

SC-29A-HTX-LOF
SC-29B-HTX-L0F

Condensate booster 
pump lube oil 
cooler failure

Prompt Luue oil pump 
failure would 
affect the conden­
sate booster pump

2.0E-4

00

COI

MILLSTONE 1
SYSTEM TBSCCW
SHEET //4



FAULT SUMMARY SHEETS
EVENT DESCRIPTION DETECTION INTERVAL COMMENTS UNAVAILABILITY

SC-14A-HTX-L0F
SC-14B-HTX-L0F

TBSCCW heat ex­
changer failure 
due to mechanical 
faults

Prompt TBSCCW heat removal 
capability reduced, 
temp, increases will 
be detected

2E-4

SC-14A-HTX-T0M
SC-14B-HTX-T0M

TBSCCW heat ex­
changer unavaila­
ble due to test or 
maintenance related 
outage or malfunc­
tion

Prompt TBSCCW heat removal 
capability is 
reduced, temperature 
increases will be 
detected

0.0

SC-A-MDP-FSR
SC-B-MDP-FSR

Failure of pump to 
continue running

Prompt Failure of normal­
ly running pump

7.2E-4

SC-A-MDP-FSD
SC-B-MDP-FSD

Failure of pump to 
start and continue 
running

Prompt 1.7E-3

22051501-90A-OMC
22051501-90C-OMC
22061501-90B-0MC
22061501-90D-OMC

Operator error in 
calibrating sensors

One month lE-3

SC-A-MDP-TOM
SC-B-MDP-TOM

Pump unavailable 
due to test or main­
tenance related out­
age or malfunction

Prompt 7.8E-4

AC-12F-14C-FRC
AC-12E-15C-FRC

Pump fails due to 
mechanical fault of 
breaker

Prompt Failure leads to 
failure of normal­
ly running pump

2.4E-5

CO
00I

MILLSTONE 1
SYSTEM TBSCCW
SHEET #5



FAULT SUMMARY SHEETS
EVENT DESCRIPTION DETECTION INTERVAL COMMENTS UNAVAILABILITY

SC-A-MDP-OSP
SC-B-MDP-OSP

Pump stops due to 
operator error

Control switch 
spring returns to 
normal

3E-3

SC-A-MDP-OFS
SC-B-MDP-OFS

Operator fails to 
start pump

lE-2

906CS-I55-FRD
906CS-156-FRD

Pump stops due to 
mechanical fault 
of control room 
switch

Prompt Plant personnel 
indicate weekly 
rotation of TBSECW 
pumps A and B

8.4E-7

906CS-155-3R0
906CS-155-4RO
906CS-156-3R0
906CS-156-4R0

Pump stops due to 
failure of control 
switch N.O. remote 
contacts

Prompt 2.8E-6

LCL94X-42A-BRO Pump B trips due to 
failure of N.O. LNP 
trip contact pair

Prompt 2.4E-6

LCL94X-42A-FTD Pump B trips due to 
failure of coil to 
deenergize

Prompt 6.7E-6

92694-lB-FTD
92694-2B-FTD

Pump B trips due to 
failure of coil to 
deenergize (LNP 
CKT #1)

Prompt 6.7E-6

00
COI
CO

MILLSTONE 1
SYSTEM TBSCCW
SHEET #6



FAULT SUMMARY SHEETS
EVENT DESCRIPTION DETECTION INTERVAL COMMENTS UNAVAILABILITY

92694-1B-5F0
92694-2B-5FO

Pump B trips due to 
failure of contact 
to open

Prompt Contact pair must 
open following 
an LNP trip

7.2E-6

92662-1-XFO
92662-lA-XFO

Pump B trips due 
to spurious signal

Prompt 92662-1-XFO includes 
contact 1-7 of relay 
62-1 not opening, 
coil 62-1 not deen­
ergizing, contact 3 
of relay 2-1 not 
opening; coil 2-1 
energizing

2E-3

906CS-156-FTE
906CS-155-FTE

Control switch 
fails to function

Prompt 6.7E-7

906CS-156-1FC
906CS-156-2FC
906CS-155-1FC
906CS-155-2FC

Manual start of 
pump not successful 
because relay con­
tacts fail to close

Prompt 7.2E-6

906CX-15B-1FC
AC-DG62-2-3AFC
9321530-322-lFC
9321530-105-3FC
926LNP-2-1FC
926LNP-2A-1FC
926-LNP-3-1FC
926LNP-3A-1FC
92683-5FC
92627X-2FC
906CX-15A-1FC

Actuation circuitry 
for pump B after 
LNP, contact pair 
fails to close

12000 hrs 
(detected during 
refueling outages)

Detected during the 
the performance of 
SP 628.1

1.8E-3

C9
CO
I

MILLSTONE 1
SYSTEM TBSCCW
SHEET #7



FAULT SUMMARY SHEETS
EVENT DESCRIPTION DETECTION INTERVAL COMMENTS UNAVA1L.\3ILITY

9321530-109-lFC
9321530-108-lFC
9321530-106-lFC

Actuation circui­
try for pump B 
after LNP, contact 
pair fails to close

12000 hrs 
(detected during 
refueling outages)

Detected during 
the performance 
of SP 628.1

1.8E-3

9321530-106-BFC
9321530-113-3FC
9331530-208-3FC
9331530-209-3FC

Actuation circui­
try for pump B 
after LNP, contact 
pair fails to close

12000 hrs 
(detected during 
refueling outages)

Detected during 
the performance of 
of SP 628.1

1.8E-3

9321530-101-FRE
9321530-102-FRE

Under voltage 
relays fail to 
remain energized

Prompt Alarmed in CR 2.4E-6

90662-15A-1RC
90662-15B-1RC
906CX-15B-3RC
9321530-101-5RC
9321530-340A-1RC
9321530-341A-1RC
9321530-102-5RC
LCL27-6B-5RC
9321530-101-3RC
9321530-102-lRC
906CX-I5A-3RC
92662-2RC
92627X-3RC
LCL27-6A-5RC

Contact pair fails 
to remain closed

12000 hrs 
(detected during 
refueling outages)

Detected during 
the performance 
of SP 628.1

6E-4

AC-14F-UVD-L0F Failure of under­
voltage detection 
circuit

Prompt 2.4E-6

CD

CO
IPOo

MILLSTONE 1
SYSTEM TBSCCW
SHEET #8



FAULT SUMMARY SHEETS
EVENT DESCRIPTION DETECTION INTERVAL COMMENTS UNAVAILABILITY

9321530-105-FTE
9321530-113-FTE
9321530-106-FTE
9321530-108-FTE
9321530-322-FTE
9321530-208-FTE
906CX-15B-FTE
9321530-109-FTE
906CX-15A-FTE
92683-FTE
92627X-FTE
9331530-209-FTE

Relay coil fails 
to energize

Prompt lE-4

22051501-90A-XFC
22061501-90B-XFC
22051501-90C-XFC
22061501-90D-XFC

HI drywell pressure 
switch fails to 
energize or contacts 
do not close

One month Tested as per 
SP 412D, monthly

1.4E-4

9321530-340A-FRE
9321530-341A-FRE

Normally energized 
test switch fails to 
remain energized

12000 hrs 
(detected during 
refueling outages)

Detected during 
the performance 
of SP 628.1

6E-5

AC-DG62-2-FTE Timing Circuit coil 
fails to energize

Prompt 4.6E-4

92662-FRE 
90662-15B-FRE 
LCL27-6A-FRE 
LCL27-6B-FRE 
90662-15A-FRE

Coil fails to 
remain energized

12000 hrs 
(detected during 
refueling outages)

detected during 
the performance 
of SP 628.1

6E-4

00
CO
I
r o
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FAULT SUMMARY SHEETS
EVENT DESCRIPTION DETECTION INTERVAL COMMENTS UNAVAILABILITY

22051501-90A-TOM
22051501-90C-TOM
22061501-90B-TOM
22061501-90D-TOM

Sensor left un­
available due to 
test/maintenance 
error

One momth Tested as per 
SP 412D

lE-2

9321530-340A-TOM
9321530-341A-TOM

Test switch in 
test position

One month Assumed unavailable 
due to test for 
1 hr/month

1.4E-3

SC-2A-CKV-FT0
SC-2B-CKV-FT0

Check valve fails 
to permit flow due 
to mechanical 
failure

Prompt Check valves are in 
the flow path for 
for heat exchangers 
M4-14A or B

lE-4

SC-2A-CKV-TMC
SC-2B-CKV-TMC

Check valve out of 
service for test/ 
maint.

Prompt These check valves 
are in the flow 
path for heat 
exchangers M4-14A 
or B

3.0E-6

SC-4A-XV-TMC
SC-4B-XV-TMC
SC-5A-XV-TMC
SC-5B-XV-TMC

Manual valve out 
of service for 
test/maint or left 
closed due to test/ 
maint.

Prompt Supply to station/ 
instrument air 
compressors

0.0

SC-38A-XV-FRO
SC-38B-XV-FRO
SC-39A-XV-FRO
SC-39B-XV-FRO

N.O. manual valve 
fails to remain 
open

Prompt Condensate booster 
pump bearing cooling 
flow affected

6.7E-6

c s

00
I
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r o

MILLSTONE 1
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FAULT SUMMARY SHEETS
EVENT DESCRIPTION DETECTION INTERVAL COMMENTS UNAVAILABILITY

SC-38A-XV-TMC
SC-38B-XV-TMC
SC-39A-XV-TMC
SC-39B-XV-TMC

U)
INJOJ

N.O. manual valve 
fails to remain open 
due to test or 
maintenance

Prompt Condensate booster 
pump bearing cooling 
flow affected

MILLSTONE 1
SYSTEM TBSCCW
SHEET y/11
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TBSCC FAULT TREE PAGE INDEX (Cont.)
GATE NAME DEFINED ON PAGE TRANSFERS TO PAGE(S)
G-TBSCC-85 TBSCC-35 TBSCC-33
G-TBSCC-86 TBSCC-36 TBSCC-34
G-TBSCC-87 TBSCC-37 TBSCC-31
G-TBSCC-88 TBSCC-38 TBSCC-32
G-TBSCC-89 TBSCC-39 TBSCC-37
G-TBSCC-92 TBSCC-40 TBSCC-39
G-TBSCC-93 TBSCC-41 TBSCC-39
G-TBSCC-95 TBSCC-42 TBSCC-41
G-TBSCC-96 TBSCC-43 TBSCC-41
G-TBSCC-99 TBSCC-44 TBSCC-43
G-TBSCC-101 TBSCC-45 TBSCC-44
G-TBSCC-104 TBSCC-46 TBSCC-44
G-TBSCC-106 TBSCC-47 TBSCC-38
G-TBSCC-109 TBSCC-48 TBSCC-47
G-TBSCC-110 TBSCC-49 TBSCC-47
G-TBSCC-112 TBSCC-50 TBSCC-49
G-TBSCC-113 TBSCC-51 TBSCC-49
G-TBSCC-116 TBSCC-52 TBSCC-51
G-TBSCC-122 TBSCC-53 TBSCC-52
G-TBSCC-123 TBSCC-54 TBSCC-53
G-TBSCC-126 TBSCC-55 TBSCC-54
G-TBSCC-130 TBSCC-56 TBSCC-55,TBSCC-58
G-TBSCC-133 TBSCC-57 TBSCC-55,TBSCC-58
G-TBSCC-136 TBSCC-58 TBSCC-54
G-TBSCC-140 TBSCC-59 TBSCC-55
G-TBSCC-141 TBSCC-60 TBSCC-59,TBSCC-65
G-TBSCC-142 TBSCC-61 TBSCC-60
G-TBSCC-143 TBSCC-62 TBSCC-60
G-TBSCC-146 TBSCC-65 TBSCC-58
G-TBSCC-147 TBSCC-66 TBSCC-36,TBSCC-38
G-TBSCC-150 TBSCC-67 TBSCC-66
G-TBSCC-210 TBSCC-63 TBSCC-60
G-TBSCC-211 TBSCC-64 TBSCC-60

B.13-25



NO HEfff REMOVAL THRU RX FEEDPUMP ft OIL COOLER M2-10A
1 e-FN-R^-Hin

tu
LO
IKJ
CTi

r
NO Fl o w t h r u 

n o r m a l l y o p e n m a n u a l VALVE 1-SC-31A
NO HEAT REMOVAL V(A COMMON PUMP AND HEAT EXCHANGER TRAINS IN TBSCCW SYSTEM

LOCAL MECHANICAL FAILURE OF RX FEEDPUMP A OIL COOLER

NO f l o w t h r uNORMALLY OPEN MANUAL VALVE 1-SC-32A

I 6 - T 8 ^ - 2  I I G-TB^-^6 I s c -i o a-h t x -lof‘

OUT OF SERVICE FOR m e c h a n i c a l  f a u l t o f OUT OF SERVICE FOR MECHANICAL FAULT OF
TEST OR MAINT. VALVE TEST OR MAINT. VALVE

SC-31A-XV-TMC I I SC-31A-XV-FR0 1 SC-32A-XV-TTg'1 I  SC-32R-XV-FR0a
w
cnO01



C d

u>
I

--J
G - T B ^ - S  I G-TB^-6SC-lOB-HTX-Cor

NO HEHT REMOVflL THRU RX FEEDPUMP B OIL COOLER H2-10B

MECHflNICflL FflULT OF VBLVE

NO f l o w t h r uNORHRLLY OPEN HflNURL VALVE 1-SC-31B

OUT OF SERVICE FOR TEST OR nfilNT. MECHANICAL FAULT OF VALVEOUT OF SERVICE FOR TEST OR MAINT,

LOCAL MECHANICAL FAILURE OF RX FEEDPUMP B OIL COOLER

NO HEAT REMOVAL VIA COMMON PUMP AND HEAT EXCHANGER TRAINS IN TBSCCW SYSTEM

NO FLOW THRU NORMALLY OPEN MANUAL VALVE 1-SC-328

I SC-31B-XV-fMn I  SC-32B-XV-TMC SC-32B-XV-I^

h3
C O
cnO01N)



C d

UJ
INJ
00

NO COO.IN6 FUM TO 
coMENsnrc Piir 
nOTCR THRUST 
SCnRINBS

NO rU M  TtfM  PC 
m.VE 1-SC-34R

STUCK OFCN RELICT
VRLTE i-sc-esn

NO t l o h  t h r u
NORHRLLT OPEN HRNW. 

vfiyE i-sc-37n
NO FLON TWU 

NORHRLLT OPEN HfMJRL 
VHLVE 1-SC-39R

NO TLOH THRU 
NORHRLLT OPEN HRNURL 

VRLVE l-SC-SM
NO >CRfT RENWRL VIA 
COHHON PUHP AND HEAT 
CXCHANSCR TRAINS IN 

TB3CCM 3TSTEH

a
Uio0100



t3d

(jO
INJ

t-TKCC- 8  I G-TB^-9 Ie-FM-CPft-HTX

SC-: SC-33fl-XV-Tt1C SC-37fl-XV-FR0'-FTO

NO TLOH THRU NORMfiLLT OPEN MflNURL VALVE 1-SC-33A
NO FLOW THRU NORMALLY OPEN MANUAL VALVE 1-SC-37A

OUT OF SERVICE FOR TEST OR MAINT.MECHANICAL FAULTS OF VRLVE MECHANICAL FAULTS OF VALVE OUT OF SERVICE FOR TEST OR MAINT.

3̂dd
COo01



NO ruON THRU NO ruON T M W  PC
NORMflLLT OPEN MflNUflL valve J-SC-34A

valve 1-SC-35A A-
e-rn-cpfl-HTx

00

Ul
I
OJ
o

e-FH-CPfl-HTX

NECHflNICflL rnULTS or OUT or SOWtCE rOR 
TEST OR HR!MT,

MECHflNICflL FflULTS Or
VflLVE

I SC-34^^-^^

OUT or SERVICE roR 
TEST OR MfllNT.

<-3
00WO01
o n



CO

U)
I
(jO

NO cooLiNe ruM to

B E

STUCK CPCM D E L I S ’
VDLVC i-sc-eae

NO FLON TWU 
NORI«U.T OFEN imn. 
<IWK 1-SC-37B

NO HCNT KCHOm. Tlfl 
CarHM PVff> DND HEDT 
en>«MOER TRD1NS IN 

TB9CCN STSTEH

NO FLON TWU PC 
WLVE l-X-3«

NO FlON TWU
NORmxY OPEN imn. 

y»»,yE 1-SC-33B
NO FUM TWU

n o r w l l t  o p e n  imn. 
yH,VE 1-SC-3SB

wcn 0 n1<n



to

U)
IU)
ISJ

fl-TBSCC-13G-FM-CPB-HTX

I SC-33B-XV-ffiCSC-; XV-FRO

NO FLOH t h r u NCRHRLLY OPEN r mj HL  VALVE 1-SC-35B
NO Fl ON t h r o NORMALLY OPEN HANUAL VALVE 1-SC-338

OUT OF SERVICE FOR TEST OR HAINT. MECHANICAL FAULTS OF VALVE OUT OF SERVICE FOR TEST OR MAINT.MECHANICAL FAULTS OF VALVE

1-3toWnnt•-0



03
OJ
I
OJ
OJ

e-TBSCC-15 I e-FM-CPB-HTX

NO FLOW THRU NORnnLLY CPCN HRNUHL VALVE l-SC-3rB
NO FLON THRU PC VALVE 1-SC-34B

MECHANICAL FAULTS OF VALVE MECHANICAL FAULTS OF VALVEOUT OF SERVICE FOR TEST OR MAINT. OUT OF SERVICE FOR TEST OR MAINT.

SC-37B-XV-FR0nu I SC-37B-XV-TMC I I SC-34B-PHV-FRO I

1-3
03
cno01
00



d3
OJ
I
OJ>1̂

NO HEHT REMOVflL VIA COMMON PUMP AND HEAT EXCHANGER TRAINS IN TBSCCH SYSTEM
I  B - T B ^ - S 8  I

A
NO HEAT REMOVAL BY COND. BOOSTER PUMP A MOTOR BEARING COOLER M2-7A

G-FN-C8PA-HTX I  6-TBSiy-17

XNO FLON THRU NORMALLY OPEN MANUAL VALVE 1-SC-38A
LOCAL MECHANICAL FAILURE OF MOTOR BEARING COOLER M2-7A

1
NO FLOH THRU NORMALLY OPEN MANUAL VALVE 1-SC-39A

I 6 - T B ^ - 1 8  I I  SC-7A-HTX-L0n l e - T B # - i S  I

OUT OF SERVICE FOR MECHANICAL FAULTS OF OUT OF SERVICE FOR MECHANICAL FAULTS OFTEST OR MAINT. VALVE TEST OR MAINT, VALVE

SC-38A-XV-tTg~ I SC-39A-XV-fM5~ 0
1-3to
cno01(T)



tu
CO
I
CO
c n

NO H c n r  R o o m ,  b y
COND. BOOSTER PUP B 
NOTOR BORIN6 COOLOI 

N2-7B

6-TN-CBPB-HTX

NO N c n r  R o o m ,  v i n
COHNCM PUP f»0 HEBT 
EXCWNGER TRRINS IN 

TB9CCN STSTEN

NO plon thru NORmLLY OPEN nmuL 
¥»».« 1-X-38B

LOCRL NECWMICn. 
miujRE OP noroR 

BEBRINB COOLER H3-7B
NO FUM THRU 

NORHFLLY CPCN WHIRL 
WLVC 1-S(>-»B

our OP SERVICE POR 
TEST OR WMNT.

NECWMIOIL PRULT OP 
VRLVE

NECNRNIORL PRULT OP 
VRLVE

OUT OP SERVICE POR 
TEST OR HRINT.

wMO01



NO HOIT ROnm. PROtl 
COND. BOOSTCR PUP fl

tu
Ul
I
(jO
CTi

NO HENT Room. BY 
COND. BCOSTOl PUP 0 
NOTOR BOKtNB COOlBR 

•Q-PB

NO HCBT Room. TUU 
COND. BOOSTER PUP B 
use OIL COQLOt 

B2-29B

NO HCBT RO 
CUtON PUI
EffihflNeCR

TBSCCH

o m  TIB 
P IWD ICBT 
TRBINS IN 
SYSTCN

li-TK O ' l

LOOL NCCH. PBIUJK 
or COOLOt B3-39B

NO PU) 
NORIVLLY a

m v c  1
4 THU 
PEN NRNUt.
-SC-38B

r«"T6S «^VI

NO PlON IMU N.O. 
«M. m V E  1-SC-38B1

X
NO rLOH THRU 

NORULLY OPOI BBNUBL 
m « :  1-SC-3BB2

NO PLON TNW N.O. 
WM. mve 1-SC-38B

1-3
towo01



w
UlI
Ul

G-TBSiy-2S Ie-TBSCC-23

NO FLOW THRU NORMflLLT OPEN MflNUflL VflLVE l-5C-38fl
NO FLOW THRU N.O. MflN. VflLVE l-SC-38fll

MECHflNICflL FflULTS OF VflLVE MECHflNICflL FflULTS OF VflLVE OUT OF SERVICE FOR TEST OR MfllNT.OUT OF SERVICE FOR TEST OR MfllNT.

I SC-38fl-XV-TMCl SC-38fl-XV-Fm 1 SC-38fll-XV-FR0 I I SC-38fll-XV-TMC I

rowo01
NJ



w
OJ
I
OJ
00

I S-TBSCC-26 I

SC-39ft-XV-FR0SC-39R-Xy-THCSC-38fl2-XV-THCSC-3en2-XV-FR0

NO TLOW THRU N.O. MflN. VfiLVE l-SC-39fl

MECHflNICflL FflULTS OF VflLVE

NO FLOH THRU NORMflLLT OPEN MflNUflL VflLVE l-SC-38fl2

OUT OF SERVICE FOR TEST OR MfllNT.OUT OF SERVICE FOR TEST OR MfllNT.MECHflNICflL FflULTS OF VflLVE

1-3WcnO01
U>



NO Ntnr RooML nun 
COM). nosTot nir e

W
Ul
IuVD

NO HEAT Rl 
COM). BOOS 
NOTOR BEAR H2-

OnVAL BY 
ICR PUT B 
ING COOLOT 
FB

f F W

Him

NO ICHr ROnfflL TNMU 
COM). BOOSTER nM> B 
U K  OIL COOLER ie-29B

NO HEHT ROnfflL VIA 
COmON PUHP AND NEAT 
EXCHANGER TRAINS IN 

TBSCCH STSTEH

NO PLON TMiU 
N O m L T  OPEN HANUn. 

VALVE I-SC-3*
LOCAL HECN. FAILURE 
or COOLER n3-29B

NO FLON THRU N.O. 
VALVE 1-SC-38BI

NO FLON THRU N.O. 
HAN. VM.VE )-3C-3«

NO FLO 
NORHALLT 0 
VflLVE )-■

V THRU 
PO* HANUflL 
SC-3flB3

nFTK S 7 H

h3W
cno01



t30
(jO
I

o

e-TBsro-29

SC-38Bl-XV-fMCSC-38B-XV-FroSC-38B-XV-tRC

NO TLOH THRU N.O. IflN. VflLVE 1-30-3681

OUT OF SERVICE FOR TEST OR HfllNT.

NO FLON THRU NORHflLLY OPEN MflNUflL VflLVE 1-SC-388

MECHflNICflL FflULTS OF VflLVEMECHflNICflL FflULT OF VflLVEOUT OF SERVICE FOR TEST OR MfllNT.

cn0n1
Ul



CD

UJ
I

l-TBSCC-31G-TBSCC-27

SC-39B-XV-THC1 SC-3gB-XV-FR0 XV-FRO

NO FLOH THRU N.O. MflN. VflLVE 1-SC-39B NO FLOH THRU NORMflLLT OPEN MflNURL VflLVE 1-30-3682

OUT OF SERVICE FOR TEST OR MfllNT.
OUT OF SERVICE FOR TEST OR MfllNT. MECHflNICflL FflULT OF VflLVE MECHflNICflL FflULTS OF VflLVE

1-3roCDo01
a\



NO COOLING TLON TO SmriON flIR COMPRESSOR

to

w
I
ro

NO FLOH THRU N.O. SOLENOID VHLVE l-SC-12
NO PLON THRU N.O. NRNUHL VRLVE l-SC-13NO FLOH THRU PC VflLVE 1-sc-nNO FLOH THRU N.O. MflNUflL VflLVE 1-SO-IONO FLOH THRU N.O. MflNUflL VflLVE l-SC-9

G-TBSCT-3̂G-TB^-j6G-TB^-i4

STUCK OPEN RELIEF VflLVE l-SC-92NO FLOH THRU N.O. MflNUflL VflLVE l-SC-15NO HEHT REMOVflL Vlfl COMMON PUMP AND HEAT EXCHflNGER TRAINS IN TBSCCH SYSTEM

NO FLOH THRU N.O. MflNUflL VflLVE
1-sc-no

IG-TB^-33
cnO01



to

(jj
I
U)

e-TBSCC-33e-SlR-M51-CPR e-SIfH61-CPR

NO TLOH THRU N.O. MflNUflL VflLVE 1-SC-llO
NO FLOH THRU N.O. MflNUflL VflLVE l-SC-9

MECHflNICflL FflULTS OF VflLVE MECHflNICflL FflULTS OF VflLVE OUT OF SERVICE FOR TEST OR MfllNT.OUT OF SERVICE FOR TEST OR MfllNT.

I SC-llO-XV-FRO I110-XV-l I SC-llO-XV-TMC I ISC-9-XV-FR0a SC-»-Xy-THC ]

towo01
00



ro
U)
I

B-sin-rei-cPR

NO FLON THRU N.O, 
HRNURL VflLVE 1-SC-lO

OUT OF SERVICE FOR 
TEST OR HRINT,

HECHRNICRL FflULTS OF 
VflLVE

SC-lO-xy-FROlu I SC-IO-XV-THC I

I e-TBSCC-jse-SIfl-H51-CPR

NO FLOW THRU PC 
VflLVE 1-SC-ll

HECHflNICflL FflULTS OF 
VflLVE

OUT OF SERVICE FOR 
TEST OR HfllNT.

isc-n-PHV-fitt

t30wo01
— ^



w
U)
I
û

e-TBSCC-37 I B - T B ^ - 3 8G-Sin-M51-CPR G-Sin-MSl-CPR

NO t l c m t h r u N.O. SOLENOID VRLVE l-SC-12

OUT or SERVICE FOR TEST OR rifllNT.

NO f l o w t h r u N.O. MflNUfiL VALVE l-SC-13

OUT OF SERVICE FOR TEST OR MAINT. HECHflNICflL FAULTS OF VALVEMECHANICAL FAULTS OF VALVE

I SC-12-S0V-TMC I I SC-l^^FRO I SC-13-XV-TMC

h3tfl
COO01INJ
o



w
U)
I

CTi

8-TBSCC-39B-Sin-M51-CPR

OUT or SERVICE rOR TEST OR MRIMT.tlECHflNlCflL rnULTS OF VALVE

NO FLOW THRU N.O. HANUAL VALVE l-SC-15

I SC-li~XV-FRO I

tu
COO01NJ



NO COOLING FLOH TO INSTRUMENT flIR COMPRESSOR

tel

e-Slfl-MS1-CPR

NO FLOW THRU N.O. MflNUfiL VflLVE I-SC-16 NO FLOW THRU N.O. MflNUfiL VflLVE l-SC-17 NO FLOW THRU PC VflLVE l-SC-18 NO FLOW THRU N.O. SOLENOID VflLVE l-SC-19
NO FLOW THRU N.O. MflNUflL VflLVE 1-SC-20

G-TBS^-45 1 I G-TBSCC-46'B-TBSCC-43

NO FLOW THRU N.O. MflNUfiL VflLVE 1-SC-llO
NO HEAT REMOVflL VIA COMMON PUMP flND HEAT EXCHANGER TRAINS IN TBSCCW SYSTEM

NO FLOW THRU N.O. MflNUflL VflLVE 1-SC-22STUCK OPEN RELIEF VflLVE 1-SC-93
6 - T B ^ - 4 1I G-TBSCC-58G-TBSCC-47

1-303
COO01KJN)



td
U)
I
00

i-TBSCC-41 G--SIfl-tl54-CPRS-SIfi-«54-CPR

OUT OF SERVICE FOR TEST OR HftlNT.OUT OF SERVICE FOR TEST OR MfllNT.

NO FLOW THRU N.O. HflNURL VflLVE l-SC-16NO FLOH THRU N.O. MflNUflL VflLVE
1-sc-no

MECHflNICflL FflULTS OF VflLVEMECHflNICflL FAULTS OF VflLVE

ISC-110-XV-FWI© I SC-nChXV-TMCn I SC-16-XV-FR0

© ■
I SC-16-XV-TriC~

CO
cn 
n01M(jj



w
U)
I
VO

e-SIfl-f154-CPR 1 S-TKro-4< Ie-TBSCC-Oe-SIfl-M54-CPR

NO FLOH THRU N.O. HflNURL VflLVE l-SC-17 NO FLOH THRU PC VflLVE l-SC-18

MECHflNICflL FflULTS OF VflLVE OUT OF SERVICE FOR TEST OR MfllNT.OUT OF SERVICE FOR TEST OR MfllNT. MECHflNICflL FflULTS OF VflLVE

I S C - 1 7 ^ f ^ 1 sc-ie-wv-fW 1 S C - l B - f i H V - T O C n

ddwo01ro



03
LO
I
U1
o

I e-TBSCC-45e-SIft-«54-CPR

SC-19-^-triCS C - 19- ^- rR0 l

NO rLON THRU N.O. SOLENOID VHLVE l-SC-19

OUT or SERVICE TOR TEST OR HfllNT.MECHflNICflL FflULTS OF VflLVE

e-SIfl-M54-CPR

NO FLOH THRU N.O. MflNUflL VflLVE l-SC-20

MECHflNICflL FflULTS OF VflLVE OUT OF SERVICE FOR TEST OR MfllNT.

1 SC-20-XV-FR0 I sc-a^xv-tMC"

w
COn 
nIN)Ul



t l 3

U)
ILn

e-SIft-M54-CPR

NO PLOH THRU N.O. MfMJRL VflLVE 1-SC-22

MECHflNICflL rflULTS OF VflLVE OUT OF SERVICE FOR TEST OR MfllMT.

I SC-22-XV-FROa I S C - ^ ^ T H C  I

oa
cn0
n1NJ<T>



d3
(jO
I<_n

e-TB^-5BG-rH-RTPfl-HTX, G-rM-RFPB-HTX, G-FH-CPfl-HTX, G-FH-CPB-HTX, G-TBSCC- 1  G-TBSCC-20, G-TBSCC-23, G-TBSCC-27, G-SIfl-M5l-CPR, G-SIR-M54-CPR

G - T B ^ - S 9

NO PLOM THRU COrtKM TBSCC SYSTEM PUMP OISCHMRGE HERDER
NO HERT REMOVflL BY HERT EXCHRNGER TRAINS

NO HERT REMOVflL VIA COMMON PUMP AND HERT EXCHANGER TRAINS IN TBSCCN SYSTEM

NO FLOH OR HERT 
r e m o v a l  t h r u HERT EXCHANGER M 4 - H R

NO FLOH OR HERT REMOVAL THRU HERT EXCHRNGER M 4 - HB
rG-TBSCC-63

A
I  G-TBSro-67
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NO TLOM THRU COmON 
TBSCC STSTEH PUHP 
OISCHBRGC HCnXR

I e-TB̂ -60 I

NO FUM THRU LINE 
GIVEN PUHP H 4-lSa 

RUNNING -PUHP H4-15B 
STOPPED INITIfiLLT

NO FLON THRU LINE 
GIVEN PUHP m-15B 
RUNNING -PUHP IH-ISH 
STOPPED INITIRLUT

PHP IR n FfllLS itm x 
PHP n IN RUNNING 

NODE - NO FUON THRU 
VflLVE l-SC-3fl

PUHP TRAIN B 
UNAVfllLflBLE ON 

DEHflND - NO FLON 
THRU VflLVE 1-SC-3B

A TRAIN INITIAUT 
RUNNING

PHP TR B FAILS NHILE 
PHP B IN RUNNING 

HODE - NO FLON THRU 
VflLVE 1-SC-3B

PUHP TRflIN A 
UNAVfllLflBLE ON 
DEHflND - ND FLOH 
THRU VflLVE 1-SC-3A

B TRAIN INITIflLLT 
RUNNING
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NO ruM OR ma \owfL Twu Hcnr
CXOfMER m-l«l

mUL VfLVC )-SĈ  miLS CLoacDNO NOff RDOm. THU 
tcm CXCNRNQER

JRL VRLVC 1>9Ĉ  
FAILS CL09BD

LOCAL mULTS OT 
WLVC

ND 9HOL SIOC ND1T 
REHDWL fWH SON STsm VfLVC our FOR TCST 

OR AMNIOIMe
TCST OR HAINTDNMZ 

OUTABC
VfLVC OUT rOR TCST » NAINTDMCC nccH. PAiuRc or 

fCfff CXCHMCR
LOCAL PflLTS or 

VfLVC

fgT
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NO rUM OR HENT
CXGNfMGOt m-m

imM. WLVC l-SC-SB 
miLS OOSQD

NO HOIT ROOffL 1MU 
ten  CXCHMOt

rmjfL VfLVC 1'9CHB 
nuLS aosED

LOOtL mULTS tr VfL« viLvc our _
OR tfUNTDWCC

TCST NCCH. rfkiLURC or 
ten  zxomat

TCST OR miNTDfMDC 
OUTNK

MD StCU SIOC ICfff
RoeffL nm  s»

STSIOt
LOOK. F1U.TS OP 

VfLVC
VfLVC OUT _ _

OR mimomt
TCST
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g-TB^-71 1

6-TBSCC-72SC-3n-XV-Tt1C

SC-2fl-CKV-TMCSC-2fl-CKV-rT0

G-TBSCC-&7

MECH. FflULTS ON VflLVE l-SC-2fl VflLVE l-SC-2fl OUT FOR MfllNTENflNCE

PUMP TRflIN fl UNflVfllLflBLE ON OEMflND - NO FLOH THRU VflLVE l-SC-3fl

NO FLOH THRU PUMP M<-15fl

FfllLURE OF MOTOR DRIVEN PUMP fl ON OEMflND - M4-15fl

VflLVE 1-SC-lfl OUT FOR TEST OR MfllNT,MECH. FflULTS ON VflLVE 1-SC-lfl

NO FLOH THRU CHECK VflLVE l-SC-2fl

NO FLOH THRU VflLVE 
1 -SC-lfl

MECH. FflULTS ON VflLVE l-SC-3fl VflLVE l-SC-3fl OUT FOR TEST OR MfllNT

I SC-lfl-XV-FR51 sc-ifl-xv-Tii5~

03COO01UJ
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PUMP TRflIN B UNflVfllLflBLE ON OEMflND - NO FLOW THRU VflLVE I-SC-38

G-TBSCC-61 i  G-TBSCC-751

(Ji

I SC-3B-XV-FR0 I I G-TB^-76~I

I SC-2B-CKV-TMC
A

I G-TB5CC-77

MECH. f a u l t s o n NO FLOH THRU CHECK VflLVE 1-SC-3B OUTVflLVE 1-SC-3B VflLVE 1-SC-2B FOR TEST OR MfllNT.

SC-3B-XV-TliC~1

W VflLVE 1-SC-2B OUT NO FLOH THRU PUMP MECH. FflULTS ON
• FOR MfllNTENflNCE M4-15B VflLVE 1-SC-2B
Ul
1

I SC-2B-CKV-FT0 I

FfllLURE OF MOTOR DRIVEN PUMP B ON OEMflND - M1-15B
NO FLON THRU 1-SC-lB

G-TBSCC-78 I G-TBSCC- 6 8  I

MECH. FflULTS ON VflLVE 1-SC-lB OUTVflLVE 1-SC-lB FOR TEST OR MfllNT.
Ww

I  SC-IB-XV-FRO I SC-1B-XV-TMC~1 0 
n1CjJ
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PMP TR fi FAILS WHILE PHP fl IN RUNNING tIOOE - NO FLOH THRU VflLVE l-SC-3fl

G-TBSCC-61 I 6-TBSCC-79

oa
OJILn
00

I SC-3fl-Xy-FR0 I
I ?

MECH. FflULTS ON «̂3 FLOH THRU CHECKVflLVE l-SC-3fl VflLVE l-SC-2fl

I g-TBSCC-80

16-TBSCC-ai I

NO FLOH THRU PUMP MECH. FflULTS OFM4-15fl CHECK VflLVE 1-SC-2A

I SC-2fl-A(V-Fl0l

I SC-in-XV-FROl 
0

MECH. FflULTS ON PUMP M4-15fl FfllLS INVflLVE 1-SC-lfl RUNNING MODE

IG-TBSCC-85A wCOo01LJLO
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PfIP TR B FHILS WHILE PHP B IN RUNNING nOOE - NO PLOH THRU VHLVE 1-3C-3B

e-TBSCC-62 I e-TBSCC-82

W
U)
I
Ln

MECH. FflULTS ON NO FLOW THRU CHECKVflLVE 1-SC-3B VflLVE 1-SC-2B

I SC-3B-X\I-rR0 IG-TBSCC-83

VD NO FLOW THRU PUMP MECH. FflULTS OFM4-15B CHECK VflLVE 1-SC-2B

I G-TBSCC-8 -ll I S C - 2 B j ^ - f ^

MECH. FflULTS ON FfllLURE OF MOTORVflLVE 1-SC-lB DRIVEN PUMP B INRUNNING MODE -M4-15B
I SC-lB-Xy-FROl

I ?
I G-TBSCC- 8 6  I
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S-TBSCC-85 I
e-TBSCC-81

PUMP n4-isa rniLS in RUNNING nooc

LOSS or ELECTRICflL POHCR 480V, BUS 12EPUMP TRIPS DUE TO HUHRN ERROR LOCflL MECH. FfllLURE OF MOTOR BREAKER 480V, BUS 12E, COMPT 15C

LOCflL FflULTS OF PUMP

1 SC-fl-MDP-OSP I I  SC-fl-MDP-FS^
■ Q

I flC-12E- lSC-FRC I I G - f l c - a j s - 1 ^
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COO01
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Q-TBSCC- 8 6

SPURIOUS TRIP SIGNflL TO TBCCH PUMP - M4-15B
LOSS OF 0£CTRICfiL POWER 480V, BUS 12FLOCflL MECH. FfllLURE OF MOTOR BREflKER flT 480V, BUS 12F. COMPT14C

FfllLURE OF MOTOR DRIVEN PUMP B IN RUNNING MODE - M4-15B

LOCflL FflULTS OF PUMP

I 6 - T B S r o - 1 4 n I  SC-B-MDP-FSn I flC-12F-14C-FR(i I I 9-flC-BUS-12F

1-3
dd
cno01
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miLURE o r  noTCR 
DRIVEN punp n  CN 
DCMM -  IM -lS n

S -T B S C C -7 3

PUMP TRIPS L o c n . rnuLTS or p u pLOSS CF CLCCTRIOflL 
POMCR la o v ,  BUS I X

PUMP TRIPS DUE TO HURM ERROR
CONTflCTS 3-3C  MNl 
i-K o r  SN. C S /IS 5  

PHIL CLOSED

MfM. SNITCH C S/1S5 
m iL S  IN STOP 

POSITION

N.O. CONTMCT 3 -3 0  
rn iL S  CLOSED

N.O. CONTMCT 4-4C 
PRILS CLOSED

im « -5 5 -w iia « C S -I5 S -3 R O I

NO RCTURTI TO STMRT n
ON SICNn. 
UMP m - t S H

r ^ T S s £ : S a j

PUMP OUTMK DUE TO 
TCST OR MRINIENMNCE

lan^WMi

03Wo01(jO



FfllLURE OF MOTOR DRIVEN PUMP B ON OEMflND - M4-15B

G-TBSCC-77 I  e - T B ^ - 8 8

tu
OJ
I<Ti
OJ

LOSS OF ELECTRlCflL POMER 480V, BUS 12F

I e-nC-8US-12F I

LOCflL FflULTS OF PUMP

SC-B-MDP-FSP
o

CONTROL SIGNflL FfllLURE TO flCTUflTE PUMP
PUMP OUTAGE DUE TO TEST OR MfllNTENflNCE

I G-TBSCC-Sefll

SPURIOUS TRIP SIGNflL TO TBCCH PUMP - M4-15B
1 G-TBSro-147 I

NO nCTUflTION SIGNflL TO START PUMP M4-1SB

I  G-TBSy-l06~

aCO0 
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03



NO nCTUHTIGN SIGNflL TO STflRT PUMP M4-15fl

G-TBSCC-87 I G-TB5CC-89

LOCflL MECH. FfllLURE NO SIGNflL TO BREflKER
OF MOTOR BREflKER COILw 480V, BUS 12E, COMPT•_^ 15C

OJ
ICTi

I flC-12E-15C-rRC I I 9-TBSCC-90

NO SIGNflL FROM LOSS OF POHER FROMOPERflTOR OR LNP DC lOlB CKT 23STflRT
I  G - T ^ - 9 1

I 6-TBSCC-92

[T
I G-DC-BUS-B-23 I

NO SIGNflL Vlfl MflN. NO SIGNflL FROM LNPflCTUflTION SN. CS/155 flUTO STflRT

IG-TBSCC-93
t-3WWO01
OJVD
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G-TBSCC-91

NO SIGNflL Vlfl MflN. flCTUflTION SM. CS/155

SNITCH CS/155 FfllLS TO FUNCTIONCONTACT 2-2C OF CS/155 FfllLS TO aosE
CONTACT 1-lC OF CS/155 FfllLS TO CLOSE

OPERflTOR FfllLS TO CLOSE CS/155

I 906CS-i55-2FC I 906CS-155-1FC I l906CS-i55-FTE I 1 SC-fl-MDP-OFSl
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e-TB^-93 1e-TBSCC-91

t-TBSCC-96

CONTflCT 1-7 OF CS/lSfi FOILS TO CLOSE

CONTflCT 1-7 FfllLS TORCflfliN aosco MECH. FAULT OF RELAY 62/15fl TO FUCTION

NO SIGNflL FROM LNP AUTO STflRT

RELAY 62/150 BECOMES OE-ENER6 IZEO

CONTflCT 1-7 OF 62/lSfl NOT CLOSED

COwo01



w 0-TBSCC-9S I

RELAY 62/ISA BECOMES DE-ENER6I2ED

LOSS OF POWER FROM 00 lOlB CKT 23 W.C. CONTACT 3 OF CX/15A OPENS - MECH, FAULT
I  G-DC-BUS-B-23 I I  906CX-15A-3RC
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B-TBsix-96 I

t-TBSCC-97

e-TBSCC-98G-DC-BUS-B-23

COIL CX/15R MOT ENERG12ED MECHRNICflL FfllLURE OF COIL CSXlSfl

MECHflNICflL FfllLURE OF CONTflCT 5-6 TO CLOSE

LOSS OF POHER FROM DC lOiB CKT 23

MECHflNICflL FfllLURE OF COIL 83

CONTflCT 1-7 OF CS/15fl FfllLS TO aOSE

NO SIGNflL THRU CONTflCT 5-6 OF RELflT

MECHflNICflL FfllLURE OF CONTflCT 1-7 TO CLOSE

IG-TBSCC-99 I  92683-5FC 1 1 92683-FTE Wwo01
U)
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G-TBSCC-98

G-TBSro-lCH 1 G-TBSCC-100

MECH. FfllLURE OF COIL 27X

CONTflCT PfllR 2-8 OF COIL 27X FfllLS TO CLOSE
NO POHER ON DC llfl-1 120V DC. CKT. 8

tIECH. FfllLURE OF CONTflCT 2-8 TO CLOSE

N.C. CONTflCT 2-8 OF COIL 62 FfllLS OPEN

I  92627X-2FC I IG-TBSCC-101 I 92627X-FTE I
D

t-3W
cnO01
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G-TBSCC-100

6-TBSCC-1031

NO LOSS OF NORflflL POHER MECH. FRILURE OF CONTRCT 1-2 TO CLOSEMECH. FAILURE OF CONTACT 1-2 TO CLOSE NO LOSS OF NORMAL POWER

LNP CONTACT PAIRS FAIL TO CLOSE NO POHER FROM 4160V BUS IN SHGR NO. ME. CUB 2

CONTACT PAIR 1-2 OF LNP 3 FAILS TO CLOSECONTACT PAIR 1-2 OF LNP 36 FAILS TO CLOSE

I 926LNP-3A-1FC I I NO-LOSS-NORM-PWR

I ?
I NO-LOSS-NORM-PWR I 926LNP-3-1FC

a 1-3133
COO01
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g-TBSCC-105

N.C. CONTflCT 2-8 OF COIL 62 FAILS OPEN

MECH. FAILURE OF CONTACT 2-8 COIL 62 NOT ENERGIZED MECH. FAILURE OF COIL 62

NO POWER ON DC llA-1 120V DC. CKT. 8
N.C. CONTACT 3-7 OF COIL 27X FAILS OPEN - MECH. FAULT

e-DC-BUS-llAT̂ I I 92627X-3RC~
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nI
(Ti



to

Ul
I
NJ

e-TBSCC-106

G-TBSCC-107RC-12F-14C-FRC

t-DC-BUS-fl-ag'e-TBSCC-108 1

NO flCTURTlON SIGNflL TO STURT PUMP M4-15B

NO POWER FROM DC lOlR (XT 25

NO SIGNflL VIA MflN. flCTURTION SH. CS/XSS

NO SIGNflL TO BREAKER COIL

NO SIGNflL FROM OPERATOR OR LNP START

LOCflL MECH. FAILURE OF MOTOR BREAKER AT 480V, BUS 12F, COMPT 14C

NO SIGNflL FROM LNP flUTO START

I 6-TBSCC-KB iG-TBsro-no~l

w
Uio0
1
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G-TBS(y-109~1G-TBSCC-108

NO SIGNflL VIA MAN. ACTUATION SW. CS/ISB

SWITCH CS/156 FAILS TO FUNCTION OPERATOR FAILS TO CLOSE CS/156CONTACT 2-2C OF CS/156 FAILS TO CLOSE
CONTACT 1-lC OF CS/156 FAILS TO CLOSE

I 906CS-i56-2FC I I  906CS-156-1FC I I 906CS-156-FTE I S C - B ^ - ^ O F S  I

1-3DO01O01
00



NO SIGNflL TROn LNP 
flUTO STflRT

e-TBSCC-lOB le-TBsro-iiFI

w
00
I'J

CONTflCT 1 -r OF 
CX/15B FAILS TO 

CLOSE

I e-TBsro-iin

CONTflCT 1-7 FAILS TO 
REflfllN CLOSED

Ei^aEiaEa
O

CONTACT 1-7 OF 
62/15B NOT CLOSED

IS-TBSCC-llf

MECH. FAULT OF RELflT 
62/158 TO FUNCTION

RELAY 62/156 BECOMES 
DE-ENER6I2ED

I 90662-15B-f^

n
|g-TBS^BSCC-112
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RELAY 62/158 BECOMES

[ S E ^ u U

I 9-DC-B^-fl-2S

NO POMER FROM DC N.C. CONTflCT 3 OflOin CKT 25 CS/15B OPENS - MECH.FflULT
I 906CX-15B-3TO

n

1-303Wo01
Ul
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G-TBSCC-110

CONTHCT 1-7 or CX/15B FAILS TO CLOSE
I 6 - T B S C C - i m

OJ
I

u

ie-TBSCC-114 I

tl3
HECHflNICAL FAILURE OF CONTACT 1-7 TO CLOSE

COIL CX715B NOT ENERGIZED MECHANICAL FAILURE OF COIL CX/15B

I  906CX-i5B-rTr
O '

I e-DC-ag-n-2s i

w

NO POHER FROM DC NO SIGNAL THRUlOlA CKT 25 CONTACT 3ft-3B OFRELAY 62-2
le-TBSCC-ns i

MECHANICAL FAILURE OF CONTACT 3A-3B TO CLOSE
COIL 62-2 NOT ENERGIZED MECHANICAL FAILURE OF COIL 62-2

1 AC-DG62-2-3AFC 1 IG-TBSCC-116 1A I f i C - t ^ ^ F T E j wCO0 n1Ln
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G-TBSCC-115

COIL 62-2 NOT 
ENERGIZED

1 6 - T B S C C - n r

rG-TBSCC-122 lQ-TBSCC-n7n
o-TBScc-ne 1

NO SI6 THRU TIMER 932 DUE TO NORM. OPEN CNT HTl-ffr2 OT RLT 932/1530-322 PTC

NO SIGNflL THRU LNP2, 
LNP2fl CONTfiCTS LOSS OF POHER ON 4160V, SHGR 14F, CUB 2

NO SIGNML THRU LNP2 NO SIGNBL THRU LNP2MCONTfiCT 1-2 CONTflCT 1-2

I 6-TBSCC- 19~1

NO LOSS or NGRMflL MECH. FfllLURE OF NO LOSS OF NORMflL MECH. FfllLURE OFPOHER CONTflCT 1-2 TO CLOSE POHER CONTflCT 1-2 TO CLOSE

I NO-LOSS-NORtl-PHRC ^ = I 926LNP-2-irC I NO-LOSS-NORtl-PHR3S-N0RM- r926LNP-2fl-lFC

1-303W0n1
Ultu



e-TBSCC-116

NO Sie THRU TIMER 
932 DUE TO NORM. OPEN CNT flTl-flT2 OF 

RLT 932/1530-322 FTC
8-TBSCĈ T̂̂

1 9321S30-322-1FC I I 6-TBSCC-230~1

MECH. FAILURE OF COIL 932/ 1530-322 MECH. FAILURE OF
U ) CONTACT AT1-AT2 TO NOT ENERGI2E0 COIL 932/ 1530-322
1 CLOSE TO ENERGIZE

CD

9321530-:a2-FTn

D
r

CONTACT PAIRS 3-i OF 
RELAYS 105 AND 113 OPEN

LOSS OF POHER ON DC 
BUS 11A2 CKT. 23

I &-TBSro-123~1

T
I6-0C-BUS-11A2-23
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coHTncT miRS > 4  or
ROmS 105 fVO 113 QPCN

COMinCT PAIR 3-4 X  
ROnT 105 OPEN

CONTfCT PAIR 3-4 X  
ROAT 113 OPGN

HECH. PAIUJRC X  
COMTACT 3-4 TO CLOSE

MECH. rAlLURE X  
COIL 105 TO ENER8I2E

MECH. FAILURE X  
COMTACT 3-4 TO CLOSE

OOIL 113 NOT 
ENER6IZQD

tCCH. FAILURE X  
COIL 113 TO ENERBI2E

1-3W
COO01
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COIL 105 NOT

O-TBSCC-134

CONnCTS 5-6 c r COMTHCT m i R  1 1 - 1 2
n u r r s  lo i n o  loa o r R D JIT  106 r a i L S

rniL O P D i TO C l o s e

ro
U)
I
00
o

N.C. COMiaCT 5-6 OF 
R o n r  1 0 2  n i i L S  o pc m

N.C. CQNinCT 5-6 OT 
REuw 101 r n i L S  open

HECH. rniLURE or COIL 101 NOT MECH. nWLURE OF HECH. miLURE OF COIL 102 NOT HECH. FHIUJ1E OF
CQNTnCT 5-6 ENERGIZED COIL TO REHHIN 

ENCR61ZE0
CONIHCT 5-6 ENERGIZED COIL TO RDHIN 

ENERGIZED

19321S30-101^Bin |-aSi53̂ i0i-WE I iwiisayifli-sw IMii53̂ iai-ff«

W
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00

COIL 101 NOT 
□0)61201

BSE

M.C. CONTnCT 1-2 OF 
SN. 310n OPEN

N.C. CWmCT 5-6 o r 
R O m  27-60 OPDI

KXMMlCrL rniLURC 
or cO N tn c T  1-2

OPERflTOR ERROR PUTS 
SH. 340n IN 
HISPOSITION

nECHRNICRL FfllLURE 
o r  SN . 3 i o n

MECMflNICflL FfllLURE 
or CONTflCT 5-6

nCCNflNICflL FfllLU R E 
o r C OIL 2 7 - 6 f l

FfllLURE or 
IMXRVOLTflEE 
DETECTION CRT.

1̂wCOo01
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COIL 102 NOT 
ENERGIZED

N.C. CONTflCT 5-6 OT 
REUn 2T-6B OPCM

N.C. CONTflCT 1-2 OT 
SN. 34in 0P»

EIS

HECflflNICflL rfllLURE 
or COIL 27-68

(CCHflNICflL rfllLURE 
or CONTflCTS 5-6

OPERflTOR ERROR PUTS 
SH. 341fl IN 
HISPOSITIGN

FfllLURE or 
UMXRVOLTflGE 
DETECTION CKT.

tCCHflNICflL FfllLURE 
OF SN. 34Ifl

IfXNflNICn. FfllLURE 
OF CONTflCT 1-2

B E I E

tc
cnn01
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S -T B 3 C C -1 2 5

COIL 1 1 3  NOT

COMTnCT 1 - 2  OF REUW  
1 0 6  OPEN

CONTnCT 3-T OF RELflT 
101 flNO OONTflCT 1-2 
OF REUW 102 OPEN

OJ
I
00
OJ

Fnn

N.C. CONTflCT 3-4 OF N.C. CONTflCT 1-2 OF
REUW 101 OPEN REUW 102 OPEN

COIL 101 NOT MECH. F f l l u F E  OF MEOH. FfllLU RE -  N .C . C O IL  1 0 2  NOT MECH. FfllLU R E  OF MECH. FfllLU RE -  N .C .
ENERGIZED O O IL TO REMfllN CONTflCT 3 - 4  F f l lL S ENERGIZED O O IL TO REMfllN CONTflCT 1 - 2  m i L S

ENERGIZED OPEN ENERGIZED OPEN
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e - T B S O C - 1 4 0
9 - T B S C C - 1 2 6

CONTflCT PfllR 11-12 
OF RELAY 106 FfllLS TO CLOSE

HECH. FfllLURE OF 
COIL 108HECH. FfllLURE OF CONTflCT 11-12 TO

aosE

I  9 3 2 1 5 ^ ^ - B F C  I iB-TBSCC-Ml I I  9 3 2 1 5 3 0 - 1 0 6 - * r T E  I      ̂i " ' *
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COIL 106 NOT ENCR6IZC0

e-TBSCC-140
0-TBSCC-M6

I9-TBSCC-141 I

\
COLH

NO SIGNflL THRU 109, NO SIGNflL THRU 108,209 CONTflCTS 206 CONTflCTS

f t

I  O-TByC-201□

7X

CONTflCT PAIR 1-2 OF 
RELflT 109 OPEN

CONTflCT PfllR 3-4 OF 
RELAY 209 OPEN CONTflCT PAIR 1-2 OF 

RELAY 108 OPEN
CONTflCT PAIR 3-4 OF 

RELAY 208 OPEN

1 G-TBSCC-142 1 1 G-TBSCC-143 1 Ig -TBSCC-211 1A A 7Y

h3GOWO01<TiO



d3
U J
I
00
<Ti

e-TBSCC-142e-TBSCC-200

S-TBSCC-144

SENSOR TEST OR miNTCNTMCE

CONTfCT PAIR 1-2 OT 
REOIY 109 OPEN

MECH. FAILURE - N.O. CONTACT 1-2 FAILS TO 
CLOSE

OPERATOR ERROR - SENSOR HISCALIBRATION
NO HIGH DRYHELL 

PRESSURE

MECH, FAILURE OF COIL 109

MECH. FAILURE OF 2205/ 1501-90C TO 
CLOSE

I N0-Hl-DRYHL-PRt!5 I  22051501-900^0h 5' 

<>
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SERVICE WATER SYSTEM
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B.14.1 Service Water System Description 

B.14.1.1 Purpose

The purpose of the s ta tion  service water system (SWS) is  to supply cool­
ing water from Long Island Sound to  the s ta t io n  closed cooling systems and 
other d ire c t  cooling loads.

B.14.1.2 Description and Configuration

Figure B.14-1 i l l u s t r a t e s  a sim plified  piping schematic of the SWS. Four 
pumps provide seawater for secondary cooling to  the RBCCW heat exchangers, the 
TBSCCW water heat exchangers, and d ire c t  cooling to the diesel generator.
Each vertica l centrifugal pump is  capable of delivering 10,000 gpm. All four 
pumps supply a sing le  34inch header. Check and manual valves located in 
se ries  provide a means of pump iso la t ion  from the supply header. Flow from 
the 34-inch header i s  d irec ted  through a se lf-c lean ing  s t r a in e r ,  going on to 
supply the various cooling loads. The se lf-c lean ing  SWS s tra in e r  includes a 
bypass with a normally closed b u tte r f ly  valve (SW-19).

Normally open manual and b u t te r f ly  valves provide iso la t ion  cap ab il i ty  
for the three RBCCW heat exchangers. The two TBSCCW heat exchangers can 
sim ilarly  be iso la ted  by closure of two manual valves. Normally open manual 
valves (SW-26 and SW-27) provide iso la t io n  capab ili ty  for the two diesel gen­
e ra to r  cooling water heat exchangers. Normally closed a i r  operated valve 
SW-99 prevents flow from going through these heat exchangers reducing 
corrosion e ffec ts  when the diesel generator i s  in a shutdown condition.

B.14.1.3 System In terfaces

System in te rfaces  for the service water system are shown in Table B.14-1. 

B.14.1.4 Instrumentation and Control

The SWS is  in continual operation and consequently i s  not dependent on 
specific  p lan t conditions fo r actuation . The design includes typical p lan t 
instrumentation for diagnostic surveillance of the various service water com­
ponents.

Manual actuation of a ll  four service water pumps is  provided for on con­
tro l panel 906. Automatic actuation is  provided for pumps C and D a f te r  
tr ipping  on an LNP signa l.  S im ila rily , motor operated valve SW-9 iso la te s  on 
an LNP signal and a i r  operated valve SW-99 opens. Figure B.14-2 i l l u s t r a t e s  
the control wiring schematics and Figure B.14-3 presents the loss of normal 
power c i r c u i t s .

B.14.1.5 Testing

There are four t e s t s  of the service water system:
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SP-608.5 Service Water System Readiness Test

This t e s t ,  (performed monthly), examines each pump. For each 
operating pump motor current and discharge pressure are recorded.
For each non-operating pump v e rif ica tio n  of the discharge check 
valve to seat i s  made by observing the pump sh a f t  fo r reverse ro ta ­
tion . The pumps are ro ta ted  during th is  t e s t  with the above two 
steps repeated.

SP-608.16 SWS to TBCCW Heat Exchanger Power Operated Valve Readiness Test

This t e s t ,  performed during each refueling outage, examines the 
operational readiness of the SWS to TBSCCW heat exchangers power 
operated valve. S pec if ica lly , power operated valve SW-9 is  manually 
closed from control panel 906 and the closing time recorded. After 
t e s t  completion the power operated valve i s  reopened.

SP-617.1 Loss of Normal Power Relays Test

Performed during every refueling  outage, th is  t e s t  provides a 
functional examination of a l l  re lays , breakers, and contactors 
required to  operate in a "Loss of Normal Power" condition.

SP-688.1 Diesel Generator Operational Readiness Demonstration

This t e s t  (performed monthly) demonstrates the operational readi­
ness of the diesel generator, the diesel s ta r t in g  a i r  compressor, 
and the diesel fuel oil pumps. As a part  of th is  examination v e r i­
f ica tion  of the operab ili ty  of the normally closed diesel generator 
heat exchanger o u t le t  valve (SW-99) is  included.

OP-321 Service Water System Operating Procedure

This procedure provides de ta iled  instruction  for the service water 
system. I t  includes 0P321-1, the service water valve checkoff l i s t .

B.14.1.6 Maintenance

There is  no scheduled maintenance fo r  th is  system. Maintenance is  per­
formed on an as-needed basis.

B.14.1.7 Technical Specifications

The SWS is  a continually operating system; consequently, there are no 
applicable technical specif ica tions .

B.14.1.8 Operation

The SWS is  in continuous operation during a l l  modes of p lan t operation and 
during shutdown. Two or three pumps may be in service depending on the plant 
mode. One or two service water pumps, depending on plant operating con­
d i tio n s , are provided for standby service and are capable of being manually

B .1 4 - 3



actuated from control room panel 906. The system is  designed such th a t  a ll  
heat exchanger o u t le t  valves (with the exception of the diesel cooling water 
heat exchanger) are  to be l e f t  wide open during normal operation.

Automatic actuation fo r  two pumps occurs a f t e r  an LNP signal. Service 
water pumps C and D are driven from the gas turbine and diesel generator, 
respective ly . Air operated valve SW-99 opens to allow cooling flow through 
the diesel generator heat exchangers and motor operated valve SW-9 closes to 
iso la te  flow to the turbine building closed cooling water heat exchangers.

B.14.2 Analysis

B. 14.2.1 Success/Failure C rite r ia

Successful operation of the SWS under a loss of normal power condition is
to provide cooling water to the RBCCW heat exchangers, the TBSCCW system, and
the diesel generator. Such success can be achieved i f  motor operated valve 
SW-9 iso la te s ,  i f  a i r  operated valve SW-99 opens, and i f  one service water 
pump is  brought on l in e .

Failure of the service water system would r e s u l t  in the in a b i l i ty  of the 
TBSCCW heat exchanger to  provide cooling to  the feedwater coolant in jec tion  
system pumps, fa i lu re  of the diesel generator heat exchanger to provide cool­
ing to the d ie s e l ,  and fa i lu re  of the RBCCW heat exchanger to  provide heat 
removal to the shutdown cooling system during the f i r s t  20 hours of the acc i­
dent. Consequently, one of the high pressure in jec tion  systems, the diesel
generator, and the shutdown cooling system would be lo s t  a f te r  an LNP event.

B.14.2.2 Assumptions

In th is  ana lysis , the following assumptions were made:

1) The bypass s t r a in e r  b u t te r f ly  valve, " fa i lu re  to  remain closed s ta te ,"  
was not considered. I f  the valve were to  open, only a lim ited  
un f i l te red  flow would reach the heat exchangers. Consequently, the 
potential for heat exchanger plugging is  minimal.

2) Failures in the SWS are assumed to  have a prompt detection in te rv a l ,  
since the SWS is  a continually running system.
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Table B.14-1
Service Water Interfaces Failure Mode and Effects

I

Primary System Support System Failure Mode Fault Effect
System Olv. Comp. System Div. Comp.

SMS Service mater pump D AC Power Diesel Bus 14F Low or zero voltage Pump *D" CFSR {concurrent failure to start or run)
Service water pump C AC Power G/T Bus 14E Low or zero voltage Pump "C" CFSR (concurrent failure to start or run)

SMS Service water pump D DC Power Bus lOlA Low or zero voltage Precludes manual start on LNP.

Service water pump C DC Power Bus lOlB Low or zero voltage Running pump not affected locally.

SMS Service water pump A DC Power Bus lOlB Low or zero voltage Precludes manual start

SMS Service water pump B DC Power Bus lOlA Low or zero voltage Precludes manual start

SMS Service water pump C DC Power Bus llA-1 Low or zero voltage Precludes automatic start LNP on

SMS Service water pump D DC Power Bus llA-2 Low or zero voltage Precludes automatic start LNP on

SWS MOVSW-9 AC Power Bus EF-7 Low or zero voltage Precludes automatic or manual closure of SW-9



Table B.14-1 (Cont'd)
Service Water Interfaces Failure Mode and Effects

a

Primary System Support System Failure Mode Fault Effect
System Olv. Gomp. System Div. Comp.

SWS MOV SW-9 DC Power Bus llA-1 Low or zero voltage Precludes automatic closure of SW-9

SWS MOV SW-9 AC Power G/T Bus 14E Low or zero voltage Precludes automatic closure of SW-9

SWS MOV SW-9 AC Power Diesel Bus 14F Low or zero voltage Precludes automatic closure of SW-9

SWS Service Mater pump A AC Power Bus 14C Low or zero voltage Pump tails to run

SWS Service water Pump B AC Power Bus 14D Low or zero voltage Pump tails to run
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SERVICE WATER SYSTEM 
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FAULT SUMMARY SHEETS
EVENT DESCRIPTION DETECTION INTERVAL COMMENTS UNAVAILABILITY

RB-9A-HTX-T0M The heat exchanger is Prompt With a continuously 1.71E-5
RB-9B-HTX-T0M out of service due to running system the
RB-9C-HTX-T0M maintenance or not re­ detection interval
TBS-414A-HTX-T0M turned to service is assumed prompt
TBS-414B-HTX-TOM after maintenance
SW-M88-HTX-TOM

RB-9A-HTX-LGF The heat exchanger is Prompt With a continuously 2.05E-4
RB-9B-HTX-L0F out of service due to running system the
RB-9C-HTX-L0F a "loss of function," detection interval
TBS-414A-HTX-L0F i.e. an inability to is assumed prompt
TBS-414B-HTX-LOF provide the necessary
SW-M88-HTX-LOF tube side heat trans­

fer (e.g. plugged
tubes)

SW-A-MDP-TOM The motor driven pump One month Pumps tested per 5.7E-3
SW-B-MDP-TOM is out of service SP 608.5
SW-C-MDP-TOM during maintenance or
SW-D-MDP-TOM not returned to serv­

ice after maintenance
or testing.

SW-A-MDP-LOF The motor driven pump One month Pumps tested per 1.72E-3
SW-B-MDP-LOF is out of service due SP 608.5
SW-C-MDP-LOF to a "loss of func
SW-D-MDP-LOF tion," i.e. an inabil­

ity provide the re­
quired flow to the
service water system.
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FAULT SUMMARY SHEETS
EVENT DESCRIPTION DETECTION INTERVAL COMMENTS UNAVAILABILITY

SW-IA-CKV-TMC
SW-IB-CKV-TMC
SW-IC-CKV-TMC
SW-ID-CKV-TMC

Check valve, supposed 
to be open, in actual­
ity is closed due to 
being in maintenance 
or having been left in 
the closed position 
after maintenance

Prompt Check valve tested 
per SP 608.5, 
monthly; contin­
uous flow through 
valve

3E-6

SW-IA-CKV-FRO
SW-IB-CKV-FRO
SW-IC-CKV-FRO
SW-ID-CKV-FRO

Check valve is open 
and is supposed to 
remain open but 
fails to do so.

Prompt Check valve tested 
per SP 608.5, 
monthly; contin­
uous flow through 
valve

7.2E-6

SW-2A-XV-TMC
SW-2B-XV-TMC
SW-2C-XV-TMC
SW-2D-XV-TMC

Manual valve, sup­
posed to be open, in 
actuality is closed 
due to being in main­
tenance or having been 
left in the closed 
position after main­
tenance .

Prompt Manual valve tested 
per SP 608.5, 
monthly; continuous 
flow through valve

2.78E-6

SW-2A-XV-FR0
SW-2B-XV-FR0
SW-2C-XV-FR0
SW-2D-XV-FRG

Manual valve is open 
and is supposed to 
remain open but fails 
to do so.

