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A.0 INTRODUCTION

This section contains the assumptions and faults trees for thesystems modeled in the North Anna PRA . In addition to the system
fault trees a number of Boolean equations or basic events were also
used to complete the quantification of the core damage frequency .
These are detailed in the quantification section of Appendix B .

The component naming scheme and failure mode codes used in the
fault trees and parametric data base are shown in Tables A .0-1 andA .0-2 respectively. Components which do not fall into any of these
categories are known as "undeveloped events" and have been given a
unique identity . A list of such components can be found in the
parametric data base in Appendix C, as well as in the individual
fault trees in this appendix .

In order to ensure a complete equivalence between the component
modeled in a fault tree and the failure data derived for the
component, it is necessary to define the component boundary and
support systems which have to be modeled outside this boundary .
The definition for the following key components are given in the
following subsections .

Diesel Generators
Motor Driven Pumps
Turbine-Driven Pumps
Motor-Operated valves
Solenoid-Controlled Air Operated Valves
Air-Operated Valves
Circuit Breakers

s
A .0 .1' Emergency Diesel Generators (EDG)

Physical Boundaries

The diesel generator physical boundaries include the generator
body, generator actuator, lubrication system (local), fuel system
(both local and the underground storage tanks and related pumps and
valves), cooling components (local), startup air system, exhaust
and combustion air system, individual diesel generator control
system, circuit breaker for supply to safeguard buses and their
associated local control circuit (coil, auxiliary contacts, wiring
and control circuit contacts) with the exception of all the
contacts and relays which interact with other electrical or control
systems . Figure A .0-1 shows the physical boundaries defined for
the Emergency Diesel Generators .
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Support Systems

Some of the typical support systems are :
1 .

	

DC power supply to the circuit breaker,
2 .

	

control actuation systems (closing) of the circuit
breaker (automatic or manual signals),

3 . DC power supply to diesel generator control,
4 .

	

diesel generator startup actuation systems (automatic or
manual systems),

5 .

	

generator room cooling system,
6 .

	

fuel supply system, and
7 . AC power supply to diesel generator auxiliary components .

Another support system which can potentially be postulated, the
startup air system, is included within the generator boundaries
since the accumulators have the capacity for three startup
attempts .

A.0.2 Motor Driven Pumps (PAT & PSB)

Physical Boundaries

The pump physical boundaries include the pump body, motor/actuator,
lubrication system, cooling components of the pump seals, the
voltage supply breaker and its associated local control circuit
(coil, auxiliary contacts, wiring and control circuit contacts) .
Figure A .0-2 shows the physical boundaries defined for motor driven
pumps .

Support Systems

Some of the support systems are :
1 . AC power supply to the pump breaker,
2 . DC power supply to the breaker control,
3 . breaker control actuation system (automatic or manual

signals),
4 . pump cooling system, and
5 . pump room cooling system .

A.0 .3 Turbine-Driven Pumps (TRB)

Physical Boundaries

The turbine-driven pump physical boundaries include the pump body,
turbine/actuator, lubrication system (including pump), extractions,
turbine driven seal, cooling components and local turbine control
system (speed) . Figure A .0-2 shows the physical boundaries defined
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for the turbine driven pumps . The turbine control valve and stop
valve are considered within the turbine physical boundary .

Support Systems

The support systems include :
1 .

	

turbine steam supply system,
2 .

	

discharge steam system,
3 . DC power supply to the turbine control,
4 . turbine driven pump control actuation system (automatic

or manual signals), and-
5 .

	

pump room cooling systems .

A .0 .4 Motor-Operated Valves (MOV)

Physical Boundaries

The valve physical boundaries include the valve body,
motor/actuator, the voltage supply breaker and its associated local
open/close circuit (open/close switches, auxiliary and switch
contacts, wiring and switch energization contacts) . Figure A .0-3
shows the physical limits defined for the motorized valves .

Support Systems

The support systems include :
1 . AC power supply to the valve motor (switch is normally

closed) and
2 . Valve open/close actuation system (automatic or manual

signals) .

A .O .S Solenoid-Controlled Air Operated Valves (SOV)

Physical Boundaries

The valve physical boundaries include the valve body, three-way
valve, operator (solenoid) and the local solenoid energization
circuit (auxiliary contacts, wiring, solenoid energizing contacts) .
Figure A .0-3 shows the physical boundaries defined for the
solenoid-operated valves .

Support Systems

The support systems include :
1 . AC or DC power supply to the solenoid,
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2 .

	

valve operating air system, and
3 .

	

valve open/close actuation system (automatic or manual
signals) .

A.0 .6 Air-Operated Valves (Control) (AOV, FCV, HCV, LCV, PCV &
TCV)

Physical Boundaries

The valve physical boundaries' include the valve body and
current/pressure converter . Figure A.0-3 shows the physical
boundaries defined for the valves .

Support Systems

Some of the support systems include :
1 . AC or DC power supply to the converter,
2 . valve activating air system, and
3 . valve control actuation system (automatic or manual

signals) .

A.0.7 Circuit Breakers (BKR)

Physical Boundaries

The circuit breaker physical boundaries .include the body/actuator
of the breaker between the cable inlet and outlet . Figure A.0-4
shows the .physical boundaries defined for the circuit breakers .

Support Systems

Some of the support systems include :
1 . DC power supply to breaker control and
2 . breaker control actuation system (automatic or manual

signals) .

A.1 COMPONENT COOLING SYSTEM

The Component Cooling System is composed of two identical
subsystems . A CC subsystem is provided for each reactor unit .
Only the subsystem associated with Unit 1 and the common loads will
be described here . Operation of the Unit 2 subsystem is identical
to that of Unit 1 . The piping associated with the CC System,
constructed of carbon steel, is protected by several relief valves
throughout the system . These relief valves are all set to lift at
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150 psig, with the exception of the relief valves for the RCP
thermal barrier which relieves at 1500 psig .

A .1 .1 Major components

The following paragraphs describe the construction and operation of
the major components associated with the CC system . All of the
major components are located in the Auxiliary Building . Figures
A.1-1 through A .1-4 illustrate the relationship of the components
within the system .

Component cooling surge tank

The component cooling water surge tank provides the net positive
suction head for the CC pumps . The tank is located approximately
50 feet higher than the pumps suction, ensuring that an adequate
head exists at the pumps suction to prevent-pump cavitation . The
surge tank allows for thermal expansion and contraction in the
system and serves as a source of makeup water to the system .
Should a leak develop in the system, the volume of water in the
surge tank allows time for the operator to locate and stop the leak
prior to a loss of component cooling .

The tank is 10 .6 feet high and 7 .5 feet in diameter, constructed of
0 .375-inch thick carbon steel . It holds approximately 3120
gallons, while normal operating volume is approximately 2150
gallons . The tank is maintained approximately 62 percent full,
allowing sufficient room for expansion and contraction of the CC
water. It is vented to the vent and drain system . Designed for a
pressure-, of .40 psig and a temperature of 150°F, the surge tank
normally operates at atmospheric pressure and at a temperature of
near 90°F .

Makeup water to the tank is provided by the main Condensate System .
The makeup water enters the tank through a 2 .5-inch nozzle located
approximately 7 feet from the bottom of the tank (approximately
10 .5 feet above the fourth floor of the Auxiliary Building) . The
CC surge tank is located in a large cubicle on the north side of
the fourth floor of the Auxiliary Building .

The surge tank is connected to the suction of both Unit 1 and 2 CC
pumps by 4-inch headers . Manual isolation valves are provided for
surge tank isolation if required .

Component cooling pumps

The component cooling pumps provide the motive force for
circulating cooling water through the CC heat exchangers,
individual system loads, and back to the pumps' suction . Normally,
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two pumps (one per reactor unit) supply the required cooling water
flow rate when both reactor units are in operation . Two standby
pumps supply 100 percent backup capability . The standby pump for
each reactor unit will automatically start when the running pump
fails due to electrical fault or undervoltage on its associated
supply bus . The pumps are operated from the Control Room .

Each CC pump has an 18-inch suction and discharge pipe equipped
with expansion joints. The CC pumps take suction on a 24-inch
inlet header which is supplied with component return water from the
following :

Each CC pump is a horizontally mounted, single stage, centrifugal
pump. The pump casing is constructed of nodular iron and is
horizontally split, with the suction and discharge passages in the
lower half of the casing . The impeller is a double suction, closed
type and is cast from bronze to form one continuous piece . The
impeller is hydraulically and statically balanced . The pump shaft
is constructed of carbon steel .

Pump friction and radial and axial misalignment is minimized by the
use of a .radial bearing and a thrust bearing . Both bearings are
oil 'lubricated and are equipped with sight glass oil level
indicators . Oil is added to the bearings via a capped connection
located on the top of the bearing housing . The thrust bearing
consists of a double row of ball bearings, while the radial bearing
is a single row of ball bearings . The bearings are held in place
axially by a bearing lock nut . Radial placement is assured by the
bearing housing .

Each pump is driven at 1170 rpm by a 4160 V, 600 HP, three-phase,
squirrel cage, induction motor . The motors are equipped with space
heaters to minimize condensation after the motors are deenergized .
The space heaters automatically energize when the associated motor
breaker opens . An ammeter on the control room benchboard indicates
pump motor current . The pumps are designed to deliver 8000 gpm
with a discharge head of approximately 190 feet of water . The
required NPSH for these operating conditions is approximately 16
feet of water . This requirement is satisfied by mounting the CC
surge tank approximately 50 feet above the pump suction . The CC
pumps are centrally located on the first floor of the Auxiliary
Building .
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1 . 10-inch component cooling water bypass header,
2 . 4-inch surge tank header,
3 . 8-inch non-regenerative and seal water heat exchanger

return header,
4 . 24-inch RHR 1A equipment return header,
5 . 18-inch RHR 1B equipment return header,
6 . 4-inch RCP thermal barriers return header,
7 . three 8-inch RCP coolers return headers, and
8 . 18-inch common load return header .



The CC pumps are provided with a recirculation flow path to the
surge tank to prevent overheating of the pumps when operating at a
shutoff head (discharge valve closed) and to provide a continuous
vent path for the CC pumps . The normal and recirculation flow
paths contain check valves to prevent backflow through an idle
pump . A backpressure regulator (PCV-110), located in the CC bypass
line, maintains system pressure constant when system loads are
removed or placed in service .

Component cooling heat exchangers

The discharge from the CC pumps is directed to the CC heat
exchangers . The heat exchangers act as a heat transfer medium
between the CC System and the Service Water System . They also
serve as a barrier against the release of radioactive water to the
environment in the event of radioactive leakage into the CC System .
This barrier between the system loads and the environment allows
toxic chromates to be used as a corrosion inhibitor in the CC
System .

The heat input to the CC System from the individual loads is
transferred to the Service Water System in the heat exchangers .
Each heat exchanger is a single shell and tube unit, vertically
mounted, with two passes on each side of the heat exchanger .
Component cooling water enters the unit through a 30-inch opening
approximately 25 feet above the bottom of the heat exchanger .

The CC outlet temperature from the heat exchanger is maintained
between 700 and 100°F by throttling the service water leaving the
heat exchanger . The heat exchangers are designed to transfer 53E+6
Btu/hr under' normal conditions, but during plant cooldown the
design transfer rate increases to 84E+6 Btu/hr . Under normal
operating conditions, loss of the service water supply header will
result jn approximately a 3°F-per-minute increase in CC water
temperature. The temperature rise allows sufficient time for
corrective action to be taken prior to exceeding any temperature
limits .

The main discharge header from the Unit 1 heat exchangers is a 24-
inch line and supplies CC water to the following distribution
headers :

10-inch component cooling water bypass header,

8-inch non-regenerative and seal water heat exchanger
supply header,

3 . two 18-inch RHR equipment supply headers,

4 . three 8-inch RCP supply headers, and

1 .

2 .
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5 .

	

18-inch common load supply header .

The heat exchangers are mounted vertically on the north side of the
Auxiliary Building and extend from the first floor to the fourth
floor .

Dependency matrices for the CC system are shown in Table A .1-1 .

A .1 .2 Fault Tree Analysis

CC is a support system and has no front line functions . No event
tree headings relate directly to CC . The top events for the CC
system are failure to remove heat from the respective RHR heat
exchanger of failure to remove heat from the respective RCP thermal
barrier . The fault tree is included at the end of this section .
A summary of assumptions and notes from the analysis file follows .

Fault Tree Modeling Assumptions

The following modeling assumptions are specific for the CC fault
trees .

1 . The CC system is assumed to be operating at the start of the
accident. CC is a fairly complex system with many heat loads
and several pump and heat exchanger configurations . The CC
system is also common to both units . To create a realistic
and manageable CC system fault tree model, the following
system configuration assumptions are made :

- . .The' 1-CC-P-lA/lB pumps and the 1-CC-E-lA/1B heat
exchangers are dedicated to Unit 1 .

b) The cross-ties between Unit 1 and Unit 2 CC pump supply,
pump discharge and heat exchanger discharge lines are
assumed to be isolated by the valves 1-CC-40, 49, and 57,
respectively .

c) The 1A CC pump and heat exchanger (1-CC-P-lA and 1-CC-E-
1A) are assumed to be operating . The 1B CC pump and heat
exchanger are assumed to be in standby .

d) The 1-CC-E-1B standby heat exchanger is assumed to be
isolated on both the CC and SW side . Valves 1-CC-50, 1-
SW-232 and 1-SW-233 are assumed closed or throttled . The
training manual states that for normal operation both
heat exchangers are used and system drawings show the
isolation valves to be normally open . But, for this
analysis, the 1-CC-E-1B heat exchanger will be modeled in
a standby configuration .
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.

The CC system can be cross-tied so that more pumps than
1-CC-P-lA/ 1B can supply Unit 1, or that pumps 1-CC-P-lA/ 1B can
supply both units . Similar cross-ties are possible for the CC
heat exchangers . These cross-ties are normally used for only
a small fraction of time . Cross-tied operation can also be
both a benefit and a detriment to system reliability . Because
of the short time duration and variation in effect cross-tie
operation is not modeled . Should either the CC pumps or the
CC heat exchangers prove to be significant risk contributors,
new models for the cross-ties can be evaluated .

2 . The following CC system configuration is assumed for the CC
water to RH system components .

a) The RH pump seal coolers 1-RH-E-2A/B are not isolated
from the CC system during normal operation . The flow
through the RH pump seal coolers is monitored by low flow
alarms providing quick indication of loss of water
through the coolers . So the normally open manual valves
in these flow paths, including 1-CC-265 and 1-CC-785,
will not be subject to a plugging fault . Also,
1-CC-TY-130B will not be subject to fails closed . Note
these events are conservatively included in the fault
tree .

b) The valves on the discharge side of the RHR Heat
Exchangers, 1-RH-MOV-100A and 100B, are normally closed
thus isolating the RHR Heat Exchangers from the CC
system . For both MOVs a failed closed (MOV-FC) fault is
assumed to model the failure of the valve opening from
the closed position . Since there is no flow through the

- .heat exchanger, normally open manual valves upstream of
the heat exchangers are subject to a plugging fault .

3 . For . the RH heat exchangers 1-RH-E-1A/B and 2A/B plugging and
leaking are modeled with the basic event HEX-LF (heat
exchanger loss of function) . For 1-RH-E-lA/B, HEX-LF basic
events are modeled in the RH fault tree so these events are
not included in the CC fault tree . For 1-RH-E-2A/B, the RH
pump coolers, basic events HEX-LF for these components were
not modeled in the RH fault tree . Thus, the CC fault tree
models 1-RH-E-2A/B HEX-LF basic events .

4 . The CC system surge tank 1-CC-TK-1 is assumed to be required
to provide adequate NPSH for the CC pumps . A TNK-LF fault is
modeled to include tank loss of inventory or isolation to CC
system . Loss of the surge tank would fail all CC pumps . Tank
inventory recovery from Main Condensate system was not
modeled .

5 . Unavailability due to maintenance was considered for the
following components :
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a)

	

1-RH-E-1A/B, modeled in CC fault tree and omitted from RH
fault tree .

b) 1-RH-E-2A/B, not modeled in CC fault tree as pump
1-RH-P-lA/B UM is modeled in RH fault tree. Pump UM
assumed to include pump seal cooler unavailability .

c)

	

1-CC-P-1B, modeled as component is in standby .

d)

	

1-CC-E-1B, modeled as component is in standby .

e)

	

1-CC-P-lA and 1-CC-E-1A, not modeled as components are
operating except for fail to run and loss of power for
PUMP

6. The following assumptions are only for the RCP Thermal Barrier
CC2 fault tree

a) It is assumed that RCP seal injection is the preferred
source of seal cooling, and that if RCP seal injection is
lost to one RCP, it is lost to all RCPs .

b) Assume that CC water circulation without cooling from SW
is not adequate for RCP thermal barrier cooling . The CC
pumps add an unknown amount of heat to CC water, so that
heat removal to SW through a CC heat exchanger is
required .

C) Trip valve closures by a spurious CDA signal 'is not
modeled. This fault is subsumed within the AOV-SC (AOV
spurious closure) fault

7 . '1-CC-,TV-116A/B/C fail closed on loss of Instrument Air or
control power . These valves will also close on a signal from
1-CC-FT-116A/B/C when a high flow condition exists for more
than 10 seconds . The AOV-SC fault will include the fault of
1-CC-FT-116A/B/C spurious actuations .

8 . 1-CC-TV-104A/B/C fail closed on loss of Instrument Air or
control power . These valves also close on a CDA signal . Each
of these valves contain two pilot solenoids. in series. This
arrangement ensures that, if one solenoid should fail open, an
additional solenoid will be available to deenergize and close
the trip valve. An AOV-SC fault will be modeled for each of
the pilot solenoids .

9 . Pump 1-CC-P-1B includes the normal standby faults of fail to
start, fail to run 24 hour mission, loss of motive power, loss
of control power, scheduled test and maintenance
unavailability, and unscheduled maintenance unavailability .
Also, a flow diversion of backf low through the A pump train is
modeled . Actuation logic and start signals are not modeled .
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The standby CC pump will automatically start when the running
pump is tripped by a lockout relay actuation or undervoltage
condition on the supply bus . Additionally, there are low flow
alarms at the discharge of the heat exchangers that will
quickly indicate the loss of a pump ., Considering the
requirements of the systems that the CCW supplies, RHR and RCP
Thermal Barriers, there is greater than one hour after the
loss of the CC pump to start the standby pump ; thus, failure
of actuation is considered negligible .

10 . CC system heat removal can be defeated by undesired closure of
both 1-SW-MOV-108A/B or 2-SW-MOV-208A/B on the CC heat
exchanger SW flow path . The CDA actuation signal closes all
four of these SW valves but this is of no concern . If a LOCA
with LOOP occurred, core cooling is by RS heat exchangers and
RHR and CC are not required .

11 . For the RH fault tree, NUPRA Failure Mode 2 events assume a
13140 hour interval between testing, corresponding to an
average of 18 months of at power operation-between shutdowns
requiring RHR system operation. For the standby components in
the CC trains supporting the RH heat exchanger 1-RH-E-lA/B,
this 13140 hour interval is used assuming CC flow through
these components occurs only when the RHR system is in
operation .

For CC components in standby related to 1-CC-E-1B, a 2190 hour
interval is assumed for Failure Mode 2 events . This interval
corresponds to 3 months, which is the frequency for PT-41 .1
which tests the CC pumps and check valves . This interval is
appropriate for the CC heat exchangers as the CC heat
exchangers are swapped for cleaning on the SW side, at
irregular intervals . For 1-CC-P-1B and related components, a
720 hour interval is assumed, corresponding to monthly
rotation of the CC pumps per station procedure .

12 . For AOV-SC (AOV spurious closure) faults for 1-CC-TV-101A/B,
1-CC-TV-104A/B/C, and 1-CC-TV-103A/B, the AOV-SC fault is
assumed to include spurious CDA actuation faults . Hence, the
CDA signal to these trip valves does not require a separate
fault . This simplification reduces the number of spurious
faults by combining all sources of spurious actuation for a
component within a single fault . This approach is feasible
since there is little hard data on spurious actuations ; that
data which exists has not been discriminated for source to
develop individual spurious action faults .

13 . Per the same logic stated in #12, spurious actuation faults
for the flow instrumentation 1-CC-FT-116A/B or C for
1-CC-TV-116A/B/C are not modeled as a separate fault but
included in the AOV-SC faults .
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14 . Common Cause Faults (CCF) are assumed for like standby
components . For normal standby components, this would
include :

1-CC-10OA/B, RHR heat exchanger
outlet valves, labeled 1CCMV--CC-100A :B

These motor operated valves are postulated to fail closed due
to common cause failure .

A.2 CHEMICAL AND VOLUME CONTROL SYSTEM

There are two major subsystems in the CVCS, the Charging and
Letdown Subsystem which provides RCP seal cooling and the Makeup
Subsystem which provides emergency boration . Simplif ied . drawings
of these subsystems are provided in Figures A .2-1 and A .2-2 .

A .2 .1 Flow Paths

A .2 .1 .1 Charging and Letdown Subsystem Flow Paths

The CVCS letdown stream taps off of the Reactor Coolant System
(RCS) loop A cold leg on the discharge side of the reactor coolant
pump (RCP) . The letdown flow enters the CVCS at a temperature of
547°F and a pressure of 2235 psig . The coolant discharge passes
through a normally open manual isolation valve prior to entering
the letdown isolation valves . The two letdown isolation valves
isolate the CVCS from the RCS . The valves are designed to shut
automatically on low pressurizer level to maintain RCS water
inventory, in . the event of a leak in the CVCS .

The regenerative heat exchanger is the first major CVCS component
to receive letdown flow from the RCS . The hot letdown water flows
through the shell side of the heat exchanger to give up heat to the
relatively cool charging water on the tube side of the heat
exchanger . The letdown stream exits the heat exchanger at a
temperature of approximately 285°F .

The discharge of the regenerative heat exchanger is piped through
either one, two, or all three letdown orifices and associated
letdown orifice isolation valves . The letdown orifices are piped
in parallel and act to control the letdown flow rate . A relief
valve is located on the discharge side of the orifices to provide
overpressure protection .

From the containment isolation valve, flow is directed to the non-
regenerative heat exchanger which cools the 285°F tube side letdown
stream to approximately 115°F by circulating cool component cooling
water on the shell side of the heat exchanger . The letdown

NAPS IPE

	

A-12

	

12-15-92



temperature is controlled by a temperature control valve, located
in the component cooling discharge line, which regulates cooling
water flow in order to maintain stream temperature . The discharge
of the non-regenerative heat exchanger is directed to a low
pressure letdown valve which maintains a backpressure on the
letdown piping downstream of the letdown` orifices . The
backpressure is approximately 300 psig and prevents flashing of the
letdown stream .

The low pressure letdown valve discharge is normally directed to
the demineralizers via a low pressure letdown divert valve, a check
valve, and the letdown filter . If the temperature of the letdown
stream exiting the non-regenerative heat exchanger reaches 136°F,
the low pressure letdown divert valve automatically shifts and
directs letdown flow directly to the VCT . This action prevents
degradation of the resin in the demineralizers due to excessive
temperature . The demineralizer discharge passes through a reactor
coolant filter and is normally piped to the VCT by way of a level
control valve . The level control valve provides level control of
the VCT . When the VCT level reaches a predetermined high level
setpoint, the level control valve automatically directs the letdown
flow to the Boron Recovery System .

The VCT acts as a surge volume for the RCS and maintains RCS
hydrogen concentration within specifications . The RCS total gas
concentration is also controlled by periodically venting the VCT
gas space to the gas strippers . The VCT discharge passes through
two motor-operated valves and to the suction header of the charging
pumps . The motor-operated valves will automatically isolate the
VCT when the VCT level fall below a preset value or when safety
injection is initiated . The Charging Pumps normally take their
suction-on the VCT but can also be aligned to draw water from the
Refueling .Water Storage Tanks or the discharge of the Low Head
Safety Injection Pumps .

The Charging Pump discharge normally supplies charging water to the
RCS to maintain pressurizer level and provides seal water injection
flow to the RCPs . The Charging Pumps can also be used to :

1 .

	

inject the boron injection tank contents into the RCS ;

2 .

	

fill the RCS via the loop fill header ;

3 . provide auxiliary spray to the Pressurizer ; and

4 . provide recirculation of the RCS following initiation of
safety injection .

A portion of the Charging Pump discharge is recirculated through
the seal water heat exchanger and VCT and then back to the suction
of the Charging Pumps to prevent overheating of the centrifugal
pumps . The Unit 1 and 2 Charging Pumps have the ability to be
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cross connected should all Charging Pumps of either unit become
unavailable such that, either unit can provide charging water to
the other unit .

The Charging Pump normal discharge to the RCS passes through a
charging flow control valve, two motor-operated isolation valves,
the regenerative heat exchanger, and a charging line isolation
valve prior to entering loop B of the RCS . The charging flow
control valve operates from a signal generated by the Pressurizer
Level Control System to adjust charging line flow rate . This
action maintains Pressurizer level within its programmed level
range .

The regenerative heat exchanger heats the cool, tube side charging
water to approximately 496°F before discharging to the RCS .
Heating the charging water minimizes thermal shock to the CVCS/RCS
interface piping and prevents the introduction of cold water to the
reactor core .

The RCPs are supplied with seal water injection flow from the CVCS
charging pump discharge header . The flow enters the pumps seals by
way of a motor operated isolation valve, a seal water flow control
valve, and one of two seal water injection filters . The injection
flow prevents the leakage of reactor coolant around the RCP shafts
and provides cooling and lubrication to the pump radial bearing and
seals . The seal water discharge of the RCPs passes through two
motor operated isolation valves, a seal water return filter, and a
seal water heat exchanger before entering the charging pump suction
header .

An additional letdown path has been provided to allow for
controll-ed _ le'akage (seal injection flow) into the RCP seals when
the forma], letdown path is isolated . This path incorporates an
excess letdown control valve and an excess letdown heat exchanger .
Excess letdown f low is cooled in the excess letdown heat exchanger
by component cooling water. The heat exchanger discharge can be
directed to either the seal water return header or the primary
drain transfer tank .

A .2 .1.2 Makeup Subsystem Flow Paths

The Makeup Subsystem is a subsystem of the Chemical and Volume
Control System and provides measured quantities of demineralized
water and/or boric acid to the RCS . Also, this system provides the
means for adding chemicals to the RCS . The Makeup System can be
configured to deliver makeup in any one of five operational modes :
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1 .

	

borate,
2 .

	

dilute,
3 .

	

alternate dilute,
4 .

	

automatic, and
5 .

	

manual .

Normal makeup consists of either concentrated boric acid from the
boric acid storage tanks ; demineralized water from the primary
grade water tanks ; or a blend of both, depending upon plant
conditions . The makeup water (either borated or demineralized) is
directed to the inlet or the outlet of the VCT, depending upon the
Makeup Subsystem mode of operation . The only make-up path of
importance to the IPE is the emergency boration flow path .

Emergency boration flow path

It is possible to rapidly borate the RCS by opening the remotely
operated emergency boration valve (MOV-1350) . When the valve is
open, the boric acid transfer pump discharge is linked directly to
the charging pump suction header via a check valve . A locally
operated manual emergency boration valve (1-CH-241 and 2-CH-156) is
also provided . This valve, located just outside the VCT cubicles,
has a Identification Tag attached for easy identification . When
the local emergency boration valve is opened, concentrated boric
acid solution from the boric acid transfer pump discharge is
directed to the suction of the charging pumps if the boric-acid-to-
blender flow control valve (1-CH-FCV-1113A) is open . FCV-1113A
fails in the open position to ensure this capability exist at all
times .

A .2 .2 Major Components

A.2 .2 .1 Charging and Letdown Subsystem Major Components

Letdown isolation valves LCV-1460A, -1460B

These two valves are solenoid-controlled, air-operated, globe
valves which are normally open but are designed to fail shut .
Containment instrument air is supplied to each letdown isolation
valve to open it against spring pressure . The valve is shut by
allowing the air pressure to vent to atmosphere . Spring pressure
then forces the valve shut .

Regenerative heat exchanger

The regenerative heat exchanger cools the hot letdown flow (shell
side) to approximately 285°F and heats the cool (130°F) charging
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water (tube side) to approximately 490°F . Heating of the charging
water to near RCS temperature reduces thermal shock to the piping
and eliminates the addition of excessive positive reactivity to the
reactor core .

The regenerative heat exchanger consists of three individual tube
and shell heat exchangers . It is constructed of austenitic
stainless steel and cannot be disassembled . The regenerative heat
exchanger is self venting and self draining and has piping
connections for these purposes. The three shells are mounted
horizontally on top of each other and are interconnected by
stainless steel piping . Each shell consists of 84 one-half inch
(outer diameter) tubes arranged in a U-tube fashion . All three
shells are designed to remove 8 .34E+6 Btu/hr, collectively . The
shell side and tube side are designed to operate at 650°F and have
design pressures of 2485 psig (shell side) and 2735 psig (tube
side) . The regenerative heat exchanger is located inside the
Containment at the 242-foot elevation behind the pressurizer relief
tank .

Letdown orifices and letdown orifice isolation valves

The letdown orifices control the letdown flow leaving the RCS and
reduce the pressure of the letdown flow by approximately 1900 psi
under normal operating conditions . There are a total of three
orifices (ORLD-1, -2, -3) . Orifice ORLD-1 has a design flow rate
of 45 gpm, while ORLD-2 and -3 have design flow rates of 60 gpm
each . Normally, only one orifice is in service at a time . As RCS
pressure drops, the differential pressure across the orifice also
drops, reducing the flow through the orifice .s

Non-regenerative heat exchanger

The non-regenerative heat exchanger cools the letdown flow to
approximately 115°F. This temperature prevents deterioration of
the demineralizer resin . The heat from the letdown stream (tube
side) is transferred to relatively cool component cooling water
(shell side) .

The shell houses 364 three-quarter inch (outer diameter) tubes
arranged in a U-tube design . The shell is constructed of carbon
steel and the tubes are austenitic stainless steel . The shell side
has a design temperature of 250°F and a design pressure of 150
psig . The tube side has a design temperature and design pressure
of 400°F and 600 psig, respectively . The heat exchanger is located
in its own cubicle on the first floor of the Auxiliary Building .
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Volume control tank

The VCT is used to accumulate letdown water and RCP seal leakoff
from the RCS ; to maintain the desired hydrogen concentration in the
reactor coolant ; to provide positive suction head to the charging
pumps ; and to receive makeup water from the Makeup System via an
inlet spray nozzle . The VCT is located in its own cubicle on the
third floor of the Auxiliary Building . A hydrogen overpressure
(hydrogen blanket) of 16 psig is normally maintained in the tank to
scavenge oxygen from the letdown water . Letdown enters the VCT via
a spray nozzle . Hydrogen gas is absorbed as letdown is sprayed
through the gas atmosphere . The excess hydrogen combines with any
free oxygen in the reactor coolant thereby minimizing the oxygen
content of the coolant . A nitrogen line is provided to purge
combustible hydrogen and radioactive gases from the tank and the
RCS (degassing) prior to and immediately after maintenance
(nitrogen purge) . Contaminated gas is discharged through a
separate VCT penetration that is connected to the gas stripper in
the Boron Recovery System . A liquid relief valve (1-CH-RV-1257) is
provided to prevent VCT overpressurization . It is set at 75 psig
and relieves to the high level waste drain tanks . Additionally, a
drain valve is provided for draining Unit 1 and 2 VCTs to the high
level waste drain tanks .

The VCT vent isolation valve (1-CH-SOV-1258) is intermittently
opened from the Control Room for degassing operations . It is a
solenoid valve and is operated by a two-position (OPEN, CLOSE)
control switch. Tank pressure is prevented from decreasing below
16 psig during degassing by pressure control valve 1-CH-PCV-1117,
which maintains VCT N2 pressure . The contaminated gas is directed
to the Boron Recovery System via the Primary Vents and Drain
System . - . . Normally, the hydrogen pressure control valve
(1-Cli-PCVz1118) is in service and set to maintain a pressure of 16
psig in the VCT . The nitrogen pressure control valve
(1-CH-PCV-1119) is normally isolated but is also set to maintain
VCT pressure at 16 psig when in service . The VCT has a volume of
300 cubic feet . It is designed to withstand an internal pressure
of 75 psig and a temperature of 250°F . The tank is constructed of
austenitic stainless steel and normally operates at a temperature
of approximately 105°F .

Charging pumps

The charging pumps are the prime movers for the flow of reactor
coolant to the RCS . Three charging pumps are provided and are
piped in parallel . The charging pumps are located in the charging
pump cubicles on the first floor of the Auxiliary Building . Each
pump is a 2 .5-inch, eleven-stage, horizontal centrifugal pump . A
900 HP, 1800 rpm motor rotates the pump at 4846 rpm, through a
speed-increasing gearbox .
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The charging pumps normally take a suction on the VCT, but
depending upon plant conditions, the charging pumps can take a
suction from the refueling water storage tanks or the low head
safety injection pump discharge . The charging pumps normally
discharge to the charging header which is connected to RCS loop B .

The charging pumps are usually controlled in the Control Room but
can be operated from the auxiliary shutdown panel .

The charging pumps are designed to pass a flow of 150 gpm at a
temperature of 130°F and a pressure of 2500 psig. A stationary,
multi-vane diffuser is fitted around the periphery of each
impeller . The cylindrical case is fitted with a removable head on
the discharge end to facilitate removal of the pump internals . The
pump shaft is supported at each end by a self-aligning sleeve
bearing, and the axial thrust load is carried by a Kingsbury thrust
bearing on the discharge end of the pump . The bearings are
pressure lubricated .

As with all series-arranged multi-stage pumps, there is a net axial
thrust on the shaft, acting in the direction from the discharge end
to the suction end .

It is caused by the unbalance of impeller discharge pressure and
suction pressure acting on opposite sides of each impeller . The
charging pumps incorporate a pressure reducing bushing and sleeve,
which is mounted on the outboard end of the eleventh stage
impeller . Balancing piping connects the suction of the pump to the
outboard end of the pressure reducing bushing and sleeve,
equalizing the axial thrust across the impellers . The balancing
piping has a loop in it to permit thermal expansion and
contraction . .' The Auxiliary Feedwater pumps use a similar
arrangement for axial thrust compensation .

To prevent overheating of the charging pumps when they are operated
at a shutoff head, a mini-flow recirculation line is provided for
each charging pump . The recirculation flow path contains a check
valve, an orifice, and a motor-operated isolation valve on the
discharge of each charging pump . Each orifice is designed to pass
a minimum f low to prevent flashing of the water in the pump casing .

Each of the three motor-operated mini-flow recirculation valves
(1-CH-MOV-1275A/B/C) is controlled from vertical board 1-i in the
Control Room by a three position (CLOSE, OPEN, NEUTRAL) control
switch . The three mini-flow recirculation lines join to form a
common header which discharges to the suction of the seal water
heat exchanger via a common motor-operated isolation valve, MOV-
1373 . This MOV is controlled from the benchboard in the Control
Room by a three position (CLOSE, OPEN, NEUTRAL) control switch .
The discharge of the seal water heat exchanger is piped directly to
the charging pump suction to complete the recirculation flow path .
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The speed-increasing gearbox and pump have separate lube oil pumps
and coolers . The gearbox lube oil system uses a mechanically
driven oil pump to circulate oil within the gearbox for both
cooling and lubrication. Service water is supplied to a cooler
mounted on the gearbox casing to remove the heat generated in the
gearbox . The pump lube oil system uses a shaft driven lube oil
pump to circulate oil from a 30 gallon oil reservoir to the pump
bearing housings, through a lube oil cooler and filter, and back to
the reservoir . Service water is supplied to the pump lube oil
cooler and also to two shaft mechanical seals . A motor driven
auxiliary lube oil pump takes a suction on the pump oil reservoir
to provide oil circulation when the charging pump is secured or
when failure of the mechanical lube oil pump occurs . Fire
Protection or PG Water can also be aligned to supply charging pump
seal and lube oil cooler flow per O-AP-12 (Loss of Service Water)
via hose connections .

The auxiliary lube oil pumps are operated locally in the charging
pump cubicles . They are normally operated in the automatic mode
and they start on low charging pump lube oil pressure .

Charging pump 1B receives 4160 V power from bus 1J and charging
pump 1A is supplied with 4160 V from bus 1H . Charging pump 1C can
be powered from either the 1J or the 1H bus and is normally aligned
to the 1H bus . The auxiliary lube oil pumps for charging pumps 1A
and 1C receive 480 V power from bus 1H1-2S and charging pump 1B
auxiliary lube oil pump is powered from bus 1J1-2S .

Seal water injection filters

Flow - to - the .'RCP seals is filtered by one of two seal water
injection filters installed on the discharge of the RCPs . The
f filters * are cartridge filters and are designed to pass an injection
flow of 80 gpm, which exceeds the requirements of all three RCPs .

Seal water return filter

The seal water return filter removes particles as small as 25
microns from the RCP seal water return and the discharge of the
excess letdown heat exchanger . It is designed to pass a flow of
325 gpm .

The seal water return filter is identical in construction to the
reactor coolant and letdown filters, except that it is physically
larger . It has a design pressure of 200 psig, a design temperature
of 250°F, and is approximately 5 .5 feet tall . The seal water
return filter is located next to the seal water heat exchanger .
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Seal water beat exchanger

The seal water heat exchanger is used to cool the RCP's No . .1 seal
water return flow leakoff, charging pump recirculation flow, and
excess letdown flow (when employed) . Component cooling water
circulates through the heat exchanger shell side to carry the heat
away from the reactor coolant on the tube side . The tube side
outlet temperature is normally maintained at or near 115°F . After
heat exchange, f low is directed to the charging pump suction
header .

This shell and U-tube heat exchanger is mounted vertically and
consists of a carbon steel shell which houses 62 type 304 stainless
steel tubes. The tubes have an outer diameter of 5/8 inch . The
seal water heat exchanger has a design pressure of 150 psig and a
design temperature of 250°F . It is located in its own cubicle on
the first floor of the Auxiliary Building .

Excess letdown heat exchanger

The excess letdown heat exchanger is employed to remove controlled
leakage from the RCP seals when the normal letdown path is
isolated . Component cooling water is used on the shell side to
cool the excess letdown stream to approximately 135°F . This shell
and U-tube heat exchanger consists of a carbon steel shell which
houses 22 austenitic stainless steel tubes . Each tube has an outer
diameter of 5/8 inch . The excess letdown heat exchanger has a
design pressure of 150 psig and a design temperature of 250°F
(shell side) . The tube side has a design pressure of 2485 ps ig and
a design temperature of 650°F . It is located inside the
Containment a't the 231-foot elevation next to the RHR pumps .

A .2 .2 .2 Makeup Subsystem Major Components

Boric acid batching tank

A boric acid solution is mixed in the boric acid hatching tank by
dissolving boric acid crystals in heated primary grade water and
mechanically agitating the solution to ensure thorough mixing .
Boric acid is supplied in 100-pound sacks and is stored on the
third floor of the Auxiliary Building normally in the Boron
Evaporator cubicle . The boric acid is mixed with primary grade
water to produce 500 gallons of 7 .4 percent boric acid solution per
batch . Auxiliary steam is admitted to the batching tank heating
coils to aid in the mixing process . Steam flow to the batching
tank is controlled by 1-CH-TCV-1100 . The temperature control valve
throttles the steam f low as necessary to maintain batch temperature
140°F .
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The boric acid batching tank is located on the third floor of the
Auxiliary Building and extends down to the second floor . The 800-
gallon capacity tank is filled with boric acid on the third floor
and the temperature in the tank is controlled on the second floor .
The design temperature of the tank is 250°F and it operates at
atmospheric pressure . The tank is 7 feet 4 .5 inches tall and has
an outside diameter of 5 feet . The motor driven agitator is
mounted on the top of the batching tank and is controlled from the
third floor of the Auxiliary Building, next to the boric acid
batching tank .

Boric acid storage tanks

Three 7500-gallon, full-capacity boric acid storage tanks
(1-CH-TK-1A/1B/1C) and four full-capacity, two-speed (75/37 .5 gpm)
boric acid transfer pumps are provided . Initially, the boric acid
tanks are filled by making up a solution in the batching tank
(which is common to both units) . Each batch is transferred to the
boric acid storage tanks using the transfer pumps . Since the batch
tank has an 800-gallon capacity and the boric acid storage tanks
are 7500 gallons each, several batches are needed initially to fill
the system . Normally "A" tank is aligned to Unit 1 and "C" tank is
aligned to Unit 2 . "B" tank normally serves as spare and provides
makeup to the in-service tanks . The contents of the batch tank is
normally directed to the B Tank .

Once the plant is in operation, the principle source of
concentrated boric acid for makeup will be reclaimed boric acid
from the Boron Recovery System . Reactor coolant, diverted by the
VCT level control valve (1-CH-LCV-1115A), is purified,
reconcentrated, and returned to the boric acid storage tanks. A
12,950 ppnq to 15,750 ppm solution of boron, i .e ., 7 .4 percent (by
weight)' boric acid solution, is maintained in the storage tanks .

Each boric acid storage tank is equipped with two sets of strip
heaters . A total of twelve heaters per tank operate on 480 V
power . The heaters are controlled to maintain tank temperature at
or near 141°F to prevent crystallization of the boric acid
granules .

Boric acid transfer pumps

Four boric acid transfer pumps (1-CH-P-2A/2B/2C/2D) are used to
supply concentrated boric acid to the blender ; recirculate the
contents of the boric acid storage tanks ; recirculate the contents
of the boron injection tank ; and/or transfer boric acid from the
boric acid batching tank to the boric acid storage tanks . The
pumps are located on the second floor of the Auxiliary Building .
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Each pump is a horizontal, single-stage, centrifugal pump . Wetted
parts are constructed of 316 stainless steel for service with
concentrated boric acid . They are designed to operate at 155°F to
175°F and at a maximum pressure of 375 psig . Each pump has a
design flow rate of 75 gpm or 37 .5 gpm, depending upon pump speed .
Inboard and outboard ball bearings align and support the pump
shaft . The inboard bearing is a single-row ball bearing which
accepts radial loads only . The outboard bearing is a double-row
bearing which is shoulder and locked onto the shaft and bearing
housing so that it also acts as a thrust bearing . Bearing
lubrication is provided by a constant level oiler . The shaft seal
is a bellows type of mechanical seal of standard design . No
external seal cooling is required .

Each boric acid transfer pump is driven by a 15 HP, 480 V motor at
either 3510 rpm or 1765 rpm. The motor speed can be varied
electrically . Changing the manner in which the motor stator
Windings are energized effectively changes the number of stator
poles .

Boric acid transfer pumps 2A and 2B are controlled from the Unit 1
Control Room benchboard while pumps 2C and 2D are controlled in the
Unit 2 Control Room . Each pump is operated by a four-position
(FAST, SLOW, OFF, AUTO) control switch . The boric acid transfer
pumps can be controlled from the Auxiliary Shutdown Panel, located
in the Emergency Switchgear Room by placing a REMOTE/LOCAL control
switch in the LOCAL position . The pump is then operated by a four-
position control switch identical to the one described above .

Normally, -boric acid transfer pump . 2A is aligned to continuously
provide recirculation of the Unit 1 boron injection tank and boric
acid- storage' tank A . Boric acid transfer pump 2D provides
recirculation_flow through the Unit 2 boron injection tank and
boric acid storage tank C . Boric acid storage tank B is shared
between Units 1 and 2 and is provided with recirculation flow by
either boric acid transfer pump 2B or 2C .

The dependency matrices for the CVCS components are shown in Table
A .2 .1 .

A .2 .3 Fault Tree Analysis

The charging system is a front line system which provides RCP seal
injection flow and emergency boration . The functions supplied by
CVCS are :

D4 - Emergency boration for ATWS events
SLC - RCP seal cooling
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Assumptions used in the development of the fault trees models for
the CVCS follow . The fault trees for these functions are shown at
the end of this section .

Fault Tree Modeling Assumptions, Notes, and Inputs

1 . In the event the BAT cannot be lined up to the CHP suction,
boration from the RWST was modeled rather than use of the
boric acid blender . Modeling of a third recovery would not be
expected to reduce unavailability much further, as human error
will likely dominate .

2 . In the event a pressurizer relief valve sticks open, there is
assumed to be an SI signal on low pressurizer pressure, thus
manual actuation is not necessary .

3 . For failure to borate, the mission time is one hour . Failure
of the running pump to continue to run will be a very small
probability. Thus, failure of the C pump to backup the A and
B pumps is not modeled .

4 . A flow path must be available through the minimum flow lines
for each operating charging pump during ATWS to prevent pump
failure from dead heading when RCS pressure rises . This
assumption was not applied in the event of a stuck open relief
valve, as RCS pressure will drop . S I will not be activated
until the RCS pressure is below 1835 psig . At this pressure,
there is no need for minimum flow lines .

5 . Failure scenarios involving failure of the seal water heat
'exchanger or the non-regenerative heat exchanger, due to
failure of CC or heat exchanger rupture, leading to common
cause charging pump failure, due to pump over heating or NPSH
failure were included in the seal cooling model . Failures
involving pressure or inventory of the VCT are recoverable by
using the RWST for a CHP suction source. Although continued
reactor operation is not possible in this mode, continued seal
cooling is possible . Failures involving the seal water heat
exchanger are not directly isolable, as the seal return flow
dumps into CHP suction downstream of the VCT isolation valves .
However, seal return flow is isolable by closing MOV-1381 .
Seal injection flow can still be maintained by going through
the excess letdown heat exchanger or relieving to the PRT .
Thus seal flow can be maintained even if all let down and seal
return are isolated .

6 . Seal flow control valves and seal isolation valves were not
modeled . The only failure mode of interest for these valves
would be -inadvertent closure or blockage . Failure of one
valve would lead to a seal LOCA in one pump, which is
accommodated by the S2 initiating event .
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The tree for failure of seal injection flow is concerned with
failures of the charging system that would also disable the
HHSI system, thus simultaneously producing a LOCA and failing
a LOCA mitigation system. The failures of interest were
determined to be those associated with the charging pumps
themselves .

A .3 MAIN STEAM SYSTEM

Three Main Steam headers are provided for each reactor unit . The
components associated with Unit 1 • are described here . Significant
differences between Unit 1 and Unit 2 are, however, noted where
appropriate. The system is illustrated in Figures A .3-1 through
A .3-3 .

A.3 .1 Flow Paths

Approximately 4E+6 lbm/hr of dry, saturated steam exits each steam
generator under a pressure of 885 psig, during normal full power
operation . The steam generator 32-inch outer diameter main steam
discharge piping runs horizontally through Containment, penetrates
the polar crane wall, and is then directed vertically downward for
a distance of approximately 41 feet . A flow restricting venturi,
15 feet in length, is housed in the vertical run of piping and is
designed to limit the maximum steam flow during a steam line break
accident . Two static pressure taps are located on each side of the
venturi and provide the necessary pressure signals to pressure
transmitters 1-RC-PT-1474 . and -1475 . The main steam piping (header
1A) exits Containment horizontally, through penetration number 73 .

The main steam piping enters the Main Steam Valve House at the 285-
foot elevation . The main header contains an electro-pneumatic main
steam trip valve and a motor-operated non-return valve . Steam
traps are located throughout the system to facilitate the removal
of moisture in the Main Steam System .

The three 32-inch main headers join in a common 40-inch
distribution manifold. A 1-inch sample line is located just
upstream of the manifold to allow sampling . The distribution
manifold supplies steam to the following loads :

1 .

	

high pressure turbine (four 28-inch lines),

2 .

	

auxiliary steam (6-inch line), and

3 .

	

steam dumps, moisture separator reheaters, and gland
steam regulator (two 18-inch lines) .

As a result of the 1987 tube rupture event on Unit 1, a Nitrogen -
16 radiation detection system was installed to detect steam
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generator tube leakage. Each main steam line is monitored in the
Mechanical Equipment Room and a common monitor is located on the
40-inch manifold in the Turbine Building .

A.3 .2 Major Components

The following paragraphs describe the construction and operation of
the major components associated with the Main Steam System . The
major system valves are located in the Main Steam Valve House with
the exception of the MSR reheat control valves and the steam dumps,
which are located in the Turbine Building . Control of the major
components is from the MCR . Alternate control of the atmospheric
dump valve is provided at the Auxiliary Shutdown Panel .

Flow restricting venturi

A flow restricting venturi is installed in each main steam header
to limit the steam flow rate and subsequent RCS cooldown during a
main steam line break accident . Additionally, the flow venturi is
used for steam flow measurement . The design of the flow restrictor
is based on the following :

1 . minimizing the cooldown rate of the RCS during a steam
line break accident,

2 . reducing pipe whip during a steam line break accident by
limiting steam flow,

3 . providing a differential pressure for the measurement of
•

	

- . steam flow,

4 . minimizing the pressure loss (head loss) across the
restrictor while at the same time restricting steam flow
to acceptable values,

5 . withstanding the designed number of pressure and thermal
cycles experienced over the life of the plant, and

6 . maintaining flow restrictor integrity in the event of a
double-ended shear of the main steam line immediately
downstream of the restrictor .

Main steam safety valves

Five ASME (American Society of Mechanical Engineers) code safety
valves (1-MS-SV-101A, -102A, -103A, -104A, -105A) are provided for
each steam - header to relieve excessive Main Steam System and/or
steam generator pressure to the atmosphere, via piping extending
through the roof of the Main Steam Valve House . The five valves
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provide each header with a cumulative relieving capacity of
4,367,990 lbm/hr . The valves are designed so that, in the event a
safety valve sticks in the open position, the steam flow rate does
not exceed 1,020,000 lbm/hr (at a steam pressure of 1100 psia) .
The individual relieving capacities and setpoints are as follows :

a . . capacity - 855,084 ibm/hr

b .

	

setpoint - 1135 psig

Each safety valve is a spring-loaded relief valve, equipped with a
mechanical gagging device and manual operating lever . The force
generated by steam pressure acting on the valve disc is opposed by
the spring force . The relieving steam is redirected when it
impacts against the valve disc in a manner similar to impacting on
turbine blading . The corresponding change in momentum aids the
opening process, causing the safety valve to "pop" open . Valve
chattering near the relief setpoint is prevented by valve biowdown,
which prevents the valve from reseating until steam pressure has
adequately decreased .

The five safety valves are identical in construction, having
stainless steel operating parts, with the exception of the spring
which is carbon steel . The different relieving capacities are due
to the different relieving pressures and not due to different
mechanical construction .
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1 . 1-MS-SV-101A

2 .

a .

b .

capacity - 817,883 lbm/hr

setpoint - 1085 psig

1-MS-SV-102A

3 .

a .

b .

capacity - 825,323 lbm/hr

setpoint - 1095 psig

1-MS-SV-103A

4 .

a .

b .

capacity - 836,483 lbm/hr

setpoint - 1110 psig

1-MS-SV-104A

5 .

a .

b .

capacity - 843,924 ibm/hr

setpoint - 1120 psig

1-MS-SV-105A



Main steam trip valves

One electro-pneumatic main steam trip valve (1-MS-TV-lolA/B/C) isprovided in each of the three main steam headers to isolate thesteam generator in the event of a steam line rupture downstream of
the trip valve . The valve is essentially a check valve installed
so that, when the disc is seated, flow from the steam generator
through the trip valve is terminated . During normal plant
operation the disc is held open above the flow path by compressed
air . When a closure signal indicative of a steam line rupture is
generated, the compressed air is vented to the atmosphere and the
trip valve disc drops into the steam flow path and shuts due to
the steam flow differential pressure, stopping steam flow through
the valve .

Each trip valve has a maximum closing time of 5 seconds . The valve
disc and seat are constructed of stainless steel .

The MSTVs are located in the Main Steam Valve House and are
controlled from the MCR Safeguards Panels by two position (OPEN,
CLOSE) push buttons . The electric solenoid valves that admit air
to the air cylinders are located in the Quench Spray House . A test
push button and white indicating light are also located in the
basement of the Quench Spray House for testing the movement of the
valve disc during normal operation. Pushing the test button allows
the valve disc to travel approximately 3 degrees . A limit switch
attached to the valve energizes the white test light and returns
the valve disc to the full open position when disc travel testing
is complete. This test provision is not used at the North Anna
Power Station during normal plant operation .

Provided electrical power to the pilot solenoids is available, a
main steam line trip valve shuts when any of the following
conditions exist :

1 . either the train A or B push button on the Safeguards
Panels is depressed,

2 .

	

intermediate high-high containment pressure (17 .8 psia on
two of three channels),

3 . either train A or B safety injection signal on high steam
line flow coincident with low-low T8 ,g or low steam line
pressure .

4 .

	

Control Room App. R isolation switch in EMERGENCY CLOSE,
or

5 . Emergency Switchgear Room Appendix R isolation switch in
EMERGENCY CLOSE .
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A Main Steam line trip valve opens when both train A and B OPEN
push buttons are depressed, provided air pressure is available,
pressure is equalized, and items 2 and 3 above do not exist . The
trip valves are designed to fail shut on loss of air pressure . The
values fail "as-is" on loss of electrical power .

A Main Steam bypass trip valve (1-MS-TV-113A/B/C) is arranged in
parallel with the main steam trip valves and is used to equalize
the pressure across the main steam trip valves . The valves are
controlled from the Safeguards Panels by CLOSE/OPEN push buttons
(one for each protection train) . To open a bypass trip valve, the
following conditions must exist :

1 .

	

electrical power available to both pilot solenoids,

2 .

	

Instrument Air pressure available to valve actuator,

3 . both train A and B OPEN push buttons depressed,

4 .

	

intermediate high-high containment pressure not present,
and

5 . high steam line flow coincident with low-low Tavg or low
steam line pressure not present .

A bypass trip valve shuts whenever one of the CLOSE push-buttons is
depressed or when the conditions in items 1, 2, 4, or 5 do not
exist . A large black push button is located on each Safeguards
Panel for resetting the train A and/or B trips (items 4 and 5
above), and the main steam trip valves .

Control -of. tile main steam system is necessary when shutting down
the primary pant to prevent an excessive rate of cooldown of the
reactor coolant system and to protect against loss of steam
generator inventory . In order to protect against the loss of
automatic and manual control of the Main Steam Trip Valves (MSTV)
due to a fire in the Control Room or Emergency Switchgear Room, an
additional dedicated shutdown system for each of the three MSTVs is
installed in the Quench Spray Pump House to serve as a backup .
This dedicated system consists of two solenoid valves mounted in
series for each of the three MSTVs . One of the solenoid valves can
be operated from a control switch mounted in the Emergency
Switchgear Room and powered from a 24 volt battery charger . The
second of the two solenoid valves in series can be operated from a
control switch mounted in the Main Control Room and powered from a
similar 24 volt battery/charger . This provides two electrically
independent systems to close the three MSTVs . If a postulated
Quench Spray House fire were to render the MSTVs normal solenoids
and the dedicated solenoids inoperable, the steam generator
secondary side could still be isolated by closing the turbine stop
valves, MSR inlet valves, and the main steam dump valves .
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Main steam non-return valve (NRV)

Downstream of each main steam trip valve is a motor-operated non-
return valve (1-MS-NRV-101A/B/C) . Each NRV functions to prevent
reverse flow when a pressure reduction occurs in the steam
generator or piping upstream of the valve . Each motor-operated NRV
is driven by a 50 HP motor and acts as an angle stop-check valve .

Decay heat release valve

The decay heat release valve (1-MS-HCV-104) is normally fed from
all three main steam headers . The valve is normally manually
isolated, using the upstream valve, due to excessive leakage past
1-MS-HCV-104 . When in use, the valve allows steam to be discharged
from the Main Steam System at a variable rate to assist in cooldown
of the RCS . The steam is released to the atmosphere through a 8-
inch opening in the top of the Main Steam Valve House .

The 4-inch air-to-open globe valve is designed to pass a maximum
flow of 181,000 lbm/hr at a pressure of 1085 psig and is mounted on
the top floor of the Main Steam Valve House, next to the main steam
safety valves . Valve position is monitored by a flow element
mounted in its discharge line and is indicated on the SPDS computer
CRTs . Operation of the valve is controlled from MCR benchboard 1-
1, at the steam dump control station . A manual station controller
is provided for valve positioning .

The decay heat release valve is equipped with a small gray air
flask, which is mounted next to the valve . The purpose of the
flask is to cause the decay heat release valve to fail shut on loss
of instrument air pressure . The air flask cannot be used as a
backup source of air .

Atmospheric dump valve (PORV)

Each main steam header is provided with one atmospheric dump valve
(1-MS-PCV-101A/B/C), sized to pass approximately 10 percent
(425,244 lbm/hr) of the maximum calculated steam flow from each
steam generator . Valve position is monitored by a flow element
mounted in ' its discharge line and is indicated on the SPDS computer
CRTs . The pneumatically operated (air-to-open) valve is normally
controlled by a manual/automatic station controller mounted on
benchboard 1-2, but it can also be controlled from the Auxiliary
Shutdown Panel by a manual station controller . A local handwheel
is provided in the event that manual operation is required .

Each PORV is supplied with instrument air, via a seismically
qualified line. The air line contains a check valve to prevent
backf low in the event of a rupture in the supply line . As a backup
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air supply, each valv3e is equipped with a seismically qualified air
tank holding 16 .7 ft of air at a pressure of 110 psig .

The atmospheric dump valves are normally set to relieve at
approximately 1035 psig . This setpoint is below the setpoint of
the lowest set main steam safety valve, avoiding safety valve
chattering . The valve is located on the top floor of the Main
Steam Valve House and discharges to the atmosphere via a 10-inch
line extending through the roof . The air tanks are located on the
north wall of the bottom floor of the Main Steam Valve House .

Steam dump - valves

A total of eight steam dump valves (1-MS-TCV-1408A/B/C/D/E/F/G/H)
are provided for diverting steam from the main steam headers
directly to the main condensers to control heat removal from the
RCS . The steam dumps, in combination with control rods, are
designed to handle a 50 percent load rejection (40 percent by steam
dumps and 10 percent by the control rods) .

Each 8-inch electro-pneumatic globe valve passes a flow of 579,125
lbm/hr and is designed to pass no more than 1,020,000 lbm/hr with
an inlet pressure of 1100 psia . The valves are controlled from
benchboard 1-1 at the steam dump control station . Both the steam
dumps and the feed regulating valves are equipped with manual
operators which permit the valves to be overridden in the open
direction only . Turning the handwheel clockwise results in opening
either type of valve .

Dependency matrices for these components are shown in Table A .3-1

A .3 .3 Fault Tree Analysis

The main Steam System was modeled as a front line system . It
provides decay heat removal, rapid cooldown, or isolation
functions . The functions and general criteria for the Main Steam
System were :

SGI - Failure of SG isolation following SGTR
Y - Core Cooling Recovery

The assumptions and notes from the analysis files, used to develop
these fault trees, and the fault trees for the Main Steam System
follow .

Fault Tree Modeling Assumptions

1 . According to procedures 1-FR-C .1 and 1-FR-C.2, the operator is
to manually or locally dump steam using
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condenser steam dump valves
atmospheric steam dump valves
decay heat release valve
turbine driven AFW pump
condenser hogger

However, for this study it was assumed that dumping steam via
the decay heat release valve, the TD AFW pump, and the
condenser hogger will not be effective options either because
of the size of the lines involved or because of timing
considerations . Therefore, these options were conservatively
omitted .