Prompt Manual valve tested 
per SP 608.5, 
monthly; continuous 
flow through valve

6.67E-6

W
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•
FAULT SUMMARY SHEETS

•
EVENT DESCRIPTION DETECTION INTERVAL COMMENTS UNAVAILABILITY

SW-3-XV-TMC
SW-4-XV-TMC
SW-26-XV-TMC

Manual valve, sup­
posed to be open, in 
actuality is closed 
due to being in main­
tenance or having been 
left in the closed 
position after main­
tenance

Prompt With a continuously 
running system the 
detection interval 
is assumed prompt

2.78E-6

SW-3-XV-FR0 Manual valve is open Prompt With a continuously 6.67E-6
SW-4-XV-FR0 and is supposed to running system the
SW-26-XV-FRO be open but fails to detection interval

do so is assumed prompt

SW-5A-XV-FR0 Manual valve is open Prompt With a continuously 6.67E-6
SW-5B-XV-FR0 and is supposed to running system the
SW-5C-XV-FR0 be open but fails to detection interval
SW-6A-XV-FR0 do so is assumed prompt
SW-6B-XV-FR0
SW-6C-XV-FR0
SW-7A-XV-FR0
SW-7B-XV-FR0

SW-8A-XV-FR0 Manual valve is open Prompt With a continuously 6.67E-6
SW-8B-XV-FR0 and is supposed to running system the
SW-27-XV-FRO be open but fails to detection interval
SW-107-XV-FRO do so is assumed prompt

MILLSTONE 1
SYSTEM SW
SHEET #3



FAULT SUMMARY SHEETS
EVENT DESCRIPTION DETECTION INTERVAL COMMENTS UNAVAILABILITY

SW-5A-XV-TMC Manual valve, sup­ Prompt With a continuously 2.78E-6
SW-5B-XV-TMC posed to be open, in running system the
SW-5C-XV-TMC actuality is closed detection interval
SW-6A-XV-TMC due to being in main­ is assumed prompt
SW-6B-XV-TMC tenance or having
SW-6C-XV-TMC been left in the

closed position after
maintenance

SW-7A-XV-TMC Manual valve, sup­ Prompt With a continuously 2.78E-6
SW-7B-XV-TMC posed to be open, in running system the
SW-8A-XV-TMC actuality is closed detection interval
SW-8B-XV-TMC due to being in main­ is assumed prompt
SW-27-XV-TMC tenance or having
SW-107-XV-TMC been left in the

closed position
after maintenance

SW-448-STR-L0F The self-cleaning Prompt With a continuously 2.38E-2
strainer is out of running system the
service due to a detection interval
loss of function. is assumed prompt
Loss of function is
the inability to pro­
vide filtered flow
(e.g. being plugged).

AC-14C-10-FTC Circuit Breaker One month Circuit Breaker lE-3
AC-14D-10-FTC fails to close tested per SP 608.5
AC-14E-10-FTC
Ar-14F-Il-FTC
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FAULT SUMMARY SHEETS
EVENT DESCRIPTION DETECTION INTERVAL COMMENTS UNAVAILABILITY

906CS-151-1FC The contact pair (CP) One month Switch tested per 1.08E-4
906CS-151-2FC of manual switches SP 608.5
906CS-152-1FC 151, 152, 153 and 154
906CS-152-2FC fails to close
906CS-153-1FC
906CS-153-2FC
906CS-154-1FC
906CS-154-2FC

906CS-151-FTE Manual switches 151, One Month Switches tested per lE-4
906CS-152-FTE 152, 153 and 154 SP 608.5
906CS-153-FTE fail to energize
906CS-154-FTE

SW-A-MDP-OFC The operator fails to Prompt With a continuously 5E-2
SW-B-MDP-OFC close manual switches running system the
SW-C-MDP-OFC 151, 152, 153 and 154 detection interval
SW-D-MDP-OFC is assumed prompt

906CX-7D-1FC Contact Pair 1-7 of 12000 hrs. Tested per SP 617.1 1.8E-3
relay CX/7D fails (detected during
to close refueling outages)

906CX-7D-FTE Relay CX/7D fails 12000 hrs. Tested per SP 617.1 1.67E-3
to energize (detected during

refueling outages)

92662-2-lAFC Contact pair lA-lB 12000 hrs Tested per SP 617.1 1.8E-3
of relay 62.2 fall (detected during
to close refueling outages)
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FAULT SUMMARY SHEETS
EVENT DESCRIPTION DETECTION INTERVAL COMMENTS UNAVAILABILITY

92662-2-FTE Relay coil 62.2 fails 
to energize

12000 hrs 
(detected during 
refueling outages)

Tested as per 
SP 617.1

1.67E-3

906CX-7C-1FC Contact pair 1-7 of 
relay CX/7C fail to 
close

12000 hrs 
(detected during 
refueling outages)

Tested per 
SP 617.1

1.8E-3

906CS-7C-FTE Relay CX/7C fails to 
energize

12000 hrs (detected 
during refueling 
outages)

Tested as per 
SP 617.1

1.67E-3

926-83-3FC Contact pair 3-4 of 
relay 83 fails to 
close

12000 hrs 
(detected during 
refueling outages)

Tested per 
SP617.1

1.8E-3

90662-7C-1RC Contact pair 1-7 of 
TDDO relay 62/7C 
fails to remain 
closed

12000 hrs 
(detected during 
refueling outages)

Tested per 
SP 617.1

6E-4

90662-7C-FRE Relay 62/7C fails to 
remain energized

12000 hrs 
(detected during 
refueling outages)

Tested as per 
SP 617.1

6E-6

906CX-7C-3RC Contact pair 3-4 of 
relay CX/7C fails to 
remain closed

12000 hrs 
(detected during 
refueling outages)

Tested per 
SP 617.1

6E-4

92627-X-2FC Contact pair 2-8 of 
relay 27x fails to 
close

12000 hrs 
(detected during 
refueling outages)

Tested as per 
SP 617.1

1.8E-3

I

C T i

MILLSTONE 1
SYSTEM SW
SHEET //6



FAULT SUMMARY SHEETS
EVENT DESCRIPTION DETECTION INTERVAL COMMENTS UNAVAILABILITY

92627-X-FTE Relay 27x fails to 
energize

12000 hrs 
(detected during 
refueling outages)

Tested per 
SP 617.1

1.67E-3

926LNP-3-1FC Contact pair 1-2 of 
LNP-3 circuit fails 
to close

12000 hrs 
(detected during 
refueling outages)

Tested as per 
SP 617.1

1.8E-3

926LNP-3A-1FC Contact pair 1-2 of 
LNPr3a circuit fails 
to close

12000 hrs 
(detected during 
refueling outages)

Tested per 
SP 617.1

1.8E-3

926-62-2RC Contact pair 2-8 of 
relay 62 fails to 
remain closed

12000 hrs 
(detected during 
refueling outages)

Tested per 
SP 617.1

6E-4

926-62-FRE Relay 62 fails to 
remain energized

12000 hrs 
(detected during 
refueling outages)

Tested as per 
SP 617.1

6E-4

92627-X-3RC Contact pair 3-7 of 
relay 27X fails to 
remain closed

12000 hrs 
(detected during 
refueling outages)

Tested as per 
SP 617.1

6E-4

90662-7D-1RC Contact pair 1-7 of 
relay 62-7D fails 
to remain closed

12000 hrs 
(detected during 
refueling outages)

Tested as per 
SP 617.1

6E-4

906CX-7D-FRE Relay CX7D fails to 
remain energized

12000 hrs 
(detected during 
refueling outages)

Tested per 
SP 617.1

6E-4

ro

I
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FAULT SUMMARY SHEETS
EVENT DESCRIPTION DETECTION INTERVAL COMMENTS UNAVAILABILITY

90662-7D-3RC Contact pair 3-4 of 
relay 62/70 fails 
to remain closed

12000 hrs 
(detected during 
refueling outages)

Tested as per 
SP 617.1

6E-4

9321530-322-LGF Timer 932/1530-322 
"loss of function" 
Due to timer local 
faults no signal is 
provided to coil 622

12000 hrs 
(detected during 
refueling outages)

Tested per SP 617.1 1.8E-3

SW-99-PHV-FRO Air operated valve 
SW-99-PHV is normally 
open and is supposed 
to remain open but 
fails to do so

One month SW-99 indirectly 
tested per SP 688.1 
(diesel generator

lE-4

test)

SW-99-PHV-T0M Air operated valve 
SW-99-PHV is out of 
service due to main­
tenance or not re­
turned to service 
after completed 
maintenance

One month SW-99 indirectly 
tested as per 
SP 688.1 (diesel 
generator test)

4.7E-6

906CS-151-FTD
906CS-152-FTD
906CS-153-FTD
906CS-154-FTD

Manual switches 151, 
152, 153, 154, fail 
to de-energize, thus 
failing in the stop 
mode.

One month Tested per SP 608.5 lE-5

tB

>ĉI
00
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FAULT SUMMARY SHEETS
EVENT DESCRIPTION DETECTION INTERVAL COMMENTS UNAVAILABILITY

SW-A-MDP-OPO
SW-B-MDP-OPO
SW-C-MDP-OPO
SW-D-MDP-OPO

Operator inadvertent­
ly places manual 
switches 151, 152,
153 and 154 in the 
closed position

One month Tested per 
SP 608.5

3.0E-3

906CS-151-3RO
906CS-152-3R0
906CS-153-3RO
906CS-154-3RO

Contact pair 3-3C 
of manual switches 
151, 152, 153 and 154 
fails to remain open.

One month Tested per 
SP 608.5

1 .OE-5

906CS-151-4RO
906CS-152-4R0
906CS-153-4R0
906CS-154-4R0

Contact pair 4-4C of 
manual switches 151, 
152, 153 and 154 fails 
to remain open.

One month Per SP 608.5 l.OE-5

LCL94X-3B-FTD Relay coil 94X-3B 
fails to de-energize 
after LNP signal

12000 hrs (detected 
during refueling 
outages)

Tested per SP 617.1 1.7E-3

LCL94X-3B-9RO Contact pair 9-10 of 
relay 94X-3B fails 
to remain open after 
a trip signal.

12000 hrs (detected 
during refueling 
outages)

Tested per SP 617.1 6E-4

92694-1A-5F0 Contact pair 5-6 of 
relay 94-la fails to 
open after trip 
signal

12000 hrs (detected 
during refueling 
outages)

Tested per SP 617.1 1.8E-3

CD

I
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FAULT SUMMARY SHEETS
EVENT DESCRIPTION DETECTION INTERVAL COMMENTS UNAVAILABILITY

92694-lA-FTD Relay coil 94-lA 
fails to de-ener­
gize after trip 
signal

12000 hrs (detected 
during refueling 
outages)

Tested per SP 617.1 1.7E-3

92694-2A-5FO Contact pair 5-6 of 
relay 94-2A fails 
to open after a 
trip signal

12000 hrs (detected 
during refueling 
outages)

Tested per SP 617.1 1.8E-3

92694-2A-FTD Relay coil 94-2A fails 
to de-energize after 
trip signal

12000 hrs (detected 
during refueling 
outages)

Tested per SP 617.1 1.7E-3

92694-2B-FTD Relay coil 94-2B 
fails to de-energize 
after trip signal

12000 hrs (detected 
during refueling 
outages)

Tested per SP 617.1 1.7E-3

92694-2B-9F0 Contact pair 9-10 
of relay 94-2B fails 
to open after trip 
signal

12000 hrs 
(detected during 
refueling outages)

Tested per SP 617.1 1.8E-3

LCL94X-4B-FTD Relay coil 94X-4B 
fails to de-energize 
after trip signal

12000 hrs (detected 
during refueling 
outages)

Tested per SP 617.1 1.7E-3

LCL94X-4B-9RO Contact pair 9-10 
of relay 94X-413 
fails to remain open 
after trip signal

12000 hrs (detected 
during refueling 
outages)

Tested per SP 617.1 6E-4

ro
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FAULT SUMMARY SHEETS
EVENT DESCRIPTION DETECTION INTERVAL COMMENTS UNAVAILABILITY

92694-IB-FTD Relay coil 94-lB 
fails to de-energize 
after trip signal

12000 hrs (detected 
during refueling 
outages)

Tested per SP 617.1 1.7E-3

92694-1B-9FO Contact pair 9-10 of 
relay 94-lb fails to 
open after trip 
signal

12000 hrs (detected 
during refueling 
outages)

Tested per SP 617.1 1.8E-3

LCL94X-6A-1R0 Contact pair 1-2 of 
relay 94X-6A fails 
to remain open after 
trip signal

12000 hrs (detected 
during refueling 
outages)

Tested per SP 617.1 6E-4

LCL94X-6A-FTD Relay coil 94X-6A 
fails to de-energize 
after trip signal

12000 hrs (detected 
during refueling 
outages)

Tested per SP 617.1 1.7E-3

92694-lB-BFO Contact pair 11-12 
of relay 94-lB fails 
to open after trip 
signal

12000 hrs (detected 
during refueling 
outages)

Tested per SP 617.1 1.8E-3

LCL94X-6C-FTD Relay 94X-6C fails 
to de-energize after 
trip

12000 hrs (detected 
during refueling 
outages)

Tested per SP 617.1 1.7E-3

LCL94X-6C-1RO Contact pair 1-2 of 
relay coil 94X-6C 
fails to remain open 
after trip

12000 hrs (detected 
during refueling 
outages)

Tested per SP 617.1 6E-4

W

I
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FAULT SUMMARY SHEETS
EVENT DESCRIPTION DETECTION INTERVAL COMMENTS UNAVAILABILITY

92694-2B-BFO Contact pair 11-12 
of relay 9A-2B fails 
to open

12000 hrs (detected 
during refueling 
outages)

Tested per SP 617.1 1.8E-3

SW-9-M0V-FTC Motor operated valve 
SW-9 fails to close

12000 hrs (detected 
during refueling 
outages)

SW-9-M0V tested 
as. per SP 608.16

1.67E-2

SW-9-M0V-TM0 Motor operated valve 
SW-9 required to be 
closed is in actu­
ality open, and is 
incapable of being 
closed by any auto­
matic signals, due to 
being in test or 
maintenance or having 
been left in the 
closed position after 
test or maintenance.

12000 hrs (detected 
during refueling 
outages)

SW-9-M0V tested 
as per SP 608.16

3.6E-4

AC-EF7-2G-FTC Circuit Breaker 
AC-EF7-2G fails to 
close

12000 hrs (detected 
during refueling 
outages)

SW-9-M0V tested 
as per SP 608.16

1.67E-2

906CS-162-FTD Manual switch 162 
fails to de-ener­
gize

12000 hrs (detected 
during refueling 
outages)

Tested per 
SP 608.16

1.7E-3

SW-9-M0V-0P0 Operator inadver­
tently closes 
switch 162. This 
opens SW-9-M0V

3E-3

W
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FAULT SUMMARY SHEETS
EVENT DESCRIPTION DETECTION INTERVAL COMMENTS UNAVAILABILITY

906CS-162-1R0 Contact pair 1-lC 
of switch 162 fails 
to remain open

12000 hrs (detected 
during refueling 
outages)

Tested per SP 608.16 6E-4

92662-2-FTE Relay 62.2 fails to 
energize

12000 hrs (detected 
during refueling 
outages)

Tested per SP 608.16 1.67E-3

92662-2-5AFC Contact pair 5A-5B 
of relay 62.2 fail 
to close

12000 hrs (detected 
during refueling 
outages)

Tested per SP 608.16 1.8E-3

926-83-lFC CPl-2 of relay 83 
fails to close

12000 hrs (detected 
during refueling 
outages)

Tested per SP 608.16 1.8E-3

906CS-162-4RC Contact pair 4C-4 
of CS/162 fails to 
remain closed

12000 hrs (detected 
during refueling 
outages)

Tested per SP 608.16 6E-4

SW-C-MDP-SBY SW-MDP is not run­
ning during a LNP 
event

Prompt With a continuously 
running system the 
detection interval 
is assumed prompt

.5

926-83-FTE Relay 83 fails to 
energize

12000 hrs (detected 
during refueling 
outages)

Tested per SP 617.1 1.67E-3

Cd
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FAULT SUMMARY SHEETS
EVENT DESCRIPTION DETECTION INTERVAL COMMENTS UNAVAILABILITY

926LNP-3-FTE
926LNP-3A-FTE

Relay LNP-3 or 
LNP-3A fails to 
energize

12000 hrs (detected 
during refueling 
outages)

Tested per SP 617.1 1.67E-3

926LNP-2-FTE
926LNP-2A-FTE

Relay LNP-2 or 
LNP-2A fails to 
energize

12000 hrs (detected 
during refueling 
outages)

Tested per SP 617.1 1.67E-3

IN)

926LNP-2-1FC
926LNP-2A-1FC

SW-9-M0V-0FC

CP 1-2 of relay 
LNP-2 or LNP-2A 
fails to close

12000 hrs (detected 
during refueling 
outages)

Tested per SP 617.1

The operator fails 
to close manual 
switch for SW-9-M0V.

Prompt

1.8E-3

.05
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SW FAULT TREE PAGE INDEX
GATE NAME DEFINED ON PAGE TRANSFERS TO PAGE(S)
G-RB-9A-HTX SW-1 _  _

G-RB-9B-HTX SW-2 —

G-RB-9C-HTX SW-2
G-SW-7 SW-3 SW-2
G-SW-10 SW-4 SW-2
G-SW-14 SW-5 SW-1,SW-3,SW-4
G-SW-15 SW-6 SW-5,SW-26,SW-27,SW-31
G-SW-18 SW-7 SW-6
G-SW-21 SW-8 SW-7
G-SW-25 SW-9 SW-7
G-SW-29 SW-10 SW-7
G-SW-33 SW-11 SW-7
G-SW-37 SW-12 SW-8
G-SW-40 SW-13 SW-9
G-SW-43 SW-14 SW-10
G-SW-47 SW-15 SW-14
G-SW-48A SW-16 SW-14
G-SW-50 SW-17 SW-16
G-SW-54 SW-18 SW-17,SW-42
G-SW-56 SW-19 SW-18
G-SW-60 SW-20 SW-11
G-SW-63 SW-21 SW-20
G-SW-66 SW-2 2 SW-21
G-SW-68 SW-23 SW-21
G-SW-71 SW-2 4 SW-23,SW-42
G-TBS-14A-HTX SW-25
G-TBS-14B-HTX SW-2 5
G-SW-75 SW-2 6 SW-25
G-SW-79 SW-27 SW-25
G-AC-DG-HTX SW-2 8
G-SW-83 SW-2 9 SW-2 8
G-SW-85 SW-30 SW-2 8
G-SW-86 SW-31 SW-2 8
G-SW-87 SW-32 SW-12
G-SW-89 SW-33 SW-32
G-SW-94 SW-34 SW-13
G-SW-96 SW-3 5 SW-34
G-SW-101 SW-3 6 SW-14
G-SW-103 SW-3 7 SW-20
G-SW-104 SW-3 8 SW-3 7
G-SW-106 SW-3 9 SW-3 7
G-SW-108 SW-4 0 SW-3 7
G-SW-110 SW-41 SW-44
G-SW-113 SW-42 SW-41
G-SW-116 SW-4 3 SW-41
G-SW-118 SW-44 SW-5,SW-26,SW-27,SW-31

B.14-25



SW FAULT TREE PAGE INDEX (Cont.)
GATE NAME DEFINED ON PAGE TRANSFERS TO PAGE(S)
G-SW-119 SW-44 SW-19
G-SW-120 SW-45 SW-19
G-SW-121 SW-45 SW-24
G-SW-122 SW-46 SW-24

B.14-26



do

I

G-SM-1 G-SW-5

SM-6n-xv-Tnc SH-5fl-XV-FR0

NO COOLING rLOW THRU 
RBCCW-9fl

ReCCM-9R-HTX TEST OR 
HfllNTENflNCE

SECONDflRY SIDE 
COOLING FAILURE 
RBCCH-9fi-HTX

NO FLOW THRU 
SM-6R-XV NO FLOW THRU 

SW-Sfl-XV

RBCCW-9A-HTX LOSS OF 
FUNCTION

SW-6R-XV OUT OF 
SERVICE DUE TO 
MRINTENflNCE

SW-6R-SV LOSS OF 
FUNCTION

NO FLOW FROM 
SW-107-XV

SW-Sfl-XV OUT OF 
SERVICE DUE TO 
HRINTCNRNCE

SW-Sfl-XV LOSS OF 
FUNCTION

Ws:I



w

IM
00

SECONOfKY SIDE 
COOLING FAILURE 
RBCCM-9B-HTX

RBCCW-9B-HTX LOSS OF 
FUNCTION

RBCCH-9B-HTX TEST OR 
flfllNTENflNCE

NO COOLING FLOW THRU 
R8CCW-9B-HTX

1 G-SW-7 I rR 6-9B -H T X -T 0H I  RB-9B-HTX-L0F

G-RB-9C-HTX

RB-9C-HTX-L0FI G-SW-IO I RB-9C-HTX-T0H

RBCCW-9C-HTX LOSS OF 
FUNCTION

RBCCH-9C-HTX TEST OR 
nfllNTENHNCE

SECONDARY SIDE 
COOLING FAILURE 

RBCCH-9C-HTX

NO COOLING FLOW THRU 
RBCCW-9C-HTX

cns:
Iivj



dd

IK)
V D

S-SW-7

G-5H-9 I G-SH-8

NO COOLING CLOW THRU 
RBCCW-9B-HTX

SM-5B-XV FfllLURE SM-6B-XV FRIUURE

SW-5B-XV OUT OF 
SERVICE DUE TO 
flfllNTENflNCE

SM-5B-XV FfllLS TO 
REflfllN OPEN

SW-6B-XV FfllLS TO 
REflfllN OPEN

SH-6B-XV OUT OF 
SERVICE DUE TO 
flfllNTENflNCE

IG-SN-H I SH-5B-Xy-FR0|u I  SH-5B-XV-TfiC~l SN-6B-XV-F^ I SH-68-XV-Tf1C I

Ws:ILO



do

IU)
o

G-SM-10

IG-SH-11G-5H-12

SH-6C-XV-rR0G -5 H- M

SH-6C-XV OUT OF 
SERVICE DUE TO 
nfllNTENRNCE

NO COOLING FLON THRU 
RBCCH-9C-HTX

NO FLON FROtl 
SH-1D7-XV

SN-5C-XV FfllLS TO 
REMAIN OPEN

SN-6C-XV FfllLS TO 
REMAIN OPEN

SN-6C-XV FAILURE

SN-5C-XV OUT OF 
SERVICE DUE TO 
MAINTENANCE

SN-5C-XV FAILURE

s:I



d d

I(jO

g-SM-5G-SM-9G-5H-12

SM-107-XV OUT OF SERVICE DUE TO miNTENflNCE
NO FLOW FROM SM-4-XV

NO FLOW FROM SW-107-XV

SW-107-XV FfllLS TO REMAIN OPEN COOLING FLOW DIVERTED THRU MOV-9

SH-107-XV-FR0nD I S W -l0 7 -X V ^^T iC ~ I G-SW-15 I I G-St^8 I

tns:
IOi



4̂
IOJNJ

G-Sti-15 IG-SW-HG-SM-80G-SM-77G-SM- 8 6

I G-SW-17I G-SH-16 I

I G-5M-18 I SW-44B-STR-L0F

NO FLOW FROH SELF CLEANING STRAINER 448

NO FLOW FROM SW-4-XV

SW-4-XV FAILURE

SEGMENT 448 LOSS OF FUNCTIONNO FLOW FROM SW-3-XVSW-4-XV OUT OF SERVICE DUE TO MAINTENANCE
SW-4-XV FAILS TO REMAIN OPEN

COS
I



I(jjU)

6-SM-17

19-̂ 19 I G-^-20

SM-2C-XV FAILURE

NO FLOH FROn SM-3-XV

SW-2D-XV FAILURE

NO FLOW FROM 
SW-2A-XV SW-2B-XV 
SM-2C-XV SM-2D-XV

SW-2A-XV FAILURE

SH-3-XV FAILURE

SH-3-XV FAILS TO 
REMAIN OPEN

S«-28-X(V FAILURESH-3-XV OUT OF 
SERVICE DUE TO 
MAINTENANCE

cns:
I



t3d

IUl>t̂

I e - S M - 2 1G-SW-20

G-SW-22 I SH-2fl-XV-FR0

G-5M-23

SW-2A-XV FAILURE

SW-fl-MOP FfllLS TO STflRT-RUNLOSS OF POWER TO SW-fl-MDP

SW-2fl-XV OUT OF SERVICE DUE TO flfllNTENflNCE

SW-fl-flOP OUT OF SERVICE DUE TO flfllNTENflNCE

SW-lfl-CKV FAILURE NO FLOW FROM SW-fl-MDP

SW-2fl-XV FfllLS TO REflfllN OPEN

SW-lfl-CKV FfllLS TO REMAIN OPEN SW-lfl-CKV OUT OF SERVICE DUE TO flfllNTENflNCE
I SW-lfl-CKV-?ro 1SW-lfl-CKV-fflCl I  G-SW-37 I  SW-fl-flDP-FSR I  SW-fl-IPP-TOH

CO
■s,
I00



w

I
L O
Ln

I-5W-25G-SM-20

6-SM-26 I

e - S H - 2 8  IG-SH-27

SW-2B-XV OUT OF SERVICE DUE TO WINTENflNCE
NO FLOW FROM SW-IB-CKV

SW-2B-XV FAILURE

SW-2B-XV FfllLS TO REMAIN OPEN

SM-IB-CKV FfllLS TO REMAIN OPEN

SW-IB-CKV FAILURE NO FLOW FROM SW-B-MDP

SH-IB-CKV OUT OF SERVICE DUE TO MfllNTENflNCE
SW-B-MDP FfllLS TO STflRT-RUNLOSS OF POWER TO SW-B-MDP SW-B-MDP OUT OF SERVICE DUE TO MfllNTENflNCE

1SW-1B-0<V-FRO 1 I SW-IB-CKV-TMC I Ig - 5 ^ 0  I Is w -b -m d p -f Sr 1 SW-B-iy-TOHl

COs:ILO



w

I
00CTi

t-SH-29 IG-SM-20

G-SW-30

G-SH-31 I

SM-2C-XV rfilLURE

SM-2C-XV FfllLS TO REMflIN OPDJ

LOSS OF POMER TO SM-C-MDPSM-IC-CKV FfllLS TO REMflIN OPEN SH-IC-CKV OUT OF SERVICE DUE TO MfllNTENflNCE

SM-lC-XV FfllLURE NO FLOH FROM SM-C-MOP

SW-IC-CKV OUT OF SERVICE OJE TO MfllNTENflNCE

SH-C-MDP OUT OF SERVICE DUE TO MfllNTENflNCE
SM-C-MDP FfllLS TO STflRT-RUN

NO FLOH FROM SH-IC-CKV

I SH-IC-CKV-TMC I G-SH-43 I I SH-C-MDP-FSR I I SH-C-MDP-TOM

Ws:i



w

I
u>

G-SW-20

G-5W-34 I 5H-2D-XV-FR0 SW-2D-XV-THC

I G-SW-35 I 6-SW-36

LOSS OF POWER TO 
sw-D-nop

SW-20-XV OUT OF SERVICE DUE TO MFllNTENflNCE
SW-20-XV FfllLS TO REMAIN OPEN

SW-ID-CKV FfllLURE NO FLOW FROM SW-D-MOP

NO FLOW FROM SW-ID-CKV

SW-2D-XV FfllLURE

SW-ID-CKV FfllLS TD REMflIN OPEN SW-D-MDP OUT OF SERVICE DUE TD MfllNTENflNCE
SW-D-MOP FfllLS TO STflRT-RUNSW-ID-CKV OUT OF SERVICE DUE TO MfllNTENflNCE

I SW-ID-CKV-FRO I ISW-lD-CKV-fMC I G-SW-60 I SW-D-MDP-FSR I I SW-D-Mbp-TOH~

w
s:I



A
LOSS OF POWER TO 

SW-fHOP

6-SW-21 (B-SW-371
POHER FfllLURE AT LOSS OF POHER AT BUS
CIRCUIT BREAKER 14C-10

flC-MC-10

HI it IS-0C-^-14Cl

< >

I G-^-39 Iit I G-SH-87 I a
l906CS-i5l-2rt I l906C^^-fm I906cs-i51-irc Iu

CP 2-2C OF SHITCH SHITCH CS-lSl fails CP 1-lC OF SHITCH SWITCH CS-151
CS-lSl FfllLS TO TO ENERGIZE CS-151 FfllLS TO OPERATOR fails TO

CLOSE CLOSE CLOSE

ISM-ft-hDP-OrC I

HANUflL START SYSTEH SPURIOUS TRIP SIBMflL flC-MC-10 FfllLS TO LOSS OF X  CONTROL
1 failure TO RC-14C-10 CLOSE POHER 1016 CKT 7 TO
OJ flC-14C-10
00

cns:
I

N)



IOJVO -̂i40-i0-rfn

CP 2-2C or SWITCH 
C5-152 TfllLS TO

aost

LOSS OF PONtR nr BUS 
lityio

POHER FHILURE RT 
CIRCUIT BREAKER 

RC-MO-IG

CP l-ic X  SWITCH 
CS-I52 FRILS TO 

aosE

SPURIOUS TRIP STGNRL 
TO flC-140-10

LOSS X  POHER TO 
S»f-6-fOP

SHITCH CS-152 FRILS 
TO ENERGIZE

SWITCH CS-152 
OPERRTX FRILS TO 

CLOSE

rmjRL STRRT SYSTEM 
FRILURE

RC-MD-10 FfllLS TO 
CLOSE

LOSS X  OC CONTROL 
PO«R lOlR CKT9 TO 

RC-MO-10

I 90̂ -̂]52-2rC I I906CS-152-FTE I l906C5 -152-irn I ISH-B-MDP-tirC I

CO
I

(jj



to

I
o

G-5W-t3G-SW-32

I G-SW-45 I f l C - H E - l O - r i C

IG-SH;101 I

flC-HE-10 FfllLS TO a o s E

SPURIOUS SlGNflL FROM MflNUflL SHIT01 153

flCTUflllON SYSTEM FfllLS

LOSS OF POWER TO SW-C-MOP

SW-C-nOP IN STflNOBYMflNUflL STflRT SYSTEM FfllLURE

flC-14E-10 flCUTURTION SYSTEM FfllLS

POWER FfllLURE flT CIRCUIT BREflKER flC-ME-10
LOSS OF POWER TO flC BUS 14E-10

flUTO flCTUflTION SYSTEM FfllLURE flWD LOSS OF NORMflL POWER
I G-SW-47 IT I G-SW-4Bfl I I SW-C-MDP-SBY I
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MflNUflL STflRT SYSTEM FfllLURE

SWITCH CS-153 OPERflTOR FfllLS TO a o s E
CP 1-lC OF SWITCH CS-153 FfllLS TO CLOSE

CP 2-2C OF SWITCH CS-153 FfllLS TO CLOSE
LOSS OF OC CONTROL POWER lOlB CKT 9 TO flC-HE-lO

SWITCH CS-153 FfllLS TO ENERGIZE

i G-DC-^-BhT I 906CS-153-FTE IIT I 906CS-153-1FC I I SW-C-MDP-dFC~1 I 906CS-153-2FC I
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A
n /T o  ncTunriON SYSTD1 miuKE n o  

LOSS o r  N o m n . power

e - s w - « re-5te?BB1A
LOSS X  NORin. POWER (WTO (CTinriOM

SYSTEH fW LS

D T -im i-P H R  I © I 6 - a - 4 8  I

I f l - ^ 4 9 5
I 9 0 6 C X - r C - i m5(^^1 I 906CX-7g-f^Tg'a I e-SW-53 I l90662->C-lRg1u

LOSS X  r c  COWTROL X  3-4 X  R E U ff
POWER lO lB  CKT 9 TO C X -7C T O IL  TO REIWIN

X - H E - I O a O S E D

l9061̂ 3̂Rn

WO Sicwrw THRU X WO SIGWRL THRU X LOSS X  r e  CONTROL
1-7 X  CK-7C 1-7 X  B2-7C POWER lOlB X T  9  TO 

HC-14E-10

rs-Dfr-̂-fl-s I

90662-7C-r7 b - ^  I

1
NO siewn. TO coil X  1-7 «-7C EHILS

1
COIL a-Tc miLS to

1
NO SIGNHL TO Ranr X  1-7 X  62-7C FRIL

_____ 1_____
REL/IY COIL 62-7C

X-7C TO CLOSE ENERGIZE COIL 62-7C TDDO TO RCHRIN CLOSED fails to REHHIN
ENERGIZED
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6-SM-50 IG-SM-49

G-SH-Sl I

LOSS or DC CONTROL 
POHER lOlB CKT 9 TO 

nC-HE-10

NO SlGNflL TO COIL 
CX-7C

NO SlGNflL THRU CP 
3-4 RELflY 83

NO SlGNflL TO RaflY 
COIL 83

RELflY 83 FAILS TO 
ENER6I2E

CP 3-4 OF RELflY 83 
FfllLS TO CLOSE

I G-SH-S4 I926-83-3FC 1 I926-83-FTE
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e -o c -B u s - ii f l i- e

B-SW-56 I

LOSS OF POHER 10 
REUn COIL 83

MO SI6MRL THRU CP 
2-8 RELAY 62

NO SIGNAL TO RELAY 
COIL 62-. 35

NO SIGNAL THRU CP 
2-8 RELAY 2TX

RELAY 2TX FAILS TO 
ENERGI2E

CP 3-7 RELAY 27X 
FAIL TO REMAIN 

CLOSED

CP 2-8 RELAY 62-. 35 
FAIL TO REMAIN 

CLOSED

LOSS OF POHER TO 
RELAY COIL 83

RELAY COIL 62-. 35 
FAILS TO REMAIN 

ENERGIZED
NO signal to relay

COIL 27X

NO SIGNAL TO RELAY 
COIL 83

CP 2-8 RELAY 27X 
FAILS TO CLOSE

iG-Dc-BiJS-iiam I 92627-X-3RC1
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t-^-56 I

}-SH-57

NO SlGNflL TO RELflY 
COIL 27X

NO SlGNflL THRU CP 
1-2 LNP-3

NO SlGNflL THRU CP 
1-2 LNP-3fl

NO SlGNflL TO RELflY 
COIL THRU LNP CKTS

LOSS OF POWER TO flC 
BUS 14E-10

I6-SH-119 I ie-SH-120

A
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6-SM-60e-SM-36

e-SH-62 nc-MF-u-rrc

LOSS OF DC CONTROL 
POHCR OClOlfl CKT}]

LOSS OF POWER TO 
SW-D-NOP

LOSS OF POWER AT BUS 
MF

POWER FAILURE AT 
CIRCUIT BREAKER 

AC-14F-11

SPURIOUS TRIP SIGNAL 
TO AC-J4F-1] CIRCUIT 

BREAKER
AC-14F-11 CKT 

BREAKER ACTUATION 
SYSTEM FAILURE

AC-HF-ll FAILS TO 
CLOSE

ACTUATION SYSTEM 
FAILURE OR SPURIOUS 

SIGNAL

I G-SW-63 I e - s w - 1 0 3
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nc Mr-ii (XT bre(w:r flcnnrioM 
SYSrOt rftlLURE

nUTO nCTURTlQN 
SYSTEH miUAC

tmjflL StflRT SYSTEM 
rfllLURE

S D

LOSS or MORMflL P0»O MO sigmml n#w CP 
1-7 RELRY 62-70

MO SIGKflL THRU CP 
1-7 OF RElRI rs-79

CP 2-2C OP 'WITCH 
CS-JS4 rniLS TO 

CLOSE
SMITCH CS-IS4 FHlLS 

TO DCRCTZE
CP I -1C or 'WITCH 
CS-151 foils TO 

CLOSE
SMITCH CS-151 

OPERflTOR FOILS TO 
CLOSE

ILOSS-Or-W^-PMR I I qOGf̂ ) ■ 151-2TC I rsM-o MOP omgoers 151-i7r
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I G-SM-66G-SW-64

90662-7D-1RC

CP 1-7 62-70 FRIL TO 
REMAIN CLOSEO

CP 3-4 RELAY 62-70 
TAIL TO REMAIN 

CLOSEO
LOSS OF 00 CONTROL 
POWER OCIOIA CKTll

RELAY COIL CX-70 
FAILS TO REMAIN 

ENERGIZEO
NO SIGNAL TO RELAY 
COIL 62-70 TOGO

NO SIGNAL THRU CP 
1-7 RELAY 62-70

I G-OC-BUS-A-11 I I  90662-70-3^
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B-5W-6B IG-SW-64

906CX-7D-FfclB-SW-69 I

B-DC-BUS-n-11

LOSS OF OC CONTROL 
POWER DClOlft CKTll

NO SlGNflL THRU CP 
1-7 OF RELflT CS-79

NO SlGNflL TO RELflY 
COIL CX-79

NO SlGNflL THRU CP 
Ifl-IB RELflY 62.2

RELflY 62.2 FfllLS TO 
ENERGIZE

CP 1-7 OF RELflY 
CX-70 FfllLS TO CLOSE

CP Ifl-IB RELflY 62.2 
FfllLS TO CLOSE

RELflY CX-70 FfllLS TO 
ENERGIZE

NO SlGNflL TO RELflY 
COIL 62.2

I G-SW-71 I I 92662-2-IflfC I

a
I 92662-2-FTE I

ItoCO



G-5H-72 I 9321530-:g2 Î5n

LOSS OF POWER AT BUS 
HP

NO SIGNBL THRU CP 
1-2 LMP-2fl

NO SlGNflL THRU CP 
1-2 LNP-2

TIHER 932/ 1530-322 
LOSS OF FUNCTION

NO SlGNflL TO COIL 
62.2 THRU LNP 

CIRCUITS

NO SlGNflL TO RELflY 
COIL 62.2

I  G-SW-121

A

I 6-Swjl22
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6-TBS-Hfl-HTX

NO COOLING FLON THRU 
TBSCCW-lMfl-HTX

M4-14fl HX LOSS OF 
FUNCTION

SECONDflRT SIOE 
COOLING FfllLURE 
TBCCH-414fl-HTX

M4-14fl HX TEST OR 
MfllNTENflNCE

I G-SN-7S I I TBS-414fl-HTX-L0F I

IT
I TBS-414fl7HTX-T0M IU4fl-HT>

I G-TBS-14B-HfX

G-SN-79 I TBS-414B^TX-T0H TBS-414B-HTX-L0F I

SECONDflRY SIDE 
COOLING FfllLURE 
TBSCCW-414B-HTX

NO COOLING FLOH THRU 
TBSCCH-414B-HTX

M4-14B-14X TEST OR 
MfllNTENflNCE

M4-14B-14X LOSS OF 
FUNCTION
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e -T B S - l4 f t-H T X

SM-8R-CRV raiLURE

SM-rfl-XV FRILS TO 
REMflIM OPEN

SM-rft-XV FRILURE

COOLING FLON 
DIVERTED THRU HOV-9

SM-’7ft'XV MfllNTENflNCE

NO COOLING FLOH TIMJ 
TBSCCW-4J4fl-HTX

NO FLOW FROM S*f-4-XV SN-0R-CRV FfllLS TO 
REMflIN OPEN
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G-TBS-MB-HTX

e-̂ ^1

~̂7Bxy-rR0l

NO COOLING PLOH THRU 
TBSCCH-414B-HTX

NO ruOH FROH SN-4'XV SH-7B-XV MRINTENHNCE SM-ae-CRy phils to
RCHRIN OPPN

SN-00-CRV PHILURE

SN-7B-XV PHILS TO 
ROWIN OPEN

COOLING PLON 
DIVERTED TWW HOV-9

SN-7B-Xy PfllUJlE
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SECONDflRY SIDE 
COOLING FfilLURE OF 
DIESEL GENERATOR HTX

NO FLOH FROM 
SW-27-XV

DIESEL GENERATOR HTX 
FAILURE

NO FLOH FROM 
SH-26-XV

I G-SW-66 le-SH-83 I
A

IG-SH-85
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G-SH-63 I

G-SW-84 I

NO FLOW FROM 
SW-27-XV

SW-99-flOV TEST OR 
HfllNTENRNCE

SW-99-nOV FfllLED 
CLOSED

SW-27-XV TEST OR 
MniNTEWnNCE

SW-27-XV FAILS TO 
REMAIN OPEN

NO FLOH FROM AIR 
OPERATED VALVE 
SH-99-A0V

I  SH-99-PHV-FR0 I  SW-99-PHV-fOM
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e-SH-85

DieSEL GENERATOR HTX 
EAILURE

DIESEL GENERATOR HTX 
TEST OR HAINTENANCE

DIESEL GENERATOR HTX 
LOSS OF FUNCTION

I sn-ĥ ^ ^ T ofI SH-H88-HTX-f0fn
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6-SW-86

NO FLON FROh 
SH-26-XV

SH-26-XV FfilLS TO 
REMfllN OPEN

NO FLOW FROM SW-4-XV COOLING FLOW 
DIVERTED THRU HOV-9

SW-26-XV TEST OR 
HfllNTENflNCE

I G-SW-15 I

T
IG-SW-118 I I  SW-26-XV-THC I I  SW-26-XV-FR0
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SPURIOUS rRip srem. 
TO RC-14C-10

ta

4̂
I
Ol
00

SPURIOUS SIB»fft. f«0
LOSS or MORtn. poncr

SPURIOUS SIQNRL FROn 
nONURL SMITCH 151

re-si'-'s I

SPIAIQUS SIONRL FROn 
RELflY 94X-36

LOSS X NORtn. POHER CP 3 4 rffMJn. SWITCH 
FHILS TO RCmtM GPCN

mURL SWITCH FOILS 
IN STOP noot

rVMJRL SWITCH PLflCCD 
IN STOP nooc BT 

QPCROTOR

iLbij-iy-wfrt-Hn lG-ai-93

SPIFIGUS SIQNFL 
DCROIZCS RCLOT COIL 

91X-3B

RCLflt COIL 91X-3B 
FOILS TO OE-ENERGIZE 
flfTER TRIP SIGMOL

CP 9-10 X  Rniir 
94X -30 FOILS TO 
REHOm OPEN

CP 3 - ir HONUft. 
SWITPI 151 FOILS TO 

RErtOrW OPEN

X  4 -ir noNUOL 
SWITCH 151 FOILS TO 

REflfllN OPEN

1 g-sm-84 IA 1 LCL&4<-30 FTO 1 “t r 1906CS-151-3R0 1 i906CS-isi-1R0 1
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e-SM-08

<>2694 ^n-sro

COTL 94-2A rniLS TO X-ENEReUr XTER
TRIP s iew a .

CP 5-6 X  94 -2ft 
TAILS TO QPEM

SPURIOUS SIGNAL 
ENERGIZES RELflY COIL 

94X-3B

SPURIOUS SIGNAL TROM 
TOOO 62-1

SPURIOUS SICNflL TROM 
TOOO 62-ifl

CP 5-6 X  RELflY 
94-in TAILS TO OPEN

COIL 94-lfl TAIL TO 
X-ENERGIZE XTER 

TRIP SIGNAL

SPURIOUS SIGNAL TROM 
X  5-6 X  RELAY 

94-m
SPURIOUS SIGNAL TROM 
X  5-6 X  RELAY 

94-2A
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I L05S-ir^l^n-fHR I

A

SPURIOUS TRIP SIONRL 
TO nC-MD-10

6-SM-41

SPURIOUS SISNRL RNO SPURIOUS SIBNn. EROn
LOSS or NORWL POHER rWNURL SH 152

I Q-SH-99 I

I 906CS-I

RELRT COIL 94X-4B 
CNCROIZCO FROn 

SPURIOUS siew L

RELflT COIL 94X-4B 
rniLS TO DE-ENERGIZE 
AFTER TRIP SIGNAL

CP 9-10 OF RELAY 
94X-4B FAILS TO 

REMAIN OPEN

CP 3-3C or fmiRL 
SWITCH 152 rfllLS TO 

RQiflIM OPCM

CP 4-4C o r HflNUHL 
SWITCH 152 PHILS TO 

REMfllM OPEM

1 e-SH-96 1

A
1LCL94X-4B-FT0 I 1 LCL94X-4B-9R0 1

■ a
I906CS-152-3TO 1

O
l906CS-i52-4R0 1

" a '

1
LOSS OF NORMAL PONER

1
SPtftlOUS signal FROn 

RELAY 94X-4B

1
CP 3-4 FAILS TO 

REMAIN OPEN
MANUAL SNITCH 152 
FAILS IN STOP MODE

1
MANUAL SNITCH 1S2 

PLACED IN STOP MODE 
BY OPERATOR

I 5H-B-fCP-dP51

COs
I<jj



w

I
a\

1 9269< a  riD

Ram COIL 94X-4B CNCROIZCO cRon 
SPURIOUS SIONOL

SPURIOUS SIGNOL FROM 
TOOO 62-lfl

CP 9-10 or 9< -2B 
FOILS TO OPCN

COIL 91-2B foils to 
K-CNCRGIZC OFTCR 

TRIP SI6H0L

SPURIOUS SI9N0L FROM 
TOOO 62-1

SPURIOUS SI0MOL FROM 
CP 9-10 or 91-lB

CP 9-10 OF 94-lB 
FOILS TO OPCN

COIL 91-lB FOILS TO 
DC-CNCROIZC OFTCR 

TRIP SI6M0L

SPURIOUS SieNOL FROM 
CP 9-10 OF 94-20
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B-5H-101 I

906CS-i53-rf5n6-5W-102

CP SMITCH 3-ic rmus 
TO REMfllN OPEN

OPERflTOR PLACES 
MANUAL SWITCH IN 

STOP MODE

MANUAL SNITCH 153 
PAILS IN STOP MOOE

CP 3 AND 4 OF 153 
FAILS TO REMAIN OPEN

CP SWITCH 4-4C FAILS 
TO REMAIN OPEN

SPURIOUS SIGNAL FROM 
MANUAL SWITCH 153

I  906CS-1S3-3R0 I  906CS-153-4TO
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I G-SW-103 IG-SM-62

G-sw-ioe I

LOSS-Or-KIORM-PHR

SPURIOUS TRIP SIGNflL 
TO flC-Hr-11 CIRCUIT 

BRERKER

SPURIOUS SIGNflL flNO 
LOSS or NORMflL POWER

SPURIOUS SIGNAL FROM 
MflNUflL SWITCH 154 
THRU CP 3 flNO 4

SPURIOUS SIGNflL FROM 
LNP RELflY 94X-6A

SPURIOUS SIGNflL FROM 
LNP RELflY 94X-6C

SPURIOUS SIGNflL FROM 
LNP RELAYS

LOSS OF NORMAL POWER

I G-SW-104 I iG-SW-108 I
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e-SH-104 IG-SM-1038

La94X-6fl-rT0G-SW-105

COIL 94-IB TAILS TO 
DE-ENERGIZE AFTER 

TRIP SIGNAL

SPURIOUS SIGNAL FROtl 
LNP RELAY 94X-6A

RELAY 94-IB COILS 
FAILS TO DE-ENERGIZE

SPURIOUS SIGNAL FROM 
TOGO 62-1

RELAY 94X-6A COIL 
FAILS TO DE-ENERGIZE

CP 1-2 RELAY 94X-6A 
FAILS TO REMAIN OPEN

SPURIOUS SIGNAL FROM 
RELAY 94-10 CP 11-12

I  92662-1-XFO I  92694-IB-FTD 192694-lB-BFO
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G-SM-106 I
G-SW-103

6-S H -107 I 906CS-154-FTD

MflNUflL SWITCH 154 
FAILS IN STOP MOOE

SPURIOUS SIGNAL FROM 
MANUAL SWITCH 154 

THRU CP 3 AND 4

CP 3 -3C  MANUAL 
SWITCH 906 FAILS TO 

REMAIN OPEN

CP 3 AND 4 MANUAL 
SWITCH FAILS TO 

REMAIN OPEN

OPERATOR PLACES 
MANUAL SWITCH IN  
CLOSED POSITION

CP 4-4C  MANUAL 
SWITCH 906 FAILS TO 

REMAIN OPEN

9 0 6 C S -1 5 4 -3 I^D 9 0 6 C S -1 5 4 -4 mD
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G -S lj-108 I
G-SM-103B

G-SH-109 I

CP 11 -12  REURlf 94-2B  
FAILS TO OPEN

SPURIOUS SIGNflL FROM 
LNP RELAY 94X-6C

RELAY 94X-6C COIL 
FAILS TO DE-ENERGIZE

COIL 94-2B  FAILS TO 
DE-EfCRGIZE AFTER 

TRIP SIGNAL

SPURIOUS SIGNAL FROM 
TDDO 6 2 -1 A

CP 1 -2  RELAY 94X-6C  
FAILS TO REMAIN OPEN

SPURIOUS SIGNAL FROM 
RELAY 94-2B  CP 11 -12

I 9 2 6 6 2 -lA-XFO I 92694-2B-FTDI? 1 92694-2B -B F0 I
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e -5 H -1 1 0  I
(-SW-110

G -5 W -n i

G-SW-112 I-5W -116 I

LOSS OF POWER TO 
MOTOR OPERflTEO VALVE

MOTOR OPERATED VALVE 
FAILURE SW-9-M0V

MOTOR OPERATED VALVE 
FAILS TO CLOSE

POWER FAILURE AT 
CIRCUIT BREAKER

MOTOR OPERATED VALVE 
OUT OF SERVICE

LOSS OF POWER AT BUS 
E F-7

CP 4 C -I OF CS 162 
FA IL TO REMAIN 

CLOSED

NO SIGNAL THRU CP OPERATOR FAILS TO 
CLOSE MOV SH-9-M0V

906CS-lK-imD IG -SW -113 I I SW-9-M0V-0FC I
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e -s w - iii

NO SIGNFL TO ROnY 
COIL 62.2

NO SIENH. TO ROnY 
COIL 63

NO SI6NRL THRU CP 
1-2 RELRY 83

CP 1-2 OF RELAY 63 
FAILS TO CLOSE

CP 5A-5B RELAY 62.2 
FAILS TO aOSE

RELAY 63 FAILS TO 
ENERGIZE

NO SIGNAL Tt«U CP

RELAY 62.2 FAILS TO 
ENERGIZE

NO SIGNAL THRU CP 
SA-Se OF RELAY 62.2
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B-SW-116
G-SW-111

e-SW-117

POWER FfllLURE AT 
CIRCUIT BREAKER

SPURIOUS SIGNAL TO 
CIRCUIT BREAKER 

AANUAL SWITCH 162

SW CS-162 FAILS IN  
STOP MOOE

CIRCUIT BREAKER 
FAILS TO CLOSE

OPERATOR CLOSES 
CS-162

CP 1 - lC  OF CS-162  
FAILS TO REMAIN OPEN

I 906CS-162-FTDa SW-9-M0V-0P0 I 9 0 6 ( S ^ f ^ l R 0  I
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G -S M -H
G-SM-80
G-SM-77
G-SM-86

COOLING Flow 
DIVERTED THRU rtOV-9

iG - S H - l ia  I

MOTOR OPERflTEO VflLVE 
FfllLURE SW-9-M0V

IG -S H - I ID  I

t3d

I

o

G-SH-57

NO SIGNflL TO RELAY 
LNP-2

RELAY LNP-3 FAILS TO 
ENERGIZE

CP 1 -2  OF RELAY 
LNP-3 FAILS TO CLOSE

NO SIGNflL THRU CP 
1 -2  LNP-3

I 9 2 6 L > f-3 - iF Ca I 926LNP-3-FTE I IG - f l ^ I 1 2  I

COs:
I



w

I-vi

G-SW-57

926LNP-3fl-rTE i-flC-82 I

CP 1 -2  OF REUfiY 
LNP-3R FOILS TO 

CLOSE

RELBY LNP-30 FOILS  
TO ENERGIZE

NO SIGNOL TO RELOY 
LNP-20

NO SIGNOL THRU CP 
1 -2  LNP-30

6-SW -121
G-SW-72

CP 1 -2  OF RELOY 
LNP-2 FOILS TO CLOSE

NO SIGNflL TO RELOY 
LNP-2

RELAY LNP-2 FOILS TO 
ENERGIZE

NO SIGNflL THRU CP 
1 -2  LNP-2

lG -O C -112  1 l9 2 6 L ^ ^ l f C l I 926LNP-2-FTE I
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G-SM-122

RELflt LNP-2A FAILS  
TO ENERGIZE

CP 1 -2  OF RELAY 
LNP-2A FAILS TO 

CLOSE

NO SIGNAL TO RELAY 
LNP-2A

NO SIGNAL THRU CP 
1 -2  LNP-2A

I G -AC-82 I I926LNP-2A-1FC I 926LNP-2A-FTE1
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APPENDIX B.15 

EMERGENCY SERVICE WATER SYSTEM

B.15-1



B.15.1 Emergency Service Water System Description 

B.15.1.1 Purpose

A. The emergency service water (ESW) system provides a re lia b le  long-term 
source o f cooling water fo r  the two LPCI heat exchangers which are 
designed to remove heat from the torus under the fo llow ing conditions:

1) In it ia t io n  o f the automatic pressure r e l ie f  valve system

2) Loss o f coolant accident

B. The ESW system also provides an inexhaustible source o f sea water which
can be used as an emergency coolant supply to keep the core covered, in
the event tha t the normal fresh water supply is  used up.

C. The ESW system can also be used to supply cooling to  the RBCCW heat
exchangers during shutdown and SWS outages.

B.15.1.2 Description and Configuration

Figure B.15-1 shows a s im p lified  piping and equipment diagram o f the ESW 
system. The ESW system consists o f four pumps, two heat exchangers, p ip ing, 
control instrumentation, and support equipment. The four pumps are grouped in to  
two sets o f two pumps. Each set o f pumps provides 5000 gpm o f seawater to  one 
LPCI heat exchanger. E ither set o f pumps and i t s  associated heat exchanger is  
capable o f handling the heat load o f the LPCI system. Since each set o f pumps 
is  in d iv id u a lly  piped to  one o f the heat exchangers, the re su lt is  two com­
p le te ly  segregated emergency service water systems.

Both loops o f the ESW system are provided w ith th e ir  own rotary basket 
s tra ine r to f i l t e r  the sea water. This prevents clogging o f the LPCI heat 
exchanger tubes and increases system r e l ia b i l i t y .  The ESW stra iners w il l  auto­
m atica lly  backwash when the s tra ine r d/p reaches 10 psig, removing any material 
picked up from the sea water.

ESW system piping is  arranged so tha t there is  an interconnection w ith the 
p lant SWS. This ensures th a t the ESW system remains fu l l  o f water, and m ini­
mizing the p o s s ib ility  o f damaging the LPCI heat exchanger tube sheet w ith a
water slug when the system is  placed in to  operation.

B.15.1.3 System Interfaces

System interfaces fo r the ESW System are shown in  Table B.15-1.

B.15.1.4 Instrumentation and Control

Table B.15-2 l is t s  the various instruments and set points used. Most
instruments are employed to detect the temperature and pressure varia tions in
heat exchangers. Figure B.15-2 shows the control w iring schematics.

Pumps and valves are manually contro lled from the Control Room Panel 
Switches (CRP 903). For a deta iled discussion on controls see section B.15.1.8, 
Operation.
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B.15.1.5 Testing

The follow ing are the tests o f the ESW system:

SP 623.10 Functional tes t when one ESW pump is  inoperable

This da ily  te s t checks the LPCI system o p e ra b ility  using procedure 
SP 622.7 and ESW readiness procedure SP 623.19.

SP 623.18 Emergency Systems Valve Position Check

The fo llow ing valve positions are checked weekly on the control room 
panel: LPC-2A, -2C, -3A, -4A, -28, -2D, -38 and -48.

SP 623.19 Emergency Service Water System Operational Readiness Test

This is  a quarterly te s t which checks pump discharge pressure, valve 
alignment, and system flow.

8.15.1.6 Maintenance

There is  no rou tine ly  scheduled maintenance fo r the ESW system.
Maintenance is  performed on an as-needed basis.

8.15.1.7 Technical Specifications

A. L im iting conditions fo r operation:

1) From the time that one o f the ESW pumps is  made or found to be 
inoperable, reactor operation is  permissible only during the fo llow ­
ing th ir ty  days. I f  a fte r  th is  time period the pump is  not back in 
service, then reactor operation is  not permitted. Furthermore, 
operation is  allowed only i f  a l l other active components o f the con­
tainment cooling system are functional during the period when the 
pump is  inoperable.

2) From the time tha t one active component in  each containment cooling 
subsystem is  made or found to be inoperable, reactor operation is  
permissible only during the fo llow ing seven days. I f  a fte r th is  
time period the inoperable components have not been returned to  ser­
vice, then the reactor is  shut down. Furthermore, operation is  
permitted during the fo llow ing seven days only i f  the remaining 
active components in  each containment cooling subsystem, in  both 
core spray subsystems and both emergency power sources (assuming no 
available source o f external power) are operable. These lim it in g  
conditions also apply i f  an active component o f the LPCI and ESW 
systems, in  one containment cooling subsystem, is  made or found to 
be inoperable.
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3) From the time tha t one LPCI and one ESW pump in  each containment 
cooling subsystem is  made or found to be inoperable, reactor oper­
ation is  only permitted during the fo llow ing four days. The 
allowance is  based on the condition tha t the remaining active com­
ponents o f the containment cooling subsystems, both core spray sub­
systems and both emergency power sources (assuming no available 
source o f external power) are operable. I f  not, then the reactor is  
shut down a t the end o f the indicated time period.

B. The surveillance requirements fo r the ESW system:

1) Emergency Service Water Subsystem Testing:

Item Frequency

a. Pump and Valve O perability  Once/3 months

b. Flow Rate Test A fte r pump
Each containment cooling water maintenance and
pump shall de liver a t leas t every three
2500 gpm against a system head months
o f a t leas t 446 fee t.

2) When one emergency service water pump is  determined to be inoperable the 
remaining pumps in tha t containment cooling subsystem and those pumps in 
the other containment cooling subsystem shall be immediately demon­
strated to be operable. The remaining operable ESW pumps are to be 
tested da ily  u n til the out-o f-serv ice pump is  brought back in to  service.

3) When i t  is  determined tha t one active component in  each containment 
cooling subsystem or an LPCI and ESW component in  one o f the containment 
cooling subsystems isinoperable the fo llow ing becomes e ffe c tive : the 
remaining active components in the containment cooling subsystems, both 
core spray subsystems and both emergency power sources shall be demon­
strated to be operable immediately and da ily  the rea fte r. However, i f  
any o f the inoperable components are in the ESW system, then the da ily  
te s t to demonstrate core spray o p e ra b ility  may be omitted.

4) When i t  is  determined tha t one LPCI and one ESW pump in  each containment 
cooling subsystem are inoperable then the fo llow ing becomes e ffe c tive : 
the remaining active components in the containment cooling subsystems, 
both core spray subsystems and both emergency power sources shall be 
demonstrated to be operable immediately and da ily  the rea fte r.

B.15.1.8 Operation

ESW system operation is  required to provide cooling to the LPCI heat 
exchangers. Following a trans ient or LOCA in i t ia to r ,  the ESW pumps t r ip  i f  they 
are running (the pumps are normally in standby) and must be restarted manually. 
The pumps w il l  t r ip  on hi drywell pressure, low-low reactor water level and low 
reactor pressure, or LNP signals.
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Once the operator determines th a t p lant e le c trica l loads w il l  permit pump 
re s ta rt, the operator s ta rts  the ESW pump corresponding to the LPCI system tra in  
that is  in  operation fo r containment cooling. The ESW pumps are tripped because 
they are not required fo r several hours a fte r  the in it ia t in g  event.

The heat exchanger o u tle t valve (LPC-4A, 4B; see Figure B.15-1) w il l  auto­
m atica lly maintain the shell/tube d iffe re n tia l pressure a t the value selected by 
the operator.

B.15.2 Analysis

B.15.2.1 Success/Failure C rite ria

Successful operation o f the ESW system requires e ithe r pump A or pump C to 
remove heat from LPCI heat exchanger A, or pump B or D to remove heat from LPCI 
heat exchanger B, depending on the selected LPCI loop.

B.15.2.2 Assumptions

1) Human error is  not considered in  the operation o f normally closed valves 
LPC-19, -20, -22, -23, and -24.

2) Small vent and r e l ie f  valve lines on the LPCI heat exchangers are not 
considered in  the analysis.

3) Two-inch piping and valves which are connected to the 16-inch piping, 
down stream o f the s tra ine r are not included in the analysis.
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Table B.15-1

Emergency Service Water Interfaces Failure Mode and Effects

Ui
I

CTl

Primary System 

System Div. Comp.

Support System 

System Div. Comp.

Failure Mode Fault E ffect

ESWS Pumps 
A and C

AC Pwr DG Bus 14F Low or zero voltage Pumps A and C f a i l  to  s ta rt 
or run

Pumps 
B and D

AC Power GT Bus 14E Low or zero voltage Pumps B and D fa i l  to  s ta rt 
or run

ESWS Pumps
A, 6, C ,  D

DC Power Bus lOlA Low or zero voltage Precludes manual s ta r t;  
no e ffec t on running pump



Table B.15-2 

Emergency Service Water System Instrumentation

Instrument

Strainer d/p Hi 
DPS-10-4A/4B

Heat exchanger 
in le t high temp­
erature 
IE 1546 A(B)

Heat exchanger 
outle t high temp. 
IE 1547 A(B)

DP 1501-78A(B)

PS 1561

2205/1501-90A
2206/1501-90B
2205/1501-90C
2206/1501-90D

2205/263-72A
2206/263-72B
2205/263-72C
2206/263-720

2251/263-54A
2252/263-54B

Function

High d iffe re n tia l 
pressure alarm

High in le t temp, 
alarm

High outle t temp, 
alarm

LPCI system heat 
exchanger low tube 
to shell d iffe re n tia l 
pressure alarm

RBCCW heat exchanger 
Emergency Service Water 
Supply High Pressure 
alarm

Hi drywell pressure 
indication (tr ip s  ESW 
pumps)

low Rx water level 
(ESW pump tr ip s )

low Rx pressure 
(ESW pump tr ip s )

Setpoint 

10 psid

120°F

150°F

15 psid 
decreasing

80 psig

2 psig

79" above the 
top of active 
fuel

350 psig
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EMERGENCY SERVICE WATER SYSTEM 

FAULT TREE AND FAULT SUMMARY SHEETS

B.15-1 6



FAULT SUMMARY SHEETS
EVENT DESCRIPTION DETECTION INTERVAL COMMENTS UNAVAILABILITY

LPC-A-HTX-LOF Loss of function Quarterly detection Includes T/M 3.7E-4
LPC-B-HTS-LOF in LPCI/CC heat

exchangers, A & B

LPC-A-STR-LOF Loss of function in Quarterly detection Quarterly system 7.5E-5
LPC-B-STR-LOF ESW Rot. Strainers, operability test

A & B (plugged) SP 623.19

LPC-A-ZZZ-LOF Failure of auto back­ The operator can 7.42E-4
LPC-B-ZZZ-LOF wash to clean Rot. clean the strainer

Strainer "A" & "B" easily

LPC-3A-XV-FR0 Manual valve fails Quarterly detection SP 623.19 quarterly lE-4
LPC-2A-XV-FR0 to remain open system operational
LPC-2C-XV-FR0 test checks system
LPC-3B-XV-FR0 flow path
LPC-2B-XV-FR0
LPC-2D-XV-FR0

LPC-19-XV-0P0 Operator opens nor­ 3E-3
LPC-20-XV-0P0 mally closed valves

(flow diversion)

LPC-3A-XV-TMC Normally opened One week Weekly valve posi­ 8.9E-6
LPC-2A-XV-TMC manual valve is tion check SP 623.18
LPC-2C-XV-TMC closed due to
LPC-3B-XV-TMC test/maintenance
LPC-2B-XV-TMC
LPC-2D-XV-TMC

W

U1
I

MILLSTONE 1
SYSTEM ESW
SHEET #1



FAULT SL’MMARY SHEETS
EVENT DESCRIPTION DETECTION INTERVAL COMMENTS UNAVAILABILITY'

LPC-IA-CKV-FRO
LPC-IC-CKV-FRO
LPC-IB-CKV-FRO
LPC-ID-CKV-FRO

Check valve fails 
to remain open

Quarterly detection Tested during the 
performance of 
SP 623.19

lE-4

LPC-IA-GKV-TMC
LPC-IA-CKV-TMC
LPC-IA-CKV-TMC
LPC-IA-CKV-TMC

Check valve is 
closed due to test 
and maintenance

Quarterly detection Tested during the 
performance of 
SP 623.19

9.6E-6

LPC-A-MDP-FSR
LPC-B-MDP-FSR
LPC-C-MDP-FSR
LPC-D-MDP-FSR

Motor driven pump 
fails to start

Quarterly detection Tested during the 
performance of 
SP 623.19

1.72E-3

LPC-A-MDP-TOM
LPC-B-MDP-TOM
LPC-C-MDP-TOM
LPC-D-MDP-TOM

Motor driven pump 
fails due to test/ 
maintenance

Quarterly detection Tested during the 
performance of 
SP 623.19

1.5E-3

9031530-318A-3F0
9031530-318B-3FO

Contact pair of 
manual switch fails 
to open

Quarterly detection Tested during the 
performance of 
SP 623.19

3.3E-5

LPC-A-MDP-OSP
LPC-B-MDP-OSP
LPC-C-MDP-OSP
LPC-D-MDP-OSP

Operator erroneously 
places ESW pumps in 
stop mode

3E-3

W

ui
I

c»

MILLSTONE 1
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FAULT SUMMARY SHEETS
EVENT DESCRIPTION DETECTION INTERVAL COMMENTS UNAVAILABILITY

LPC-A-MDP-OFS
LPC-B-MDP-OFS
LPC-C-MDP-OFS
LPC-D-MDP-OFS

Operator fails to 
start ESW pumps 
(fails to activate 
switch 903/1530- 
302A, B, C, & D)

lE-2

9321530-122-FTD
LCL94X-6B-FTD
92694-IB-FTD
LCL94X-6D-FTD
92694-2B-FTD
9331530-229-FTD
9321530-129-FTD

Relay coil fails 
to de-energize

Quarterly detection Tested during the 
performance of 
SP 623.19

lE-4

9031530-302A-FTD
9031530-302B-FTD
9031530-302B-FTD
9031530-302D-FTD

Manual switch fails 
in stop mode

Quarterly detection Tested during the 
performance of 
SP 623.19

1.08E-5

LCL94X-6B-FRD
LCL94X-6D-FRD
9321530-131-FRD
9031530-3A-FRD
9331530-222-FRD
9331530-231-FRD
9031530-3B-FRD

Relay coil fails to 
remain de-energize

Quarterly Tested during the 
performance of 
SP 623.19

lE-5
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FAULT SUMMARY SHEETS
EVENT DESCRIPTION DETECTION INTERVAL COMMENTS UNAVAILABILITY

92694-lB-BFO Relay contact pairs Quarterly detection Tested during the 3.2E-4
92662-1-XFO fail to open performance of
92694-2B-BFO SP 623.19
926-lA-XFO
9321530-129-lFG
521501-65A-1FO
521501-65C-1FO
9331530-229-lFG
521501-65B-1FG
521501-65D-1FG

9031530-318A-GFR Operator fails to Operator inaction lE-2
903.1530-318B-GFR push reset button affects his ability

to start pumps

9031530-318A-FTE Relay coil fails Quarterly detection Tested during the lE-4
9031530-302A-FTE to energize performance of
9031530-302C-FTE SP 623.19
9321530-130-FTE
2201A-1543A-FTE
9031530-302B-FTE
9031530-318B-FTE
9031530-302D-FTE
9331530-230-FTE
2201B-1543B-FTE

AC-14F-9-FTC Pump breaker fails Quarterly detection Tested during the lE-3
AC-14F-10-FTC to close performance of
AC-3F-5D-FTC SP 623.19
AC-14E-8-FTC
AC-14E-9-FTC
AC-E3-3D-FTC

dd
oi
I

M
O

MILLSTONE 1
SYSTEM ESW
SHEET IK



FAULT SUMMARY SHEETS
EVENT DESCRIPTION DETECTION INTERVAL COMMENTS UNAVAILABILITY

9031530-302A-1FC Relay contact pairs Quarterly detection Tested during the 3.24E-4
9031530-302A-2FC fail to close performance of
9031530-302C-1FC SP 623.19
9031530-302C-2FC
9321530-130-lFC
9191540-6A-4FC
9031530-302B-1FC
9031530-302B-2FC
9031530-302D-1FC
9031530-302D-2FC
9331530-229-4FC
9331530-230-lFC
9191540-6B-4FC
9321530-129-4FC

LPC-4A-M0V-TMC M.O. valve is closed One week Weekly valve posi- 5.3E-5
LPC-4B-M0V-TMC for maintenance/test tioncheck, SP 623.18

LPC-22-23-24-TMO Valves on diversion 3.6E-5
path left open follow­
ing test/maint.