(Note : The decay heat release valve is sized for decay heat
at 30 minutes . Steam relief through the Terry turbine is on
the same order of magnitude as the decay heat release valve,
but smaller) .

It is assumed that steam dump via the SG PORV's would be
sufficient for core cooling recovery (the 3 SG PORV capacity
is approximately 1/4 the capacity of the steam dump valves) .
A house event XHOS-NO-ATM-DUMP, is included in the fault tree
model to fail steam dump through the SG PORVs .

2 . Only 2 of the 8 steam dump valves can be manually controlled
to dump steam via the steam dump valves . The success criteria
is assumed to be the opening of 2 of the 2 valves . These
valves are 1-MS-TCV-1408A and 1-MS-TCV-1408B .

3 . The 1-inch turbine bypass lines through manual valves 1-MS-169
and 1-MS-180 are assumed to be too small to handle steam dump
.to the condenser if the main path through the 14-inch lines
'become unavailable .

4 . For . steam dump to the condenser, the failure of the trip
valves in the main steam lines is modeled . The trip valves
could fail closed, or there could be a loss of instrument air
closing the valves . The valves fail 'as-is' on loss of DC
power . Finally, any failure (e .g ., SOV failure) that could
cause leakage of air from the MSTV air cylinder (thus causing
the valve to fail closed) is assumed to be accounted for in
the basic event for "valve fails closed ."

5 . The failure of the non-return valve in the main steam lines is
not modeled because this valve fails as-is even on loss of
power .

6 . If a SG atmospheric steam dump valve is blocked prior to an
event, it is possible to unblock this valve . The estimate
from the system engineer is that it would take approximately
10 minutes for this task .

	

Since there are no specific
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procedures to do this, this operator recovery action is
conservatively not modeled .

A .4 CONTAINMENT ISOLATION SYSTEM

The purpose of the Containment Isolation System is to limit the
release of radioactive material to the atmosphere and general
public in the event of an accident . For pipe penetrations through
Containment, it provides, during accident conditions, at least two
barriers between the atmosphere outside Containment and

1 . the atmosphere inside the Containment Structure, or

2 . the fluid inside the reactor coolant pressure boundary .

The system operates automatically and provides Main Control Room
(MCR) position indication of the remotely operated and automatic-
ally operated valves. Failure of a single valve will not prevent
isolation .

A .4 .1 Major Components

The following paragraphs describe the construction and operation of
the major components associated with the Containment Isolation
System . Each Containment Isolation System major component is also
a part of another system . The Containment Isolation System
consists of containment piping penetration isolation valves from a
variety of systems and that part of the Reactor Protection System
which generates the automatic valve closure signal . The
construction ."'of containment piping penetrations is described in
detail in,the_ Section A .8, Containment Structure. This section
describes the types of valve operators and the configuration of
valves to isolate penetrations

Typical valve arrangements

The valve arrangements presently acceptable to the Nuclear
Regulatory Commission to isolate containment piping penetrations
are described in Title 10 Code of Federal Regulations, Part 50,
Appendix A, General Design Criteria (GDC) 55, 56, and 57 .

GDC 55 describes acceptable valve arrangements for lines that are
a part of the reactor coolant pressure boundary and that penetrate
Containment . GDC 56 describes acceptable valve arrangements for
lines that connect directly to the containment atmosphere and
penetrate Containment . The acceptable isolation valve arrangements
are the same for both of these types of penetrations . General
Design Criteria 55 and 56 are quoted below .
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"(1) One locked closed isolation valve inside and one locked
closed isolation valve outside containment ; or

(2) One automatic isolation valve inside and one locked
closed isolation valve outside containment, or

(3) One locked closed isolation valve inside and one
automatic isolation valve outside containment . A simple check
valve may not be used as the automatic isolation valve outside
containment; or

(4) One automatic isolation valve inside and one automatic
isolation valve outside containment . A simple check valve may
not be used as the automatic isolation valve outside
containment .

Isolation valves outside containment shall be located as close
to the containment as practical and upon loss of actuating
power, automatic isolation valves shall be designed to take
the position that provides greater safety ."

The sketch numbers in the figure correspond to the GDC paragraph
numbers quoted above . Note that a check valve may function as an
automatic isolation valve inside Containment, but not outside
Containment . A "locked closed" valve need not necessarily be a
manually operated valve; it could be a motor-operated valve with
the circuit breaker locked open after the valve has been placed in
the closed position .

GDC 57 describes acceptable isolation valve arrangements for lines
that penetrate Containment but are neither a part of the reactor
coolant pressure boundary nor connected directly to the containment
atmosphere . The General Design Criterion requires that these lines
"shall have at' least one containment isolation valve which shall be
either automatic, or locked closed, or capable of remote manual
operation . This valve shall be outside containment and located as
close to the containment as practical . A simple check valve may
not be used as the automatic isolation valve ."

All of the North Anna containment penetrations (except spares,
which are welded closed) are listed in Table A .4-2 and reference
the valve 'arrangement sketches discussed above . The plant was
designed to the General Design Criteria in effect in 1966, which
did not include GDC 55, 56, and 57, published in 1971 . During the
operating permit licensing stage, exemptions were taken from the
latest GDC for some of the piping penetration designs . These other
isolation valve arrangements are discussed below .
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other valve arrangements

Penetrations 2, 4, 9, 10, il l 76, 77, and 78 carry component
cooling water for the Residual Heat Removal (RHR) System, the
excess letdown heat exchanger and the containment air recirculation
cooling coils ; main feedwater ; and chemical feed . These
penetrations have two barriers between the outside atmosphere and
the reactor coolant pressure boundary or the inside containment
atmosphere : (a) the heat exchangers they serve inside Containment,
and (b) the check valve outside Containment . The check valve
outside containment is an exception to GDC 57 .

Penetrations 7, 22, 60, 61, 62, 113, and 114 contain lines which
carry Safety Injection (SI) System fluids . Each valve arrangement
has a check valve inside Containment and a remotely operated,
normally shut valve outside Containment, satisfying the two-barrier
requirement . Some of the outside containment isolation valves open
upon receipt of an SI actuation signal, and some are opened and
shut by the control room operator as required after an accident .
Since the outside containment isolation valve is neither locked
shut nor automatically shut, this is an exception to GDC 55 .

The lines passing through penetrations 35, 36 and 37 all carry
reactor coolant pump (RCP) seal water supply from the Chemical and
Volume Control System (CVCS) . Each valve arrangement has a check
valve inside Containment and a normally open manual isolation valve
outside Containment. These lines remain open after an accident,
carrying water to the RCP seals and contributing to SI flow . The
two barriers between the reactor coolant pressure boundary and
outside containment atmosphere are the check valve inside
Containment and the sealed portion of the CVCS between the check
valve and the discharge of the charging pumps .

The lines passing through penetrations 55, 57, 92, 93, 97, and 105
all serve the Containment Vacuum and Leakage Monitoring System .
The double-barrier requirement is met by the use of two
automatically closing isolation valves outside Containment . Since
there is no inside containment isolation valve, this is an
exception to GDC 56 .

The lines passing through penetrations 63, 64 j . 70, and 71 carry
quench spray and recirculation spray fluids to Containment . The
containment isolation valves are a check valve inside Containment
and a remotely operated valve outside Containment . For the quench
spray discharge line, the outside containment isolation valve is
normally shut and opens upon receipt of a Containment
Depressurization Actuation (CDA) signal . For the recirculation
spray discharge line, the outside containment isolation valve is
normally open, and the second barrier is formed by the
recirculation spray piping and pumps . Since the outside
containment isolation valve for these penetrations is not locked
shut or automatically shut, this is an exception to GDC 56 .
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The lines passing through penetrations 66, 67, 68, and 69 carry SI
recirculation spray fluids from Containment . The lines run from
sumps inside Containment, through the foundation mat, to remotely
operated isolation valves located in specially constructed
leaktight containers outside Containment . These containers are
constructed to the same standards as Containment . For the short
section of pipe between the containment boundary and the outside
containment isolation valve, the two barriers are the pipe and the
special valve container . Downstream of the valve, the two barriers
are the valve and the sealed system formed by the pumps and piping .
The outside containment isolation valve for the low head safety
injection pump is normally shut . The outside containment isolation
valve for the recirculation spray pump is normally open . These
exceptions to GDC 56 were approved by the Advisory Committee on
Reactor Safeguards .

The lines passing through penetrations 55 and 117 are used by the
Reactor Vessel Level Indication Subsystem (RVLIS) . Each instrument
tube is closed on the inside of Containment by a bellows assembly
and on the outside of Containment by an isolator . These closure
devices are similar to a differential pressure transmitter
mechanical housing . The effect is to seal the instrument tube on
each side of the Containment, providing two-barrier protection .

Valves/valve operators

Check valves that function as containment isolation valves permit
flow only in the direction from outside Containment to' inside
Containment and would be shut by the accident differential
pressure . Containment isolation valves that are administratively
controlled in' the closed position may be a manual-operator, air-
operator, or motor-operator . The operator must be controlled so
that it does not change position due to the accident, loss of air,
or loss of electrical power .

All valves which automatically shut in response to a phase A or
phase B containment isolation signal are positioned by an air-
operator, with the exception of RCP seal leakoff water returns
which use motor-operators . All air-operators are reverse-acting,
spring-loaded diaphragm types . When energized, a three-way
solenoid valve admits air beneath the operator's diaphragm, raising
the isolation valve's stem, compressing the spring, and opening the
valve . When deenergized, the three-way solenoid valve blocks the
air supply and vents the underside of the diaphragm to the local
atmosphere . Energy stored in the compressed spring shuts the
isolation valve . These valves operate even at containment accident
pressures, because both sides of the diaphragm are at the same
pressure . Air-operators fail to the closed position on loss of
operating air and/or loss of electrical power . All of the solenoid
valves have been tested to demonstrate their operability under LOCA
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conditions or have been demonstrated to fail to the desired safety-
related position .

All motor driven containment isolation valves are the Limitorque
type . When the valve is signaled to open by a handswitch or a
process signal, the motor drives the valve in'the open direction
until stopped by a limit switch . When the valve is signaled to
shut by a handswitch or process signal, the motor drives the valve
in the closed direction until stopped by a torque switch . The use
of a torque switch in the closed direction ensures that the valve
is sealed leaktight . Since adjusting the torque switch affects the
leak rate of the isolation valve, the leak rate must be measured
after any torque switch adjustment . Motor-operated valves fail as-
is on loss of electrical power . The valve-operators contain an
override lever and handwheel for emergency operation . Depressing
the lever engages the handwheel and disengages the motor . The
safest practice to ensure that the motor does not rotate during
hand operation is to open the valve's circuit breaker . Turning the
handwheel counterclockwise opens the valve and turning the
handwheel clockwise shuts the valve . Since the torque switch does
not stop valve travel in the closed direction during hand
operation, the valveleak rate must be measured after hand operation
if the valve is to remain shut .

A .4 .2 Power Supplies

Most containment isolation trip valve solenoid valves are powered
from the MCR 120 VAC vital bus SOV panel, train A (1-EP-CB-19A) or
train B (1-EP-CB-19B), the rest of these solenoid valves are
powered from 125 VDC panels 1A and 1B in the MCR . All motor-
operated .contlainment isolation valves are supplied from the onsite
emergency .power system .

A .4 .3 Fault Tree Analysis

The CDA was modeled as a support system for Quench Spray,
Recirculation Spray, and Safety Injection Actuation Signal . As
such, it has no specific success criteria . The top events for CDA
feed into the fault trees for SI, QS, and RS .

The Containment Isolation function was not required for the event
trees . However, it was included in the fault tree task plan for
the Level I work . Ultimately, a fault tree was not developed for
this function . Rather, an engineering reliability analysis was
performed .

The assumptions for the CDA fault tree analysis follow . The fault
tree for CDA follows .
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Fault Tree Modeling Assumptions

1 . Contacts were modeled as part of a relay and not modeled as
separate components . For example, a device which starts when
a contact is open (energized) will be modeled as a relay which
fails to energize . The relay and the contact are actually one
component . There is no significant advantage to separating
out the contacts from the relay .

2 . CDA High-High signals which transfer motor-operated valves
were simplified by only including relays required to actuate
the valves to the desired position . Other devices such as
limit switches, hand control switches, and torque switches
were not included .

3 . Although common cause failure to miscalibrate the containment
pressure channels I, II, III, and IV was not explicitly
modeled, the primary contributor to the 0 .1 common cause
failure factor used for the channels (common cause failure
unavailability for 1CIPIC-CC-100 = 4 .6E-4 * 0 .1) is generally
believed to be miscalibration error . The 0 .1 factor is
therefore considered to adequately account for common cause
miscalibration in addition to the other sources of common
cause failure .

4 . No fault tree development was provided for failure to restore
the CDA to normal operation following system periodic tests .
The CDA system has alarms and annunciators located in the
control room which actuate when CDA pressure channels or logic
trains are bypassed for test .

5 . •A single human error event was modeled representing the
failure of operators to respond to common cause failure of
three or four pressure instrument channels (HEP-lEO-13) .
However, significantly different operating circumstances and
human interactions may occur depending on whether three or
four instrument channels fail . Therefore, two different human
error events may need to be modeled if these differences are
found to be important . Additionally, if special human
interactions modeling is found not to be important for common
cause failures of the pressure instrument channels, then
HEP-lEO-13 should be removed from the fault tree .

6 . The unavailability of the numerous types of logic cards
installed for CDA system operation (including output cards,
universal cards, logic matrices, and power supply cards) was
modeled explicitly . Their failures are lumped into the
failures of the instrument channels themselves (e .g ., PIC-LF) .
This is in accordance with Section 5 .3 .2 .3 .3 of the Task Plan
for System Modeling .
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7 . The unavailability of the CDA pressure instrument channels
(events 1CIPCI-LF-100A/B/C/D) incorporates failure of the
containment pressure sensors and pressure transmitters .

8 . Based on a review of CDA procedures, CDA channels which are
bypassed for the purposes of testing are not automatically
realigned in the event of an actual High-High containment
pressure condition .

9 . Components for CDA Train B were generally not shown in system
drawings . Train B was drawn in the simplified schematic in a
configuration similar to that of Train A .

10 . There are two sets of two manual push buttons installed for
manual CDA initiation . Depressing either set of push buttons
will initiate CDA .

11 . Based on a review of North Anna Power Station electrical
drawings, the only electrical power sources required for CDA
operation are 120V AC vital buses 1-I, 1-II, 1-III, and 1-IV .

12 . Successful spray actuation for one train of CDS requires
operation of 2 master relays . That is, master relays K519 and
K505 for either CDA Train A or CDA Train B must successfully
operate .

13 . The operation of lock-in relays with manual reset were
mentioned in the description of CDA operation in the operator
training module NCRODP-77 . These lock-in relays were modeled
in the CDA system fault tree and are shown as slave relays on
NA-DW-1082H41 .

14 . The frollowing Human Error Probabilities are defined :

HEP-1EO-13 Manual initiation of CDA due to high-high
containment pressure fails following the
unavailability of auto actuation . This
recovery action is used for the CDA High-High
initiation or manual initiation of CDA fails
following common cause failure of 3 or 4
containment pressure instrument channels .

15 . The following Common Cause Failure is defined :

1CIPIC-CC-100 Common Cause Failure of Containment Pressure
Instrument Channels 1-LM-PT-100A,B, C, D .

A .5 EMERGENCY DIESEL GENERATOR SYSTEM

The North Anna Power Station is equipped with four 3 kW emergency
diesel generators, located in individual rooms on the 270-foot
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level of the Service Building, on the Unit 2 side . Each EDG is
connected to an emergency 4 kV bus .

The EDGs are designed to start automatically under the following
conditions :

1 .

	

safety injection signal,

2 .

	

4 kV bus degraded voltage signal,

3 .

	

4 kV bus undervoltage signal, or

4 .

	

improper 4 kV bus breaker lineup .

In this event, the control circuits initiate the automatic start
sequence which starts the engine, increases speed up to 900 rpm,
and flashes the generator field, increasing generator output
voltage to 4160 V. If the associated 4 kV bus is deenergized, the
EDG output breaker automatically closes onto the bus .

A .5 .1 Diesel Engine

Each EDG is a Fairbanks-Morse, turbocharged, 12-cylinder, opposed
piston, diesel engine . Each cylinder has two pistons that
continually move in opposite directions . Scavenging air and fuel
oil are introduced into the space between the pistons, and are
compressed by the pistons moving toward each other . When the
fuel/air mixture is sufficiently compressed, it ignites, forcing
the pistons apart . The upper and lower pistons drive separate
crankshafts, which are connected by a vertical drive assembly . The
upper crankshaft drives the blower, which circulates scavenging
air, 'and the camshafts, which operate the fuel injection pumps .
The lower crankshaft drives the generator, the governor, the
engine-driven pumps, and other associated equipment .

A .5 .2 Governor

The governor receives mechanical and electrical signals from the
EDG System . These signals are used to accomplish the purposes of
the governor, which are as follows :

1 . maintain nominal engine speed of 900 rpm with steady load
conditions ;

2 . maintain engine speed greater than 95 percent (855 rpm)
of nominal speed during an automatic loading sequence ;

3 . during recovery from transients caused by step load
increases or resulting from the disconnection of the
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largest single load, prevent the diesel from exceeding
1000 rpm ; and

4 . during any automatic loading sequence, restore engine
speed to within 2 percent of nominal in less than 2
seconds .

The governor electrically monitors the generator output frequency
and load, while mechanically monitoring the speed of the engine .
By monitoring the speed of the engine either electrically or
mechanically, the governor adjusts the engine's fuel controls to
regulate the flow of fuel oil to each cylinder and thereby controls
speed under all load conditions .

A .5 .3 Starting Air Subsystem

The Starting Air Subsystem provides high pressure air in sufficient
volume to rotate the diesel engine's crankshafts until the engine
ignition cycle begins . The subsystem consists of air compressors
that maintain the air receivers at high pressure . When an engine
start is initiated, the engine controls signal the air start
solenoids to open, which passes high pressure air to each cylinder
in a sequential pattern determined by the air start distributor .
The high pressure air forces the pistons apart and starts engine
rotation, initiating a self-sustaining chain of events that operate
the engine .

A .5.4 Fuel Oil Subsystem

The Fuel . Oil.* Subsystem provides filtered oil at 20 psi to the
engine cylinders, as well as providing controls to prevent engine
overspeed . The subsystem receives fuel oil from the Fuel Oil
System and stores it in the day tank . The engine-driven fuel oil
pump delivers filtered fuel oil to each cylinder's injection pump .
The injection pump measures the low pressure fuel oil into the
correct amount for engine operation, builds up the fuel oil
pressure, and delivers it to the injectors . The injectors spray
the fuel oil into the cylinder to provide fuel for the combustion
cycle . Excess fuel oil, not used by the injectors, is returned to
the day tank . The overspeed trip device provides overspeed
protection .

A.5.5 Scavenging Air and Exhaust Subsystem

The Scavenging Air and Exhaust Subsystem provides a volume of
pressurized air to each cylinder for support of the combustion
process, then exhausts the combustion gases to the atmosphere
outside the diesel room . The subsystem consists of a blower, an
unbalanced check valve, a turbocharger, and aftercoolers .
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At loads less than 2200 kW, the blower provides scavenging air to
each cylinder via the aftercoolers . At loads above 2200 kW, the
unbalanced check valve opens and the turbo- charger blowers deliver
the scavenging air to the cylinders via the aftercoolers .

The cylinder exhaust gases provide the motive force to turn the
turbocharger turbines . Exhaust gases are passed from the turbo-
charger to atmosphere, outside the room . Scavenging air is also
used by an air ejector to draw and maintain crankcase vacuum .

An Air Cooling Subsystem removes heat from the scavenging air prior
to its entrance into the cylinders, allowing denser air to be
delivered to the cylinders . This is accomplished with an engine-
driven pump to circulate air cooling water through the aftercoolers
and the radiators .

A .5 .6 Lubricating Oil Subsystem

The Lubricating Oil Subsystem cools and cleans the lube oil during
engine operations, maintains lube oil temperature during shutdown
conditions, provides cooling and lubrication to engine components
during operations, and maintains the engine warm during shutdown .
The subsystem operates in three distinct modes : shutdown, startup,
and engine operations . During engines shutdown, the standby lube
oil circulation pump draws oil from the engine sump and discharges
through the lube oil heater . The warm oil is delivered to the
lower crankline where it returns to the sump . This process ensures
adequate lubrication for the next startup and keeps engine
components warm. Prior to .a non-emergency start, the pre-lube pump
provides oil to most of the normal flow path, ensuring adequate
lubrication prior to the start . In the event of an emergency
start, the oil boosters provide a minimum level of lubrication .
During engine operations, the engine-driven oil pump draws oil from
the sump . and delivers the oil to engine components via a filter,
strainer, and cooler .

A.5 .7 Jacket Cooling Subsystem

The Jacket Cooling Subsystem removes the heat due to combustion
from the space around the engine cylinders and cylinder liners . It
also removes heat from the Lubricating Oil Subsystem and the
turbochargers . The subsystem flow is circulated by the engine-
driven pump during engine operations . The heat is removed from the
jacket cooling water in the radiators and passed to atmosphere .
During shutdown conditions, the standby circulation pump and heater
maintain the temperature of the jacket and air cooling water near
normal engine-operating temperatures .
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A.5 .8 Generator

The generator converts the mechanical rotational energy of the
engine to three-phase, 4160 V, 60 cycle electrical power to provide
up to 3000 kW . The generator is driven from the engine lower
crankshaft and rotates at 900 rpm . The generator rotor is encased
by field windings . During operations, a set of collector rings and
brushes apply 125 VDC to the field windings, setting up a magnetic
field around the windings . As the rotor turns, the generator
stator is exposed to an alternating magnetic field, which induces
an alternating voltage in the stator . The output of the generator
is supplied to emergency 4 kV bus 1H through breaker 15H2 . The
output is also used for the following :

1 . potential and current transformers provide load and speed
signals to the engine governor electric control box ;

2 . current transformers for the 87 relays (generator
differential) ;

3 .

	

current transformers for the voltage exciter controller ;
and

4 . the generator output ammeter .

Engine, Generator, and'Breaker Controls

These ensure that the diesel generators automatically start under
design conditions, reach rated speed and voltage within 10 seconds,
and automatically supply power to the emergency 4 kV buses, if
required . . . .Thh controls also allow control of the generator voltage
and frequency ._ The internally generated signals and other external
signals are used for the following :

1 . automatic starting of the diesel engine under the
required conditions ;

2 .

	

automatic flashing of the generator field ;

3 . automatic closing of the EDG output
required conditions ;

breaker under the

4 . automatic shutdown of the diesel under certain
conditions ;

5 . establishing engine interlocks and operation
engine auxiliaries during engine startup ;

6 .

	

providing automatic generator voltage control ;

of the
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7 .

	

providing local, manual control of the EDG from the
diesel room (H diesels only) ; and

8 .

	

providing engine and generator alarms .

A .5 .9 Power Supplies

The EDG auxiliaries receive 480 V power from a motor control center
(MCC) that i s powered from the emergency 4 kV bus, to which the EDG
can be connected . EDG 1H auxiliaries receive power from MCC 1H1-
1A, located in the diesel room. The MCC also provides 480 V power
to the EDG battery charger .

The battery charger converts the 480 V power to approximately 130
VDC. The direct current is used to charge and "float" the EDG
battery . The battery consists of 20 cells series-connected . The
DC circuits provide power to the auxiliary fuel oil pump and the
various control circuits . The battery/charger arrangement provides
a capability to start the generator and flash the field .

The engine auxiliaries have a circuit breaker panel behind the
starter box . The AC and DC powered auxiliaries have breakers
inside that panel .

A .5 .10 Fault Tree Analysis

The diesel generators were modeled as a support system for the 4160
V emergency buses . They were also modeled as front line systems in
the loss of offsite power trees . The diesel generator fault tree
is shown_ at the end of this section .

The dependency matrix for the modeled components is shown in Table
A.5-1 . The assumptions and notes used to develop these fault trees
follow .

Fault Tree Modeling Assumptions

1) The EDG support systems such as starting air, EDG batteries,
fuel oil, lubricating oil, air intake, exhaust, and engine
cooling, were not explicitly modeled . These EDG subsystems
are considered to be essential to the successful operation of
the EDGs . Failure of a support system will cause failure of
the EDG to start or run for twenty four hours . EDG start or
run failures are well documented events which will provide
sufficient data to determine EDG reliability . Data for the
support systems may not be as readily available . Future fault
tree model may consider improving the EDG model by including
the support systems if the failure data has been determined to
be available .
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2) The EDG output breakers, 15H3, 15J3, 25H3, 25J3, were not
included in the EDG fault trees as unique basic events . These
breakers are considered to be within the component boundary of
the EDGs . The failure rate of the breakers is included within
the EDG start failure rates .

3) The dependency of the EDG output breakers have on DC power is
included in the fault tree as two basic events, loss of power
and common cause failure . This dependency was not modeled as
an external transfer to DC power to prevent circular logic
between the EDG tree and electrical power fault tree .

4) Common cause failures of the EDGs is modeled as suggested by
the Data Team . Four different common cause failure basic
events are used in the three fault trees . These four basic
events are the common cause failure related to all three EDGs,
or common cause failures related to the combination of any
two, three or four diesels (e .g ., 1H & 1J, 1H & 2H, 1H & 2J,
1J & 2H, 1J & 2J, 2H & 2J, 1H & 1J & 2H, 1H & 1J & 2J, 1H & 2H
& 2J, 1J & 2H & 2J, 1H & 1J & 2H & 2J) .

A.6 REACTOR COOLANT SYSTEM

The RCS consists of three piping loops connected in parallel to the
reactor vessel . Each of the three loops operates to transfer heat
generated in the reactor core from the core to the primary side of
the steam generator . The heat is then transferred through the
steam generator U-tubes to the secondary side of the steam
generator . There the heat. . is used to boil water, making steam that
is used to turn turbine generators and produce electrical power .

The reactor vessel contains the fuel rods (core) , control rods, and
other structural, control, and protective assemblies . Coolant
enters the reactor vessel through three inlet nozzles, one from
each loop, near the top vessel flange . The water flows downward
between the vessel wall and the core barrel . The flow is then
directed upward through the core, parallel to the axis of the fuel
bundles, removing heat from the core as it passes up and out
through the outlet nozzles . The vessel itself is a pressure vessel
made of manganese-molybdenum steel, lined with stainless steel .

Primary coolant also continually bypasses the steam generator into
manifolds where temperature sensing instruments monitor steam
generator inlet temperature . Flow from the discharge of the RCPs
is also circulated back to the pump suction through a manifold in
order to monitor steam generator outlet temperature . The
temperatures are monitored for use in control, protection, alarm,
and indication functions . Details on these uses are discussed in
the Instrumentation and Controls section of this module . When a
loop's stop valves are shut, the RCP of the isolated loop may
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continue operation by circulating flow through the loop bypass
piping .

Other system flow paths involve interrelationships with other plant
systems or the pressurizer . The pressurizer surge line is
connected to the RCS on the hot leg of loop C between the reactor
vessel and the hot leg loop stop valve . Flow can surge into or out
of the pressurizer, depending on the initiating power transient .
The pressurizer spray lines are connected to the cold legs of loop
A and C, between the reactor vessel and the inlet loop stop valve .
Flow from these lines is always into the pressurizer . A detailed
discussion of pressurizer operation is contained later in this
section .

Selected schematics for the RCS subsystems are shown in Figures
A .6-1 through A .6-3 .

A.6 .1 Major components

Dependencies for important RCS components are shown in Table A .6-1 .

Reactor coolant pumps

The RCP located in each loop of the RCS is the prime mover for
reactor coolant . flow from the reactor core to the steam generator
and back . The RCPs are vertical-shaft, single-suction, single-
stage, centrifugal pumps designed to move 94,667 gpm of reactor
coolant through each loop . The RCPs consist of three general
sections : the hydraulic section, the seals section, and the motor
section : . . Only the seals are important to the PRA .

The thermal barrier/heat exchanger is a welded assembly constructed
of a cylindrical shell, a heat exchanger coil, and various water
and instrument connections . The thermal barrier is located
directly above the impeller and the turning vane-diffuser, while
its shell extends into the casing on the inside of the turning
vane-diffuser . The heat exchanger coil is welded to the shell .
The thermal barrier prevents the transfer of heat from the reactor
coolant to the internals of the seals section and the motor
section . Heat from the reactor coolant is transferred to the 33
heat exchanger coils . Component Cooling System water f lows through
the coils, receiving the transferred heat and removing it from the
RCP. If the coils develop a leak, allowing reactor coolant or high
pressure injection water into the cooling water, trip valves in the
component cooling piping automatically shut, based on a high
component cooling flow signal .

The seals section is comprised of the floating ring seal ; the No .
1 controlled-leakage, film-riding face seal ; and the No . 2 and No .
3 rubbing face seals . These seals are contained within the main
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flange and seal housing . Each seal consists of a non-rotating seal
ring free to move axially along the pump shaft and a runner that
rotates with the pump shaft . The seals are designed to control the
upward flow of high pressure injection water from the CVCS, which
is travelling upward from the radial bearing . Approximately 3 gpm
leakage (injection water) flows past the first pump seal, the
majority of which is returned to the CVCS . Leakage of 3 gph flows
past the second pump seal, which is channeled to the primary drain
transfer tank in the Primary Vents and Drains System . The third
seal passes 100 cc/hr, all of which flows to the suction of the
primary drain transfer pump .

The seal injection subsystem supplies high pressure water from the
CVCS charging pumps to the RCP . Following the discharge from the
charging pumps, the injection flow passes through injection filters
and a manifold common to all RCPs . The filters are located on the
first floor of the Auxiliary Building and are piped in parallel so
that, if one filter becomes clogged, a filter may be changed
without interrupting injection flow and without entering the
Containment. The supply line to each pump is equipped with a
throttling valve and flow indicator, allowing the adjustment of
injection flow to each RCP . The throttle valve and the indicator
are located in the penetration area north of the seal injection
cubicles . Each supply line flow is also indicated on the MCB .

Inside Containment the injection supply line is equipped with a
check valve to prevent reactor coolant back flow if injection flow
is lost . The supply line is also equipped with a drain line
located between the check valve and the RCP connection, which
allows the seal cavity to . .be drained during seal maintenance .

The injection flow is delivered at 8 gpm to the thermal barrier
region, where 3 gpm pass through the radial bearing and the No . 1
seal . The remaining 5 gpm pass through the thermal barrier heat
exchanger and into the RCS where it constitutes a portion of the
RCS makeup .

The component cooling system supplies water for the thermal barrier
from a supply manifold inside the Containment . A check valve
prevents backflow from the RCS to the component cooling supply
lines if a pipe rupture of the thermal barrier occurs . The
component cooling water discharge from the thermal barrier passes
through an orif iced flow meter which controls an upstream trip
valve . If excessive flow is sensed, indicative of an RCS-to-
component cooling leak, the trip valve automatically shuts .

Loop stop valves

The loop stop valves are remotely controlled, motor-operated,
double-disc gate valves . Each loop has two valves . One is
positioned between the RCP and the reactor vessel ; the other is
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positioned between the reactor vessel and the reactor coolant pump .
The valves allow the operators to isolate a loop from the reactor
and the other loops but are only used in maintenance operations .
The valves used in the hot and cold legs are identical except that
the hot leg valve has an inner diameter of 29 inches, while the
cold leg valve has an inner diameter of 27 .5 inches .

Steam generators

The steam generator is a vertical, pressurized-water, Class A
vessel . The vessel is constructed with carbon steel and is located
in the Containment Building, extending from the 259-foot level to
the 323-foot level . The steam generator weighs 662,000 pounds
(dry) and is 812 inches high . The vessel shell consists of a lower
head and shell, a transition cone and a steam drum, with an upper
head . The upper steam drum has an outside diameter of 175 .75
inches and the lower shell has an outside diameter of 135 inches .
The steam generator serves as the heat exchange boundary between
the primary and secondary loops, and is divided into primary and
secondary sides .

The primary side of the steam generator is an integral part of the
RCS . The primary side is comprised of a hemispherical chamber, a
tubesheet, U-tubes, and manways .

The upper boundary of the chamber is formed by the tubesheet . The
tubesheet is a flat disc forging 21 inches thick and clad with
Inconel on the reactor coolant side for corrosion protection and
compatibility with the U-tubes . The tubesheet forms the pressure
boundary between the primary and secondary plants and is designed
to withstand .1a 1600 psid primary-to-secondary dp, or a 670 psid
secondary-,to-primary dp . The tubesheet has 6776 penetrations which
provide access'to the 3388 U-tubes and is welded to the chamber and
the lower shell along its perimeter . In order to provide a large
heat transfer area, the steam generator has a tube bundle which
consists of 3388, vertically inverted, 0 .875-inch (outer diameter),
.050 inch wall thickness, U-tubes . Since these tubes also form
part of the primary boundary, they are constructed of Inconel for
increased tube integrity . The U-tubes are expanded at the end and
welded onto the reactor coolant face of the tubesheet . The tubes
are supported against lateral vibrations by an anti-vibration bar
at the U-bend of the tubes . By reducing or limiting the lateral
vibration, the likelihood of fatigue failure is reduced .

The secondary side of the steam generator side is comprised of a
shell, a feedwater inlet nozzle, a tube bundle wrapper, a downcomer
flow resistance plate assembly, moisture separators, and a wet
layup nozzle . The shell consists of a lower shell, a transition
cone, a steam drum, and an upper head . The shell material is made
of carbon steel, with the tubesheet welded to the shell along its
perimeter at the lower end . The transition cone is welded to the
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upper end of the lower shell, with the steam drum and the upper
head welded together above that . The shell has the following
penetrations :

1 .

	

feedwater inlet,

2 .

	

bottom blowdown connections,

3 .

	

secondary side drain connection,

4 .

	

manways,

5 .

	

handholds,

6 .

	

steam nozzle,

7 .

	

instrumentation connections, and

8 .

	

wet layup nozzle .

The feedwater inlet nozzle supplies feedwater from the Main
Feedwater System or the Auxiliary Feedwater System . The two bottom
blowdown connections are attached on the secondary side above the
tubesheet and connect to the Steam Generator Slowdown and Recovery
System . This connection is used to control the water-solids
concentration in the steam generator as well as for continuous
sampling by the Secondary Sampling System . The drain connection is
used to drain the secondary side of the steam generator during
maintenance periods . It connects to the bottom blowdown lines or
can be valved to the containment sump .

The wet- layup nozzle connects the steam generator to the Steam
Generator, Wet Layup Circulation System . The wet layup system
provides forced circulation inside the steam generator during cold
shutdown, wet layup to ensure proper mixing of water chemistry
chemicals .

The feedwater enters the steam generator at the feedwater nozzle
which connects to a perforated pipe known as the feed ring . The
feed ring distributes the incoming feedwater into the downcomer
region . The feedwater exits through the top of the inverted J-
tubes, flowing downward into the downcomer . The. J-tubes are not
evenly distributed around the ring . There are more J-tubes that
supply feedwater to the inlet chamber side of the downcomer than
supply water to the outlet chamber side . This results in an
increased circulation ratio, increasing the velocity across the
tubesheet, enhancing the sludge removal by the blowdown system, and
reducing hot side superheat .

The feedwater from the feed ring mixes with, and is preheated by,
the hot drainage (recirculating water) from the separators . This
secondary side water flows through the downcomer region by
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traveling downward over the inside wall of the shell and over the
outside wall of the tube bundle wrapper . The tube bundle wrapper
is a steel cylinder that fully encloses the tube bundle, separating
the downcomer from the evaporator region . The wrapper not only
directs flow, but also provides additional heating of the incoming
feedwater prior to its entry into the evaporator region . The
preheating, in conjunction with the feedwater preheating by the
recirculating water and the Main Feedwater System heaters, prevents
thermal shock to the tubesheet and the U-tubes . The tube bundle
wrapper is welded to the lower shell . Tube support baffles are
welded to the inner surface of the wrapper . These support baffles
maintain correct U-tube alignment and spacing . A transition cone
is welded to the upper end of the wrapper to provide a transition
between the evaporator and the steam drum (the riser section) . A
sufficient gap is provided between the bottom of the wrapper and
the tubesheet, allowing uniform introduction of the feedwater into
the evaporator region .

Located in the downcomer region is a ring-shaped perforated plate,
referred to as the downcomer flow resistance plates . The ring is
segmented into twenty sections, each of which are welded to the
wrapper via two perpendicular gusset plates per section . A 0 .19 to
.25-inch gap is maintained between the radial edge of each segment
and the shell . The purpose of the plate is to reduce the flow
induced stresses on some of the tubes by creating better flow
characteristics in the downcomer annulus .

At the bottom of the downcomer region, the secondary fluid flows
inward over the secondary face of the tubesheet, then upward around
the U-tubes through 3/4 inch flow holes drilled in the tube support
plates . As it rises over the surface of the tubes in the tube
bundle,-this . water is heated at the rate of 3 .167E+6 Btu/hr by the
reactor coolant flowing inside the tubes . This heat transfer
process results in boiling as the secondary side water reaches the
saturation temperature corresponding to the steam generator
pressure . The steam-water mixture which is formed continues to
rise upward in the evaporator region . As it rises, the quality of
the mixture increases . At the top of the evaporator region the
mixture exits to the steam drum via the riser region . As the steam
rises through the deck in the riser region, it passes through steam
chimneys . The chimneys project 16 inches above and below the deck
and are flared at the top and bottom . The chimneys prevent water
draining off the deck from mixing with the rising steam .

The moisture-laden steam enters the steam drum where it undergoes
a water-steam separation process in the separators . The first
stage separator, at the top of the tube bundle wrapper, consists of
three swirl vane assemblies, each of which is comprised of four
flat blades welded to a central hub . The blades are also welded to
a swirl vane wrapper and make up the first stage in the steam
separation process . As the wet steam enters the separator, the
swirl vanes force the steam into a circular motion .

	

The
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centrifugal action imparted to the mixture separates the steam from
the water by forcing the denser water outward to the wall of the
separator . The water collects on the wall of the separator and
drains over the lip of an inner barrel, returning to the downcomer
region, where it mixes with and preheats the incoming feedwater .
The majority of the water is removed in this process, with the
steam rising to the second stage separator through deflectors .

The second stage separator consists of two-tier, four-bank vane
assemblies installed parallel to the direction of steam travel .
The directional changes in the surface contour of the vanes collect
the water from the steam-water mixture . The water drains through
eight 4-inch pipes welded into the bottom drain channel of the vane
banks . Each drain pipe is approximately 137 inches long . The
drain pipes run vertically down through the steam chimneys or
through existing deck slots . The steam that exits the second stage
separator is 99 .75 percent steam with a maximum of 0 .25 percent
moisture .

At the top of the steam generator, the 32-inch steam outlet nozzle
is the connection from the steam generator to the Main Steam
System . A reducing connection is welded to the nozzle to connect
the 32-inch nozzle to the 28-inch steam piping .

Pressurizer

The pressurizer is a 1400 ft3 vertical, cylindrical pressure vessel
whose purpose is to maintain RCS pressure during steady state
operation, limit the changes in pressure during transient
operations, and prevent the RCS from exceeding the design plant
pressure . . . The pressurizer consists of the pressurizer vessel, the
spray line and valves, the surge line, power-operated relief
valves, safety valves, and a pressurizer relief tank . The
pressurizer is located in the Containment and extends from the 265-
foot elevation to the 310-foot elevation .

During normal operations, the electrical load on the plant is
relatively constant; however, load changes are possible . During
decreases in load which cause increased reactor coolant
temperature, the density of the coolant decreases . The coolant
expansion causes an insurge into the pressurizer ., causing pressure
to increase. The spray system responds to the increase in pressure
by injecting subcooled water into the upper portion of the
pressurizer which is filled with steam vapor . . The steam condenses
on the spray, limiting the amount of pressure increase . An
increase in load causes reactor coolant temperature to decrease ;
the coolant density increases, causing an outsurge from the
pressurizer into the loops . As the water level in the pressurizer
decreases, the pressure in the pressurizer decreases . As the
pressure decreases, some of the water in the vessel flashes to
steam, helping to limit the amount of the pressure decrease .
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The primary purpose of the 1400 kW electric heaters is to heat and
maintain the water in the pressurizer at saturation temperature for
the corresponding RCS pressure . There are 78 individual heater
elements divided into five groups one control group and four backup
groups, with each individual heater seal-welded into one of the 78
heater well assemblies located on the lower head` of the pressurizer
The heater element extends upward into the pressurizer where it is
guided and aligned by two heater support plates . The support
plates also act as baffles to direct the circulation of the water
across the heaters as water surges to and from the pressurizer .

The spray line and spray nozzle connect the cold legs of loops A
and C to the pressurizer . The dual connections ensure that spray
flow is always available if one RCP is secured . The line is sized
to pass up to 630 gpm of spray flow, which is adequate to meet the
design basis of the pressurizer . The spray line inlet connections
at the RCS piping extend into the piping and form a scoop . The
scoop ensures that the velocity head of the RCP adds to the driving
force of the spray flow . The principal driving force for spray
flow is the differential pressure between the RCP discharge and the
pressurizer (d/p across RX vessel) . The spray valve associated
with "C" Loop has greater flow due to the shorter length of piping
run from "C" Loop to the PZR . The maximum spray flow rate is
designed to prevent the power-operated relief valves from opening
during a 10 percent step-decrease in power .

There are two spray valves (1-RC-PCV-1455A, -1455B) which receive
control signals from the Pressure Control and Protection System .
These valves are air operated ball valves (see Figure 38-78)* . They
fail closed on a loss of air or power . The valves are equipped
with Bailey positioners . If the feedback arm becomes disconnected
the valve wilt stay closed if the controller demand is zero . If
there is	 open demand on the controller, the valve will go fully
open because the disconnected feedback arm indicates the valve is
shut regardless of actual position and the positioner will port air
to the valve to open it . These valves automatically open to admit
spray f low into the pressurizer in order to decrease pressure . The
valves can also be controlled manually from the MCR . Arranged in
parallel to the spray valves are 1/4-turn stop-to-stop spray bypass
valves . These valves are manually set throttle valves which allow
a minimum 1 gpm total spray flow into the pressurizer during all
operations with the RCPs operating . The continual spray flow
prevents the spray and surge lines from cooling off due to ambient
heat losses, as well as ensuring that the boron concentration is
equalized between the loops and the pressurizer . The spray lines
from the loops are equipped with temperature sensors (1-RC-TE-1451,
-1452) which provide temperature indication and an alarm indicative
of low spray flow. There is an auxiliary spray line which connects
to the spray line downstream of the spray valves . This line is not
routinely used, but it provides the capability of initiating spray
from the CVCS charging pumps when RCPs are not operating . The
spray lines feed the spray nozzle which is located in the
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pressurizer vapor space . The spray nozzle is protected by a
thermal sleeve which minimizes the thermal shock of initiating
relatively cold spray flow through the spray nozzle, which is in
the high temperature steam environment of the steam space . The
spray nozzle atomizes the spray flow, providing nucleation sites
for condensing the steam .

The surge line connects the bottom of the pressurizer to the hot
leg of loop C . The surge line is sized to limit the pressure drop
between the RCS and the pressurizer safety valves during maximum
discharge from the safety valves . This ensures that the RCS does
not exceed design pressure during an overpressure transient . A
retaining strainer at the inlet nozzle to the pressurizer prevents
the entry of foreign material into the pressurizer water space .
The surge line connects to the top of the RCS piping on Unit 1 and
to the side of the RCS piping on Unit 2 .

The upper head of the pressurizer has a line that leads to the
power-operated relief valves (PORVs) (1-RC-PCV-1455C, -1456) . The
PORVs are solenoid-actuated, air-operated valves whose purpose is
to provide protection for the RCS from overpressure caused by a
large power mismatch . -As they provide this protection, the PORVs
prevent the safety valves from opening and a reactor trip due to
high pressure . The PORVs also provide overpressure protection for
the RCS when the plant is shut down and depressurized at low RCS
temperature (NDT protection) .

The valves actuate based on high pressure signals provided by the
Pressure Control and Protection System . The valves are equipped
with limit switches which : provide an open indication in the MCR,
based on valve position . Each PORV has a blocking valve (MOV-1535,
-1536) located upstream of it . The motor-operated valves are
normally open,, but they are used to isolate a PORV which does not
fully reseat after opening or is experiencing leakage. These
blocking .valves are controlled from the MCR. Once valve travel is
initiated by placing the handswitch to the "Open" or "Close"
position, the handswitch can be shifted to and maintained in
opposite position, but valve travel will continue until either the
"full-open" or "full-closed" position is reached. At that time the
valve will reverse direction and continue stroking until the valve
position matches the handswitch position . This is to prevent
thermalling out the breaker with the valve in mid-position . The
PORVs relieve to the pressurizer relief tank . The line from the
discharge of the PORVs to the tank is monitored for temperature in
order to provide indication of leakage from a PORV .

The PORVs are normally operated with 110 psig air from the
containment instrument air header . When the valves reach their
setpoints, the solenoid valves (SOVs) open and admit air to the
operating diaphragm of the PORV . In the event that the containment
instrument air system loses pressure, the PORVs have a backup
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nitrogen supply .

	

The nitrogen gas is supplied to the PORV
operating lines at 2000 psig from the nitrogen reserve tanks .

A.6 .2 Fault Tree Analysis

The RCS was modeled as a front line system, sometimes with
functions all its own and sometimes contributing to functions with
other front line systems . The functions dependent on the RCS are :

P - Feed and bleed mode of core cooling .

Pr - Adequate pressure relief for ATWS events . Success
criteria for ATWS from high power are that 3/3 SV or 2/2
SV and 2/2 PORVs must be open .

Q

O - Operator RCS cooldown and depressurize . Success criteria
include RCS depressurization via main spray, auxiliary
sprays, or PORV opening .

02 - Operator late RCS cooldown and depressurize the RCS to
atmospheric pressure. This function was used in the
Steam Generator Tube Rupture event tree .

The assumptions and notes used in fault tree development are listed
below . The fault trees follow at the end of the section .

s

Fault' Tree, Modeling Assumptions

1. Since the containment air system is backed up by air bottles,
failure probability of air supply to the PORVs is assumed to
be negligible .

2 . It is assumed that the SRVs are only demanded during ATWS
events and not during transient events or SBO events .

3 . During ATWS events, both PORVs and all 3 SRVs are assumed to
be demanded .

4 . An instrument air regulator failure will fail the PORV . This
is a revealed fault and will only have an effect if it happens
in the time window for the accident . Therefore this event
will not be treated as a demand failure .
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RCS voundary intact after a transient . Success criteria
are that any PORV which opened in response to a transient
must reclose .



A.7 SAFETY INJECTION SYSTEM

Schematics for this system are shown in Figures A.7-1 and A .7-9 .
The one line diagrams include the safety injection subsystems and
the safety injection actuation logic trains .

A .7 .1 SI System Major Components

The Safety Injection System consists of three accumulators, one
hydrostatic test pump, three high head safety injection (HHSI)
pumps (also called charging pumps) , one boron injection tank (BIT) ,
and two low head safety injection (LHSI) pumps . This subsection
describes the major SI System components and the flow paths used to
achieve the purpose . The RWST is a major component of the QS
System, but it has many safety related interfaces with the SI
System . Therefore, the RWST interfaces will be discussed with the
SI System major components .

Accumulators

The Safety Injection System has three accumulators : 1A, 1B, and
1C. Two of the three accumulators refill the reactor inlet plenum,
downcomer, and. lower core basket with borated water following a
LOCA . The third accumulator is assumed in the accident analysis to
be dumped out of the break . The accumulators are considered to be
passive components since no electrical signal, operator action, or
power is required for their operation . This subsection describes
accumulator 1A. Accumulators 1B and 1C are identical except for
valve numbering . The accumulators are located on the 216-foot
level of .Containment inside the crane wall . Figure 52-2 shows a
piping diagram for accumulator 1A . Each accumulator is a pressure
vessel filled with at least 7580 gallons of 2200 to 2400 parts per
million. (ppm) borated water and pressurized with nitrogen gas to
599 to 667 psig . The carbon steel vessel is internally clad with
stainless steel and has a total volume of 1450 cubic feet . Remote
accumulator pressure and level indication is provided in the Main
Control Room .

Each accumulator is connected to its respective RCS cold leg
through a motor-operated, accumulator isolation valve MOV-1865A and
two swing-check valves . The accumulator isolation valve is used to
prevent emptying the accumulator during normal plant cooldown and
depressurization . All of the accumulator isolation valves are
opened during RCS pressurization when the RCS pressure is between
900 and 950 psig . Above 100 psig, power is removed from the valve
operators, and the power supply breakers are locked open . This
action partially satisfies technical specification requirements for
accumulator operability .
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2 .

quench spray pumps .

Provides alternate source of water to the HHSI pumps
during abnormal :operations .

Provides storage water for the refueling cavity .

During RCS depressurization in support of unit shutdown, the MOVs
are energized when RCS pressure is <1990 psig . This is done by
unlocking the admin . locks on the power supply breakers (located on
the emergency bus 480 V MCCs in the cable vault), removing the
locks, and closing the respective breakers . The MOVs are left open
until RCS pressure has been reduced to 950 psig . They are then
closed, but the valve operators remain energized until RCS
temperature is reduced to <350°F .

The accumulator check valves are normally held shut by the higher
RCS pressure of 2235 psig . During a LOCA, when RCS pressure drops
below the approximately 600 psig, the check valves open and the
accumulator discharges into the RCS without any external
requirements . A connection is provided upstream of each check
valve for accumulator sampling and to permit testing the check
valves for seal leakage during RCS pressurization when there is
about 100 psi differential pressure across the valves .

Refueling water storage tank

There is one refueling water storage tank (RWST) per unit . It is
located in the yard next to the Safeguards Building . The RWST
performs the following functions :

1 . Provides borated water to the HHSI pumps, LHSI pumps, and

The RWST is a vertical, cylindrical tank with a usable capacity of
487,000 gallons . It must contain at least 466,200 gallons of 2300
to 2400 ppm borated water during unit operation in modes 1-4 . The
proper boron concentration is maintained by the Chemical and Volume
Control System (CVCS) . The RWST is required to be maintained
between 40° and 50°F during unit operation in modes 1-4 . The
maximum allowed temperature ensures that sufficient cooling
capacity is available for the QS System to depressurize Containment
in the time required in the event of a LOCA . Further information
on the RWST may be found in the QS System training module (NCRODP-
53) . The water from the RWST is directed to the HHSI and LHSI
pumps through a common supply header . Water from the supply header
enters the LHSI pumps through individual, normally open, motor-
operated valves 1-SI-MOV-1862A, and B . Water to the HHSI pumps
passes through parallel, normally shut, motor-operated valves 1-CH-
MOV-1115B and D . These valves are redundant to ensure that at
least one opens on receipt of a safety injection actuation signal
or a VCT low level of 5 percent . The supply header then branches
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to each of the HHSI pumps through individual, normally open, motor-
operated valves 1-CH-MOV-1267A, -1269A, and -1270A .

High head safety injection pumps

The Safety Injection System has three high head safety injection
pumps, commonly referred to as "charging pumps ." They are located
in the charging pump cubicles on the first floor of the Auxiliary
Building . During normal operation, at least one pump is operating
with the other two lined up for normal charging . When safety
injection actuates, all three pumps receive an auto-start signal
but only two of the pumps will remain running . The two running
pumps will preferentially be powered from different emergency buses
to minimize bus loading .

The HHSI pumps are horizontal, eleven-stage, centrifugal pumps .
Each pump is designed to pump 150 gpm at 250°F and 2735 psig . Each
HHSI pump has a self-contained oil lubrication system . The HHSI
pump is driven by a 900 HP, 1800 rpm motor that rotates the pump at
4846 rpm through a speed-increasing gearbox . HHSI pumps 1A and 1C
are powered from 4160 V bus 1H . HHSI pump 1B is powered from 4160
V bus 1J . HHSI pump 1C can be used as an alternate pump for either
SI train and may be powered alternatively from 4160 V bus 1J . When
pump 1C is powered from its alternate source, it has no automatic
start features .

To prevent overheating of the HHSI pumps when they are operated at
a shutoff head, a mini-flow recirculation line is provided for each
pump. The recirculation ..flow path contains a check valve, an
orifice, and an isolation valve MOV-1275A, B, or C . The three
mini-flow . l.ines join to form a common header which discharges to
the seal water_ heat exchanger through a common recirculation line
isolation valve 1-CH-MOV-1373 . The recirculation flow from the
seal water heat exchanger is directed back to the suction of the
HHSI pumps . During a LOCA, the recirculation line isolation valve
is manually shut to maximize HHSI pump flow when RCS pressure
decreases below a certain point . The valve is manually reopened if
RCS pressure rises above 2000 psig . When RCS pressure is above
2000 psig, the flow through the HHSI pumps is insufficient for pump
cooling, and recirculation flow is necessary to prevent pump
damage .

The HHSI pumps normally receive water from the VCT through a supply
header that contains two series isolation valves MOV-1115C and E .
The VCT supply header and the RWST supply header combine into a
common HHSI pump suction header . The discharge of LHSI pump 1B can
be directed to the HHSI pump supply header through normally shut,
isolation valve 1-SI-MOV-1863B . Each HHSI pump is supplied in
parallel from the supply header through normally open, isolation
valves 1-CH-MOV-1267A, -1269A, and -1270A . LHSI pump 1A can supply
each of the HHSI pump suctions through a normally shut, common
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isolation valve 1-SI-MOV-1863A and individual, normally open,
alternative path isolation valves 1-CH-MOV-1267B, -1269B, and -
1270B .

The HHSI pumps can discharge water through individual, normally
open, outlet valves 1-CH-MOV-1286A, B, and C . This discharge can
pass through a common discharge header isolation valve
1-CH-MOV-1289B to the normal RCS charging header . The discharge
from 1-CH-MOV-1286A, B, and C can also be directed through the BIT
to the RCS cold legs or to the RCS through normally shut isolation
valves 1-SI-MOV-1867C or D, hot legs through a normally shut
isolation valve 1-SI-MOV-1869B . The discharge of the HHSI pumps
can also be directed through individual, normally open, isolation
valves 1-CH-MOV-1287A/B/C to either the RCS cold legs through
normally shut, alternate path isolation valve 1-SI-MOV-1836 or the
RCS hot legs through normally shut, alternative path isolation
valve 1-SI-MOV-1869A .

During normal plant operation, water enters the HHSI pump from the
VCT through 1-CH-MOV-1115C and E and through HHSI pump suction
valve MOV-1267A, -1269A, or -1270A . The discharge of the HHSI pump
passes through the pump discharge valve MOV-1286A/B/C through the
RCS charging header isolation valve MOV-1289B, FCV-1122, MOV-1289A,
the regenerative heat exchanger, HCV-1310, and into B-Loop cold leg
downstream of the accumulator discharge line .

During the injection mode, water from the RWST enters the HHSI
pumps through 1-CH-MOV-1115B and D and the pumps suction valves
MOV-1267A, -1269A, and -1270A. The discharge of the pumps passes
through the pump discharge valves 1-CH-MOV-1286A/B/C to the BIT .

During the . re'irculation mode, water from LHSI pump 1A enters the
HHSI'pumps through MOV-1863A and the alternate header via pump
suction valves MOV-1267B, -1269B, and -1270B . LHSI pump 1B
supplies, water through MOV-1863B and the normal header via pump
suction valves MOV-1267A, -1269A, and -1270A to the HHSI pumps .
During cold leg recirculation, the HHSI pumps discharge through
discharge valves 1-CH-MOV-1286A . B, and C and the BIT . Later, one
of the HHSI pumps is isolated from the other HHSI pump to provide
two independent paths to the RCS . Independent paths provide
protection against a long-term passive failure causing a complete
loss of core cooling . In the cold leg lineup, one HHSI pump
discharges through the alternative discharge valve 1-CH-MOV-1287A,
B, or C and MOV-1836 . During hot leg recirculation, one HHSI pump
discharges through its normal discharge valve and 1-SI-MOV-1869B to
the RCS hot legs, while the other HHSI pump discharges through its
alternative discharge valve and 1-SI-MOV-1869B to the RCS hot .legs .
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Low head safety injection pumps

There are two low head safety injection pumps for each unit . The
pumps are located in Safeguards Area outside of Containment .
During normal plant operations, the LHSI pumps are in standby,
lined up to pump borated water from the RWST to*the RCS cold legs .
On receipt of a safety injection signal, the pumps automatically
start and deliver large quantities of borated water to the RCS if
RCS pressure is less than discharge pressure, otherwise, they will
run on recirculation to the RWST .

Each LHSI pump is a vertical, two-stage, mixed f low enclosed
impeller, centrifugal pump . The pump has a capacity of 3000 gpm at
a temperature of 300°F and a pressure of 175 psig with a design
head of 225 feet . The pump suction is located at the bottom of the
safeguards pit at the 210-foot elevation . The pump discharges
along the shaft vertically to the 256-foot elevation where the
mechanical seals and motor are located . The pump is driven by a
250 HP, 4160 V, induction motor that rotates the pump at 1800 rpm .
LHSI pump 1A is powered from 4160 V bus 1H and pump 1B from bus 1J .
The pumps are protected from overpressure by relief valves
1-SI-RV-1845A, B, and C that relieve to the Safeguards Area . Their
setpoints are 220 psig .

The LHSI pump uses tandem mechanical seals to contain the water
within the pump at the point where the shaft protrudes through the
discharge head. In the event that the inboard seal fails, the
outboard seal is capable of handling the full unit pressure. Seal
water flow and cooling is provided water from the RWST . Local flow
indication is provided for the combined LHSI pumps seal water
supply .

The suction of the LHSI pumps is physically located at the bottom
of the safeguards valve pit at elevation 210 feet . Water from the
containment sump, in particular, gravity drains into the pump
suction pit . The containment sump is only a few feet higher than
the LHSI pump suction pits . To provide a full suction for the
pumps, each pump is provided with two ejectors to remove air from
each pump suction area . The air ejectors use the pump discharge as
the high pressure source of water to create a suction on the pump
suction space . This not only fills the pump suction bell with
water, but also increases the flow of water from the sump to the
pump suction pit .

A minimum flow bypass line is provided for each pump to recirculate
fluid to the RWST to prevent overheating of the pump while
operating at shutoff head and for test purposes . Two motor-
operated, isolation valves 1-SI-MOV-1885A & C and 1-SI-MOV-1885B &
D are piped in series on the recirculation line for each pump . The
recirculation line is automatically isolated when the following
conditions are satisfied :
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1 .

	

SI recirc . mode signal is present (from SI, lock-in
relay),

2 .

	

RWST level is below 24 .9 percent, and

3 .

	

Either 1-SI-MOV-1863A or B respectively has opened .

During the recirculation mode, the LHSI pumps take a suction on the
containment sump . If the recirculation line isolation valves did
not shut radioactive gases from the sump water would be released to
the atmosphere through the RWST vent . The valves do not shut until
minimal cooling flow is ensured by 1-SI-MOV-1863A or B opening .

The LHSI pumps take a suction on either the RWST or on the
containment sump . During normal operations and the injection mode,
the LHSI pumps are lined up to receive water from the RWST through
motor-operated, isolation valves 1-SI-MOV-1862A and B . During the
recirculation mode, these isolation valves are shut and the motor-
operated, isolation valves 1-SI-MOV-1860A and B from the
containment sump are opened . On receipt of a low-low RWST level,
1-SI-MOV-1860A and B will open automatically if a SI recirc mode
signal is present and the respective LHSI pump recirculation valves
have shut .