9191540-6B-4RO Contact pair fails Quarterly detection Tested during the lE-4
933-1530-231-1RO to remain open performance of
9321530-122-1RO SP 623.19
LCL94X-6B-7RO
LCL94X-6D-7RO
9331530-222-lRG
9331530-222-2R0
9321530-122-2R0

w
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FAULT SUMMARY SHEETS
EVENT DESCRIPTION DETECTION INTERVAL COMMENTS UNAVAILABILITY

LCL94X-6B-9RO Contact pair fails Quarterly detection Tested during the lE-4
LCL94X-6D-9RO to remain open performance of
9321530-131-1RO SP 623.19
9191540-6A-4R0

9031530-302B-3RO Manual switch con­ Quarterly detection Tested during the 3.3E-5
9031530-302B-4R0 tact pair fails to performance of
9031530-302D-3R0 remain open SP 623.19
9031530-302D-4RO
9031530-302A-3RO
9031530-302C-4RO
9031530-302C-3RO
9031530-302A-4RO

LPC-4A-M0V-FT0 Motor operated Quarterly detection Tested during the IE-3
LPC-4B-M0V-FT0 valve fails to open performance of

SP 623.19

9031540-3A-0FR Operator fails to The operator has a lE-2
9031540-3B-OFR reset switch long time to per­

form this act

2201A-1543A-TOM Transmitter 0.0.S. due l.OE-2
2201B-1543B-TOM to test/maintenance

2201B-1543B-OMC Operator miscalibra- lE-3
2201A-1543A-OMC tion of transmitter

W
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GATE NAME

EF W  F AULT T REE PAGE INDEX 

DEFI N E D  ON PAGE T R A N S F E R S  TO

G - L P C - A - H T X ESW-1 .  _
G-ESW-3 ESW-2 ESW-1
G-ESW-6 ESW-3 ESW-2
G-ESW-9 ESW-4 ESW-3
G-ESW-11 E S W - 5 ESW-4
G-ESW-12 ESW-6 ESW-5
G-ESW-14 E S W - 7 ESW-5
G-ESW-15 ESW-8 ESW-7 , E S W -
G-ESW-16 ESW-8 ESW-5
G-ESW-17 ESW-9 ESW-8 , E S W -
G-ESW-18 E S W - 9 ESW-5
G-ESW-19 ESW-10 E S W - 9 , E S W -
G-ESW-20 ESW-11 ESW-4
G-ESW-22 ESW-12 ESW-3
G-ESW-24 ESW-13 ESW-12
G-ESW-26 ESW-14 ESW-13
G-ESW-27 ESW-15 ESW-14
G-ESW-29 ESW-16 ESW-14
G-ESW-30 ESW-17 ESW-14
G-ESW-31 ESW-17 ESW-14
G - E S W - 3 2 ESW-18 ESW-13
G-ESW-34 ESW-19 ESW-20
G-ESW-37 ESW-20 ESW-1
G-ESW-40 ESW-21 ESW-20
G-ESW-42 ESW-22 ESW-21
G-ESW-44 ESW-23 ESW-22
G-ESW-46 ESW-24 ESW-21
G - L P C -B-HTX ESW-24
G-ESW-50 E S W - 25 ESW-24
G -ESW-51 E S W - 25 ESW-24
G-ESW-53 ESW-26 ESW-25
G-ESW-56 ESW-27 ESW-26
G-ESW-58 ESW-28 ESW-27
G-ESW-62 ESW-29 E S W - 2 8 , E S W
G-ESW-63 ESW-30 ESW-27
G-ESW-65 ESW-31 ESW-26
G-ESW-67 ESW-32 ESW-31
G-ESW-69 ESW-33 ESW-32
G-ESW-73 ESW-34 ESW-32
G-ESW-75 ESW-35 ESW-36
G-ESW-78 E S W - 36 ESW-24
G-ESW-80 ESW-37 ESW-36
G-ESW-83 ESW-38 ESW-37
G-ESW-85 ESW-39 ESW-38
G-ESW-87 ESW-40 ESW-37

B . 1 5-23



tfl

U1
I

NJ LPC-fl-HTX-LOrG-ESH-2

NO HEAT REMOVAL THRU 
LPCI/CC HEAT 
EXCHANGER A

NO FLOW THRU 
MOV-LPC-IA HEAT 

EXCH. A OUTLET VALVE

MECH. DAMAGE TO 
LPCI/CC HEAT EXCH. A 

TUBE SHEET

NO ESW FLOW THRU 
LPCI/CC HEAT EXCH. A 

TUBE SIDE

NO FLOW THRU MAN. 
VALVE 1-LPC-3A HEAT 

EXCH. INLET -  L .O .

I G-ESW-3 I I G-ESW-37 1

W
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G-ESM-2

NO FLOW THRU MAN. 
VALVE 1-LPC-3A HEAT 

EXCH. INLET -  L .O .

CO

Ln
IM

I G -E ^ -4  I I L P C -3 A -X V ^ ? ^

I B-E^-5 I

■ Q

Ln STRAINER A FAILURES NO FLOW THRU ESW
PUMP DISCHARGE

HERDER A

I G - E ^ - 6  I

NO FLOW THRU ESW 
ROTATING STRAINER A

MECHANICAL FAILURE 
OF MAN. VALVE 

1-LPC-3A

MAN. VALVE 1-LPC-3A  
aO SED  DUE TO TORM

I LPC-3A-XV^^TMC

FAILURE OF AUTO 
BACKWASH TO aE A N  

ROT. STRAINER A

1 LPC-A-ZZZ-LOF I

ESW ROT. STRAINER A 
PLUGGED UP

I LPC-A-STR-LOF I

MW
s:I
HO



00

Ul
I

NJ
CTt

G-ESH-22

LPC-2fl-XV-Tt1CLPC-2fl-XV-FR0G-E5W-8

MflN. VALVE 1-UPC-2A  
CLOSED DUE TO TORM

NO FLOH THRU CHECK 
VALVE 1 -LP C -lA

MECHANICAL FAILURE 
OF MAN. VALVE 

1-LPC-2A

NO FLOH THRU ESW 
PUMP DISCHARGE 

HEADER A

NO FLOH THRU MAN. 
VALVE 1-LPC-2C PUMP 

C OISCH. -  L .O ,

CHK. VLV. 1 -LP C -lA  
O .O .S . FOR MAINT.

NO flow  th r u  MAN. 
VALVE 1-LPC-2A PUMP 

A OISCH. -  L .O .

CHECK VALVE I-L P C 'IA  
FAILS TO OPEN

NO ESN FLOW THRU LPC 
M.O. PUMP A

1 G - E ^ 9  I I LPC-IA-CKV-FRO I I L P C -IA -C K V ^ W ^

W
cns:I
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I G-ESH-9
G-ESW-e

6 -E S H -lO LPC-n-HDP-rSR LPC-n-MDP-TOM

NO ESH ELOW THRU LPC 
M.O. PUMP fl

M.O. PUMP fl O.O.S, 
OUE TO TEST OR 

MfllNT.

L /0  flC POWER TO BUS 
H - r

M.O. PUMP B FAILS TO 
START

PUMP A ACTUATION 
SYSTEM FAULTS

SIGNAL TO TRIP M.O. 
LPC PUMP A -  

SPURIOUS SIG .

NO SIGNAL TO START 
M.O. PUMP A

iG -E S H -ll  1 I G-ESH-20

W
cn
s :I>c>,



SISNn. TO TRIP n .o . 
LPC PUMP n -  

SPURIOUS SIG.

G-EStP-lO

w

U l
Itu

00

SIGNML PROM MMN. SH. 
903/ 1530-3020 THRU 

COMTRCTS 3 , 3T, 4, 
flW  4T

SIGNHL PROM 932/ 
1530-122 THRU 

CQNTnCTS 1 IN ) 7

LHP TRIP SIGNHL 
94X6B AND LOSS OP 

NGRMHL POMER

LHP TRIP SIGNAL 
94X60 AND LOSS OP 

NORMAL PQMX

I6-E^12 I

LNP TRIP SIGNAL THRU 
94X66 CONTACTS 7 AM) 

8

LOSS OP NORMAL POHCR LOSS OP NORMAL PONCR LNP TRIP SIGNAL THRU 
94X60 CONTACTS 7 IK l 

8

A
ILO SS-iy^R ^n-PN RI IL O S S -ff^ -P N R  1

wCOs:
I
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iJd

I G -e ^ -1 2

9031530-302fl-rTD LPC-ft-MDP-OSP

SIGNflL TROM fIflN. SH, 
9 0 3 / 1530-3020 THRU 

CONTOCTS 3 , 3T , 4 , 
AND 4T

MHN. SWITCH 9 0 3 / 
1530-3020  FOILS

CONTflCTS FOIL TO 
REMAIN OPEN

OPERATOR PLACES 9 0 V  
1530-3020  IN  STOP 

MODE

9 0 3 / 1530-3020  
CONTflCTS 3  AND 3T 

FOIL TO REMAIN OPEN

9 0 3 / 1530-3020  
CONTACTS 4 AND 4T 

FA IL  TO REMAIN OPEN

1 903l530-i302A -3R 0 I I 9031530-302A -4R 0

Ww
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o

B -E ^ -1 4  I
6 -E S M -n

SIGNfiL FROM 9 3 2 / 
1530-122  THRU 

CONTflCTS 1 flND 7

9 3 2 / 1530-122  COIL 
FfllLS  TO REMAIN 

0E-ENER6IZED

9 3 2 / 1530-122  
CONTflCTS 1 AND 7 

FA IL TO REMAIN OPEN

SIGNflL FROM MflN. 
OVERRIDE SM, 9 0 3 /  

1530-318A  CONTflCTS 3  
AND 4

i G-ESH-15 I 9321530-122-iro lD I 9321530-122-rTDI-------- ------------I?

wws:I



G-ESW-15 I

9 0 V  1530-3180  
CONTftCTS 3  AND ■! 

FOIL TO OPEN

SIGNflL FROM MflN, 
OVERRIDE SH. 9 0 3 /  

15 30-3180 CONTflCTS 3 
ONO 4

KEYLOCK SH. 9 0 3 /  
1530-3180  FfllLS  TO 

OPERATE

OPERATOR FfllLS  TO 
PLACE KEYLOCK SW. 
9 0 3 / 1530-3180  IN  

MflN. OVERRIDE

ts

cn
I

( j j

I 90 3 l53 O ^ 3 l8 ft-3 F 0  I I 9031530-3180-FTE 9031530-3 l8 fl-O FR  I

l-ESH-16
G -E S H -llf l

SIGNflL FROM 9 4 - lB  
THRU CONTflCTS 11 AND

94X66 COIL FfllLS  TO 
DE-ENERGIZE

94X68 CONTflCTS 7 AND 
8 FAIL TO REMAIN 

OPEN

LNP TRIP SIGNflL THRU 
94X68 CONTflCTS 7 AND

I 6-ES H -17 I I LCL94X-68-7R0 I I LCL94X-68-FTD I
W
COs:I
CO
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on
IOJNJ

SPURIOUS SIGNflL PROM 
TOO RELflY 62 -1

9i-lB COIL PfllLS TO 
DE-ENERGIZE

9 4 - IB  CONTflCTS 11 
flND 12 F flIL  TO OPEN

SIGNflL FROM 9 4 -1 8  
THRU CONTflCTS 11 AND

92 694-lB -B FO  I I 9 2 6 9 4 -IB-FTO I I 92662-1-X FO  I

6 - E ^ - 1 8  I

LCL94)(-60-7R0

94X60 COIL FfllLS  TO 
OE-ENERGIZE

94X60 CONTflCTS 7 AND 
8 F flIL  TO REMflIN 

OPEN

LNP TRIP SIGNflL THRU 
94X60 CONTflCTS 7 AND

SIGNflL FROM 9 4 -2 8  
THRU CONTflCTS 11 AND

Wcn
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U l
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UJ

6-E5W -19

SIGNflL PROM 94-2B  
THRU CONTflCTS 11 flND

94-2B  COIL FfllLS TO 
DE-DCRGIZE

94-2B  CONTflCTS 11 
AND 12 F flIL  TO OPEN

SPURIOUS SIGNflL FROM 
TOO RELAY 6 2 - l f l

926»>-2B-BrO r926»l-2B-FTD I 9 2 6 6 2 -lfl-~WIT

w
cn
S
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G-ESW-20 I
G-ESW-IO

rfllLURE o r  BREAKER 
AT tICC H - r  CUB NO.

NO s ig n a l  t o  START 
M.O. PUMP A

NO SIGNAL THRU MAN. 
SH. 9 0 3 / 1530-302A  
CONTACTS 1, IT ,  2 , 

AND 2T

9 0 3 / 1530-302A  
CONTACTS 1 AND IT  

FA IL TO CLOSE

OPERATOR FAILS TO 
PLACE MAN. SH. 9 0 3 /  

1S30-302A IN  START 
MODE

L /0  DC CONTROL POWER 
ON BUS lO lA  CIRCUIT

9 0 3 / 1530-302A  FAILS  
TO OPERATE

9 0 3 / 1S30-302A  
CONTACTS 2 AND 2T 

FA IL  TO CLOSE

I 9031530-302A -1FC  I I 9 0 3 1 5 3 0 -3 0 2 A = ^ I 903153&-302A-FTEa I LPC-A-MGP-OFS

W
cn 
s:I
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G-ESH-6

LPC -2C-XV-rR 0

NO FLOW THRU MflN. 
'/PlVZ 1-LPC-2C PUMP 

C OISCH. - L .O .

NO FLOH THRU CHECK 
V ftV E  1-LP C -lC

MECHflNICfIL FAILURE 
OF MflN. yflL\fE 

l-Lf>C-2C

MflN. VflLVE 1-LF*C-2C 
CLOSED DUE TO TORM

NO ESH FLOH THRU LPC 
M.O. PUMP C

CHECK VflLVE 1-L P C -1C 
FfllLS  TO OPEN

CHK. VLV. 1 -LP C -lC  
O .O .S . FOR MfllNT.

I G-ESH-24 I I LPC-lC-CKV-FROa I LPC-IC-CKV-TMC I

W
COs
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G-ESH-23

I B-ESH-25 I LPC-C-HDP-FSR

NO ESW FLOW THRU LPC 
M.O. PUMP C

M.O. PUMP 0  FHILS TO 
STf«T

NO SIGNflL TO STflRT 
M.O. PUMP C

M.O. PUMP 0 O .O .S . 
OUE TO TEST OR 

MfllNT.

PUMP C flCTUflTION 
SYSTEM FAULTS

L /0  nC POWER TO BUS 
M -F

SIGNflL TO TRIP M.O, 
LPC PUMP C -  

SPURIOUS S IG .

i G-ESW-26 I G-ESW-32

W
CO
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SICNn. TO TRIP n .o . 
LPC PUMP C -  

SPURIOUS SIE.

SIGNflL PROM SS2/ 
IS 30-I22 THRU 

CONTflCTS 2 flND a

LNP TRIP SIGWL 
94X68 flND LOSS OT 

NORNflL POMCR

LNP TRIP SIGNflL THRU 
94X68 CONmCTS 9 flW)

SIGNflL PROM HflN. SH. 
903/ I53D-302C THRU 

CONTflCTS 3, 3T, 4 
AND 4T

LOSS OP NORHflL POMX

LNP TRIP SIGNflL 
94X60 flM ) LOSS OP 

NORHflL PONER

LOSS o r NORHflL PONER LNP TRIP SIGNflL THRU 
94X60 CONTflCTS 8 AND

M
CO
s
I
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I G -E ^ -2 7  I
G-ESM-26

9 0 3 lS 3 0 -3 0 2 g ? T EG-ESH-28 I LPC-C-HOP-OSP

SIGNflL FROM MflN. SW, 
9 0 3 / 1530-302C THRU 

CONTflCTS 3 , 3T , 4 
AND 4T

9 0 3 / 1530-302C  
CONTflCTS 4 flND 4T 

F flIL  TO REMflIN OPEN

OPERATOR PLACES 9 0 V  
1530-302C  IN  STOP 

nOOE

9 0 3 / 1530-302C  
CONTflCTS 3  AND 3T 

F flIL  TO REMflIN OPEN

MflN. SWITCH 9 0 V  
1530-302C FfllLS

CONTflCTS F flIL  TO 
REMflIN OPEN

I 9031530-302C -3R 0 9 0 3 1 S 3 0 - ^ - 4 R 0  ID
w
cn 
s:I
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6-ESW -29
G-ESM-26

SIGNfiL FROM 9 3 2 / 
1530-122  THRU 

CONTflCTS 2 AND 8

SIGNflL FROM MflN. 
OVERRIDE SM. 9 0 3 /

1530-318fl CONTflCTS 3 
flNO 4

9 3 2 / 1530-122 COIL 
FfllLS  TO REMflIN 

OE-ENERGIZED

9 3 2 / 1530-122  
CONTflCTS 2  AND 8 

F flIL  TO REMAIN OPEN

I G-ESM-15 I I 9321530-122-FTD  I I9 3 2 1 5 3 0 -1 2 2 -2 R 0

MWs:I
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I 6 - E ^ - 3 0

SIGNflL rROM 9 4 -lB  
THRU CONTflCTS 11 flND

94X68 COIL FfllLS  TO 
REHflIN OE-ENERGIZED

94X68 CONTflCTS 9 AND 
10 F flIL  TO REMflIN 

OPEN

LNP TRIP SIGNflL THRU 
94X68 CONTflCTS 9  AND

I G-ESW-17 I L a 9 4 X - 6 8 - 9 ^u ILCL94X-68-FTO

■ Q

G-ESH-31 I

LCL94X-6D-FRDLCL94X-60-9R0G-ESN-19

LNP TRIP SIGNflL THRU 
94X60 CONTflCTS 9 AMD

94X60 COIL FfllLS  TO 
REMflIN DE-ENERGIZED

94X60 CONTflCTS 9  AND 
10 F flIL  TO REMflIN 

OPEN

SIGNflL FROM 9 4 -2 8  
THRU CONTACTS 11 AND

W
CO
s:(
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nC-14F-10-TTC

NO SIGNfiL TO STflRT 
M.O. PUMP C

9 0 3 / 1530-302C  
CONTflCTS 1 flND IT  

F flIL  TO CLOSE

MflN. SWITCH 9 0 3 /  
1S30-302C FAILS

9 0 3 / 1530-302C  
CONTACTS 2  AND 2T 

FA IL TO CLOSE

OPERATOR FfllLS  TO 
PLACE MflN. SH. 9 0 3 /  

1530-302C  IN STflRT 
MOOE

L /0  DC CONTRa POWER 
ON BUS lO lf l CIRCUIT

NO SIGNflL THRU MflN. 
SW. 9 0 3 / 1530-302C  
CONTflCTS 1, IT ,  2 , 

AND 2T

FAILURE OF BREAKER 
AT MCC M - F  CUB NO.

I 9031530-302C -FTE  I I 9031530-302C -1FC  I I 9031530-302C -2FC  I I LP C -C -M O P -'O fn

td
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M

I 93 2 1 5 3 0 -1 2 9 -1 F 0  I

I G-E^-36 I 9321530-131-Ffa) I9321530-131-1R 0

SIGNfiL rROM 9 3 2 /  
1530-131 THRU 

CONTflCTS 1 flNO 7

SIGNflL fROM 9 3 2 /1 5 3 0  
-1 2 9  THRU CONTflCTS 1 

AND 7 -  CONTflCTS 
F flIL  TO OPEN

SIGNflL TO CLOSE MOV 
1-LPC-4A -  SPURIOUS 

SIGNflL

9 3 2 / 1530-131  
CONTflCTS 1 flNO 7 

F flIL  TO REMflIN OPEN

9 3 2 / 1530-131 COIL 
FfllLS  TO REMflIN 

OE-ENERGIZED

CLOSING SIG FROM POS 
MOO. 9 1 9 / 1540-6 fl -  

CONTflCTS 4 flNO 4T 
F flIL  TO REMflIN OPEN

SIGNflL TO 9 3 2 /  
1530-131 COIL

SPURIOUS aO S IN G  
SIGNflL FROM 0 /P  
CONTROLLER 9 0 3 /  

1540-3 fl

I 91 91540-6 fl-4R 0 I 9 0 3 l5 4 0 -3 n -fT O

M
COs:I
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w

I G-ESW-37

G-ESW-39

MOV 1-LPC-4M  
flCTUflTlON SYSTEM 

FAULTS

MOV 1-LPC-4A CLOSED 
DUE TO TEST OR 

MAINTENANCE

L /0  AC POWER TO BUS 
F -3

MOV 1-LPC-4A FAILS  
TO OPEN

NO FLOW THRU 
M0V-LPC-4A HEAT 

EXCH. A OUTLET VALVE

NO OPENING SIGNAL 
FROM CONTROL LOGIC

FAILURE OF BREAKER 
AT MCC F -3  COMPT. 

NO. 50

NO SIGNAL TO OPEN 
MOV 1-LPC-4A

SIGNAL TO aO S E  MOV 
1-LPC-4A -  SPURIOUS 

SIGNAL

I G-ESW-40 I I AC-3F-OT-FTC I

MW
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1 6 -E ^ H l I

NO SIGNflL rfWJM 9 3 2 /  
1530-130  THRU 

CONTACTS 1 AND 7

NO SIGNAL FROM 9 3 2 /  
1530-129  THRU 

CONTACTS 4 AND 8

NO OPENING SIGNAL 
FROM CONTROL LOGIC

SIGNAL TO 
9 3 2 /1 5 3 0 -1 2 9  COIL

9 3 2 / 1530-129  COIL 
FAILS TO OE-ENERGIZE

9 3 2 / 1530-129  
CONTACTS 4 AND 8 

FA IL TO CLOSE

I 6 -E S ^ 4 6  I
A

9 3 2 1 5 3 0 -1 2 9 ^ W 1u 9 3 2 1 5 3 0 -129-FTD I

MW
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G-ESM-40

9 3 2 1 5 3 0 -1 3 0 - irC 9321530-130-FTE

9 3 2 / 1530-130  COIL 
FAILS TO ENERGIZE

NO SIGNflL FROn 9 3 2 / 
15 30-1 30  THRU 

CONTflCTS 1 AND 7

9 3 2 / 1530-130  
CONTflCTS 1 AND 7 

FA IL TO CLOSE

NO SIGNflL TO 9 3 2 /  
1530-130  COIL

NO OPENING SIGNflL 
FROM D /P  CONTROLLER 

9 0 3 / 1540-30

NO OPENING SIGNflL 
FROM POS. MOO. 9 1 9 /  
1540-6A  -  CONTflCTS 4 
AND 11 FA IL  TO CLOSE

L /0  OC POHER l l f l - 2  
CKT NO. 23

IG-ESW -44 I 9191540-6A -4FC IG -DC -BUS-11 02-23

ww
IN)to



G-ESH-43

NO OPENING SIGNflL 
rROM D /P  CONTROLLER 

9 0 3 / 1540-30

( 6 - E S t f 4 n

Od

U1
I

CTi

NO SIGNflL PROM D/P  
TRflNSMITTER 2 2 01 fl/ 

15430

I G-Ea<-45 I

OPERflTOR FOILS TO 
flOJUST D /P  
CONTROLLER 

9 0 V 1 5 4 0 -3 0

I 9031540-30-O FR

L /0  120V flC IOC-1 
CKT NO. 45

1 G -flC-BUS-IflC  I

2 2 0 1 0 / 15430 0 . 0 . S. 
DUE TO TEST OR 

MfllNT.

I 22O lfl-1543O -T0O  I

2 2 0 1 0 / 15430 
MISCOLIBRflTEO

2 2 0 1 0 / 15430 FOILS  
TO OPEROTE

I 22010-154O 0-FTE I

W
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I

i G -L P C -^ -H T X l

LPC-B-HTX-LOr

521501-6 5 f l - i r o n i 5 2 150 l-65 C ^ n ro

G-ESw-78 I

SIGNflL TO 
9 3 2 /1 5 3 0 -1 2 9  COIL

NO HEAT REflOVflL THRU 
LPCI/CC HEAT 
EXCHANGER B

NO ESN FLOW THRU 
LPCI/CC HEAT EXCH. B 

TUBE SIDE

NO Flow th r u  m an .
VALVE 1-LP C -J8 HEAT 

EXCH. INLET -  L .O .

SIG THRU BKR. AUX. 
SW. 5 2 /  1501-65A  

CONTACTS 1 AND IT  -  
CNTS FA IL TO OPEN

FLOW DIVERTED TO CBT 
THRU l-L P C -1 9  AND 
1-LPC-2D VALVES -  

L .C .

FOULING OF TUBE SIDE 
ON LPCI/CC HEAT 

EXCHANGER B

NO FLOH THRU ESN 
ROTATING STRAINER B

NO FLOW THRU 
M0V-LPC-4B HEAT 

EXCH. B OUTLET VALVE 
-  N .C .

SIG THRU BKR. AUX. 
SH. 5 2 /  1501-65C  

CONTACTS 1 AND IT  -  
CNTS FAIL TO OPEN

FLOH DIVERTED TO SHS 
THRU VALVES l-L P C -2 2  

, l -L P C -2 3 , AND 
l-L P C -2 4  -  ALL N .C .

HAN. VALVE 1-LPC-3B  
CLOSED DUE TO TORH

MECHANICAL FAILURE 
OF MAN. VALVE 

1-LPC-3B

I G-ESH-50 1G-ESh -5 1  I

A

I L P C - a ^ - F R O  I

w
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I

00

G-E5H-S0

OPERflTOR OPENS 
NORHflLLT LOCKED 

CLOSED VflLVE 
l-L P C -1 9

FLOH DIVERTED TO CBT 
THRU l-L P C -1 9  AND 
1-LP C -20 VflLVES -  

L .C .

OPERflTOR OPENS 
NORtlflLLT LOCKED 

CLOSED VflLVE 
l-L P C -2 0

I l p c - i 9 - x v -'op5 1a I LPC-2&-XV-O POI

G -E ^ -5 1  I
G-ESH-49

NO FLOW THRU ESH 
ROTATING STRAINER B

ESH ROT. STRAINER B 
PLUGGED UP

STRAINER B FAILURES

FAILURE OF AUTO 
BflCKHflSH TO CLEAN 

ROT. STRAINER B

NO FLOH THRU ESH 
PUMP DISCHARGE 

HEADER B

I L P C -B ^ m -L O n I LPC-B-STR-LOF I

M
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e-CSW-65 I

B-ESW-S5 LPC-2B-XV-FR0 LPC-2B-XV-THC

NO FLOH THRU HflN. 
VflLVE 1-LPC-2B PUMP 

B DISCH. -  L .O .

NO FLOH THRU ESH 
PUMP DlSCHflRGE 

HEflGER B

NO FLOH THRU MflN. 
VflLVE 1-LPC-2D PUMP 

D DISCH. -  L .O .

MECHflNICfIL FAILURE 
OF MflN. VflLVE 

1-LPC-2B

NO ESH FLOH THRU LPC 
M.O. PUMP B

CHK. VLV. 1 -LP C -lB  
0 . 0 . S. FOR MfllNT.

NO FLOH THRU CHECK 
VflLVE 1-LP C -lB

MflN. VflLVE 1-LPC-2B  
aOSEO DUE TO TORM

CHECK VflLVE 1-L P C -IB  
FfllLS  TO OPEN

I B -E S ^ 5 6  I LP C -IB -CK V -FR O I I LP C -lB -ixV -TM C  I

wcn
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G-ESH-56 I
G-ESH-55

LP C -B -tioP -T grI LPC-B-flDP-FSR6-ESW-S7

L /0  flC POHER TO BUS 
M -E

M.O. PUMP B EfllLS TO 
START
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APPENDIX B.16 

FIRE PROTECTION SYSTEM

B.16-1



B.16.1 F ire  Protection System Description 

B.16.1.1 Purpose

The purpose o f the f i r e  protection system (FPS) is  to  furn ish water, in  
the event o f f i r e ,  to  remote points throughout the p lant area. In add ition, 
the FPS provides water to the iso la tio n  condenser makeup (ICMUP) system. In 
th is  study, the FPS is  only considered fo r  i t s  a b i l i t y  to serve the ICMUP 
system.

B.16.1.2 Description and Configuration

The FPS, located between Units 1 and 2, consists o f storage tanks, pumps, 
and the necessary piping to  the f i r e  f ig h tin g  equipment. Figure B.16-1 shows 
a s im p lified  piping schematic o f the FPS.

Two water storage tanks provide water fo r the f i r e  protection system.
Each o f the tanks has a capacity o f 250,000 gallons and contains heating co ils  
fo r freeze protection. The f i r e  protection pumping system consists o f two 
AC-driven pumps and one diesel driven pump. One o f the AC driven pumps gets 
i ts  AC power from Unit 1, the other from Unit 2. Each pump is  activated by a
signal from i t s  own pressure switch, one o f which is  set a t 85 psig w ith the
other set a t 95 psig. In the event both AC driven pumps fa i l  to operate, the
diesel driven pump is  started by another pressure switch which is  set a t 75
psig and powered by the diesel ba tte ry. The diesel pump is  started by i t s  own 
set contained battery system which also maintains the battery through a 
charger runnning d ire c tly  o f f  the d iese l. Both the e le c tr ic  and diesel-driven 
f i r e  pumps de live r 2000 gpm a t 100 psi discharge pressure, remaining in  
operation u n til they are manually shut down.

B.16.1.3 System Interfaces

System interfaces fo r  the FPS are shown in  table B.16-1.

B.16.1.4 Instrumentation and Control

Automatic actuation o f the two motor-driven and diesel driven pumps is  
performed by the use o f three pressure switches set a t 95 psig fo r pump P-82, 
85 psig fo r pump M-7-6, and 75 psig fo r the diesel pump (M-7-7). Figure B.162 
shows the s im p lified  control w iring  diagram o f the two AC motordriven pumps.

As an example, in  Figure B.16-2.1, the pressure switch PS-7-58 activates 
a t 85 psig. This causes the closure o f i t s  contact, which in  turn causes co il 
CR to become energized. Energizing co il CR causes the contacts o f CR to 
close. This contact closure causes co il 42M to become energized, closing i t s  
contacts. Closure o f the contacts on 42M in it ia te s  s ta rtin g  o f the AC motor 
on pump M-7-6. I t  should be noted tha t closure o f the contacts on CR w il l  
cause the c ir c u it  to become locked, and in  order to stop the AC motor the 
operator has to use the push button switch to de-energize co il 42M.

Figure B.16-2.3 shows the s im p lifie d  control w iring diagram fo r  the 
diesel driven pump. The pressure switch PS-7-59 is  set a t 75 psig and w il l  be
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actuated i f  the pressure goes below tha t setpoint. Actuation o f PS-7-59 
causes the actuation log ic  to provide a closure signal fo r both motor contacts 
1 and 2. Closure o f one o f these contacts causes the corresponding battery to 
provide DC power fo r  the s ta rting  motor. Just one o f the ba tte ries w il l  pro­
vide s u ff ic ie n t power to cause the diesel to  s ta r t.

B.16.1.5 Testing

The fo llow ing tests are performed on a scheduled basis:

SP 6808 F ire  Pumps Auto S tart Test

The pressure switch settings and fuel storage tank level are 
checked monthly. The MDPs and DDP are started and operated fo r 20 
minutes.

SP 680G Daily Fire Protection System Fire Tank Water Level Check

The f i r e  tank water level is  checked da ily .

SP 680K Diesel Fire Pump Fuel Oil Sample

Fuel o il v iscosity  and water sediment content are checked 
quarterly.

SP 680M Annual Fire Protection System Fire Pumps Flow Rate Test

The flow capab ilities  o f the f i r e  pumps, e le c tr ic  and d iese l, are 
determined annually.

SP 788.3 F ire Pump Diesel Engine Batteries - -  Weekly Surveillance

The e lec tro ly te  level and voltage o f the f i r e  pump diesel engine 
batte ries are checked weekly.

B.16.1.6 Maintenance

There is  no rou tine ly  scheduled maintenance fo r the FPS. Maintenance is  
performed on an as-needed basis.

B.16.1.7 Technical Specifications

The fo llow ing are lim it in g  conditions fo r  operation:

1) The f i r e  protection system shall be operable a t a ll times with three 
high pressure pumps having a flow capacity o f 1,800 gpm each, two 
water supplies o f 200,000 gallons each, and a flow path capable of 
trans fe rring  water from the f i r e  water tanks to the ICMUP system.

2) When one pump and/of one water supply becomes inoperable, i t  must be 
restored to operable status w ith in  7 days, or else other means o f 
redundancy are to be provided.
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3) With two pumps inoperable, a continuous f i r e  watch is  established with 
backup f i r e  suppression equipment fo r  the turbine bu ild ing  w ith in  1 
hour; the FPS must be restored w ith in  14 days.

B.16.1.8 Operation

Under normal operation, a ll pumps are in  the OFF position and a ll valves 
are open. I f  the FPS lin e  pressure drops, the motor-driven pump set a t 95 
psig w il l  s ta r t f i r s t  and, in case o f fa ilu re , the second MDP's set a t 85 psig 
w il l  s ta rt to  run. F in a lly , i f  both MOP f a i l ,  the d iesel-driven pump w il l  
s ta r t a t 75 psig. These pumps must be manually shut down, as described in  the 
Instrumentation and Control section.

B.16.2 Analysis

B.16.2.1 Success/Failure C rite ria

Water must be supplied in the FPS ring  header adjacent to  valve FIRE-47, 
the intake to the ICMUP system.

B.16.2.2 Assumptions

The e ffe c t o f a jockey pump to maintain pressure in  the FPS in  the normal 
operation is  not considered. Also, no c re d it is  taken fo r the c ity  water 
supply to the 200,000 gallon water storage tank.
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Table B.16-1
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FPS In terfaces F a ilu re  Modes and E ffects

Primary System Support SysteM F a ilu re  Mode Fault E ffec t

System D iv. Comp. System Div. Comp.

FPS

FPS

Pump
M7-6

Pump
P-82

AC Pwr 

AC Pwr

MCC-CD6 

U nit 2 -

Zero or low voltage Pump does hot s ta r t or stops 
running
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FIRE PROTECTION SYSTEM 

FAULT TREE AND FAULT SUMMARY SHEETS
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FAULT SUMMARY SHEETS
EVENT DESCRIPTION DETECTION INTERVAL COMMENTS UNAVAILABILITY

FIRE-4B-CKV-FT0
FIRE-4A-CKV-FT0
FIRE-4C-CKV-FT0

Check valve fails 
to open on demand

12000 hrs 
(detection is 
during fueling 
outage)

Valves must open 
stuck closed is 
failure mode

1.8E-3

FIRE-P-82-MDP-FSR
FIRE-6-MDP-FSR

Local faults of 
motor driven 
pumps M7-6 and 
P-82

One month R82 is unit #2 
fire pump. SP 680K 
is flow rate test;
SP 680B, pump test, 
is performed monthly

1.7E-3

FIRE-P82-MDP-T0M
FIRE-6-MDP-T0M

Motor driven pump 
is out of service 
for test or main­
tenance

One month P-82 test is per- 
performed based on 
unit #2 procedure

l.OE-3

FIRE-7-DDP-T0M Diesel driven pump 
is out of service 
due to test or 
maintenance

One month Maintenance is 
performed on an 
as needed basis

l.OE-3

FIRE-6B-TNK-NWTR
FIRE-6A-TNK-NWTR

No water in the 
tanks

Water level is 
checked daily

SP-680G is per­
formed as a daily 
check of the 
tank water level

0

FIRE-6B-TNK-T0M
FIRE-6A-TNK-T0M

Tanks are out 
for test or 
maintenance

12000 hrs 
(Tested during 
refueling outage)

Tanks are tested 
individually in 
a staggered basis

0

W

(Tl
I

MILLSTONE 1
SYSTEM FPSSHEET //I



FAULT SUMMARY SHEETS
EVENT DESCRIPTION DETECTION INTERVAL COMMENTS UNAVAILABILITY

FIRE-OO-SMT-LOF Diesel starting 
motor fails to 
start

One month Pump start test 
SP 680B is per­
formed monthly

5.4E-4

LCL-FIRE-DLG-LOF Failure of actua­
tion system

12000 hrs 
(detection is 
during refueling 
outage)

The entire actua­
tion system, coils 
and contact pairs, 
are considered in 
this failure event

lE-3

LCL-FIRE-PBP-OFR
LCL-FIRE-PB-OFR

Pump push button 
switch open due 
to human error 
(switch not reset)

One month Monthly pump tests 
indirectly test 
these switches

0

926LNP-5-BFC
926LNP-5A-BFC

LNP and LNP 
5 5A 

contract pair open

12000 hrs (detec­
tion is during 
refueling outage)

1.8E-3

FIRE-6B-TNK-L0F
FIRE-6A-TNK-L0F

Local fauls in 
tank 6A and 6B

Tanks are checked 
daily

-200,000 gallon tanks 
-Failures are due 
to cracks and mas­
sive breaks in the 
tanks

0

FIRE-6B-TNK-HEAT
FIRE-6A-TNK-HEAT

Water in the 
tank is frozen

Freeze protection 
system is checked 
but not on a 
regulator schedule

Form SP 680D is 
used

l.Oxlo'^

tt)

I

KJ

MILLSTONE 1
SYSTEM FPS
SHEET #2



FAULT SUMMARY SHEETS
EVENT DESCRIPTION DETECTION INTERVAL COMMENTS UNAVAILABILITY

FIRE-40-XV-FR0 Normally open manual 12000 hrs Values will he 3E-4
FIRE-IO-XV-FRO valves fail to (detected during used for repair
FIRE-6-XV-FR0 remain open refueling outage) on the components
FIRE-5B-XV-FR0 of the fire protec­
FIRE-5A-XV-FR0 tion system
FIRE-5C-XV-FR0
FIRE-3A-XV-FR0
FIRE-2-XV-FR0
FIRE-3C-XV-FR0
FIRE-3B-XV-FR0
FIRE-IA-XV-FRO
FIRE-IB-XV-FRO

FIRE-40-XV-TOM Normally open Valve position SP-680A form 3.3E-6
FIRE-IO-XV-TOM manual valve closed checked weekly completed weekly
FIRE-6-XV-T0M for test or main- (valve lineup check)
FIRE-5B-XV-T0M
FIRE-5A-XV-T0M

FIRE-5C-XV-T0M Normally open 12000 hrs Valves closed for 3.3E-6
FIRE-3A-XV-T0M manual valve (detected during maintenance on
FIRE-2-XV-T0M closed for test refueling outage) other system
FIRE-3C-XV-T0M or maintenance components
FIRE-3B-XV-T0M
FIRE-IA-XV-TOM
FIRE-IB-XV-TOM

AC-CD6-1A-FTC Circuit breaker One month SP 680B (pump start lE-3
AC-unit #2 fails to close test) performed

on demand monthly tests
these breakers

CTi
I

OJ

MILLSTONE 1
SYSTEM FPS
SHEET #3



FAULT SUMMARY SHEETS
EVENT DESCRIPTION DETECTION INTERVAL COMMENTS UNAVAILABILITY

LCL-FIRE-P59-FTC
LCLPS-758-FTC
LCLPS-7301-FTC

Pressure switch 
fails to close

One month Switches are calib­
rated annually 
SP 680-B, performed 
monthly, checks 
these switches

1.4E-4

LCLPS-7301-TOM
LCLPS-758-T0M

Pressure switch is 
being tested or 
left in test mode

One month SP 680-B is
performed
monthly

lE-2

LCLPS-7301-0MC
LCLPS-758-OMC

Pressure switch 
mispositioned

One month SP 680-B is per­
formed monthly

lE-3

LCL-FIRE-PBP-FTC
LCL-FIRE-PB-FTC

Push button switch 
fails to close on 
demand

One month SP 680-B is per­
formed monthly and 
indirectly tests 
these switches

lE-5

LCL-FIRE-42M-FTC Contactor 42M 
fails to close

One month SP 680-B is per­
formed monthly and 
indirectly checks 
this contactor

lE-4

LCL-FIRE-P82-FTE
LCL-FIRE-42M-FTE

Relay coil fails 
to energize

One month SP 680-B, performed 
monthly, indirectly 
tests these coils

lE-4

LCL-FIRE-CRP-FTE
LCL-FIRE-CR-FTE

Relay coil fails 
to energize

One month SP 680-B, performed 
monthly, indirectly 
tests these coils

lE-4

td

<T\
I

MILLSTONE 1
SYSTEM FPS
SHEET //4



FAULT SUMMARY SHEETS
EVENT DESCRIPTION DETECTION INTERVAL COMMENTS UNAVAILABILITY

LCL-FIRE-CRP-FTC
LCL-FIRE-CR-FTC

Contacts fail to 
close

One month SP 680B, performed 
monthly, indirectly 
tests these contacts

lE-4

LCLtFIRE-1-1FC
LCL-FIRE-2-2FC

Diesel start 
contacts fail to 
close

One month SP 680-B is per­
formed monthly and 
indirectly tests 
these contacts

lE-4

LCL-l-BAT-LOF
LCL-2-BAT-L0F

CO

I

U1

Battery local 
faults

One month SP 788.3 battery 
check is performed 
weekly. SP 788.4—  
quarterly test

2.5E-4

F1RE-7-DDP-FSR Diesel driven pump 
M7-7 fails to start 
or run

One month SP 68GB pump start 
test performed 
monthly

1.7E-3

MILLSTONE ISYSTEM FPS
SHEET #5



GATE NAME
FPS FAULT TREE PAGE INDEX 

DEFINED ON PAGE TRANSFERS TO PAGE
G-FIRE-1 FIRE-1 —  _

G-FIRE-6 FIRE-2 FIRE-1
G-FIRE-9 FIRE-3 FIRE-2
G-FIRE-12 FIRE-4 FIRE-3
G-FIRE-14 FIRE-5 FIRE-1
G-FIRE-17 FIRE-6 FIRE-5
G-FIRE-19 FIRE-7 FIRE-2
G-FIRE-22 FIRE-8 FIRE-7
G-FIRE-24 FIRE-9 FIRE-3
G-FIRE-25 FIRE-10 FIRE-4,FIRE-6,
G-FIRE-26 FIRE-11 FIRE-4,FIRE-6
G-FIRE-27 FIRE-12 FIRE-7
G-FIRE-28 FIRE-12 FIRE-5
G-FIRE-29 FIRE-13 FIRE-1
G-FIRE-30 FIRE-13 FIRE-1
G-FIRE-31 FIRE-14 FIRE-2
G-FIRE-32 FIRE-14 FIRE-2
G-FIRE-33 FIRE-14 FIRE-1
G-FIRE-34 FIRE-14 FIRE-2
G-FIRE-35 FIRE-15 FIRE-3
G-FIRE-36 FIRE-15 FIRE-4,FIRE-6,
G-FIRE-37 FIRE-15 FIRE-7
G-FIRE-38 FIRE-15 FIRE-5
G-FIRE-39 FIRE-16 FIRE-11
G-FIRE-40 FIRE-16 FIRE-10
G-FIRE-41 FIRE-17 FIRE-9
G-FIRE-44 FIRE-18 FIRE-17
G-FIRE-47 FIRE-19 FIRE-18
G-FIRE-50 FIRE-20 FIRE-12
G-FIRE-53 FIRE-21 FIRE-20
G-FIRE-56 FIRE-22 FIRE-21
G-FIRE-59 FIRE-23 FIRE-12
G-FIRE-62 FIRE-24 FIRE-23

B.16-1 6
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G -F l> y -2  IG -r IR E -2 9

G -F IR E -30

G -F IR E -6

NO MHTER TO imNURL 
VALVE 1-F IR E -1 0

NO WATER TO 
ISOLATION CONOENSER 
FROM THE FIRE SYSTEM

MANUAL VALVE 
1 -F IR E -lO  FAILS  

aOSED

NO HATER TO MV 
1-F IR E -5A  FROM 

1 -F IR E -lA

NO WATER TO MANUAL 
VALVE 1 -F IR E -lO

NO WATER FROM MANUAL 
VALVE 1 -F IR E -5A

MANUAL VALVE 
1-F IR E -5A  FAILS  

aOSED

MANUAL VALVE 
1 -F IR E -lO  FAILS  

CLOSED

NO HATER TO MANUAL 
VALVE 1-F IR E -6

I G -F IR E -33  I I G -F IR E -H  I HWw
1



NO WATER TO MANUAL
VALVE l - r iR E - 6

e -F IRE-3
I G - F l iy - 6  I

W

I

00

I e -F I^ -9  I

A

NO WATER TO MV MANUAL VALVE
1-F IR E -5B  FROM 1-F IR E -5 8  FAILS

l - F I R E - « CLOSED

I B - F ! ^ - j 2  I

A

MANUAL VALVE 
l -F IR E -6  FAILS  

aO SED

NO WATER FROM MANUAL 
VALVE 1-F IR E -5 8

MANUAL VALVE 
1-F IR E -5 0  FAILS  

CLOSED

NO WATER TO MV 
1-F IR E -5C  FROM 

1-F IR E -4C

le - F IR E -3 l  1ZT 1 G -F IR E -5  1 

0

1 B -F IR E -34  1A 1 G -F IR E -19  1A

H

w
I
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I

VO

G -F IR E -5

G -F IR E -10 FIRE-<B-CKV-rTO

G -rIR E -2 4  I

NO MflTER TO MV 
1-F1RE-5B FROM 

1-F IR E -4B

NO WHTER TO CHECK 
VHLVE 1-FTRE-4B

MflNURL VALVE 
1-F1RE-3B FAILS  

CLOSED

CHECK VALVE 
1-F IR E -4B  FAILS  
CLOSED -  LOCAL 

FAULTS

NO HATER TO MOTOR 
DRIVEN PUMP M7-6

NO HATER TO MV 
I-F IR E -3 B

MOTOR DRIVEN PUMP 
M7-6 FAILS TO 

OPERATE HHEN 
DEMANDED

I G-FIre-35 IA I G -F l l^ -1 2  I

H
W
w
I
U)



NO WATER TO MV
l- r iR E -3 B

NJ
O

G -F lR E -n
I G -r iR E -1 2  1

w NO WATER FROM MV NO WATER FROM
t 1 -F IR E -lB M V -F lR E-2 TO

i-F lR E -3 B
<Ti
1

I G -F lR E -25 I G - r i ^ - 1 3  I

I 6 -n ^ -3 6

MANUAL VALVE NO WATER FROM
l-F IR E -2  FAILS M V -l-F IR E -lA

aO SED

6- n ^ -2 6  I



<Ti
Itsj

riRE-4fl-CKY-rT0

G -F I^ - 2 8  I

NO WRTER TO MV 
l-F IR E -S n  FROM 

l-FIRE-«n

NO HflTER TO CHECK 
VALVE 1 -F IR E -lA

DIESEL DRIVEN PUMP 
M 7-7 FAILS TO 

OPERATE WHEN 
KMANDED

CHECK VALVE 
1 -F lR E -lA  FAILS  
aOSEO -  LOCAL 

FAULTS

NO HATER TO DIESEL 
DRIVEN PUMP M7-7

MAtWAL VALVE 
1-F IR E -3A  FAILS  

CLOSED

NO HATER TO MV 
1-F IR E -3A

I 'G -F I^ -1 7  I I E -F IR E -3 8  1

M

w
Icn



w

e - F I R E - 1 6

NO WflTER TO MV
l-F lR E -3 fi

I G -riR E-17 1

CTi NO MfiTD? F»Win NO MflTER FROM MV
1 M V -l-F IR E - lf l 1-F IR E -2  TO

NJ
NJ 1-F IR E -3R

I e - F l^ - 2 6  I IG -F lR E -1 6

I S - F I ^ - 2 S  I

NO MflTER FROM MV MflNUflL VflLVE
1 -F lR E -lB l-F lR E -2  FfllLS

aOSED

l e - F l ^ - 3 6  1

w
w
I
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00

G -r IR E -6

riR E -tC -C K V -FT O  IG -r IR E -2 0

G -F IR E-21

NO MflTER TO MV 
1-F IR E -S C  FROM 

1-F IR E -4C

NO HflTER TO MOTOR 
ORIVEN PUMP P -82

MOTOR DRIVEN PUMP 
P -82  FfllLS  TO 

OPERATE HHEN 
OEMflNDED

NO HflTER TO CHECK 
VflLVE 1-F IR E -4C

CHECK VflLVE 
1-F IR E -4C  FfllLS  
aO SED -  LOCflL 

FAULTS

MflNUflL VflLVE 
1-F1RE-3C FfllLS  

CLOSED

NO HflTER TO MV 
1 - F IR E -X

i G -F IR E -22  1 I G -F IR E -37  1
H
W
w
I



ro

e-FlRE-21

NO WflTER TO MV
1-F1RE-3C

I e-riRE-22 1w
C3̂ NO HflTER FROM NO WflTER FROM
1 M V -l-F lR E - in M V -l-F IR E -2  TO

NJ 1-F1RE-3C

l e rn r e - ^  I I G - r i j^ - 2 3  1

I e-rire-25 i

A

NO WflTER FROM MV MflNUflL VflLVE
1-F lR E-lB l-F IR E -2  FfllLS

CLOSED

I e - r i r e - 3 6

H
W
w
I

C»
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CTi
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NJ
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G -F IR E -10

nOTOR ORIVEN PUMP 
M 7-6 FOILS TO 

OPERflTE HHEN 
OEMflNDED

MDP M 7-6 UNflVfllLflBLE 
DUE TO TEST OR 

MfllNTENflNCE

LOCflL FflULTS OF 
MOTOR DRIVEN PUMP 

M 7-6

LOSS OF ELECTRIC 
POHER TO MDP M 7-6

1 F1RE-6-MDP-F9R I I FlR E -6-tC P -TO M  I I 9 -F IR E -4 1  I

H

W
I

>X)



CTl
I

M<Ti

1 riRE-6B-TNK-NHTR I B -F lR E -40riRE-6B-TNK-HEnTF1RE-6B-TNK-L0r

TANK M7-6 
UNflVfilLABU: DUE TO 

TEST OR MfllNTENfiNCE

NO HATER IN  TANK 
A7-6B

MANUAL VALVE 
1 -F lR E -lB  FAILS  

CLOSED

FAULTS IN  SYSTEMS TO 
PROVIDE HEATING -  
THE TANK IS  FROZEN

LOCAL FAULTS IN  TANK 
M7-6B

NO HATER FROM MV 
1 -F IR E -lB



tu

(Ti
I

NJ

B - r i l ^ - 2 6  I

L X flL  FflULTS IN  TANK 
ri7 -6 fl

NO WflTER FROM 
M V -l-F lR E - lf l

NO WflTER IN  TflNK 
M7-6fl

FflULTS IN  SYSTEMS TO 
PROVIDE HEATING -  
THE TflNK IS  FROZEN

MWUflL VflLVE 
l -F IR E - : f l  FfllLS  

CLOSED

TflNK M7-6A 
UNflVfllLflBLE DUE TO 

TEST OR MfllNTENflNCE

I FIRE-6A-TNK-L0F I I FIRE-6fl-TNK-HEflT I I FIRE-6fl-TNK-NWTR FIRE-6A-TNK-T0M I I G - F 1 ^ 3 9  1



MOTOR ORIVEN PUMP 
P -6 2  r f llL S  TO 

OPERflTE HHEN 
OEMflNDED

LOSS OF ELECTRIC 
POHER TO MDP P -8 2

MDP P -8 2  UNflVfllLflBLE 
DUE TO TEST OR 

MfllNTENflNCE

LOCflL FflULTS OF 
MOTOR DRIVEN PUMP 

P -8 2

IFIRE-P82-M DP-FSR

a u

1 FIRE-P82-T0M 1 e-FIRE-50

I
N)
00

DIESEL DRIVEN PUMP 
M7-7 F fllLS  TD 

OPERflTE HHEN 
OEMflNDED

6-F1R E -15
i e-Fllg-28

LOCflL FflULTS OF 
DIESEL ORIVEN PUMP 

M 7-7

OOP M 7-7 UNflVfllLflBLE 
DUE TO TEST OR 

MfllNTENflNCE

NO flCTURTION OF 
DIESEL TO START

lF tR E -7-O p P -FS R  1 1 1 1 e -F I( fe -5 9  1o ZY 5=0
M
I
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I 9 -F  11^-30 Ie -riR E -2 9
e -F IR E -2

MflNUflL VALVE 
l - r iR E - 4 0  FAILS  

CLOSED

MANUAL VALVE 
1 -F IR E -lO  FAILS  

CLOSED

LOCAL FAULTS OF THE 
l-F IR E -4 0  MANUAL 

VALVE

MANUAL VALVE 
1 -F IR E -lO  

UNAVAILABLE DUE TO 
TEST OR MAINTENANCE

MANUAL VALVE 
1-F IR E -4 0  

UNAVAILABLE DUE TO 
TEST OR MAINTENANCE

LOCAL FAULTS OF THE 
1 -F IR E -IO  MANUAL 

VALVE

I F IR E -40-X V -F R 0 I I FIR E -40-X V -T0M  I IF IR E -IO -X V -FR O  I I F IR E -l(h X V -tO M  I

H
W
M
I

U)
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O

F1RE-6-XV-T0HriRE-6-xv-rm

MflNUflL VALVE 
1-F IR E -6  UNAVfllLfBLE 

DUE TO TEST OR 
nfllNTENANCE

MflNUfiL VALVE 
1-F IR E -6  FAILS  

CLOSED

LOCAL FAULTS OF THE 
l -F IR E -6  MANUAL 

VALVE

MANUAL VALVE 
l-F IR E -S fi FAILS  

aO SED

LOCAL FAULTS OF THE 
1-F IR E -5R  MANUAL 

VALVE

MANUAL VALVE 
1-F IR E -5A  

UNAVAILABLE DUE TO 
TEST OR MAINTENANCE

I FIRE-Sft-XV-FRO

■ Q

I FIRE-5A-XV-T0M  I

MANUAL VALVE 
l-F IR E -5 8  

UNAVAILABLE DUE TO 
TEST OR MAINTENANCE

MANUAL VALVE 
1-F IR E -5B  FAILS  

CLOSED

LOCAL FAULTS OF THE 
1-F IR E -5B  MANUAL 

VALVE

MANUAL VALVE 
1-F IR E -5C  

UNAVAILABLE DUE TO 
TEST OR MAINTENANCE

LOCAL FAULTS OF THE 
1-F IR E -5C  MANUAL 

VALVE

MANUAL VALVE 
1-F IR E -5C  FAILS  

CLOSED

W
td
I



G -F lR E -35
e - F lR E -n

LOCflL FHULTS OF THE 
1-F IR E -3 6  MflNUflL 

VALVE

MflNUflL VflLVE 
1-F1RE-3B  

UNflVfllLflBLE DUE TO 
TEST OR MfllMTENflNCE

MflNUflL VflLVE 
1-F IR E -3B  FAILS  

aOSEO

MflNUflL VflLVE 
l -F IR E -2  UNflVfllLflBLE 

DUE TO TEST OR 
MfllMTENflNCE

LOCflL FAULTS OF THE 
l -F IR E -2  MflNUflL 

VflLVE

MflNUflL VflLVE 
l -F IR E -2  FAILS  

CLOSED

dd

(Ti
I

U)

IF IR E -3B -X V -F R 0 I I F IR E -38-X V -T0M  I <> I F IR E -2 -X V -FR 0 1 I F IR E -2 -X V -TO m I <>

MflNUflL VflLVE 
1 -F IR E -X  

UNflVfllLflBLE DUE TO 
TEST OR MfllMTENflNCE

MflNUflL VflLVE 
1 -F IR E -3C  FAILS  

CLOSED

LOCflL FAULTS OF THE 
1-F IR E -3C  MflNUflL 

VflLVE

I F IRE -3C -X V-FR 0 I^3^
LOCAL FAULTS OF THE 

l-F IR E -3 f l  MflNUflL 
VflLVE

MflNUflL VflLVE 
l-F IR E -3 f l  

UNflVfllLflBLE DUE TO 
TEST OR MfllNTENflNCE

MflNUflL VflLVE 
1 -F IR E -3A  FAILS  

CLOSED

I FIRE-3C-XV-T0M I FIR E -3A -X V-FR 0 I I FIRE-3n-XV=YoFn:-3ft-xv-
M
»
W
I

U1
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A
MflNUfiL VFILVE 1 MflNUflL VflLVE

1 -F lR E -lB  FfilLS ! 1 -F IR E -lf l  FfllLS
aOSEO A a o s E o

e - F I R E - 2 5
I  e - F l R E - t O  I

e - F I R E - 2 8
I e -F !R E -3 9  I

LOCflL FAULTS OF THE MflNUflL VflLVE LOCflL FAULTS OF THE MflNUflL VflLVE
1 -F IR E -lB  MflNUflL 1 -F IR E -lB 1 -F IR E - lf l  MflNUflL 1 -F IR E -lf l

VflLVE UNflVfllLflBLE DUE TO 
TEST OR MfllMTENflNCE

VflLVE UNflVfllLflBLE DUE TO 
TEST OR MfllNTENflNCE

I F I R E - l B - X V - F R O l

■ Q

I FlRE-lB-X/^TOin I F I R E - i n - X V - F R O

■ Q

I f ir e - i r -X 'R S R "

H

w
I

Oi
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I
U)
U)

0-Fltg-tl I

LOSS OF OEC TRIC  
POWER TO MOP H 7-6

LOCflL FAULTS OF 
CB-52

CIRCUIT BREflKER NO, 
52  OPEN

CONTflCTOR 42M OPEN

LOCflL FflULTS OF 
CONTflCTOR 42M

NO SI6NAL TO 
CONTflCTOR 42M FOR 

CLOSURE

LOSS OF AC POWER ON 
CD6 COMPT NO. If l

I flC -C 06-lft-F TC  I I LCL-F1RE-42A-FTC ID i e -F I^ -4 4  I

H
w
w
I



e -F  I RE-12

NO SIGNflL TO 
CONTflCTOR 42tl FOR 

aOSURE

I e-Fiik^l

o>
I(jj

I L C L - r i R E - 4 2 H - r T E  I

LOCflL FflULTS IN CONTACTS CR FA IL TO
CONTACTOR 42M COIL a o s E

w

I e -F T j^ -1 5  I

I LCL-FIRE-CR-FTC I

LOCflL FflULTS IN COIL CR FfllLS  TO
CONTACT CR ENERGIZE

I 6 -F1R E -16 I

rIKL-UK

COIL CR FfllLS  TO NO AC POHER PROVIDED
ENERGIZE DUE TO TO COIL CR

LOCflL FflULTS

I e -F lR E -1 7

H

W
I

00



dd

CTi
I

U)

NO flC POHER PROVIDED 
TO COIL CR

CONTRCT 6 V  PS-7-S0 
IS OPEN

PB/STCP SHITCH IS 
OPEN

LNP/5 CONmCTS U '1 3  
OPEN

LNP/Sn CONtnCTS 
11-12 OPEN

LOCflL EflULTS o r 63/ 
PS-7-50

6 V  PS-7-58 IS 
UNRVHILflBLE DUE TO 

TEST OR nniNTENHNCC

PRESSURE SHITCH 
PS-7-50 IS 

niSPQSITIONEO

LOCflL rflULTS OF 
PB/STOP SHITCH

PB/STOP SHITCH 
OPEICD DUE TO HUHflN 

ERROR
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G -F IR E -27

B-FlRE-52 I

LOSS OF ELECTRIC 
POWER TO nOP P -82

COtfTflCTOR 42M -P-82  
OPEN -  PUMP 82 -P

LOCflL FflULTS OF 
CONTflCTOR 42M -P-82

LOCflL FflULTS OF 
C B -52 -P -82

NO SIGNflL TO 
CONTflCTOR 42M -P-82  

FOR aOSURE

CIRCUIT BREflKER NO, 
S2 OPEN PUMP P -8 2

LOSS OF flC POHER -  
UNIT NO. 2

! flC2-P82-BKR-FTC I I LC L-FIRE-P82-FTC  I 1 G-FIRE-53 I

H
W
td
I

NJ
O
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U)

e -n  RE-53

e-Fllk-54 I

LC L-F lR E -C R P -riC

CONTACTS CR -P-82  
FA IL TO CLOSE

NO SIGNAL TO 
CONTACTOR 42M -P-82  

FOR CLOSURE

LOCAL FAULTS IN  
CONTACTOR 42M -P-82  

COIL

LOCAL FAULTS IN  
CONTACT CR-P-82

COIL C R -P -82 FAILS  
TO ENERGIZE DOE TO 

LOCAL FAULTS

NO AC POHER PROVIDED 
TO COIL CR -P-82

COIL CR -P-82 FAILS  
TO ENERGIZE

I L a -F IR E -C R P -F T E  I i G -F IR E -56

H

w
I

NJ



w

CTl
I
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00

G -F l(k -5 6  I
e -F IR E -5 5

G -F lR E -58  II G -F IR E -57

NO flC POHER PROVIDED 
TO COIL CR -P-82

P B -P -8 2 / STOP SHITCH 
OPENED DUE TO HUHHN 

ERROR

LOCflL FflULTS OF 
P B -P -8 2 / STOP SHITCH

PRESSURE SHITCH 
P S -7-301 IS  

mSPOSITIONED

LOCflL FflULTS OF 
P S -7-301

P B -P -8 2 / STOP SHITCH 
IS  OPEN

P S -7-301 IS  
UNflVfllLflBLE DUE TO 

TEST OR tIfllNTENflNCE

CONTflCT P S -7-301 IS  
OPEN

I LCLPS-7301-FTCu I L C L P S -7M l-tO M  I I LCLPS-7301-OHC I LCL-F I^^^-FTC  I I La-F IR E -P B P -O F R

H
»
M
I

NJ
M
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I
U l
VO

G -r iR E -5 9  I
G -FIRE-2B

riR E -0O -5H T -L 0F

G-FIF^-61 I G-F 1 ^ -6 2  I

FAILURE IN  flCTUHTION 
LOGIC

NO flCTUHTION OF 
DIESEL TO START

NO 00  POHER TO THE 
START MOTOR

START MOTOR FAILS TO 
START HHEN RECEIVES 

DC POHER

PRESSURE SHITCH 
P S -7 -5 7  FAILS TO 

aO S E  HHEN PRESSURE 
•L T . 75 PSI

NO DC POHER THRU 
CONTACTS NO. 1 ANO 

NO. 2

NO SIGNAL TO CONTACT 
NO. i AND NO. 2 FOR 

CLOSURE

I L a -F IR E -D L G -L O F  I I L a -F IR E -P 5 9 -F T C  I^3^ M
?d
W
I

tNJ
U)



03

(Ti
I

O

NC DC POWER THRU 
CONTRCTS NO. i AND 

NO. 2

e -F IR E -6 0

I G -F Ifk -6 3

CONTflCT NO. 1 LOCflL 
FflULTS

BflTTERY NO. i LOCflL 
FflULTS

I L a - F lR E - l - lF C

I
NO DC POHER THROUGH NO DC POHER THROUGH

CONTflCT NO. 1 CONTflCT NO. 2

ie -F IR E -6 4  I

CONTflCT NO. 2 LOCflL 
FAULTS

BflTTERY NO. 2  LOCflL 
FflULTS

LC L-F IR E -2 -2FC



APPENDIX B.17 

EMERGENCY AC POWER SYSTEM

B.17-1



B.17.1 Emergency AC Power System Description 

B.17.1.1 Purpose

The purpose o f the emergency AC power system is  to supply power, o f the 
proper voltage, to selected emergency loads during periods when normal power is  
available and also during loss o f normal power (LNP) conditions.

B.17.1.2 Description and Configuration

The emergency AC power system f u l f i l l s  two primary functions, the d is­
tr ib u tio n  o f power to  emergency loads and the generation o f power during LNP 
conditions.

The emergency AC power d is tr ib u tio n  consists o f a l l ,  or portions thereof, 
o f the fo llow ing s ix  systems:

1) 4160 v o lt  AC System
2) 480 v o lt  AC System
3) 480 v o lt  Motor Control Centers
4) V ita l AC System
5) Instrument AC System
6) Reactor Protection AC Supply System

The 4160 v o lt  AC system consists o f seven buses, 14A through 14G, and the 
associated breakers, transformers and contro ls. Buses 14B and 140 are tripped on 
an LNP signal. Buses 14A and 14C are fed from bus 14G. Bus 14G is  d ire c tly  
supplied by the gas turbine generator. Bus 14E is  fed in d ire c tly  from the gas 
turbine generator through bus 14C. Bus 14F is  fed d ire c tly  by the diesel gen­
erator. A one-line diagram o f the 4160 v o lt  AC system is  shown in  Figure B.17-1.

The loads (over 250 HP) tha t are supplied by buses 14A, 14C, 14E and 14F 
are shown in  Table B.17-1.

There are four 480 v o lt  buses, each fed from i t s  own transformer. The high 
voltage side o f each transformer receives power from breakers on 4160 v o lt  bus 
14C, 0, E or F. The low voltage side o f each transformer is  fed to the 480 v o lt  
bus 12C, 0, E or F. The turbine and p lan t a u x ilia ry  loads are fed from buses 
12C and 120 and emergency or essential loads are fed from buses 12E and 12F.
Bus 120 tr ip s  on an LNP.

Bus tie s  are provided between buses 12C and 120 and also between buses 12E 
and 12F. The t ie  between 12E and 12F is  open and "racked out" to prevent 
p a ra lle ling  the diesel and gas turbine through 14E and 14F. The fo llow ing 480 
v o lt AC buses are fed from the 4160 v o lt  AC system:

1) Bus 12C i  s fed from bus 14C
2) Bus 120 is  fed from bus 140
3) Bus 12E is  fed from bus 14E
4) Bus 12F is  fed from bus 14F

A one-line diagram o f the 480 v o lt  AC system is  shown in  Figure B.17-2.
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Each 480 v o lt AC bus has various motor control centers (MCCs) associated 
w ith i t  throughout the plant. The motor loads on the 480 v o lt  buses usually 
range between 150 and 250 horsepower. A ll MCCs are shown on Figure B.17-2.
(The MCCs powered through bus 12E are designated E l, E2, . . . ,  E7; the remain­
ing MCCs are named in  a s im ila r manner.)

There are three sources o f power to the v ita l AC System:

1) The AC motor driven MG set which receives i t s  power from MCC E-5.

2) The DC motor driven MG set which receives i t s  power from lOl-AB-3.

3) The instrument v ita l (IV-1) transformer which receives i t s  power from 
MCC F-5.

The v ita l AC system is  normally supplied by a motor generator set which 
consists of an "AC“ motor, a "DC" motor, a f ly  wheel and an "AC" generator. An
alternate source o f power to the v ita l AC system is  through the instrument v ita l
transformer. There is  an automatic transfe r switch to transfe r the v ita l AC bus 
power supply from the motor generator set to the transformer.