The LHSI pump discharge can be directed to the RCS cold legs, the
HHSI pump suction, or the RCS hot legs . During normal plant
operations and the injection mode, the discharge of the pumps is
lined up to the RCS cold legs through normally open, pump discharge
valves 1-SI-MOV-1864A and B and a pair of normally open, isolation
valves 1-SI-MOV-1890C and _D that are piped in parallel . The motor
operators for 1-SI-MOV-1890C and D are normally deenergized with
their breakers locked open. On initiation of the recirculation
mode, the,discharge of the LHSI pumps continues to the RCS cold
loops with some portion being directed to the suction of the HHSI
pumps through normally shut, isolation valves 1-SI-MOV-1863A and B .
This lineup ensures net positive suction head to the HHSI pumps,
since water is no longer being provided to the HHSI pumps from the
RWST. During the recirculation mode, the discharge of the LHSI
pumps is periodically lined up to the RCS hot legs through normally
shut, isolation valves 1-SI-MOV-1890A and B. On Unit 1, the
outside recirculation pumps 1-RS-P-2A and B can discharge to the
LHSI pump discharge headers in the event of failure of one or both
of the LHSI pumps . Each outside recirculation pump is normally
isolated from the corresponding LHSI pump by a pair of series
manual isolation valves . They are operated from outside the
safeguards building with a T-handle wrench inserted into the
associated remote valve operator (a recessed, square-shaped hole in
a round, brass device) .
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A .7 .2 Fault Tree Analysis

The Safety Injection system was modeled as a front line system,
providing several safety functions .

D1 - Failure to provide high pressure coolant injection from
the RWST using 1/3 HHSI pumps .

D2 - Failure of the Accumulators to inject water into the cold
legs . The success criteria for D2 are 2/2 for large
LOCA, 2/3 for intermediate LOCA, and 3/3 for core cooling
recovery .

D3 - Failure to provide low pressure coolant injection from
the RWST using 1/2 LHSI pumps .

Dh - Failure to provide coolant injection flow to the RCS hot
legs using 1/2 LHSI pumps in the Containment Sump
recirculation mode .

Hi - Failure to provide low head coolant injection from the
Containment Sump, using 1/2 LHSI pumps .

H2 - Failure to provide high lead coolant injection from the
Containment Sump, using the piggyback recirculation mode .

P - Failure to support feed and bleed cooling by providing
1/3 HHSI pumps injecting from the RWST .

The assumption and notes. used to develop the Safety Injection
system fault trees are contained in Table A .7-5 . The assumptions
and motes . used to develop the safety injection actuation system
fault tree follow .

Safety Injection Fault Tree Modeling Assumptions

Variations in boron concentration were not included in the
failure analysis . Boron concentration is controlled by
Technical Specification to a much narrower range than that
required by the PRA . In fact, there are no explicit boron
requirements of the accumulators in the PRA . This is because
the probability of being out of tolerance enough to have any
impact is generally considered (in all past PRA's) to be
negligible .

2 . Variations in water level and pressure were not considered
included in the fault tree model . Water level and pressure
are constantly monitored by Technical Specifications . These
parameters are annunciated if out of specification .
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40

The probability of the discharge valve (1-SI-MOV-1865A/B/C)
being inadvertently closed at the time of the initiator was
considered negligible in comparison to other faults . . The
following reasons apply :

a)

	

failure to be fully open is annunciated

b)

	

the valve is designed to be fully open or fully closed .

4 . The loop selected for the break is not important . All valves
receive redundant signals to open .

5 .

	

Stroke test interval for 1-SI-MOV-1865A/B/C valves is assumed
to be 18 months .

6 . Failure of the LHSI pump due to failure of seal cooling was
not explicitly modeled . The seal cooling for LHSI pumps is
self contained and principally passive . The water level on
the seal head tank is constantly monitored and annunciated .
Failure of seal cooling is considered to be included in the
component boundary of the pump .

7 . Failure of bearing cooling to the pump was not explicitly
modeled. There is no external cooling supplied for the
bearings . As long as the pumped stream is within the design
temperature of the pump, the bearing temperatures are
considered acceptable . Failure of the bearings for all causes
is considered to be within the component boundary of the pump
for pump failure, although the accident sequence delineation
does not allow the, pump to operate if the sump water
temperature is over the pump design temperature .

s

8 . Motor, heating failures and trace heating failures were not
modeled explicitly. The LHSI pumps have no external cooling .
All, pump failures due to loss of the internal cooling
mechanisms are considered within the component boundary of the
pump .

9 . Misposition errors were not postulated for valves which get an
open (or close signal) on an SI .

10 . 1-SI-MOV-1890A and B are normally closed and have power
removed .

11 . Failure of one LHSI pump due to dead-heading when the 1885
valves are open, was not postulated . This assumption
represents the resolution of NRC concern expressed in
Information Notice 87-59 . If two pumps share a common recirc
line, a slightly higher discharge pressure in one pump could
deadhead the other pump . At North Anna, each LHSI pump has a
2 inch minimum flow recirculation line feeding into a 3 inch
common header .

	

Due to the quarterly measuring of the
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discharge head during the pump test and the 2 to 3 inch pipe
size increase, the possibility of having conditions where the
NRC concern was applicable was considered negligible . Dead
heading of the LHSI pumps due to valve blockage in the minimum
flow line or misposition of an 1885 valve were explicitly
modeled . These faults are considered of much higher
probability than the NRC scenario .

12 . Containment sump valves 1-SI-MOV-1860A/B were considered to
have a flow test frequency of 5 years, although they are never
flow tested, only stroked . This assumption provides a
plugging failure probability of 2 .63E-3, compared to a valve
fail to open probability of 1 .09E-2 .

13 . 1-SI-MOV-1864A/B and 1-SI-MOV-1890C/D are flow tested every
refueling . 1-SI-MOV-1862A/B are flow tested at 400 gpm every
month .

14 . As 1-SI-MOV-1863A/B are periodically flow tested, and they are
normally closed valves, a plugging failure mode for these
valves was not included . The general guideline for the fault
tree analysis was that if an active failure mode is postulated
for an MOV, there is no reason to include a plugging failure
mode also . 1-SI-MOV-1860A/B are the exception to that
guideline .

15 . Restoration error for 1-QS-38 (Unit 1) and 2-QS-33 (Unit 2)
was not postulated, because it is often flowed and under
administrative control if it is ever closed . Its position is
vicariously verified : by every LHSI pump test (PT-57 .1) . The
probability of a restoration error and a valve demand before
.the- next' pump test is considered to be small compared to the
plugging fault . A plugging fault for 2-QS-33 or 1-QS-38 was
postulated with a test interval of three months (PT-57 .1) .

16 . North Anna MAAP analysis shows that the maximum sump water
temperature at the time of recirculation, for all transients
considered in the IPE, is well within the 250°F design
temperature of the pump (which is limited by the graphite
bearing assembly) .

17 . Common cause miscalibration of multiple 1845 relief valves is
not modeled .

18 . It is assumed that LHSI header pressure will not get high
enough in a large LOCA to lift a relief valve .

19 . In the event that 1-SI-SV-1845B opens, and the operator
diagnoses the event and isolates the valve, equipment failures
in the alternate injection paths are not modeled . It is
assumed that one hot leg injection path or HHSR path will be
available .
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28 . The running pump is not stopped on an SI signal ; rather it
continues to run .

29 . A third pump can be started if another pump fails . In order
to have a third pump available, pump 1C must be on H .

30 . Two Charging pumps are required by Tech Spec and thus one of
the three pumps can theoretically be out of service forever .
Two pumps can be out of service f or 2 4 hours . This is handled
in the fault tree as follows :

The A pump is assumed to be running . The B and C pumps are
both assigned a term for scheduled maintenance (TM) and
unscheduled maintenance (UM) . Both frequencies will come from
plant specific data . All incidences when two pumps are in
maintenance at the same time are lumped together, and this
event is applied to both the B and C pumps . All maintenance
events involving single pumps . are similarly lumped and this
event probability is applied to the C pump only .
Unavailability due to pump tests are applied to the B and C
pumps . Because two pumps can be out of service for up to 24
hours, the combination of pump B in TM and pump C in UM is an
allowed cutset .

31 . Isolation of charging flow (by closure of 1-CH-MOV-1289A/B) is
not necessary for success of HHSI . This is not a flow
diversion, as the flow goes to the RCS .

32 . Service water to the lube oil coolers (1-CH-E-5A/B/C) and the
gear box coolers is required when the Charging pumps are in
the SI mode . Although SW has been lost at Surry, for up to 4
hours. .in'the charging mode, with continued pump operation,
there, is no evidence that the pumps could operate in the SI
mode without service water .

33 . Because of the piping configuration of the service water
supply headers, the requirement of service water to the gear
box cooler will also assure supply of service water to the
seal coolers, although it is not known if seal coolers are
required .

34 . HVAC in the charging pump cubicles is assumed not to be
required for successful Charging pump operation throughout the
24 hour mission time .

35 . Minimum flow lines were ignored for LOCAs and all transients
with scram . For these events, RCS pressure is below 2250 psi
and thus there will be flow into the RCS, thus negating the
need for mini-flow line operation, if the discharge MOV
(1286A/B/C) is open .
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20 . As the mission time for the injection phase of LHSI is one
hour, system failure due to inadvertent opening of a relief
valve was not modeled . At 180 gpm, the total f low in one hour
would be 10,000 gallons . This is not enough diversion from
the RWST to cause insufficient inventory . Nor is it enough to
cause flooding of the safeguards area .

21 . The cross tie between the recirculation spray system and the
LHSI system is not used and was not modeled .

22 . Operator action to allow injection through 1-SI-MOV-1836, in
the event 1-SI-MOV-1867A/B/C/D fail was included for all
initiators . The same operator error probability was used for
all initiators .

23 . The volume control tank must isolate in order to prevent
cavitation of the charging pumps, even if both RWST valves
open .

24 . Cross tie to the other unit's charging will be modeled in the
recovery analysis if necessary . Cross tie requires local
operation of two manual valves in the auxiliary building . It
is estimated that cross tie will require 20 minutes to
accomplish . It is not directed by 1-FR-C .1 as is the case for
Surry . The cross tie procedure, O-AP-48 directs both reactors
to be tripped in order to perform the procedure . The time and
procedural direction for -the set-up of cross tie is not
certain at this point in the analysis .

25 . One charging pump is . running at all times . It was modeled as
the 1A pump. The 1B pump is modeled as in standby and on the
J Bus, and 1C is modeled as racked into the H bus, and in the
"autq-after-stop" condition . In this condition, it will not
receive any signals, but can quickly be activated from the
control room .

26 . Charging pump 1A is dedicated to bus H . Charging pump 1B is
dedicated to bus J . Charging pump 1C can be powered from the
H or the J bus . H is the normal alignment for Charging pump
1C. There are several interlocks on breaker position to
prevent crosstie of the buses through the pump 1C . If pump 1C
is on the J bus, it must be running . 1C receives no auto-
signals on the J bus . Only one pump can be aligned to the J
bus at one time . Two pumps (1A & 1C) can be operating on H at
one time (during pump test) . If a loss of offsite power
occurs during this time, both pumps are tripped off the bus,
to prevent the diesel .from loading onto a loaded bus .

27 . Generally, only 2 Charging pumps will receive an autostart
signal . If 1C is on the J bus, then only the 1A pump will
receive an autostart . If 1C is on J, then by Administrative
procedures, 1C is running .
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36 . If 1-CH-MOV-1286A/B/C is closed, mini-flow is assumed required
to prevent pump dead head and subsequent failure .

37 . Monthly testing per 1-PT-14 .1, 1-PT-14 .2 and 1-PT-14 .3 makes
the pump unavailable unless the operator takes action to open
the discharge valve .

38 . MOV test duration per 1-PT-212-1/2/3 or 213 .1/2/3 is so short,
it was not considered as an impact on system operation .

39 . For recirculation from the sump, either LHSI, injecting
through either 1-SI-MOV-1863A or B is sufficient to supply
flow to two operating charging pumps . Either check valve
1-SI-47 must close or both MOV-1115D and 1115B must close in
order to isolate the RWST . The calculation below is used to
justify that sufficient hydraulic force is present to close
the check valve . If the check valve operates, the head from
the LHSI will keep the valve closed and thus, MOV-1115B and
MOV-1115D do not have to close .

Design flow for 1 LHSI pump is 3250 gpm . Runout flow for a
Charging pump is 600 gpm . Under piggyback recirc at high RCS
pressure, one LHSI pump could supply up to 2050 gpm surplus
flow to reseat check valve 1-SI-47 in the event MOV-1115B or
MOV-1115D failed to reclose . 1-SI-47 is in an 8" line .
Surplus flow of 2050 gpm would result in a back flow of 13 .2
ft/sec .

40 . The auxiliary oil pump on each Charging Pump was not modeled .
The aux . oil pump is . .constantly running in the standby pumps
to circulate the oil . During normal Charging Pump operation,
a shaft driven pump provides lubrication . The aux oil pump is
'needed for initial start, before the shaft driven pump gets up
to'speed .' It was not included for two reasons ; either one is
sufficient :

a) Start of the Charging Pump without the aux oil pump, on
a one time basis is not damaging, according to the
manufacturer . Repeated dry starts would degrade pump
life .

b) Failure of the aux oil pump would be a revealed fault .
The probability of an initiator simultaneous with a
failed aux oil pump is very low .

41 . Failure of trace heating is a revealed fault (through
instrumentation) and thus not included in the fault tree .

42 . The standby Charging Pump will start upon failure of the
running pump on low discharge header pressure . This is a non-
SI signal .
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43 . Resolution of NRC Information Notice 88-23 - "Potential for
Gas Binding of SI Pumps" is as follows : HHSI suction piping
is pFriodicaJly vented . Records show a typical gas volume of
.3ft - .4ft . This level is consistent and supports the
position that the CHPs can tolerate this amount of gas flow
through without any pump damage .

44 . 1-CH-MOV-1115C/E will not close unless interlocks from limit
switches on 1-CH-MOV-1115E/D are satisfied . The limit
switches provide more redundancy and reliability than the
MOVs . The interlock was therefore not included in the fault
tree .

45 . RWST failures and suction failures were assumed to fail all
pumps by cavitation before operator action could be taken .

46 . l-QS-38 [2-QS-33 for unit 2] is a manual valve on the
discharge of the RWST . Its failure represents a single point
failure for the HHSI and LHSI system . Three failure modes
have been postulated for this valve, plugging, closed for test
or maintenance, and failure to restore after maintenance .
Each of these are discussed .

a) Closed for maintenance, : No PTs were discovered which
require closing of the valve during power operations . Closing
of the valve would be on an infrequent, as needed basis to
support maintenance activities . The valve could not be closed
for more than 4 hours without violating Tech Spec (as it makes
both trains of SI unavailable) . Therefore, the amount of time
the valve could be closed is small and was neglected in the
fault tree .

10

b) . ,Failure to Restore after maintenance, : As the valve could
be closed during power operation (for whatever reason) , there
is a probability that it is inadvertently left closed . The
valve is vicariously verified open every three months during
LHSI pump test, 1-PT-57 .1, which requires recirc flow from the
LHSI pumps . For the misposition to cause a system failure, an
SI demand would have to occur between the time of valve
misposition and the next LHSI pump test (this presumes the
valve is closed on a far less frequent basis. than 1-PT-57 .1 is
performed) . Assuming 1E-3 for failure to restore, 2E-2 for SI
demand per year, and LHSI tests every three months, the
probability of a valve misposition and a demand prior to the
next pump test is :

( .001 * .02) / 4

	

= 5E-6

c) The plugging failure probability for a three month test
period is 1 .3E-4 . Plugging therefore seems to be the dominant
failure mode for the valve and was the only one included .
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47 . Pump trips due to interlocks on the breakers being activated
by operator errors were not included in the fault tree . These
events are revealed faults and are not present at the time of
system demand . Modeling these errors during the mission time
are errors of commission and are consequently not modeled .

48 . Failures of the lube oil heat exchangers 1-CH-E-5A/B/C are
included in the component boundary of the charging pump .

49 . Failure of the Boron Injection Tank due to flow obstruction is
modeled as a TNK-LF (tank-loss of function) failure .

Safety Actuation Fault Tree Modeling Assumptions

1 . Contacts were modeled as part of a relay and not modeled as
separate components . For example, a device which starts when
a contact is open (energized) will be modeled as a relay which
fails to energize. The relay and the contact are actually one
component, and there is no significant advantage to separating
out the contacts from the relay .

2 . SI output signals to MOVs were simplified by only including
relays required to actuate the valves to the desired position .
Other devices such as limit switches, hand control switches,
and torque switches were not included .

3 . Modeling of the manual initiation of safety injection and
recirculation mode transfer was not included within this fault
tree . These human interactions will be included in the SI
system fault tree .

.
4 . The SI actuation system has input signals to protect against

a LOCA or a steam Line Break (SLB) . All input signals were
included within the model . A house event, XHOS-SLB, was
included to allow the SI actuation fault tree to be used for
LOCA or for SLB initiators . The input signals Related to a
SLB were included under an "and" gate with XHOS-SLB . When the
house event is equal to 1 .0 the SLB signals are allowed to
contribute to the SI actuation system unavailability. When
the house event is 0 .0 then only the LOCA signals contribute
to SI system unavailability .

5 . Based on a review of SI actuation procedures, SI actuation
channels which are bypassed for the purposes of testing are
not automatically realigned in the event that SI operation is
required .

6 . Components for SI actuation train B were generally not shown
in system drawings . Train B was drawn in the simplified
schematic in a configuration identical to that of Train A .
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7 . The Tavg input signal to SI actuation requires temperature
signals from both hot and cold leg RCS temperature
transmitters ; however, only a single temperature instrument
channel was modeled for each pair of hot/cold leg
transmitters .

8 . Relay K647 is a permissive relay that is energized when SI
actuation occurs and must be energized for the initiation of
recirculation mode (i .e ., it is assumed that K647 must be
energized in conjunction with K630) .

9 . Failure of the SI actuation reset permissives were not modeled
as they had been in the Surry model for the steamline break
portion of the SI actuation system . North Anna has several
different reset permissives installed for the various inputs
which cause SI actuation . Due to the numerous possible inputs
which can lead to SI actuation, failure of more than one reset
permissive would be necessary, and this contribution to system
unavailability is assumed to be insignificant .

10 . SI actuation lock-in relays (discussed in the reactor
protection systems training manual) are not modeled . Failure
of these relays would be revealed immediately and prompt
operator action is highly probable .

11 . No periodic tests specific to the logic which transfers SI to
recirculation mode were identified . It is assumed that this
logic is tested with one train operable and one in trip .

12 . Common Cause Failure . of instrument lines has been modeled
where appropriate. The basic events are listed below :
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13 . The following House Event has been used in the SI actuation
system fault tree .

XHOS-SLB The event allows SI input channels
associated with Steam Line Break
Protection to be included in SI actuation
system reliability . When equal to 0 .0
SLB signals are not included .

A.8 CONTAINMENT STRUCTURE

There was no fault tree analysis performed nor dependency matrices
developed for the Containment structure . The following descriptive
information is provided for general information .

A .8 .1 Major Components

The order of presentation of major components is consistent with
the discussion in the previous section: concrete structure, steel
liner, interior structures, access penetrations, piping
penetrations, and electrical penetrations .

Concrete structure

The concrete structure was constructed from the ground up, and this
description follows a similar order of presentation . A circular
excavation was made to elevation 203'-7" in order to found the
structure on crystalline, metamorphic rock . The excavation methods
minimized. damage to the sidewalls, which were then reinforced with
rock'bolta, gunite, and covered with a welded wire fabric . The
bottom of the excavation was covered with a 6-inch layer of porous
concrete . Porous concrete is permeable to water and performs a
drainage function as one part of the scheme to protect the
Containment from ground-water corrosion . Porous concrete is formed
by omission of the fine aggregate from standard structural concrete
mix .

A flexible, polyvinyl chloride sheet with a minimum thickness of 40
mils surrounds the structure below grade . This waterproof membrane
is another part of ground-water corrosion protection . The
waterproof membrane was laid on top of the 6-inch layer of porous
concrete ; then another 4-inch layer of porous concrete was poured
on top of the membrane . The sidewall of the excavation was covered
with fill concrete from the porous concrete level up 10 feet to
form a smooth surface . The waterproof membrane was brought up
against this and held in place by 4-inch concrete blocks set dry .
The 4-inch concrete blocks are also porous .
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The containment foundation mat was formed in the 10-foot deep
cylinder now existing in the bottom of the excavation . The
containment foundation mat, walls, and dome are heavily reinforced
with steel reinforcing bars (rebar) and other steel inserts . The
largest and most frequently used rebar size is number 18,
manufactured with controlled chemical composition and a minimum
yield strength of 50,000 psi . The rebar in the bottom part of the
mat is placed in a grid pattern . The top part of the mat contains
rebar laid in concentric circles with radial spokes . The top
pattern is arranged to permit the vertical wall rebar to extend
into the mat . Structural concrete was poured and rodded over the
mat rebar . During the pours, the temperature of the concrete was
carefully controlled and the concrete was sampled frequently .
Water was kept puddled on the surface while the concrete cured .

The containment cylinder wall was formed as rebar was placed in
identical patterns near the inside and outside wall faces . Each
pattern consisted of vertical and horizontal members . The two
patterns were connected by rebar inclined at 45-degree diagonal
angles in order to resist seismic stresses . Set at 45-degree
inclines near the base mat are shear assemblies to resist the loads
associated with the containment pressurization resulting from the
DBA . The shear assemblies were constructed of 4-inch by 0 .75-inch
steel plate welded to vertical rebar . The cylinder wall concrete
pours were made in 6-foot lifts, in approximately 18-inch layers so
that one layer did not set before the following layer was poured .
The mold for the inside of the cylinder wall was the containment
steel liner (fully described in following paragraphs) . After the
cylinder wall pours were completed above grade and their outside
molds removed, the work between the outside of the cylinder wall
and the excavation could be finished . The waterproof membrane was
brought around the exposed lip of the containment foundation mat
and covered with a 4-inch layer of porous concrete . The waterproof
membrane was then brought up around the outside of the cylinder
wall to a level approximately 6 inches below finished grade level
(270'-6") and fixed to a continuous Nob-lock termination strip
embedded in the concrete . The outside of the waterproof membrane
was covered with a 2-inch layer of Rodofoam soft grade 300, a
compressible material, to provide a "rattle-space" between the
Containment Structure and the rock excavation . The space remaining
between the Rodofoam and the rock was filled with concrete
backfill . The finished cylinder wall is 4 .5 feet thick and rises
127 feet above the top of the containment foundation mat .

The containment dome is a hemisphere with an inside radius of 63
feet . Rebar was placed in a pattern of arced spokes extending in
two layers from the center of the dome outward to connect with the
rebar in the cylinder wall . Structural concrete was poured for the
dome in the same manner as for the mat and cylinder wall . The
inside form for concrete placement was the steel liner . The
concrete dome is only 2 .5 feet thick rather than 4 .5 feet thick as
in the cylinder wall .
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Steel liner

Erection of the steel liner began after completion of the
containment foundation mat . The liner completely envelops the
interior of the concrete structure to form a gastight membrane . It
is constructed of two types of steel: ASTM SA-573, Grade B,
quenched and tempered, is used for the first 28'-5" above the mat ;
and ASTM SA-516, Grade 60, fine-grained and normalized, i s used for
the rest of the cylinder, mat and dome lining . The liner is
anchored at close intervals to the inside of the concrete structure
for support and for transfer of loads . It is important to note
that the liner does not perform any direct structural function ; all
loads are ultimately born by the concrete structure . The
dimensions of liner thickness are as follows :

1 .

	

0 .25-inch thick on the containment foundation mat,

2 .

	

0 .375-inch thick on the cylinder wall,

3 .

	

0 .5-inch thick on the dome, and

0 .75-inch thick under the in-core instrumentation area
and sump area .

4 .

All seams on the liner are double butt welded . Non-destructive
testing, including 100 percent radiography, was performed on all
welds . A leak test channel was welded to the back of each seam so
that weld leaktightness could be verified as construction
progressed . These test channels were connected in zones and capped
in place so that they could be used to locate a leak if one were to
occur after the plant was placed in operation .

The liner was designed in accordance with the ASME Boiler and
Pressure . Vessel Code, Section III, Nuclear Vessels, with Code
Addenda through summer 1969 . Consequently, no welding directly to
the liner is allowed without special written procedures . There are
steel insert plates on the liner with additional concrete anchors
which have had brackets welded to them, primarily for the support
of Quench Spray System piping and spray headers/rings .

Interior structures

The steel liner on the foundation mat is covered with a concrete
surface that is generally 2 feet thick, sloped for drainage toward
the sump . The purpose of the concrete mat covering is to protect
the mat liner from damage which might be caused by internally
generated missiles or dropped equipment . This concrete protection
does not exist in two areas, beneath the in-core instrumentation
and the sump, and that is why the steel liner is thicker in these
areas .
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Rising above the concrete mat covering are a number of reinforced
concrete walls, all of which perform three major functions :

1 .

	

equipment structural support ;

2 .

	

biological shielding, to permit personnel entry during
reactor operation ; and

3 . missile shielding, to protect the steel liner from
puncture by internally generated missiles .

The first such wall inside the Containment Structure is the crane
support wall . This wall is 2 feet thick and provides biological
and missile shielding from the concrete mat covering at elevation
216' to the bend line at elevation 342' . The polar crane rests on
top of this wall . The annulus space between the crane support wall
and the steel liner houses cable trays, piping, and ducting . The
annulus is serviced by a 5-ton monorail hoist and by several levels
of grating that are accessible by ladders from the operating floor .
Walls interior to the crane support wall are arranged to form
equipment support cubicles for major components : three steam
generator/reactor coolant pump cubicles and the pressurizer
cubicle. Common walls of these cubicles enclose the reactor vessel
and form part of the refueling cavity . To shield the containment
dome from missiles generated by the failure of a control rod drive
mechanism, a 2-foot thick removable reinforced concrete shield plug
with a steel plate on the lower side covers the reactor vessel when
the plant is in operation .

All interior concrete surfaces and the steel liner are covered with
special epoxy coatings to prevent corrosion and to facilitate
decontamination in the event of a radioactive spill . These
coatings have been tested to prove their adherence during and
following DBA conditions . The refueling cavity and the fuel
transfer . canal are lined with 0 .25-inch stainless steel plate which
is not coated .

Access penetrations

Access penetrations include the personnel air lock, the equipment
hatch, and the emergency personnel escape lock .

The personnel air lock primary point of entry and exit for the
Containment Structure . It is located on the west side of the
Containment Structure at elevation 291'-10" between Containment and
the Auxiliary Building . The lock was fabricated in accordance with
ASME Boiler and Pressure Vessel Code, Section III, Class B, Nuclear
Vessels, 1968, and bears the 'N' stamp . Additional rebar and
anchors were placed in the concrete surrounding the lock for
support . The lock is welded to the steel liner . Provisions are
made for periodic leak-testing of the lock .
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This 7-foot diameter penetration has a hinged closure head (door)
inside Containment (the interior door) and one outside Containment
(the exterior door) . Both doors are sealed to the lock with sets
of double O-rings . The space between the O-rings can be
pressurized for leak-testing . The doors . are electrically
interlocked so that only one door may be opn at a time (the
electrical interlock is part of the hydraulic operating system
discussed in the following paragraph) . The exterior door is opened
and closed manually . The interior door is opened and closed
hydraulically and may be closed from inside or outside Containment .
Integral to door operation is the operation of two hydraulically
operated equalizing valves mounted in the interior of the lock .
Prior to opening the inside (outside) door, its associated
equalizing valve is opened to equalize air pressure inside the lock
with air pressure inside (outside) Containment . The rate of air
pressure change inside the lock is limited to 1 psi per minute .

Each door is held closed by a hydraulically operated rotating
locking ring. Hydraulic power is normally supplied by a 6-GPM
positive displacement pump mounted on top of a 10-gallon oil
reservoir, located inside the air lock . The pump is driven by a
125 VDC 5 .8 HP electric motor . The pump is started and controlled
by electric push-button stations, with door position indication and
interlocks, located inside and outside the lock . The hydraulic
power performs three functions :

1 .

	

equalizes valve operation,

2 . rotates door locking ring, and

3 .

	

operates interior door .

In the event of an electrical failure, these functions can be
performed by hydraulic hand pumps . There are four hand pumps, one
interior, and one exterior to the lock for each door .

In the center of each door is an 18-inch diameter, manually
operated emergency escape hatch . Each emergency escape hatch has
a chain-driven equalizing valve . The emergency escape hatches are
not interlocked to each other or to the main doors .

The largest penetration to the Containment Structure is the
equipment hatch located on the south side of Containment at
elevation 291'-10" . This opening in the containment wall is 14
feet, 6 inches. It is covered on the inside by a single steel
closure head with a removable emergency personnel escape lock and
protected on the outside by a concrete missile/radiation shield .
The equipment hatch is sized to permit removal of any component
from the Containment Structure except the reactor vessel, reactor
vessel head, or upper steam generator shells . The steel closure
head is sealed to the containment steel liner and to the emergency
personnel escape lock by sets of double O-rings . The space between
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the O-rings can be tested for leakage by pressurization to
containment design pressure (45 psig) . A monorail and chain hoists
are provided for movement of the equipment hatch .