Some o f the plant loads which are supplied from the v ita l AC bus are:

1) The plant computer
2) Reactor rec ircu la ting  pump speed control
3) Reactor feedwater regulating valve control
4) Reactor control rod position ind ications
5) Reactor power recorders on control room panel 905
6) E lec tr ic  reactor pressure regulator
7) Main turbine supervisory equipment

The one-line diagram fo r the v ita l AC system is  shown in  Figure B.17-3.

The Instrument AC bus receives i t s  power from e ith e r o f two transformers. 
One supply is  considered normal (from MCC E-4) and the other an emergency or 
"backup" supply (MCC F-5). There is  an automatic transfe r from normal supply to 
emergency supply i f  the normal supply is  in terrupted. When the normal supply is  
re-energized, an auto transfer back to the normal source is  in it ia te d .
Indicating lig h ts  a t the instrument bus in  the control room te l l  the operator 
which o f the two sources is  supplying the bus.

The instrument AC system supplies power to :

1) Main Steam Iso la tion  Valve Solenoids
2) +24V DC Battery Chargers
3) Radwaste Control Panel
4) Clean Up (CU) System Control Panel
5) main Control Room Panel Lights

The one-line diagram fo r  the instrument AC system is  shown in  Figure B.17-3.
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The reactor protection AC system consists o f two buses, each supplied by an 
AC motor generator set. Bus RPS-A is  fed from MCC E-5 through an AC M/G set and
RPS-B is  s im ila r ly  fed from MCC F-5. An a lte rnate  AC power source fo r  e ith e r
(but not both) o f the above buses is  through the instrument reactor protection 
transformer which is  powered from MCC E-4. The one-line diagram fo r the reactor 
protection AC system is  shown in  Figure B.17-3.

The emergency onsite AC power is  supplied by a gas urbine generator and a 
diesel generator. The gas turbine and generator assembly is  comprised o f three 
major components and the a u x ilia ry  equipment required to support them. These 
components are: a gas generator (a irc ra ft  je t  engine), a power turbine and an
e le c tr ic  generator. The e le c tr ic  generator is  rated a t 10,000 KW continuous 
peak load, and a t 11,500 KW emergency load.

The major supporting a u x ilia ry  systems consist o f:

1) A compressed a ir  system and s ta rte r motor

2) A fuel o il system

3) A turbine lu b rica tion  system (with AC and DC pumps)

4) An e le c tr ic  generator lube o il system (w ith AC and DC pumps)

5) Turning gear and a DC turning motor

6) A dedicated DC battery bus to supply DC control power on "black s ta rts ."

The gas turbine generator s ta rts  automatically on a loss o f normal power and 
supplies 4160-volt loads, which are grouped in to  two categories:

1) Loads which w i l l  s ta rt automatically upon ECCS in it ia t io n  signal fo r  the 
FWCI system

2) Loads which w il l  s ta rt automatically upon ECCS in it ia t io n  signal fo r  the 
core spray and LPCI systems.

Buses 14A and 14C supply loads in category (1 ), while bus 14E supplies
loads in  category (2). Table B.17-2 shows the emergency loads which the gas
turbine generator supplies.

The d iesel-driven emergency generator is  a 2.7 megawatt, 900 rpm u n it, 
which has an additional two-hour, 10 percent overload capacity. The u n it 
supplies power to  4160-volt bus 14F.

The diesel is  started by d ire c t a ir  in je c tio n  in to  the cylinders from the 
d iese l's  own compressed a ir  system. I t  can accept load w ith in  10 seconds a fte r 
a s ta r t signal and i t  can be fu l ly  loaded w ith in  30 seconds. Within 10 seconds 
a fte r a loss o f normal power s ta r t s igna l, the diesel generator is  loaded 
sequentially w ith the c r i t ic a l loads. Upon receiving a LOCA s ta r t s igna l, the 
diesel generator is  loaded by the LPCI and core spray DC timers ( in  CRP 932 and 
933) and the synchronous cycling timers. The engine t r ip  device signals are 
negated during the LOCA condition.
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The generator is  sized to meet the s ta rtin g  and operating load requirements 
o f the largest v ita l loads required under postulated accident conditions. These 
loads are grouped in to  two main categories:

1) Loads which w il l  s ta rt autom atically upon restora tion o f normal voltage
supplied by the diesel generator as required under postulated accident
conditions, and

2) Loads which may be required fo r safe shutdown and which can be started
manually w ith in  the capacity o f the diesel generator.

Alarms are provided to annunciate an overloaded condition; however, the 
generator load is  not tripped from an overload condition.

Table B.17-3 indicates the emergency 4160- and 480-volt bus loads supplied 
by the diesel generator.

B.17.1.3 System Interfaces

Emergency AC System Interfaces are shown in  Table B.17-4.

B.17.1.4 Instrumentation and Control

The instrumentation con tro lling  in i t ia t io n  o f the emergency ac power system 
consists o f the fo llow ing items:

1) Main generator lockout relays - -  These relays detect a t r ip  o f the main 
turbine generator.

2) Normal s ta tion  service transformer (NSST) supply breaker relays - -  
These relays detect a loss o f AC power to the 4160 v o lt  buses through 
supply breakers from the NSST.

3) Reserve sta tion service transformer (RSST) supply breaker relays — 
These relays detect a loss o f AC power to the 4160 v o lt  buses through 
supply breakers from the RSST.

4) RSST high side voltage relays - -  These relays detect loss o f AC power 
to the high side o f the RSST.

5) Loss o f normal power (LNP) relays — These relays are energized by DC 
control power whenever there is  a complete loss o f normal AC power to 
the 4160 v o lt  buses. They perform the fo llow ing sequential operations 
upon rece ip t o f the LNP signal:

a) S tr ip  loads on a ll 4160 v o lt  buses

b) In it ia te  s ta r t o f the two emergency power sources

c) Provide a permissive fo r  the emergency power sources to close on 
selected 4160 v o lt buses.
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There are two tra ins  o f log ic  ( tra in  "A" and "B"), e ithe r o f which w il l  
actuate the emergency AC power system. As shown in  Figure B.17-4, the LNP 
relays fo r  e ith e r tra in  are energized by a one-out-of-two-tw ice-type lo g ic . The 
LNP actuation c irc u it ry  fo r  the emergency AC power system is  shown in  Figure 
B.17-5.

B.17.1.5 Testing

There are four primary tests o f the emergency AC power system, or i t s  
components:

SP 617.1 Loss o f Normal Power (LNP) Relays

The objective o f th is  procedure is  to provide fo r  the functional 
tes ting  o f a ll re lays, breakers and contactors required to operate 
in  the event o f an LNP condition. The te s t also v e r if ie s  the auto­
matic s ta r t and load sequencing fo r the diesel and gas turbine 
generators. The procedure c a lls  fo r  manually closing the "load 
shedding" relays 94-la and -2a and - lb  and -2b and observing the 
appropriate breakers t r ip ,  and actuating the LNP re lay contacts and 
observing the appropriate breakers or equipment t r ip .  Also, a fin a l 
LNP te s t is  performed which incorporates a l l  the previously checked 
relays. This tes t involves a momentary loss o f AC power and 
resu lts  in  s ta rtin g  the emergency generators, i . e . ,  the diesel and 
the gas turbine. The te s t is  conducted each re fue ling  outage 
(-^16.5 months or 12,000 hours).

SP 628.1 Integrated Simulated Automatic Actuation o f FWCI, Core Spray, LPCI,
Diesel and Gas Turbine Generators

The objective o f th is  procedure is  to demonstrate the ca pa b ility  o f 
the diesel generator and gas turbine generator to  s ta r t auto­
m atica lly  and take on th e ir  respective ECCS loads on a loss o f a ll 
external AC power. The procedure ca lls  fo r  in i t ia t in g  a "generator 
lockout," then in it ia t in g  an ECCS signal by manually holding the 
"High Drywell Pressure" lo g ic  relays. The te s t is  conducted each 
re fue ling  outage.

SP 668.1 Diesel Generator Operational Readiness Demonstration

The objective of th is  procedure is  to demonstrate the operational 
readiness o f the diesel generator, the diesel s ta rtin g  a ir  com­
pressor and the diesel fuel o i l  transfer pumps. The procedure 
c a lls  fo r s ta rting  and loading (2665kw) the diesel generator and 
operating i t  fo r about one hour. The te s t is  conducted monthly (OP 
338, which requires a s im ila r te s t, is  performed weekly and Form 
668.1-1 is  completed).
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SP 668.2 Gas Turbine Emergency Fast S ta rt Test

The objective o f th is  procedure is  to demonstrate the ca pa b ility  o f 
the gas turbine generator to s ta r t  w ith in  48 seconds w ith AC power 
unavailable. The procedure ca lls  fo r  s ta rtin g  the gas turbine gen­
e ra to r, loading i t  to  a t leas t 6MWe and running i t  fo r  a period o f 
about one hour. The te s t is  conducted monthly.

B.17.1.6 Maintenance

There are three maintenance procedures th a t apply to scheduled maintenance 
o f the emergency AC power system or i t s  
components.

MP 741.1 Gas Turbine Power Plant Cold Section Inspection

This procedure provides deta iled instructions fo r inspecting the gas 
turbine compressor section. Although not spelled out in  the procedure, 
th is  inspection is  conducted once per re fue ling outage.

MP 742.3 Gas Turbine Power Plant Reduction Gear Inspection

This procedure, conducted annually or once per fu e l, provides 
ins tructions fo r the inspection o f the gas turbine reduction gear 
section.

743.2 Diesel Engine Generating System (Annual 500 Hour Inspection)

This procedure provides ins tructions fo r  performing the annual or 500 
hour inspection. The inspection involves a tear down o f c r it ic a l 
parts o f the engine and v isu a lly  and mechanically inspecting these 
parts.

The remaining maintenance is  performed on an as needed basis.

8.17.1.7 Technical Specifications

The emergency AC power system technical specifications are w ritte n  in  two 
parts, the lim it in g  conditions fo r  operation and the surveillance requirements 
associated w ith operation. Both parts are contained w ith in  the more encompass­
ing technical specifica tions fo r the a u x ilia ry  e le c tr ica l system.

There are two lim it in g  conditions fo r operation which a ffe c t the emergency 
AC power system:

1) I f  the reactor is  shut down, then i t  cannot be made c r i t ic a l unless both 
emergency power sources are operable, and

2) When the reactor is  operating a t power, the loss o f e ith e r emergency 
power source is  allowed fo r  a lim ite d  time only i f  normal AC power is  
available and certa in other conditions are met. In the case o f the 
diesel generator being inoperable, continued reactor operation is  
allowed fo r seven days provided th a t the gas turbine and major core
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cooling systems are operable. Operation w ith the gas turb ine declared 
inoperable is  allowed fo r only four days, w ith the requirement tha t both
the diesel generator and major core cooling systems (FWCI excepted) be
operable.

The two major surveillance requirements fo r  the emergency AC power system 
are on the diesel generator and gas turb ine .

1) The diesel generator is  required to  s ta r t once per month and be run at 
f u l l  load fo r a t least one hour. Additional surveillance requires tha t 
the diesel be fa s t started once every re fue ling  so tha t i t  is  ready to
accept a fu l l  load w ith in  13 seconds.

2) The gas turbine must be fa s t started and ready to accept i t s  fu l l  load 
w ith in  48 seconds once per month. Once the generator is  loaded, i t  must 
be capable o f sustaining the fu l l  core cooling load (approximately 10 
MWe assuming FWCI system operation).

B.17.1.8 Operation

The emergency AC power system operates in  two modes. In the f i r s t  mode, 
both the diesel generator and gas turb ine are started automatically upon com­
plete loss o f the normal AC power supply. In the second mode, both emergency 
generators are started upon ind ica tion  o f accident conditions, even i f  normal AC 
power is  ava ilab le . This second mode o f operation is  desirable in  the event
there is  a loss o f normal AC power coincident w ith the accident.

In order to  have a complete loss o f normal AC power, both o f fs ite  power and 
the main turbine generator would have to  be lo s t  simultaneously. The main 
turbine generator is  designed to " ro l l  back" to  meet plant load requirements 
upon loss o f o f fs ite  power since the main condenser has 100 percent load bypass 
capa b ility .

I f  there is  a complete loss o f normal AC power, the LNP (loss o f normal 
power) master t r ip  relays in i t ia te  complete load-shedding on the seven 4160V 
buses (14A through 14G) and selective load-shedding on 480V buses 12C, 12E and 
12F. In add ition , the 4160V buses 148 and 140, and 480V bus 120 remain dead as 
long as the LNP conditions e x is t. Coincident w ith load-shedding, both the gas 
turbine and diesel generator receive fa s t s ta r t  signals. As soon as both units 
are up to speed (13 sec. fo r the diesel and 48 sec. fo r the gas tu rb in e ), th e ir  
breakers close onto dead buses w ithout the delay caused by synchronizing checks.

The gas turb ine control system in it ia te s  automatic closing o f the 4160V gas
turbine input c ir c u it  breaker to bus 14G, followed by the 4160V input breakers 
to buses 14A and 14C. Since the t ie  breaker between buses 14C and 14E does not 
t r ip  fo r an LNP condition, re-energizing bus 14C also energizes bus 14E. In a 
s im ila r manner the diesel emergency power source is  automatically switched to 
bus 14F. The t ie  breaker from bus 140 to 14F does not reclose and therefore bus 
140 is  l e f t  deenergized under LNP conditions.

Upon successful restoration o f power to a ll 4160V emergency AC buses, 
essential loads are picked up in  sequence to avoid large voltage drops, as
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discussed in  section B.17.1.2. Restoration o f the 480V buses 12C, 12E and 12F 
is  concurrent w ith restoration o f th e ir  respective 4160V feeder buses 14C, 14E 
and 14F through the stepdown transformers.

During the maneuver o f going from normal to emergency AC power, there is  a 
b r ie f power in te rrup tion  to five  o f the s ix  AC power d is tr ib u tio n  systems.
These are: the 4160V AC system, the 480V AC system, the 480V MCCs, instrument
AC and the reactor protection system. However, the v ita l AC system is  not 
in terrupted since losing power to the AC motor generator set causes an auto­
transfer to the DC motor generator set. During th is  trans fe r, the flywheel 
provides s u ff ic ie n t in e rtia  to maintain adequate voltage and frequency on the 
v ita l AC bus.

I f  there is  ind ication o f an accident, both the gas turb ine and diesel gen­
erators w il l  receive simultaneous s ta r t  signals s im ila r to those generated by 
the LNP condition. In th is  s itu a tio n , a lo - lo  reactor water level and/or a hi 
drywell pressure signal w i l l ,  on a one-out-of-two-tw ice basis, in i t ia te  
emergency generator fas t s ta rt signals. Unlike the LNP s ta r t sequence scenario, 
only the gas turbine generator is  autosynchronized (to  4160V bus 14G) while the 
diesel generator is  le f t  running fo r  manual synchronization by the operator.

B.17.2 Analysis

B.17.2.1 Success/Failure C rite ria

Success o f the emergency AC power system requires the a b i l i t y  to  produce AC 
power (from the gas turbine or d iese l) and to de live r tha t power to the p lant 
emergency loads. P artia l success o f the AC system is  possible since i t  is  a 
support system. I t  is  possible to de live r power to some emergency loads and not 
to others. The fa ilu re  to de live r emergency power to any one component (or bus) 
does not necessarily a ffe c t the a b i l i t y  o f the system to supply power to the 
remaining loads.

B.17.2.2 Assumptions

The only assumption made in  th is  analysis was tha t both o f fs ite  AC power 
and power from the main turbine generator were unavailable. By doing th is , LNP 
conditions were assumed and the system was modeled in terms o f i t s  response to 
the complete loss o f normal AC power.
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Table B.17-1 

Loads on 4160 Volt Emergency Buses

Bus Load

14A A Reactor Recirc. MG Set

II A & B Reactor Feed Pump

14C A & B C irculating Water Pump

II A & B Condensate Pump

II A & B Condensate Booster Pump

II A Service Water Pump

II A TBCCW Pump

M Emergency Consensate Transfer Pump

14E
II C Service Water Pump

II B & D Emergency Service Water Pump

II B & D LPCI Pump
II B Core Spray Pump

II A CRD Pump

II A RBCCW Pump

14F D Service Water Pump

II A & C Emergency Service Water Pump

II A & C LPCI Pump

II A Core Spray Pump

II B CRD Pump

II B RBCCW Pump
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Table B.17-2

Emergency Loads Supplied by Gas Turbine Generator

Category I Loads

FWCI System

Reactor Feedwater Pump 
Condensate Booster Pump 
Condensate Pump 
FWCI Instruments and Control

Category I I  Loads

Automatically Starting or Restarting Loads

Low Pressure Coolant In jection Pumps B and D
Core Spray Pump B
Service Water Pump C
Standby Gas Treatment Fan A
Battery Charger No. lA
Emergency Lighting
V ita l AC MG Set and Instrument AC Bus
Turbine Building Secondary Cooling Water Pump A
Emergency A ir Handling Units
Service A ir Compressor
Diesel Auxilia ries
Fire Pump House MCC
Emergency Service Water Pumps B and D
345-kV Switchyard Auxiliary Transformer
Emergency Condensate Transfer Pump
Reactor Feed Pumps A and B Seal Water and Lube Oil Pumps 
Control Valves as required by the above system

Manually Started Shutdown Loads

Control Rod Drive Pump A
Reactor Building Cooling Water Pump A
Reactor Shutdown Cooling Water Pump A
Standby Liquid Control Pump A
Reactor Protection MG Set 1
Control Valves as required by the above systems
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Table B.17-3

Emergency Loads Supplied by the Diesel Generator

Category I Loads 
(Automatically S tarting or Restarting Loads)

Low Pressure Coolant In jection Pumps A and C
Core Spray Pump A
Service Water Pump D
Standby Gas Treatment Fan B
Battery Charger No. 1 (1/2-hour delay)
Emergency AC Lighting
V ita l and Instrument AC Buses
Turbine Building Secondary Cooling Water Pump B
Standby Liquid Control Heater
Emergency A ir Handling Units
Instrument A ir Compressor
Diesel A uxilia ries and Oil Transfer Pumps A and B 
Control Valves as required by the above systems

Category I I  Loads 
(Manually Started Shutdown Loads)

Standby Liquid Control Pump A 
Reactor Building Cooling Water Pump B 
Reactor Shutdown Cooling Water Pump B 
Reactor Protection MG Set lA 
Control Rod Drive Pump B 
Battery Charger No. IIA (1/2-hour delay)
Emergency Service Water Pumps A and C 
Control Valves as required by the above systems
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Table B.17-4

Emergency AC Power System Interfaces Failure Modes and Effects

a

<1
I

Ul

Primary System Support System Failure Mode Fault E ffect

System 01V. Comp. System Div. Comp.

Emergency
AC
Power

GT — DC Bus lOlB Breaker fa l ls  to  close 
on bus

No AC power to the emergency 
AC buses from the GT

Emergency
AC
Power

DG — DC Bus lOlA Breaker fa l ls  to  close 
on bus

No AC power to the AC buses 
from the DG;
DG fa l ls  to s ta rt

Emergency
AC
Power

DG Lube o il  
cooler, heat 
exch., a ir

SWS Secondary 
side of DG 
coolers

Loss o f flow No heat removal from scavenge 
a ir ,  DG cooling and lube o11 
cooler heat exchanger, 
eventual DG fa ilu re

Emergency
AC
Power

LNP logic
DC

Bus IlA -1  

Bus llA -2

Loss o f power on bus Half of the LNP sta rt logic 
fo r the diesel and the gas 
turbine is disabled by loss of 
power on e ith e r bus
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EMERGENCY AC POWER SYSTEM 

FAULT TREE AND FAULT SUMMARY SHEETS

B . 1 7-27



FAULT SUMMARY SHEETS
EVENT DESCRIPTION DETECTION INTERVAL COMMENTS UNAVAILABILITY

AC-EF3-BUS-LGF Local fault on A.C. Prompt L/0 almost any of 2.5xl0"^
AC-El-BUS-LOF power bus these buses would
AC-E3-BUS-L0F cause plant trip
AC-E4-BUS-L0F (except C-2, C-3,
AC-E5-BUS-L0F & C-6) annunciator
AC-E6-BUS-L0F alarm in the
AC-E7-BUS-L0F control room for
AC-EF7-BUS-L0F these buses
AC-12E-BUS-L0F
AC-14E-BUS-L0F
AC-14C-BUS-L0F
AC-14G-BUS-L0F
AC-14F-BUS-L0F
AC-FE3-BUS-L0F
AC-Fl-BUS-LOF
AC-F3-BUS-L0F
AC-F4-BUS-L0F
AC-F5-BUS-L0F
AC-F6-BUS-L0F
AC-F7-BUS-L0F
AC-12F-BUS-L0F
AC-C2-BUS-L0F
AC-C3-BUS-L0F
AC-C6-BUS-L0F

L/0 any of these -6AC-12C-BUS-L0F Local fault on A.C. Prompt 2.5x10
AC-12D-BUS-L0F power bus buses (except 12C,
AC-14A-BUS-L0F D) would cause
AC-IAC-BUS-LOF plant trip, annun­
AC-VAC-BUS-LOF ciated in the 

control room

W

IKJ
00

MILLSTONE 1
SYSTEM AC
SHEET #1



FAULT SUMMARY SHEETS
EVENT DESCRIPTION DETECTION INTERVAL COMMENTS UNAVAILABILITY

AC-RPSA-BUS-LOF Local fault on A.C. Prompt Loss of either bus 2.5E-6
AC-RPSB-BUS-LOF power bus causes at least 

a "half seram"

AC-EF3-BUS-T0M Test or maint. on N/A Uncsheduled maint. 2.5E-6
AC-El-BUS-TOM A.C. power bus only. For test
AC-E3-BUS-T0M or maint. to occur
AC-E4-BUS-T0M on almost any of
AC-E5-BUS-T0M these buses plant
AC-E6-BUS-T0M would be shutdown.
AC-E7-BUS-T0M
AC-EF7-BUS-T0M
AC-Fl-BUS-TOM
AC-F3-BUS-T0M
AC-F4-BUS-T0M
AC-F5-BUS-T0M
AC-F6-BUS-T0M
AC-F7-BUS-T0M
AC-12E-BUS-T0M
AC-14E-BUS-T0M
AC-14C-BUS-T0M
AC-14G-BUS-T0M
AC-14F-BUS-T0M
AC-FE3-BUS-TGM
AC-12F-BUS-T0M
AC-C2-BUS-T0M
AC-C3-BUS-T0M
AC-C6-BUS-TGM
AC-12C-BUS-TGM
AC-14A-BUS-TGM

W
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MILLSTONE 1
SYSTEM ACSHEET #2



FAULT SUMMARY SHEETS
EVENT DESCRIPTION DETECTION INTERVAL COMMENTS UNAVAILABILITY

AC-FE3-ABT-L0F Auto-bus transfer Although not in 3xl0‘^
AC-EF7-ABT-LGF fails to function written procedures
AC-FE3-ABT-L0F operations tests
AC-IAC-ABT-LOF ABT function prior
AC-VAC-ABT-LOF to LNP test (based
AC-MGl-ABT-LOF on talk with/OPS) 

see OP 343 for VAC 
& lAC ABTS

AC-12E-18A-FRC Local fault on A.C. Prompt A trip on almost 2.5xl0'^
AC-12E-18C-FRC power circuit any of these
AC-12E-19C-FRC breaker (i.e. bkr breakers would
AC-12E-19B-FRC fails to remain cause a plant shut­
AC-12E-19D-FRC closed) down alarmed in CR
AC-12E-12B-FRC
AC-14E12-12-FRC
AC-14ET-2-FRC
AC-12F-12B-FRC
AC-14F12-12-FRC
AC-12C-12B-FRC
AC-14C12-13-FRC Note: tripping any
AC-MGVAC-NC-FRC RPS bkrs will
AC-E5-10-FRC cause "half scram"
AC-RPSA-l-FRC
AC-F5-1C-FRC
AC-RPSB-1-FRC
AC-F5-1C-FRC

dd
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SYSTEM AC
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FAULT SUMMARY SHEETS
EVENT DESCRIPTION DETECTION INTERVAL COMMENTS UNAVAILABILITY

AC-IRP-4-FRC Local fault on A.C. <24 hrs Due to emerg. feed 2.5xl0'^
AC-E4-4C-FRC power circuit Light comes on in to lAC bus, when­

breaker control room ever normal feed
interrupted c.r.
light "emergency
source" comes on

AC-IV-3-FRC Local fault on A.C. Not checked by Ixio"^
AC-F5-1F-FRC power breaker (i.e. any procedure -
AC-IV-4-FRC fails to remain only evident on
DC-AB3-1-FRC closed) demand for A.C.

power

AC-12F-18A-FRC Local fault on A.C. Prompt Plant may shutdown 2.5xl0"^
AC-12F-18C-FRC power breaker (i.e. if one or more of
AC-12F-19C-FRC breaker fails to these breakers
AC-12F-19B-FRC remain closed) trip, alarmed in
AC-12F-19A-FRC the CR
AC-12F-19D-FRC

AC-12F-18A-0P0 Operator opens Plant may shutdown 0.0
AC-12F-18C-0P0 breaker during if one or more
AC-12F-19C-OPO accident/LNP breakers are
AC-12F-19B-OPO opened
AC-12F-19A-OPO
AC-12F-19D-OPO
AC-12E-12B-OPO
AC-14EI2-12-0P0
AC-I4ET-2-OPO
AC-12F-12B-0P0
AC-14F12-12-OPO
AC-12C-12B-0P0

W
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FAULT SUMMARY SHEETS
EVENT DESCRIPTION DETECTION INTERVAL COMMENTS UNAVAILABILITY

AC-12C-17B-FRC Local fault on A.C. Prompt Breaker position 2.5x10“^
AC-12C-17C-FRC power breaker (i.e. alarmed in the CR
AC-12C-13D-FRC fails to remain open)

AC-12C-17B-OPO Operator opens Opening one or more 0.0
AC-12C-17C-OPO breaker during of these breakers
AC-12C-13D-OPO accident/LNP may cause plant
AC-1.4C12-13-OPO shutdown. There is
AC-14CT-16-OPO no procedure for
AC-14AT2-1-0P0 opening the breakers
AC-12F-18A-0P0 following an accident
AC-12F-18C-OPO
AC-12F-19C-OPO
AC-12F-19B-OPO
AC-12F-19A-GPO
AC-12F-19D-OPO

AC-12E-18A-TM0 Breaker open for Unscheduled maint. Ixio"^
AC-12E-18C-TM0 test or maintenance only. Plant would
AC-12E-19C-TMO have to be shutdown
AC-I2E-19B-TMO for maint. on almost
AC-12E-19A-TMO any of these
AC-12E-19D-TMO breakers
AC-12E-12B-TMO
AC-14E12-12-TM0
AC-14CT-16-TM0
AC-12F-12B-TMO
AC-14F12-12-TM0
AC-14ET-2-TM0
AC-12C-17B-TMO

a
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FAULT SUMMARY SHEETS
EVENT DESCRIPTION DETECTION INTERVAL COMMENTS UNAVAILABILITY

AC-12C-17C-TMO Breaker open for Unscheduled maint. Ixio'^
AC-12C-13D-TM0 test or maintenance only. Plant would
AC-14C12-13-TM0 have to be shutdown
AC-14AT2-1-TM0 for maint. on almost
AC-IRP-4-TM0 any of these
AC-IV-3-TM0 breakers
AC-E4-4C-TM0
AC-F5-IF-TM0
AC-IV-4-TM0
DC-AB3-1-TM0
AC-12F-18A-TM0
AC-12F-18C-TMO
AC-12F-19C-TM0
AC-12F-19B-TMO
AC-12F-19A-TMO
AC-12F-19D-TMO

AC-14E12-XFR-L0F Local fault on step- Prompt Would cause loss of 5xl0“^
AC-14F12-XFR-L0F down transformer A.C. supply to
AC-14C12-XFR-L0F (4160V to 480V) 480V buses which

would produce c.r.
alarm

AC-IRP-XFR-LOF Local fault on step- <24 hrs L/0 power to lAC 5xl0‘^
down transformer bus from IRP
(480V to 120V) x-former would

cause c.r. panel
light to come on

W
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FAULT SUMMARY SHEETS
EVENT DESCRIPTION DETECTION INTERVAL COMMENTS UNAVAILABILITY

AC-14E12-XFR-TOM Transformer out of Only unscheduled 5xl0'^
AC-14F12-XFR-TOM service for test maint. - would
AC-14CI2-XFR-T0M or maintenance probably have to
AC-IRP-XFR-TOM be done with plant
AC-IV-XFR-TOM shutdown

AC-14CT-16-FTC Breaker fails to 12K hrs (once every As per SP 617.1 1.7xl0”^
AC-14AT2-1-FTC close refueling outage) and SP 628.1

(LNP test)

AC-14AT2-1-FT0 Breaker fails 12K hrs (once SP 617.1 & 628.1 1.7xl0”^
AC-14CT-16-FT0 to open every refueling (LNP test)
AC-14A-3-FT0 outage)
AC-14A-4-FTO Note: bkr 12T12
AC-14A-5-FTO only tested by
AC-12T12-14B-FT0 SP 617.1 (tie bkr
AC-1S14A-2-FTO 12C-D)
AC-1S14B-1-FT0
AC-1S14C-1-FT0
AC-1S14D-1-FT0
AC-14FT-2-FT0

AC-21S24F-1-FT0 Breaker fails to Since RSST always 3xl0”^
open energized, breaker

on bus 24F may
never be opened

w
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FAULT SUMMARY SHEETS
EVENT DESCRIPTION DETECTION INTERVAL COMMENTS UNAVAILABILITY

AC-GTG-LOF Gas Turbine genera­
tor fails to start

One month SP 668.2 tests every 
month SP 617.1 & 
628.1 go through 
LNP Se ECCS start 
every 12 K hr

6x10 ^

AC-GTG-TOM Gas turbine genera­
tor out of service 
due to test or 
maint.

G/T 0.0.S for 
^ hr every 720 
hrs. due to 
coast-down time 
after monthly 
test start.
(SP 668.2)

2xl0"^

AC-GTG-BAT-LOF L/0 Gas Turbine 
battery bus (pro­
vides power to 
start G/T during 
LNP)

One week (168 hrs) "Black start" on 
G/T system per 
617.1, 628.1 & 
weekly check of 
battery voltage & 
current OP 339-2

2.5x10”'̂

LCL94X-1A-1FC
LCL94X-1A-9FC
LCL94X-1B-1FC
LCL94X-4A-5FC

Relay contacts 
fail to close

12K hrs (once 
every refuel 
outage)

SP 617.1 & 628.1 
tests load shedding 
ability

1.8xl0‘^

LCL94X-1A-FTE
LCL94X-1B-FTE
LCL94X-4A-FTE

Relay coil fails 
to energize

12000 hrs 
(detected.during 
refueling outages)

SP 617.1 & 628.1 
tests load shedding 
ability

1.7xl0"^

tfl
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FAULT SUMMARY SHEETS
EVENT DESCRIPTION DETECTION INTERVAL COMMENTS UNAVAILABILITY

92694-lA-lFC Relay contacts fail 12K hrs (once Contact pair checked 1.8x10'^
92694-2A-1FC to close envery refuel- as per SP 617.1 Indi­
92694-1B-9FC outage) vidually (Integrated
92694-2B-9FC system tests several
92694-1B-3FC contact prs. together
92694-2B-3FC SP 628.1)
92694-lA-FTE Relay coil fails 12K hrs SP617.1 & 628.1 7x10
92694-2A-FTE to energize tests coils in
92694-lB-FTE pairs (i.e. lA &
92694-2B-FTE 2A) not separately,

during refueling
outages

AC-DGN-LOF Diesel generator One week Weekly test as per 6xl0'^
fails to start OP 338. Monthly

test as per SP 668.1

AC-DGN-TOM Diesel generator Diesel not 0.0.S. 2x10“^
0.0.S. for test or due to testing, only
maintenance for unscheduled

maintenance

AC-12T12-14B-FRO Breaker fails to <24 hrs. Control room panel 2.5x10“^
remain open light on breaker

would change status
plus either 12C or

AC-12T12-14B-0PC Operator closes <24 hrs. 12D transformer 3x10
Breaker would trip

-vj
I
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FAULT SUMMARY SHEETS
EVENT DESCRIPTION DETECTION INTERVAL COMMENTS UNAVAILABILITY

926LNP-3A-BFC
926LNP-3-BFC
926LNP-1-3FC
926LNP-1A-3FC
926LNP-1-1FC
926LNP-1A-1FC
926LNP-2-5FC
926LNP-2A-5FC

LNP relay contacts 
fail to close

12K hrs. SP 617.1 & 628.1 
tests relays in 
pairs (i.e. 3 & 
3A, etc.) not 
as separate units

7xl0"^

926LNP-2-BFC
926LNP-2A-BFC

LNP relay contacts 
fail to close

12K hrs
(during refueling 
outages)

Contact pair spe­
cifically checked 
as per SP 617.1. 
Also SP 628.1 inte­
grated test checks 
relays in pairs

1.8x10"^

926LNP-3-FTE
926LNP-3A-FTE
926LNP-1-FTE
926LNP-1A-FTE

LNP relay coil 
fails to energize

12 K hrs. (once 
per refuel outage)

LNP coils tested 
in pairs (i.e. 3 
& 3A, etc.) not 
individually as 
per SP 617.1 & 
628.1

7xl0"^

92662-1-lFC
92662-lA-lFC

LNP relay contacts 
fail to close

12K hr. Contact prs. on 
relays tested w/ 
relays in pairs 
(i.e. 1 & lA) as 
per SP 617.1 & 628.1

7xl0"^

CO

I
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FAULT SUMMARY SHEETS
EVENT DESCRIPTION DETECTION INTERVAL COMMENTS UNAVAILABILITY

92662-1-FTE 
92662-lA-FTE

LNP relay coil fails 
to energize

12000 hrs Relay coils tested 
in pairs not sepa­
rately as per 
SP 617 & 628.1

7xl0"^

LCL52-24F-WFC
LCL52-24F-3FC

Aux breaker contacts 
fail to close

RSST always kept 
energized during 
LNP & integ. tests. 
Therefore 2153-1-2 
breaker not tested

3xl0”^

AC-21S14C-14-FR0
AC-21S14D-14-FR0
AC-21S14A-14-FR0

4160V RSST tie 
breaker fails to 
remain open

Prompt (during LNP); 
<24 hourg (normal 
operation)

During LNP if either 
14A or 14C to RSST 
closed G/T would 
overload

2.5xl0"^

LCL52B-14CR-7RC
LCL52B-14DR-7RC
LCL52B-14CR-5RC
LCL52B-14DR-5RC
LCL52STA-14-3RC
LCL52STA-7-3RC

4160V breaker aux 
switch contacts 
fail to remain 
closed

12K hrs (once 
every refuel)

SP 617.7 & 628.1 
(LNP & integrated 
ECCS tests) tests 
each separately by 
virtue of being in 
series circuit

6x10 ^

922A86-3B-5FC
922A86-1B-5FC
922B86-2B-5FC
922B86-4B-5FC
922A86-3A-6FC
922A86-1A-6FC
922B86-2A-6FC

Gen lockout relay 
contacts fail to 
close

12K hrs Relays tested in 
groups of 4 (i.e. 
86-B's and 86-A's) 
by SP 617 & 628.1

2.6xl0"^

tt)

I00
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FAULT SUMMARY SHEETS
EVENT DESCRIPTION DETECTION INTERVAL COMMENTS UNAVAILABILITY

922B86-4A-6FC Gen lockout relay 12K hrs Relays tested in 2.6xl0”^
922A86-1B-7FC contacts fail to groups of 4 (i.e.
922A86-3B-7FC close 86-B's and 86-A's)
922B86-2B-7FC by SP 617 & 628.1
922B86-4B-7FC
922A86-1B-8FC
922A86-3B-8FC
922B86-2B-8FC
922B86-4B-8FC
922A86-1B-9FC
922A86-3B-9FC

922A86-2B-9FC Gen. lockout relay Integrated test Relays tested in 2.6xl0"^
922A86-4B-9FC contacts fail to of system every groups of 4 (i.e.
922B86-1B-AFC close 12K hrs. 86-A's and 86-B's
922B86-3B-AFC have 4 in each
922A86-2B-AFC gp) by SP 617.1 &
922A86-4B-AFC 628.1

AC-GENL0C-3-L0F Gen. lockout cir­ 12K hrs (once Tested individually 1.7x10"^
AC-GENLOC-l-LOF cuitry fails to every refuel) since each "86"
AC-GENL0C-2-L0F provide a signal relay must be reset
AC-GENL0C-4-L0F to "86" relays after test as per

SP 617.1 & 628.1

90894X2-STA-7FC Contacts on under Detects RSST hi-side 3xl0”^
922A94X2-STB-7FC voltage relays under voltage, but
90894X2-STA-3FC fail to close RSST always ener­
922A94X2-STB-3FC gized during test­
90894X2-STA-9FC ing
922A94X2-STB-9FC

CO

IOJVO
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FAULT SUMMARY SHEETS
EVENT DESCRIPTION DETECTION INTERVAL COMMENTS UNAVAILABILITY

90894X2-STA-FTE Coil on under­ Detects RSST hi-side 3xl0"^
922A94X2-STB-FTE voltage relay undervoltage, but

fails to energize RSST always energized
during test

AC-27-ST-XFC No signal from Detects low voltage 3xl0"^
AC-27-STB-XFC undervoltage relay on RSST in-side, but

(i.e. contacts fail but RSST always
to close) energized during

testing

922A86-3A-FTE Gen. lockout relay 12K hr. (once Each "86" relay 1.7x10“^
922A86-1A-FTE coil fails to every refuel) must be reset after
922B86-2A-FTE energize testing by SP 617.1
922B86-4A-FTE & 628.1
922A86-1B-FTE
922A86-3B-FTE
922B86-2B-FTE
922B86-4B-FTE

LCL86-512-BRC Relay contacts fail 12000 hrs Tested separately 6x10 ^
LCL86-B-BRC to remain closed (once every (by virtue of
LCL86-GC-BRC refule) being in series)
LCL86-512-ARC in SP 617.1 & 628.1
LCL86-B-ARC
LCL86-GC-ARC

W

I

o
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FAULT SUMMARY SHEETS
EVENT DESCRIPTION DETECTION INTERVAL COMMENTS UNAVAILABILITY

90862-14CT-2RC 
908RX-14CT-4RC 
90862-14AT-2RC 
908RX-14AT-4RC 
LCL52-TOC-4RC

Relay contacts fail 
to remain closed

12K hrs. (once 
every refuel)

Tested by SP 617.1 
SP 628.1

-46x10

90862-14CT-FRE 
90862-14AT-FRE

Relay coil fails 
to remain energized

12000 hrs 
(detected during 
refueling outages)

Tested as per 
SP 617.1 & SP 628.1

-46x10

908RX-14CT-2FC
908RX-14AT-2FC
908TDPU-14CT-1FC
908TDPU-14AT-1FC
LCL52-GT-8FC
LCL52STA-1-3FC
LCL27-3-7FC
LCL27-7-3FC
LCL52-GT-6FC
LCL52STA-2-3FC
LCL27-1-3FC
LCL27-7-1FC

Relay contacts 
fail to close 
(Note: 52's ave 
aux switch con­
tacts on breakers)

12000 hrs 
(detected during 
refueling outages)

Tested during the 
performance of 
SP 617.1 & SP 628.1

1.8x10“^

980RX-14CT-FTE
908TDPU-14CT-FTE
908TDPU-14AT-FTE
LCL27-7-FTE
908RX-14AT-FTE

Relay coil fails 
to energize

12K hrs (once 
every refuel)

Tested per SP 617.1 
& 628.1

1.7xl0"^

I
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FAULT SUMMARY SHEETS
EVENT DESCRIPTION DETECTION INTERVAL COMMENTS UNAVAILABILITY

LCL94X-3C-1F0
92694-1A-5F0
92694-2A-5FO
92662-1-XFG
92662-lA-XFO
LCL94X-1B-9F0
92694-lA-lFO
92694-2A-IF0

Relay contacts 
fail to open

12000 hrs 
(detected during 
refueling outages)

Tested as per 
SP 617.1 & SP 628.1

1.8x10"^

LCL94X-3C-FTD
LCL27-3-FTD
LCL94X-1B-FTD
LCL27-1-FTD
92694-lA-FTD
92694-2A-FTD

Relay coil fails 
to de-energize

12000 hrs 
(detected during 
refueling outages)

Tested as per 
SP 617.1 & SP 628.1

1.7x10"^

908CS-111-FRD
908CS-110-FRD

Control switch 
fails in tripped 
state

<24 hr in normal 
plant operation

Failure indication 
is breaker position 
light on 908 panel. 
Failure leads to 
failure to restore 
emergency loads 
after G/T starts

2.4xl0”^

908CS-111-3RO
908CS-in-4RO
908CS-110-3RO
908CS-110-4RG

Control switch 
contacts fail to 
remain open

<24 hrs Failure is detected 
by change in 
breaker position 
light. Failure 
leads to loss of 
emergency loads.

6xlO~®

dd

I

NJ

MILLSTONE 1
SYSTEM AC
SHEET #15



FAULT SUMMARY SHEETS
EVENT DESCRIPTION DETECTION INTERVAL COMMENTS UNAVAILABILITY

9262-1-3RC
9262-1A-3RC

Relay contacts tail 
to remain closed

12K hrs. Relay 62-1 and 
62-lA tested in 
parallel by 
SP 617.1 & SP 628.1

2.5x10“^

AC-MGl-MGS-LGF
AC-RPSA-MGS-LOF
AC-RPSB-MGS-LGF

L/0 motor-generator 
source of A.C. 
power

Prompt Vital A.C. alarms 
and switches over 
to emergency source 
RPS not only alarms 
but produces at 
least a "half- 
scram"

—45x10

LCL52B-14AN-7FC
LCL52B-14BN-7FC
LCL52B-14CN-7FC
LCL52B-14DN-7FC
LCL52B-14AN-5FC
LCL52B-14BN-5FC
LCL52B-14CN-5FC
LCL52B-14DN-5FC

Breaker aux. switch 
contacts fail to 
close

I2K hr (once 
every refuel)

Contacts checked 
individually by 
SP 617.1

1.8xl0"^

.926LNP-2-FTE 
926-LNP-2A-FTE

LNP coil fails to 
energize

12 K hrs.
(detected during 
refueling outages)

Each coil "proved" 
individually by 
ECCS test in 
SP 628.1.

1.7xl0"^

9262-lA-FTE
9262-1-FTE

Relay coil fails 
to energize

12000 hrs 
(detected during 
refueling outages)

2-1 and 2-lA coils 
tested by virtue 
of LNP2 and LNP2A 
as per SP 628.1

1.7E-3

w
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FAULT SUMMARY SHEETS
EVENT DESCRIPTION DETECTION INTERVAL COMMENTS UNAVAILABILITY

9262-lA-lFC
9262-1-lFC

Relay contacts fail 
to close

12K hrs.
(detected during 
refueling outages)

Tested by SP 628.1, 
separately, as a 
result of test on 
LNP2A & LNP2

1.8x10”^

AC-31S14G-4-FTO Flanders bkr 
fails to open

One month Opened prior to 
loading G/T on 
14G per SP 668.2

IxlO”^

908CS-111-1FC
908CS-111-2FC
908CS-110-1FC
908CS-110-2FC

Contacts on control 
swicth fail to 
close

To be used in 
recovery only

908CS-111-FTE
908CS-110-FTE

Control switch 
fails to operate

To be used in 
recovery only

AC-14CT-I6-0FC
AC-14AT2-1-0FC

Operator fails to 
close breaker

To be used in 
recovery only

1.0

LCL27-3-5FC
LCL27-1A-3FC

Relay contacts fail 
to close

Used in recovery 
only

LCL27-1A-FTD Relay coil fails 
to de-energize

Used in recovery 
only

W
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FAULT SUMMARY SHEETS
EVENT DESCRIPTION DETECTION INTERVAL COMMENTS UNAVAILABILITY

SW-DGN-HTX-LOF LOF-Loss of service 
water coolins flow 
to the diesel gen­
erator HTX. This 
would result in the 
diesel genecator 
HTX failure.

Prompt The failure proba­
bility was determined 
by evaluating the 
diesel generator 
heat exchanger 
loss of function 
as a top event in 
the SWS fault tree

7.14x10 -2

AC-IV-XFR-LOF Local.fault on 
step-down trans­
former

This fault may not 
be detected

2x10 -1

■vj
I

cn
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SYSTEM AC 
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AC POWER FAULT TREE PAGE INDEX
GATE NAME DEFINED ON PAGE TRANSFERS
G-AC-21 AC-10 AC-9
G-AC-26 AC-13 AC-12
G-AC-27 AC-14 AC-13
G-AC-28 AC-15 AC-14
G-AC-31 AC-16 AC-15
G-AC-36 AC-17 AC-16
G-AC-37 AC-17 AC-16
G-AC-38 AC-18 AC-17
G-AC-43 AC-37 AC-35
G-AC-44 AC-19 AC-16
G-AC-48A AC-21 AC-20
G-AC-66 AC-30 AC-2 9
G-AC-75 AC-35 AC-34
G-AC-76 AC-3 6 AC-34
G-AC-80A AC-39 AC-38
G-AC-81 AC-40 AC-15
G-AC-82 AC-40 AC-40
G-AC-83 AC-41 AC-40
G-AC-86 AC-42 AC-41
G-AC-91 AC-4 3 AC-41
G-AC-94 AC-44 AC-43
G-AC-95 AC-44 AC-4 3
G-AC-96 AC-45 AC-41
G-AC-99 AC-46 AC-45
G-AC-100 AC-46 AC-4 5
G-AC-101 AC-47 AC-41
G-AC-102 AC-48 AC-47
G-AC-103 AC-4 8 AC-47
G-AC-104 AC-48 AC-4 7
G-AC-105 AC-48 AC-4 7
G-AC-106 AC-49 AC-42
G-AC-109 AC-50 AC-49
G-AC-110 AC-50 AC-4 9
G-AC-111 AC-51 AC-15
G-AC-112 AC-51 AC-51
G-AC-113 AC-5 2 AC-51
G-AC-116 AC-53 AC-52
G-AC-121 AC-54 AC-52
G-AC-126 AC-55 AC-52
G-AC-131 AC-5 6 AC-52
G-AC-132 AC-57 AC-56
G-AC-133 AC-57 AC-5 6
G-AC-134 AC-57 AC-56
G-AC-135 AC-57 AC-56
G-AC-138 AC-59 AC-13
G-AC-139 AC-5 8 AC-53
G-AC-141 AC-60 AC-59
G-AC-146 AC-6 2 AC-61
G-AC-147 AC-62 AC-61

B.17-46



AC POWER FAULT TREE PAGE INDEX (Cont.)
GATE NAME DEFINED ON PAGE TRANSFERS TO PAGE(S)
G-AC-148 AC-61 AC-59
G-AC-151 AC-63 AC-60
G-AC-153 AC-64 AC-63
G-AC-155 AC-65 AC-63
G-AC-156 AC-65 AC-63
G-AC-157 AC-66 AC-64
G-AC-158 AC-67 AC-63
G-AC-159 AC-67 AC-63
G-AC-160 AC-68 AC-59
G-AC-163 AC-69 AC-39
G-AC-166 AC-70 AC-69
G-AC-173 AC-71 AC-6 9
G-AC-176 AC-72 AC-70
G-AC-178 AC-73 AC-72
G-AC-180 AC-74 AC-72
G-AC-181 AC-74 AC-72
G-AC-182 AC-75 AC-73
G-AC-183 AC-7 5 AC-7 2
G-AC-184 AC-75 AC-72
G-AC-185 AC-76 AC-69
G-AC-188 AC-77 AC-14,AC-48,AC-57,AC-74
G-AC-191 AC-7 8 AC-77
G-AC-192 AC-78 AC-77
G-AC-193 AC-79 AC-77
G-AC-194 AC-79 AC-77
G-AC-195 AC-80 AC-48,AC-57
G-AC-198 AC-81 AC-80
G-AC-199 AC-81 AC-80
G-AC-200 AC-82 AC-80
G-AC-201 AC-8 2 AC-80
G-AC-202 AC-83 AC-14,AC-48,Ac-57,AC-65
G-AC-205 AC-84 AC-83
G-AC-206 AC-84 AC-83
G-AC-207 AC-85 AC-83
G-AC-208 AC-85 AC-83
G-AC-209 AC-86 AC-21,AC-48,AC-57
G-AC-212 AC-87 AC-86
G-AC-213 AC-87 AC-86
G-AC-214 AC-88 AC-86
G-AC-215 AC-8 8 AC-8 6
G-AC-216 AC-89 AC-21
G-AC-221 AC-90 AC-42,AC-53
G-AC-227 AC-91 AC-14
G-AC-229 AC-92 AC-91
G-AC-231 AC-93 AC-18,AC-92,AC-98
G-AC-233 AC-9 4 AC-18,AC-92,AC-98
G-AC-234 AC-95 AC-93
G-AC-236 AC-96 AC-21
G-AC-240 AC-97 AC-9 6
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AC POWER FAULT TREE PAGE INDEX (Cont.)
GATE NAME DEFINED ON PAGE TRANSFERS TO PAGE(S)
G-AC-244 AC-98 AC-96
G-AC-253 AC-101 AC-100
G-AC-255 AC-102 AC-100,AC-104
G-AC-262 AC-105 AC-104
G-AC-BUS-12C AC-34 AC-31,AC-32,AC-33
G-AC-BUS-12E AC-9 AC-2,AC-3,AC-4,AC-5,AC-6,AC-7
G-AC-BUS-12F AC-29 AC-23,AC-24,AC-25,AC-26,AC-27,

AC-2 8
G-AC-BUS-14A AC-38
G-AC-BUS-14C AC-12 AC-11,AC-37
G-AC-BUS-14E AC-11 AC-10
G-AC-BUS-14F AC-20 AC-30
G-AC-BUS-C2 AC-31
G-AC-BUS-C3 AC-32
G-AC-BUS-CD6 AC-33
G-AC-BUS-El AC-2
G-AC-BUS-E3 AC-3 AC-1,AC-22
G-AC-BUS-E4 AC-4 AC-101
G-AC-BUS-E5 AC-5 AC-105,AC-106
G-AC-BUS-E6 AC-6
G-AC-BUS-E7 AC-7 AC-8
G-AC-BUS-EF3 AC-1
G-AC-BUS-EF7 AC-8
G-AC-BUS-Fl AC-23
G-AC-BUS-F3 AC-24 AC-1,AC-22
G-AC-BUS-F4 AC-25
G-AC-BUS-F5 AC-26 AC-102,AC-107
G-AC-BUS-F6 AC-27
G-AC-BUS-F7 AC-28 AC-8
G-AC-BUS-FE3 AC-22
G-AC-BUS-IAC-6 AC-99
G-AC-BUS-IAC-9 AC-99
G-AC-BUS-IAC AC-100 AC-99
G-AC-BUS-IAC-23 AC-99
G-AC-BUS-RPS-A AC-106
G-AC-BUS-RPS-B AC-107
G-AC-BUS-VAC AC-104 AC-103
G-AC-BUS-VAC-20 AC-103
G-AC-BUS-VAC-26 AC-103
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G-ftC-2 I nC-EFS-BiJS-TOH

L /0  flC POWER AT -JSOV 
BUS E F-3

L /0  AC POWER FROM 
ABT E F-3

ABT E F-3  FAILS TO 
TRANSFER TO BUS F -3

4B0V BUS E F-3  0 ,0 .  S, 
^OR TORN

L /0  AC POWER AT 4B0V 
BUS F -3

LOCAL FAULT ON <80V 
BUS E F-3

L /0  AC POWER AT 480V 
BUS E -3

POWER FAILURE AT F -3

I AC-EF3-ABT-L0F I^ = 3 I g- ac- b u s - fT I
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IU1
o G-flC -10 flC-El-BUS-TOMlflC -E l-B U S -C 5F

L /0  nC POWER AT 48CV 
BUS E-1

L /0  flC POWER FROM 
BREAKER 12E /E -1  -  

N .C .

BKR 12E /E -1 0 . 0 . S. 
FOR TORM

LOSS OF AC POWER AT 
480V BUS 12E

BKR 12E/E-1 OPENED 
BY OPERATOR -  N .C .

480V BUS E -1 0 .0 .  S. 
fOR TORM

LOCAL FAULT ON 480V 
BUS E-1

LOCAL FAULT ON BKR 
12E/E-1

AC-12E-18A-FRC I I A C-12E-18A-0P0 I G -A C -B U S - l '^ RC-12E-18A -TH0n
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D3

Icn
nC-E3-BUS-L0F

L /0  RC POMER RT 480V 
BUS E -3

LOCRL FRULT ON 480V 
BUS E -3

LOSS OF RC POWER RT 
480V BUS 12E

L /0  RC POWER FROM 
BRERKER 1 2 E /E -3  -  

N .C .

BKR 12 E /E -3  OPENED 
BY OPERRTOR -  N .C .

LOCRL FRULT ON BKR 
12 E /E -3

480V BUS E -3  0 . 0 . S. 
^OR TORM

BKR 1 2 E /E -3  0 . 0 . S. 
fOR TORM

I 6-RC-BUS-12E I IRC-12E-18C-FRCa I RC-12E-18C-OPO IR C -12E-18C -TM 0

01LJ
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ILn(NJ nC-E4-BU5-T0HnC-E<-BUS-LOF

L /0  HC POWER f)T 480V 
BUS E -4

LOCBL PHULT ON 480V 
BUS E -4

480V BUS E -4  0 .0 .  S, 
rOR TORM

L /0  RC POWER FROM 
BRERKER 12E /E -4  -  

N .C .

BKR 12E /E -4  0 . 0 . S 
POR TORM

LOCRL FAULT ON BKR 
12E /E -4

BKR 12E /E -4  OPENED 
BY OPERRTOR -  N .C .

LOSS OF RC POWER RT 
480V BUS 12E

I G -R C -B U S - i^ 1 RC-12E-19C-FRC I I RC-12E-19C -1P0 I RC-12E-19C-TM077
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e-R C -264
G-fiC-BUS-RPS-fl

I G -flC -13

LOCflL FAULT ON 480V 
BUS E -5

L /0  RC POWER RT 480V 
BUS E -5

L /0  RC POWER FROM 
BREAKER 12 E /E -5  -  

N .C .

480V BUS E -5  0 . 0 . S. 
POR TORM

LOSS OF RC POWER RT 
480V BUS 12E

BKR 1 2 E /E -5  OPENED 
BY OPERRTOR -  N .C .

LOCRL FRULT ON BKR 
12E /E -5

BKR 12 E /E -5  0 .0 .  S. 
POR TORM

I G-RC-BUS-12E 1 RC-12E-19B-FRC I I R C-12E-19B-0P0 1 I RC-12E-19B-'Tm5~
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B-y-H IflC-C6-BOS-LOr

L /0  flC POWER FROM 
BREAKER 12 E /E -6  -  

N.C.

L /0  PC POWER BT <BOV 
BUS E -6

LOCflL FAULT ON BKR 
12 E /E -8

LOCflL FAULT ON 4B0V 
BUS E -6

LOSS OF flC POWER AT 
480V BUS 12E

BKR 12 E /E -6  OPENED 
BY OPERATOR -  N .C .

480V BUS E -6  0 .0 .  S, 
FOR TORM

BKR 12 E /E -6  0 .0 .  S. 
fOR TORM

I 6-AC-BUS-12E I AC-12E-19A-FRC I I flC-12E-19fl-OPO I <> I flC -12E -19fl^T M 0l
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G-flC -17

nC-E7-BUS-L0r

L /0  HC POMER HT 480V 
BUS E -7

L /0  HC POMER FROM 
BREAKER 12 E /E -7  -  

N .C .

480V BUS E -7  0 . 0 . S. 
fOR TORM

LOCHL FHULT ON 400V 
BUS E -7

LOCHL FHULT ON BKR 
12E /E -7

BKR 12E /E -7  0 . 0 . S. 
fOR TORM

LOSS OF HC POMER HT 
480V BUS 12E

BKR 12E /E -7  OPENED 
BY OPERATOR -  N .C .

I G-HC-BUS-12E I I HC-12E-19D-FRC I I H C -12E -19D ^W 1  <> I HC-12E-19D-TM0
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nC-EF7-BUS-T0t1

L /0  flC PONER AT 48DV 
BUS E F-7

ABT E F-7 FAILS TO 
TRANSFER TO BUS F -7

480V BUS E F-7 0 . 0 . S. 
fOR TORM

LOCAL FAULT ON 480V 
BUS E F-7

L /0  AC POMER AT 480V 
BUS F -7

POWER FAILURE AT F -7

L /0  AC POWER FROM 
ABT E F-7

L /0  AC POWER AT 480V 
BUS E -7

I AC-EF7-ABT-L0F I I g - a c - ^ - f T 1
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G -flC -lO , G -fiC -11 , C -flC -12 , G-FIC-13, C -f lC -H . C -flC -15

nC-12E-BUS-L0n

BKR OUT OF SERVICE 
FOR TEST OR MfllNT.

LOSS OF flC POWER RT 
4B0V BUS 12E

LOCflL FAULT OF BKR 
H E /1 2 E -1 2 E

H E /1 2 E -1 2 E  BKR 
OPENED BY OPERATOR 

N.C.

LOCflL FAULT OF 480V 
BUS 12E

LOSS OF flC POWER 
FROH BKR 14E/12E-12E  

-  NORMAL CLOSE

LOSS OF HC POWER 
FROM TRflNSFORMER 

14E/12E -  4160V TO 
480V

480V BUS 12E OUT OF 
SERVICE FOR TEST OR 

MflINT,

I HC-12E-12B-FRC I 1 AC-12E-12B-OPO I <> IR C -12E-12B -TM 0 I <> lG -flC -2 1  I

A

>01VO



e-flc-20

LOSS OF PC POMER 
FROM TRflNSFORMER 

H E /1 2 E  -  4160V TO 
4B0V

I e-fl6- 2T

w

- J
Ioi

00

LOCflL FAULT OF 
TRflNSFORMER 14E/12E

TRflNSFORMER 14E/12E  
OUT OF SERVICE FOR 

TEST OR MflINT.

l f l C - 1 4 E ^ ^ ^ - L 0 F  I I flC-14E12-XFR-T0M I1E12-XF

LOSS OF flC POMER 
FROM BKR 14E-14E /12E  

-  N .C .

I e-fl6-22

5
LOCAL FAULT OF BKR 

14E-14E /12E
BKR 14E-14E /12E  

OPENED BY OPERATOR -  
N .C .

BKR 14E -14E /12  OUT 
OF SERVICE FOR TEST 

OR MflINT.

LOSS OF flC POMER AT 
4160V BUS 14E

1 f lC -1 4 E |^ 2 -F R C  1 1 flC-14E12-12-OPO 1o 1 A C-14E12-12-TM 0 1 1 g -n c -6 u S -i4 E  1A

>nI
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IU1yo

LOSS o r nc po c r  at
4i6(W  BUS 14E

LOCBL rn jL T  OH 116CH 
BUS ) «

4160W BUS 14C our o r 
scR vicc roR n:sT or

MBIHT.

loss o r nc pohcr 
nWH BKR 14ET-2 -  

N.C.

LOCRL rn jLT  ON 
BRERKER 11ET-2

OCR I4CT-2 OUT Or 
SCRVICC rOR TEST OR 

nniNT.

OPERRTOR OPENS BKR 
l« T -2  -  N.C.

LOSS o r nc poncr rt
4180V BUS 14C



w

I
( T iO

fC-14C-BUS-T0f1nC-14C-BUS-Ly

LOCflL rflULT ON 4160V  
BUS 14C

LOSS o r  ENERGENCY flC 
POHER AND NORtlflL 

POHER

4160V BUS 14C OUT OF 
SERVICE FOR TEST OR 

MflINT.

LOSS OF NORMflL POHER

LOSS OF flC POHER AT 
4160V BUS 14C

L /0  EMERGENCY flC 
POHER FROM BKR 
14CT-2 -  N .O.

G-flC -26 I I LOSS-OF-NyM-PHR  

0
>01
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L /0  EMERGENCY fC  
POHER FROM BKR 
M C T -2  -  N .O.

LOCflL FAULT ON BKR 
H C T -2

BKR M D T -2  0 .0 .  S, 
FOR TORM

L /0  EMERGENCY AC 
POHER ON BUS 146 -  

4160V

BKR 14CT-2 FAILS TO 
a O S E  ON LNP

I AC-14CT-16-FTC I I AC-14CT-16-TM0 I G -flC -27 I I G-AC-138 I

>01
00
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G-nC-27

BC-GTG-BflT-LOr

L /0  EMERGENCY fIC 
POHER SOURCE -  G /T

EMERGENCY G /T SYSTEM 
EfllLS TO START

NO SIGNAL TO START 
EMERGENCY G /T SYSTEM

NO SIGNAL FROM 
LNP-3A THRU CONTACTS 

11 AND 12

EMERGENCY G /T SYSTEM 
0 . 0 . S. FOR TORM

NO SIGNAL FROM LMP i  
AND 3A

G/T EMERGENCY SYS. 
OVERLOAD -  BUS 14A 
FAILS TO LOAD SHED 

ON LNP

L /0  G /T  BATTERY BUS 
-  SUPPLIES START 

SIGNAL

NO SIGNAL FROM LNP 3 
THRU CONTACTS 11 AND

I G-AC-81 I G-AC-111 1

>01
cn
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IG-nC“32 I

A
R /T EfIERGENCY SYS. 
OVERLOflD -  BUS 14fl 
EfllLS TO LOBD SHED 

ON LNP

S-HC-28

RX FEED PUMP Ifl RX FEED PUMP IB RX M/G SET I f l  FAILS
FfllLS  TO TRIP (ON LNP FfllLS  TO TRIP ON LNP TO TRIP ON LNP

I G-ftC-33 lG -flC-44A
NO SIGNflL TO RX FEED MECHflNICflL FAILURE NO SIGNflL TO RX FEED MECHflNICflL FAILURE

PUMP If l  BKR TRIP OF RX FEEO PUMP Ifl PUMP BKR TRIP COIL OF RX FEED PUMP IB
COIL BKR I4 fl BKR 14fl COMP 4

1 G-flC-34 I I f lC -H fl-3 -F T O  I I G -fy -35  I I f lC -1 4 fl-4 -rT 0a
NO SIGNflL FROM 

94X-1B THRU CONTfiCTS 
1 BNO 2

I 6 -n C -3 6  I

L /0  DC CONTROL POWER 
ON lO l - e  CKT NO. i6

I6 -D C -B U S -B -16  I

L /0  DC CONTROL POWER 
ON 101-B  CKT NO. i6

1 G-DC-BUS-B-16 I

NO SIGNflL FROM 
9 4 X - lf l  THRU CONTflCTS 

9 flNO 10

1 G-flC-37 IT
>01
<Ti



IcnOl

l-HC-34

NO SIGNflL TO 94X-1Z  
COIL

9 4 X - lf l  CONTflCTS 1 
AND 2 T fllL  TO CLOSE

NO SIGNflL FROM 
9 4 X - lf l  THRU CONTflCTS 

1 flNO 2

9 4 X - lf l  COIL FfllLS  TO 
ENERGIZE

1 L C L 94X -lfl-lF C 16 -flC -38 1LCL94X-1A-FTE I

9 4 X - lf l  CONTflCTS 9 
flNO 10 F flIL  TO CLOSE

NO SIGNflL TO 94X-1Z  
COIL

9 4 X - lf l  COIL FfllLS  TO 
ENERGIZE

NO SIGNflL FROM 
9 4 X - lf l  THRU CONTflCTS 

9 flNO 10

I G-flC -38 IT LCL94X-1R-FTEI------- -----------I? L C L 9 4 X -lf l-9 F C ID >01
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ICTi<Ti

92694-in-rTtf

NO SISNRl  to 94-2T 
COIL

34-20 CQNTOCTS 1 fMO 
2 TOIL TO CLOSE

NO SICNOL TO 94X-1Z 
COIL

94-20 FfllLS TO 
ENCmiZC

94-10 CONTflCTS 1 flNO 
2 FOIL TO CLOSE

NO SIGNflL TO 94-lX  
COIL

94-10 FfllLS TO 
ENEROIZE

NO SIGNflL FNOn 94-2R 
THRU CONTflCTS 1 fM

NO SIGNflL FROn 94-10 
THRU CONTflCTS 1 AND

>01
c»
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G-flC-31

nC -14Q -5-F T0

i-DC-BUS-B-16 B -flC -46

RX M/G SET I f l  FfllLS  
TO TRIP ON LNP

MECHflNICflL FfllLURE 
OF RX M/G SET If l ,  

I4 f l COMP 5

NO SIGNflL TO RX M/G 
SET I f l  BKR

L/O  DC CONTROL POHER 
ON 101-B  CKT NO. J8

NO SIGNflL FROM 
94X-1B THRU CONTflCTS 

1 AND 2

NO SIGNflL TO 94X-1Z  
COIL

94X-1B CONTflCTS I 
AND 2  F flIL  TO CLOSE

94X-1B COIL FfllLS  TO 
ENERGIZE

G-flC -38 I7X I LCL94X-1B-1FC I L C L 9 4 X -lB -F fE lu
01
VO
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G-flC -67

LOCfIL FAULT ON 4160V 
BUS M F

LOSS OF EMERGENCY AC 
POHER AND NORMAL 

POHER

4160V BUS 14F O .O .S . 
FOR TORM

L /0  AC POHER AT 
4160V BUS 14F

I A C-14F-BU S'^L0n I RC-14F-BUS^^T0tn I G-AC-48A

>01MO
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e-flC -B U S -M F

6-R C ;216 I I SW-DGN-HTX^Ior

LOSS OF NORflflL POWER

D/G HEflT EXCHflNGER 
LOSS SERVICE MfiTER 

COOLING

LOSS OF EMERGENCY RC 
POHER SOURCE -  

DIESEL GENERBTOR

NO SIGNflL TO START 
EMERGENCY DIESEL 
GENERflTOR SYSTEM

D/G EMERGENCY SYSTEM 
FfllLS  TD STflRT

D/G EMERGENCY SYSTEM 
OVERLOflD

LOSS OF EfCRGENCY flC 
POWER flNO NORMAL 

POWER

D/G EMERGENCY SYSTEM 
OUT OF SERVICE FOR 

TEST OR MfllNT.

BKR 1 5 3 -1 4 0 -2  FfllLS  
TO OPEN ON GEN. 

LOCKOUT SIGNflL

BREflKER 14FT-2 FfllLS  
TO OPEN ON LNP

I G -flC -236 I G -flC -209

>
nI
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L /0  PC POWER AT 480V 
BUS PE-3

L /0  ftC POWER RT 480V 
BUS r - 3

480V BUS F E -3  O .O .S . 
FOR TORM

L /0  flC POWER FROM 
RBT FE -3

POWER FfllLURE RT E -3

LOCRL FRULT ON 480V 
BUS F E -3

L /O  flC POWER RT 480V 
BUS E -3

RBT F E -3  FRILS TO 
TRRNSFER TO BUS E -3

I e -flC -^ -E 3~ l I R C -F E 3 -R B T -W

>01
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I

nc-ri-Bus-LOF nc-n-Bus-TOH

L /0  HC POWER RT 480V 
BUS P-1

L /0  HC POWER FROM 
BREHKER 12F /F -1

LOCRL FRULT ON 480V 
BUS F -1

480V BUS F -1  O .O .S  
FOR TORM

LOSS OF HC POWER RT 
480V BUS 12F

BKR 12 F /F -1  O.O.S, 
FOR TORM

LOCRL FRULT ON BKR 
12F /F -1

BKR 1 2 F /F -1  OPENED 
BY OPERRTOR -  N .C .

I RC-12F-18R-FRC I I RC-12F-18R-OPO I I G -R C -E ^ -lin R C -12 F -1 8R -fM O Iu

>n»roU)
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I

M
G-ftC-60

480V BUS F -3  O .O .S . 
fOR TORM

LOCflL FAULT ON 480V 
BUS F -3

L /0  AC POHER FROM 
BREAKER 1 2 F /F -3

L /0  AC POWER AT 480V 
BUS F -3

BKR 1 2 F /F -3  OPENED 
BY OPERATOR -  N .C .

LOCAL FAULT ON BKR 
1 2 F /F -3

BKR J 2 F /F -3  O .O .S . 
fOR TORM

LOSS OF AC POHER AT 
480V BUS 12F

G -AC-BUS-12F1 I A C -]2F -18C =FT O I

■ Q

I AC-12F-18Ĉ 0̂̂ A C - 1 2 F - 1 6 C - f ^u
>01M
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L /0  FlC POMER AT 480V 
BUS F -4

BKR 1 2 F /r -4  O.O.S- 
FOR TORM

480V BUS F -4  O .O .S  
FOR TORM

LOCa. FBULT ON BKR 
1 2 F /F -4

LOSS OF RC POMER RT 
480V BUS 12F

BKR 1 2 F /F -4  OPENED 
BY OPERATOR -  N .C .

LOCflL FRULT ON 480V 
BUS F -4

L /0  AC POHER FROM 
BREflKER 1 2 F /F -4

IB-nC-^-12F I I RC-12F-19C-FRC I^5^ 1 flC-12F-19C-OPO 1 RC-12F-19C-TM 0 I

>01
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G-nC -256
G-ftC-BUS-RPS-B

I flC-rS-BUS-TOMflC -FS -B U S-LO M

480V BUS F -5  O.O.S, 
FOR TORM

LOCflL FflULT ON 480V 
BUS F -5

L /0  flC POHER FROM 
BREflKER 1 2 F /F -5

BKR 1 2 F /F -5  OPENED 
BY OPERflTOR -  N .C .

LOCflL FflULT ON BKR 
1 2 F /F -5

BKR 1 2 F /F -5  O.O.S, 
fOR TORM

LOSS OF flC POHER FIT 
480V BUS 12F

L /0  flC POHER flT 480V 
BUS F -5

1 0 - f lC -B U S - l^  I I flC-12F-19B-FRC I I n c - i ^ ^ ~ ^ o p 5 n I AC-12F-19B-TM0 ID
>nINJOi
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I e-nc-63 I nc-rs-Bus-ToFi

L /0  fiC POHER AT 480V 
BUS r - 6

LOCflL FflULT ON BKR 
1 2 F /F -6

LOSS OF flC POHER AT 
480V BUS 12F

BKR 1 2 F /F -6  OPENED 
BT OPERflTOR -  N .C .

L /0  flC POHER FROn 
BREflKER 1 2 F /F -6

LOCflL FAULT ON 480V 
BUS F -6

480V BUS F -6  O .O .S. 
FOR TORM

BKR 1 2 F /F -6  O .O .S . 
FOR TORM

I B - f l C - ^ - 1 2 F

A
I flC -12F-19fl-FRC  I I flC -]2F -J9 fl-8P 0r'a I flC -12F-19ft-TM 0

>01
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I
CTi

G-flC -18

G -flC -269 I

flC -1 2 r-1 9 D -(y O

L /0  flC POHER FROM 
BREflKER 1 2 F /r -7

480V BUS F -7  O.O.S, 
FOR TORM

LOCflL FflULT ON 480V 
BUS F -7

LOSS OF flC POWER flT 
480V BUS 12F

L /0  flC POHER flT 480V 
BUS F -7

BKR 1 2 F /F -7  O.O.S, 
FOR TORM

LOCflL FflULT ON BKR 
1 2 F /F -7

BKR 1 2 F /F -7  OPENED 
BY OPERflTOR -  N .C .

>01NJ
00
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SEE OUTPUT 
LIST

f l C - 1 2 T - B U S - L 0 F G-nc-65 flC -12r-B US-fO H ~l

L O S S  o r  f l C  P O H E R  A T  
4 6 D V  B U S  1 2 T

LOCflL rflULT ON 4 8 0 V  
BUS 12F

L O S S  o r  f l C  P O H E R  
P R O M  B K R  H r / 1 2 r - 1 2 T  

-  N . C .

4 8 0 V  B U S  12r  O . O . S ,  
rOR TORM

B K R  i 4 r / i 2 r - i 2 r  
O P E N E D  B Y  O P E R f l T O R  -  

N . C .

B K R  i 4 r / i 2 r - i 2 r  our 
o r S E R V I C E  r O R  T E S T  

O R  M f l l N T .

L O C f l L  r n U L T  O N  B K R  
I 4 r / i 2 r - i 2 r

L O S S  o r f l C  P O H E R  
r R O M  T R f l N S r O R M E R  

14P/12r -  4160V TO 
480V

r f l C - 12r - 12B - r R C  1 lflC-12r-12B-OPO I I flC-12r-12B-TM0 I I 6 -flC -6 6  I

G ' f l C - B U S - 12r  O U T P U T  L I S T  
8 - f l C - S 9 ,  6 - n C - 6 0 ,  G - f l C - 6 1 ,  O - f l C - 6 2 ,  G - f l C - 6 3 .  G - f l C - 2 6 9

>01NJ



A
e -fC -6 5

LOSS OF flC POHER 
FROh TRflNSrORMER 

H F /1 2 F  -  4160V TO 
480V

I  e-flC-66 I

ro

I
00

LOSS OF HC POHER BKR 
1 4 F -14F /12F  -  N .C .

LOCflL FflULT ON 
TRflNSFORMER 14F/12F

I G -flC -67 I I flC -14F l2-X FR -L0F  I

TRflNSFORMER 14F/12F  
OUT OF SERVICE FOR 

TEST OR MfllNT.

I flC-14F12-XFR-T0M I

L /0  flC POHER AT LOCflL FflULT ON BKR BKR 14F-14F /12F BKR 14F-14F /12F  OUT
4160V BUS 14F 14 F -14F /12F OPENED BY OPERflTOR - OF SERVICE FOR TEST

N .C . OR MfllNT.

I e-flC-BUS-14FA I flC -14F 12-1 2-0 P 0  IA I f lC - 1 4 F l i - 1 2 ^ W 1

>01LO
o



b3

I
"4
VO

f C - C 2 - i - T O M

L / 0  H C  P O H E R  H T  4 8 0 V  
B U S  C - 2

L O S S  o r  H C  P O H E R  R T  
4 8 0 V  B U S  1 2 C

B K R  1 2 C / C - 2  O P E N E D  
B Y  O P E R H T O R  -  N . C .

B K R  1 2 C / C - 2  O . O . S ,  
F O R  T O R M

L O C f l L  F f l U L T  O N  B K R  
1 2 C / C - 2

4 8 0 V  B U S  C - 2  O . O . S ,  
F O R  T O R M

L O C f l L  F f l U L T  O N  4 8 0 V  
B U S  C - 2

L / 0  f l C  P O H E R  F R O M  
B R E f l K E R  1 2 C / C - 2  -  

N . C .

I H C - 1 2 C - 1 7 B - O P O I  e - f l c - ^ - i 2 c 1 I  f l C - i ; ^ ^ - F R C  I I f l C - 1 2 C - a 7 B ^ ? H 5 ~  <>
>
01U)
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o I G -fy -7 2  I nC-C3-BUS-T0HI nc-c3-Bus-Lor

L /0  flC POWER FROM 
BREflKER 12C /C -3  -  

N .C .

480V BUS C -3  O .O .S . 
FOR TORM

LOCflL FflULT ON 480V 
BUS C -3

L /0  flC POWER AT 480V 
BUS C -3

BKR 12C /C -3 0 .0 .5 .  
FOR TORM

BKR 12C /C -3  OPENED 
BT OPERflTOR -  N .C .

LOCflL FflULT ON BKR 
12C /C -3

LOSS OF flC POWER AT 
480V BUS 12C

I G -f lC -B U S -1 ^ I nC-12C-17C^^OPO~1 <> I flC-12C-17C-FRC I I n C - lX -1 7 C -T M 0  I

>nIU)NJ
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I

00

G -fy -7 3  I

L /0  flC POWER AT 460V 
BUS C-D6

LOCflL FflULT ON 480V 
BUS 0 -0 6

L /0  flC POWER FROM 
BREflKER 12C/C-D6 -  

N .C .

LOSS OF flC POWER AT 
480V BUS 12C

BKR 12C /C -06 OPENED 
BY OPERflTOR -  N .C .

480V BUS C -06  O .O .S . 
FOR TORM

LOCflL FflULT ON BKR 
12C/C-D6

BKR 12C/C-D6 O .O .S . 
fOR TORM

I G-flC-BUS-12C I I A C -1X -1 3O -0 P O  I I flC -12C - l30-FR C  IcT I flC -12C -130-TM 0 I

>nI
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00to e-flC-76 IffC-12C-flUS-T0H

r fU .T  ACROSS T IE  BKR 
1 2 0 /12 0  -  N.O.

480V BUS 12C OUT OF 
SERVICE FOR TEST OR 

MRINT.

LOSS OF AC POHER 
FROM BKR 14C/12C-12C  

-  N .C .

LOCAL FAULT ON 480V 
BUS 12C

LOSS OF AC POHER AT 
4B0V BUS 12C

>0100



t3d
--JI
00(jj

G-AC-BUS-12C

LOSS o r  flC POHER 
FROM BKR M C /12C -12C  

-  N .C .

BKR 14C/12C-12C OUT 
OF SERVICE FOR TEST 

OR MfllNT.

LOCflL FflULT ON BKR 
H C /1 2 C -1 2 C

OPERflTOR OPENS BKR 
14C/12C-12C -  N .C .

LOSS OF flC POHER 
FROM TRflNSFORMER 

14C/12C -  4160V TO 
480V

I flC -12C - l2B-FRC I I flC -12C-12fi-TM 0 I I n c - 12C - 12B - 0P 0  I  <> 1 e-nc-43 I

A

nIU)
Ln
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G-nc-76
G-flC-BUS-12C

I n c - i2 T i2 -H F r T 5 '

BKR 12C/12D FfllLS  TO 
ISGLflTE FflULT

OPERflTOR CLOSES BKR 
12C/120

BKR 12C /120 FfllLS  TO 
REMflIN OPEN

f a u l t  across t i e  BKR 
12C/12D -  N.O.

LOCflL FflULT ON 480V 
BUS 120

FflULT AT BREflKER 
12C/12D

I flC -12T12-14B -FR 0 I I flC -12T 1^14B -0P C  I

>nIu><Ti
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00Cn

I  G - n C - 7 8  I nC-MC12-XFR-L0F nC-MC12-XFR-T0t1

LOCflL FflULT ON BKR 
M C -H C /1 2 C

BKR H C -H C / I2 C  
OPENED BY OPERflTOR -  

N .C .

LOSS OF flC POHER 
FROM TRflNSFORMER 

H C /1 2 C  -  4160V TO 
480V

LOSS OF flC POHER AT 
4160V BUS 14C

LOCflL FflULT ON 
TRflNSFORMER 14C/12C

BKR 14C-14C/12C OUT 
OF SERVICE FOR TEST 

OR MfllNT.

TRflNSFORMER 14C/12C  
OUT OF SERVICE FOR 

TEST OR MfllNT.

LOSS OF flC POHER 
FROM BKR 14C-14C/12C  

-  N .C .

ie-flc-B^-1^ 1 flC -14C12-13-FRC I I f l C - 1 4 C 1 2 - l 3 - O P O  I I flC -14C 12-13-TM 0 I

>01U)
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4160V BUS M B  O .O .S  
FOR TORM

LOSS OF EMERGENCY flC 
POHER fM ) NORMRL 

POHER

L /0  fC  POHER fIT 
4160V BUS 14fl

LOCflL FflULT ON 4160V 
BUS 14B

I fB -1 4 fl; -a ^ -L 0 F  I 

0
lf4C-14f4-BUS-TOM I G-f)CjBOf) I

A

>01ui
CO
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I
00'J

G -flC -B U S -H fl

LOSS OF EMERGENCY flC 
POHER m o  NORmL 

POHER

L /0  EMERGENCY ftC 
POHER ON BUS H G  -  

4160\r

LOSS OF EMERGENCY flC 
POHER FROM BKR 
M B T -2  -  N .O.

LOCflL FAULT ON BKR 
M flT -2

BKR Mflrr-2 FfllLS  TO 
CLOSE ON LNP

BKR M flT -2  O .O .S . 
FOR TEST OR MfllNT

LOSS OF NORMflL POHER

I n C -M R r2- l -F T C  I lf lC -M flT 2 - l -T M 0  I IG -flC -1 6 3  I

>01
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Cd

I
CX3
00

I G-RC-81

LNP 3R CONTRCTS 11 
RND 12 FRIL TO CLOSE

NO SIGNflL FROM 
LNP-3R THRU CONTRCTS 

11 RNO 12

NO SIGNflL TO LNP Xfl 
COIL

LNP 3fl COIL FfllLS  TO 
ENERGIZE

926LNP-3fl-BFCnD i 926LNP-3A-FTE I

NO SIGNflL TO LNP Xfl 
COIL

SEE OUTPUT 
LIST

I G -flC -82

NO SIGNflL FROM 2“ lf l  
THRU CONTflCTS 1 flNO 

5

I G -flC -63 I

A

L /0  DC l l f l - 2  CKT NO. 
8 -  OIST PflNEL

I G -0 C -B > 4 - llfte -8 ~

G-nC-B2 OUTPUT L IS T  ____
e -n c -81 ,  G -n c -157 ,  G -n c - i82 ,  G -n c -2 i 9 ,  G -flc -242

>01
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I
00

I G -f« -8 3  Ie-fiC-233
G-fiC-82

G-RC-85 I6-flC-e6 I

NO SIGNflL TROM 2 - l f l  
THRU CONTHCTS 1 AND

2 - lR  CONTACTS FA IL  
TO CLOSE -  CONTACTS 

1 AND 5

2 - lA  COIL FAILS TO 
ENERGIZE

NO SIGNAL TO 2 - lA  
COIL -  . 3  SEC TOO

NO SIGNAL FROM NSST 
BKR /  GBN LOCKOUT 

LOGIC

NO SIGNAL FROM RSST 
LNP/LOM VOLTAGE 

LOGIC

NO SIGNAL FROM 
GENERATOR LOCKOUT 

RELAYS 2 AND 4

NO SIGNAL FROM NSST 
BKR LOGIC

NO SIGNAL FROM 
GENERATOR LOCKOUT 

RELAYS

G-AC-101 I I g-A C-91 I

>nI



NO SICNRL rROn RSST 
LNP/LOM VOLTRBC Loeic

6-RC-84
I e - d - x  I

■vI
I

VDO

NO SIGNRL THRU 52 
Sm  CONTRCTS 23 RM) 
21 -  2 ir  BUS BKR fUX 

SN

NO SIGNRL THRU 528 
CONTRCTS 7 RM) TT

NO SIGNRL mON RSST 
HI SIOC UNOeRVOLTRBC 

RELRTS

r5=»5fiB-iIT
(iaw w i

52 STR CONTRCTS 23 
RND 21 m iL  TO CLOSE

BKR 2153-1-2 FAILS 
TO OPEN ON LM> -  

N.C.

NO SIGNRL THRU 528 
CONTRCTS 7 flW  7T -  
lie  BUS RSST BKR RUX 

SN

NO SIGNRL THRU S2B 
CONTRCTS 7 flW  7T -  
110 BUS RSST BKR RUK 

SN

[EESl rp r a

BKR 3153-11C-2 FAILS 52B CONTRCTS 7 RND BKR 2153-110-2 FAILS 528 CONTRCTS 7 ffO
TO RO niN  OPEN - 7T FAIL TO REHflIN TO RERRIN OPEN - 7T FAIL TO RERRIN

N.O. CLOSED N.O. q fw m

lte -2 1 S 1 4 b -M -fW  I iwc-2isi4b-M-nar
w

D S^iSEm

>01
tsj



tB

'-J
I

NO SICNRL m an cocmTaR Loocour 
RELRtS

e-flC-85

NO SIGNflL THRU 8 6 /3  
CCNTflCTS 5 n o  SC

NO SIGNflL THRU 86/18 
CONTnCTS 5  AND SC

8 6 /3  CONTfCTS S flNO 
SC m iL  TO CLOSE

NO SIGNflL TO 8 6 /3  
COIL

8 6 /3  COIL m iLS  TO 
□CR8IZE

86/18 CONTRCTS S AND 
SC FRIL TO CLOSE

NO SIGWi. TO 86/18 
COIL

86/18 COIL m iLS  TO 
ENERGIZE

>nI
LO



w

I

NJ

SEE OUTPUT 
L IST

B -D C -B U S -lim -1 9  I

NO SIGNflL rROn GEN. 
loc ko ut  RELflT NO. 3

L /0  DC l l f l - 1  CKT NO. 
19 -  D IST PNL

NO SIGNflL TO 8 6 /3 6  
COIL

6 -flC -9 4  OUTPUT LIST  
G-nC-92, 0-nC'192, G-flC-199, G-flC-206, G -flC -2 l3

NO SIGNflL TO 8 6 /lB

I G -fl6 -9 5  I
SEE OUTPUT

l is t

1l / 0  DC l l f l - 1  CKT NO. 
19 -  OIST PNL

- D C -B U ^ l l f lP i9 ~

NO SIGNflL FROM GEN.
lockout  r e l a y  n o . 1

IflC-GENLOC-llIor

0

G -flC -95 OUTPUT LIST  
G -flC -93 , G -flC -191, G -flC -198, G -flC '205 , G -flC -2 l2

>01



w

I
VDU)

NO SICNNL nU 1 
SCNERRTOR LOCKCUT 

RCUtYS 2 WO 4

NO SICNRL THRU 86/28 
COMmCTS 5 RM) SC

NO SICNFL TWU 86/40 
COmCTS S RND SC

NO SICNRL TO 86/28 
COIL

86/28 CONTRCTS 5 RND 
SC rniL TO CLOSE

86/28 COIL FRILS TO 
ENERCIZC

NO SICNRL TO 86/48 
COIL

86/48 CONTRCTS 5 RND 
SC PHIL TO CLOSE

86/48 COIL PRILS TO 
□cniZ E

>01
Ln



w

I
VO
>c>.

NO SIGNRL TO B6/2B

SEE OUTPUT 
L IS T

40 DC l l f l - 2  CKT NO. 
16 -  O IST PNL

NO SIGNRL PROn GEN. 
LOCKOUT RELRY NO. 2

IG -O C -B U ^ n tte -1 6 I fiC -G ENLlic-^ISr

SEE OUTPUT 
L IS T

40 OC 1l f l - 2  CKT NO, 
18 -  D IST PNL

NO SIGNRL FROtl GEN. 
lockout  RELRY NO. 4

NO SIGNRL TO 66 /4B  
COIL

I 6-DC-BU^nfl2-ir I RC-GENL0C-4^g^

G-RC-99 OUTPUT L IS T  
G -R C-97, G -flC -193, 0-RC-2OO, G -flC -207, B -RC-214

G-RC-100 OUTPUT LIST  
6-RC -9B , G -flC -194, O -R C-201, G -RC-208, G-RC-215

>nI
Oi



CO

I
ID
cn

e-flC-85

6-R C -102

NO SIGNfiL PROM NSST 
aCR LOGIC

NO SIGNflL FROM 52B 
THRU CONTACTS 7 AND 

7T -  M A  BUS NSST 
BKR AUX. SN.

NO SIGNAL FROM 52B 
THRU CONTACTS 7 AND 

7T -  M B  BUS NSST 
BKR AUX. SN.

NO SIGNAL FROM S2B 
THRU CONTACTS 7 AND 

7T -  M C  BUS NSST 
BKR AUX. SN.

NO SIGNAL FROM S2B 
THRU CONTACTS 7 AND 

7T -  M D  BUS NSST 
BKR AUX. SN.



tl)

-J
I

VD<Tt

I e-flc-103
G -flC -lO l

I L a52B -M B > F ^LCL52B-HflN̂ ?rClG -flC -188 I

52B CONTACTS 7 AND 
7T FAIL TO aO S E

NO SIGNAL FROM 52B 
THRU CONTACTS 7 AND 

7T -  H R  BUS NSST 
BKR AUX. SN.

BKR 1 5 3 -H A -2  FAIL  
TO OPEN ON GEN. 

LOCKOUT SIGNRL

NO SIGNRL FROM 52B 
THRU CONTACTS 7 AND 

7T -  H B  BUS NSST 
BKR AUX. SN.

BKR 1 5 3 -H B -2  FAILS  
TO OPEN ON GEN. 

LOCKOUT SIGNAL

52B CONTACTS 7 AND 
7T FA IL TO CLOSE

S2B CONTACTS 7 AND 
7T FA IL  TO CLOSE

52B CONTACTS 7 AND 
7T FA IL TO CLOSE

BKR 1 5 3 -1 4 0 -2  FAILS  
TO OPEN ON GEN. 

LOCKOUT SIGNAL

NO SIGNAL FROM 52B 
THRU CONTACTS 7 RND 

7T -  14C BUS NSST 
BKR AUX. SN.

BKR 15 3-14 C -2  FAILS  
TO OPEN ON GEN. 

LOCKOUT SIGNRL

NO SIGNRL FROM 52B 
THRU CONTACTS 7 RND 

7T -  140 BUS NSST 
BKR AUX. SN.

I G-AC-202 I I L C L 5 2 B -i4 C T f7 F n I G-AC-209 I

A

ILCLS2B-14DN=7FC

a 01
00



NO SIGNAL rnan rsst
HI SIOC iM iom i.TnG C  

RCLflrS

e-flC -86

tfl

1
LO

NO SIGNAL m on NO SIGNIL mON
94X3/STA T»<U MX2/STB THRU

CONTACTS 7 AND 8 CONTACTS 7 AM) a

94xa/sm  O H tncTs r  
AND B rn iL  TO CLOSC

94X2/STn COIL FMLS 
TO ENDROIZe

NO SIGNAL TO 
94X2/STA COIL

lo-Bc-iael

91X2/STB CONTACTS 7 
AND a PAIL TO CLOSC

NO SIGNAL TO 
94X2/STB COIL

I aaAMxjf sTFffn [H p Q

94X2/STB COIL FAILS 
TO OCRGIZC

>01
VO



I G-nc-109 I

NO SIGNflL TO 
94X2/STfl COIL

L /0  OC l l f l - 1  CKT NO. 
7 -  DISTRIBUTION  

PflNEL

NO SIGNflL FROM 
27 /S T fl UNOERVOLTflGE 

RELflT -  CONTflCTS 
F flIL  TO CLOSE

W

I
VD
00

1 6 - D C - B U S - l im ^

< >

I n c -2 ^ ^ -x r n

e-flc-iOB
0-nc-i37
e -flC -2 2 5

_C

NO SIGNflL TO 
94X2/STB COIL

B-flc'-nO I

Jt
L /O  OC l i n - 2  CKT NO. NO SIGNflL FROM

6  -  DISTRIBUTION 27/STB UNOERVOLTflGE
p f lN a RELflT -  CONTflCTS

F flIL  TO CLOSE

o >o
(ui

o



tfl

I'S>

LNP 3 rONTfiCTS 11 
AND 12 FAIL TO CLOSE

NO SIGNAL FROM LNP 3 
THRU CONTACTS 11 AND

NO SIGNAL TO LNP X 
COIL

LNP 3 COIL FAILS TO 
ENERGIZE

926LNP-3-BFC 1 1 G-AC;112 I 926LNP-3-FTE I

SEE OUTPUT 
LIST

NO SIGNAL TO LNP X 
COIL

NO SIGNAL FROM 2-1 
THRU CONTACTS 1 AND

L /0  re  l lf t -1  CKT NO. 
8 -  OIST. PflNa

IO -AC-113 i G - r e - B u s - i i B r r >01ui

G-AC-112 OUTPUT L IST  
G -A C-111, G-AC-1&4, 0 -A C -179 , G-AC-21B, O-AC-241



NO SIGNflL FROM 2 -1  
THRU CONTflCTS 1 AND 

5

G-flC-231
6 -flC -1 1 2

l 8 - f l C - l l 3  I

to
•

2 -1  CONTflCTS FA IL TO 
CLOSE CONTACTS 1 AND 

S

NO SIGNflL TO 2 -1  
COIL -  . 3  SEC TOO

2 -1  COIL FAILS TO 
ENERGIZE

o
o

1 9 2 6 2 -1 -lF C l6 - f lC -  l H  I l92^WTt!

NO SIGNflL FROM RSST NO SIGNflL FROM NSST
LNP/LON VOLTAGE BKR/GEN LOCKOUT

LOGIC LOGIC

lG-flt̂ n6 8 - f lC - l lS  I

NO SIGNflL FROM NSST 
BKR LOGIC

NO SIGNflL FROM 
GENERATOR LOCKOUT 

RELAYS 1 AND 3

NO SIGNflL FROM 
GENERATOR LOCKOUT 

RELAYS 2 AND 4

lG-flC-131 1A IG-flC-121 1A IG-AC-126 1A >nI
N)



w

I

NO SICNfL rRCn RSST 
LNP/LOM TOLtfWE

Loeic

NO SIGNRL man rs s t 
HI SIDE UMXRVaTnGE 

RELHTS

NO SIGNflL TWO S2B 
CCNTnCTS S RND ST

52B CONTflCTS S AND 
ST rfllL TO REHflIN 

CLOSED

NO SIGNn. THRU 52 
STfl CONTflCTS 3 RMl 4 

-  34r BUS BKR flUK. 
SN.

528 CONTACTS 5 flNO 
ST P flIL  TO RCnflIN 

CLOSED

BKR 2153-140-2 FfllLS 
TO REHflIN OPEN -  

N.O.

BKR 3153-14C-2 FfllLS  
TO REHflIN OPEN -  

N.O.

NO SIGNflL THRU S2B 
CONTflCTS 5 RND ST -  
140 BUS RSST BKR AUX

52 STfl CONTACTS 3 
n « ) 4 FAIL TO CLOSE

BKR 2153-1-2 FfllLS  
TO OPEN ON LHP -  

N.C.

NO SIGNflL THRU 528 
CONTflCTS 5 flNO ST -  
140 8U5 RSST BKR flUX

>nIuiU)



a

I
oN)

A
NO SIGNn. n«M 

GtNCRRTOR LOCKOUT 
RCLflTS 1 n o  3

6-flO -llS

NO SIGNRL TO 86/30 
COIL

66/30 COIL roiLS  TO 
OCRGIZC

86/30 CCNTOCTS 6 AND 
6C rO IL TO CLOSC

IgrHPTtaU

UO  OC IIO -I CKT NO 
19 -  DIST PNL

NO SIGNOL rROn GGN 
LOCKOUT RCLOT NO. 3

-1101-19

86/10 CONTOCTS 6 180 
6C rOIL TO CLOSC

u

1 1
NO SIGNRL THRU 86/30 
CCNTOCTS 6 n o  8C

NO SIGNRL 86/10 
CONTRCTS 6 n o  6C

NO SIGNRL TO 86/10 
COIL

86/10 COIL FOILS TO 
OCROIZC

<fl^GCNijc-i-Uin I9-0C -61^1101-iT 1

PSD

1 ■ 1
L/0 OC 110-1 CKT NO. 

19 -  DIST PNL
NO SIGNRL FRCH GCM. 
LOCKOUT RCLOT NO. 1

>01
Ln



IT)
inI
U<

rjajQwei

<=>

V 'ON junai j/oxxn 
*N39 M»U *weis ON

T4d iSIO - 9<
'ON IX) Z-UtI 30 OV

0
rjywg-jgws-jui

e -ON W13M inoxxn
tOB UOU neis ON

39 (MU 9 SUUIMK) 
w/99 n»u 'weis on

Stt-3U-9

» ONu z sjium j/nxxn U0WXM39
UOUJ 1M9IS ONV

I

39 GNU 9 SiaUMO 
UZ/99 n»U 'VN9IS ON

-MU ISIQ - 9(
'ON IX) zmit X 0»

o ^ ras-*gfg^i i »i^'i

3ZI9U3N3 
01 niUJ 3103 U»/9B

35033 01 3ItU X 
au 9 S13U1N03 UV/99

3im
Uf/99 01 3WeiS ON

3ZltRI3N3 
01 S3IUJ 3103 UZ/99

35033 01 3I9U X 
ONU 9 S13U1NOO UZ/99

3IX
ye/ae oi imbis m

111
j. ._i

no
I

m



w

I

o

NO SIGNflL FROM NSST 
BKR LOGIC

NO SIGNflL FROM 528  
THRU CONTflCTS 5  flND 

5T -  MO BUS NSST 
BKR flux SM

NO SIGNflL FROM 52B 
THRU CONTflCTS S AND 

ST -  M C  BUS NSST 
BKR flux SM

NO SIGNflL FROM 52B 
THRU CONTflCTS 5 flNO 

ST -  M B  BUS NSST 
BKR flux SM

NO SIGNflL FROM 52B 
THRU CONTflCTS 5  flNO 

ST -  M f l BUS NSST 
BKR flUX SM

IG “flC - l3 2 I G -flC -133 I G -flC -134 I IG -flC -13S  IX

>01ui<Ti



NO  S IG N f lL  FR O M  52B 
THRU CONTflCTS 5  flNO 

ST -  H B  BUS NSST 
BKR flUX SN

NO SIGNflL FROM 528  
THRU CONTflCTS 5  AND 

ST -  H f l  BUS NSST 
BKR flux SN

BKR 1 5 3 -H f l - 2  F flIL  
TO OPEN ON GEN. 

LOCKOUT SIGNflL

BKR 1 5 3 -H B -2  FAILS  
TO OPEN ON GEN. 

LOCKOUT SIGNflL

52B CONTflCTS 5 AND 
ST F flIL  TO CLOSE

52B CONTflCTS 5  flNO 
ST F flIL  TO CLOSE

o
U I

1G-flC -188 I LCL52B-i4flN-SFC I^5^ l 6 - f l C ^  I I LCLS2B-i4BN-5FC I^ = 3

I G -flC -202

i-flC -135  I

BKR 1 S 3 -H C -2  FfllLS  
TO OPEN ON GEN. 

LOCKOUT SIGNflL

NO SIGNflL FROM 52B 
THRU CONTflCTS 5  AND 

ST -  H C  BUS NSST 
BKR f l u x  SN

52B CONTflCTS 5 AND 
ST F flIL  TO CLOSE

NO SIGNflL FROM 52B 
THRU CONTflCTS S flNO 

ST -  H O  BUS NSST 
BKR flUX SN

BKR 1 S 3 -H D -2  FfllLS  
TO OPEN ON GEN. 

LOCKOUT SIGNflL

52B CONTflCTS S AND 
ST F flIL  TO CLOSE

LCLS2B-HCN-5FC1u I G -flC -209 I 1 LCLS2B-i4DN-SFC >01UI'-J



w

I

oa\

NO SIGNRL m en 
94X2/STR THRU 

CONTRCTS 3 RND 4

7

- iS 'l

1
94X2/STR COIL FRILS 

TO OCROIZE
NO SIGNRL TO 

94X2/STR COIL

A
NO sieNOL rRon rsst
HI SlCC UNDCRVOLTnQe 

RELRTS

e -fc -u 6

NO s icM L  mon
9W2/STB THRU 

CONTRCTS 3 fM  1

94X2/STR CONTRCTS 3 
RNO i  m iL  TO CLOSE

NO SIGNRL TO 
91X2/STB COIL

lg-nO:lg.J

94X2/STB COIL FRILS 
TO ENERGIZE

94XZ/STB CONTRCTS 3 
flW  4 TRIL TO CLOSE

90a»4X2̂CTrt-W1 ly -q ^rllP I

A

I 92Zn94X2-STB-fflr ia22R 84X j^5t6-3rc

>n
Icn00



da

I
o

i-nc-i3e I

WR HCT-2 rftlLS  TO 
CLOSE ON LNP

SICNPL ON 14CT-3 
TRIP COIL

06/51-2 CONTflCTS 11 
flND nC  r f lIL  TO 
RCflfllN CLOSED

L /0  OC CONTROL POMER 
CN lO l-B  CKT NO. 7

NO CLOSING SIGNflL TO 
0KR MCT-2 PROn IfM . 

CLOSING OCT.

66/G8 CONTflCTS 11 
AND l i e  FAIL TO 

REHflIN closed

NO closing SIGNflL TO 
0KR 14CT-2

86/GC CONTflCTS 11 
flNO l i e  m iL  TO 

REiniN CLOSED

NO CLOSING SIGNflL TO 
BKR 14CT-2 FROM LNP 

LOGIC

>01UTIX)



CD

I

o
00

B2/T00 CONTflCTS 2 
AND a r fllL  TO NDWIN 

CLOSED

RX COIL FfllLS TO 
DCR0IZE

NO CLOSING SIGNAL TO 
BKR MCT-2 FR0I1 LNP 

LOGIC

RX CONTflCTS 2 AND 8 
FflIL TO CLOSE

NO SIGNAL FROn TDPU 
THRU CONTflCTS 1 AND

NO signal to 62/too
COIL THRU RX 

CONTflCTS 4 AND a

NO SIGNAL FROH RX 
T « 0  CONTflCTS 2 AND

NO SIGNAL FROH 
62/TDO THRU CONTflCTS 

2 AND a - MCT-2

62/TOO COIL f a il s  TO 
REMAIN ENERGIZED

>01<TiO



tc

-vj
I

o>x>

C.P. 4HC MflN. SH. 
906/ X X X -lll FHIL TO 

RCHRIN OPEN

SIGNRL ON HCT-2 
TRIP COIL FROtl 

94X-3C THRU CONTflCTS 
1 AND 2

tmjRL TRIP SIGNflL 
PRESENT

SIGNflL CN MCT-2 
TRIP COIL

SIGNRL ERCfl 9 4 - lf l 
THRU CONTflCTS S PHD

94X-3C CONTflCTS 1 
AND 2 FflIL TO OPEN -  

AFTER LNP TRIP

SIGNflL FRCn 94-2A 
T«IU CONTflCTS 5 flNO

SIGNflL TO 91X-3C 
COIL

C.P. 3 flNO 4 FflIL TO 
REHflIN OPEN

HflN. SH. 906/ 
X X X -lll FfllLS IN 
TRIPPED STATE

94X -X  COIL FAILS TO 
DE-ENERGIZE

OP. TRIPS MCT-2

C.P. i-3C  HflN. SN. 
906/ X X X -lll FflIL TO 

REHflIN OPEN

>01
cn



COIL rn iL S  to  
DE-ENERGIZE

SPURIOUS SIGNflL TO 
9 4 - l f l  COIL FROH TOO 
RELflT 62 -1  -  fl3 SEC

SIGNflL FROM 9-1-lfl 
THRU CONTflCTS 5 AND

9 -1 -lfl CONTflCTS 5 flND 
6 F flIL  TO OPEN -  

flFTER LNP TRIP

a

I

1 9 2 6 9 1 - lf l-5 F 0  1 192662-1-XFO I 92 6 9 4 -lfl-F T D  I

94 -2A  COIL FfllLS  TO 
DE-ENERGIZE

SPURIOUS SIGNflL TO 
9 4 -2 fl COIL FROM TOO 
RELflT 6 2 - l f l  -  flS SEC

SIGNflL FROM 9 ^ -2 fl 
THRU CONTflCTS S AND

94-2H CONTflCTS 5  AND 
5  F flIL  TO OPEN -  

flFTER LNP TRIP

>nI
ro



NO S ia n .  FROH TDPU 
THRU COHTnCTS I FND

Tl
w

I
l906tl]^^14CT-1FC I

TOPU CONTACTS 1 AM) NO SIGNAL TO TOPU TOPU COIL FfllLS  TO
5 FAIL TO CLOSE COIL ENERSIZE

NO S ia n . FRon ln p ~ i 
AND LNP-fl

NO S ia n . FRON 27/3 
THRU CONTflCTS 7 ffO  

8

X - J L .

I 9 0eT D P U -l«T -rg

NO S ia n . FRON S2/GT 
THRU CONTACTS 8 AND 

8T -  flux S/T BKR 
CONTACTS F flIL  OPEN

NO S ia n . FRON 27-7 
THRU CONTflCTS 3 ANO 4

NO S ie n . FROM 52 
STfl/ CUB 14 THRU 

CONTflCTS 3 AND 3T -  
BUS MC RSST BKR SN

T .
S ia n . FRON 62 STfl/ 
CUB 1 THRU CONTRCTS 

3 AND 3T -  BUS 14C 
NSST BKR flUX SN

I lt-flcj-1̂  I
A

I t-n c ^ l5 9  I

A

iB -flC -IS S  I

A tT

>01
OSU)



w

I

NJ

NO SIGNflL FROM 
LNP-Jfl THRU CONTflCTS 

3  AND 1

NO SIGNflL FROM LNP-1 
THRU CONTflCTS 3 flND

LNP-1 CONTflCTS 3 flND 
4 FA IL TO CLOSE

NO SIGNflL TO LNP X 
COIL

NO SIGNflL FROM LNP-1 
flND LNP-fl

LNP-1 COIL FfllLS  TO 
ENERGIZE

l6 - f lC -1 1 2  I I 926LNP-1-FTEI?
>nICT\4̂



ro

- j
I

U)

SIGNflL FROM 62 STfl/ 
CUB 1 THRU CONTflCTS 

3  flNO 3T -  BUS M C  
NSST BKR HUX SH

BKR 1 5 3 -M C -2  FfllLS  
TO OPEN ON GEN. 

LOCKOUT SIGNflL

BKR 3 1 5 3 -M C -2  FfllLS  
TO REHflIN OPEN -  

N.O .

NO SIGNflL FROM 52 
S Tfl/ CUB 14 THRU 

CONTflCTS 3  flND 3T -  
BUS M C RSST BKR SH

52 STfl/ CUB 1 
CONTflCTS 3 flNO 3T 

F flIL  TO CLOSE

52 STfl/ CUB M  
CONTflCTS 3 flND 3T 

F flIL  TO REHflIN 
CLOSED

I flC -2 1 S M C -M -F R 0  I* ' jf % " ' ' I LCL52STfl-M -3RC I B-flC-202 I L C L 5 2 S T f l - l -W 1u

>nIcr̂Ln



CD

-J
I

LN P -IH  COIL FBILS TO 
CNCR6IZC

NO SI6NBL TO LNP XR 
COIL

L N P -in  CONTACTS 3  
AND -J FA IL  TO CLOSE

NO SIGNAL FROM 
LN P -IA  THRU CONTACTS 

3 AND 4

I G -A C -to  I I 926LNP-~1A-3TC~ 1 926LN P-lft-FTE  I '  ̂ *

>01<TiOl



Cd

I

U1

e-fiC-152

NO SIGNHL FROn 2 7 /3  
THRU CONTflCTS 7 AND

2 7 -7  CONTflCTS 3  flND 
4 F flIL  TO CLOSE

NO SIGNflL FROM 2 7 -7  
THRU CONTflCTS 3  AND

2 7 /3  COIL FfllLS  TO 
OE-OCRGIZE

2 7 /3  CONTflCTS 7 AND 
8 F flIL  TO aO S E

2 7 -7  COIL F fllLS  TO 
ENER6IZE

I LC L27-3-7FC  I I LCL27-3-FTD  I I LCL27-7-3Fg~1 I LCL27-7-FTE

>nICTi



Cd

I

(Ti
27/3 COIL rn iLS  TO 

Dt-CKCR6IZE
27/3 CONTflCTS 5 fW  

6 m iL  TO CLOSC
Of’ERflTOR rfllLS  TO 
CLOSE 908/ XXX-UO

906/ XXX-n o  
CONTflCTS 2 fINO 2C 

m iL  TO aOSE

908/ XXX-UO 
CONTfKTS 1 f* 0  10 

fW L  TO CLOSE

NO CL0SIN6 SICNflL TO 
BKR 14CT-2 m ori t«N. 

CLOSING CKT.

NO SIGNft. m ofi 
CONTROL SH 908/XXX 
-110 THRU CONTfCTS 

I ,  IC, 2 RND 2C

NO SIGNft. EROn 27/3 
THU CONTRCTS 5 HO

908/ XXX-n o  CONTROL 
SH. rfllLS  TO Of>ERfITE

>nICTi
CXI



tn

I

I9-0C-B>g-B-16

L /0  DC CQNTRO. POCR 
ON 101-6 CKT NO. 16

BKR MHT-2 m iLS  TO 
CLOSE ON LNP

NO CL06IN6 SIGNflL TO 
6KR M flT -2 rflOn NflN. 

CLOSING CKT

B6/51-2 CONTflCTS 10 
AND IOC m iL  TO 
REHfllN CLOSED

66/GB CONTACTS 10 
M l ir c  f a il  to

RENfllN aOSEO

86/GC CONTACTS 10 
AND IOC FAIL TO 
R01AIN CLOSED

NO CLOSING SIGNAL TO 
6KR l« T -2  FROn LNP 

LOGIC

SIGNAL FROn MANUAL 
TRIP CIRCUIT

NO SIGNAL TO 8KR 
HAT-2

>01
o \



NO CLOSING SIGNRL TO 
BKR MRT-2 FRON LNP 

LOGIC

G-nC-165
I C - I^ 6 6  I

J1
' j1

00

NO SIGNflL FROn NO SIGNflL FRON RX
6 2 m >  THRU CONTflCTS THRU CONTflCTS 2 AND

2  AND 8 - M flT-2 8

l9-flC -16>

62/TDO CONTflCTS 2 
AND 8 r flIL  TO ROIfllN 

CLOSED

NO SIGNflL TO 62/TDO 
COIL TMU RX 

CONTflCTS 1 m o B

i m - M r j i ic . r

62/TDO COIL FfllLS  TO 
•CNfllN DCROIZeO

RX CONTflCTS 2 flND 8 
FAIL TO CLOSE

NC SIGNflL FROM TDPU 
THRU CONTflCTS 1 M >

S

a rae<tx-i4«-2feT

RX COIL FAILS ID

>01
o



siQ M t. m on r f M iL  
TKIP CIRCUIT

StSNAL ON 14AT-2 9 9 t SIO ffL  «  14AT-2
TRIP COIL FRCH TRIP COIL

94X-1B TIfiU CONTACTS
9 AND 10

w

I iLtLMĵ ynn i-K^i^-cwi

94X-1B CONTACTS 9 SI9NAL TO 94X-1B 94X*1B COIL FAILS TO OP. PLACES HAN. SM. ATM. SH 908/ XXX-nO C.P. 3 f tO  1 FAIL TO
m i 10 FAIL TO OPOI COIL OC-OCR6IZE 90B/ XXX 'llO  IN TRIP FAILS IN TRIP NOOE RCmiN opoi

-  AFTER U e  TRIP nooE

SIGNn. FROn M - IA  
TMW CONTACTS 1 AM) 

2

SIGNAL FROn 94*2A 
TWU CONTACTS 1 AM) 

2

C.P. 4*4C MM. SN. 
908/ XXX*) 10 FAIL TO 

ROniN OPEN

C.P. 3 - X  MM. SN. 
908/ XXX'ltO FAIL TO 

REHAIN OPEN

SnjtlCUS SIGNFL TO 
9 i- in  COIL n o i  TOO 
Rony 62*1 * n  see

9 4 -in  COIL m iLS  TO M -IR  COfTnCTS I M )  
2 rWIL TO OPEN -  

AFTER LMP TRIP

ito^^nrtn

SPURIOUS s im n .  to 
»4*2n COIL FROn TOO 
RELRT 62-lA  * R3 SEC

94-2R COIL m iLS  TO

■ n

91*2n CONTACTS 1 AND 
2 FAIL TO OPEN -  
AFTER LNP TRIP

>01



CO

I

O

I B-fC-ltB

TEPO CONTflCTS I  AND 
S r f lIL  TO CLOSE

NO SISNflL n u n  S3 
STfl/ CUB 2 THRU 

CONTflCTS 3 AND 3T -  
BUS l l f l  NSST BKR SM

NO SIGNflL TO TDPU 
COIL

NO SIGNflL rROn 27/1 
THRU CONTflCTS 3 flW)

NO SIGNRL n m i 52 
STfl/ CUB 7 THRU 

CONTflCTS 3 AND 3T -  
BUS H fl RSST BKR SM

NO signal AROH LNP-1 
AND LMP-in

TDPU COIL rn iL S  to 
ENERGIZE

NO SIGNAL m on 52/6T 
THRU CONTflCTS 6 AND 

6T -  nUX G/T BKR 
CONTflCTS rniL open

NO SIGNHL PROn 27-7 
THRU CONTACTS 1 AND

NO SIGNflL rROH TOPU 
THRU CONTflCTS I AND

01■vlM



03

I

K)

G-nc-179 i

NO SIGNflL FROM LNP-1 
flNO L N P -lfl

NO SIGNflL TO LNP X 
COIL

LNP-1 CONTflCTS 1 AND 
2 F flIL  TO CLOSE

NO SIGNflL FROM LNP-1 
THRU CONTflCTS 1 AND

LNP-1 COIL F fllLS  TO 
ENERGIZE

NC SIGNflL FROM 
L N P -lfl THRU CONTflCTS 

1 AND 2

I 926LNP-1-FTE I I 926LNP -1 -1 F C  Io
>nI
LO



da

- j
I
roM 52 STfl/ CUB 7 

CONTflCTS 3 flND 3T 
r f l lL  TO REMflIN 

aOSED

BKR 21 5 3 -1 4 H -2  FfllLS  
TO REMflIN OPEN ON 

LNP -  N ,0 .

NO SIGNflL FROM S2 
STfl/ CUB 7 THRU 

CONTflCTS 3  flND 3T -  
BUS M fl RSST BKR SW

I flC -21S 14fl-7-FR 0 ! I LCLS2STfl-7^1^IT

NO SIGNflL FROM 62  
S Tfl/ CUB 2  THRU 

CONTflCTS 3 AND 3T -  
BUS 14fl NSST BKR SM

G 'flC -177

BKR lS 3 -1 4 fl-2  F flIL  
TO OPEN ON GEN. 

LOCKOUT SIGNflL

I G-flC-lBB

A

S2 STfl/ CUB 2 
CONTflCTS 3 flNO 3T 

F flIL  TO CLOSE

I L C L S ^ ^ ' ^ W I

>01'J



w

I

NJ
UJ

LN P -in  CONTnCTS 1 
RND 2 m iL  TO CLOSE

NO SIGNHL PROM 
L N P -in  THRU CONTHCTS 

1 RND 2

L N P -in  COIL rn iL S  to  
ENERGIZE

NO SIGNHL TO LNP XH 
COIL

I G -HC-82 IT I 926LNP-lH-?Tn I 926LNP-1H-1FC I

t-HC-183 I

2 7 - 7  COIL FHILS TO 
ENERGIZE

I LCL27-1-FTD

2 7 / 1  COIL FHILS TO 
GE-ENERGIZE

NO S IG N H L  FROM 2 7 / 1  
THRU CONTHCTS 3 HND

2 7 / 1  CONTHCTS 3 HND 
7  FHIL TO CLOSE

NO  SIGNHL FROM 2 7 -7  
THRU CONTHCTS 1 HND

2 7 -7  CONTHCTS 1 HND 
2 FH IL TO aO S E

>O
\

U1



03

I

NJ

NO SIGNn. m en  z 7 /in  
THRU OMTnCTS 3  H O

NO CLOSING SIGNHL TO 
BKR MflT-2 m on NflN. 

CLOSING (XT

906/ XXX-UO 
CONTflCTS 1 flNO 10 

m iL  TO CLOSC

2 T /lfl CONTflCTS 3 ftO  
7 miL TO CLOSC

908/ XXX-UO 
CONTflCTS 2 flNO 2C 

FAIL TO CLOSC

NO SIGNflL FROn 
CONTROL SN 906/XXX 
-110 THRU CONTACTS

906/ XXX-UO CONTROL 
SN. f a il s  to OPERflTC

2 7 / lf l COIL F fllLS  TO 
0C-CNCR6IZC

OPCRflTOR FAILS TO 
CLOSC 906/ XXX-UO

>01
OS



w

'J
I

tvj
OI

BKR 1 5 3 -H B -2  F flIL  
TO OPEN ON GEN. 

LOCKOUT SIGNflL

L /0  DC CONTROL POHER 
ON 101-B  CKT NO. i6

NO SIGNflL THRU 
CONTflCTS

NO SIGNflL FROM 8 6 /lB  
THRU CONTflCTS 7 AND

NO SIGNflL FROM 86 /3B  
THRU CONTflCTS 7 flNO

NO SIGNflL FROM 86 /2B  
THRU CONTflCTS 7 flND

MECHflNICflL FAILURE 
OF BKR 1 5 3 -H A -2

NO SIGNflL FROM 86 /4B  
THRU CONTflCTS 7 flND

I G -flC -192 I IG -f lC -I9 1  I G -flC -1937T lG - f lC ; l9 4  I

A

>01



ro

I
tvj
CTi

G -flC -190

8 6 / lB  CONTflCTS 7 flND 
7C F flIL  TO CLOSE

6 6 / lB  COtL FfllLS  TO 
ENERGI2E

NO SIGNflL TO 867 IB  
COIL

NO SIGNflL FROM 8 6 /1 8  
THRU CONTflCTS 7 flND

( G -flC -95 I 9 2 2 f l8 6 - lB -F fE I I 92 2fl86 -lB -7F Ca

NO SIGNflL FROM 8 6 /3 0  
THRU CONTflCTS 7 flNO

86 /3B  CONTHCTS 7 AND 
7C F flIL  TO CLOSE

8 6 /3 8  COIL f a il s  TO 
ENERGIZE

NO SIGNflL TO 8 8 /3 8  
COIL

6 -flC -9 <  I I 922flre -3B -FTE  

©
I 922fl86-3B-7FC

©
>nI
00



Cd

--j
I

N)

NO SienOL TO 86 /2B  
COIL

86 /2B  CONTflCTS 7 AND 
7C F flIL  TO CLOSE

86 /2B  COIL FfllLS  TO 
ENERGIZE

NO SIGNflL FROn 8 6 /2 8  
THRU CONTflCTS 7 flNO

I G -flC -99 1 9 2 2 B 8 6 -2 B -f1 fr I 922B86-2B-7FC I

NO SIGNflL FROM 8 8 /4 8  
THRU CONTflCTS 7 AND

NO SIGNAL TO 8 6 /4 8  
COIL

8 6 /4 8  COIL FfllLS  TO 
ENERGIZE

8 6 /4 8  CONTflCTS 7 flND 
7C F flIL  TO CLOSE

I G-flC jlOO I 1 922B86-4B-FTE I I 922B86-4B-7FC
>01
-vl



dd

I
N)
00

G-flC^195 I

BKR 1 5 3 -H B -2  FBILS  
TO OPEN ON SEN. 

LOCKOUT SIGNflL

L /0  DC POHER ON 
101- f l  CKT NO. 18

MECHflNICflL FfllLURE 
OF BKR 1 S 3 -H B -2

NO SIGNflL THRU 
CONTflCTS

NO SIGNflL FROM 88 /4B  
THRU CONTflCTS 8 AND

NO SIGNflL FROM 86 /2B  
THRU CONTflCTS 8  flND

NO SIGNflL FROM 8 6 / IB  
THRU CONTflCTS 8 flND

NO SIGNflL FROM 8 6 /3 8  
THRU CONTflCTS 8 flND

1 G -flC -199 I 1 G -flC -198 I I G -flC -200 I G-flC-201

>01
CO
o



ro

I
NJVO

G-flC-196

NO SIGNflL rROM 86/lB  
THRU CONTflCTS 8 flNO

86/18 COIL FfllLS TO 
ENERGIZE

86/18 CONTflCTS 8 flND 
8C FflIL TO CLOSE

NO SIGNflL TO 86/18 
COIL

IG^C-9S l922fl86-lB-FTEl

0

I 922fl86-18-g^

a

NO SIGNflL TO 86/38 
COIL

86/38 COIL FfllLS TO 
ENERGIZE

86/38 CONTflCTS 8 flNO 
8C FflIL TO aOSE

NO SIGNflL FROM 86/38 
THRU CONTflCTS 8 flNO

I G-flC-94 I I 922fl86-38-FTE 1  922fl86-38-8FC I 0100



ro

00
o

922B86-2B-erC IG-flC-99

86/2B COMTflCTS 8 AND 
8C rflIL  TO CUBE

86/2B COIL FfllLS TO 
ENERGIZE

NO SIGNflL TO 88/2B 
COIL

NO SIGNflL FROM 8 6 /»  
THRU CONTflCTS 8 flNO

NO SIGNflL TO 86/4B 
COIL

NO SIGNflL FROn 86/4B 
THRU CONTflCTS 8 flNO

86/48 CONTflCTS 8 flNO 
8C FflIL TO CLOSE

86/48 COIL FfllLS TO 
ENERGIZE

>nI
00NJ



da

I

G-flC-202

BC-lSHC-l-FTO

BKR 153-HC-2 FfllLS 
TO OPEN ON GEN. 
LOCKOUT SIGNflL

L/0 DC CONTROL POWER 
ON 101-8 CKT NO. ^

NO SIGNflL THRU 
CONTflCTS

NO SIGNflL FROM 86/2B 
THRU CONTflCTS 9 flND

MECH. FfllLURE OF BKR 
153-HC-2

NO SIGNflL FROM 86/lB  
THRU CONTflCTS 9 flND

NO SIGNflL FROM 86/3B 
THRU CONTflCTS 9 AND

NO SIGNflL FROM 86/4B 
THRU CONTflCTS 9 flNO

IG-flC-206 I G-flC-205 I 1 G-flC-207 I  G-flC-208 I

>01
00LO



tt)

I

CO

G-flC-205 I

NO SIGNflL FROM 86/lB 
THRU CONTflCTS 9 AND

66/lB CONTflCTS 9 AND 
9C FflIL TO aOSE

NO SIGNflL TO 86/lB 
COIL

86/lB COIL FfllLS TO 
ENERGIZE

IG-flC-95 922fl86-lB-FTn I 9 2 2 f l 8 6 - 1 B - 9 F C ^

B6/3B COIL FfllLS TO 
ENERGIZE

NO SIGNflL FROM 66/38 
THRU CONTflCTS 9 flNO

NO SIGNflL TO 68/38 
COIL

B6/38 CONTflCTS 9 AND 
9C fa il  to close

I 922fl66-38-FTE

I?
1922fl86-38-9rC >01

00>1̂



ro

■vj
I
(jj00

NO SIGNAL TROn B6/2B 
THRU tMNTOCTS 9 AND

NO SIGNAL TO 86/2B 
COIL

86/2B COIL FAILS TO 
ENERGIZE

86/2B CONTACTS 9 AND 
9C FAIL TO CLOSE

I G-AC-99 I I 922B86-2B-FTE I 922B86-;»-9FC

a

B-AC-208 I

NO signal to 86/4B 
COIL

86/4B CONTACTS 9 AND 
9C FAIL TO CLOSE

8 6 /«  COIL FAILS TO 
ENERGIZE

NO SIGNAL FROM 86/4B 
THRU CONTACTS 9 AND

I  G-AC-100 I I 922B^--<B-fTr 

0

I 922686-<B-9Fr

a

>01
00Ln



tfl

'-J
I

U)4̂ e-RC-211 I nC-lS14D-l-FT0

BKR 153-MD-2 FAILS 
TO OPEN ON GEN. 
LOCKOUT SIGNAL

NO SIGNAL THRU 
CONTHCTS

L/0 DC PHR ON 101-A 
CKT NO. 9

MECH. FAILURE OF BKR 
153-140-2

NO SIGNAL FROM 86/lB 
THRU CONTACTS 10 AND 

IOC

BO SIGNAL FROM 86/3B 
THRU CONTACTS 10 AND 

IOC

NO SIGNHL FROM 86/4B 
THRU CONTACTS 10 HND 

IOC

NO SIGNHL FROn 86/2B 
THRU CONTHCTS 10 AND 

IOC

I G-AC-213 I I G-AC^212 I IG-AC;214 I I G-HCj21S I

A

>01
00<Ti



w

I

LJU1

86/lB CONTfCTS 10 
fW  IOC FfllL TO 

CLOSE

NO SIGNfC FROn 86/lB 
THRO CONTfCTS 10 fWO 

IOC

86/lB COIL FfllLS TO 
ENERGIZE

NO SIGNflL TO 86/lB  
COIL

I G-fC-9S I I 922fl86-lB-FTE ( 922f«6-lB-frC

NO SIGNflL TO 86/3B 
COIL

86/36 COIL FfllLS TO 
ENERGIZE

86/36 CONTflCTS 10 
AND IOC FAIL TO 

CLOSE

BO SIGNflL FROM 85/3B 
THRU CONTflCTS 10 AND 

IOC

I 922fl86-3B-FTE I

I?
I 922fl86-3B-ffC 01

00



Dd

I

00CTi

86/2B CONTRCTS 10 
AND I X  FAIL TO 

CLOSE

86/2B TOIL FAILS TO 
ENERGIZE

NO SIGNAL FROM 86/2B 
THRU CONTACTS 10 AND 

I X

NO SIGNAL TO X /2B  
roiL

IG-AC-99 ! 922B86-2B-FTE i 922B86-2B-ffg~

u

1 G-AC-215

NO SIGNAL FROM 86/ffi 
THRU CONTACTS 10 AND 

I X

86/4B CONTACTS 10 
AND I X  FAIL TO 

CLOSE

86/4B TOIL FAILS TO 
ENERGIZE

NO SIGNAL TO 86/4B 
COIL

I G - X - IX  I

A

I 9 2 2 B 6 6 - 4 B - F f n

©
I 922B86-4B-Arg~1 >01

CD
00



tt)

I

(jO
- J

e-« ;-4 8

I G-nC-219

NO SIGNflL TO STflRT 
EMERGENCY OIESEL 
GENERflTOR SYSTEM

LNP 2 COIL m iLS  TO 
ENER8IZE

NO SIGNflL FROM LNP-2 
flNO LNP-2H

L/0  D.C. CONTROL PM) 
ON 101-fl CKT NO. 16

NO SIGNflL EROn LNP 2 
THRU CONTflCTS S AND

NO SIGNflL TO LNP Xfl 
COIL

LNP 2fl COIL rn iLS  TO 
ENERGIZE

LNP 2fl CONTACTS 5 
AM) 6 EfllL TO CLOSC

LNP 2 CONTACTS 5 AND 
6 FAIL TO CLOSE

NO SIGNRL FROM LM> 
2A THRU CONTACTS 5 

ANO 6

NO SIGNAL TO LNP X 
COIL

>nI00IX)



A
BKR 2153-1-2 m iLS  

TO OPEN ON LNP -  
N.C.

e-flc-ae
e-flc-117

tfl

I
u>
00

9ix2 /sm  COIL rniLS 
TO E x m iz c

X
NO SIGNRL FROn 
94X2/STIT THRU 

CONTRCTS 9 flW) to

lp-q£^i

NO SIGNRL TO 
94X2/STn COIL

A

Jx
NECNRNICRL FfllLURE NO SIGNRL TO

OF BKR 21S3-1-2 21S3-1-2 TRIP COIL

NO SIGNRL T IK I 
CONTRCTS

LOSS o r O.C. PNR ON 
BUS 101-fl CKT NO. 12

IC -y - j« l  IG -O C -fl^ lj I

V ____^

94)(2/STn CONTflCTS 9 
RNO 10 r f lIL  TO CLOSE

rm m ]zT

NO SIGNflL man 
94)(2/STB THRU 

CONTflCTS 9 RNB 10

I g-flC-225 I

94X2/STB CONTflCTS 9 
RNO 10 rfllL TO CLOSC

94X2/STB COIL FfllLS 
TO ENERGIZE

NO SIGNRL TO 
94X2/STB COIL

l922nB4X2-STB-«Tn

>01VDO



DO

I

CjJ
VO fC-3lSM6-4-FT0

BKR 3J53-HG-2 FRILS 
TO OPEN ON G/T 

ENERGY. START SIGNAL

NECH. FAILURE OF BKR 
3153-MG-2

L/O D.C. POMER ON 
BUS lOl-B CKT NO. j 8

NO SIGNAL TO 
3153-HG-2 TRIP COIL

NO SIGNAL THRU 
CONTACTS

1  G-AC-229 1 I G-DC-BUS-B-18 I

nIVO



6-«C-22e

NO SIGNOL THRU 
COHTfCTS

X

w

I

NO sieNHL nran 91 - iB  
THRU CONTRCTS 3 RNO 4

NO siGNHL rmn 94- 2B 
THRU CQNTRCTS 3 RND 

4

I e-nc-2 i6 I ie - fc -2 3 2  I

O NO StGNRL TO 9 4-IX

y:nE.-ai.l

94-IB  C0NTBCT5 3 AND 
4 m iL  TO CLOSE -  ON 

LNP

I 9 2 6 9 4 - lB -y n

94-JB COIL FAIL TO

I 92694-lB-FTE 1

NO SIGNAL TO 94-2T

I e-ftC-233

94-28 CONTACTS 3 AND 
4 FAIL TO CLOSE -  ON 

LNP

I 92694-iz6-SFC

U

94-2B COIL FAILS TO

92694-2B-FTE I

>01



CD

•vj
I

G-RC-40
G-flC-230
G-fiC-246

NO SlGNflL TO 94-IX 
COIL

L/C DC Ufl-1 CKT NO. 
8 -  GIST. PflNEL

NO SIGNft, FROM 2-1 
THRU CONTfiCTS 1 AND

NO SlGNflL FROM 62-1 
THRU CONTflCTS 1 AND

G-flC-113 I G-OC-BUS-Hfll-8 I G-flC-234 I

>
01
V£)00



tfl

--J
I

t o

NO SlGNflL TO 94-2r

I G-nC-233
G-flC-42

8-flC-232
e-nc-247

NO SlGNflL TROn 2-W  
THRU CONTflCTS 1 AND 

S

L/O DC llfV-2 CKT NO. 
8 -  DIST PflNEL

I 6-flC-83 I

A
IG -O C -B u j-llf l2 -8  I

NO SlGNflL 62-lH THRU 
CONTflCTS 1 fIND 7

I 6-flC-235 I

62-in  CONTflCTS 1 f»C 
7 FfllL TO aOSE

NO SlGNflL TO 62-lfl 
COIL -  .3  SEC TOO -  
2 -lfl CONTflCTS 3 f»C 
5 FHILTO STflY aOSED

1 92662 -lfl-lf^ I 9262-ifl-jRCl

n

6 2 -lf l  COIL FfllLS TO

I 92662-lfl-FfE

>01
VO



Cd

I

LO

NO SlGNflL FROH 62-1 
THRU CONTflCTS 1 AND

62-1 CONTflCTS 1 AND 
7 FAIL TO CLOSE

NO SlGNflL TO 62-1 
COIL -  .3 SEC TOO -  
2-1 CONTflCTS 3 AND 5 
FAIL TO STflY CLOSED

62-1 COIL FfllLS TO 
ENERGIZE

192662-1-lFC I I 9262-1-3RC I 192662-1-FTE IC = ^

>01VD
Ln



BREflKER HET-2 FRILS 
TO OPEN ON LNP

>C>.

G-RC-49 1 G-flC-236 1

f t
1 1

MECH. FAILURE OF BKR NO SlGNflL TO BKR
14FT-2 14FT-2 TRIP COIL

1 flC-HFf-2-FTO I I 6-RC-237

B-DC-BUS-fl-9

. L/O DC PMR ON 101-fl NO SlGNflL THRU

-vl CKT NO. 9 CONTflCTS
1

cG-flC-238 1

1 1
NO SlGNflL FROM CONTACT FAILURE

94X-4fl THRU CONTflCTS
5 flNO 6

I 6-BC-2-t4 I

A
I G-flC-239 I

NO SlGNflL FROM LNP-2 52/TOC CONTflCTS 4
AND LNP-2A AND 4T FAIL OPEN

1G-flC-240 I
>01
<Ti



w

I

(J1

926LWP-2-BTg'

NO SlGNflL FROH LNP-2 
AND LNP-2B

NO SlGNflL PROn LNP"2 
THRU CONTflCTS U  AND

LNP 2 fl COIL FAILS TO 
DCROIZC

NO SlGNflL TO LNP XA 
COIL

L»iP-2fl CONTflCTS 11 
flNO 12 FAIL TO CLOSC

LNP-2 CONTflCTS 11 
AND 12 FAIL TO CLOSt

NO SlGNflL TO LNP X 
COIL

LNP 2 COIL F fllLS  TO 
E3CR6IZC

NO SlGNflL FROrt 
LNP-2A THRU CONTflCTS 

n  AND 12

>nI'sO



w

I

4:̂<Ti

NO SIGNn. TO 94X-4R 
COIL

94-2B CGNTRCTS 9 AND 
10 FRIL TO CLOSC

NO SICNRL TO 94-2Y 
COIL

94X-1H COIL rfllLS  TO 
CNOteiZC

94X-4H CONTACTS 5 
ANO 6 FAIL TO CLOSC

94-lB  CONTACTS 9 ANO 
10 FAIL TO CLOSC

94-lB  COIL FAIL TO 
CNCRCIZC

NO SICNAL TO 94-IX 
COIL

NO SICNAL FROn 
94X-4A THRU CONTACTS 

5 AND 6

94-28 COIL FAILS TO 
CNCRCIZC

NO SIGNAL FROn 94-lB  
THRU CONTACTS 9 AM)

NO SIGNAL FROn 94-2B 
THRU CONTACTS 9 ANO

>01VO
00



G-flC-BUS-lflC-9

L/O 120/240V flC 
POMER RT INSTRUHENT 

flC BUS -  IflC-1

L/O 120/240V RC 
POMER RT INSTRUMENT 

RC BUS -  lRC-1 -  
CKT. 6

L/O 120/240V RC 
POMER RT INSTRUMENT 

RC BUS -  IRC-1 -  
CKT. 9

L/O 120/240V RC 
POMER RT INSTRUMENT 

RC BUS -  IflC-1

I G-RC-BUS-i^
DO

I

I G-RC-BUS-IRC

I G -R C -6^-IflC ~l

L/O 120/240V RC 
POMER RT INSTRUMENT 

RC BUS -  IRC-1

L/O 120/240V RC 
POMER RT INSTRUMENT 

RC BUS -  IRC-1 -  
CKT. 23

I G -RC-Buj-IRC-23 I

>01
VO



w

I

00

e -f lc -B u s -in c -6
G-HC-BUS-inC-9
G-flC-BUS-IflC-23

I B-nC-251

I 6-nC;2S3

LOCflL rnuLT ON 
120/210V IfiC-1 BUS

L/O no PMR FROtl 
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APPENDIX B.18 

DC POWER SYSTEM
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B.18.1 DC power System Description 

B.18.1.1 Purpose

The DC power system provides a re lia b le , un in te rrup tib le  source o f 
e le c tr ic  power to  control c irc u its ,  motor control centers, rad ia tion  monitor­
ing systems, and t r ip  a u x ilia r ie s  whether or not AC e le c tr ic  power is  
available.