The emergency personnel escape lock is a 2-foot, 6-inch interior
diameter air lock mounted in the equipment hatch . It is intended
for emergency egress from Containment when the personnel air lock
is inoperable or inaccessible . The design of the emergency
personnel escape lock is similar to the personnel air lock . The
emergency personnel escape lock doors are manually operated by a
handwheel and gear-driven system . The doors are mechanically
interlocked to prevent both being open at the same time . The
mechanical interlock can be overridden by removal of part of the
gear train when containment integrity is not required . The
equalizing valves on the emergency personnel escape lock are chain-
driven from the door operating system . The rate of change of air
pressure in the lock is controlled by the operator . The position
of each door is mechanically indicated at the handwheel stations .
The emergency personnel escape lock must be removed from the
equipment hatch before the equipment hatch can be opened . The
emergency personnel escape lock is removed by installing beneath it
a cart that rides on v-tracks, disconnecting the swing-bolts that
hold the lock to the equipment hatch, and rolling the lock out of
Containment .

During construction of the plant, a dome ventilation opening was
made in the top center of the Containment Structure . After
completion of construction, this penetration was closed by welding
on the inside of the steel liner and protected on the outside of
Containment by a poured concrete plug .

Piping penetrations

All piping penetrations are constructed of steel in accordance with
the Nuclear Power Piping Code, USAS B31 .7-1969 . All welds are full
penetration welds, subjected to 100 percent radiography . There are
two basic types of piping penetrations : unsleeved and sleeved .
The fuel transfer tube is discussed as a special sleeved
penetration .

The unsleeved piping penetration is designed for single pipes which
carry cold (less than 1500F) fluids . The pipe is welded to the
containment steel liner to continue the gastight membrane, and it
is welded to reinforcement plates embedded in the containment
concrete for structural support .

The sleeved piping penetration is designed for multiple pipes
(typically instrumentation tubing) or single pipes which carry hot
(greater than 150°F) fluids . The sleeve is welded to the
containment steel liner to continue the gastight membrane and is
welded to reinforcement plates embedded in the containment concrete

NAPS IPE

	

A-74

	

12-15-92



f or structural support . The pipes) is (are) welded to the sleeve .
The sleeved penetrations for pipes carrying hot fluids are
insulated and cooled to reduce the deleterious structural effects
of elevated concrete temperature . There are two coolers on each of
these penetrations : one is full length and located below the
sleeve and pipe ; and the other is part length and located outside
the sleeve, close to the liner . Cooling water to both coolers is
furnished from the containment side so that no extra penetrations
are required for cooling . Cooling water comes from the Component
Cooling System, as the primary source, and from the Service Water
System as the alternate source .

The fuel transfer tube penetration design is similar to a sleeved
piping penetration . The purpose of the fuel transfer tube. i s to
facilitate the movement of reactor fuel assemblies between the
refueling cavity in the Containment Structure and the spent fuel
pit in the Fuel Building . Since each end of the sleeve is anchored
to a different building, several bellows assemblies are used to
allow for movement between the buildings and for thermal movement .

Electrical penetrations

Electrical penetrations employ two basic design concepts for
leaktightness : canister and compression fitting . With both
designs, a sleeve is welded to the containment liner for
continuation of the gastight membrane . A leak test channel is
welded to the liner and sleeve. The sleeve is flanged at both
ends .

Type V medium voltage penetrations for 4160 volt cables employ the
canister design mounted in a 12-inch diameter sleeve . A leaktight
cylinder with internal stiffeners for supporting the conductors is
welded to a 12-1-inch flat-faced flange. Three conductors penetrate
the canister flange and canister . The canister flange is bolted to
the sleeve flange on the Cable Vault side and is sealed to the
sleeve flange with a set of double O-rings . The canister is
normally pressurized with dry nitrogen to 15 psig . A pressure gage
is provided to detect leakage from the canister . A tap is provided
to periodically test for leakage from the space between the 0-
rings . The canister is bolted to the containment side flange for
structural support (not as a barrier to leakage) .

All other penetrations types (type 1 instrumentation and control,
type II low voltage power, type III nuclear instrumentation, and
type IV thermocouples) use the compression fitting design . On
these types of electrical penetrations, a bolted flat-faced flange
is sealed to the 6-inch sleeve flange on the Cable Vault side with
a double set of O-rings . A number of holes are drilled in the
flange face and tapped with NPT threads . A compression fitting
seals between the flange face and a feedthrough assembly . The
feedthrough assembly is fabricated by drilling holes slightly
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larger than the conductor diameter in cylinders of polysulfone (a
radiation-resistant plastic with a high dielectric constant) of
approximately 1-inch lengths . Solid copper conductors are then
inserted in the drilled polysulfone cylinders, and the entire
assembly is sheathed by a stainless steel tube . The completed
assembly is turned in a special lathe which seals the polysulfone
cylinders to each other and to the conductors . A small hole is
drilled in the stainless steel tube near one end of the feedthrough
assembly . That hole lines up with a similar hole in the
compression fitting and a machined canal in the flange. The
machined canal from each feedthrough assembly converges on one
common tapped hole containing a pressure gage and fill assembly .
This space is normally filled with dry nitrogen pressurized to 15
psig, and the pressure gage is periodically monitored to detect
leakage from the feedthrough assemblies .

After a fire at Browns Ferry Nuclear Power Plant, in an area
similar to the North Anna Cable Vault, the Nuclear Regulatory
Commission (NRC) placed increased emphasis at all plants on fire
prevention and protection, and on the separation of cables carrying
redundant safety signals (see 10CFR50, Appendix R, for a licensing
description of the rules) . The insulation and jacketing covering
all cables in the Cable Vault is made of tested flame-retardant
material . The Cable Vault and the annulus area in containment have
fire detection and protection systems . To limit flame spreading,
all electrical penetrations are mounted 2 feet apart on centers,
and redundant safety channels are separated by at least one
penetration . The penetrations are protected from missile damage by
the cable vault structure on one side and by the polar crane
support wall on the other : side . On Unit 2, Design Change 81-S21B
backfitted secondary overload protection on all electrical
penetrations .' providing safety-related power . The secondary
protection, in the form of additional circuit breakers, fuses, or
protective relays, was necessary to ensure the mechanical integrity
of the electrical penetrations in the event of a short circuit .

A.9 ELECTRICAL POWER DISTRIBUTION SYSTEM

The Electrical Power Distribution System is divided into two parts,
the Emergency Electrical (EE) Distribution System and the Normal
Electrical Power (EP) Distribution System . The Emergency
Electrical Power Distribution System provides AC and DC power to
safety related components . The normal electrical power system
provides AC power to non safety related components . The Normal
Electrical Power System receives its electricity from off site
transmission lines or from the Unit 1 or 2 main electrical power
generators . The Emergency Electrical Power System receives its
electricity from the Normal Electrical Power System or from
emergency diesel generators .
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A .9 .1 Emergency Power System

The Emergency Electrical Power at Unit 1 consists of two 4160 V
buses, four 480 V buses, eleven 480V motor control centers, four
120 VAC vital instrumentation buses, four 125 VDC buses, two
dedicated diesel generators, and their associated breakers,
transformers, uninterruptible power supplies, and batteries . The
EE System at Unit 2 is symmetric to Unit 1 .

The following description applies to the EE System at Unit 1 .
Since the EE System is symmetrical to Unit 2, the description is
equally applicable with the appropriate change of designator (2H
for 1H, 2J for 1J) . Each 4160 V bus is normally powered from the
switchyard . Upon loss of offsite power the supply breakers open,
the diesel generators start and their associated EDG output
breakers close to load the diesels on the emergency buses . North
Anna Power Station has four emergency diesel generators, one
dedicated to each 4160 V emergency bus . Each diesel is a self
contained, self cooled unit with its own air system and battery for
control power and generator field flashing. The diesel battery is
independent of the station batteries . The 4160 V buses provide
power to the large pumps such as the HHSI, LHSI, and AFW pumps .
The 4160 V stub buses each power one CC and Residual Heat Removal
pump. The stub bus is shed on undervoltage on the main bus and
must be reloaded by the operator .

The 1H 4160 V bus feeds two 480 V buses (1H and 1H1) through
separate transformers . The 1H1 480 V bus is primarily used to
power small pumps and an MCC . The 1H 480 V bus feeds five motor
control centers (MCCs) . MCC 1H1 provides power to three
uninterruptible power supplies used to charge the DC batteries, and
power to-the 1=I and i-II 120 VAC vital instrumentation buses . The
1J buses have a similar arrangement .

The 125 VDC bus provides control power to the switchgear for the
pumps powered from the 4160 V buses . The 125 VDC buses are powered
from a 480 V bus, as noted above, and in the event of loss of the
AC power source, is powered from DC battery .

A simplified electrical diagram of the Emergency Electrical System,
including the relevant portions of the uninterruptible power
supply, is included in Figure A .9 .1 .

A .9 .1.1 Emergency Electrical Buses and MCCs

4160 V emergency buses

The 4160 V emergency buses 1H and 1J are located along the south
end of the Unit 1 Emergency Switchgear and Relay Rooms on the 254
foot elevation of the Service Building . The emergency buses are
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color coded orange for bus 1H and purple for bus 1J and are
separated by a cement wall .

The 4160 V emergency buses are physically divided into two *panels .
Each panel consists of cubicles that house various breakers and are
arranged to form a passageway between the two panels . Air circuit
breakers (ACB) 15H12 and 15J12 are called stub bus breakers . They
connect a short bus, called the "stub bus," to the main bus bars in
the emergency panels . On emergency bus 1H, the stub bus consists
of the breaker cabinets for ACB 15H13, 15H14, and 15H15 . The 1J
stub bus consists of only two breaker cabinets, ACB 15J13 and
15J14 . The purpose of the stub bus is to provide a quick reduction
in the amount of load on the bus in a degraded bus voltage
situation . By having the stub bus breaker open to de-energize the
loads on the stub bus, each load breaker does not require degraded
voltage protection. The stub bus breaker is tripped and locked out
when a containment depressurization actuation signal exists .

The Unit 2 4160 V 2H and 2J buses can be interconnected by a
breaker that is normally removed from its cubicle, located on the
H bus . The ability to interconnect the two emergency buses
provides a second source of power to an emergency bus if the normal
source (and diesel) is not available . This breaker is under strict
operational supervision of the station's supervisory staff to
prevent inadvertent interconnection of the two emergency trains and
is provided for maintenance purposes only . The Unit 1 emergency
bus tie breaker has been removed because the alternate source
breakers to normal buses 1B and 2B provide the second source of
power to each emergency bus .

480 V emergency buses

The 4160 V emergency buses provide power to four 480 V emergency
buses : 1H, 1H1, 1J, and 131 . The 480 V emergency buses 1H and 1J
are located north of their respective 4160 V bus in the Unit 1
Emergency Switchgear and Relay Rooms . The 480 V emergency buses
1H1 and 1J1 are located in the Rod Drive Room on the 280-foot level
of the Auxiliary Building . Each of the 480 V buses houses its own
4160/480 V transformer and some major load breakers .

Emergency motor control centers

The MCC panels provide for the distribution of power to various 480
V loads . There are four MCCs associated with the H train and three
associated with the J train . The MCCs are located in the Emergency
Switchgear Room, the Cable Vault, and the Service Water Pump House .
MCC 1H1-2 and 1J1-2 are divided into two panels that are physically
back to back . 'As a result of their physical arrangement, each
panel has a north and south side and the designations 1H1-2N (1J1-
2N) and 1H1-2S (1J1-2S) are used .
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Semi-vital and vital buses

There are three 120 to 240 VAC semi-vital buses and four 120 VAC
vital buses located in the Main Control Room (MCR) area . These
buses are constructed like a typical lighting panel . Each load has
a light switch-type circuit breaker with an ON/OFF position and
trips to a middle position on an electrical fault . The four vital
buses are color coded as follows :

1. vital

2 . vital

3 . vital

4 .

	

vital

bus 1-I

	

red

bus 1-II

	

white

bus 1-III

	

blue

bus 1-IV

	

yellow

There are four 125 VDC panels located along the north wall of the
Unit 1 Emergency Switchgear and Relay Rooms . Each panel is
connected to an associated station battery and provides for
distribution of DC power for breaker controls . Each 125 VDC panel
is color coded the same as the respective vital bus that is
supplied from the DC panel . The circuit breakers are of the
molded-case type suitable for 125 VDC two-wire service. Each
circuit breaker has thermal and magnetic trip elements . The
instantaneous magnetic elements are set to trip at ten times the
current rating of the breakers . Thermal trips in the DC pump
breakers are omitted .

Each 125 VDC cabinet is supplied with a noninterrupting testing
system for_ ehch breaker whose rating is not over 100 amperes .
Testing is achieved by replacing sources for each load by means of
a 100 ampere, normally open test circuit from an adjacent cabinet .
Test jacks are then used between the test circuit breaker and each
branch circuit breaker to be tested. A positive and negative white
light is used to indicate a ground on one of the two phases . A
test circuit connection is provided between panels 1-I and 1-II,
and panels 1-III and 1-IV . Each switchboard can be used as a test
supply to the other, as required . Key interlocks are provided to
prevent the simultaneous closing of both test breakers . Grounds on
all breakers greater than 100 amperes can be found by process of
elimination .

A .9 .1 .2 125 VDC Distribution System

Battery chargers

The battery chargers provide 125 VDC to the 125 VDC buses and
maintain the 125 VDC batteries at full charge .

	

The battery
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chargers are located in the Emergency Switchgear and Relay Rooms on
the 254 foot level of the Service Building . The chargers are
designed to produce a constant output voltage of 132 VDC over a
current range of 0 to 250 amperes with a ripple voltage of less
than 50 millivolts . Nominal output current is 225 amperes . Above
275 amperes (110 percent of rated current) the chargers become
current limiting .

Each normal battery charger supplies power to one 125 VDC panel .

1 .

	

Normal battery charger 1-I supplies 125 VDC panel 1-I .

2 .

	

Normal battery charger 1-II supplies 125 VDC panel 1-II .

3 . Normal battery charger 1-III supplies 125 VDC panel
i-III .

4 . Normal battery charger 1-IV supplies 125 VDC panel 1-IV .

Two swing battery chargers supply power to one of two 125 VDC
panels .

1 .

	

Swing battery charger 1C-I supplies 125 VDC panel 1-I or
1-II .

2 . Swing battery charger 1C-IV supplies 125 VDC panel 1-III
or 1-IV .

Key interlocked circuit breakers prevent the swing battery chargers
from providing power simultaneously to both of its associated
panels . The battery chargers are designed to operate in parallel
if requires. The battery chargers receive 480 V input power from
the two safeguard trains . MCC 1H1-4 supplies input power to :

1 .

	

normal battery charger 1-I,

2 . swing battery charger 1C-I, and

3 . normal battery charger 1-II .

MCC 1J1-1 supplies input power to :

1 . normal battery charger 1-III,

2 .

3 .

swing battery charger 1C-,iv, -'and

normal battery charger 1-IV .

The battery chargers are designed to supply output voltage within
1 percent of the setpoint voltage over the full current output
range, as long as the input voltage variation is within 10 percent
and the input frequency is within 5 percent .
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Each battery charger receives 480 V input power through an AC
supply breaker . The AC supply breaker is controlled from the front
of the battery charger panel and provides isolation of the charger
power circuit from the AC source and protects the charger against
damage from internal faults .

The AC breaker feeds a power transformer that isolates the AC and
DC circuits, steps down the AC voltage, and supplies the AC to DC
converter from its secondary windings . Conversion of AC to DC
occurs in the silicon controlled rectifier (SCR) section of the
charger . The SCR section consists of three phase-controlled SCRs
and three diodes arranged to form a six-phase bridge rectifier .
Control of the bridge rectifier is accomplished by the control
amplifier. The control amplifier senses output DC voltage and
compares it to a reference signal . The resulting error signal is
used to control the output of the output DC voltage by varying the
firing angle of the SCRs . The SCRs remain in a non-conducting
condition until they have been activated by a signal from the
control amplifier . If the gating signal appears later in each half
cycle, the conduction interval for the bridge is reduced and, as a
result, the output DC voltage is lower .

The control amplifier also contains a current limiting transformer .
As the output current increases above 110 percent, the current
limiting transformer takes over control of the SCRs and operates to
maintain a constant output current . During a constant output
current operation, the output voltage decreases as any additional
DC load is applied .

Each battery charger supplies 132 VDC output power through a DC
breaker during the normal float battery charge and 139 .8 VDC during
an equalizer battery charge . The DC breaker is controlled from the
front of the battery charger panel and protects the charger against
internal faults . It also allows connecting/isolating the
associated 125 VDC panel and battery .

Batteries

There are four 125 VDC, 60-cell, lead calcium batteries per unit .
Each battery is contained in an individual, missile-protected room
with its own ventilation fan . Battery Rooms 1-I and 1-III are
located in the Unit 1 Cable Tray Rooms on the 294-foot elevation of
the Service Building ; and Battery Rooms 1-II and 1-IV are located
in the Unit 1 Emergency Switchgear and Relay Rooms . Each room
contains two smoke detectors and a temperature detector .

Each battery consists of 60 lead-acid battery cells . Each cell has
a typical voltage of 2 .17 to 2 .25 volts . The 60 cells are arranged
in series to produce a total battery output voltage of 125 VDC .
Each cell has 12 negative plates and 11 positive plates . The
positive plates are electrically arranged in parallel and hang from
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a bridge . The negative plates are also electrically arranged in
parallel, but they are supported from the bottom . A microporous
rubber separator is placed between each positive and negative plate
to prevent any physical contact between them .

Each battery cell is contained in a sealed, heat-resistant, shock-
absorbent, clear plastic jar . The use of clear plastic allows
quick visual checks of electrolyte level in the cells . A high
electrolyte level can lead to a loss of electrolyte during an
equalizer charge, and a low level can lead to plate damage . The
plates in each cell are made of lead calcium alloy . Each of the
battery cells is sealed to prevent entry of dirt or other foreign
material and to reduce evaporation of the electrolyte . Distilled
water is added as required to maintain electrolyte level . Each
cell cover has a ceramic dome to allow built-up gases to escape .
Sediment space is built into the cell jar to accommodate the
accumulation of sediment for the lifetime of the cell . The typical
specific gravity for a fully charged battery at 77°F is 1 .210 .

Battery capacities are rated on an ampere-hour basis (their ability
to deliver a certain number of amperes for a specified number of
hours before the cell voltage drops to a specified minimum value) .
The station batteries are rated at 225 amperes for an 8-hour period
or 1800 ampere-hours . During discharge, every battery has a
minimum or final cell voltage at which the battery no longer
produces any useful power . The minimum or final cell voltage for
the station batteries is 1.75 volts (total battery voltage of 105
VDC) . Battery capacity is measured periodically under the Periodic
Test (PT) program .

A.9 .1 .3 - .120 •SAC Distribution System

static inverters

The vital AC power system consists of four separate vital bus
panels, each fed independently from an associated 125 VDC/120 VAC,
single-phase static inverter . Each inverter's output is rated at
a nominal voltage of 118 VAC (+3 .02/-2 .98 percent at 60 cycles per
second ±1/2 a cycle per second for any input between 105 and 140
VDC) . Static inverter 1-I is rated at 20 kilovolt-amperes (kVA) ;
while inverters 1-II, 1-III, and 1-IV are rated at 15 kVA . Vital
bus 1-I has a greater total load requirement than the other three
vital buses because it supplies_ power for the Control Room
Annunciator System . The static inverters are located in the
Emergency Switchgear and Relay Rooms .

The inverters are connected to the batteries that are continuously
float charged by the battery chargers . Therefore, the effective
power sources for the inverters are the 480 V emergency buses .
Should effective power source to any battery charger fail, the

NAPS IPE

	

A-82

	

12-15-92



inverter is automatically fed from its associated station battery
without disturbing the vital bus voltage or frequency . Each
inverter has an input and output breaker located at the base of the
inverter panel for taking the inverter in and out of service . The
inverters are air-cooled by an internal fan . Malfunction of a fan
can be detected by an inverter trouble alarm .

The 120 VAC inverter output is developed by alternately switching
the polarity of the DC input voltage across a power transformer,
thus producing an AC power wave form . Filtering of this wave form
produces a sinusoidal AC output . The required switching functions
are performed by four silicon controlled rectifiers, which are
switched on and off by properly timed logic signals . Filtering
action is accomplished by a circuit that blocks harmonic voltages
and shunts harmonic currents but passes the fundamental 60-cycle-
per-second sine wave .

When starting a static inverter, a pre-charge button is depressed ;
and, after a short period of time, a red pre-charge light
energizes . Pre-charge allows the incoming DC voltage to bypass the
local breaker and to charge the filtering capacitors in the output
circuit . The local input breaker must never be shut until after
the capacitors are fully charged . Shutting the breaker without
previously charging the capacitors results in large current surges,
breaker overcurrent trip, and possible circuit damage . When the
inverter is first placed on the line, it starts up at 120 cycles
per second and makes a high-pitched whine . Within a moment, the
output is reduced to 60 cycles per second and the familiar 60-cycle
hum is heard .

The Unit 2 Appendix R distribution panel can be powered from static
inverter- 1-I : The panel supplies power to the Unit 2 ex-core
neutron flux monitors and auxiliary monitoring panel . Prior to
energizing the Appendix R panel from inverter 1-I, vital bus 1-I is
transferred to the transformers and the disconnect switch in the
Emergency Switchgear Room is opened . The disconnect prevents
cross-connecting Unit 1 and Unit 2 power sources .

Transfer switches

There is one two-position,_ manual transfer switch for each static
inverter . The transfer switches for static inverter 1-I and 1-II
are located in the Unit 1 MCR Computer Room, and the switches for
static inverter 1-III and 1-IV are located in the Unit 1 Logic
Room. When the transfer switch is in the inverter to load
position, the inverter supplies 120 VAC power to its respective 120
VAC vital bus . In the alternate source to load position, power is
provided to the vital buses from the 480 V emergency buses through
voltage regulating transformers . If the respective static inverter
is deenergized, a mechanical pin is erected to physically block the
transfer switch from being placed in the inverter to load position .
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After the inverter is re-energized, the pin retracts and the
operator may operate the transfer switch . An AC alternate source
circuit breaker is provided on each transfer switch for local
isolation .

480/120 V transformers

Voltage regulating transformers fed from 480 V emergency buses are
provided to supply 118 VAC ±2 percent power to the vital buses in
the event either an inverter fails or is undergoing maintenance .
Vital buses 1-I and 1-II can be powered from MCC 1H1-4 through two,
parallel, 10 kVA transformers . Vital buses 1-III and 1-IV can be
powered from MCC 1J1-1 through a single 15 kVA transformer .
Because of the power requirements of the vital buses, only one
vital bus per train may be placed on the transformers at a time .
The transformers are located in the Emergency Switchgear and Relay
Rooms .

A.9 .1.4 Emergency Electrical System Logic Model

The Emergency Electrical System is a support system that interfaces
with almost all front line safety systems and support systems . The
events identified for the Emergency Electrical System represent the
modeled interfaces of the Emergency Electrical System with the
system requiring electrical power . These interfaces were modeled
to the Motor Control Center level . The following buses and MCCs
are included in the Emergency Electrical fault trees :
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4160 V Bus
	 4160 V Bhs

1H
1J
Bus
Bus

1H
1J

4160 .V Stub
4160 V Stub
480 .V Bus lH
480 V Bus 1H1
480 V MCC 1H1-1
480 V MCC 1H1-2
480 V MCC 1H1-2N
480 V MCC 1H1-2S
480 V MCC 1H1-3
480 V Bus 1J
480 V Bus 1J1
480 V MCC 1J1-1
480 V MCC 1J1-2
480 V MCC 1J1-2N
480 V MCC 1J1-2S
480 V MCC 1J1-3
120 VAC Vital Instrumentation Bus 1-I
120 VAC Vital Instrumentation Bus 1-II
120 VAC Vital Instrumentation Bus 1-III
120 VAC Vital Instrumentation Bus 1-IV



A.9 .1 .5 Fault Tree Analysis

Dependency matrices for the Emergency Electrical Distribution
System are shown in Table A.9-1 . The Emergency Electrical
Distribution System was modeled as a support system for various
components, and as such does not have success criteria . For
simplicity, in the event of a blackout event trees, electric power
from Unit 2 was modeled as a function on the event tree rather than
a support system . The success criterion was simply availability of
diesel generator 1J .

The notes and assumptions used to develop the electric power fault
trees follow. The fault tree for each 4160 V emergency bus is
presented at the end of the section .

Emergency Power Distribution Fault Tree Assumptions

1 . The normal electrical power supply for all emergency buses is
from offsite power through the Reserve Station Service (RSS)
transformers and transfer buses . It is assumed that if either
breaker between the transfer bus or emergency bus spuriously
opens or if power is lost to the transfer bus, then the normal
supply power has failed and can not be recovered through this
distribution path .

2 . The primary method to recover the 4160 V emergency buses is by
using the EDGs. Loss of the normal power supply, offsite
power, to an emergency bus is automatically recovered by the
degraded/undervoltage protection circuitry which opens the
normal supply breakers, starts the EDG and closes the diesel
output breaker . Failure to perform these actions is included
in the EDG start failure rate . Manual start of the diesel if
automatic start fails was included in the EDG fault trees .

3 . Restoration of a 4160 V emergency bus if the normal supply
path and the EDG have failed is possible by manual operator
action which cross ties the emergency bus to other buses which
are energized . The procedure for restoring power to the bus
and the corresponding HEP basic event is HEP-OAP19 . This
procedure provides details of how to restore an emergency bus .
It is assumed that these procedures will be revised to include
the Alternate AC power supplies when the design change is
completed .
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125 VDC Bus 1-I
125 VDC Bus 1-II
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A.9 .2 Normal Electrical Power System

The Normal Electrical Power System consists of switchyard buses,
transfer buses, station service buses and intake structure buses .
The switchyard buses (500 and 34 .5 kV) receive power from the
off site transmission lines and the Unit 1 and* 2 main electrical
power generators . Three transfer buses connect the switchyard to
the emergency buses and to the station service buses . Each unit
has three station services 4160 V buses and supply electrical
distribution to 480 V and 120 VAC buses . The station service buses
receive power from the switchyard through the transfer buses or
through the line connecting the main generator to the switchyard .
The CW intake structure has two 4160 V buses which supply power to
480 V then to 120 VAC buses .

A .9 .2 .1 Normal Electrical Buses and MCCs

The electrical buses and motor control center (MCC) distribution
panels are metal enclosures that contain the buses, circuit
breakers, instrument transformers, meters, and relays and provide
safety for operating personnel .

Transfer buses

Transfer buses D and E are located in the Unit 1 Switchgear Room in
the Service Building at elevation 307 feet, 3 inches . Transfer bus
F is located in the Unit 2 Switchgear Room and is physically
separated from D and E by the wall that separates the Unit 1 and 2
Switchgear Rooms . Each transfer bus has breakers that connect the
bus to the-following :

1 .

	

an RSS transformer,

2 . a bus tie to the associated normal 4160 V bus, and

3 . an emergency bus (two emergency buses for transfer bus
F) .

A .9 .2 .2 Normal Electric Power System Logic Model

The key components which receive electrical power from the Normal
Electrical Power System are large 4160 V pumps such as the Reactor
Coolant (RC) , Main Feedwater (MFW) , Condensate (CN) and Circulating
Water (CW) pumps . The major 4160 V and 480 V buses were included
in the fault tree models . The unavailability of buses not included
in the model can be approximately by selecting a bus which
corresponds to the desired bus .
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The Normal Electrical Power Supply was included in the NAPS PRA to
show the support system dependencies it provides to the Emergency
Electrical Power Supply . The EP system model also allows studying
the reliability of non Technical Specification required equipment .

The following buses are included in the EP fault trees :

A.9 .3 Degraded and Undervoltage Protection

To alleviate potential low-voltage profile conditions of the vital
and Emergency Electrical Distribution System during an SI or CDA,
there is a load-shedding scheme . When initiated, load-shedding
sends tripping signals to specific pieces of equipment based on the
position of a "unit startup" switch . The tripping signal trips
specified running equipment and defeats the auto-start capability
of nonrunning equipment .
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Load-shedding ensures sufficient power supply capacity and voltage
levels for emergency equipment . The equipment that is affected
upon initiation of load-shedding is as follows :

1 . All circulating water pump loads automatically trip and
lock out during an SI signal if breaker 15G10 is closed .
A push-button reset is located on safeguards panel, train
B to reset the lockout circuit after the SI signal
resets . A G BUS LOAD SHED alarm (window 1D-G5) actuates
to inform the operator that the circulating water pumps
have been tripped .

2 . The 34 .5 kV shunt reactor banks automatically trip and
lock out during an SI signal . The master trip relay can
be reset after the SI signal is reset .

P
3 . The load tap changers for the RSSTs are given a signal to

provide instantaneous voltage correction upon the
occurrence of an SI signal on either unit .

4 . Automatic starting of the component cooling and bearing
cooling pumps is blocked for 30 seconds after initiation
of the SI signal and 240 seconds after a CDA signal . The
blocking circuit resets automatically .

5 . Automatic starting of the steam generator feed pumps is
blocked for the duration of the SI signal .

6 . Automatic starting of the condensate pumps is blocked for
30 seconds after. an SI signal and 240 seconds after a CDA
signal. The blocking circuit must be reset manually
.after the required time .

7 .' If unit bus 2A is being supplied from the RSSTs, the high
and low pressure heater drain pumps powered from that bus
are tripped and locked out during the occurrence of a
Unit 1 SI or CDA .

8 . If unit bus 2B is being supplied from the RSSTs, the high
and low pressure heater drain pumps, feedwater pumps, and
condensate pumps powered from that bus are tripped and
locked out during the occurrence of a Unit 1 SI or CDA .

The Vital and Emergency Electrical Distribution System receives
offsite power from the three RSS transformers during normal plant
operations . The RSS transformers are three-phase, step-down, 34 .5
kV to 4160 V transformers and are located west of the intake
structure . RSS transformers A and B provide power to emergency
buses 1J and 2H through transfer buses D and E . RSS transformer C
provides power to emergency buses 1J and 2H through transfer bus F .
The cables from RSS transformer C are kept separate from those of

NAPS IPE

	

A-88

	

12-15-92



A and B to minimize the possibility of a single accident causing
the loss of both emergency trains for either unit .