B.18.1.2 Description and Configuration

The DC e le c tr ic  power system is  composed o f two systems, namely, the 125 
v o lt  DC sta tion  battery system and the +24 v o lt  dc system. Both o f these 
systems f u l f i l l  two primary functions:

1) The d is tr ib u tio n  o f power to un in te rrup tib le  loads

2) The sole source o f power during a to ta l loss o f AC power (s ta tion  
blackout)

The DC power d is tr ib u tio n  consists o f the fo llow ing four subsystems:

1) 125 v o lt  DC Continuous Buses (lO lA and lOlB)
2) 125 v o lt  DC In te rru p tib le  Bus (lOlAB-3)
3) 125 v o lt  DC Motor Control Centers (lOlAB-1 and lOlAB-2)
4) +24 v o lt  DC Redundant "Channels”

The two continuous buses (101A and lOlB) are each fed by a separate 125 
v o lt  DC battery and an associated battery charger. These buses are connected 
through manual bus transfers to the in te rru p tib le  bus (lOlAB-3) and motor con­
tro l centers (lOlAB-1 and lOlAB-2) shown in  Figure B.18-1. The remaining 
loads consist o f v ita l control c irc u its  connected to the continuous buses 
through manually operated breakers as shown in  Table B.18-1.

The in te rru p tib le  bus lOlAB-3 may be fed by e ithe r continuous bus through 
a manual trans fe r switch. This transfe r switch has a mechanical in te rlock  
which prevents the pa ra lle ling  o f bus 101A w ith bus lOlB.

The in te rru p tib le  bus supplies loads capable o f withstanding the momen­
ta ry trans ien t due to a transfer from one continuous bus to another. The 
principal loads on lOlAB-3 are shown in  Table B.18-2.

The two motor control centers (lOlAB-1 and lOlAB-2) have dual feeders 
w ith manual tra n s fe r; thus the fa ilu re  o f one feeder or i t s  bus w i l l  not per­
manently disable the motor control centers.

The only exception to th is  transfe r scheme is  control power fo r  the LPCI 
valves. The control power is  transferred automatically to  the available 
source to assure proper operation o f the LPCI system. The auto transfe r 
switches which trans fe r DC control power are designed so tha t a single fa ilu re  
cannot t ie  the two battery sources together. The transfer switch i t s e l f  is  
mechanically interlocked allowing only one c ir c u it  to be energized a t a time.
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In addition, the switch is  backed up by c ir c u it  breakers from each o f the two 
DC sources.

The motor control centers furn ish power to heavy loads (shown in  Table 
B.18-2) which are connected only in  an emergency condition. In general, these 
loads are motor loads such as an iso la tio n  valve.

The normal source o f 125 v o lt  DC power when AC is  available is  through 
the battery chargers, one o f which is  connected to each o f the continuous 
buses with a th ird  charger " flo a tin g "  between them as shown in  Figure B.18-1. 
In the event o f a sta tion blackout (loss o f a ll AC), the DC load can be 
carried by the sta tion ba tte ries . These batte ries are each sized to  carry the 
connected load fo r 8 hours without recharging and have an ind iv idual capacity 
o f 1950 ampere-hours.

The +24 v o lt  DC system includes ba tte ries , battery chargers, breakers, 
d istributTon panels and other a u x ilia ry  equipment. The system is  arranged so 
tha t two batteries and two chargers make up one "channel" as shown in  Figure 
B.18-2. The redundant "channels" are used to supply nominal +̂ 24 v o lt  DC power 
to contain instruments. The four ba tte ries or any o f the four battery 
chargers qua lify  as a va lid  source supplying the fo llow ing instrument systems:

1) Neutron monitoring system, source range monitors and t r ip  a u x ilia r ie s

2) Process radiation monitoring system and t r ip  a u x ilia r ie s .

The normal source o f +24 v o lt  DC power when AC is  available is  through 
the battery chargers, one o f which is  connected to each o f the four ba tte r­
ies. There are no tie s  or cross connections. Loss o f e ith e r battery charger 
in  one "channel" would lead to the loss o f th a t "channel" when i t s  associated 
battery was s u ff ic ie n tly  discharged. The four 24 v o lt  batte ries have been 
sized to carry th e ir  required connected load fo r  four hours w ithout recharg­
ing. The batteries are sized 80 AH each.

B.18.1.3 System Interfaces

The DC power system is  dependent only on 480V AC power being available to 
battery chargers 101 A, lOlB, and lOlC from MCCs F-4, E-5 and F-5, respectively 
(see Figure 18.12.1). To avoid c irc u la r  log ic  in  the AC and DC power fa u lt  
trees, because they are somewhat dependent on each other, i t  was assumed tha t 
the only source o f DC power available was from the s ta tion  ba tte ries . There­
fo re , the three battery chargers and th e ir  associated 480 v o lt  AC feeds have 
been de libera te ly le f t  out o f the DC power fa u lt  tree.

B.18.1.4 Instrumentation and Control

The DC power system is  almost e n tire ly  manually operated, w ith the one 
exception o f control power fo r the LPCI valves. A ll breakers and transfer 
zwitches are manually lined  up as described previously in  section 8.18.1.2.
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B.18.1.5 Testing

There are three primary tests o f the two sta tion ba tte ries and associated 
equipment:

SP 780.1 Switchyard and Station Battery Weekly Test

The objective o f th is  te s t is  to measure the spec ific  g rav ity  and
voltage o f the p i lo t  c e lls , the temperature o f adjacent c e lls , and 
overall battery voltage. The te s t also v e r if ie s  e le c tro ly te  level 
and compares the readings o f the te s t w ith previous ones to deter­
mine i f  there is  any battery degradation.

SP 780.2 Switchyard and Station Battery Quarterly Inspection

The objective o f th is  inspection is  to measure the spec ific  
g rav ity , temperature and voltage fo r a ll battery c e lls . This 
inspection is  s im ila r to  SP 780.1 except tha t a ll c e lls  are 
checked. A dd itio na lly , there is  a check on minimum indiv idual 
ce ll voltage vs. s trin g  average. The lowest ind iv idua l ce ll 
voltage should be w ith in  0.04 vo lts  o f the s trin g  average voltage.

SP 780.3 Load Test on Station Batteries

This te s t is  performed once during each refuel outage (approxi­
mately once every 18 months). The objective o f the te s t is  to 
calculate the battery capacity in  ampere hours by subjecting i t  to 
a known load over a period o f about 8 hours. During the te s t, the 
battery is  completely iso lated from i t s  respective bus and battery 
charger. Hourly surveillance is  performed on each ce ll by measur­
ing voltage and temperature. Cell connections are also checked to 
ensure they are not hot due to  poor contact. F in a lly , a ll read­
ings are compared w ith ones from previous tests to determine 
whether or not there is  any s ig n if ic a n t battery de te rio ra tion .

B.18.1.6 Maintenance

Maintenance is  performed on the DC power system as required. The sta tion  
batteries have a scheduled annual maintenance program (MP 773.2) which 
inspects a ll components and cleans ce ll connecting straps and terminals i f  
resistance readings exceed 65 ohms. Any unscheduled maintenance would come 
about as the re s u lt o f poor te s t results  from the three primary tests o f 
section B.18.1.5. Maintenance Procedure MP 773.2 also spells out the measures 
to take based on fa ilu re  o f any o f these tests.

B.18.1.7 Technical Specifications

The lim it in g  conditions fo r operation a ffec ting  the DC power system are:

1) The reactor can not be made c r i t ic a l unless a ll s ta tion  and switchyard 
24 v o lt  and 125 v o lt  batteries and associated battery chargers are 
operable.
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2) When the reactor is  a t power, i f  one o f the two 125 v o lt  or 24 v o lt  
battery systems becomes inoperable, then continued reactor operation 
is  allowed fo r only seven days unless the system is  made operable 
sooner.

The surveillance requirements fo r the DC power system re fe r sp e c ific a lly  
to the station batte ries:

1) Every week the specific  g rav ity  and voltage o f the p i lo t  ce ll along 
with the temperature of adjacent ce lls  and overall ba tte ry voltage is  
measured.

2) Every three months measurements o f each ce ll voltage to the nearest 
0.01 v o lt ,  specific  g ravity  o f each ce ll and temperature o f every 
f i f t h  ce ll are made.

3) At every re fue ling outage (approximately 18-month in te rva ls ) the sta­
tion  batteries are subjected to a performance te s t in  accordance with 
the procedures described in  Section 5.4 in IEEE Standard 450-1972, 
"IEEE Recommended Practice fo r  Maintenance, Testing, and Replacement 
o f Large Stationary Type Power Plant and Substation Lead Storage 
B a tte rie s ."

B.18.1.8 Operation

During normal operation of the 125 v o lt  DC system, the two main buses 101A 
and lOlB are energized from th e ir respective batte ries and battery chargers 
(see Figure B.18-1). The th ird  battery charger (lOlC) is  operable and on 
standby with i t s  associated t ie  breakers to both main buses 101A and 101B 
open. The para lle l t ie  breakers between buses 101A and lOlB are open and w ill 
be alarmed in the control room i f  closed.

Motor control center lOlAB-1 is  energized by the manual transfe r switch 
from the main bus 101 A, and the a lte rnate  feed breaker on main bus lOlB is  
open. S im ila rly , both motor control center lOlAB-2 and in te rru p tib le  bus 
lOlAB-3 are energized by th e ir respective manual transfer switches from bus 
lOlB, and the a lternate feed breakers on 101A are open.

A ll feed breakers on buses lOlA, lO lB, lOlAB-1, lOlAB-2 and lOlAB-3 are 
closed except fo r spare breakers and emergency feeder breakers to the 4160 
v o lt  AC, 480 v o lt  AC and 125 v o lt DC motor control centers (emergency feeder 
breakers are on buses 101A and lOlB on ly). Closure o f the emergency feeder 
breakers is  allowed only when the emergency feed is  required. The procedure 
ca lls  fo r f i r s t  opening the normal feeder breaker and then closing the 
emergency feeder breaker, thus preventing a crosstie  between the two sta tion 
batte ries.

The 24 v o lt  DC system is  arranged so tha t two batteries and two chargers 
make up one "channel." One battery and i t s  charger supplies a negative 24 
vo lts  and the other battery and i t s  charger supplies a positive  24 vo lts . The 
connections are arranged so tha t both ba tte ries u t i l iz e  a common neutral or

B .1 8 - 5



"re turn" leg. The tra n s is to r c irc u its  which are used in the neutron monitor­
ing and process rad ia tion  monitoring systems require both positive  and 
negative voltage.

B.18.2 Analysis

8.18.2.1 Success/Failure C rite ria

Successful operation o f the DC power system requires the a b i l i t y  to feed 
a ll connected v ita l loads, whether or not AC power is  ava ilab le . Even with a 
to ta l loss o f AC power to the battery chargers, e ithe r battery must be able to 
sustain the fu l l  DC connected load fo r  a t leas t 8 hours.

System fa ilu re  occurs whenever v ita l loads (DC power system top events) 
cannot be supplied w ith power.

B.18.2.2 Assumptions

Since the DC and AC power systems are interdependent, the assumption tha t 
AC power is  unavailable was made in  th is  analysis. This was necessary to 
avoid c irc u la r lo g ic  in  the fa u lt  tree lo g ic  when the DC and AC power fa u lt  
trees were merged.

In re a l ity ,  both the chargers and the batte ries are connected to  the main 
DC buses 101A and lOlB. Unless there is  a to ta l loss o f AC power, the 
chargers w il l  provide the DC power regardless o f the presence o f the 
ba tte ries. However, in  th is  analysis i t  is  assumed tha t the only source o f DC 
power is  from the two sta tion  ba tte ries .

The +24 v o lt  battery system was 1 e f t  out o f the DC power system faul t  
tree since success or fa ilu re  o f th is  system does not a ffe c t core uncovery.
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Table B.18-1 

Loads on 125 Volt Continuous Buses

Bus Load

lOlA Turbine Emergency Bearing Oil Pump

" 4160V Bus Control C ircu its

" Diesel Generator Room

" 480V Bus Control C ircu its

" Control Room D is tribu tion  Panels
(DC-11A2 normal supply and 
DC-llAl emergency supply)

lOlB Control Room D istribu tion  Panels
(DC-llAl normal supply and 
DC-11A2 emergency supply)

" 4160V Bus Control C ircu its

" 480V Bus Control C ircu its

" Diesel Generator Room
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Table B.18-2

Principal Loads on the 125-Volt In te rrup tib le  Bus 
and Motor Control Centers

Bus Load

lOlAB-3 Turbine Emergency Seal Oil Pump

" Emergency Diesel Gen. A ir Compressor

" Fire Protection System Panels

" Turbine Building D is tribu tion  Panel

" Control Room Panel (VP-IF)

" HVAC Control Panel

-V ita l AC M/G Set

lOlAB-1 Iso lation Condenser MOV IC-3
" LPCI Containment Spray Cooltng System A

" Iso lation Condenser MOV IC-2

" Emergency Reactor Recirc. Pump MG Set A

" Shutdown Cooling System MOV's SD-2B
and SD-4B

lOlAB-2 LPCI Containment Spray Cooling System B

" Shutdown Cooling System MOV's SD-2A
and SD-4A

" Emergency Reactor Recirc Pump MG Set B
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DC POWER SYSTEM 

FAULT TREE AND FAULT SUMMARY SHEETS
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FAULT SUMMARY SHEETS
EVENT DESCRIPTION DETECTION INTERVAL COMMENTS UNAVAILABILITY

CO

00
I

DC-AB1-2D-FRC
DC-AB1-5C-FRC
DC-AB1-2E-FRC
DC-AB1-8A-FRC
DC-AB1-4C-FRC
DC-AB1-3C-FRC
DC-AB2-2D-FRC
DC-AB2-3A-FRC
DC-AB2-4D-FRC
DC-AB2-3B-FRC
DC-AB2-5C-FRC
DC-AB2-4C-FRC
DC-AB2-2E-FRC
DC-AB2-6B-FRC
DC-A-9-FRC
DC-A-ll-FRC
DC-A-12-FRC
DC-A-16-FRC
DC-A-18-FRC
DC-A-23-FRC
DC-A-25-FRC
DC-A-31-FRC
DC-11A2-2-FRC
DC-11A2-3-FRC
DC-11A2-12-FRC
DC-11A2-19-FRC
DC-11A2-20-FRC
DC-11A2-21-FRC
DC-B-23-FRC
DC-B-35-FRC
DC-A-3-FRC
DC-B-21-FRC

Circuit Breaker 
fails to remain 
closed

Prompt A breaker failure 
would fail equipment 
whose operation is 
monitored

2.4E-5

MILLSTONE 1
SYSTEM DC
SHEET #1



FAULT SUMMARY SHEETS
EVENT DESCRIPTION DETECTION INTERVAL COMMENTS UNAVAILABILITY

DC-B-18-FRC Circuit breaker Prompt A breaker failure 2.4E-5
DC-B-16-FRC fails to remain would fail equipment
DC-B-9-FRC closed whose operation is

monitored

DC-B-7-FRC Circuit Breaker Prompt Breaker failure 2.4E-5
DC-B-29-FRC fails to remain fails equipment
DC-11A1-2-FRC closed that is monitored
DC-11A1-3-FRC
DC-11A1-7-FRC
DC-11A1-8-FRC
DC-11A1-13-FRC
DC-11A1-22-FRC
DC-11A1-25-FRC
DC-11A1-26-FRC
DC-A-2-FRC
DC-B-34-FRC
DC-A-35-FRC
DC-B-2-FRC
DC-A-34-FRC
DC-B-l-FRC

DC-TIEBKR-OPC Operator Closes Annunciated immedi­ Procedures OP344A 3E-3
Tie Breaker ately in control Section 7.7 allows

room tie breaker closure
on failure of any
two battery chargers.

W

00
I

U)

MILLSTONE 1
SYSTEM DC
SHEET #2



FAULT SUMMARY SHEETS
EVENT DESCRIPTION DETECTION INTERVAL COMMENTS UNAVAILABILITY

CD

CD
I

DC-ABl-
DC-ABl-
DC-ABl-
DC-ABl-
DC-ABl-
DC-ABl-
DC-AB2-
DC-AB2-
DC-AB2-

2D-TM0
5C-TM0
2E-TM0
8A-TM0
4C-TM0
3C-TM0
2D-TM0
3A-TM0
4D-TM0

DC-AB2-3B-TM0
DC-AB2-5C-TM0
DC-AB2-4C-TMO
DC-AB2-2E-TM0
DC-AB2-6B-TMO
DC-A-9-TM0
DC-A-ll-TMO
DC-A-12-TM0
DC-A-16-TM0
DC-A-18-TM0
DC-A-23-TM0
DC-A-25-TM0
DC-A-31-TM0
DC-11A2-2-TM0
BC-11A2-3-TMO
DC-11A2-12-TM0
DC-11A2-19-TM0
DC-11A2-20-TMO
DC-11A2-21-TM0
DC-B-23-TM0
DC-B-21-TM0
DC-B-18-TM0

Circuit Breaker 
open for test or 
maintenance

Prompt lE-6

MILLSTONE 1
SYSTEM DCSHEET #3



FAULT SUMMARY SHEETS
EVENT DESCRIPTION DETECTION INTERVAL COMMENTS UNAVAILABILITY

DC-B-16-TM0 Circuit Breaker Prompt lE-6
DC-B-9-TM0 open for test or
DC-B-7-TM0 maintenance
DC-B-29-TMO
DC-11A1-2-TM0
DC-11A1-3-TM0
DC-llAl-7-TM0
DC-11A1-8-TM0
DC-11A1-13-TM0
DC-11A1-22-TMO
DC-11A1-25-TMO
DC-I1A1-26-TMO

DC-B-ENRGZ-ABl Status of Transfer Transfer switch can­ .9999
DC-A-ENRGZ-AB2 Switch not be changed while
DC-A-ENRGZ-AB3 reactor is operating

without tripping re­
circulation pumps.

DC-ABl-BUS-LOF Short to return on Fault annunciated -loss of MCC Bus 2.64E-5
DC-AB2-BUS-L0F Bus immediately causes recirc. pump 3.12E-5
DC-A-BUS-LOF trip 5.04E-5
DC-B-BUS-LOF -loss of DC switch­ 4.8E-5
DC-AB3-BUS-L0F board Bus causes 5.6E-5

alarms on charger
and battery output.

DC-ABl-BUS-UCF Uncleared fault Fault annunciated loss of MCC Bus will 1.32E-5
DC-AB2-BUS-UCF on bus immediately trip reactor recircu­ 1.56E-5
DC-AB3-BUS-UCF lation pump. 2.9E-5

Dd

00
I

ui

MILLSTONE 1SYSTEM DC
SHEET #4



FAULT SUMMARY SHEETS
EVENT DESCRIPTION DETECTION INTERVAL COMMENTS UNAVAILABILITY

DC-A-BATT-TMO
DC-B-BATT-TMO

Station battery out 
of service for test 
or maintenance

One week Tech. Specs, allow 
operation for 7 days 
with Battery out of 
service for test or 
maintenance

5.04E-4

DC-A-BATT-LOF
DC-B-BATT-LOF

Loss of battery 
function

Weekly Specific gravity 
check is overly 
conservative and 
performed weekly

2.5E-4

dO

00
I
o>

DC-ABl-TR-FRC
DG-AB2-TR-FRC
DC-AB3-TR-FRC

Bus transfer switch 
fails to remain 
closed

Prompt Loss of Power 
immediately noted 
in control room

2.4E-5

MILLSTONE 1SYSTEM DC
SHEET #5



DC POWER FAULT TREE PAGE INDEX
G A T E  N A M E D E F I N E D  O N  P A G E T R A N S F E R S

G - D C - 6 D C - 3  6 D C - 3  5

G - D C - 7 D C - 3 6 D C - 3 5

G - D C - 1 3 D C - 3 8 D C - 3 7

G - D C - 1 4 D C - 3 8 D C - 3 7

G - D C - 2 0 D C - 4 0 D C - 3 9

G - D C - 2 1 D C - 4 0 D C - 3 9

G - D C - 2 4 D C - 4  2 D C - 4 1

G - D C - 2 7 D C - 4 3 D C - 4 1

G - D C - 3 0 D C - 4 4 D C - 4 2

G - D C - 3 1 D C - 4  5 D C - 4 3

G - D C - B U S - l l A l - 2 D C - 2 6 —

G - D C - B U S - l l A l - 3 D C - 2 7 —

G - D C - B U S - l l A l - 7 D C - 3 3 —

G - D C - B U S - l l A l - 8 D C - 2 8 —

G - D C - B U S - l l A l - 1 3 D C - 2 9 —

G - D C - B U S - l l A l - 1 9 D C - 3 4 —

G - D C - B U S - l l A l - 2 2 D C - 3 0 —

G - D C - B U S - l l A l - 2 5 D C - 3 1 —

G - D C - B U S - l l A l - 2 6 D C - 3 2 —

G - D C - B U S - 1 1 A 2 - 2 D C - 1 3 —

G - D C - B U S - 1 1 A 2 - 3 D C - 1 4 —

G - D C - B U S - 1 1 A 2 - 6 D C - 2 1

G - D C - B U S - 1 1 A 2 - 8 D C - 1 9 —

G - D C - B U S - 1 1 A 2 - 1 2 D C - 1 5 —

G - D C - B U S - 1 1 A 2 - 1 6 D C - 2 0 —

G - D C - B U S - 1 1 A 2 - 1 9 D C - 1 6 - -

G - D C - B U S - 1 1 A 2 - 2 0 D C - 1 7

G - D C - B U S - 1 1 A 2 - 2 1 D C - 1 8 - -

G - D C - B U S - 1 1 A 2 - 2 3 D C - 2 2

G - D C - B U S - A D C - 4 1 D C - 9 - :

G - D C - B U S - B D C - 4 1 D C - 2 3

G - D C - B U S - A - 9 D C - 9 - -

G - D C - B U S - A - 1 1 D C - 9 - -

G - D C - B U S - A - 1 2 D C - 1 0

G - D C - B U S - A - 1 6 D C - 1 0

G - D C - B U S - A - 1 8 D C - 1 1 —

G - D C - B U S - A - 2 1 D C - 1 2 _ _

G - D C - B U S - A - 2 3 D C - 1 1

G - D C - B U S - A - 2 5 D C - 1 2

G - D C - B U S - B - 7 D C - 2 5 —

G - D C - B U S - B - 9 D C - 2 5 - -

G - D C - B U S - B - 1 6 D C - 2 4 —

G - D C - B U S - B - 1 8 D C - 2 4 - -

G - D C - B U S - B - 2 1 D C - 2 3

G - D C - B U S - B - 2 3 D C - 2  3

G - D C - B U S - A B l D C - 3 5 D C - 1 , ]

G - D C - B U S - A B 2 D C - 3 7 D C - 5 , 1

G - D C - B U S - A B 3 D C - 3 9

B . 18-17



DC POWER FAULT TREE PAGE INDEX (Cont.)
G A T E  N A M E  D E F I N E D  O N  P A G E  T R A N S F E R S  T O  P A G E ( S )

G - D C - B U S - A B 1 - 2 D  D C - 1

G - D C - B U S - A B 1 - 2 E  D C - 2

G - D C - B U S - A B 1 - 3 A  D C - 4

G - D C - B U S - A B 1 - 3 C  D C - 4

G - D C - B U S - A B 1 - 4 C  D C - 3

G - D C - B U S - A B 1 - 5 C  D C - 2

G - D C - B U S - A B 1 - 8 A  D C - 3

G - D C - B U S - A B 2 - 2 D  D C - 5

G - D C - B U S - A B 2 - 2 E  D C - 8

G - D C - B U S - A B 2 - 3 A  D C - 5

G - D C - B U S - A B 2 - 3 B  D C - 6

G - D C - B U S - A B 2 - 4 C  D C - 7

G - D C - B U S - A B 2 - 4 D  D C - 6

G - D C - B U S - A B 2 - 5 C  D C - 7

G - D C - B U S - A B 2 - 6 B  D C - 8

B.1 8-1 8



dd

CXI
I
CD

INBOmO CONTniMCNT 
SPRAY VALVE J-LP-16A 

LOSS or DC POHER

BREAKER 020 OPEN FOR 
TEST OR HAIMT.

OC nCC BUS lOlAB-1 
BREAKER 020 TAILS TO 

REMAIN CLOSED

OC MCC BUS lOlAB-l 
LOSS or OC POHER

I o c-A B i-a -rroo I e-DC-B̂ -ABTI I0C-AB1-20-TM0

D01



dd

cx>INJ
o

INBOflRO TESTLINE TO 
TORUS VALVE 1-LP-44A  

LOSS o r  DC POHER

BREAKER 05C OPEN FOR 
TEST OR MAINT.

OC MCC BUS lO lAB -1  
LOSS OF DC POHER

X  MCC BUS lO lAB-1  
BREAKER 05C FAILS TO 

REMAIN aOSEO

I e-X-BUS-ABl I  X - A B 1 - 5 C - F ^ I X -A B l-y - T M Oa

I B -X -^ -A B nZ\

6-X -B U S -A B 1 -2 E

BREAKER 02E OPEN FOR 
TEST OR MAINT.

INBOARD TO TORUS 
SPRAY VALVE 1 -L P -M A  

LOSS OF X  POHER

X  M X  BUS 101A6-1 
BREAKER 02E FAILS TO 

REMAIN aOSED

X  M X  BUS lO lA B -1  
L X S  X  X  POHER

|pO -A ^-FR(i,| I X-A B l-2E-ffgrn 0 n1N)



dd

00
IN)

NORMflL FEED TO MCC 
F 3 , MCC F -E 3  LOSS OF 

OC POHER

BREMKER OSn OPEN FOR 
TEST OR MfllNT.

OC MCC BUS lO lB B-1  
LOSS OF OC POHER

OC MCC BUS lO lRB -1  
BREAKER OBfl FAILS TO 

REMAIN CLOSED

I b- oc- b^ - abT 1 I 0C -A B l-8ft-FR C  I lo t-A B l-S fl-T M O  I

OC MCC BUS lO lAB-1  
BREAKER CMC FAILS TO 

REMAIN CLOSED

OC MCC BUS lO lAB-1  
LOSS o r  OC POHER

BREAKER CMC OPEN FOR 
TEST OR MAINT.

SHUTOOHN PPB SUCTION 
VALVE 1-S 0-2B  LOSS 

OF OC POHER

D01U)



CO
00
INJtvj

BREfiKER 03C OPEN FOR 
TEST OR m iN T .

DC nCC BUS lO lR B-1  
LOSS o r  DC POHER

SHUTOOHN PPB 
DISCHflRGE VALVE 

1-SD-4B LOSS o r  DC 
POHER

DC nCC BUS lO lAB-1  
BREAKER 03C PAILS TO 

REHAIN CLOSED

I b - dc - e^ - abT

LOSS OF DC POHER

DC nCC BUS lO lAB-1  
LOSS o r  DC POHER

DC MCC BUS lO lA B-1  
BREAKER 3fl FAILS TO 

REMAIN aOSED

BREAKER 3A OPEN FOR 
TEST OR MAINT.

I 0C-AB1-3A-FRCa IDC-AB1-3A-TM 0 I

D01



NORMflL FEED TO MCC 
E -3  AND MCC E -F 3  
LOSS OP OC PQMER

£
to

001N)OJ

DC MC BUS lO lA B -2  
BREAKER 020 PAILS TO 

REMAIN aOSEO

W  MCC BUS lO lR B -2  
LOSS OP DC POWER

BREAKER 02D OPEN POR 
TEST OR MAINT.

1 0C-AB2-2D-PRC 1 1 1 1 DC-AB2-2D-TM0 1

I 8-DC-B^-fl^

INBOflRO TO 
CONTAINMENT SPRAY 

VALVE 1-LP-16B  LOSS 
OP DC POWER

OC MCC BUS lO lA B -2  
LOSS OP DC POWER

DC MC BUS lO lA B -2  
BREAKER 03A PAILS TO 

REMAIN CLOSEO

BREAKER 03A OPEN POR 
TEST OR MAINT.

I D C -A B 2-y -P R Ca I DC-AB2-3A-TM0 D01Ln



INBOflRO TEST LINE TO 
TORUS 1 -L P -I4 B  LOSS 

o r  DC POHER

I e-X-BUS-flB2MD~

CX5
INi

DC MCC BUS lO lflB -2  
LOSS o r  DC POHER

I  e-DC-BUS-flB2

OC MC BUS lO lflB -2  
BREflKER 040 EfllLS TO 

REMflIN aOSEO

i O C-flK^-ERC I

BREflKER 040 OPEN FOR 
TEST OR MfllNT.

I 0C-flB 2-40-TM 0 I

I G-DC-BUS-flB2

B-0C-BUS-flB2-3B

INBOflRO TO TORUS 
SPRAY VALVE 1-LP-14B  

LOSS OF DC POHER

DC MC BUS lO lflB -2  
BREflKER 036 FAILS TO 

REMflIN aOSEO

BREflKER 03B OPEN FOR 
TEST OR MfllNT.

DC MCC BUS lO lflB -2  
LOSS OF DC POHER

I DC-AB2-3B-FRC I I 0C -flB 2-3B -fM 0
DnI(Ti



CO

00
INJU1

B-DC-BUS-flB2-5C

DC MC BUS lO lflB -2  
BREflKER DSC FfllLS  TO 

REMflIN CLOSED

OC MCC BUS lO lflB -2  
LOSS OF OC POWER

BREflKER 05C OPEN FOR 
TEST OR MfllNT.

REflCTOR VESSEL TO 
ISOLflTION CONOENSER 

l - I C - 2  LOSS OF OC 
POWER

1 e -0 C -B ^ - f lB 2 l I 0C-flB2-5Ĉ F̂ I OC-flB^SC-W^

I e-0C-BUS-flB2

6-0C-BUS-flB2-4C

SHUTDOWN PPfl SUCTION 
VflLVE l-S 0 -2 f l  LOSS 

OF DC POWER

OC MCC BUS lO lflB -2  
LOSS OF 00  POWER

OC MC BUS lO lflB -2  
BREflKER CMC FfllLS  TO 

REMflIN CLOSEO

BREflKER 04C OPEN FOR 
TEST OR MfllNT.

I 0 C - f lB 2 - 4 C - F ^ I 0C-flB2-4C-TTtt D01



SHUTOOHN PPfl 
DISCHflRGE VflLVE 

i -s o -4 f l  LOSS o r  DC 
POHER_________

I 6-DC-BU^-flB2-2E

DC HCC BUS lD lflB -2  
LOSS OF X  POHER

c»
INJ

I B -K -B U S -flB 2

X  HC BUS lO lflB -2  
BREflKER 02E FfllLS  TO 

REMflIN CLOSED

I X-flB2-X^?^a
BREAKER D2E OPEN FOR 

TEST X  MfllNT.

I X -f lB 2 -a : -T M 0a

B -X -B U S -flB 2 -6B

X -flB 2 -6 B -T M 0X -flB 2 -6 B -F R C

BREflKER 06B OPEN F «  
TEST X  MfllNT.

00 MC BUS lO lflB -2  
BREflKER 06B f a il s  TO 

REMflIN CLOSEO

I S X f l T I X  CONXNSER 
TO REflCTX VES. 

VflLVE l - I C - 3  LOSS X  
X  POHER

X  M X  BUS lO lflB -2  
LOSS X  X  POHER

O01
00



6-DC-BUS-n-9

CONTROL POWER 4’.60 
VflC BOS HD LOSS OT 

DC POWER

DC SWBO lOlfl LOSS OF 
DC POHER

OC SWBO. iOlfl 
BREflKER 09 FfllLS TO 

REMAIN CLOSED

DC SWBO. lOlfl 
BREflKER 09 OPEN FOR 

TEST OR MfllNT.

I DC-fl-9-FRC I

00
INJ

B-DC-BOS-fl 1 I DC-fl-9-TMD

DC SWBO lOlfl LOSS OF 
OC POHER

DC SWBO. lOlfl 
BREflKER n  OPEN FOR 

TEST OR MfllNT.

CONTROL POHER 4160 
VflC BUS 14F LOSS OF 

OC POHER

DC SWBO. lOlfl 
BREflKER 11 FfllLS TO 

REMflIN CLOSEO

lOC-fl-ll-FRCn
I M I * I OC-fl-ll-TMOa D01VO



dd

00
IM

00

CONTROL POHER 4160  
VflC BUS 24F LOSS OF 

OC POHER

DC SHBD. lO if l 
BREflKER 12 OPEN FOR 

TEST OR MfllNT.

DC SHBD. lO lf l 
BREflKER 12 FfllLS  TD 

REMflIN CLOSED

DC SHBD ID lf l  LOSS OF 
DC POHER

I G -D C -B U S -fll lD C -fl-12-TM O  I

i S - D C - ^ - f l  I

DC SHBD. lO lf l 
! BREAKER 16 OPEN FOR 
I TEST OR MfllNT.

DC SHBD ID lf l  LOSS OF 
DC POHER

DC SHBD. lO if l 
BREflKER 16 FfllLS  TO 

REMflIN CLOSED

DIESEL GENERATOR 
NORMAL FEED LOSS OF 

DC POHER

I DC-fl-16-FRC I I DC-ft-16-TMO O01



CONTROL POWER <160 
VnC BUS 148 LOSS OF 

OC POWER

I B-OC-BUS-fl-18

tu

00IN)
VO

DC SWBO lO lf l LOSS OF 
OC POWER

OC SWBO. lO ifl  
BREflKER 18 FAILS TO 

REMflIN CLOSED

OC SWBO. lO lfl 
BREflKER 18 OPEN FOR 

TEST OR MfllNT.

IO C -fl-18 -FR C  1

' X T

1 OC-fl-18-TMO 1

....u

t-fl-2 3

OC SWBO lO if l LOSS OF 
00  POWER

control  power 480  
VflC BUS 120 LOSS OF 

OC POWER

OC SWBO. JOlfl 
BREflKER 23  F fllLS  TO 

REMflIN CLOSED

OC SWBO. lO lfl 
BREflKER 23  OPEN FOR 

TEST OR MfllNT.

I 6 -o c -^ -n ~1 I DC-fl-23-rRClD o01



tfl

00
I
00
o

9-0C -B 0S -n -2S

DC S t« 0 . iO lfl 
BREAKER 25 OPEN TOR 

TEST OR nn iN T.

DC SWBO. iO ifl 
BREflKER 25 FfllLS  TO 

REMflIN CLOSED

CONTROL POWER 480  
VflC BUS 12F LOSS OF 

DC POWER

DC SWBO IO lf l LOSS OF 
DC POWER

1 B-DC-BU^-fl

A

I DC-fl-25-FRC  I I DC-fl-25-TMO I

I f r - D C - ^ - n  I

6 -0 C -B lfi- f l-2 1

K  SWBO. IO lf l  
BREflKER 21 OPEN FOR 

TEST OR MfllNT.

DC SWBO. IO lf l 
BREflKER 21 F fllLS  TO 

REMAIN CLOSED

LOSS OF DC POHER

X  SWBO IO lf l LOSS or 
X  POHER

IX - f l -2 1 - F R C  I I X - ^ ^ T H O l D
01
N)



w

00
I

UJ

D C -llR 2-2-rR C

LOSS OF 125 V DC. ON 
OISTR. SNBD CIRCUIT  

2  NO. x - u n - 2

OC SWBO IO lf l BREflKER 
NO. 31 OPEN FOR TEST 

OR MfllNT.

LOCflL SWBO. FUSE 
REMOVED FOR TEST OR 

MfllNT. CIRCUIT 2

OC SWBO IO lf l LOSS OF 
00  POWER

OC SWBO IO lf l BREflKER 
NO. 31 FAILS TO 

REMflIN aO SED

LOCflL SWBO. FUSE ON 
CIRCUIT 2 FfllLS  TO 

REMflIN CLOSEO

0n1
LO



w

00
IUl

I 9 -0 C -B lg -H R 2 -3  I

OC SHBD lO iR  BREflKER 
NO. 31 OPEN FOR TEST 

OR MfllNT.

DC SMBD IO lf l LOSS OF 
DC POHER

LOCflL SHBO. FUSE ON 
CIRCUIT 3  FfllLS  TO 

REMAIN aOSEO

LOSS OF 12S VDC. ON 
DISTR. SHBD CIRCUIT 

3  NO. D C - l l f l -2

LOCflL SHBO. FUSE 
REMOVED FOR TEST OR 

MfllNT. CIRCUIT 3

DC SHBO IO lf l BREflKER 
NO. 31 f a il s  to  

REMflIN  CLOSED

I 6 -D C -B U S -fll I D C -fl-31-FR C I 0 I DC-ft-31-TMO I ID C -U f l^ 3 -T M 0  I

D01



dd

CD
I

to
to

G-DC-BUS-lin2-12

DC SWBO lO in  LOSS OF 
DC POHER

LOCflL SWBO. FUSE ON 
CIRCUIT 12 FRILS TO 

REflfilN CLOSED

LOSS OF 125 VDC. ON 
OISTR. SWBO CIRCUIT 

12 NO. O C - ll f l -2

DC SWBO lO lf l BREAKER 
NO. 31 OPEN FOR TEST 

OR fIfllN T .

DC SWBO lO lf l BREAKER 
NO. 31 FAILS TO 

REMAIN CLOSED

LOCAL SWBO. FUSE 
REMOVED FOR TEST OR 

MAINT. CIRCUIT 12

t 6-DC-BUS-R~l 1 D C -R -3 i-FR C  1 ID C -R -31-T M 0 1 D C -1 1 A 2 -1 2 -W 1 I DC-11A2-12-FRC I

o01
tn



CO
CX5
IOJ

LOSS o r  125 VDC. ON 
OISTR. SWBO CIRCJIT  

19 NO. O C - ll f i -2

I8-DC-SUS-1132^

DC SWBO lO lf l LOSS OF 
DC POHER

' S -D C -^ S - fT

DC SHBO lO lf l  BREBKER 
NO. 31 m iL S  TO 

R O m iN  CLOSED

-n - i i - F R C

DC SHBD lO lB  BREBKER 
NO. 31 OPEN FOR TEST 

OR MfllNT.

T
LOCBL SHBO. FUSE 

REMOVED FOR TEST OR 
MfllNT. CIRCUIT 19

ID C -B -31-TM 0 I i P C - i i ^ ^ T i i 5 ~

LOCBL SHBO. FUSE ON 
CIRCUIT 19 FAILS TO 

REMAIN CLOSED

I D C - l l ^ - J ^ '

D01
(Ti



LOSS OF 125 VOC, ON 
OISTR. SMBO CIRCUIT  

20  NO. O C -ll f t -2

ie -0 C -B U S -llR 2 -2 0

00
IU)

U1

DC SHBO lO lR  LOSS OF 
DC PONER

T
DC SMBO lO in  BREBKCR 

MO. 31 FAILS TO 
REMAIN aOSED

l e - D C - ^ - A

A

ID C - A - i l - F R ?

OC SHBO lO lA  BREAKER 
NO. 31 OPEN FOR TEST 

OR MAINT.

LOCAL SHBO. FUSE 
REMOVED FOR TEST OR 

MAINT. CIRCUIT 20

LOCAL SHBO. FUSE ON 
CIRCUIT 20 FAILS TO 

REMAIN CLOSED

I D C -A -31-TH 0 I I0C -11A 2-20-T M 0 l K - l l A 2 - 2 0 - F S n

D01



03

00
IU)(T\

LOSS OF 125 VOC. ON 
OISTR. SHBO CIRCUIT 

21 MO. O C -ll f t -2

LOCflL SHBO. FUSE 
REMOVEO FOR TEST OR 

MfllNT. CIRCUIT 21

LOCflL SHBO. FUSE ON 
CIRCUIT 21 FfllLS  TO 

REMflIN CLOSEO

OC SHBO lO lf l BREflKER 
NO. 31 OPEN FOR TEST 

OR MfllNT.

OC SHBO lO lH  LOSS OF 
OC POHER

OC SHBO lO lf l  BREflKER 
NO. 31 FfllLS  TO 

REMflIN aOSEO

I 0 - O C - ^ - f l I 0C -(^31-FR C  I 

0
I OC-fl-31-TMO I I0C -11A 2-21-T M 0 I IO C - l i r e ^ ^ F R C ~ l

D01
00



LOSS OF 125 /OC. ON 
OISTR. SHBD CIRCUIT 

8  NO. O C -H fl-2

td I 6 -0 C -B U ^ -U ft2 -8  I

03
IU)

a  SHBO lo m  LOSS o r  
OC POHER

OC SHBO lO in  BREHKER 
NO. 31 FfllLS  TO 

REMflIN aOSED

I e-OC-BUS-fl IX -B U S -

ZY
I OC-fl-il -FR^

OC SHBO lO lf l BREflKER 
NO. 31 OPEN FOR TEST 

OR MfllNT.

I O C - f l - i l - T l ^

T
LOCflL SHBO. FUSE 

REMOVED FOR TEST OR 
MfllNT. CIRCUIT 8

LOCflL SHBO. FUSE ON 
CIRCUIT 8 FAILS TO 

REMAIN CLOSED

IOC-llfl2-8-TMCn l0 C - l l f l2 -8 -F R C  I

a01
V£>



w

CO
ILO00

LOSS or 125 VOC. ON 
OISTR. SHBD CIRCUIT 

16 NO. O C-llfl-2

g -D C -B U S -llfg ^

LOCflL SHBO. ru s e  ON 
CIRCUIT 16 rfllLS  TO 

RO m iN CLOSED

LOCflL SHBD. rUSE 
REMOVED rOR TEST OR 
MfllNT. CIRCUIT 16

rc  SHBO lO lfl BREflKER 
NO. 31 rfllL S  TO 

REMAIN aOSED

DC SHBD lO lf l BREflKER 
NO. 31 OPEN rOR TEST 

OR MfllNT.

OC SHBO lo ifl LOSS or 
OC POHER

ID C -llf l2 - l6 - 'T ig 'r o o 1-rRC

D01
o



LOSS o r  125 v r e . ON
OISTR. SHBD CIRCUIT  

6  NO. O C -U fl-2

130 le-DC-BU^-llR2-6

00
IU)VD

DC SHBD lO in  LOSS OT 
DC POHER

DC SHBD lO lf l BRCRKCR 
NO. 31 PRILS TO 

REHfilN CLOSED

I B - D C - ^ - n l o c - < i i - i i - n ^ '  

10

DC SHBD lO lB  BRERKER 
NO. 31 OPEN FOR TEST 

OR rm iN T.

I D C-R -il-'

LOCflL SHBD. FUSE 
REMOVEO FOR TEST OR 

MfllNT. CIRCUIT 6

LOCflL SHBD. FUSE ON 
CIRCUIT 6  F fllLS  TO 

REMflIN CLOSEO

fl-31-TMO

0 -
I X - 1  lf l^ 6 -T M D  I

n
lO C -llfli-B -F '^ r

o01
tvj



LOSS OF 125 VDC. ON 
OISTR. SMBO CIRCUIT 

23 NO. D C - l l f l -2

ie -D C -B J S - l l fg -2 3

00
I

o
OC SMBO lO lR  LOSS OT 

OC POMER

T
OC SMBO lO lB  BRCBKCR 

NO. 31 FBILS TO 
R o w iN  aosco

OC SMBO lO in  BRCBKCR 
NO. 31 OPEN FOR TEST 

OR fIfllN T.

I B - o c - ^ - n  I I OC-fl-31-FRC I o c - n - i i - T f ^

I
LOCBL SMBO. FUSE 

REMOVED FOR TEST OR 
MfllNT, CIRCUIT 23

I 0 C - l l f l2 - 2 3 - fM g '

CJ

LOCflL SMBO. FUSE ON 
CIRCUIT 23 F fllLS  TO 

REMAIN CLOSEO

io ( i - ] i t e - ? 3 - r R c  I

Dn
I

tsj
tSJ



CONTROL POHER 480  
VfC BUS 12C LOSS OF 

00  POHER

DC SHBO lO lB  LOSS OF 
00  POHER

00 SHBO lO lB  BREflKER 
21 FfllLS  TO REMflIN 

aOSEO

00 SHBO. lO lB  
BREflKER 21 OPEN FOR 

TEST OR MfllNT.

I e - D O - ^ - B  ’

w

Co
I

l OC-B-h-rRC I

a
I 0C -B -21-TM 0 1

00  SHBO lO lB  LOSS OF 
0 0  POHER

00 SHBO. lO lB  
BREflKER 23  OPEN FOR 

TEST OR MfllNT.

00  SHBO lO lB  BREflKER 
23  FAILS TO REMflIN 

CLOSED

OONTRa POHER 480  
VflO BUS 12E LOSS OF 

00  POHER

I D C -B -23-FR0 I I 8 - O O - ^ - B ' I 0C -B -23-TM 0 D01MUl



I e-DC-BUS-B^

OC SHBO. lOlB 
QREHCER 16 OPEN TOR 

TEST OR MfilNT.

CONTROL POHER 4160 
vnc BUS 14B LOSS OF 

OC POHER

OC SHBO lOlB BREflKER 
16 FfllLS TO REMflIN 

CLOSEO

OC SHBO lOlB LOSS OF 
OC POHER

18-OC-ajS-B I

CO

CXI
I

’S

I OC-B-16-FRfc 0C-B-16-TM0 1

t5

CONTRa POHER 4160 
vnC BUS 146 LOSS OF 

rc POHER

OC SHBO lOlB BREflKER 
18 FAILS TO REMflIN 

CLOSED

rc SHBO lOlB LOSS OF 
OC POHER

OC SHBO. lOlB 
BREflKER 18 OPEN FOR 

TEST OR MfllNT.

D01
tvj



w

00
I

U)

DC-B-7-TM 0 IB-OC

CONTROL PONER 4160  
VflC BUS M C  LOSS OF 

OC POHER

DC SHBO lO lB  BREBKER 
07 FfllLS  TO REMAIN 

aOSEO

r c  SHBO lO lB  LOSS OF 
OC POHER

OC SHBO. lO lB  
BREflKER 07 OPEN FOR 

TEST OR MfllNT,

X  SHBD lO lB  LOSS OF 
X  POHER

X  SHBO. lO lB  
BREAKER 09 OPEN FOR 

TEST OR MfllNT.

X  S H X  lO lB  BREflKER 
M  FAILS TO REMflIN 

CLOSEO

CONTROL POHER 4 1 X  
V X  BUS 14E LOSS OT 

X  POHER

8-DC-flUS-B I 1 X -B -9 -F R C  I I X -B -9 -T M 0 D01N)(J1



tfl

00
I

•«»

I 6 - D C - ^ - B I D C-B-29-TH0

LOCHL SHBO FUSE ON 
CIRCUIT 2 r f llL S  TO 

R E m iN  CLOSED

OC SHBO lO lB  LOSS OT 
DC POHER

OC SHBD. lO lB  
BREBKER NO. 29 OPEN 

FOR TEST OR MfllNT.

LOSS OF 125 VOC. ON 
OISTR. SHBO. CIRCUIT  

2  NO. O C -llf l-1

LOCflL SHBO. FUSE 
REMOVEO FOR TEST OR 

MfllNT. CIRCUIT 2

DC SHBO. lO lB  
BREflKER NO. 29  FfllLS  

TO REMflIN CLOSED

Dn
I

rsj<y»



w

00
I

C/l

e-DC-BCg-llfll-3

e-DC

LOCflL SMBO FUSE ON 
CIRCUIT 3  FfllLS  TO 

REflfllN CLOSEO

OC SMBO. lO lB  
BREflKER NO. 29 OPEN 

FOR TEST OR fIfllN T .

LOCflL SMBO. FUSE 
REMOVEO FOR TEST OR 

MfllNT. CIRCUIT 3

OC SHBO lO lB  LOSS OF 
OC POHER

OC SHBO. lO lB  
BREflKER NO. 2 9  FfllLS  

TO REMflIN CLOSEO

LOSS OF 125 VDC. ON 
OISTR. SHBO. CIRCUIT 

3  NO. O C -llft-1

DnI
tvj'J



w
00I

LObS OF 125 VDC. ON 
OISTR. SHBO. CIRCUIT  

8 NO. O C -llft-1

LOCftL SHBO FUSE ON 
CIRCUIT 8 FftlLS TO 

REMftlN CLOSED

LOCftL SHBO. FUSE 
REMOVEO FOR TEST OR 

MftlNT. CIRCUIT 8

OC SHBO. lO lB  
BREftKER NO. 29 OPEN 

FOR TEST OR MftlNT.

K  SHBO lO lB  LOSS OF 
DC POHER

OC SHBO. lO lB  
BREftKER NO. 2 9  FftlLS  

TO REMftlN CLOSED

0 n1KJ
00



w

00
I

e - o c - B u s - i in i - 1 3

I 9-DC-BUS-B D C - l l f l ] - l3 -T H 0

LOCflL SMBO FUSE ON 
CIRCUIT 13 F fllLS  TO 

REMflIN CLOSEO

LOSS OF 12S VDC. ON 
OISTR. SMBO. CIRCUIT 

13 NO. D C -l lf l -1

DC SMBO. lO lB  
BREflKER NO. 29 OPEN 

FOR TEST OR MfllNT.

OC SHBO. lO lB  
BREflKER NO. 29  FfllLS  

TO REMflIN CLOSEO

LOCflL SMBO. FUSE 
REMOVED FOR TEST OR 

MfllNT. CIRCUIT 13

OC SMBO lO lB  LOSS OF 
OC PONER

D0
1

NJ



w
00
I

00

D C -llf l l -2 2 - r R Ce-DC-BUS-B

LOSS o r  12S VDC. ON 
OISTR. SHBO. CIRCUIT  

22 NO. O C -llf l-1

LOCflL SHBO FUSE ON 
CIRCUIT 22 FfllLS  TO 

REMAIN aOSED

LOCflL SHBO. FUSE 
REMOVEO FOR TEST OR 

MfllNT. CIRCUIT 22

OC SHBO lO lB  LOSS OF 
OC POHER

OC SHBO. lO lB  
BREflKER NO. 29 OPEN 

FOR TEST OR MfllNT.

OC SHBO. lO lB  
BREflKER NO. 29  FfllLS  

TO REMflIN CLOSEO

a01U)
o



w
00
I

G -D C -B U S -llf ll-2 5

LOSS OF 125 VDC. ON 
OISTR. SWBO. CIRCUIT 

25 NO. O C -H fT -l

OC SWBO. lO lB  
BREflKER NO. 29 OPEN 

FOR TEST OR MfllNT.

DC SHBO lO lB  LOSS OF 
DC POWER

LOCflL SWBO FUSE ON 
CIRCUIT 25 FfllLS  TO 

REMflIN CLOSED

DC SWBO. lO lB  
BREflKER NO. 29  FfllLS  

TO REMAIN aOSED

LOCflL SWBO. FUSE 
REMOVED FOR TEST OR 

MfllNT. CIRCUIT 25

I G-DC-BUS-B I I DC-B-29-FRC I I D C -B -29-TM 01 IO C -n fll-2 5 -T M O  I

(3^
(O C -n n i-2 5 -F R C  I

^ 3 ^

DnI
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w
03
I01O

I e -o c-B us-iin i-26

D C -B -29-Th0lI 6-DC-BUS-B I DC-B-29-rTO

LOSS OF 125 VOC. ON 
OISTR. SHBO. CIRCUIT 

26 MO. O C -llf l-1

OC SHBO. lO lB  
BREflKER NO. 29 OPEN 

FOR TEST OR MfllNT.

DC SHBO lO lB  LOSS OF 
DC POHER

DC SHBD. lO lB  
BREflKER NO. 29  FfllLS  

TO REMflIN CLOSED

LOCflL SHBD. FUSE 
REMOVED FOR TEST OR 

MfllNT. CIRCUIT 26

LOCflL SHBO FUSE ON 
CIRCUIT 26 FfllLS  TO 

REMflIN CLOSED

D01
to
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w

CO
IU1

LOSS OF 125 VOC. ON 
OISTR. SMBO. CIRCUIT  

r  NO. O C -llf l-1

OC SNBO 1018 LOSS OF 
r c  POHER

OC SHBO. lO lB  
BREflKER NO. 29  FfllLS  

TO REMflIN CLOSEO

OC SHBO. lO lB  
BREflKER NO. 29 OPEN 

FOR TEST OR MfllNT.

LOCflL SHBD. FUSE 
REMOVEO FOR TEST OR 

MfllNT. CIRCUIT 7

LOCflL SHBO FUSE ON 
CIRCUIT 7 F fllLS  TO 

REMflIN CLOSEO

8-OC- D C -llf ll-7 -T M O

D01U)U)



dd

00
IUl

NJ

I B -D C -B U S -n n i-1 9

D C -iin i-ia -TR cB-DC-BUS-B 1

LOSS OF 125 VDC. ON 
OISTR. SHBD. CIRCUIT 

19 NO. D C -llf t -1

LOCBL SHBD FUSC ON 
CIRCUIT 19 FfllLS  TO 

R D ifliN  aoseo

LOCflL SHBO. FUSE 
REMOVED FOR TEST OR 

MfllNT. CIRCUIT 19

DC SHBO. lO lB  
BREflKER NO. 29 OPEN 

FOR TEST OR MfllNT.

DC SHBO lO lB  LOSS OF 
DC POHER

OC SHBO. lO lB  
BREflKER NO. 29 FfllLS  

TO REMflIN CLOSED

D01
U l



OC ficc BOS lO lB B-1  
LOSS o r  OC POWER

SEE OUTPUT 
LIST

LOSS OF DC POHER ON 
T IE  TO DC SHBD lO lB

BUS TRflNSFER SWITCH 
ON OC nCC BUS 

lO lR B -1 F fllLS  OPEN

LOSS OF OC POHER ON 
T IE  TO OC SHBO lO If l

00
I

U lU)

I G -DC-2 lO C - R B l - T R - f ^

a
I B -OC-3

LOSS OF K  POHER OC HOC BUS lO lflB -1 LOSS OF POHER FROH OC HCC BUS lO lf lB -l
FROn K  SHBO lO lB ENERGIZED BY DC SHBO OC SHBO lO lf l ENERGIZED BY DC SHBO

lO lB lO lf l

B - K - <  I I OC-B-ENRez-flBl I G-OC-S 

1

I O C -f l-E N R g Z -^

a
r c  SHBO lO lB  LOSS OF 

OC POHER
250 fl CIRCUIT 

BREflKER ON T IE  FROM 
OC SHBO lO lB  OPENS

OC SHBO lO lf l LOSS OF 
OC POHER

250 fl CIRCUIT  
BREflKER ON T IE  FROM 

OC SHBO lO lf l OPENS

1 G -D C - I^ -B  1

A
1 6 -D C -7  1

A
1 Q-OC-BUS-fl 1

A
1 G-DC-6 1

C-OC-BUS-fBl OUTPUT L IST  
e-D C -B U S -flB l-20,  G-0C-BUS-RB1-5C, G-0C-BUS-RB1-2E, G-DC-BUS-flBl-BR  
6 -0C -flU S -flB l-4C , G-0C-BUS-RB1-3C, 0-OC-BUS-HB1-3O

D01U)
c n



I e-DC-6e-oc-5

250 n  CIRCUIT  
BREflKER ON T IE  HWM 

r c  SMBO lO in  OPENS

UNaEflREO rflULT ON 
flNY CIRCUIT TIED TO 

HCC BUS lO lf lB -l

SHORT ON DC HOC BUS 
lO lflB -1

CIRCUIT BREflKER 
TfllLS  OPEN EROM 
CLOSED POSITION

I D C -fl-2 -rR C  I

w

00
I

cn
4:̂

■ Q

I DC-flS l-BUS-LOr

©
I D C - f lB l;^ -U C n  

2©

I D C -flB l-B U S ^ W

CIRCUIT BREflKER 
r f llL S  OPEN FROH 
CLOSED POSITION

UNCLEflRED FAULT ON 
flNY CIRCUIT TIED TO 

NCC BUS lO lflB -1

SHORT ON DC HOC BUS 
lO lflB -1

250  A CIRCUIT 
BREflKER ON T IE  FROH 

DC SNBO lO lB  OPENS

O0
1u>CT\



OC MCC BUS lO lB B -2  
LOSS o r  0 0  POWER

SEE OUTPUT
l is t

I b - oc- ^ s - bbT I

00
Icn

cn

f  I

IG -D C -U  1

rOC-RB2-TR-PRC I

LOSS OF OC POWER ON 
T IE  TO OC SHBO lO lB

BUS TRflNSFER SWITCH 
ON DC HCC BUS 

IO lflB -2  FfllLS  OPEN

LOSS OF OC POWER ON 
T IE  TO OC SWBO lO lf l

lG -O C -1

I O C -B -E N R G Z-W ^ I G-OC -1 2  I

an

LOSS OF OC POWER OC HCC BUS lO lflB -2 LOSS OF POWER FROH OC HCC BUS lO lflB -2
FROH OC SWBO lO lB ENERGIZED BY OC SWBO OC SWBO lO lf l ENERGIZED BY DC SWBO

lO lB lO lf l

I O C -B -E N R G Z -W I

OG SWBO lO lB  LOSS OF 
OC POWER

300 fl CIRCUIT 
BREflKER ON T IE  FROH 

OC SWBO lO lB  OPENS

OC SWBO lO lfl LOSS OF 
OC POWER

300 fl CIRCUIT  
BREflKER ON T IE  FROM 

OC SWBO lO lf l OPENS

1 G-OC-BUS-B 1

A
1 G -O C -M  1

A
G-0C-BUS-flB2 OUTPUT L IST

1 G-OC-BUS-fl 1

A
1 G-OC-13 1

A
fr-0C-BUS-flB2-2D, G -0C -flU S-flB2-3fi, G -X -B U S -flB 2 -4 0 , G-0C-BUS-flB2-3B  
G-0C-BUS-flB2-5C, G -0C-eU S-flB2-4C , 0 -D C -e a S -fB 2 -2 E , G -0C-B0S-B B2-68

DnI
OJ
'-J



e-DC-13

UNCLERRCD FflULT ON 
ANY CIRCUIT TIED TO 

MCC BUS lO lflB -2

300 fl CIRCUIT 
BREflKER ON T IE  FROM 

OC SHBD lO in  OPENS

SHORT ON OC MCC BUS 
lO lf lB -2

CIRCUIT BREflKER 
FfllLS  OPEN FROM 
aO SED POSITION

dd

00
I

U l<T\

I D C -ft-K -F R C  I I 0 C - f lB 2 -^ - L 0 F  I I O C -flB 2-B ^-0C F  

2I?

B -O C -H  I

DC-flB2-BUS-L0F I

UNCLEflRED FflULT ON 
flNY CIRCUIT TIED TO 

MCC BUS lO lflB -2

300 fl CIRCUIT 
BREflKER ON T IE  FROM 

DC SHBD lO lB  OPENS

CIRCUIT BREflKER 
FfllLS  OPEN FROM 
CLOSEO POSITION

SHORT ON OC MCC BUS 
lO lf lB -2

D01U)
CO



OC MCC BUS lO lfiB -3  
LOSS or OC POHER

w

00
I

(ji

LOSS OF OC POHER ON 
T IC  TO OC SHBO lO lB

LOSS OF OC POHER ON 
T IE  TO OC SHBO lO lf l

BUS TRflNSFER SNITCH 
ON OC MCC BUS 

lO lf lB -3  FfllLS  OPEN

I G-OC-17 I

LOSS OF OC POHER 
FROM r c  SHBO lO lB

OC MCC BUS lO lflB -3  
CNER6IZE0 BY OC SHBO 

lO lB

LOSS OF r c  POHER 
FROM X  SHBO lO lf l

X  MCC BUS lO lflB -3  
ENER6IZE0 BY X  SHBO 

lO lf l

I 6-oc-ie I I X -B -E N TO Z -flB 3 I e-oc-19 I X -n -E N R G Z ^ X 3

X  SHBO lO lB  LOSS X 6 X  fl CIRCUIT X  SHBD lO lf l LOSS X 6 X  fl CIRCUIT
X  POHER BREflKER ON T IE  FROM 

X  SHBO lO lB  OPENS
X  POHER BREflKER ON T IE  FROM 

X  SHBO lOin OPENS

1 B - X - ^ - B  I3C ^- i G -X -B U S -fl I I G -O C-20 I

7X
D01
U l
VO



TO

00
Iui

00

CIRCUIT BRCflKCR 
FAILS OPEN FROM 
CLOSCO POSITION

600 fl CIRCUIT  
BREAKER ON T IE  FROM 

r c  SHBO lO lA  OPENS

e-DC-19

SHORT ON OC nCC BUS 
lO lA B -3

I DC-AB3-aJS-L0n

UNCLEARED FAULT ON 
ANY CIRCUIT TIED TO 

MCC BUS 101A8-3

I DC-AB3-^-UCr

600 A CIRCUIT 
BREAKER ON T IE  FROM 

OC SHBO lO lB  OPENS

e-OC-18

SHORT ON OC MCC BUS 
lO lA B -3

I X - A B j ^ - L O F  •

UNCLEARED FAULT ON 
ANY CIRCUIT TIED TO 

MCC BUS lO lH B -3

I D C -A B 3-B U S ^W 1

CIRCUIT BREAKER 
FAILS OPEN FROM 
aO SED POSITION

I D C -lO lB -g ^ ? ^31B-3S-

o
DnI
O



w

00
I

cn
V£)

9 -D C -B jg -n  I
SEE OUTPUT 

L IS T

LOSS o r  NORMfiL POWERLOSS o r  DC POWER 
SOURCE PRON STfiTION 

BflTTERT lO if l

OC SWBO lO lf l LOSS OF 
DC POWER

OC SWBO 1018 LOSS OF 
00  POWER

! G-DC-24 I I LOSS-OF-NORM-PWR

I?

SEE OUTPUT 
L IST

X
LOSS OF NORIWL POWER

ILOSS-OF-NORH-PHR I 

2

I 6-OC-BUS-B

LOSS OF OC POWER 
SOURCE FROM STflTION 

BflTTERT lO lB

I?
B-OC-BUS-B OUTPUT L IST  

6 -0 C -6 U S -fl-9 , G -O C-BUS-fl-11, B-DC-BUS-B-12, G-OC-BUS-B-16, G -K -B U S -f t - ia  
G-O C-BUS-fl-23, 0-DC-B US-B -2S, G -K -B U S -l 1B 2-2, 6-O C -B US-l 1B2-3  
G -0C -6U S -11B 2-12 , G -0C -B U S-11B 2-19, G H K -0U S -11B 2-2O , G -D C -B U S -lin 2 -2 1 , 0 -O C -5  
6 -0 C -1 2 , 0 -0C -B U S -11B 2-6 , G -0C -B U 5-11R 2-8 . 0 -0 C - f lU S - l l f t2 - l6 ,  G -0 C -B U S -lin 2 -2 3  
G -0C -B U 5-ft-21 , G-OC-19

G-0C-BU5-B OUTPUT LIST  
G-OC-BUS-B-23, G-OC-BUSH3-21, GHJC-BUS-B-18, G-O C-flUS-B-16, G-OC-BUS-B-9 
G -0C -6U S -B -7 , G -O C -B U S -llft l-2 , G -D C -B U S -llB l-3 , G -D C -B U S -llB l-8  
G -O C -B U S -llf il-1 3 , G -O C -B U S -llftl-2 2 , G-OC-BUS-1181-25, G -O C -B U S -llB l-2 6  
G -0 C -8 U S - lin i-7 ,  G -O C-4, 8 - O C - l l ,  G -O C -B U S -llft l-1 9 , G-OC-18

0
n
1

>1̂



LOSS o r  DC POMD? 
SOURCC rROh STfTTlON 

OTTTWY lO lR

G-DC-BJS-fl Ca-d6 -2 4  I

W

00
I

CTi
o

X
Fa.f:CT»?'CRl r f U .T  OR 
OC SHBO lO lR  C fw srs  

CfRCUtT BRCRKCR TO 
OPOl

1000 R BRTTCRY LOSS o r  DC POHER
OUTPUT CIRCUIT rRON STRTION BRTTCRY
8RCRKCR OPCNS lO lR

1000 R B R T T W  
OUTPUT CIRCUIT  

BRCRKCR ru iL S  OPCN 
rpOR aOSCD POSITION

I G -DC-30 I

STRTION BRTTCRT lO lR  
OUT o r  SCRY ICC rOR 

TCST OR RRINTCNRNCC

I OC-R-BRTT-TRO I

G-DC-26

PRRRSITIC lor d  or 
HIGH RCSISTRNCC 

rRULT CRUSeS LONG 
TCRR OISChRRGC

I DC-R-BRTT-HRr |

STRTION BRTTERT lOlR  
rR ILS TO PROYIOE OC 

POMER

Ip c -R ^ - L p r ]

D
0
1

NJ



w

CO
I

(Ti

G-DC-27
6-OC-BOS-B

B-D C-29 IG -DC-28

OXCTRICflL rnULT ON 
DC SHBO lO lB  CBUSCS 

CIRCUIT BREBKER TO 
OPEN

1000 H BflnERY  
OUTPUT CIRCUIT  

BREAKER FBILS OPEN 
FROM CLOSED POSITION

LOSS OF OC POHER 
FROM STflTION BflTTERT 

lO lB

LOSS OF OC POHER 
SOURCE FROM STflTION 

BflTTERT lO lB

1000 fl BflTTERT 
OUTPUT CIRCUIT 
BREAKER OPENS

PARASITIC LOflO OR 
HIGH RESISTANCE 

FAULT CAUSES LONG 
TERM DISCHARGE

STATION BflTTERT lO lB  
OUT OF SERVICE FOR 

TEST OR MAINTENANCE

STflTION BflTTERT lO lB  
FAILS TO PROVIDE DC 

POHER

I OC-B- l -F R t 0 C -B -B flT T -T i« 1 I OC-B-BflTT-HRF I O C -B -B flTT -LO r
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00
I

cr>
NJ

e-DC-3o
e-oc-25

e-DC-32 I

SHORT TO RETURN ON 
0 0  SH80 lO lB  HITH  
aOSEO T IE  BREAKER

SHORT TO RETURN ON 
00  SHBO lO lA

OPERATOR ERROR -  T IE  
BREAKER LEFT CLOSEO

ELEOTRICAL FAULT ON 
00  SHBO lO lA  CAUSES 

CIRCUIT BREAKER TO 
OPEN

SHORT TO RETURN ON 
OC SHBO lO lB

I O O -B -^ -LO n

(i)
IOC-TIEBKR-OPC

(iJ
D
0
1



A
OECTRICflL FAULT ON 
X  SNBO lO lB  CAUSES 

CIRCUIT BREAKER TO 
OPEN

B -X -2 lg-PC-31 I

ro

00
Icriu>

SHORT TO RETURN ON 
X  SHBO lO lB

SHORT TO RETURN ON 
X  SHBO lO lA  WITH 
aOSEO T IE  BREAKER

0
re=D6 '̂

SHORT TO RETURN ON OPERATX ERROR -  T IE
X  SHBO lO lA BREAKER LEFT CLOSED

I X -A -B U S -U f

0 ^

I X -T IE » R -O P C

an1
Ln



APPENDIX B.19 

THERP ANALYSIS

B.19-1



B.19.1 Human R e lia b ility  Analysis

Three d iffe re n t types of human erro r p robab ilities  were used in th is  
analysis. The f i r s t ,  generic human error rates, was used to represent an 
approximate error rate fo r large classes of events during the screening quanti­
f ica tio n  process. The second, recovery c re d it, was used during the f in a l quan­
t if ic a t io n  to account fo r operator actions to recover fa ile d  equipment. The 
th ird , technique fo r human error rate prediction (THERP) analysis, was used 
during the fin a l quantifica tion  fo r specific  human errors which were thought to 
be important from the screening quan tifica tion .