A .9 .4 Breaker Operation

4160 V breakers

Each circuit breaker is housed in a cubicle totally enclosed by
metal . Access to a breaker is via a metal door that has several
retaining screws to hold it closed . All retaining screws are to be
fully engaged at all times when the door is closed . The door is
opened only when the breaker is to be removed from the cubicle . It
is never opened when the breaker is being cycled or moved from one
position to another .

The majority of 4160 V breakers are controlled remotely . A few
breakers, such as the stub bus breakers and minor distribution
breakers, are only controlled locally . Each breaker is provided
with a local handswitch. If the breaker is remotely controlled,
the local handswitch will only operate when the breaker is in the
test position . Operation of the local handswitch on a remotely
controlled breaker has no effect while the breaker is in normal
service . For locally controlled breakers, such as the stub bus
breakers, the local handswitch operates the breaker .

Each breaker is controlled by a local or remote, two-position
(OPEN/CLOSE) handswitch . The breaker operates between the open and
close position by means of. two springs . The closing spring, which
moves the breaker from the open position to the closed position, is
the larger .of`the two . This ensures that the breaker can always be
closed (it open) with or without control power available . When the
handswitch is taken to either position, the breaker is unlatched
and the spring forces the breaker to switch positions . As the
breaker closes, the opening spring is compressed by the momentum of
the breaker. A motor then compresses the closing spring . As the
breaker opens, the opening spring provides the motive force for the
breaker operation and is left in the non-compressed state . The use
of the springs for breaker operation ensures that, on loss of DC
control power, every breaker may be cycled at least once .

Inside the breaker cabinet, each 4160 V breaker can be racked to
any one of the following four positions :

1 . connect - breaker fully racked in ; main and auxiliary
contacts fully engaged ;

2 . test - main contacts broken, but auxiliary contacts
remain engaged; breaker can be cycled, but no power is
delivered to the load ;
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3 .

	

disconnect - all contacts are disengaged ; breaker cannot
be operated and may be locked in position ;

4 . remove from cubicle - used to remove breaker from
cubicle ; breaker charging springs automatically discharge
as breaker is removed from this position .

To provide electrical safety during periods of maintenance, each
4160 V breaker has the following three interlocks :

1 .

	

racking screw interlock,

2 .

	

breaker'lock-open interlock, and

3 .

	

breaker closed interlock .

The racking screw interlock is a mechanical device that protrudes
around the racking screw . It must be rotated 45 degrees to allow
the racking screw to be turned . Before the racking screw
interlock can be turned to disengage from the racking screw, the
breaker must be tripped and the breaker lock-open interlock must
not be pulled out . Once the racking screw interlock is rotated,
the breaker cannot be closed . The racking screw interlock
automatically engages when the breaker is in the connect, test, and
disconnect positions .

The breaker lock-open interlock is operable in only the test and
disconnect positions . When pulled out, it performs the following
functions :

1 . Mechanically prevents the racking-screw interlock from
being disengaged, thus preventing the breaker from being
racked to any other position ;

2 . mechanically prevents the breaker closing ; and

3 . provides a means for placing a padlock on the breaker for
additional personnel safety while work is being done .

The breaker lock-open interlock cannot be pulled out when the
breaker is in the connect position, closed, or . when the racking
screw interlock is in the disengage position .

The breaker closed interlock mechanically prevents the racking
screw interlock from being turned and the breaker lock-open
interlock from being pulled out when the breaker is closed .

The 4160 V breakers are operated by 125 VDC power supplied by the
battery chargers under normal conditions and supplied by the
batteries under loss of power conditions . The power for the H bus
breakers comes from battery 1-I (2-I) and the J bus breakers are
powered from battery 1-III (2-111) . The batteries for the H and J
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buses are in locked rooms for security . Control power is fused by
two sets of fuses inside the breaker cabinets . One is for closing
power and the other is for trip power . The trip power fuses also
supply the indicator lights .

480 V breakers

The breakers in the 480 V Emergency Bus 1H and 1J panels operate
similarly to the 4160 V breakers described above . Each 480 V
circuit breaker in Emergency Bus 1H and 1J is housed in a cubicle
totally enclosed by metal .

The breakers have four positions that are identical to their 4160 V
counterparts, as follows :

1 .

	

connect,

2 .

	

test,

3 .

	

disconnect, and

4 .

	

remove from cubicle .

The 480 V breakers have three interlocks that are similar to the
4160 V breakers . The interlocks are :

1 .

	

racking screw interlock,

2 . breaker lock-open interlock, and

breaker closed interlock .

The racking screw interlock consists of a mechanical racking
window, which must be lifted to crank open the breaker . It cannot
be lifted when the breaker is closed, nor can the breaker be closed
when the window is lifted . When the window is lifted, the breaker
trip button also is engaged, causing the breaker to trip if it is
closed . The racking screw interlock automatically engages itself
and the window drops back whenever it is in one of the following
positions : (a) connect, (b) test, or (c) disconnect . Before the
racking screw interlock can be disengaged from the racking screw,
the breaker must be tripped and the lock-open interlock not pulled
out .

The breaker lock-open interlock is operable in the test, connect,
and disconnect positions . When pulled out, it performs the
following functions :

1 . mechanically prevents the racking-screw interlock from
being disengaged, preventing the breaker being racked to
any other position ;
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2 .

	

mechanically prevents the breaker from closing ;

3 .

	

provides a means for placing a padlock on the breaker for
additional personnel safety while work is being done .

In order to pull the breaker lock-open interlock out, the trip
button must be depressed . Also the breaker must not be closed and
the racking screw interlock must be engaged .

The breaker closed interlock mechanically prevents the racking
screw window from being opened and the breaker lock-open interlock
from being pulled out when the breaker is closed .

480 V MCC breakers

The 480 volt system is the highest voltage at which contactors can
be used to control power to loads . A contactor is a device which
uses an electromagnet to close primary electrical contacts .
Contactors are used in series with circuit breakers, but they are
damaged by attempting to interrupt fault currents . The 480 V MCC
breakers use contactors and are housed in a cubicle totally
enclosed by metal . Access to the breaker is via a metal door that
has several retaining screws to hold it closed . All retaining
screws are to be engaged at all times when the door is closed .
This door may be opened only for troubleshooting and/or for break
removal .

Each 480 V MCC breaker has two interlocks associated with it as
follows

breaker closed interlock - located within the breaker
control handle, the breaker door panel cannot be opened
when in the ON position ;

2 . breaker lock-open interlock - located within the breaker
handle, when the window in the control handle is opened
to allow the placement of a padlock, the handle no longer
moves ; the door cannot be opened and the breaker cannot
be closed . This interlock only works when the breaker is
off .

The breakers have three positions : ON, TRIP FREE, and OFF . The
breakers are provided with magnetic overcurrent protectors, which
mechanically trip the breaker on overload . When the breaker is
closed, power is supplied to the control circuit through the
control power transformer . The contactor can then be closed
manually or automatically, and remotely or locally as provided by
the control circuit .
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A .10 RESIDUAL HEAT REMOVAL SYSTEM

The Residual Heat Removal (RHR) System is a low pressure, low
temperature fluid system that is not used during power operations .
The system is designed to operate at pressures less than 450 psig
and at temperatures less than 350°F . The RHR System and Components
are rated for a maximum of 600 psig by design . The RHR system is
operated during plant cooldowns after Reactor Coolant System (RCS)
pressure and temperature are within the RHR System limitations .
The system is also operated after the cooldown until the subsequent
plant heatup approaches the system limitations . By procedure, the
RHR System is not placed in operation until the RCS is less than
418 psig and 320°F . The primary purpose of the RHR System is to
remove decay heat energy, generated in the reactor core, during
plant cooldown and refueling operations .

A simplified schematic of the RHR system for those services
important for the PRA is shown in Figure A .10-1 .

A .10 .1 Major Components

Inlet isolation valves

The inlet to the RHR System is connected to the RCS at a 45° angle
on loop "A" hot leg . Two 14-inch, motor-operated gate valves (1-
RH-MOV-1700, -1701) isolate the RHR from the RCS when RHR is
secured. One of the valves (MOV-1700) is located in the loop room
for loop A ; the other is located outside the missile barrier on the
edge of the catwalk at the RHR flat (a separate mezzanine within
Containment)..* Each valve is a double-disk gate valve equipped with
a motor operator, similar to the loop stop valves . The valves have
a backseat which minimizes stem leakage with the valve in the open
position,. Any stem leakage is collected by the Primary Vents and
Drains'System and sent to the primary drain transfer tank (PDTT) .
The valves have a handwheel which allows manual operation in the
event the motor operator fails . The valves fail in the "as-is"
position . When the RHR System is shut down the feeder breakers to
the motor operators are locked in the open position to prevent
inadvertent closure due to a wide range pressure transmitter
failure or operator error .

The valves are controlled from the vertical board in the Main
Control Room (MCR) but are interlocked with pressure signals from
the RCS loop wide range pressure transmitters . The pressure
transmitters (1-RC-PT-1402 and -1403) provide an open permissive
signal to the valve control circuit and automatically shut the
valve if pressure exceeds preset values .
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R--HR Pumps

Two 300 HP pumps provide the motive force to circulate the coolant
through the RHR System . Both pumps are identical ; pump 1A is
described . Each pump has a suction and discharge manual isolation
valve (1-RH-9, -16) which allows isolation' of the pump for
maintenance . The pump also has a discharge check valve which
prevents backf low through a non-operating pump . The inlet piping
to the pump is protected from overpressure conditions by a relief
valve (1-RH-RV-1721A) which lifts at 467 psig and relieves to the
PRT . The relief valve has a capacity of 900 gpm . The capacity of
the relief valve is set to relieve the combined flow of all the
charging pumps at the relief setpoint . The relief valves also
relieve the maximum possible back-leakage through the RHR isolation
valves . The suction relief valves also provide RCS overpressure
protection in Modes 4 and 5, in the event that no pressurizer
safety valves are operable (see Technical Specification 3 .4 .2) .

The pump has a rated capacity of 4000 gpm at a design head of 225
feet and is located on the RHR flat . The pump has three major
sections : (a) the hydraulic section, (b) the seals and (c) the
motor . The single-stage hydraulic section of the pump is composed
of the pump casing and the impeller . The casing and impeller
translate the kinetic energy of the impeller into the water, where
the volute of the pump casing transforms the velocity head of the
coolant into pressure head . The pump discharges to the heat
exchangers with the discharge of the pump monitored by a local
pressure gage .

The seal section is composed of a mechanical seal and a seal
cooler . The mechanical seal is designed for zero leakage, thus an
external . cooling capability is provided to the seal . A seal
pumping ring attached to the pump shaft circulates coolant from the
seal to the seal cooler located on the side of the pump . Component
cooling water is supplied to the shell side of the cooler and
provides the cooling medium for the RHR coolant . The coolant
returns to the seal area where the it cools and lubricates the
seal . Any seal leakage is collected from the pump casing and flows
into a telltale drain which leads to a local floor drain .

The pump motor is a 300 HP, 4160 V squirrel cage motor powered from
an emergency bus (stub bus) . The motor operates at a full load
speed of 1773 rpm . The motor has a 120 W space heater and is self
cooled and ventilated during operation . The motor is controlled
from the vertical board in the MCR, with local operation capability
on the RHR pump breaker cubicle door, and is equipped with
temperature elements which monitor the temperature of the motor
stator, upper motor bearings and lower motor bearings . All the
components associated with the pumps are located near the pump on
the RHR flat .

NAPS IPE

	

A-94

	

12-15-92



A minif low recirculation line is provided to ensure that the pump
does not overheat or vibrate when the system discharge line is
isolated . A locked-open manual isolation valve (1-RH-48) is used
to establish the design flow through the line. The design flow
rate is 500 gpm ; however, in pre-operational testing the estimated
flow through the line with the valve full open (eight turns) was
only 200 gpm, which is considered satisfactory .

Because the RHR pumps have a common recirculation line, operating
both pumps simultaneously on recirculation may result in one pump
operating at shutoff head . Additionally, to preclude a reduction
in the pump operating lifetime, the time that an RHR pump is on
recirculation should be minimized .

The common discharge line of the pumps is equipped with a
temperature element (1-RH-TE-1604) which monitors the inlet
temperature to the heat exchangers . The line also has a pressure
transmitter (1-RH-PC-1602) which is used to annunciate a high
discharge pressure alarm in the MCR . Before the coolant reaches
the heat exchangers there is a 3/8-inch line which is used to
sample the RHR coolant at the pump discharge .

Heat exchangers

The RHR pump discharge is directed to two identical heat exchangers
arranged in parallel . Each heat exchanger is designed to remove
one-half the design heat load of the system (30 .5E+6 Btu/hr) . Each
heat exchanger is a shell and tube type, two-pass heat exchanger .
Reactor coolant flows through the 559 tubes, and component cooling
water flows through the shell side . The heat exchanger tubes and
tubesheet .setve as the physical boundary between the two fluid
flows', as .wel 1 as the heat transfer area (4070 square feet) .

Each heat exchanger is located on the RHR flat, vertically mounted,
and is approximately 16 .5 feet tall . The RHR side of the heat
exchanger has two drain lines with isolation valves which allow the
operator to drain the tube side for maintenance . The heat
exchanger has an inlet (1-RH-19) and an outlet (1-RH-24) isolation
valve which allow the operator to remove the heat exchanger from
service .

Flow control valves

The outlet flow from the heat exchangers is controlled by an air-
operated butterfly valve (1-RH-HCV-1758) . The valve is physically
located on the RHR flat and is used to control the rate of change
of RHR temperature during heatup or cooldown. The valve position
is varied in response to manually controlled signals from the
control located in the MCR . The valve fails in the full open
position .
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The total flow rate for the RHR System is controlled by flow
control valve 1-RH-FCV-1605 . The valve controls the heat exchanger
bypass flow and is similar in construction to 1-RH-HCV-1758, except
that 1-RH-FCV-1605 fails in the shut position . This valve operates
in conjunction with a manual-automatic (M/A) station and the output
of flow transmitter 1-RH-FT-1605 . Design Change 88-01-1 relocated
the manual/auto controller for FCV-1605 from the vertical section
of the main control board to the benchboard section . It is now
located below the station alarm control switch . The controller's
new location allows the operator to remain within his normal area
while operating the valve manually . The operator establishes the
desired system flow rate setpoint using the M/A station ; the flow
transmitter measures the system flow . The setpoint and actual flow
signal are processed to supply a signal to position the valve to
achieve the desired flow .

System discharge piping

The combined discharge flow from the heat exchangers and the bypass
flow control valve join in a common line . A rate of 200 gpm is
returned to the suction of the pumps as previously described and
the remainder is discharged from the system . The flow is normally
returned to the RCS via the RHR outlet isolation valves but can be
routed to the RWST or the RP System . A connection to the Primary
Sampling System is also available on the common line . The line is
equipped with a temperature element which monitors system outlet
temperature .

outlet isolation valves

The outlet. flow from the RHR System is sent to the cold legs of RCS
loops B' (via 1-RH-MOV-1720A) and C (via 1-RH-MOV-1720B) . Each flow
path has .a 10-inch motor-operated gate valve which isolates the RHR
System from the respective loop . The valves have handwheels in
addition to the motor operators and are located in the containment
basement overhead near its respective SI accumulator discharge
line . The valves are similar in construction to the inlet
isolation valves . They are controlled from the vertical board in
the MCR and fail in the "as-is" position . The downstream sides of
the isolation valves connect into the SI accumulator discharge line
before they tap into the RCS . If an RHR outlet Isolation Valve
were inadvertently opened during normal plant operation the water
from the SI accumulator world enter the RHR System until pressure
equalized in both systems . This could render the SI accumulator
inoperable or overpressurize the RHR System piping . Therefore,
when the RHR System is shut down, these valves are closed and the
feeder breakers to the motor-operator are opened .
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A .10 .2 Fault Tree Analysis

The RHR system provides a single function in the entire event tree
analysis, that being decay heat removal after Steam Generator tube
rupture sequences with loss of Steam Generator integrity . The
function is described as :

W - The success criterion for this function is that one out
of two RHR trains successfully provide flow to the RCS .

The notes and assumptions used to develop this fault tree follow .
The fault tree is presented at the end of this section .

Fault Tree Modeling Assumptions

The assumptions for this fault tree are contained in two parts :
Generic and System Specific . The Generic Assumptions are
applicable to additional systems whereas the System Specific
Assumptions are intended to apply to this fault tree only .

Generic Assumptions

1. The RHR system model starts with the junctions of RH & SI
piping and the RCS hot & cold leg piping. Plugging or flow
blockage in the RCS outside the RHR system limits is not
considered .

2 .

	

Flow diversions from .the RHR system are not considered for the
following :

.RHR .pump recirculation line
RHR system discharge to the RWST via 1-RH-36 & 1-RH-37
RHR flow to the Refueling Purification System via 1-RH-34
RHR flow to the CVCS Letdown Line via 1-RH-HCV-1142 .

3 . Three flow diversions are considered for the RHR system model

RHR flow bypass of the RHR heat exchangers l-RH-E-1A & B
through a failed open 1-RH-FCV-1605
RHR flow (backflow) through an idle RHR pump with failed
discharge check valve
RHR system flow through relief valves 1-RH-RV-1721A and
1-RH-RV-1721B to the PRT .

4 . Cooling requirements for the RHR heat exchangers, 1-RH-E-lA&B,
and for the RHR pump seal coolers, 1-RH-E-2A&B, are addressed
in the Component Cooling fault tree .
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System Specific Fault Tree Modeling Assumptions

The following modeling assumptions are specific for the RH fault
tree .

1 . The RHR system is assumed to be in standby at the start of the
accident . Accordingly, the following MOVs are assumed to be
closed :

1-RH-MOV-1700
1-RH-MOV-1701
1-RH-MOV-1720A
1-RH-MOV-1720B

Also, interfaces to other systems are assumed to be isolated,
specifically :

Finally, the RHR pumps are assumed to be in standby and not
running .

2 . Common Cause Faults (CCF) are assumed for like standby
components which include :

SI check valves 1-SI-144 & 161 CCF failed closed
1-RH-MOV-1720A/B failed closed
1-RH-P-lA/B failed to start
RH pump discharge check valves 1-RH-7 & 15 failed closed

'CCF 1.5 not assumed for the RHR pump suction MOVs, 1-RH-MOV-
1700 and 1-RH-MOV-1701 . Since a single fault of either MOV
will fail the system, the less probable CCF does not need to
be postulated .

3 . Per prior assumptions, normally open manual valves in standby
trains are assumed to be subject to plugging faults . All RHR
manual valves in the RHR flow path are in standby and are
assumed to be open, so numerous manual valve plugging faults
are included .

4 . The flow element orifice 1-RH-FE-1605 is assumed to be subject
to a plugging fault as the orifice is normally in standby .

5 . The RHR pumps 1-RH-P-lA/B are normally in standby and are
modeled with the following standby pump faults : fail to start,
fail to run (24 hours), loss of motive and control power,
unscheduled maintenance, and loss of CC cooling to RHR pump
seal cooler 1-RH-E-2A or B. The pumps are manually started .
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6 . The RHR pump suction MOVs, 1700 and 1701, have an open
permissive interlock which can fail, prohibiting MOV opening .
The interlock can be bypassed by operator restoration actions .
An interlock fault has been modeled with an AND gate for
hardware faults and restoration failure . Hardware faults
include instrumentation channel loss of function, and power
loss .

7 . A flow diversion through 1-RH-FCV-1605 is assumed to fail the
system . If 1-RH-FCV-1605 fails open, a 12" pipe flow bypass
around the RHR heat exchangers 1-RH-E-1A&B would exist,
greatly reducing the RHR flow (and heat transfer) to the heat
exchangers . The flow diversion through 1-RH-FCV-1605 will be
modeled as an FCV-SO (Flow Control Valve Spuriously opens)
fault . The FO, fails open, fault mode is not appropriate as
FO better applies to a SOV (Solenoid Operated Valves) that
does not have a control system . Also, recovery from the FO
state is simple, by isolating Instrument Air to the operator
and allowing the valve to fail closed without motive power .
Similarly, the LF (loss of function) fault is not applicable
because this failure is recoverable by isolating instrument
air to the operator .

8 . A flow diversion in the form of backf low through an idle RHR
pump is modeled for both RHR pumps . For example, assume 1-RH-
P-lA starts and runs . If 1-RH-P-1B fails to start and its
discharge check valve 1-RH-7 fails open, the flow from P-lA
will be diverted as backflow through the P-1B train . This
model is present for both RHR pumps, although the events are
mutually exclusive by definition .

9 . •For .the RH fault tree, all NUPRA Failure Mode 2 events assume
a 13L40 hour interval between testing . This corresponds to an
average of 18 months of at power operation between shutdowns
requiring RHR system operation .

10 . The breakers for the RHR pump suction MOVs 1700 and 1701 are
locked in the open position to prevent inadvertent closure due
to a wide range pressure transmitter or operator error . An
operator action is therefore required to unlock and close the
valve breakers. An HEP will not be modeled for this RHR
system startup operator action, as it is felt that it would be
very low . RHR system startup is well documented in procedures
and is addressed in operator training . Also, during a SGTR
accident, there are approximately two hours available for RHR
system startup, allowing for recovery from errors,
verification of human actions, etc .

11 . The RHR pump suction MOVs 1700 and 1701 have a handwheel which
allows manual operation in the event the motor operator fails .
This recovery action was not modeled in the fault tree . If
the failure of the inlet isolation valves become a significant
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contributor to plant failure in the final quantification, then
this recovery action will be added as part of the recovery
task .

12 . For the pressure channels 1-RC-PT-1402 and 1-RC-PT-1403, it
will be assumed that loss of Vital Bus power prior to opening
the 1-RH-MOV-1700 and 1701 valves will result as a fault to
the MOVs high pressure interlock, inhibiting MOV opening .
Normally, loss of power to a controller results in the
controller failing in its existing state . If VB power is lost
before the MOV high pressure interlock is cleared, the
controllers will fail inhibiting MOV opening, which is the
controller state during normal power operation (i .e ., RCS
pressure at 2250 psig) . It will be assumed that loss of VB
power to the PT-1402 or PT-1403 controllers will result in a
failure to clear the RCS high pressure interlock, and will
inhibit the opening of MOVs-1700 or 1701 .

13 . During power operation, the normal RHR system lineup is
assumed to be with the RHR heat exchanger A lined up to
operate and 1-RH-E-1B isolated . Per this lineup, the 1-RH-E-
1B discharge manual valve 1-RH-30 (2-RH-30 for 2-RH-E-1B) is
closed isolating RH flow through the 1B RHR heat exchanger .
Hence, a MV--PC fault will be assumed for 1-RH-30 while a MV--
PG fault is assumed for the 1B HX suction valve 1-RH-25 .

14 . Flow diversions from 1-RH-RV-1721A and 1-RH-RV-1721B to the
Pressurizer Relief Tank are modeled, as a response to NRC IN
90-05 . It is further assumed that there is no recovery ; and
that the relief valve reclosure on depressurization will not
occur . (IN 90-05 addresses a Braidwood Unit 1 event on
12/1..$9~ in which a RHR suction relief valve opened
prematurely and failed to reclose during plant heatup
following a refueling outage .)

15 . The 1-RH-HCV-1758 fault assumed is the AOV-FC fault . During
power operation HCV-1758 is kept closed per 1-OP-14 .1 . Hence,
for RHR system operation, HCV-1758 must be opened to flow RH
water through the RHR HXs, 1-RH-E-1A and/or B . Note that HCV-
1758 is an air operated control valve and is not a SOV . HCV-
1758 position varies to maintain a constant RHR water
temperature (resulting in a constant RCS water temperature) .
As a control valve, HCV-1758 could experience the additional
fault of spurious closure. However, the SC fault is not
modeled because its probability is 2 to 3 orders of magnitude
smaller than the PC fault probability . It is also plausible
to assume that the SC fault is subsumed within the FC fault .
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A.11 SERVICE WATER SYSTEM

The Service Water System is common to both reactor units and is
designed for the simultaneous operation of various subsystems and
components of both units . The purpose of the SW System is to
provide long term cooling after a loss of coolant accident (LOCA)
and to supply cooling water to the following safety-related
components during normal plant operations :

1 .

	

component cooling (CC) heat exchangers ;

2 .

	

recirculation spray (RS-) heat exchangers ;

3 .

	

control room air conditioning condensers ;

4 .

5 .

	

instrument air compressors .

The SW System also serves as a backup source of water to the :

Auxiliary Feedwater System,

spent fuel pit coolers, and

3 .

	

containment air recirculation coolers .

The sources of cooling water for the SW System are the SW reservoir
and Lake Anna . These two. independent sources of water form the
ultimate heat sink for the North Anna Power Station .

f
A siniplif i,ed schematic of the SW System is shown in Figure A .11-1 .

A .11 .1 Flow Paths

The SW System has two modes of operation : reservoir-to- reservoir,
and lake-to-lake . It is normally operated in the reservoir-to-
reservoir mode, which uses the SW reservoir as the ultimate heat
sink. The SW reservoir is a large pond with a sufficient supply of
treated water to provide cooling for four operating units with one
of the four units suffering from a loss of coolant accident (LOCA) .
There are two spray headers in the reservoir that spray returning
SW into the air to assist in dissipating the heat acquired while
cooling the various plant components . Each spray header consists
of two pairs (four total) of individual controllable spray arrays .
The spray arrays can be bypassed by two spray bypass lines (one per
header) leading directly to the reservoir .

There are four SW pumps, of which one pump per unit is normally in
operation . The pumps draw SW from the reservoir through a set of
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2 .

charging pump seal coolers, gear reducers, lube oil
coolers ; and



traveling screens that filter out debris . The SW pumps provide the
motive force for the flow of the SW through the various components
cooled by the SW System .

The SW System supplies cooling water through the plant with two
supply headers . Two return headers collect the SW from the cooled
components and return the water to the reservoir . At the
reservoir, the return headers divide the returning SW among the two
spray headers or spray bypass lines . Radiation monitors are used
to ensure that no radioactive contamination has leaked into the
returning SW .

In the lake-to-lake mode of operation, two auxiliary SW pumps draw
water directly from Lake Anna through the Circulating Water (CW)
System traveling screens . The lake-to-lake mode is used as a
backup and during SW System maintenance . The auxiliary SW pumps
discharge the SW to the same supply headers as the SW pumps used in
the reservoir-to-reservoir mode . The return headers have an
auxiliary return header that directs the return SW to the lake .
The auxiliary return header is also monitored for radioactivity by
a radiation monitor . Two of the CW screen wash pumps serve as
makeup pumps for the SW System and can add lake water to the SW
reservoir . The auxiliary SW pumps can also be used to provide
makeup water to the SW reservoir .

A .11.2 Loads

There are two SW supply headers, 1 and 2, that provide SW to all
the plant components and ; systems (using SW) in both units . Two
supply headers are used to increase the reliability of the system .
Each header is capable of providing 100 percent of the necessary SW
flow. Remote supply header temperature and flow indication is
provided on the safeguards panels .

The headers distribute SW to the following components :

four component cooling heat exchangers (two per unit) ;

eight recirculation spray heat exchangers (four per
unit) ;

2

3 .

	

six control room air conditioning units (three per unit)

4 .

	

six charging pumps (three per unit) :

seal coolers,
gear reducers, and
lube oil coolers ; and

5 .

	

two instrument air compressors .
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The SW System can also provide SW to the following components as a
backup source of water in the event that the normal source is not
available via normally locked closed isolation valves :

1 .

	

Auxiliary Feedwater System,

2 . two spent fuel pit coolers, and

3 .

	

six containment air recirculation coolers (three per
unit) .

Component cooling heat exchangers

Normally there are two CC heat exchangers, 1-CC-E-1A and 2-CC-E-1B,
in service during normal plant operations . Each SW supply header
can supply SW to any of the four CC heat exchangers . SW supply
header 1 normally supplies CC heat exchangers 1-CC-E-1A and 1B
through two motor-operated valves (MOVs) 1-SW-MOV-108A and B . SW
supply header 2 normally supplies CC heat exchangers 2-CC-E-1A and
1B through 2-SW-MOV-208A and B .

The CC MOVs are normally open and are located in the Auxiliary
Building basement . They are operated from the safeguards panels
and automatically shut on receipt of a CDA signal . The series
arrangement of the SW supply MOVs increases the reliability that at
least one valve shuts on receipt of a CDA signal to isolate CC .

From the inlet MOVs, the SW is directed through the tube side of
the appropriate CC heat exchanger . In the heat exchanger the heat
from the CC System is transferred to the SW in the tubes . A manual
inlet and_ outlet isolation valve is provided for each heat
exchanger, The tube side of each heat exchanger is protected from
overpressure by a relief valve, which lifts at 150 psig . Each heat
exchanger is provided with local inlet and outlet temperature and
pressure indication .

The manual valves at the Service Water outlets of each CCHX are
throttled so as to limit the minimum SW Pump discharge pressure
(and hence prevent pump runout) during an opposite unit CDA with
one SW Pump running on each header .

Radiation monitoring pump 9A takes a suction on the SW outlet from
each of the CC heat exchangers or from SW return header 4 .
Radiation monitoring pump 9B takes a suction on the SW return
header 3 . Both pumps direct the SW sample through radiation
monitor 1-RM-SW-107 to detect any CC-to-SW leakage of radioactive
material . The samples are returned to either of the SW return
headers. The radiation monitor provides indication and an alarm
light on the radiation monitoring panel in the Main Control Room .
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Recirculation spray heat exchangers

Each unit has four RS heat exchangers that are isolated and drained
during normal plant operations . The RS heat exchangers are used
during a CDA to cool the RS water that assists the Quench Spray
System to depressurize Containment . The RS heat exchangers are
used to provide long term cooling after a CDA . SW supply header 1
can supply water to RS heat exchangers A and D through two supply
valves, 1-SW-MOV-101A and B . Supply header 2 can supply water to
RS heat exchangers B and C through 1-SW-MOV-101C and D .