The generic human erro r rates were taken from NUREG/CR-1278, "Hand­
book o f Human R e lia b ility  Analysis w ith Emphasis on Nuclear Power Plant Appli­
cations." A human factors (HP) spec ia lis t discussed with each systems analyst 
the type o f actions which an operator might have to take fo r  each system anal­
yzed. This included actions during normal operation, maintenance, tes ting , or 
accident conditions which could a ffe c t a systems o p e ra b ility . The HP special­
is t  then grouped these errors in to  large generic classes and supplied a number 
to be used during the screening quantifica tion  fo r each class o f errors. These 
numbers are shown in Table B.19.1.

A fte r the screening quantifica tion  was performed, the f i r s t  step in 
the f in a l quantifica tion  was to account fo r recovery actions. Credit was given 
fo r recovery by the operator i f  (a) w ritten  procedures existed which would cue 
the operator to the recovery action, and (b) the recovery action did not 
involve the repair o f a functiona lly  fa ile d  component. The p robab ility  of 
fa ilu re  to recover was based on the time available to perform the recovery 
action and whether the action could be performed from the control room or had 
to be performed lo c a lly . The recovery factors used are lis te d  in Table B.19.2, 
and were developed from a combination of information contained in the Big Rock 
Point PRA and expert opinions by the IREP analysis teams with the help o f the 
IREP Quality Assurance team. These numbers were used fo r  a ll the IREP studies. 
Recovery is  explained in greater de ta il in Appendix C, Section C.2.2.1.

As a resu lt of the screening quantifica tion  and a fte r the application 
of recovery, i t  was found tha t the only human error which contributed s ig n if i ­
cantly to r isk  was the fa ilu re  to manually depressurize the reactor when high- 
pressure cooling was unavailable. I t  was then necessary to do a more detailed 
evaluation of th is  error by constructing a THERP tree to represent the 
operator's response.* The tree represents the operator's fa ilu re  to correctly  
fo llow  procedure 0P516A to the point where i t  says to manually depressurize. 
This procedure requires the operator to in te rp re t his s itua tion  and then re fer 
to and fo llow  a flow chart diagram to the manual depressurization step. The 
tree is  shown in Figure B.19-1, and is  analyzed both fo r  the loss-of-normal- 
power and non-loss-of-normal-power cases.

* THERP analysis and THERP trees are explained in de ta il in NUREG/CR-1278, 
"Handbook of Human R e lia b ility  Analysis with Emphasis on Nuclear Power Plant 
Applications."
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Table B.19.1. Human Error P robab ilities fo r Screening Quantification 

______________ Error Type______________  P robability  (per act)

Errors o f Omission 0.01

Failure to manually depressurize system^ 0.03

Failure to restore (e .g ., fo llow ing a 
te s t or maintenance act)

0.01

Errors of Commission 0.003

M iscalibration 0.001
2

Backup Action 0.05

Because manually depressurizing the system involves s ig n ifica n t and 
unique physical e ffects (e .g ., possibly uncovering the core), th is  pa rticu la r 
e rro r o f omission was assigned a higher value to re fle c t possible operator 
reluctance to perform th is  action. This value was used in the screening quan­
t i f ic a t io n  fo r  a ll conditions under which manual depressurization was required.

2
This type o f action is  s im ila r to the recovery actions which were gener­

a lly  considered in the fin a l quantifica tion  as described in Appendix C, Section
C.2.2.1. However, in a few s itua tions , w ritten  procedures mandated that plant 
personnel check an automatic action. In these instances, the p o s s ib ility  of a 
human backup action was e x p lic it ly  modeled on the fa u lt  trees, with 0.05-per- 
act used as the p robab ility  o f fa ilu re  to perform the backup action.

Table 8.19.2. Recovery Factors fo r  Final Quantification

Time Allowed fo r Action (minutes) P robability  o f Failure
Inside Control Room Outside Control Room To Perform Action

< 5 < 65 1.0
5 to 10 65 to 70 0.25

10 to 20 70 to 80 0.10

20 to 30 80 to 90 0.05
30 to 60 90 to 120 0.03

> 60 > 120 0.01
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Figure B.19-1, Failure to Open Manual R elie f Valves A fte r Loss of Feedwater. 

Case (1 ) : There has been no loss of normal power.

P robability  of Failure = 0.0256 = 0.03.

0.999 a 
Perform 

level check,

0.997 b 
Detect 

decreasing level

0.997 c 
Use flowchart 

in procedure

0.99 d 
Perform at least one 

check fo r increasing level

A 0.001
Omit level check 

(procedure Step 5.4)

B 0.003
Fail to detect 

decreasing level

0.003
Ignore flowchart 

in procedure

0.01
Skip a ll checks fo r 

increasing levels

0.997 e 
Detect level 

increase

0.995 f  
Perform check fo r 
decreasing level

0.99 g 
Detect level 
decrease

0.999 h 
Open re l ie f  

valves

E 0.003
Fail to detect 
level increase

F 0.005
Omit check fo r 

decreasing level

G 0.003 
Fail to detect 

decrease

H 0.001 
Fail to open 

re l ie f  valves

NOTE: Capital le t te r  denotes fa ilu re ; small le t te r  denotes success.
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Figure B.19-1. Continued.

Assumptions

(1) Total dependence among operators i f  more than one present--th is is a 
conservative assumption; but there is  no basis fo r  a contrary 
assumption.

(2) Operator w il l  f a i l  to perform procedure correctly  from memory i f  he 
chooses to ignore flowchart.

(3) On the flowchart, i f  any one "Level Increasing" te s t is  responded to 
co rrec tly , any others w il l  also be responded to correctly  (to ta l 
dependence because of psychological set on repeated tasks).

(4) I f  any one o f the re l ie f  valves is  opened, a ll w il l  be (to ta l 
dependence because of a common task).

Events and Data Sources

Below is  a description o f each fa ilu re  event on the THERP tree , along
with the source table from NUREG/CR-1278, which was used to determine the
fa ilu re  p robab ility  fo r the event:

A. The operator fa i ls  to check the water level in the reactor vessel as 
required.

Table 20-20, Line 4. Lower l im it  o f range used because checkoff 
seems non -c ritica l in a short procedure under emergency
conditions, with substantial time fo r performance of the step.

B. Given that the operator checks the water le ve l, he fa i ls  to note that 
i t  is  decreasing.

Table 2-7, Line 4.

C. The operator fa i ls  to use the flow chart in the procedure, but 
instead tr ie s  to act from memory.

Table 20-20, Line 4. Decision to use chart is  treated as an 
independent step, because the flowchart is  so unclear as to 
discourage use.

D. The operator fa i ls  to perform a ll three checks fo r increasing water 
level in the reactor vessel.

Table 20-20, Line 5. Flowchart treated as long procedure (> 10 
steps).

E. Given that the operator checks fo r increasing water level a t least 
once, he fa i ls  to note that i t  is  not increasing.

Table 20-7, Line 4.

B.19-5



Figure B.19-1. Concluded.

F. The operator fa i ls  to perform the check fo r  decreasing water level in
the reactor vessel.

Table 20-20, Line 5. Lower l im it  used because of the advantaqe 
o f visual presentation in the flowchart (a ll lines lead here).
No such adjustment was made fo r  D because of the confusing
m ultip le  branching at the beginning o f the chart.

6 . Given that the operator performs the check fo r decreasing water
le ve l, he fa i ls  to note that i t  is  decreasing.

Table 20-7, Line 4. For the branch which includes Event E, the 
upper l im it  is  used because of the set-reversal required in 
changing from a tes t fo r "increasing" to a tes t fo r
"decreasing."

H. The operator successfully reaches the step ca llin g  fo r manually
opening the re l ie f  valves to depressurize, but fa i ls  to do so.

Table 20-13, Line 2.

Case (2 ) : There has been loss o f normal power. The tree is  the same, but 
the p robab ility  of F (om itting the flowchart step o f checking fo r decreasing 
leve l) is  increased to the upper l im it  o f 0.05 because of the confusing side 
branch fo r  checking the aux ilia ry  generators. That step appears to lead to an 
e x it from the flowchart.

P robability  of Failure = 0.0697 s 0.07.
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C.O INTRODUCTION

This appendix presents the methodology used in the M illstone Point anal­
ysis to arrive  at the point estimates of the accident sequence p robab ilities  
found in Chapter 8 . S pe c ifica lly , the transla tion  from component and human
error rates fo r basic fa u lt  tree events to an estimation fo r  the p robab ility  of 
a pa rticu la r accident sequence is described. Section C .l demonstrates how 
basic event p robab ilities  are calculated fo r each of the component and human
error fa ilu re  modes used in the analysis. The determination of in it ia t in g
event p robab ilities  and undeveloped event p robab ilities  is also provided in
Section C .l.

Section C.2 describes the procedure fo r  the calculation of accident 
sequence p robab ilities  given system fa u lt  trees and event p ro b a b ilitie s . The 
procedure is  a two step process consisting of a "screening" sequence probabil­
i t y  estimation and a f in a l sequence p robab ility  ca lcu la tion. Section C.3 pro­
vides a detailed example of the quantifica tion  of a sequence p robab ility .

C .l Event P robab ility  Estimation

In th is  section, the method of estimating basic, in it ia t in g  and undevel­
oped event p robab ilities  is  described. The occurrence p robab ilities  fo r  the 
basic events involving hardware fa u lts  in each of the system fa u lt  trees were
calculated p rim arily  from the data in Table C-1. The data in Table C-1 are
modified from Appendix I I I  o f WASH-1400 (NUREG-75/014, "Reactor Safety
Study").[1 ] Basic events involving human error were estimated using data 
p rim arily  from NUREG/CR-1278, "Handbook of Human R e lia b ility  Analysis with 
Emphasis on Nuclear Power Plant Applications" (D raft Report).[2 ] The sources 
of the in it ia t in g  event p robab ilities  were EPRI NP-801, "ATWS: A Reappraisal,
PART I I I ,  Frequency of Anticipated Transien ts"[3 ], plant information and the 
data base supplied by the NRC fo r th is  study.

Section C.1.1 provides numerical examples of the calculation of various
types of fa ilu re  modes appearing as basic events in the system fa u lt  trees. 
Section C . l.2 provides the numerical estimates fo r  the in it ia t in g  events used 
in th is  study. Section C.1.3 describes how the p robab ilities  of undeveloped 
events ( i .e .  events fo r  which fa u lt  trees were not drawn) were developed. The 
fa ilu res  of the Power Conversion System, Feedwater System, Vapor Suppression 
System and functioning of the s a fe ty /re lie f valves were the undeveloped events 
in the M illstone analysis.

C.1.1 Basic Event P robabilities

Basic events are those fau lts  on the fa u lt  tree fo r which occur­
rence data exists and thus require no fu rthe r log ic development. They consist 
generally o f component u na va ila b ilitie s  and human errors. The estimation of 
basic event fa ilu re  p robab ilities  and selected examples are discussed here. 
The p robab ilities  of each basic event in the fa u lt  trees are included in the 
"Fault Tree Summary Sheets" in Appendix B.
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c.l.1.1 Component Failure P robab ilities

In the construction of the fa u lt  trees, the analysts ide n tified  
system fa ilu re  modes due to hardware fau lts  or human e rro r. This section 
describes the process by which estimations o f the p robab ilitie s  o f the hardware 
fa u lts  were made. The human errors are discussed in Section C . l .1.2, and test 
and maintenance errors in Section C . l .1.3.

In general terms, the associated fa ilu re  p robab ilities  fo r hardware
fa ilu re  modes can be described as e ithe r "u n a va ila b ilit ie s " ( i . e . ,  the prob­
a b il i ty  o f a component fa ilin g  to function on demand) or "u n re lia b ilit ie s "  
O .e .,  the p robab ility  of a component fa il in g  to continue functioning fo r  some 
period o f tim e). The basic data used fo r a ll IREP studies to quantify these 
hardware fa ilu res  are modified from the WASH-1400 data base and are shown in 
Table C-1. The fa ilu re  p robab ilities  are shown in th is  table in three forms:
(1 ) demand fa ilu re  p robab ilities  (p rob ab ility  of fa ilu re  on demand, denoted as 
Qp); (2 ) standby fa ilu re  rates ( fa ilu re  per hour in a standby mode, denoted as 
X ) ; and (3) operating fa ilu re  rates ( fa ilu re  per hour in an operating mode, 
denoted by x^).

The WASH-1400 data base was taken from a population which was 
tested at varying in terva ls but which, in general, were short ( i . e . ,  'v- 1 
month), and th e ir  values were used d ire c tly  fo r s im ila r components at M il l ­
stone. However, there were some components tested only at much longer in te r­
vals, and the calculation of values fo r  these components is  discussed below. 
Some components, such as control c irc u its  fo r values and pumps, were b u ilt  up
from subcomponents whose fa ilu re  p robab ilitie s  existed in the data base in a
sim ila r fashion to what was done in WASH-1400.

Failure P robab ilities fo r Components Tested at Long Intervals

In a c tu a lity , fo r bimodal components--that is ,  components required to 
change state ( i . e . ,  on -o ff, open-closed)--the to ta l u n a va ila b ility  (Q) is  com­
posed of two parts: ( 1) a part which depends only on the number of demands
(Qp) and (2) a time-dependent part with some fa ilu re  rate per hour (x ). I f  
the actual demand is  averaged over the tes t in te rva l, then, a lgebra ica lly , we 
have:

Q = Qd + 1/2 X J

T = te s t in te rva l.

In WASH-1400, using engineering judgement as to whether time-dependent or
demand-dependent fa ilu re  modes were dominant, they calculated e ithe r a prob­
a b il i ty  o f fa ilu re  on demand (Q^) or a standby fa ilu re  rate (x ) fo r  each com­
ponent. This basica lly assumes a ll of the u n a va ila b ility  is  e ithe r demand-
related or tim e-re lated, with no mixing o f modes.

For components tested at in te rva ls s im ila r to the data base, th is  makes no 
difference in the calculated u n a va ila b ility . For components tested at much 
longer in te rva ls , th is  can lead to non-conservatively underestimating the 
u na va ila b ility  by an amount determined by the portion of time-dependent fa ilu re  1̂  
modes that actua lly  ex is t.
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Since WASH-1400, more data have been collected, a lb e it s t i l l  weakly 
re la ting  to th is  question. There is  some evidence in (1) recent NUREG LER data 
summaries [4 ] ,  (2) the NPRD data summary [5 ] ,  and (3) the experience o f people 
who are experts in the data f ie ld *  o f s ig n ifica n t time-dependent fa ilu re  modes 
fo r  components ty p ic a lly  termed "demand" components. However, since data are 
s t i l l  scarce and the c la ss ifica tio n  of a fa ilu re  mode as time- or demand- 
related is  somewhat subjective, the question is  s t i l l  unresolved.

In order to be conservative fo r the in i t ia l  screening quan tifica tion , 
components tested at greater-than-one-month in terva ls had th e ir  unava ilab il­
i t ie s  calculated, assuming th e ir  fa ilu re  modes were purely time re lated. This 
was done by taking Q from the data base and converting th is  to a based on an 
assumed monthly te s t in te rva l:

( 1)

(2 )

^WASH-1400 ‘  S  ^Im

ŝ " 2QyjASH-1400//20

i . e . ,  Qp = 0

Tim = /20  hr

Given th is  fa ilu re  ra te , an u n a va ila b ility  fo r  the component based on its  
actual tes t in te rva l was calculated:

(3) ^actual 1 /2  Tac tua l

n =

" 1/2 2QwASH-1400//20 ^r

" " ^WASH-1400 
number of months in actual tes t in te rva l.

actual

The only components of th is  type which contributed s ig n ific a n tly  to the 
core melt frequency, were some c irc u it  breakers, relays associated with the 
LNF lo g ic , and an IC makeup valve which were tested only every refue ling outage 
( i . e . ,  every 17 months). Because of the indication that these components may 
have s ign ifica n t time-dependent fa ilu re  modes, the u n a va ila b ilit ie s  were not 
changed in the f in a l quan tifica tion . The significance of these components and 
th e ir  contribution to the to ta l core melt frequency is  discussed in the Summary 
and Chapter 8 o f the main report. Further discussion of the whole data ques­
tion  can be found in the IREP Procedures Guide. [11]

C . l .1.1.1 Failure of Component to S tart Function

This fa ilu re  mode is  applicable to components which have a pre­
in it ia t in g  event status d iffe re n t from that required a fte r the in it ia t in g  
event. For active components, th is  fa ilu re  mode implies the fa ilu re  to "change 
s ta te ," e.g. the fa ilu re  of a non-running pump to s ta r t, the fa ilu re  o f a 
closed valve to open or the fa ilu re  of an open relay to close. For a passive

♦Telephone conversations w ith W. E. Vesely and F. Leverenz of Batte lle  
Columbus Laboratories, and J. Fragola and E. Lofgren of Science Applications, 
Inc.
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component, th is  fa ilu re  mode implies the fa ilu re  to perform a p o s t- in it ia tin g  
event function in i ts  existing sta te , e.g. a normally open valve through which 
no flow normally passes fa ils  to remain or be open when flow is  required to 
pass.

Information describing th is  fa ilu re  mode was available in terms of 
fa ilu re  p rob a b ility  (q .) or standby fa ilu re  rates (^5 ). Both o f these quanti­
t ie s  depict the occurrence of fa ilu res  which appear Only when the component is 
required to function. Further, there is  a re la tionsh ip  between X and q. which 
was discussed above. As w il l  be illu s tra te d  by the examples, and as discussed 
previously, the analyst's engineering judgment was sometimes necessary in 
extrapolating fa ilu re  information to specific  cases, especially i f  tes t in te r ­
vals were much longer than one month. (Test and maintenance outages can also 
contribute to the p robab ility  o f a component not functioning on demand. How­
ever, because of the special nature of these contributions, th e ir  estimation is 
described separately in Section C . l.1.3.)

Example 1 P robability  of Relay Failing to Energize on Demand
(Switch fa ilu re  p robab ilitie s  calculated s im ila r ly )

From Table C-1, the median fa ilu re  p robab ility  (q .) fo r the ener­
gizing of a relay is  lE-4; the test in te rva l is one month. In some cases, 
relays were tested at s ig n ific a n tly  longer in te rva ls , e.g. at refueling outages 
or in other cases they are not tested at a ll during plant l i f e .  The estimates 
of th e ir  fa ilu re  p robab ilities  were generated as follows:

(A) Relay tested only at refueling

Refueling at M illstone occurs approximately every 17
months or approximately every 12000 hours.
From equation (3)

Plcomponent fa ilu re  to operate given refueling te s t in te rva l}

= 17 X Plcomponent fa il in g  to operate given monthly tes t 
in te rv a l}

= 17 X 10"^

= 1.7 X 10"^

(B) Relay not tested during plant l i f e

To date, the M illstone Unit 1 has operated fo r 11 years or approxi­
mately 100,000 hours. To estimate the current p robab ility  o f f a i l ­
ure o f relays which have never been tested, i.e .  the p robab ility  of 
fa ilu re  at the end of the 100,000 hour in te rva l, i t  is necessary to 
use a varia tion  of equation (3)
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P{standby component fa ilin g  to operate on demand at end of 100,000 
hours}

= X3 ( t )

= (2.78 X 10"^)(100,000)

= 2.8 X 10"^

where is calculated from equation (2 )

Example 2 P robability  o f Valve Failing to Remain Open Upon Demand

In the M illstone analysis, i t  was found that some manual and motor 
operated valves (MOVs) were never tested or were tested only at refueling. To 
derive the fa ilu re  p rob a b ilitie s  fo r  those valves tested only at re fue ling , the 
method described in Example 1(A) was in i t ia l ly  used. However, i t  was decided, 
on the basis of engineering judgement, that application of th is  approach to 
normally open valves tha t had never been tested and were not required to change
state on demand led to un re a lis tic  (and overly conservative) estimates of the
probab ility  o f th is  fa ilu re  mode. In these instances, i t  was decided to use
the upper bound of the range o f the p robab ility  given in Table C-1:

Plnever tested manual valve fa ilu re  to remain open on demand}

= 3 X 10'^
Plnever tested MOV fa ilu re  to remain open on demand}

= 3 X 10"^
C . l.1.1.2 Failure of Component to Continue Functioning

This type of fa ilu re  mode is applicable e ithe r to ( i )  components 
whose mode of operation a fte r an in it ia t in g  event remains unchanged from that 
p r io r to the in it ia t in g  event or ( i i )  components which are successfully a c t i­
vated a fte r an in it ia t in g  event and must continue functioning. Operating f a i l ­
ure rates, indicated by x , are used fo r these estimates. The period of
required continuous operation fo r many components a fte r in i t ia l  demand was
assumed as 24 hours.

I t  should be noted that the estimation of the p robab ility  of th is  
fa ilu re  mode assumes that the in it ia t in g  event has not, in i t s e l f ,  prevented 
continued operation of the component. This fa ilu re  mode was s ig n ifica n t p r i­
marily fo r pumps tha t must function or valves tha t must remain in position fo r 
some time a fte r an in it ia t in g  event; i t  was not generally s ig n ifica n t fo r  elec­
t r ic a l components.
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Example 3 Failure o f Pump to Continue Running

To successfully perform its  post-accident function, i t  was deter­
mined that certain components must continue to remain in position fo r 24 hours 
a fte r th e ir  in i t ia l  demand. In th is  example, the fa ilu re  p robab ility  of a pump 
continuing to run fo r 24 hours is  estimated.

From Table C-1, = 3 x 10"^ hr"^
Assuming exponential d is tr ib u tio n  o f fa ilu re  times,

P{pump fa il in g  to continue running in in terva l (0,24 hours)}

= l-e"^o^

.  A^t

= (3 X 10'^)(24)

= 7.2 X 10"^

C . l .1.2 Human Error P robabilities

The treatment of human error p robab ilities  in th is  analysis was a 
process consisting of two steps. In the f i r s t  step, fo r use in the screening 
quantifica tion  described in Section C.2.1, the human error p robab ilities  input 
fo r the basic events in the fa u lt  tree were derived from the generic data pre­
sented in NUREG/CR-1278, "Handbook of Human R e lia b ility  Analysis with Emphasis 
on Nuclear Power Plant Applications" (Draft Report).[2 ] The derivation o f th is  
data was based on the analysts' examinations of the pa rticu la r fa ilu re  modes 
and consultation with a human factors spec ia lis t to assure consistency among 
the input data. The resultant human erro r p robab ilities  input fo r the
screening quantifica tion  are shown in Table C-2.

As part o f the f in a l quantifica tion  process described in Section 
C.2.2, human errors that were found to contribute s ig n ific a n tly  to the proba­
b i l i t y  o f dominant sequences were to be reevaluated; th is  reevaluation would be 
performed to develop more re a lis t ic  estimates o f the prominent human errors 
than the conservative values used in the screening quan tifica tion . This re-
evaluation would enta il the use of a "THERP" analysis to more rigorously derive 
a fa ilu re  p robab ility  fo r the human erro r o f in te res t. The THERP (Technique 
fo r Human Error Rate Prediction) approach is  also developed in NUREG/CR-1278.

In the M illstone analysis, only one human e rro r, the fa ilu re  to
manually depressurize the reactor system, was found to be a s ig n ifica n t c o n tr i­
butor to dominant accident sequences. As indicated in Table C -2 , the value 
used in the screening quantifica tion  fo r fa ilu re  to perform th is  act was 0.03. 
The value was used fo r a ll sequences regardless of the in it ia t in g  event. 
Because th is  human error was a s ig n ifica n t contributor to dominant sequences 
id e n tifie d  in the screening quan tifica tion , a THERP analysis was performed to 
develop a more re a lis t ic  p robab ility  fo r th is  act. The results of the THERP 
analysis indicated that a value of 0.03 per act was only s lig h t ly  conservative
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(the THERP analysis predicted 0.026 fo r the fa ilu re  to manually depressurize) 
fo r most cases; however, a value of 0.07 per act was predicted as the fa ilu re  
rate fo r sequences in which the in i t ia to r  was T ., the loss of normal AC power. 
Accordingly, the estimated p robab ility  of some sequences with the I ,  in i t ia to r  
increased in the fin a l quantifica tion  step. The THERP analysis fo r th is  act is 
presented in Appendix Section B.19.

C . l .1.3 Test and Maintenance U nava ilab ilities

In general, contributions to a component una va ila b ility  from test 
or maintenance acts arise from two sources: ( i )  the component is unavailable
because i t  is  in tes t or maintenance and ( i i )  the component is  not functional 
when demanded due to a human error involved in returning the component to ser­
vice a fte r tes t or maintenance. In the M illstone analysis, these contributors 
were considered on a component level in the construction of the fa u lt  trees in 
contrast to the subsystem or tra in  level consideration by other methodologies. 
To do th is , s ig n ifica n t in teraction between the analysts and plant personnel 
was necessary to determine plant specific  tes t and maintenance frequencies and 
times required fo r various tes t and maintenance acts. Also, the method of per­
forming tests acts was examined p a rticu la r ly  to determine the potential fo r 
returning a component to service p rio r to completion of the te s t. The con­
tribu tions  to u n a va ila b ility  from test and maintenance acts fo r each component 
were combined as presented in the "Fault Tree Summary Sheets" in Appendix B, 
but th is  combined to ta l was developed by considering each of the elements 
described below.

U nava ilab ility  Contribution Due to Time in Test

When a tes t is  performed on a component, i t  may require e ithe r placing the 
component in service or making the component unavailable fo r service, i f  
needed. For example, the tes t of a standby pump involves s ta rting  and running 
the pump; thus, no contribution to the u n a va ila b ility  o f the pump occurs simply 
because i t  is  placed in te s t. Conversely, the testing of some components may 
require removing them from service, thus, introducing a contribution to the 
u n a va ilab ility  o f the component. To determine the magnitude of th is  contribu­
tion requires knowledge of the time in tes t and the time between tests. Also, 
the method of testing is important, e.g. the p o s s ib ility  of read ily returning 
the component to service should be considered. For th is  analysis, information 
on tes t in terva ls was derived from plant procedures and technical specifica­
tions; monthly tes t in terva ls were the most common, although some components 
were tested on a weekly, quarterly or refueling basis. Estimates of component 
tes t times fo r each component were based on experience of plant personnel. 
From th is  information, the only components fo r which a "s ig n ifica n t" tes t time 
existed were sensors. (Pumps, a ir  compressors and heat exchangers are e ither 
normally running or are placed in a running condition to perform the te s t; the 
cycling of valves requires only a matter of minutes.) The sensor tes t time was 
estimated as two hours. The method of testing sensors was such tha t, gener­
a lly ,  the sensors were neither able to perform th e ir  function during th is  time 
nor was th e ir  output replaced by a fa ilsa fe  s ignal; fu rth e r, the sensors were 
not readily returnable to service. Under these conditions, the contribution to 
the u na va ila b ility  was calculated as shown in the follow ing example.
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Example 4 Time in Test Contribution to Sensor U nava ilab ility

For a sensor that is  tested monthly with an average te s t time of 
two hours, the tes t time contribution to the u n a va ilab ility  can be calculated 
as:

PlSensor unavailable because of te s t}

= Avq. time (hours) fo r test/month 
Hours per month

= 2/720

= 2.78x10"^

U nava ilab ility  Contribution Due to Time in Maintenance

The M illstone plant has no scheduled maintenance, ra ther, maintenance is  
performed during plant shutdown or only on an as needed basis during operation. 
Therefore, the contribution to component u n a va ila b ility  was derived from know­
ledge of repair times and operating fa ilu re  rates (assumed constant). Specifi­
c a lly , i f  N = the number of fa ilu re s  in the in terva l T, y = the average compo­
nent repair time and T  ̂ = operating time of component in in te rva l T, then

T, = T - Ny 

and = N/T^

N = Xq(T - Ny)

= V  -  X̂ Ny

= ^oT
1+X^y

then
P {component is  in maintenance upon demand}

N_i 
■ T

in ^ y

 ̂ V  V  1

The average component repair times, y, used in th is  analysis were gener­
a lly  based on the operating experience of plant personnel (supplemented by 
maintenance records, where available) and are provided in Table C-3.
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U n a v a ila b ility  Due to Error in  Returning Component To Service From Test

Upon completion o f a te s t, the p o s s ib ility  exists o f inco rrectly  returning 
a component to service so that i t  may not function when demanded. For the 
analysis, a human e rro r rate of 0.01 per act was used (see Table C-2). This 
human erro r rate was used as a blanket rate to model a ll of the potential human 
errors in properly returning a component to service. In add ition, considera­
tion  was given to the detection time fo r these human errors. For example, some 
valves that are tested monthly are position checked on a weekly basis; thus, 
the e rror o f inco rrec tly  a ligning a valve a fte r i ts  monthly tes t may well be 
discovered during its  weekly position check. As another example, some errors 
in returning components to service would resu lt in control room ind ications, 
thus th e ir  detection times would be expected to be very short, resu lting  in a 
neg lig ib le  contribution to u n a va ila b ility  fo r these components. The following 
example w il l  i l lu s tra te  how these u n a va ila b ilit ie s  were evaluated:

Example 5 Contribution to Valve U nava ilab ility  Due to Error in Returning to
Service from Test

I f  a manual valve is  cycled monthly fo r test and position checked 
weekly, potential errors in returning the valve to its  operational state ex is t. 
These errors include placing a fa ile d  valve back in service and leaving a func­
tiona l valve inco rrectly  aligned. (Because of the p robab ility  of a valve f a i l ­
ing and the s ig n ifica n t nature o f the act, i t  was judged that placing a fa iled
valve back in service is  much less lik e ly  than simply leaving a functional 
valve misaligned.) The error rate fo r fa ilu re  to properly return a component 
to service a fte r tes t is  0.01 per act. I t  is  assumed that an erro r o f incor­
re c tly  positioning a valve would be caught on the f i r s t  weekly position check,
thus the u n a va ila b ility  due to inco rrec tly  returning the component to service 
is :

P{error per ac t}» (frac tion  of time error exists)
1 week to f i r s t  check

= (0 . 01) (  )
1 month between tests

= (.01)(7/30)

= 2.33 X 10"^

I f  we include the p o s s ib ility  o f e rror on the f i r s t  weekly check, the value is 
not changed s ig n ific a n tly .

U nava ilab ility  Due to Error in Returning a Component to Service from
Maintenance

As was the case with returning components to service from te s t, errors may 
occur in the return o f components to service from maintenance. S im ila rly , the 
exact causes of these errors were not defined, but were modeled by a blanket 
e rro r rate of 0.01 per act. Therefore, as shown in Example 6 , the contribution 

Ito u n a va ila b ility  due to inco rrectly  returning a component to service from 
maintenance is  a function of the error ra te , detection time, and the 
p robab ility  that the component required maintenance.
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Example 6 Contribution to Valve U n a v a ila b ility  Due to  Error in  Returning to
Service from Maintenance

I f  the manual valve in Example 5 were found to be defective upon 
its  monthly te s t, then the potential e rror in returning i t  to service a fte r 
maintenance would contribute to its  u n a va ila b ility .

P{Valve unavailable due to erro r in return to service from te s t}

= PIValve requires maintenance} P{error per a c t}(fra c tio n  o f time
error exists)

= [(Xg)(720 hours)](0.01)(7/30)

= (2.8 X 10'^)(720)(0.01)(7/30)

= 4.7 X 10"^

C.1.2 In it ia t in g  Event P robabilities

As discussed in Chapter 4, two types of in it ia t in g  events were 
analyzed fo r th is  study: loss-of-coolant accidents (LOCAs) and transients.
The determination of each of the in it ia t in g  event frequencies used in th is  
analysis is  discussed below.

C.1.2.1 LOCA Event Probabilities

The determination of the characteristics of the LOCA in it ia t in g  
events was based on the performance capab ilities  of the M illstone emergency 
core cooling systems. This capab ility  is  illu s tra te d  in the bar chart pre­
sented as Figure C-1 (also as Figure 4-1). This bar chart was adopted from the 
FSAR[6 ] and modified to preclude FWCI system operation as a response to a LOCA. 
This modification reduced the number of LOCA in it ia t in g  events that had to be 
defined and was made in recognition th a t, fo r LOCA in it ia to rs ,  the feedwater 
system, of which FWCI is  a part, is in i t ia l l y  assumed available. Thus, the 
feedwater system as a whole was considered fo r LOCA in it ia to r  response, rather 
than simply the FWCI subsystem. (The FWCI subsystem response, however, does 
become important in the consideration o f transient in it ia to rs ,  e.g. loss of 
normal power). Figure C-1 was fu rthe r modified from that appearing in the FSAR 
to f i t  the system performance capab ilities  exactly to the selected break sizes. 
For example, the feedwater system, according to information in the FSAR, w il l  
provide adequate core cooling fo r liq u id  breaks up to about 0.22  f t ^ ;  whereas 
th is  analysis credited feedwater m itigation fo r liq u id  breaks only to 0.20  f t ^ .  
Such modifications were made to avoid using LOCA categories that were too 
fin e ly  defined fo r useful p rob ab ilis tic  analysis. These small modifications 
were in the conservative d irection .

The resultant LOCA in it ia to rs ,  the systems required fo r m itigation 
and th e ir  p robab ilities  of occurrence are provided in Table C-4.
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C.1.2.2 Transient Event P robabilities

The transient in it ia t in g  events that were used in the M illstone
analysis were derived from two sources: EPRI NP-801[3] and plant specific  con­
siderations o f the potential effects of the loss of various support systems.

The EPRI report provided the types and numbers of various tran­
sients that have occurred in the operation of BWRs through early 1978. The
transients that were cataloged in EPRI NP-801 are lis te d  as Table C-5. These
transien ts, as well as the industry average occurrence p robab ilities  assessed 
from EPRI NP-801, were analyzed to determine th e ir  a p p lic a b ility  to the M il l ­
stone design. I t  was found that a ll o f the transients in Table C-5 were poten­
t ia l l y  applicable to the M illstone design, w ith the exception of the inadver­
tent startup of a High Pressure Coolant In jection or Spray System (#33). Such 
a transient is  not applicable because the high pressure emergency core cooling 
system of M illstone is  the normally functioning FWCI, rather than a separate, 
standby system. I t  should also be noted that because of th is  unique design in 
which one feedwater tra in  is  qua lified  to emergency core cooling standards, the 
estimation of the p robab ility  o f loss of a ll feedwater flow (#22) required a 
p lan t-spec ific  approach.

The EPRI transient l i s t  was fu rthe r condensed fo r the M illstone 
analysis by not considering the turbine t r ip  with turbine bypass fa ilu re  (#4) 
and e le c tr ic  load re jection with turbine bypass fa ilu re  (#2 ) as separate in i ­
t ia to rs . This was done because the occurrence of the turbine bypass fa ilu re  
re a lly  represents a fa ilu re  of the power conversion system (PCS) in conjunction 
w ith the actual in it ia t in g  events: turbine t r ip  (#3) or e le c tr ic  load re jec­
tion  (#1). Because the turbine bypass fa ilu re  is  considered as contributing to 
a fa ilu re  mode o f the PCS, transients #2 and #4 were not separately considered 
to avoid "double counting."

The frequencies fo r the remaining transients found applicable from 
EPRI NP-801 are presented in Table C-6 . The EPRI document included data on the 
number of occurrence of each of the transients over the life tim es of each oper­
ating BWR. The frequencies indicated in Table C-6 to be from EPRI NP-801 data, 
were developed in assuming M illstone to be an "average" plant in terms o f sus­
c e p t ib il i ty  to the transients. Thus, the ra tio  o f to ta l occurrences to to ta l 
operating plant years was used as the M illstone frequency. As mentioned above, 
however, because of the unique design of the feedwater system, the estimation 
of the frequency of loss of a ll feedwater required a p lan t-spec ific  approach. 
Therefore, a review of plant data was made and i t  was found tha t there had been 
no losses of a ll feedwater flow in the twelve years of plant operation at the 
time of th is  ca lcu la tion. To develop the p robab ility  of th is  in it ia t in g  event, 
the follow ing assumptions were then made:

(1) The d is tr ib u tio n  of the occurrence times fo r a loss of a ll 
feedwater transient is  exponential with unknown param­
eter ( i.e .  constant fa ilu re  rate)

(2) To obtain a fa ilu re  rate estimate from the twelve-year 
record in which no transients were observed, the conserva­
tive  assumption that a loss of a ll feedwater transient was
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( is )  about to occur was made. Thus, the estimator of 
these transients would be

12 years

(3) For th is  study, i t  was decided that the 50% upper con fi­
dence l im it  fo r a , Ac q^ would be used as an estimate fo r 
the loss of a ll feedvJarer transient frequency. This 50% 
confidence l im it  was used because of the re a lis t ic  rather 
than conservative nature o f th is  study.

With the above assumption, standard sampling techniques[7] show 
that the chi-square d is tr ib u tio n  may be used to obtain the 50% confidence 
l im it  fo r a . In th is  example, there are f  = 2(n+l) = 2 degrees o f freedom, 
where n = to ta l number o f fa ilu re s . Therefore,

Ai|j(2,50%) _ (0.083)(1.386) _ n transients 
5̂0% “  ■ "

f  2 year

I t  can be seen from Table C-6  that a few other plant specific  tran­
sients and frequencies were considered in the M illstone analysis. These tran­
sients are those that resu lt from a loss of a support system and its  subsequent 
e ffec t on a fro n t line  system. S p ec ifica lly , they are loss o f Turbine Building 
Secondary Closed Cooling Water, loss of Service Water, loss of C irculating
Water and loss of Plant A ir Compressors. The effects o f such losses are
described in Sections 4.2.2.1 through 4.2.2.4 o f the main report. As was done 
fo r the loss of a ll feedwater trans ien t, a review of plant data was made to 
develop occurrence frequencies fo r these transients. No such occurrences were 
found and the frequencies used in th is  analysis (0.06 per year) were developed
in an identica l manner to that fo r the loss o f a ll feedwater transien t.

Transient Grouping

To perform the sequence quantifica tion  in an e ff ic ie n t manner, i t  was 
necessary to p a rtit io n  the l i s t  of transient in it ia to rs  in to  groups. This 
grouping was based on consideration o f the e ffec t that each transient would 
have on the plant systems required to m itigate the trans ien t. Thus, fo r  a ll 
transients in a given group, one can expect to define a major e ffe c t on plant 
operation that is  a characte ris tic  o f that p a rticu la r grouping. Further, 
grouping transients in th is  manner s im p lifies  the sequence quantifica tion  by 
allowing the development o f event trees in which the transient ind ica tor can be 
considered independent of the subsequent events in the event tree. Five tran­
sient groupings resulted from the categorization of each transien t in i t ia to r :

T,: Most Transients - Transients placed into th is  grouping w i l l ,  in a ll
like lihood  cause a plant t r ip ,  but in themselves do not imply the 
fa ilu re  of a transient m itigating system.
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T^: Loss of Power Conversion System - Transients placed in to  th is
grouping cause a plant t r ip  while simultaneously negating the nor­
mal heat removal path ( i.e .  through the main condenser) from the 
reactor.

l y  Loss o f Feedwater - Transients placed in to  th is  grouping cause a
plant t r ip  while simultaneously causing a loss of normal coolant 
flow to the reactor.

T.: Loss of Normal AC Power - Two transients compose th is  category:
loss of o f fs ite  power, and loss of a u x ilia ry  power transients.
(N.B. The loss of aux ilia ry  power transient as defined in EPRI 
NP-801 refers to losses o f incoming power to the plant due to on­
s ite  fa ilu re s  such as the loss of an aux ilia ry  transformer. I t  
does not re fe r to losses of back-up power sources such as d iese ls.)

Tc*. Inadvertent Opening of a Safety or R elie f Valve - This transient is
unique in that i t  resembles a small steam line  break LOCA (less 
than 0.16 f t ^ ) .  Such a trans ien t, however, releases steam through 
the suppression pool rather than d ire c tly  in to  the drywell atmos­
phere. Thus, the automatic in it ia t io n  of ECCS system due to high 
drywell pressure that would occur fo r a small break LOCA would not 
occur fo r a stuck open re l ie f  valve.

The frequencies of each of the fiv e  transient in it ia to rs  are simply the 
sums o f the individual transients, as shown in Table C-6 .

C.1.3 Undeveloped Event P robabilities

For a few plant systems, detailed fa u lt  trees were not constructed
to determine system u n a va ila b ilit ie s ; instead, actuaria l data were used. This 
approach is  appropriate when doing accident sequence analysis i f  ( i )  available 
actuaria l data are judged applicable to the specific  p lant system and ( i i )  the 
system in question is  independent from other plant systems so that common cause 
fa ilu re s  on a component level need not be considered. The data were input
d ire c tly  in to  SETS under the coding of undeveloped events, i.e .  events fo r
which fa u lt  tree development does not e x is t. The systems fo r which th is
approach was taken are id e n tifie d  below.

C.1.3.1 Power Conversion System (PCS)

The r e l ia b i l i t y  of the Power Conversion System was important in two 
aspects of th is  study. One aspect is  the potential o f a loss of the PCS as an 
in it ia t in g  event. In th is  respect, fa ilu re  p roba b ilitie s  of any of the compo­
nents of the PCS ( i.e .  main steam, turbine generator or turbine bypass, con­
denser, condensate or feedwater subsystems) contribute to the frequency o f the 
loss of PCS as a transien t (T„) in i t ia to r .  The derivation of th is  frequency is  
found in Section C.1.2.2.

The second aspect o f PCS r e l ia b i l i t y  relates to i ts  function as a 
m itiga ting  system responding to the T, type transient in i t ia to r  ( i .e .  "most 
trans ien ts"). The event tree constructed fo r the T  ̂ transients has an e x p lic it

C-13



event depicting operation of the PCS (event H). As indicated in Section 
5.2.2.2 of the main report, successful operation of the PCS en ta ils  successful 
functioning of the main steam, turbine-generator or turbine bypass, condenser, 
condensate and feedwater systems. Conversely, fa ilu re  o f the PCS on the T, 
tree could occur due to the fa ilu re  to operate of any of the subsystems ju s t 
mentioned. In fa c t, plant experience indicates tha t the main steam, turbine 
and condenser portions of the PCS are the most lik e ly  parts of the PCS to fa i l  
a fte r a T. transien t; the plant data indicated that the 5 fa ilu res  of the PCS 
in 100 plant tr ip s  were due to fa ilu res  o f these components. However, because 
plant personnel f e l t  tha t the PCS was more sensitive to a transient than the 
data indicated, a value of 0.1  per t r ip  was used as the fa ilu re  p robab ility  of 
PCS given a transient instead of 0.05 per t r ip .

C.1.3.2 Feedwater System (FWS)

As was the case fo r the Power Conversion System, the r e l ia b i l i t y  of 
the Feedwater System involved two aspects. The f i r s t  concerned its  fa ilu re  
frequency as an in it ia t in g  event, the T„ transient. The derivation fo r th is  
frequency is  found in Section C.1.2.2.

The second aspect o f the FWS r e l ia b i l i t y  concerns its  function as a 
m itigating system responding to the T , , T«, T . , and T  ̂ transients and the LOCA 
events. This functioning is  indicated h f  e v ^ t  C on the event trees. As fo r 
the PCS, the r e l ia b i l i t y  estimate fo r the FWS in th is  instance must be a condi­
tiona l p ro b a b ility , i .e .  the p robab ility  o f FWS fa ilu re  given tha t the tran­
sient (or LOCA) has occurred. Plant data shows that there have been two losses 
o f feedwater incidental to 113 plant t r ip s ;  transla ting  approximately to th is  
study's conditional p robab ility  o f loss of feedwater a fte r a transient o f 0.02 
per demand. This value was judged applicable also to the LOCA analyses (N.B.
A choice fo r event C on the T, transient event tree a fte r a PCS loss results 
from the judgment that losses ot PCS a fte r a T, transient are dominated by main 
steam, turbine or condenser subsystem fa ilu re s . The feedwater system can s t i l l  
operate successfully under these conditions.)

C.1.3.3 Vapor Suppression System (VSS)

The Vapor Suppression System is  a passive system designed to m it i­
gate the e ffects of a LOCA. Its  function is  depicted as event B on the LOCA
system event trees. Failure of the VSS function implies fa ilu re  to conduct an 
adequate amount o f steam under the surface of the water in the torus where i t  
would be condensed to prevent overpressure of the drywell. In WASH-1400 such a 
fa ilu re  was found most l ik e ly  to occur due to bypass leakage from the drywell 
to the torus airspace. This leakage would pressurize the torus airspace to the 
same level as the drywell, thus elim inating the driv ing  force necessary to
force LOCA steam from the drywell under the surface o f the water in the torus.
In the WASH-1400 analysis, i t  was found that the bypass area that could be 
to lerated fo r a large LOCA was equivalent to a 19 inch diameter pipe; the by­
pass area that could be to lerated fo r a small LOCA was equivalent to a 7 inch 
diameter pipe.

The WASH-1400 analysis was conducted fo r the Peach Bottom reactor 
which uses a Mark I containment, as does the M illstone reactor. Because the< 
scope of th is  study did not include phenomenological analysis o f LOCA accident
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progression, the dominant fa ilu re  modes of the M illstone VSS were assumed to be 
the same as the Peach Bottom fa ilu re  modes id e n tifie d  in WASH-1400. Accord­
in g ly , the median u n a va ila b ilit ie s  developed in WASH-1400 were also used in 
th is  analysis:

_3
{P robab ility  of VSS not performing function given Small LOCA} = 1.6 x 10

-5{P robab ility  of VSS not performing function given Large LOCA} = 4.6 x 10

This f i r s t  number is  applicable to the small steam and liq u id  
breaks; the second was used fo r the intermediate and large breaks.

C.1.3.4 Safety/Relief Valves

Two events involving the reactor s a fe ty /re lie f valves are noted on 
the M illstone transient event trees: fa ilu re  to open automatically on high
vessel pressure (event I)  and fa ilu re  to reclose (event J). The response of 
the s a fe ty /re lie f valves under these circumstances is  independent o f other 
p lant systems.

The M illstone Unit 1 uses a two stage Target Rock design, s im ila r 
to tha t used in the BWR analysis performed in WASH-1400. Therefore, the data 
used in WASH-1400 analysis were judged applicable to model the functioning of 
the s a fe ty /re lie f valves at M illstone:

_3
P {sa fe ty /re lie f valve fa il in g  to open} = 3 x 10 per demand

_2
P {sa fe ty /re lie f valve fa il in g  to close} = 1 x 10 per demand 

C.2 Methodology of Accident Sequence Quantification

This section describes the two-step methodology used in the M illstone 
analysis to quantify accident sequences determined from the event tree analysis 
as leading to core melt. Each sequence involved an in it ia t in g  event and the 
fa ilu re  of one or more plant systems, whose fa ilu re  p robab ilities  were, in 
general, derived from the fa u lt  trees constructed fo r each system. In Section 
C.2.1, the technique used to a rrive  at a screening or in i t ia l  estimate of the 
sequence p robab ilities  is  described. In Section C.2.2, the method fo r deter­
mining the fin a l estimates o f sequence p ro b a b ilit ie s , which considers recovery 
and human error in d e ta il,  is  discussed.

C.2.1 Screening Q uantification

In Chapter 5 and Appendix A, i t  was described how event trees were 
used to id e n tify  potential accident sequences leading to a core melt. These 
accident sequences were then quantified with the use of the Set Equation Trans­
formation System (SETS) computer code developed by Sandia National Laboratories 
[ 8 ] .  Theoretica lly, fa u lt  trees and in it ia t in g  events could be simply input 
in to  SETS, linked to form the accident sequences of in te rest and quantified 
with input data to determine the p robab ilities  of dominant accident sequences. 
However, such an approach is  p ro h ib itive ly  costly because of the storage and 
time requirements needed by SETS or any other contemporary code to perform th is  
task. Thus, various manipulations by the analysts were required to make the

C-15



quantifica tion  process p rac tica l. The follow ing subsections describe these 
manipulations and the major aspects o f the process leading to the in i t ia l  or 
"screening" estimation o f dominant accident sequence p ro b a b ilitie s .

C.2.1.1 Coding Fault Trees as Input fo r SETS

The f i r s t  step in the quantifica tion  of accident sequences by SETS 
was the coding of the fa u lt  trees fo r input in to  SETS. The coding was done 
with the use of a uniform coding scheme fo r the basic fa u lt  tree events. This 
uniform scheme, provided as an Attachment to th is  Appendix, was used to assure 
tha t potential common cause fa ilu re s  o f m ultip le systems were not overlooked 
because of inconsistent naming o f basic events. A fte r the various analysts had 
coded, input and debugged th e ir  fa u lt  trees, a single analyst reviewed the 
l is ts  o f basic events compiled fo r each fa u lt  tree as a rough check on the 
consistency of the nomenclature and fa ilu re  data used by the team members. 
This review focused on known areas o f potential common cause fa ilu re s , such as 
common sensors or actuation relays.

C.2.1.2 Merging of Front Line and Support System Fault Trees

The top event of a fa u lt  tree (or any intermediate event) is  
represented in SETS by a Boolean expression. For e ffic iency  in running SETS, 
i t  was decided to have SETS facto r the Boolean expression fo r  support systems 
in to  the expression fo r the fro n t lin e  systems they support; th is  is  also known 
as merging the fa u lt  trees. (S im ila rly , merging o f various support system 
fa u lt  trees was also performed.) Use o f th is  technique allows the development 
o f a single Boolean expression fo r  the fa ilu re  o f a fro n t lin e  system which 
includes a ll plant fa ilu re s  contributing to fro n t lin e  system fa ilu re .

A problem involving c ircu la r log ic was encountered at th is  stage of 
the quan tifica tion . This problem generally arises when two (or more) systems 
are dependent on each other fo r  successful operation. Such mutual dependencies 
were found not to be as prevalent in the M illstone plant as fo r  other plants 
analyzed in  the IREP study. However, on one occasion a mutual dependency was 
encountered and was handled as fo llows.

A mutual dependency exists between the service water system (SWS) 
and the diesel generator at M illstone. S p e c ifica lly , during a loss of o ffs ite  
AC power, emergency power to the SWS is  provided by the diesel generator. 
A dd itiona lly , continued operation o f the diesel generator requires cooling by 
the SWS. Merging of the two fa u lt  trees results in a log ic structure as shown 
in Figure C-2. This c ircu la r log ic  had to be eliminated by removing the depen­
dence o f these two systems upon each other. The important fac to r in deter­
mining the method to elim inate the system dependencies upon each other in  the 
fa u lt  tree models is  tha t a loss of service water does not resu lt in an 
immediate fa ilu re  o f the diesel generator; the diesel w il l  function without SWS 
cooling a t least 1/2  to 1 hour (based on judgment of p lant personnel).

As shown in Figure C-3, the SWS was analyzed, considering only 
component fa ilu re s  w ith in  the SWS. The dependence of the SWS on the diesel 
generator system was not considered at th is  time. The fa ilu re  of the SWS due 
to the SWS component fa ilu re s  was input in to  the emergency AC power fa u lt  tree
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as an event that would fa i l  the diesel generator. The dependence of the diesel 
generator on the SWS is  thus modeled without a c ircu la r log ic loop requiring 
the diesel generator to support i t s e l f .

In the sequence quan tifica tion , the SWS model used included the SWS 
dependence on the diesel generator. The diesel generator is  not modeled with a 
d irec t dependence on th is  SWS model, although the SWS fa ilu res  that do fa i l  the 
diesel generator are included in the diesel generator model.

The SWS and diesel generator fa u lt  trees are no longer dependent 
upon each other. The SWS fa u lt  tree does include loss o f power from the diesel 
generator as a developed event. However, the emergency AC power fa u lt  tree 
contains, as a fa ilu re  o f the diesel generator, the basic event "loss of cool­
ing from the SWS." This event models the SWS fa u lts  tha t a ffe c t the diesel 
generator, but do not re ly  on the SWS fa u lt  tree.

C.2.1.3 Fault Tree Truncation

The resu lt o f the merging o f the fro n t lin e  and support system 
fa u lt  trees by SETS as described in the previous section is  a Boolean expres­
sion modeling a system u n a va ila b ility . I f  th is  expression were to be depicted 
as a fa u lt  tree , such a tree would, on average, have a to ta l o f 2000 to 2500 
gates and events. Combining a number of such trees to determine a sequence 
p robab ility  would resu lt in expressions which are very d i f f ic u l t  and costly to 
manipulate w ith available computer codes. Thus, i t  was decided to truncate the 
fa u lt  trees, or more accurately, truncate the equivalent Boolean expression 
used by SETS.

The primary c r ite r io n  fo r truncation used in th is  analysis is the 
elim ination of cutsets w ith p robab ilities  o f lE -6  or less. (In a few cases, 
truncation was done by removing cutsets with six or more terms.) While the 
truncation c r ite r io n  could have been applied to the fa u lt  tree as a whole, the 
manipulation and reduction of the complete tree by SETS is  s ig n ific a n tly  more 
time consuming than consideration o f the tree in sections. Thus, the trunca­
tion  c r ite r io n  was applied in a series of steps, s ta rting  from the bottom of 
the tree and moving through the top. The points at which the truncation c r i ­
terion was applied were chosen based on the progranmer's judgment; often they 
were 'and' gates at which there are lik e ly  to be numerous cutsets of lE -6  prob­
a b il i ty  or less. The truncation c r ite rio n  was applied at approximately 30 
intermediate gates to reduce the average tree. The truncated trees typ ica lly  
had 200 to 300 basic events and about 1000 cutsets.

C.2.1.4 Consideration o f In it ia t in g  Event in Q uantification o f Fault Tree

In the construction o f the fa u lt  trees, i t  was recognized that some 
method must be used to consider changes in the modeled system's a v a ila b ility  as 
a function of the in it ia t in g  event being considered. For example, the a va il­
a b il i ty  of an AC powered fro n t- lin e  system is c lea rly  d iffe re n t fo r  the simple 
T, transient ( i .e .  a transient which causes a plant t r ip  but does not in i t s e l f  
imply the fa ilu re  of a m itigating system) and a T. transient ( i .e .  loss of 
normal AC power trans ien t). To accommodate th is  v^a ria b ility , the "external 
event" or "house event" was modeled in to  the fa u lt  trees. These events input 
in to  the log ic gates and depict conditions that may occur rather than fa u lts ;
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however, the log ica l processing of external events by SETS is  identica l to that 
fo r other basic events. To il lu s tra te  th e ir  use. Figure C-4 shows a house 
event indicating the presence of o f fs ite  power.

For the truncation process described in the previous section, '1 ' 
was input as the value fo r  the external event in Figure C-4; th is  assures that 
none of the potential cutsets o f the T. transient w il l  be eliminated in the 
truncation process. However, when quantifying the fa u lt  trees, the valve fo r 
the external event is  set to zero fo r a ll transients other than the T  ̂ tran­
s ient and is  set to  '1 ' fo r  the T. transien t. This approach allows the con­
struction of a single fa u lt  tree i^ r  a ll o f the in it ia t in g  events and allows 
the mathematical e lim ination o f fa ilu re  contributions from components not 
lo g ic a lly  consistent with the chosen in it ia t in g  event in the sequence 
quantifica tion  step. In th is  example, i f  o ffs ite  power is  present (as is  true 
fo r in it ia to rs  other than T .) ,  input of zero fo r the external event w il l  resu lt 
in mathematical e lim ination of any fa ilu re  contributions due to diesel 
fa ilu re s .

C.2.1.5 Quantifying Sequences

The resu lt o f the steps performed in Sections C.2.1.1 through 
C.2.1.4 are Boolean expressions fo r systems which include cutsets whose proba­
b i l i t ie s  are greater than or equal to lE-6 based on the data presented in Sec­
tion  C .l. These Boolean expressions model fa ilu re  modes due to support system 
fa ilu res  as well as those due to fa ilu res  w ith in  the system i t s e l f ;  the expres­
sions also account fo r  fa ilu re  modes conditional on the in it ia t in g  event. As 
described below, the Boolean expressions fo r various system fa ilu re s  were then 
combined with the appropriate in it ia t in g  event to develop an accident sequence 
p robab ility . A detailed example, the ^452^24 sequence, is  provided as Section 
C. 3.

I t  ha^ been found fo r Surry and Peach Bottom[l] and confirmed in 
NUREG-0603/CR[9] tha t potential core melt accidents represent the overwhelming 
portion o f the r isk  o f operation o f a nuclear power plant. Accordingly, only 
those sequences which were analyzed to resu lt in core melt (see Appendix A) 
were quantified. In theory, fo r  every core melt sequence, an in i t ia to r  proba­
b i l i t y  could be combined with the appropriate Boolean system models and be 
processed by SETS to determine the sequence p rob ab ility . However, such an 
approach would surpass the storage capacity o f SETS and enta il high computer 
costs. For th is  reason and because various combinations of system successes 
and fa ilu res  occur repeatedly in many of the sequence calcu lations, a more cost 
e f f ic ie n t approach was used to calculate sequence p roba b ilitie s . This approach 
involved ( i )  running SETS to determine a Boolean expression to model m itigating 
system fa ilu res  ( i i )  manually evaluating the e ffects o f a complement event in 
the sequence analysis ( i i i )  developing complex sequences from simpler combina­
tions of system fa ilu re s  and ( iv )  factoring in an in i t ia to r  p robab ility  to 
determine a complete sequence p robab ility .

The performance of step ( i )  o f the quantifica tion  was described 
e a r lie r. As a resu lt o f using SETS, minimum cutsets with p robab ilities  greater 
than or equal to lE-6 are id e n tifie d  fo r the analyst. Step ( i i )  o f the quanti­
fica tio n  approach implies the use of complement, i .e .  success events and is  
necessary because most sequences involve some system successes. Because of the
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p o s s ib ility  o f shared components among systems, when quantifying sequences 
involving successful operation o f some systems, the consideration o f the com­
plement event allows the elim ination of physically inconsistent occurrences in 
a sequence. That is ,  shared components of a functioning system and a fa iled  
system cannot themselves be simultaneously functioning and fa ile d .

In theory, the complement event, or more accurately, the complement 
of the Boolean expression modeling system fa ilu re , can be generated by SETS, 
then simply factored in to  (by Boolean reduction) the sequence calcu lation. 
However, the size of the fa u lt  trees requiring complementing was found to be 
too large fo r  SETS to handle. Thus, a manual approach was used to consider the 
e ffects o f success events in  the sequence analyses. An example is  i l lu s tra t iv e  
of th is  approach.

Example 7 Consideration of Success Events

I t  is  desired to determine the p robab ility  o f sequence TA¥c where T 
represents an independent in i t ia to r  o f frequency lE-4 per reactor year; A, B, C 
represent fa ile d  operation of systems A, B and C, respectively and ¥  represents 
successful system operation.

From step ( i )  o f the screening q uan tifica tion , the minimum cutsets 
fo r  the events A, B and C ex is t and are shown below. Components in the cutsets 
are represented by , i = 1 ,2 , . . .

A B C  
{X^} {X^, X4 } {Xg}

{X2 , X3 , X4 } {X2 , X3 } {X7 , Xg}
{X2, X3, Xg}

{X2 , Xg}

I t  can be seen from the cutsets that system C is independent of the 
other systems in the sequence and in th is  example is  also independent of the 
in it ia t in g  event. Thus, i ts  fa ilu re  p robab ility  may be factored in with no 
fu rthe r analysis.

By comparing the cutsets fo r systems A and B, however, i t  is  noted
that components X^, X„, X3 and X. are common to both systems. Therefore,
because system B fanctTOned successfully, i t  is  possible that some cutsets o f A 
may not be applicable in th is  sequence because o f physical im poss ib ilities  of A 
fa il in g  simultaneously with B functioning. In fa c t, i f  B has functioned suc­
cess fu lly , the combination of X, and X3 component fa ilu res  cannot ex is t in a 
cutset o f A, because fa ilu re  of would imply fa ilu re  o f B. Therefore,
cutsets of A involving and X3 may've eliminated as contributors to the 
u n a va ila b ility  of A fo r ttris  sequence; sp e c ific a lly , cutsets {Xp* X3 , X^} and 
{X2 , X3 , Xg} are elim inated. Conversely, cutset {X ,} o f A cannot be eliminated 
based on the presence of cutset {X ,, X^} of B becaiTse the fa ilu re  of component
X. would not, by i t s e l f ,  preclude ^ccessfu l functioning o f B ( i .e .  both compo­
nents X̂  and X  ̂ must fa i l  to f a i l  system B).

C-19



In summary, to consider system successes in a sequence, a manual 
comparison of system cutsets was made to remove lo g ica lly  inconsistent cutsets 
as contributors to fa ile d  systems (th is  process was employed to compare cutsets 
u n til the cutsets comprising approximately 90-95% o f the sequence frequency had 
been examined); computerized complementing was not employed. Once the 
lo g ica lly  inconsistent cutsets were removed as contributors to a system's 
u n a va ila b ility , the remaining contributors to the u n a va ilab ility  were added to 
determine the value the system's u n a va ila b ility  fo r  the sequence under 
consideration. A v a ila b ilit ie s  fo r the systems depicted as working, i.e .  the 
success events, were not e x p lic it ly  calculated but were factored in to  the 
sequence estimates as ' ! ' .  This approach was used because the high r e l ia b i l i t y  
o f the systems results in a v a ila b ilit ie s  so close to as to make no prac­
t ic a l differences in the estimates of sequence p rob a b ilitie s ; the numerical 
e ffe c t is a s lig h t overestimation of the sequence p robab ility .

These were a to ta l of 137 sequences analyzed as leading to core 
melt fo r M illstone. Rather than analyze each sequence in d iv id u a lly , i t  was 
observed tha t considerable computer costs could be saved by taking advantage of 
groupings of system fa ilu res  and successes that are common to many systems. 
Therefore, step ( i i i )  o f the sequence quantifica tion  involved the development 
o f the p robab ilitie s  of more complex system combinations from the simpler ones. 
As mentioned previously, step ( i )  provided Boolean expressions to model system 
fa ilu res . I f  i t  was desired to model the sequences TABC and SBCD, fo r  example, 
the events B and C would f i r s t  be m u ltip lied  (in  a Boolean manner) w ith the use 
o f the SETS code. The Boolean m u ltip lica tion  accounts fo r  common mode fa ilu res  
and physical inconsistencies. The resu lting  product of B and C would be trun­
cated as was done fo r  the individual fa u lt  trees to remove cutsets with a prob­
a b il i ty  of less than lE -6 . The resultant p robab ility  and cutsets would be 
stored. Then, fo r  the sequence TABC, the Boolean expression fo r  the product of 
B and C could be m u ltip lied  (in  a Boolean manner) and truncated with SETS to 
derive a Boolean expression and cutsets fo r  the combination ABC. As step ( iv ) ,  
the p robab ility  o f the combination ABC could simply be m u ltip lied  by the inde­
pendent in i t ia to r ,  T, to arrive  at the to ta l sequence p robab ility . For the 
SBCS sequence, a comparison of the cutsets of the BC combination would be made 
with the cutsets of D to eliminate physically inconsistent contributors to the 
BC probab ility  as described in step ( i i ) .  Then the resultant value o f the BC 
combination would be m ultip lied  by the independent in it ia to r  S to arrive  at a 
to ta l sequence p roba b ility . More complicated combinations o f system successes 
and fa ilu res  were developed in th is  manner to minimize the number of computer 
runs required to analyze a ll of the core melt sequences.

C.2.1.6 Results

The results of the screening quantifica tion  of the 137 core melt 
sequences id e n tifie d  in Appendix A are presented in Table C-7. Table C-7 also 
includes the independent factors of in i t ia to r  frequency, undeveloped event 
p robab ility  and developed event p robab ility  which, when m ultip lied  together, 
y ie ld  the sequence p robab ility . (As was discussed in Section C.1.3, undevel­
oped events are independent of other events and th e ir  p robab ilities  are based 
on actuaria l data. The developed events are those fo r which fa u lt  trees were 
drawn and system interactions were considered.) Sequences whose p robab ilities  
were less than lE -6  per reactor year were considered neglig ib le  (e) contribu­
tors to the r isk  of operation of M illstone and were not considered fu rthe r in
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th is  study. There were then le f t  72 sequences which were considered as s ig n if­
icant contributors to the r isk  and were included in the fin a l quantifica tion  
step described in Section C.2.2.

C.2.2 Final Quantification

The f in a l step in the quantifica tion  process was to review the 72 
sequences id e n tifie d  by the screening quantifica tion  as having p robab ilitie s  of 
at least lE -6 per reactor year; the purpose of th is  review was to ( i )  cred it 
operator recovery actions where appropriate and ( i i )  reevaluate sequences whose 
estimated p rob a b ilitie s  are s ig n ific a n tly  affected by the human erro r data used 
in the screening quan tifica tion . The follow ing two sections discuss these 
considerations in more d e ta il. Section C.2.2.3 presents the results o f the 
fin a l quan tifica tion  process.

C.2.2.1 Recovery Credit

For many sequences, the time from the s ta rt o f the sequence to the 
time at which core melt is  assumed as an inevitab le  outcome is  s u ff ic ie n tly
long to consider c red it fo r some m itigating actions by plant personnel. Also,
additional time may e x is t to consider operator actions to prevent containment 
overpressure fa ilu re . Because accounting fo r  such recovery actions is  d i f f i ­
c u lt and somewhat subjective, i t  was performed as one of the la s t tasks o f the 
quantifica tion  process when the sequences remaining to be considered were re la ­
t iv e ly  few. The cutsets o f these remaining sequences were then examined to 
determine i f  c red it fo r prospective recovery actions would s ig n ific a n tly  change 
the sequence p robab ility  ( i .e .  results in approximately a 10 percent reduction, 
at minimum). I f  th is  was the case, recovery c red it was evaluated and factored 
in .

In consultation with the IREP Quality Assurance Team, the IREP
analysis teams developed a simple recovery model. Generally, recovery cred it
was considered i f  i t  involved actions that could be accomplished by an operator 
in the control room. However, i f  w ritten  procedures existed, or i f  s ig n ifica n t 
time in te rva ls  were involved, recovery was also considered fo r some operator 
actions outside o f the control room. Potential recovery actions were, 
therefore, related prim arily  to re c tify in g  human error (e .g ., valve 
misalignment) or to recovering the function of a component which is  i t s e l f  not 
damaged but whose expected automatic actuation mode does not function (e .g ., 
sensor fa ilu re  results in  fa ilu re  to provide a signal to valve). In no 
instance was c red it given fo r recovery of components which have mechanically 
fa ile d . Also, no c re d it was given fo r  fa ilu re s  in the DC power system because 
o f i ts  complexity and the lack of procedures fo r re c tify ing  fau lts  in the 
system.

The time in which potential recovery actions had to be taken was 
considered in assigning the recovery c re d it. This recovery c re d it was input 
in to  the sequence quantifica tion  as a m ultip ly ing factor fo r  the cutsets 
involving the recovery action. These factors are provided in Table C-8  as a 
function of the time allowed fo r the recovery. The f i r s t  column of Table C-8 
pertains to actions taken from the control room; the second relates to actions 
necessary outside o f the control room. Thus, i t  can be seen that no c red it
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would be given fo r reducing a cutset p robab ility  ( i .e .  m u ltip lied  by a factor 
o f ' 1 ')  fo r an operator action that must be taken from the control in less than 
five  minutes; s im ila rly  no c red it would be given fo r an operator action that 
must be taken outside o f the control room w ith in  65 minutes. (In fa c t, no 
c r it ic a l operator actions were found to be required outside o f the control room 
in less than two hours). I t  should be noted that the recovery factors pre­
sented in Table C-9 were used as guidelines by the analysts. Additional inves­
tig a tio n  was made to assure that the required action was not physically pre­
cluded because of a cce ss ib ility , complexity or radiation problems.

An additional e ffec t o f recovery c red it in the quan tifica tion  pro­
cess should also be mentioned. Besides reducing the p roba b ilitie s  o f certain 
core melt sequences, application o f a recovery action may simply change a core 
melt sequence of one type to a core melt sequence of another. Thus, an
increase in p robab ility  o f certa in core melt sequences may occur due to a con­
tr ib u tio n  from the core melt sequences tha t were only p a r t ia lly  recovered. 
Accordingly, such contributions were considered in determining the fin a l 
sequence p robab ilities  presented in Section C.2.2.3.

The follow ing sections describe the specific  events in the M il l ­
stone analysis fo r  which recovery c red it was applied. With the exception of
the recovery of a loss o f o ffs ite  power, a ll of the recovery c red it is  due to
actions by onsite plant personnel.

C.2.2.1.1 Recovery of O ffs ite  Power

An EPRI report e n tit le d , "Loss of O ffs ite  Power in Nuclear Power 
Plants: Data and Analysis"[10], which provides a p lant=specific analysis of
losses o f o ffs ite  power at operating plants in the U. S., was used to quantify 
the recovery o f o f fs ite  power. A summary o f the results is  given below:

P robability  o f Failure
Time (Hours) to Recover O ffs ite  Power

1/2 0.43
2 0.24

20 0.05

C.2.2.1.2 Iso la tion Condenser/Isolation Condenser Makeup

The iso la tion  condenser (IC) and its  makeup system provides a heat
sink fo r  decay heat a fte r reactor shutdown. As described in Appendix A, in the
event o f a fa ilu re  of the FWCI system and fa ilu re  to blowdown, decay heat 
removal must be secured w ith in  one-half hour to prevent core melt. To secure 
th is  core heat removal, by the iso la tion  condenser, valve IC-3 must be opened 
and normally open valves IC-1, IC-2 and IC-4 must remain open. Automatic 
actions are designed to assure th is  configuration, but in the event they do 
not, c re d it fo r operator actions to access the iso la tion  condenser was given.
This c red it was fo r cutsets involving fa ilu res  o f the automatic actuation c i r ­
cu itry  fo r  the valves and was given because ( i )  redundant actuation c irc u itry  
was available from the control room, ( i i )  LOCA and transient procedure require 
v e r if ic a tio n  o f the IC function and ( i i i )  in the event of a loss of normal AC^^ 
power, the valves in question are e ither DC operated or are supplied by backup^P 
AC power. These cutsets were m u ltip lied  by a facto r o f 0.05 to c red it operator 
recovery actions.

C-22



The success c r ite r ia  fo r IC makeup is  defined in Appendix A as the 
supply of makeup to the iso la tion  condenser w ith in  two hours. A s ig n ifica n t 
contributor to the u n a va ila b ility  of the makeup system is  the fa ilu re  o f the 
normally closed valve IC-10 to open automatically. Recovery c red it was 
assigned to cutsets involving th is  fa ilu re  mode based on ( i )  the valve is  also 
operable from the control room, ( i i )  adequate time exists fo r local operation 
of the valve, ( i i i )  w ritten  procedures require v e r if ic a tio n  of IC makeup and 
provide fo r local actions i f  makeup cannot be secured from the control room. 
These cutsets were m u ltip lied  by a fac to r of 0.01 to c red it operator recovery 
actions.

C.2.2.1.3 Containment Cooling Mode of LPCI

The success c r ite r ia  fo r th is  mode of LPCI operation was id en tifie d
in Appendix A as 20 hours corresponding to the time in which th is  mode must be 
actuated to prevent primary containment overpressure fa ilu re s . The operator 
has the a b il i ty  to switch cooling paths from the in i t ia l ly  selected path to any 
one of five  a lte rna tive  cooling paths and, because of th is  lengthy time fo r 
recovery, i t  was decided that only those cutsets with mechanical fa ilu res  
a ffecting  both LPCI tra ins  would not have a recovery fac to r assigned to them. 
A recovery fac to r o f 0.01 was applied to the other cutsets to re fle c t the ade­
quate time allowed fo r even local actions, i f  necessary.

C.2.2.1.4 Feedwater System

The success c r ite r ia  fo r securing Feedwater System operation was
established in Appendix A as one-half hour. For the M illstone analysis, the
generic estimate fo r fa ilu re  to recover feedwater used in WASH-1400 ( fo r  other 
than a loss o f o f fs ite  power transient) was assumed applicable. Thus, the 
recovery factor fo r the feedwater system was 0 .01 .

C.2.2.2 Human Error Revision

As a resu lt o f the screening quantifica tion  which was based on the
data presented in Table C-3, and a fte r application of the recovery c red it
described in the preceding section, the only human error s ig n ific a n tly  con­
tr ib u tin g  to the p robab ility  o f a dominant sequence, was the fa ilu re  to man­
ua lly  depressurize the system. Manual depressurization is  denoted by event D 
in the event trees. In the screening quantifica tion  the value fo r  fa ilu re  to 
manually depressurize was 0.03 per act; th is  value was used fo r a ll cases in 
which manual depressurization was involved. For example, i t  was used both when 
normal AC was available and when o ffs ite  power was lo s t.

Because the human error of fa ilu re  to manually depressurize was
indicated as important in  the screening quan tifica tion , a more detailed anal­
ysis o f th is  e rror was performed to determine a more re a lis t ic  value. The more 
detailed analysis consisted o f the THERP tree analysis discussed in Appendix 
B-19. I t  was thought that the value of 0.03 per act used in the screening 
quantifica tion  was conservative, however, the THERP analysis revealed tha t th is  
was not always the case. While the THERP analysis produced a fa ilu re  probabil­
i t y  o f 0.026 per act fo r cases in which o ffs ite  power was available, i t  also 

kshowed that the higher value of about 0.07 per act was appropriate when o ffs ite  
power was not available. Accordingly, not only were the sequences that passed

C-23



the screening quantifications ( i .e .  those with p roba b ilitie s  o f greater than 
lE -6 ) reevaluated to include the new estimate fo r  fa ilu re  to manually depres­
surize, but also the p o s s ib ility  tha t other T- in it ia te d  sequences were now 
dominant that had not o r ig in a lly  passed the screening quantifica tions had to be 
considered. I t  was found that a ll o f the T. in it ia te d  sequences with fa ilu re  
to manually depressurize had already passed the screening quantifica tion  with 
the value of 0.03, thus, these p robab ilities  were simply m u ltip lied  by a factor 
o f (.07/.03) to account fo r the revised e rror estimate.

C.2.2.3 Results

The results of the f in a l quantifica tion  o f the 72 sequences that 
remained from the screening quantifica tion  step are presented in Table C-9. 
More exactly. Table C-9 l is ts  the dominant sequences predicted fo r M illstone 
Unit 1, i . e . ,  those core melt sequences whose estimated p robab ilitie s  are 
greater than lE -6 . A ll other core melt sequences are estimated to have prob­
a b il i t ie s  less than lE -6 per reactor year. Also included in Table C-9 are the 
screening quantifica tion  values fo r the dominant accident sequences.

C.3 Q uantification Example: Sequence

As il lu s tra t iv e  o f the sequence quantifica tion  process used in the M i l l ­
stone analysis, the sequence T4S,24  w il l  be presented as an example. This 
sequence, depicted on the event tree presented in Appendix A fo r  the T. i n i t i ­
ating event, can also be referred to e ithe r by the shorthand notation T.KCD or 
by the more complete T.AIOKCDG. E x p lic it ly ,  the T.S,^^ sequence involves the 
loss o f normal AC power (T .) in it ia t in g  event; ^nutraown of the reactor (K)\ 
opening and closing of the s a fe ty /re lie f valves ( I  and J, respective ly); f a i l ­
ure o f the iso la tion  condenser (K); fa ilu re  of the feedwater coolant in jec tion  
system (C); fa ilu re  to manually depressurize the ^stem  (D); and successful 
operation o f the containment cooling mode of LPCI (G). This sequence was pre­
dicted to resu lt in a short (less than three hours) core melt time and a 
delayed radionuclide release time. The quantifica tion  o f the T-S,24 sequence 
is  described in de ta il in the fo llow ing sections.

C.3.1 Screening Quantification

The T-S,24 sequence includes an in it ia t in g  event (T4 ) ,  undeveloped 
events ( 1 ,0 ) ,  and e ^n ts  fo r  which fa u lt  trees were constructed to model f a i l ­
ures. As described in Sections C.1.2.2 and C.1.3, the in it ia t in g  and undevel­
oped events are independent o f the other events in the sequence. The event D 
represents the fa ilu re  of the operator to manually depressurize the system; the 
p robab ility  o f th is  event occurring was also judged to be independent of other 
events in the sequence. Thus, to consider the e ffects o f events T4 , I ,  J and D 
on the to ta l sequence p robab ility  required simply m ultip ly ing th e ir  probabil­
it ie s  o f occurrence with the balance o f the sequence occurrence p robab ility . 
The p robab ility  of occurrence of the balance of the T4Ŝ 4  sequence involves 
the determination o f the p robab ility  o f the combination oirevents AKC5. These 
events cannot be assumed to be independent, and accordingly, interactions among 
them must be considered.
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As described in_ Section C.2.1.5, calculation of the p robab ility  of 
the combination o f events AKCG would occur by f i r s t  using SETS to develop the 
Boolean expression and p robab ility  fo r the event combination KG. When using 
SETS to develop the cutsets fo r  systems or combinations of systems in th is  
sequence, the external ("house") event accounting fo r loss o f normal AC power 
was set to '1 ' as described in Section C.2.1.4. Also, the truncation value of 
lE -6 was used in th is  step resulting in an output from SETS of 1358 cutsets 
with p rob ab ilitie s  o f lE -6 or greater fo r  the event combination KC. The e s t i­
mated p robab ility  o f th is  event combination was 1.9E-2.

The Boolean expression fo r  the combination KC was then manually 
compared with the Boolean expression fo r event G. (The Boolean expression fo r 
event G was produced by SETS using a truncation value o f lE -6 .)  The purpose of 
th is  com^parison was to remove lo g ic a lly  inconsistent cutsets from the combina­
tion  KCG as described in Section C.2.1.5 (see Example 7). Performance of th is  
step eliminated only a few lo g ic a lly  ^inconsistent cutsets o f the event combina­
tion  KC when combined with the event G ( i .e .  successful functioning o f contain­
ment c o o lin g )._ A t th is  po in t, the number o f lo g ica lly  possible cutsets o f the 
combination KCG was 1348. Their to ta l p robab ility  was s t i l l  1.9E-2. This is
also the value of the event combination KCG because the values of success
events (e .g ., G) are taken as '1 ' in the quantifica tion  process.

Formally, the Boolean expression fo r the combination KCG should 
then have been compared with the cutsets of event A ( fa ilu re  of the Reactor 
Protection System) to determine lo g ic a lly  inconsistent cutsets as was done fo r 
event G. This was not necessary, however, because a review of the cutsets
output by SETS fo r the fa u lt  tree constructed the Reactor Protection System
revealed that ( i )  the only system on which the RPS was dependent to perform its  
function was DC power and ( i i )  fa ilu re s  o f the DC power system did not appear 
in the dominant cutsets o f the RPS system, but were related to fa ilu res  of 
manual scram as backup to automatic actions. Therefore, the RPS was judged 
independent o f other systems in the T.S,p4 sequence and its  p robab ility  of 
success, taken as '1 ' could be sim£ly_i^CTOred into the sequence calcu lation. 
The p robab ility  o f the combination AKCG was, then, 1.9E-2.

M ultip ly ing the value of T̂ KĈ  with the independent p robab ilities  
fo r  T, (0.20 from Section C .1.2.2), 0 (0.03 from C . l .1 .2 ), and T and J y ie lds a 
value fo r the sequence at the screening quantifica tion  stage of

P{T4Si 24> = P{T^} P{T} P{J} PIAKCG} P{D}

= (0 .20 )(l)( l)(1 .9E -2 )(0 .03 )

= l. lE -4  per Reactor Year

C learly, the T-S.^^ sequence cannot be eliminated as a s ign ifica n t 
contributor to the core melt p robab ility  on the basis o f the screening quanti­
f ic a tio n . Thus, i t  was necessary to reevaluate the sequence in  the f in a l quan­
t if ic a t io n  stage to include recovery and more exact human e rro r data in the 
sequence p robab ility  estimate.
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A sampling of the dominan-^ cutsets or groupings o f cutsets fo r  the 
^4^124 sequence (or more exactly, the AKCG portion o f the sequence) is  provided 
in Table C-10. The p robab ility  o f the T4S,24  sequence at the screening stage 
is  due to many small contributors which aire x6o numerous to l i s t ;  e.g. as seen 
in Table C-10 the largest cutset contributed only three percent o f the to ta l 
sequence p robab ility . This cutset involved fa ilu re  o f the gas turbine genera­
to r , which results in fa ilu re  of FWCI, coupled with fa ilu re  o f the iso la tion  
condenser due to an operator e rror in fa il in g  to place valve IC-3 in the "auto" 
position (thus preventing its  automatic opening on demand). Table C-IO also 
shows some sample groupings of cutsets based on the s im ila r ity  o f components in 
the cutsets. Even when considered in th is  manner, the p robab ility  o f the 
T4S124 sequence can be seen as due to numerous diverse sources.

C.3.2 Final Quantification

As described in Section C.2.2, f in a l quantifica tion  of sequences 
id e n tifie d  as dominant in the screening quan tifica tion  required consideration 
of possible recovery actions and a more re a lis t ic  evaluation of s ig n ifica n t 
human errors. A fte r application o f the recovery factors described in the f o l ­
lowing paragraphs, the only human error that was part of a sequence cutset 
contributing at least 10 percent to the to ta l sequence p robab ility  was the 
fa ilu re  to manually depressurize the system. The p robab ility  of th is  indepen­
dent event was increased from 0.03 used in the screening quantifica tion  to 0.07 
fo r the fin a l quan tifica tion . (The basis fo r th is  reevaluation was presented 
in Section C.2.2 .2 .) The estimate of the sequence p robab ility  with th is  re v i­
sion alone would be 2.66E-4 per reactor year.

Recovery actions fo r  the T4S,24  sequence were possible fo r  the loss 
of normal AC in it ia t in g  event and the Toss of the iso la tion  condenser. The 
recovery of o f fs ite  power was the easier o f the two to consider and was done 
f i r s t ;  in th is  way the analysis could be terminated at th is  point i f  the a pp li­
cation of the recovery factor fo r o ffs ite  power reduced the sequence probabil­
i t y  to less than IE-6 per reactor year. However, because o ffs ite  power must be 
recovered w ith in  one-half hour to prevent a core melt from th is  sequence, 
application of a recovery facto r fo r o ffs ite  power (see Section C.2.2 .I . I )  of 
0.43 only reduces the sequence probab ility  to I.IE -4  per reactor year.

Thus, there remained to consider a recovery facto r fo r the iso la ­
tion condenser. As discussed in Section C.2.2 .I . 2, a recovery fac to r o f 0.05 
may be applied to cutsets involving fa ilu re s  of the automatic actuation c i r ­
cu itry  fo r valves IC -I, IC-2, IC-3 and IC-4. This recovery facto r was a func­
tion  of possible operator actions from the control room and a one-half hour 
recovery period. A review o f the sequence cutsets revealed that cutsets con­
ta in ing recoverable iso la tion  condenser fa u lts  comprise approximately 78 per­
cent o f the sequence p robab ility . The e ffe c t o f the application of the 
recovery facto r to these cutsets reduces the S£reening quantifica tion  value of
I.9E-2 to 4.92E-3 fo r the event combination AKCG.

The f in a l quantifica tion  value fo r  the T.S.24 sequence was deter­
mined by considering both the possible recovery actions &nd the revised humai  ̂
e rror estimate, as shown below.
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*^^^4^124^ = P{T4 } not recovered} P {I} P{J} P{D revised} x 
P{AKC5 revised to consider p robab ility  of recovering 

recoverable fau lts  in K}

= (0 .20 )(0 .43)(l)(l)(0 .07)(4 .92E -3)

= 2.96E-5 per reactor year

The dominant contributors to the fin a l quantifica tion  value are 
shown in Table C-11. As can be seen from that tab le , the p robab ility  o f the 
T«S,24 sequence is  d is tribu ted  over a number of cutsets. The most s ig n ifica n t 
grouping o f cutsets contributes only about 12 percent o f the to ta l core melt 
p robab ility .

0.4 Assignment o f Dominant Sequences to Release Categories

To gain a measure of the r isk  of operation o f a nuclear plant requires 
both an assessment o f the p robab ilities  of certa in accident sequences and an 
understanding of the consequences of those sequences. As stated before, the 
accident sequences of concern in th is  analysis are those leading to core melt. 
These sequences have been id e n tifie d  and th e ir  p robab ilities  presented in the 
report. To assess the consequences of these accident sequences requires some 
consideration of the phenomenology of each accident sequence.

B atte lle  Columbus Laboratories was given a l i s t  of the dominant 
sequences leading to core melt. They then analyzed each sequence and assigned 
containment fa ilu re  mode p robab ilities  and release categories based on s im ila r 
plants in WASH-1400 and the Reactor Safety Study Methodology Applications 
Program (RSSMAP). A discussion and tables of the results appear in Chapter 8 
of the main report.
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Table C-la Mechanical Component Failure Rate Data 
(from WASH-1400, Table I I I  4 -1)

FAILURE
COMPONENT & FAILURE MODE RATE ASSESSED

TYPE RANGE MEDIAN EF

Pumps (includes d riv e r):
Motor & turbine driven (generic c lass):

Failure to s ta r t on demand: D (A) 3E-4 3E-3 lE-3 3
Failure to run, given s ta rt (normal environments): 0 3E-6 3E-4 3E-5 10
Failure to run, given s ta r t (extreme, post accident

environments inside containment): 0 lE-4 lE-2 lE-3 10
Failure to run, given s ta r t (post accident, a fte r

environmental r e c o v e r y ) : D 3E-5 3E-3 3E-4 10

Turbine driven pumps:
Failure to s ta r t on demand: D lE-3 lE-2 3E-3 3 A
Failure to run, given s ta rt (normal environment): 0 lE-5 lE -4 3E-5 3 A

Valves:
Motor operated:

Failure to operate (includes d riv e r): D (B) 3E-4 3E-3 lE-3 3
Failure to remain open (p lug): D (C) 3E-5 3E-4 lE-4 3
Failure to remain open (p lug): s lE-7 lE -6 3E-7 3
Rupture: s lE-9 lE-7 lE -8 10

Solenoid operated:
Failure to operate: D (D) 3E-4 3E-3 lE-3 3
Failure to remain open (plug): D 3E-5 3E-4 lE-4 3
Rupture: s lE-9 lE-7 lE -8 10

A ir - f lu id  operated:
Failure to operate: D ( 8 ) lE-4 lE -3 3E-4 3
Failure to remain open (plug): D 3E-5 3E-4 lE-4 3
Failure to remain open (plug): s lE-7 lE -6 3E-7 3
Rupture: s lE-9 lE-7 lE -8 10

Check valves:
Failure to open: D 3E-5 3E-4 lE-4 3
Internal leak (severe): D lE-7 lE-6 3E-7 3
Rupture: s lE-9 lE-7 lE -8 10

Vacuum Valve:
Failure to operate: D lE-5 lE-4 3E-5 3
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T a b le  C - la  (C o n c lu d e d )

COMPONENT & FAILURE MODE
FAILURE
RATE
TYPE

ASSESSED
RANGE MEDIAN EF

Manual Valve:
Failure to operate: D 3E-5 3E-4 lE-4 3 A
Failure to remain open (p lug): D 3E-5 3E-4 lE -4 3
Rupture: s lE -9 lE-7 lE -8 10

Primary Safety Valves (PWRs):
----

Failure to open: D lE-3 lE-2 3E-3 3 R
Premature open: s lE -6 lE-5 3E-6 3 R
Failure to reclose (given valve open): D (E) 3E-3 3E-2 lE-2 3 R

Primary safety valves (BWRs):
Failure to open: D 3E-3 3E-2 lE-2 3 R
Premature open: s lE-6 lE-5 3E-6 3 R
Failure to reclose (given valve open): D lE-3 lE-2 3E-3 3 R

Test Valves, Flow Meters, O rifices:
Failure to remain open (plug): D lE -4 lE-3 3E-4 3
Rupture: s lE-9 lE-7 lE-8 10

Pipes
Pipe s  3-inch diameter (per section):

Rupture/plug: s + 0 3E-11 3E-8 lE-9 30
Pipe > 3-inch diameter (per section):

Rupture/plug: s + 0 3E-12 3E-9 lE-10 30

Clutch, Mechanical:
Failure to operate: 0 (D) lE-4 lE-3 3E-4 3

Scram Rods (S ing le):
Failure to in sert: D 3E-5 3E-4 lE-4 3
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Table C-lb E lec trica l Component Failure Rate 
(from WASH-1400, Table I I I  4 -2)

Data

COMPONENT & FAILURE MODE
FAILURE
RATE
TYPE

ASSESSED 
RANGE MEDIAN EF

Clutch, E le c tr ic a l:
Failure to operate: 
Premature disengagement:

D (B) 
0

lE-4
lE-7

IE-3
IE-5

3E-4
lE -6

3
10

Motors, E lec tr ic :
Failure to s ta r t: D (B) IE-4 IE-3 3E-4 3
Failure to run, given s ta rt (normal environment): 0 3E-6 3E-5 IE-5 3
Failure to run, given s ta r t (extreme environment): 0 IE-4 IE-2 IE -3 10

Relays:
Failure to energize: D (B) 3E-5 3E-4 IE -4 3
Failure o f NO contacts to close, given energized: 0 IE-7 IE -6  3E-7 3
Failure o f NC contacts by opening, given not

energized: 0 3E-8 3E-7 IE-7 3
Short acrossNO/NC contact: 0 IE-9 IE-7 IE -8 10
Coil open: 0 IE-8 IE-6 IE-7 10
Coil short to power: 0 IE-9 IE-7 IE -8 10

C ircu it Breakers:
Failure to transfer: D (B) 3E-4 3E-3 IE-3 3
Premature transfer: 0 3E-7 3E-6 IE -6 3

Switches:
Lim it:

Failure to operate: D lE-4 IE-3 3E-4 3
Torque:

Failure to operate: 
Pressure:

D 3E-5 3E-4 IE-4 3

Failure to operate: D 3E-5 3E-4 IE -4 3
Manual:

Failure to transfer: D 3E-6 3E-5 IE-5 3
Switch Contacts:

Failure of NO contacts to close, given switch
operation: 0 IE-8 IE-6 IE-7 10

Failure of NC by opening, given no switch
operation: 0 3E-9 3E-7 3E-8 10

Short across NO/NC contact: 0 lE-9 IE-7 IE -8 10
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T a b le  C - lb  (C o n c lu d e d )

COMPONENT & FAILURE MODE
FAILURE

RATE
TYPE

ASSESSED
RANGE MEDIAN EF

Battery Power System (Wet C e ll):
Failure to provide proper output: s lE -6 lE-5 3E-6 3

Transformers:
Open c irc u it  primary or secondary: 0 3E-7 3E-6 lE-6 3
Short primary to secondary: 0 3E-7 3E-6 lE-6 3

Solid State Devices, Hipower Applications (Diodes,
Transistors, e tc . ) :

Fails  to function: 0 3E-7 3E-5 3E-6 10
Fails  shorted: 0 lE-7 lE-5 lE-6 10

Solid State Devices, Low Power Applications; 
Fails to function: 0 lE-7 lE-5 lE-6 10
Fails  shorted: 0 lE -8 lE -6 lE-7 10

Diesels (Complete P lan t):
Failure to s ta r t: D lE-2 lE-1 3E-2 3
Failure to run, emergency conditions. given s ta rt: 0 3E-4 3E-2 3E-3 10

Diesels (Engine Only):
Failure to run, emergency conditions. given s ta rt: 0 3E-5 3E-3 3E-4 10

Instrumentation—General (Includes transm itter, am p lifie r
and output device):

Failure to operate: 0 lE-7 IE-5 lE-6 10
S h ift in ca lib ra tion : 0 3E-6 3E-4 3E-5 10

Fuses:
Failure to open: D 3E-6 3E-5 lE-5 3
Premature open: 0 3E-7 3E-6 lE-6 3

Wires (typ ical c irc u its , several jo in ts ):
Open c irc u it: 0 lE-6 lE-5 3E-6 3
Short to ground: 0 3E-8 3E-6 3E-7 10
Short to power: 0 lE-9 lE-7 lE-8 10

Terminal Boards:
Open connection: 0 lE-8 lE -6 lE-7 10
Short to adjacent c irc u it: 0 lE-9 lE-7 lE-8 10
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NOTES: (A) Demand p robab ilities  are based on the presence o f proper
input control signals. For turbine pumps, the e ffec t of
fa ilu res  of valves, sensors, and other au x ilia ry  hardware may
resu lt in s ig n ific a n tly  higher overall fa ilu re  rates fo r
turbine driven pump systems.

(B) Demand p robab ilities  are based on presence of proper input
control signals.

(C) Plug p robab ilities  are given in demand p ro b a b ility , and per 
hour rates, since phenomena are generally time-dependent, but 
plugged condition may only be detected upon a demand of the 
system.

(D) Demand p robab ilities  are based on presence of proper input
control signals.

(E) These rates are based on LERs fo r B&W pressurizer PORV
fa ilu re  to reseat given the valve has opened.

ABBREVIATIONS:
(1) For fa ilu re  rate type abbreviations:

D = demand fa ilu re  ra te --fa ilu re s  per demand 
0 = operating fa ilu re  ra te --fa ilu re s  per hour of operation 
S = standby fa ilu re  ra te --fa ilu re s  per hour of standby 
S+D = standby or operating fa ilu re  ra te --fa ilu re s  per hour

(2) Remarks ( la s t column) abbreviations:
R = fa ilu re  rate shown is  a revision of WASH-1400 value
A = fa ilu re  rate shown is in addition to WASH-1400 fa ilu re
rates.
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Table C-2 Human Error P robab il i t ies  fo r  Screening Q uantif ica tion

______________ Error Type  Probability (per act)

Errors o f Omission 0.01

Failure to manually depressurize system^ 0.03

Failure to restore (e .g ., fo llow ing a 0.01
test or maintenance act)

Errors o f Commission 0.003

M iscalibration 0.001

2
Backup Action 0.05

Because manually depressurizing the system involves s ig n ifica n t and 
unique physical effects (e .g ., possibly uncovering the core), th is  pa rticu la r 
e rror o f omission was assigned a higher value to re fle c t possible operator 
reluctance to perform th is  action. This value was used in the screening 
quantifica tion  fo r a ll conditions under which manual depressurization was 
requi red.

2
This type o f action is  s im ila r to the recovery actions which were 

generally considered in the fin a l quantifica tion  as described in Appendix C, 
Section C.2.2.1. However, in a few s itua tions, w ritten procedures mandated 
that plant personnel check an automatic action. In these instances, the 
p o s s ib ility  o f a human backup action was e x p lic it ly  modeled on the fa u lt  trees, 
with 0.05-per-act used as the p robab ility  o f fa ilu re  to perform the backup 
action.
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Table C-3 M ills tone Average Component Repair Times

Component Repair Time, y

Valve (a ll types) 10

Pump (except SWS) 24

Pump (SWS) 168

Relay 1

Heat Exchanger 2

(N.B. Heat Exchanger times were determined from NPRDS data)
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Table C-4 LOCA In i t ia t in g  Event Summary

In it ia t in g  Event

Small Steam Break (SSB) 
(up to 0.16 f t ^ j

Small Liquid Break (SLB) 
(up to 0.15 f t^ )

Intermediate Steam Break (ISB) 
(0.16 f t 2 - 0.19 ft2 )

Intermediate Liquid Break (ILB) 
(0.15 ft2  - 0.2 ft2 )

Large Steam Break (LSB) 
(0.19 ft2  - 2.2 ft2 )

Large Liquid Break (LLB) 
(0.2 ft2  - 5.8 ft2 )

M itigating 
System Requirements

Feedwater System 
or

2 o f 4 LPCI pumps and APRS 
or

1 of 2 LPCS pumps and APRS

Feedwater System 
or

2 o f 4 LPCI pumps and APRS
or

1 o f 2 LPCS pumps and APRS

Feedwater System 
or

2 of 4 LPCI pumps 
or

1 o f 2 LPCS pumps and APRS

Feedwater System 
or

2 o f 4 LPCI pumps and APRS
or

1 o f 2 LPCS pumps

Feedwater System 
or

2 o f 4 LPCI pumps
or

1 o f 2 LPCS pumps

2 of 4 LPCI pumps
or

1 of 2 LPCS pumps

Probability^ 
(Per Reactor Year)

1 X 10-3

1 X 10-3

1 X 10-4

1 X 10-4

1 X 10-4

1 X 10-4

1Break p robab ilities  are taken from WASH-1400.
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Table C-5 BWR Transient Categories From EPRI NP-801

1. E lec tric  Load Rejection
2. E lec tric  Load Rejection with Turbine Bypass Valve Failure
3. Turbine Trip
4. Turbine Trip with Turbine Bypass Valve Failure
5. Main Stream Iso lation Valve Closure
6 . Inadvertent Closure of One MSIV (Rest Open)
7. Partia l MSIV Closure
8 . Loss of Normal Condenser Vacuum
9. Pressure Regulator Fails Open

10. Pressure Regulator Fails Closed
11. Inadvertent Opening of a Safety/Relief Valve (Stuck)
12. Turbine Bypass Fails Open
13. Turbine Bypass or Control Valves Cause Increase Pressure (Closed)
14. Recirculation Control Failure-Increasing Flow
15. Recirculation Control Failure-Decreasing Flow
16. Trip o f One Recirculation Pump
17. Trip o f A ll Recirculation Pumps
18. Abnormal Startup of Id le Recirculation Pump
19. Recirculation Pump Seizure
20. Feedwater-Increasing Flow at Power
21. Loss of Feedwater Heater
22. Loss o f A ll Feedwater Flow
23. Trip o f One Feedwater Pump (or Condensate Pump)
24. Feedwater-Low Flow
25. Low Feedwater Flow During Startup or Shutdown
26. High Feedwater Flow During Startup or Shutdown
27. Rod Withdraw at Power
28. High Flux Due to Rod Withdrawal at Startup
29. Inadvertent Insertion o f Rod or Rods
30. Detected Fault in Reactor Protection System
31. Loss of O ffs ite  Power
32. Loss of A ux ilia ry  Power (Loss o f A ux ilia ry  Transformer)
33. Inadvertent Startup o f HPCI/HPCS
34. SCRAM Due to Plant Occurrences
35. Spurious Trip via Instrumentation, RPS Fault
36. Manual SCRAM-No Out-of-Tolerance Condition
37. Cause Unknown
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Table C-6 Transient Classes and Frequencies

CLASS TRANSIENT
FREQUENCY 
(PER YR)

SOURCE 
OF DATA

T, MOST TRANSIENTS 6.601 E lectric  Load Rejection 1.04 NP-801
Turbine Trip 1.41 NP-801
Partia l MSIV Closure .04 NP-801
Pressure Regulator Fails Closed .14 NP-801
Turbine Bypass Fails Open .04 NP-801
Control Valves Fail Closed .51 NP-801
Recirc Control Failure-Increasing Flow .24 NP-801
Recirc Control Failure-Deceasing Flow .06 NP-801
Trip of One Recirc Pump .02 NP-801
Trip of A ll Recirc Pumps .06 NP-801
Abnormal Startup of Id le Recirc Pump e NP-801
Recirc Pump Seizure e NP-801
Loss of Feedwater Heating .02 NP-801
Trip of One Feedwater Pump .20 NP-801
Feedwater-Low Flow .43 NP-801
Low Feedwater During Startup or Shutdown .33 NP-801
High Feedwater During Startup or Shutdown .10 NP-801
Rod Withdrawal at Power e NP-801
High Flux Due to Rod Withdrawal at Startup .04 NP-801
Inadvertent Insertion o f Rod or Rods .10 NP-801
Scram Due to Plant Occurrences .35 NP-801
Spurious Trip via Instrumentation, RPS Fault 1.16 NP-801
Manual Scram, No Out-of-Tolerance Condition .27 NP-801
Cause Unknown .02 NP-801
Detected Fault in RPS .02 NP-801

LOSS OF POWER CONVERSION SYSTEM* 2.14c MSIV Closure .67 NP-801
Closure o f 1 MSIV .08 NP-801
Loss of Condenser Vacuum .67 NP-801
Feedwater-Increasing Flow .31 NP-801
Pressure Regulator Fails Open .29 NP-801
Loss of C ircu lating Water System .06 Plant Data
Loss of Plant A ir Compressors .06 Plant Data

LOSS OF FEEDWATER .18o Loss of A ll Feedwater Flow .06 Plant Data
Loss o f Turbine Building Closed .06 Plant Data
Cooling Water System
Loss o f Service Water System .06 Plant Data

Td LOSS OF NORMAL AC POWER .20
Loss of O ffs ite  Power .16 NP-801
Loss o f A ux ilia ry  Power .04 NP-801

T. SAFETY/RELIEF VALVE TRANSIENT .20
0 Inadvertent Opening of a S/R Valve .20 NP-801

* Other than loss of feedwater
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EVENT TREE 
SYMBOL

Table C-7 Summary Results o f Screening Q uantification Key 
to Accident Sequence Symbols

FRONT LINE SYSTEM FAILURE

A Reactor Protection System (RPS)
B Vapor Suppression (VS)
C Feedwater System (or Feedwater Coolant In jection  System)(FW) or (FWCI)
D Manual Depressurization (MDP) or Automatic Pressure Release System (APR)
E Low Pressure Coolant In jection  System (LPCI)
F Core Spray System (CS)
G Containment Cooling Mode of LPCI (CC)
H Power Conversion System (PCS)
I Safety/Relief Valve Open (S/R VO)
J Safety/Relie f Valve Reclose (S/R VR)
K Iso la tion  Condenser System (IC)
L Iso la tion  Condenser Makeup System (ICMUP)

o  M Shutdown Cooling System (SDC)
w T, A ll Transient (except T„, T~, T-, and T(.) In it ia to rs
°° Tp Loss o f PCS Transient In it ia to r

T  ̂ Loss o f A ll Feedwater Transient
T« Loss of Normal AC Power
Tn Safety R elie f Valve Transients (Inadvertent Openings)
SB Small Break (Steam and Liquid)
ISB Intermediate Steam Break
LSB Large Steam Break
ILB Intermediate Liquid Break
LLB Large Liquid Break



Table C-7 (cont'd ) Dominant Accident Sequences Obtained Through Screening Quantifications

01U)

Tj-59 2.6 X 10"’ T2 - I 28 3.9 X 10- “ T4-IO 2 1.3 X 10- ’ T4- I 34 1.5 X 10- ’

T j-62 2.3 X 10-® T2-134 1.3 X 10-® T4-IO 5 2.2 X 10-^ T4- I 35 1.5 X 10-®

Tj-65 2.9 X 10-® T2-137 2.3 X 10-® T4-IO 8 1.3 X 10-^ T4- I 36 1.1 X 10- *

T j-68 3.1 X 1Q-® T2-140 1.7 X 10-® T.-1094 5.8 X 10-® T4- I 37 1.6 X 10- *

Tj-72 3.3 X 10-® T3-144 3.1 X 10-® T .- l lO4 5.8 X 10"^ T4- I 38 4.9 X 1Q-®

Tj-81 1.6 X 10-® T3-147 4.0 X 10-® T . - l l l4 2.5 X 10-^ T4- I 40 1.6 X 10-®

Tj-85 1.2 X 10-® T3-148 1.2 X 10-® T4- I I 2 2.7 X 10-® T5- I 76 2.0 X 10-*

T j-94 7.1 X 10-® T3-150 4.3 X 10- * T4- I I 5 5.5 X 10-® T5- I 79 2.0 X 10-®

T j-98 5.3 X 10-® T3-151 2.5 X 10-® T.-118a 7.6 X 10-^ T5- I 88 1.2 X 10-®

T2-IO 2 8.5 X 10-^ T3-157 1.2 X 10-® T.-121*♦ 3.5 X 10"* T5- I 9O 1.6 X 10-®

Tg-lOS 7.4 X 10-® T3-160 2.2 X 10- * T.-1224 2.5 X 10-® SB-2 3.0 X 10-®

T2-IO 8 9.6 X 10-® T3-167 5.2 X 10-® T4- I 23 1.8 X 10- * SB-9 5.6 X 10-®

T2- I I I 1.0 X 10- * T3-168 1.3 X 10-® T4- I 24 2.7 X 10- * SB-11 3.2 X 10-®

T2- I I 5 1.1 X 1Q-* T3-170 9.7 X 10-® T4- I 25 8.8 X 10-® ISB-14 1.5 X 10-®

T2- I 2I 2 .8 X 10-® T3-171 1.3 X IQ-® T.-1284 2.4 X 1Q-® ILB-26 1.5 X 10- f .........................

T2- I 24 5.2 X 10-® T3-173 1.4 X 10-® T.-1314 2.5 X 10-^ LSB-38 1.5 X \ o - ® “ ...........  *



Table C-7 (Continued) 
T^: Most Transient

UNDEVELOPED DEVELOPED

nI
o

SEQUENCE
NUMBER

SEQUENCE
DESCRIPTION

TRANSIENT 
FREQUENCY/YR

EVENTS
PROBABILITY

EVENTS
PROBABILITY

SEQUENCE
FREQUENCY

T j-5 9 T.HLMG 6.60 0 .1 4 .0  X 10' ^ 2 .6  X IQ -^

T j-6 2 T,HLCMG 6.60 2 X 10"^ 1 .7  X 10*^ 2 .3  X IQ-6

T j-6 5 TjHLCEMG 6.60 2 X 1 0 '^ 2 .2  X 10' ^ 2 .9  X IQ-6

T j -66 TjHLCEF 6.60 2 X 1 0 '^ 6 .8  X 10-6 e

T j-6 7 TjHLCEFG 6.60 2 .6 X 10"^ 3 .4  X 10-6 c

Tj -168 TjHLCD 6.6 0 6 X 10‘ ® 7 .9  X 1 0 - ^ 3 .1  X 10-6

T j-6 9 TjHLCDG 6.60 6 X 10'® 4 .5  X 10-^ e

T i-7 2 TjHKMG 6.60 0 .1 5 .0  X 10-6 3 .3  X IQ-6

T j-7 5 TjHKCMG 6.60 2 X 10"^ e e

T j-7 8 TjHKCEMG 6.60 2 X 10"^ 6 .6  X 10-6 e

T j-7 9 TjHKCEF 6.60 2 X 1 0 '^ e e

T j-8 0 T.HKCEFG 6.60 2 X 1 0 '^ e e



T a b le  C -7  ( C o n t in u e d )

T j :  M o s t T r a n s ie n t

01

SEQUENCE SEQUENCE TRANSIENT
UNDEVELOPED

EVENTS
DEVELOPED

EVENTS SEQUENCE
NUMBER DESCRIPTION FREQUENCY/YR PROBABILITY PROBABILITY FREQUENCY

T j-8 1 T.HKCD 6.60 6 X 10‘ ® 4 .1  X 10"^ 1 .6  X 10’ ^

T j-8 2 TjHKCDG 6.60 6 X 10’ ® 1.5  X 10“ ^ e

T j-8 5 TjHJMG 6.60 1 .8  X 10"^ 1 .0  X 10"^ 1.2  X 10'®

T -88 T.HJCMG 6.60 3 .6  X 10"® 2 .5  X 10"® e

T .-91 T.HJCEMG 6.60 3 .6  X 10‘ ® 1.7  X 10"^ e

T^-92 T.HJCEF 6.60 3 .6  X 10"® 3 .8  X 10"^ e

T j-9 3 T.HJCEFG 6.60 3 .6  X 10‘ ® 1 .3  X 1 0 '^ e

T j-9 4 TjHJCD 6.60 1 .1  X 10‘ ® N/A 7 .1  X 10‘ ®

T j-9 5 T.HJCDG 6.60 1.1 X 10‘ ® 1 .4  X 10"^ e

T j-9 6 T .H I 6 .60 0 .1 N/A e

T j-9 8 TjAH 6.60 8 X 10 '^ N/A 5 .3  X 10‘ ®



T a b le  C -7  ( C o n t in u e d )

T j :  L o s s  o f  PCS ( E x c lu d in g  F e e d w a te r )  T r a n s ie n ts

01
to

SEQUENCE
NUMBER

SEQUENCE
DESCRIPTION

TRANSIENT
FREQUENCY/YR

UNDEVELOPED
EVENTS

PROBABILITY

DEVELOPED
EVENTS

PROBABILITY
SEQUENCE
FREQUENCY

T2-IO2 T2LMG 2.14 N/A 4.0 X 10"^ 8.5 X 10'^

Tg-lOS T2LCMG 2,14 0.02 1.7 X 10"^ 7.4 X 10'*

T2-IO8 T2LCEMG 2.14 0.02 2.2 X 10"^ 9.6 X 10*

Tg-iog T2LCEF 2.14 0.02 6.8 X 10"® e

Tg-llO TgLCEFG 2.14 0.02 3.4 X 10’® e

T2-III T2LCD 2.14 6 X 10"^ 7.9 X 10"^ 1.0 X 10'*

T2-II2 T2LCDG 2.14 6 X 10"^ 4.5 X 10'^ £

T2-II5 T2KMG 2.14 N/A 5.0 X 10“^ 1.0 X 10'*

T^-llB T̂ KCMG 2.14 0.02 e e

T2-I2I T2KCEMG 2.14 0.02 6.6 X 10'® 2.8 X 10'*

T2-I22 TgKCEF 2.14 0.02 e e



01
U)

T a b le  C -7  ( C o n t in u e d )

T g : L o s s  o f  PCS ( E x c lu d in g  F e e d w a te r )  T r a n s ie n t s

UNDEVELOPED DEVELOPED
SEQUENCE

NUMBER
SEQUENCE

DESCRIPTION
TRANSIENT

FREQUENCY/YR
EVENTS

PROBABILITY
EVENTS

PROBABILITY
SEQUENCE
FREQUENCY

T2-I23 T2KCEFG 2.14 0.02 e e

T2-I24 TgKCD 2.14 6 X 1 0 '* 4.1 X 10"^ 5.2 X 10'®

T2-I25 T2KCD6 2.14 6 X 10"^ 1.5 X 10"^ e

T2- I 28 T2JMG 2.14 1.8 X 10"^ 1.0 X 10"^ 3.9 X 10"^

T2-I3I T2JCMG 2.14 3.6 X 10 '* 2 .5  X 10"^ e

T2-I34 T2JCEMG 2.14 3.6 X 10"^ 1.7 X 10"^ 1.3 X 10"®

T2-I35 T2JCEF 2.14 3.6  X 10'^ 3 .8  X 10’ * e

T2-I36 T2JCEFG 2.14 3.6 X 10"* 1.3 X 10"^ e

T2-I37 T2JCD 2.14 1.1 X 10'® N/A 2.3 X 10'®

T2-I38 T2JCDG 2.14 1.1 X 10"® 1.4 X 10'^ e

T2-I39 T2I 2.14 N/A N/A c

T2-140 I2A 2.14 8 X 10-6 N/A 1.7  X 10-5



T a b le  C -7  ( C o n t in u e d )

01

SEQUENCE
NUMBER

SEQUENCE
DESCRIPTION

T3: Loss of An

TRANSIENT
FREQUENCY/YR

Feedwater Transients

UNDEVELOPED DEVELOPED 
EVENTS EVENTS 

PROBABILITY PROBABILITY
SEQUENCE
FREQUENCY

T3. I 44 T3LMG 0.18 N/A 1.7 X 10"^ 3.1 X 10’ ®

T3- I 47 T3LEMG 0.18 N/A 2.2  X 10"^ 4 .0  X 10"®

T3- I 48 T3LEF 0.18 N/A 6 .8  X 10’ ® 1.2 X 10"®

T3- I 49 T3LEFG 0.18 N/A 3.4  X 10'® e

T3- I 5O T3LD 0.18 0.03 7.9  X 10'^ 4 .3  X 10"^

T3- I 5I T3LOG 0.18 0.03 4.5  X 10"^ 2.5  X 10"®

T3- I 54 T3KMG 0.18 N/A e e

T3-I57 T3KEHG 0.18 N/A 6.6  X 10'® 1.2 X 10"^

T3-I58 T3KEF 0.18 N/A c e

T3.I59 T3KEFG 0.18 N/A e e

T3- I 6O T3KD 0.18 0.03 4.1 X 10"^ 2.2 X 10'^

T3- I 6 I T3KDG 0.18 0.03 1.5 X 10"^ e



Table C-7 (Continued)

T^: Loss o f A ll Feedwater Transients

nI
ui

SEQUENCE
NUMBER

SEQUENCE
DESCRIPTION

TRANSIENT
FREQUENCY/YR

UNDEVELOPED
EVENTS

PROBABILITY

DEVELOPED
EVENTS

PROBABILITY
SEQUENCE
FREQUENCY

T3- I 64 T3JMG 0.18 1.8 X 10"^ 2.5  X 10"® e

T3- I 67 T3JEMG 0.18 1.8 X 10"^ 1.6 X 10"® 5.2 X 10"®

T3- I 68 T3JEF 0.18 1.8 X 10'^ 3 .8  X 10"^ 1.3 X ID"®

T3- I 69 T3JEFG 0.18 1.8 X 10"^ 1.3 X 10"^ e

T3- I 7O T3JD 0.18 5.4 X 10'^ N/A 9.7 X 10"®

T3- I 7I T3JDG 0.18 5.4  X 10'^ 1.4 X 10"^ 1.3 X 10"®

T3. I 72 0.18 N/A e e

T3- I 73 T3A 0.18 8 .0  X 10"® N/A 1.4 X 10"®
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Table C-7 (Continued)
1 K  Power I t

UNDEVELOPED

T^: Loss o f Norir.al K  Power Transients

DEVELOPED
SEQUENCE

NUMBER
SEQUENCE

DESCRIPTION
TRANSIENT

FREQUENCY/YR
EVENTS

PROBABILITY
EVENTS

PROBABILITY
SEQUENCE
FREQUENCY

T4- IO 2 T4LM6 0.2 N /A 6.3 X 10"^ 1.3 X 10"^

T4- IO 5 T4LCMG 0.2 N /A 1.1 X 10'^ 2.2 X 10"^

T4- IO 8 T4LCEMG 0.2 N /A 6.4 X 10"^ 1.3 X 10"^

T4- IO 9 T4LCEF 0.2 N/A 2.9 X 10'^ 5.8 X 10'®

T4- I I O T4LCEFG 0.2 N /A 2.9 X 10"^ 5.8 X 10"^

T4- I I I T4LCD 0.2 0.07 1.8 X 10"^ 2.5 X 10'^

T4- I I 2 T4LCDG 0.2 0.07 1.9 X 10"^ 2.7 X 10'^

T4- I I 5 T4KMG 0.2 N /A 2.7 X 10"^ 5.5 X 10"®

T4- I I 8 T4KCMG 0.2 N /A 2.8 X 10"^ 7.6 X 10"^

T4- I 2I T4KCEMG 0.2 N /A 1.7 X 10"^ 3.5 X 10'^

T4- I 22 T4KCEF 0.2 N/A 1.3 X 10'® 2.5 X 10‘®

T4- I 23 T4KCEFG 0.2 N /A 8.9 X 10"^ 1.8 X 10"^



T a b le  C -7  ( C o n t in u e d )

T ^ :  L o ss  o f  N orm a l AC P ow er T r a n s ie n ts

01
• -J

SEQUENCE
NUMBER

SEQUENCE
DESCRIPTION

TRANSIENT
FREQUENCY/YR

UNDEVELOPED
EVENTS

PROBABILITY

DEVELOPED
EVENTS

PROBABILITY
SEQUENCE
FREQUENCY

T4- I 24 T^KCD 0.2 0.07 1.9 X 10’^ 2.7 X 10"^

T4- I 25 T4 KCDG 0.2 0.07 6.3 X 10"^ 8.8 X 10"®

T4- I 28 T4JMG 0.2 1.8 X 10’^ 6.8 X 10'^ 2.4 X 10"®

T4- I 3I T4JCMG 0.2 1.8 X 10'^ 7.0 X 10'^ 2.5 X 10"^

T4- I 34 T4JCEMG 0.2 1.8 X 10"^ 4.3 X 10"^ 1.5 X 10'^

T4- I 35 T4JCEF 0.2 1.8 X 10"^ 4.1 X 10'^ 1.5 X 10'®

T4- I 36 T^JCEFG 0.2 1.8 X 10"^ 2.9 X 10"^ 1.1 X 10'^

T4- I 37 T4JCD 0.2 1.3 X 10'^ 6.2 X 10"^ 1.6 X 10"^

T4- I 38 T4JCDG 0.2 1.3 X 10'^ 1.9 X 10"^ 4.9 X 10‘®

T.-1394 0.2 N/A e c

T.-1404 T4A 0.2 8 X 10‘® N/A 1.6 X 10"®



Table C-7 (Continued)

Tg: S a fe ty /R e lie f Valve Transients (Inadvertent Openings)

n
I>(̂

00

SEQUENCE
NUMBER

SEQUENCE
DESCRIPTION

TRANSIENT
FREQUENCY/YR

UNDEVELOPED
EVENTS

PROBABILITY

DEVELOPED
EVENTS

PROBABILITY
SEQUENCE
FREQUENCY

Ts-176 TgMG 0 .2 N/A 1 .0  X 10"^ 2 .0  X 10"^

T5- I 79 TgHMG 0 .2 0 .1 1 .0  X 10"^ 2 .0  X 10"®

T5- I 82 TgHCMG 0 .2 0.002 2 .5  X 10"® e

Tg-IBB TgHCEMG 0 .2 0.002 1 .2  X 10"^ e

T5- I 86 TgHCEF 0 .2 0.002 3 .8  X 10"^ e

Tg-187 TgHCEFG 0 .2 0.002 1 .3  X 10"^ e

T5- I 88 TgHCD 0 .2 6 X 10"^ N/A 1 .2  X 10"®

T5- I 89 TgHCDG 0 .2 6 X 10"® 1 .4  X 10’ ^ e

T5- I 9O V 0 .2 B X 10'® N/A 1 .6  X 10'®



Table C-7 (Continued) 

LOCA SB Sequences

01
V£>

SEQUENCE
NUMBER

SEQUENCE
DESCRIPTION

TRANSIENT
FREQUENCY/YR

UNDEVELOPED
EVENTS

PROBABILITY

DEVELOPED
EVENTS

PROBABILITY
SEQUENCE
FREQUENCY

SB-2 (SB)G 2 X 10"^ N/A 1.5 X 10"^ 3 X 10‘ ®

SB-4 (SB)CG 2 X 10"^ 0.02 3.1 X 10'^ e

SB-6 (SB)CEG 2 X 10"^ 0.02 9.1 X 10"^ £

SB-7 (SB)CEF 2 X 10"^ 0.02 2.6 X 10"^ £

SB-8 (SB)CEFG 2 X 10"^ 0.02 1.3 X lO'"* £

SB-9 (SB)CD 2 X 10"^ 0.02 1.4 X 10'^ 5.6 X 10'®

SB-10 (SB)CDG 2 X 10"^ 0.02 5.7 X 10'® £

SB-11 (SB)B 2 X 10"^ 1.6 X 10"^ N/A 3.2 X 10'®

SB-12
V

(SB) A 2 X 10'^ 8 X 10‘ ® N/A £



T a b le  C -7  ( C o n t in u e d )

LOCA IS B  S equences

UNDEVELOPED DEVELOPED

nIU1
o

SEQUENCE SEQUENCE TRANSIENT EVENTS EVENTS SEQUENCE
NUMBER DESCRIPTION FREQUENCY/YR PROBABILITY PROBABILITY FREQUENCY

ISB-14 (ISB)G 1 X 10"^ N/A 1 .5  X 10"^ 1 .5  X 10"®

ISB-16 (ISB)CG 1 X 10’ ^ 0 .02 3 .1  X 10"^ e

IS B -ia (ISB)CEG 1 X 1 0 '^ 0 ,02 9 .1  X 10"^ e

ISB-19 (ISB)CEF 1 X 1 0 '^ 0 .02 2 .6  X 10"^ e

ISB-20 (ISB)CEFG 1 X 10"^ 0.02 1 .3  X 1 0 '^ e

ISB-21 (ISB)CED 1 X 10"^ 0.02 8 .5  X 10"^ e

ISB-22 (ISB)CEDG I  X 10"^ 0.02 5 .7  X 10"® e

ISB-23 (ISB)B 1 X 10"^ 4 .6  X 10’ ^ N/A e

ISB-24 (ISB)A 1 X 10"^ 8 X 10"® N/A e



T a b le  C -7  ( C o n t in u e d )

LOCA IL B  S equ ence s

UNDEVELOPED DEVELOPEDSEQUENCENUMBER SEQUENCEDESCRIPTION TRANSIENTFREQUENCY/YR EVENTSPROBABILITY EVENTSPROBABILITY SEQUENCEFREQUENCY

lLB-26 (ILB)G 1 X 10'^ N/A 1.5 X 10"^ 1.5 X 10'®

ILB-28 (ILB)CG 1 X 10"^ 0.02 1.5 X 10"^ c

ILB-30 (ILB)CFG 1 X 10'^ 0.02 e e

ILB-31 (ILB)CFE 1 X 10'^ 0.02 2.6 X 10"^ e

ILB-32 (ILB)CFEG 1 X 10"^ 0.02 1.3 X 10"^ e

ILB-33 (ILB)CFD 1 X 10'^ 0.02 8.1 X 10’® e

ILB-34 (ILB)CFDG 1 X 10"^ 0.02 E c

ILB-35 (ILB)B 1 X 10"^ 4.6 X 10"® N/A e

ILB-36 (ILB)A 1 X 10'^ 8 X 10‘® N/A e



T a b le  C -7  ( C o n t in u e d )

LOCA LSB S equences

UNDEVELOPED DEVELOPED

nIU1M

SEQUENCENUMBER SEQUENCEDESCRIPTION TRANSIENTFREQUENCY/YR EVENTSPROBABILITY EVENTSPROBABILITY SEQUENCEFREQUENCY

LSB-38 (LSB)G 1 X 10“^ N/A 1.5 X 10"^ 1.5 X 10"®

LSB-40 (LSB)CG 1 X 10"^ 0.02 3.1 X 10"^ e

LSB-42 (LSB)CEG 1 X 10"^ 0.02 9.1 X 10"^ e

LSB-43 (LSB)CEF 1 X 10"^ 0.02 2.5 X 10"^ e

LSB-44 (LSB)CEFG 1 X 10"^ 0.02 1.3 X 10"^ c

LSB-45 (LSB)B 1 X 10'^ 4.6 X 10'^ N/A e

LSB-46 (LSB)A 1 X 10"'’ 8 X 10"® N/A e



T a b le  C -7  (C o n c lu d e d )

LOCA LLB S equ ence s

01cnu>

SEQUENCENUMBER SEQUENCEDESCRIPTION TRANSIENTFREQUENCY/YR
UNDEVELOPEDEVENTSPROBABILITY

DEVELOPEDEVENTSPROBABILITY SEQUENCEFREQUENCY

LLB-48 (LLB)G I X 10"^ N/A 3.1 X 10"^ e

LLB-50 (LLB)EG 1 X 10'^ N/A 9.13 X 10'^ c

LLB-51 (LLB)EF 1 X 10'^ N/A 2.6 X 10’^ e

LLB-52 (LLB)EFG 1 X lO"'* N/A 1.3 X 10"^ €

LLB-53 (LLB)B 1 X 10'^ 4.6 X 10'® N/A e

LSB-54 (LLB)A 1 X 10'^ 8 X 10"® N/A e



Table C- 8  Recovery Factors fo r  Final Q uan tifica tion

Time Allowed for Action (minutes) Probability of Failure
Inside Control Room Outside Control Room To Perform Action

< 5  < 65 0.1
5 to 10 65 to 70 0.25
10 to 20 70 to 80 0.10
20 to 30 80 to 90 0.05
30 to 60 90 to 120 0.03

> 60 > 1 2 0  0 . 0 1
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Table C-9 Summary Results o f Final Q uantifica tion

Sequence
T^JCD
T4 JCEFG
T^KCEFG
T4 KCD
T4 LCD
T2A
T4 JCDG
T4 JCMG
T4 LCEFG
T4 LCMG
T4 KCDG
T4 KCMG
T 5 MG
T4 LCDG
T2LMG
TjAH
(SB)B
T2JMG
T4 JCEMG
T 4 LCEMG
T^HLMG
T4 A

T 3 LD
T4 KCEF

Screening Value 
(per reactor-year)

Final Value 
(per reactor-year)

1.6E-4 7E-5
l.lE-4 4E-5
1.8E-4 3E-5
2.7E-4 3E-5
2.6E-3 3E-5
1.7E-5 2E-5
4.9E-5 2E-5
2.5E-4 lE-5
5.8E-3 lE-5
2.2E-2 lE-5
8.8E-5 lE-5
7.6E-4 9E-6
2.0E-4 7E-6
2.6E-3 6 E- 6

8.5E-4 6 E- 6

5.3E-6 5E-6
3.2E-6 3E-6
3.9E-5 2E-6
1.5E-4 2E-6
1.3E-2 2E-6
2.6E-4 2E-6
1.6E-6 2E-6
1.6E-6 2E-6
4.3E-4 lE- 6

2.5E-6 lE- 6
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Table C-10 Sample Contributors to  Sequence
T4 S1 2 4  P ro b a b ility  (Screening Stage)

Contributor 
(AKCG) Cutsets

(AC-GTG-LOF)(903595-312-0FR)
Description

FWCI failure due to loss 
of function of gas turbine 
coupled with operator error 
in setting auto switch for 
IC-3

Probability 
{% of Total)

3.6 X  10-6

(AC-GTG-LOF)(IC-l-MOV-OPC) 
(AC-GTG-LOF)(IC-l-MOV-OPC) 
(AC-GTG-LOF)(IC-3-M0V-0PC) 
(AC-GTG-LOF)(IC-4-M0V-0PC)

(AC-GTG-LOF)(IC-l-MOV-TMC) 
(AC-GTG-LOF)(IC-2-M0V-TMC) 
(AC-GTG-LOF)(IC-3-M0V-TMC) 
(AC-GTG-LOF)(IC-4-M0V-TMC)

FWCI failure due to loss 4.3 x 10
of function of gas turbine (4%)
coupled with operator 
error in closing valve 
required for IC operation

FWCI failure due to loss of 2.8 x 10 
function of gas turbine (3%)
coupled with valve required 
for IC operation out for 
test or maintenance

-6

-6

^Probabilities of cutsets for (AKCG) multiplied by 0.006 to account for inde­
pendent factors of P{T4 >, P{T}, P{J}, and P{D}.
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Table C-11 Sample Contributors to Sequence T^S ^ 2 4  Pi^obability
(Final Stage)

Contributor^ _  2

 (Cutsets of AKCG)  Probability ; (% of total)
(AC-GTG-LOF)(903595-312-0FR) 1.8 x 10"^; 1%

(AC-GTG-LOF)(IC-l-MOV-OPC) 2.2 x 10"^; 1%
(AC-GTG-LOF)(IC-2-M0V-0PC)
(AC-GTG-LOF)(IC-3-M0V-0PC)
(AC-GTG-LOF)(IC-4-M0V-0PC)

(AC-GTG-LOF)(IC-l-MOV-TMC) 2.8 x 10"^; 12%
(AC-GTG-LOF)(IC-2-M0V-TMC)
(AC-GTG-LOF)(IC-3-M0V-TMC)
(AC-GTG-LOF)(IC-4-M0V-TMC)

1̂Descriptions of contributors fojjnd_ in Table C-11.
Probabilities of cutsets for (AKCG) multiplied by 0.006 to account for inde­

pendent factors of P{T^}, P{T>, P{iJ}, and P{D revised}.
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A full bar indicates the system is capable of mitigating 
the break on its own.
A half bar indicates the system requires the assistance 
of another system with the opposite half bar (i.e., 
match upper and lower half bars for each type of 
break).

Figure c-l MILLSTONE EMERGENCY CORE COOLING SYSTEMS 
(ECCS) PERFORMANCE CAPABILITY
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No Power for 
SWS Pump from 

Diesel 
Generator

Loss of Diesel 
Generator 

Cooling from 
SWS

Component 
Unavailabil ity 

in SWS

Component 
Unavailability in 
Diesel Generator 

System

Service Water 
System (SWS) 
Unavailable 
(After LNP)

No Power for 
SWS Pump from 

Diesel 
Generator

Component 
Unavailability 

in SWS

Figure C.2. Circular Logic in Millstone Analysis
(Failure of SWS can occur due to loss of power from diesel generator; 
diesel generator can fail to provide power due to loss of cooling from SWS)
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Figure C,3. Resolution of Circular Logic of SWS and
Diesel Generator
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Figure C.4. Use of External Event to Consider Transient Initiator



APPENDIX C ATTACHMENT 
EVENT CODING

This attachment summarizes the scheme used for coding basic faults as input 
into SETS.
1) VALVES

Valves will be coded as follows:
SYS-CID-TYP-CFM

Where:
1. SYS-CID is the unique valve identifier taken from the P&ID of the

system. SYS is a 2-4 letter code signifying the system and CID is
the valve number.

examples: CS-5A
LP-7A 
SD-5

(Note: Valve numbers on the P&IDs are usually preceded by a "1-", 
e.g., 1-CS-5A. Always discard the "1-" when coding a valve
SYS-CID)

2. TYP is the valve type, taken from the following table.
COMPONENT TYP

Motor Operated Valve MOV
Pneumatic/Hydraulic Valve PHV
Solenoid Operated Valve SOV
Manual Valve XV
Check Valve CKV
Safety/Relief Valve SRV

3. CFM is the particular component failure 
taken from the following table.

mode of the basic event.

FAILURE MODE CFM
Fails to open - A valve which is closed and is supposed 
to open when needed, fails to do so.

FTO

Fails to close - A valve which is open and is supposed FTC
to close when needed, fails to do so.
Fails to remain open - A Valve which is open and is FRO
supposed to remain open, fails to do so.

Fails to remain closed - A valve which is closed and FRC
is supposed to remain closed, fails to do so.
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FAILURE MODE CFM
Operator opens valve - During the course of an accident, OPO
the operator acts to open a valve which should be closed.
Operator closes valve - During the course of an accident, OPC
the operator acts to close a valve which should remain open.
Operator fails to open valve - During the course of an OFO
accident, the operator fails to open a valve which should be 
opened.
Operator fails to close valve - During the course of an OFC
accident, the operator fails to close a valve which should be 
closed.
Test or maintenance (open) - A valve which is supposed to be TMO
closed is in actuality open, and is incapable of being closed
by any automatic signals, due to being in test, maintenance, 
or having been left in the open position after test or 
maintenance.
Test or maintenance (closed) - A valve which is supposed to be TMC
open is in actuality closed, and is incapable of being opened
by any automatic signal, due to being in test, maintenance, or 
having been left in the closed position after test or 
maintenance.

IMPORTANT NOTE: IN the above two cases, if a valve is in the
wrong position but is in service and capable of being returned 
to the correct position by an automatic signal, use the 
following codes;

Instead of TMO ILO
Instead of TMC ILC

2) CIRCUIT BREAKERS (INCLUDING VALVE MOTOR CONTACTORS)
Circuit breakers will be coded as follows:

SYS-BUS-CUB-CFM
Where:
1. SYS is either AC or DC
2. BUS is the bus number the breaker is on (eliminate hyphens in bus

numbers)
3. CUB is the cubicle or circuit number the breaker is contained in
4. CFM is the particular component failure mode (use the same ones as

for valves)
3) RELAYS, SENSORS, & SWITCHES

Relays, sensors, and switches will be coded as follows:
CRPSYS-CID-CFM
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Where:
1. CRPSYS-CID is the unique identifier taken from the control wiring 

diagrams. Each relay or sensor has a designation of therpp 932form sY^-C'ID * therefore relay number i5 3 q_io5 ;\ would be coded as:
9321530-105A-CFM 

The full length of CRPSYS-CID cannot exceed 12 characters
CFM is the particular component failure mode of the basic event, 
taken from the following table.

FAILURE MODE
Fails to de-energize - similar to fails to open 
Fails to energize - similar to fails to close
Fails to remain de-energized 
open
Fails to remain energized 
closed

similar to fails to remain

similar to fails to remain

Operator miscalibrates - the operator has miscalibrated a 
sensor to the extent of it not being able to perform its 
function
Test or maintenance - A sensor is out of service and 
incapable of performing its function, due to being in test,
maintenance, or having been left out of service following
test or maintenance. (Also, a switch is out of position)
Contact pair fails to open
Contact pair fails to close
Contact pair fails to remain open
Contact pair fails to remain closed
IMPORTANT NOTE: Concerning operator action to move switches,
the action should be coded using the component the switch 
actuates. Thus, the failure "operator fails to close manual
switch 595^3x8 /\" would open valve l-SD-5 should be coded
as SD-5-M0V-0F0. The only exception to this is if the switch 
is a reset or logic isolation (test) switch, in which case, an 
error not related to a test or maintenance would use:

Operator fails to reset

CFM
FTD
FTE
FRD

FRE

CMC

TOM

XFO
XFC
XRO
XRC

OFR

where X is 
the lowest 
contact 
number in 
the pair*

*If the lowest number in the contact pair is 1 0  or above, substitute lei 
ters for the designation, e.g., 10 becomes A, 11 becomes B etc.
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4) PUMPS
Pumps will be coded as fonows:

SYS-CID-TYP-CFM
Where:

SYS-CID is the unique pump identifier. For SYS, use the 2-4 letter 
code associated with the valves which are in the system containing 
the pump.
For CID, use only the letter from the pump designation on the P&ID: 
example: core spray pump "A" is designated as pump 1401A. SYS-CID
becomes CS-A.
TYP is the pump type, as follows.

COMPONENT TYP
Motor Driven Pump MDP
Turbine Driven Pump TDP

3. CFM is the particular component failure made of the basic event, 
taken from the following table.

_ _ _ _ _ _ _ _ _ _ _ _ _ FAILURE MODE_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  CFM
Fails to run FSR
Fails to stop FSP
Test or maintenance (out of service) TOM
Operator stops pump OSP
Operator starts pump OST
Operator fails to start pump OFS
Operator fails to stop pump OFP
Fails to start FSD

5) OTHER COMPONENTS:
All other components will be coded as follows:

SYS-CID-TYP-CFM
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Where:
1. SYS is the 2-4 letter system code taken directly from plant

nomenclature, as used previously.
2 . CI£ is the unique component identifier (number) also taken directly

from plant nomenclature.
3. TYP is the component type, as follows:

COMPONENT TYP
Heat Exchanger HTX
Tank TNK
Pipe PIP
Bus BUS
Electrical Cable CBL
Battery BAT
Transformer XFR
Battery Charger BCG
Inverter INV
Diesel Generator DGN
Gas Turbine Generator GTG
Local Control Circuit LCC
Train TRN
Strainer STR
Nozzle NOZ
Fuse FUS
Other 111

Undervoltage Detection Circuit UVD
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CFM - is the particular component failure mode as follows:
FAILURE MODE CFM

Loss of function - the component does not function LOF
as required by the system success criteria.
Test or maintenance (out of service). TOM
Operator fails to activate. OFA
Operator fails to deactivate - During the course of an OFD
accident, the operator fails to take an action which he
should.

Operator activates. OPA
Operator deactivates - During the course of an accident, OPD
the operator takes an erroneous action.
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