The RS Heat Exchanger supply and return MOVs (1-SW-MOV-101, 103,
104 and 105 A, B, C & D) are normally shut to facilitate dry layup of
RSHXs . This is required due to low fouling design margin .

The RS heat exchanger supply MOVs are normally shut and are located
in the Safeguards Area . They are operated from the safeguards
panels and automatically open on receipt of a CDA signal . The
supply MOVs from each header are piped in parallel to increase the
reliability that at least one valve opens on receipt of a CDA
signal to provide RS heat exchanger cooling .

Each of the RS heat exchanger supply headers is provided with a
check valve. The Auxiliary Feedwater system emergency supply
headers are provided from the RS heat exchanger supply lines . The
RS heat exchanger supply lines can be cross-connected through two
isolation valves, 1-SW-MOV-102A and B . These cross-connect MOVs
are located in the Safeguards Area and are controlled from the
safeguards panels . Each heat exchanger supply header splits to
supply its respective heat exchangers individually .

Each-RS heat dxchanger is supplied with SW through a normally shut,
inlet isolation valve, 1-SW-MOV-103A/B/C/D, and a check valve . The
inlet MOVs are located in the Safeguards Area and are controlled
from the . safeguards panels and the SW logic cabinets . The inlet
MOVs receive an open signal on during a CDA . The MOV-103 limit
switches are set to limit the MOV maximum open position on CDA
opening. This throttling limits the minimum SW pump discharge
pressure (and prevents pump runout) during a same-unit CDA with one
SW pump on each header running .

From the inlet check valve, the SW is directed through the tube
side of the RS heat exchanger . In the heat exchanger, during a
CDA, the heat from the RS water is transferred to the SW in the
tubes . The RS heat exchangers are provided with overpressure
protection by a relief valve on the inlet side, which relieves at
150 psig . A high point vent on the inlet is provided to ensure the
complete filling of the heat exchanger during CDA initiation . The
vent line connects to the return line from the heat exchanger . The
RS heat exchangers are drained during normal operations to minimize
the possibility of the heat transfer surfaces becoming fouled .
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As the SW leaves the RS heat exchangers, it passes through an
outlet isolation valve, 1-SW-MOV-104A/B/C/D . The outlet MOVs are
located in the Safeguards Area and are controlled from the
safeguards panels and the SW logic cabinets . The outlet MOVs
receive an open signal during a CDA . Remote SW temperature and
flow indication in the individual return lines "is provided on the
safeguards panels .

The SW leaving the RS heat exchangers is monitored by the Radiation
Monitoring System . Radiation monitoring pumps 5, 6, 7, and 8 start
automatically 2 minutes after the receipt of a CDA signal if their
respective handswitches are in the normal position . Each pump
directs the SW sample through a radiation monitor (1-RM-SW-124, -
125, -126, and -127) to detect any RS to SW leakage of radioactive
material . The samples are returned to the SW outlet lines . The
radiation monitor provides indication and an alarm light on the
radiation monitoring panel in the Main Control Room . Design Change
90-12-3 replaced the original Radiation Monitor Pumps with new
stainless steel pumps . Pump suction and discharge piping is also
stainless steel . This modification will prevent corrosion products
from the SW system from clogging the RMS f lowpath .

The individual heat exchanger outlet lines combine to form two
return headers . The two headers can be cross-connected through two
isolation valves, 1-SW-MOV-106A and B . These cross-connect MOVs
are located in the Safeguards Area and are controlled from the
safeguards panels . The return water from RS heat exchangers A and
D is directed to SW return header 4 through isolation valves 1-SW-
MOV-105C and D. The water from RS heat exchangers B and C is
directed to SW return header 3 through 1-SW-MOV-105A and B .

The RS heat etchanger return MOVs are normally shut and are located
in the Safeguards Area . They are operated from the safeguards
panels 'and automatically open on receipt of a CDA signal . The
return MOVs from each header are piped in parallel to increase the
reliability that at least one valve opens on receipt of a CDA
signal to provide RS heat exchanger cooling .

NCR air conditioning units

There are three control room air conditioning units per unit . SW
is provided to the air conditioner condensers, where heat is
transferred to the SW from the freon as it condenses . Each supply
header can be used to provide SW to the three condensers, which are
piped in parallel, through manual inlet and outlet isolation valves
on each supply header .

The four-inch Service Water supply and return piping for the - Unit
1 Main Control Room chiller units was rerouted and replaced by
Design Change Package #89-01-3 . This was necessitated due to
excessive corrosion, which had resulted in loss of piping
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integrity, and leakage . The underground portion of the piping,
located between the Unit 1 Main Steam Valve House and the Service
Building, was rerouted within six-inch carbon steel sleeves, to
allow for future repair or replacement without excavation. The
four-inch carbon steel piping was replaced with Type 316L Stainless
steel, due to its superior corrosion resistance . The portion of
the piping which runs inside of the sleeves is internally supported
by lugs welded onto the four-inch pipe .

New stainless steel manual isolation valves are provided at each
tie-in point of each of the four four-inch lines . The valves in
the Unit 1 Chiller Room are flanged to accommodate the existing
piping design . The valves in the basement of the Main Steam Valve
House have butt-welded ends . The new supply lines tie in to the
upstream flanges on the strainers located in the Chiller Room . The
return piping ties in to an existing portion of piping in the
Chiller Room .

Charging pumps

SW is provided to the seal coolers, gear reducers, and lube oil
coolers of all six charging pumps (three per unit) . All six
charging pumps are identical and only charging pump 1A is
described .

SW flow from either SW supply header is provided through manual
isolation valves and check valves . The supply lines join together
to form a common supply that provides flow to seal cooler 1, seal
cooler 2, and the gear box cooler ._ The outlet of the gear box
cooler can be isolated using a manual flow stop valve . The returns
from' each . of .'the coolers join to form a single return line . The
return line directs SW to either of the two return headers through
solenoid-operated isolation valves . A flow switch, 1-SW-FS-102,
actuates . a CHARGING PUMP 1A SEAL/GEAR BOX COOLER INLET LOW FLOW
alarm (window 1B-B7) when a low flow condition is sensed .

The charging pump lube oil coolers are cooled by SW from the
service air and Instrument Air compressor supply and return
headers . SW from either supply header passes through manual
isolation valves and check valves . The supply lines join together
to form a common supply that flows through the lube oil cooler .
Flow through the cooler is controlled by' a temperature control
valve, 1-SW-TCV-102A, located on the discharge of the cooler . The
temperature control valve controls the SW flow to maintain the oil
outlet temperature at 125°F . The common return line directs SW
flow to the SW return headers through two manually operated
isolation valves .

Flow is sensed on the Charging Pumps seal coolers, gear reducers
and lube oil coolers SW return lines headers prior to their
entering the main SW return headers 3 & 4 . This flow indication is
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the combined service water flow from Unit 1 and 2 charging pumps
and provides flow indication for the TSC .

Instrument Air Compressors

Service Water flows through an intermediate cooling loop (part of
the IA System) for both Instrument Air Compressors in the Auxiliary
Building . SW flows from the SW headers to the Instrument Air
Compressor supply headers through manual isolation valves and check
valves . Each compressor supply header pressure indicates locally .
The compressor supply headers also supply SW to the Charging Pump
Lube Oil Coolers as previously discussed .

SW can flow to either compressor supply header (via a cross-connect
line) through two manual isolation valves piped in series . SW f low
through the heat exchangers of the compressor intermediate cooling
loops is constant . Compressor and aftercooler temperature control
is a function of the IA System .

The compressor return headers receive return flow from the Charging
Pump Lube Oil Coolers and direct the SW back to the SW return
headers through manual isolation valves .

Auxiliary Feedwater System

The SW System provides an emergency source of water to the
Auxiliary Feedwater pumps . The Auxiliary Feedwater System for each
unit has an independent supply of SW . SW is supplied from the RS
heat exchanger supply headers for each unit . The RS heat exchanger
supply header- is normally isolated and drained . The isolation MOVs
open' on receipt of a CDA signal, and the supply headers fill with
SW .

The supply line from each RS heat exchanger supply header has a
normally open, manual isolation valve . The supply lines combine
into a single header that directs SW to the common supply header of
the Auxiliary Feedwater pumps through a normally shut, manual
isolation valve .

A.11 .3 Auxiliary Service Water System Components

The Service Water System has an alternate f low path that uses water
from Lake Anna to cool the normal SW System loads . The auxiliary
SW System consists of two auxiliary SW pumps, two makeup pumps, and
an auxiliary SW return header . This subsection describes each of
these components and the flow paths associated with them .
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Auxiliary SW pumps

There are two auxiliary SW pumps (1/2-SW-P-4) located in the
Auxiliary Service Water Pump House at the Intake Structure .
Typically, one pump is dedicated to each unit, but either pump can
supply either unit . Each pump is designed to provide 11,500 gpm at
a discharge head of 127 feet, which is 50 percent of the total SW
flow requirement for both units .

The auxiliary SW pumps are vertical, two-stage, turbine pumps that
take a suction at the bottom of the CW screenwells at the 237-foot
elevation . The CW traveling screens and trash racks filter any
debris from the Lake Anna water to prevent damage to the auxiliary
SW pumps . Each pump is driven by a 500 HP motor at 1180 rpm,
located 28 feet above the pump suction . The pumps are powered from
the 4160 V emergency buses and are controlled from the safeguards
panels . Remote discharge pressure and motor amperage are provided
above the handswitch .

The discharge of each auxiliary SW pump passes through a discharge
check valve and a motor-operated isolation valve, 1-SW-MOV-117 (-
217) . The auxiliary SW pump discharge headers can be cross-
connected through motor-operated cross-connect valve 1-SW-MOV-118 .
The MOVs are normally shut and are located in the missile-proof
valve pit in the yard north of the plant . They are operated from
the safeguards panels .

The auxiliary SW pump 1-SW-P-4 discharge header connects to SW
supply header A through two motor-operated isolation valves,
1-SW-MOV-215B and -115A . Auxiliary SW pump('i-SW-P-4 connects to SW
supply header B through 1-SW-MOV-115B and "_215A. The MOVs are
normally- .shut and are located in the basement of the Turbine
Building . . They are operated from the safeguards panels . Remote
auxiliary SW pump flow indication is provided on the Safeguards
Panels .

Makeup pumps

The CW screen wash pumps (1-CW-P-2A and 2-CW-P-2B) can provide
makeup water to the SW reservoir . During normal, plant operations,
the pumps operate to clean the CW traveling screens . When water
must be added to the reservoir, the makeup pumps take 500 gpm of
Lake Anna water and direct it to the auxiliary SW pump discharge
headers. The additional 500 gpm of Lake Anna water enters the
reservoir through the normal SW return headers .

Each makeup pump is a vertical turbine pump, with a design flow
rate of 910 gpm and discharge head of 225 feet . The pumps located
in the Auxiliary SW Pump House and take a suction on the CW
screenwells . They are driven by 75 HP motors at 1760 rpm and are
controlled from the safeguards panels .
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The discharge of the makeup pumps can be directed to the SW System
through individual three-way diverting valves 1-CW-TV-100 and -200 .
These valves operate to divert water to the SW System when the
respective pump handswitches are in the service water makeup
position and the respective traveling screen handswitches are in
the OFF position . The makeup pump supply lines combine to form a
single header that contains a manual isolation valve, a check
valve, a strainer, and a flow totalizer . The flow totalizer
provides flow indication and total reservoir makeup . The makeup
supply line directs makeup water to either auxiliary SW pump
discharge header through motor-operated valves 1-SW-MOV-119 and -
219 . The MOVs are normally open and are located in the missile-
proof valve pit in the yard north of the plant . They are operated
from the safeguards panels .

Auxiliary SW return header

The auxiliary SW return headers provide a flow path from the normal
SW return headers to the Unit 2 discharge tunnel . The Unit 2
discharge tunnel directs the SW to Lake Anna . When the auxiliary
SW return header is in operation, the SW must be monitored for
radioactivity .

Radiation monitoring pump 10 takes a suction on each of the
auxiliary SW return headers . The pump directs the SW samples
through a radiation monitor 1-SW-RM-108 to detect any radioactive
material . The samples are returned to the auxiliary SW return
headers . The radiation monitor provides indication and an alarm
light on the radiation monitoring panel in the Main Control Room .

SW from-.SW return header 4 passes through two motor-operated
isolation valves, SW-MOV-220A and -120A. SW from SW return header
3 passes through SW-MOV-220B and -120B . The MOVs are located in
the Safeguards Area and are controlled from the safeguards panels
and the SW logic cabinets . Remote SW temperature and flow
indication in the individual return lines is provided on the
safeguards panels .

A .11 .4 Fault Tree Analysis

The Service Water system was modeled as a support system . As such
there are no success criteria .

The dependency matrix for this system is shown in Table A .11-1 .
The notes and assumptions used in the fault tree analysis follow .
The fault tree is presented at the end of the section .
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Service Water Fault Tree Modeling Assumptions

1 . 1A Service Water Pumps (1-SW-P-1A and 2-SW-P-lA) are assumed
to be the normally running pumps for the SW system . Pumps 1-
SW-P-1B and 2-SW-P-1B are assumed to be in standby . It is
also assumed that the SW pumps are alternated every month .
Pump 1-SW-P-lA is assumed to be aligned to service water
supply header 1(A) . Pump 2-SW-P-lA is assumed to be aligned
to service water supply header 2(B) . Similarly, the auxiliary
service water pumps are assumed to be in standby with one pump
aligned to each alternate service water header .

2 .

	

Per prior assumption, manual valves in running trains do not
experience plugging faults .

3 . Per prior assumption, manual valves in standby trains are
assumed to be subject to plugging faults if they are normally
open .

4 . Failure Mode 2 events for the standby manual valves on the
outlet of the SW standby pumps-and the CW pumps assume a 720
hour interval between valve verification . It is assumed that
the SW pumps are alternated every month thus allowing the
valves to be checked once a month . The CW pumps are run at
irregular time intervals so it is hard to set an exact time
interval but a months time frame should cover at least one
traveling screen wash .

The general guideline for the fault tree analysis is - that if
an active failure mode is postulated for an MOV, there is no
reason to include a plugging failure mode also .

6 . ' SW pumps will start automatically on receipt of a SI signal
from either unit or a loss of reserve station power provided
that all the following conditions are met :

1 . SW pump handswitch is in Auto after Start position
2 . no motor overload
3 . no undervoltage or degraded voltage

It is assumed for the fault tree that these conditions are
met .

7 . According to the UFSAR, the water stored in the service water
reservoir can provide service water for extended periods for
four units should the normal makeup pumps be inoperative .
Enough water is available to guarantee 30 days of operation
for four units without makeup . It was originally planned for
North Anna to contain four operating units but only two were
built . The reservoir was still designed to provide for four
units, providing more than sufficient water for the two units
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and therefore, loss of service water from the reservoir will
not be modeled as a fault for this system .

8 . It has been determined, based on operating history, that the
traveling screens to the service water pumps could become
plugged within a 24 hour period . Therefore, the traveling
screens to the SW pumps need to be modeled . The CW traveling
screens, used by the Auxiliary SW system, can become plugged
with fish . These screens will be modeled as undeveloped
events ; one for each screen type . A common cause event will
also be defined for the SW screenwells and the CW screenwel is .

9 . The service water air subsystem supplies air for the reservoir
level indicator and for the traveling screen differential
pressure indicators . Since it has been determined that the
level of the reservoir is guaranteed adequate for 3 0 days, the
level indicator will not be considered necessary to be modeled
for the Service Water System .

10 . The self-cleaning strainers (2-CW-S-3A/B) are apparently
cleaned by diverting some of the screen wash flow past the
surface of the strainer through 2-CW-MOV-204A/B . It is
assumed that closure of these valves lead to plugging of the
strainers .

11 . During the periodic testing for the SW and SW Auxiliary pumps,
certain valves are realigned . A restoration fault for these
valves was not included in the fault tree because the
procedure includes a check-off list that should verify that
these valves are restored to their previous position and these
valves are also visually inspected monthly to verify that
their_ position is correct .

12 . Opening the cross-tie between the two Auxiliary SW pumps was
not modeled as a recovery action for the loss of a pump
because as part of the success criteria it is necessary to
have SW available to both units . Therefore, it was decided
that each Auxiliary SW pump would be available as an alternate
supply of SW for only one unit .

13 . The training manual for the CW system states that ; "Normally
the screen wash pumps are secured . The operator monitors
screen differential level on a periodic basis and, at an
indicated level of 2 to 3 inches of water, manually initiates
washing of the individual screen ." Based on this information,
the screen wash pumps and traveling screens were modeled to
start running when manually started and not through the use of
the automatic timer .

14 . Pumps 2-SW-P-1A and 2-SW-P-4 are assumed to be dedicated to
Unit 2 and no credit for their availability is taken for Unit
1 .
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15 . Failure of the spray array bypass valves, during the cold
weather period when they are in use, is not modeled. Per OP
4 9 .1, operation with 3 SW pumps (i .e . , with one operating pump
failed) requires closing of the bypass valves and opening of
the spray headers . Failure of the spray headers to open is a
higher probability even than the spurious failure of the
bypass MOV's .

A .12 QUENCH SPRAY SYSTEM

During normal plant power operations, Containment is maintained
subatmospheric at 9 to 11 psia by the Containment Vacuum System .
During a loss of coolant accident (LOCA) or a steam line break
(SLB) inside Containment, high energy fluid and vapor is released
into the containment atmosphere causing an increase in containment
pressure . The Containment Depressurization System (CDS) operates
to maintain peak containment pressure less than 45 psig,
maintaining the structural integrity of Containment .

The QS System, in conjunction with the RS System, sprays a fine
mist (atomized) of water into the containment atmosphere . The
refueling water storage tank (RWST) supplies the QS System with the
cool water . Atomizing the water increases the water surface area
available for heat transfer, thereby greatly increasing the rate of
heat transfer from the containment atmosphere to the mist . The
fine water droplets also provide nucleation sites to condense any
steam . The RS System uses water collected in the containment sump
as its source of water .

The three purposes of the QS System are (a) depressurizing the
Containment during a LOCA or SLB, (b) removing iodine from the
containment atmosphere during a LOCA, and (c) pH control of the
water in the containment sump . These two purposes achieve an
integrated purpose . Removing the iodine and depressurizing
Containment minimizes the total gaseous leakage from Containment,
thus reducing public exposure levels .

A simplified schematic of the QS system is shown in Figure A .12-1 .

A .12 .1 Flow Paths and Components

The QS System is composed of a refueling water storage tank (RWST),
two QS pumps, two 3600 spray rings, a chemical addition tank (CAT),, .
an RWST cooling subsystem, and a CAT recirculation subsystem .
During normal plant power operations, the QS System is in standby,
lined up for automatic initiation as follows :

1 .

	

RWST is maintained greater than 97 .3 percent full of 40°
to 50°F borated water .
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2 .

	

QS pumps are in standby with their suction valves open .

3 .

	

CAT is isolated to prevent premature mixing of the NaOH
with the water in the RWST .

4 .

	

RWST cooling subsystem is normally operating as required
to maintain temperature .

QS flow path

The RWST stores borated water at a low temperature for use in the
QS and Safety Injection (SI) Systems during a LOCA or SLB . As
containment pressure increases during a LOCA or SLB, a containment
depressurization actuation (CDA) signal is generated to initiate
CDS . On receipt of a CDA signal, the QS pumps automatically start
and the discharge valves open . The water from the RWST passes
through two normally open isolation valves to the suction of the QS
pumps . The pumps provide the motive force for flow from the RWST
to the spray rings . From the discharge of each pump, the water
passes through a discharge strainer that removes any debris that
could clog the spray nozzles . The normally isolated recirculation
line from the discharges of the pumps allows periodic testing of
the QS pumps . Each discharge header leads to a separate 3600 spray
ring through a normally closed isolation valve . Each spray ring
atomizes the water and distributes it around the Containment .
Inside Containment some of the QS flow is directed to the suction
of the inside RS pumps . This flow provides a source of lower
temperature water to the pumps to increase their net positive
suction head (NPSH) .

Chemical Addition Tank (CAT) flow

The NaOH. gravity drains from the CAT to the RWST through two
normally shut isolation valves. Five minutes after the CDA signal
initiates the spray systems or the QS pumps are manually started,
the CAT isolation valves open automatically . The 5 minutes ensure
that the operator has had sufficient time to verify that the CDA
signal is valid . Inside the RWST is a weir that surrounds the
suction connections to the QS pumps and the inlet connection from
the CAT. The weir ensures proper mixing of the NaOH with the RWST
water that is flowing into the QS pump suctions, with no
significant amounts of NaOH being directed to the RWST SI System
connection . A normally isolated CAT recirculation pump provides
for proper mixing and sampling during normal plant operation . The
recirculation pump draws NaOH from the normal tank outlet and
discharges the NaOH back into the top of the CAT . A local sample
sink is provided on the suction of the pump .
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A .12 .2 Fault Tree Analysis

The Quench Spray system was found to be non-essential in the PRA
analysis except for the large LOCA . The Recirculation Sprays
provide Containment heat removal . The QSS is included in the event
trees as appropriate to provide adequate sump inventory . The QSS
is principally required to reduce the Containment pressure to sub-
atmospheric in one hour after an accident, and to provide
subcooling for RS pump suction . The first function is not required
by the IPE criteria and the second was shown by MAAP analysis to
not be necessary except for the large LOCA . The dependency matrix
for Quench Spray is shown in Table A.12-1 . The function used in
the North Anna event trees is :

QS - Failure to provide flow to 1/2 Quench Spray headers from
1/2 QS pumps .

The notes and assumptions used to develop this fault tree follows .
The fault tree is listed at the end of this section .

Quench Spray System Fault Tree Modeling Assumptions

1) The Quench Spray (QS) system includes the RWST and the CAT .
The RWST is equipped with a RWST cooling subsystem which is
used to maintain the temperature of the water in the tank .
Since RWST temperature is a Tech Spec controlled parameter
this subsystem can be assumed operable at the time of the
initiating event . Therefore it will not be modeled in the
PRA . The RWST temperature and volume are assumed to be within
the values allowed by the Tech Specs .

2) Using the same logic as Assumption 1, the heat tracing
associated with the RWST is not modeled .

3) Using the same logic as Assumption 1 the boron concentration
in the RWST is not modeled . Therefore, there is no interface
with the Chemical and Volume Control System .

4) The CAT and associated piping form a subsystem to supply water
containing NaOH to the containment. For the level I/II
analyses being performed to support the IPE the CAT is not
required . The NaOH serves to remove iodine and neutralize the
borated water from the RWST . Neither of these functions are
part of the success criteria or the acceptance criteria for
the North Anna IPE . The water volume from the CAT is
negligible in comparison to the RWST . Therefore, none of the
chemical addition subsystem components are included in the
Quench Spray model .

5)

	

Passive failure of piping in the QSS is assumed to have a
negligible probability in comparison to failure probability
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for active components . Therefore, it will not be included in
the models .

6) Manual valves 1-QS-5 & 21 are realigned for periodic flow
testing of the QS pumps . These valves therefore could be
subject to restoration errors . The'' diameter of the
recirculation line is large enough to cause a flow diversion
under the fault tree modeling guidelines of the IPE . The
valves are marked off on the periodic test sheet and a
verification of the closed position is also signed off on the
sheet . 1-PT-63 .4 also verifies their position monthly .
However, the valves are manual valves with no position
indication in the control room . Assurance of valve position
relies entirely on administration procedures . Therefore, a
restoration error for these valves will be included in the
fault tree .

7) The Quench Spray pump suction MOV's have only one failure
mode, plugged during standby . The valves are normally open
and controlled by TS 3 .6 .2 .1 . Periodic tests on the valves do
not disable them but just require verification of the valve
alignment. Periodic tests on the spray pumps do not change
their alignment . Finally, the valve position is indicated in
the main control room . Therefore, it is reasonable to assume
that the valve is open and that the failure of motive power or
control power is essentially insignificant .

8) The RWST tank has a 12 inch vent on the top of the tank . The
environment exists for possible plugging of the RWST vent .
Therefore, the plugging of the vent is a concern and will be
modeled as a plugging fault in the fault tree .

9) Periodic Test 1-PT-63 .3 outlines the procedures for ensuring
that the spray nozzles are unobstructed . The test requires
that spool pieces are removed and that blind flanges are
installed on each quench spray header . Also, the supply lines
to the Inside Recirc Spray Pump suction are isolated by
'pancake' installation. Per drawing 11715-FM-091A, the only
spool pieces that can be removed and flanged are on the lines
from the spray headers to the containment sump. Therefore,
any of the flanges that are installed for this periodic test
do not affect the availability of the Quench Spray System .
Problems could arise if the flanges to the Inside
Recirculation Spray Pump suction lines were left in after the
test, but this would affect the Recirc Spray System and not
Quench Spray .

10) Periodic Tests 1-PT-63 .1A, 63 .1A .1, 63 .1B, and 63 .1B .1 require
flow testing of the QS pumps every three months . This test
will also determine if any of the normally open valves in the
QS system are plugged . Therefore, 2160 hours was used for the
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time interval for the plugging fault of the normally open
valves .

11) Common Cause Assumption

Common cause failure of the check valves 'in the spray lines
has been included in the model . A failure of the weighted
check valves is included which would fail both trains . It is
also assumed that the check valves in each line fail due to
common cause which fails one train . The Quench Spray pumps
are assumed to have a potential for the common cause failure
of both pumps . Finally, the MOV's in the discharge of the
pumps are assumed to be subject to common cause failure .

12) Human Interaction Assumptions

An operator action is needed to manually start the QS pumps if
they fail to start following a CDA signal . He is directed by
the EOPs to do so . There are two basic events that , represent
the manual starting of the quench spray pumps in accordance
with the EOPs . The EOPs also direct the operator to open MOVs
1-QS-MOV-101A&B if they fail to open following a CDA signal .

13) There are no special basic events in the Quench Spray fault
tree .

A.13 FEEDWATER SYSTEM

The purpose of the main Feedwater System is to supply and maintain
water inventory in the steam generators for the production of steam
and to prQvide a secondary heat sink for the Reactor Coolant System
(RCS)' .

The . purpose of the Auxiliary Feedwater System is to :

1 . Maintain Hot Standby (mode 3) conditions for 8 hrs . while
dumping steam to the atmosphere during a total loss of
offsite power (based on ECST capacity) .

2 . Facilitate cooldown of the RCS to 350°F from normal
operating conditions during a total loss of offsite
power .

Simplified schematics are shown in Figures A .13-1 through A .13-3 .

A .13 .1 Flow Paths

The major flow paths include a normal (main) feedwater flow path
and an auxiliary feedwater flow path . Some of the components and
instrumentation in these flow paths contain condensate (CN)
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designations . These components and instruments are discussed here
because of their relevance to the Feedwater System .

Normal Feedwater

The Main Condensate System is the source of f eedwater for the steam
generators . The relatively cool condensate discharge from the 5th
point heater drain coolers is heated in a series of six feedwater
heaters, pressurized by the main feedwater pumps, and distributed
to the three steam generators . The flow rate of the feedwater and
the corresponding level in the steam generators are determined by
the positioning of a feedwater regulating valve or feedwater
regulating bypass valve . These valves receive positioning control
signals from the Steam Generator Water Level Control Subsystem .

The six feedwater heaters form two trains of feedwater heating (A
and B) . Each train is similar and is monitored locally by
condensate system temperature indicators . The feedwater heaters
are shell- and tube-type heat exchangers, which act to increase the
temperature of the feedwater prior to its entering the steam
generators . The manner in which the temperature rise occurs
results in an increase in overall plant efficiency . Extraction
steam from the main turbine is directed through the shell side of
the heaters, giving up heat to the feedwater passing through the
heat exchanger tubes . By directing extraction steam and secondary
drains to the Feedwater System rather than the main condenser, heat
is added to the Feedwater System instead of being rejected to the
Circulating Water System .

Three main feedwater pumps are provided for raising the pressure of
the feedwater'to a pressure greater than steam generator pressure .
At full, power operation, two feedwater pumps are running and the
third pump is in standby status . Recirculation lines and
associated recirculation control valves are provided to direct
feedwater flow back to the main condenser when little or no
feedwater is required by the steam generators . A warmup line with
a flow restricting orifice is provided for each pump to allow a
small backf low through an idle pump .

The discharge of the main feedwater pumps is directed to three
feedwater headers, each supplying a steam generator with feedwater
flow . Each header contains a motor-operated valve (MOV) that acts
as a header isolation valve, a main feedwater regulating valve, and
a feedwater regulating bypass valve . The feedwater regulating
bypass valve is smaller in diameter than the main feedwater
regulating valve and is used to control feedwater flow to the steam
generators at low power levels . As power is increased, the bypass
valves are shut and the main feedwater regulating valves are opened
to supply a greater feedwater flow rate . Both regulating valves
are positioned by control signals developed in the Steam Generator
Water Level Control Subsystem, or manually by the control room
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operator . Each feedwater header also contains a check valve that
acts as a containment isolation valve, preventing blowdown of a
steam generator in the event of a feedwater piping rupture upstream
of the valve. A loop seal in each header prevents draining the
steam generator feed ring when the associated feedwater header is
drained .

Auxiliary Feedwater

The Auxiliary Feedwater portion of the Feedwater System is used to
automatically supply a reserve source of feedwater to the steam
generators . The normal source of Auxiliary Feedwater is the
emergency condensate storage tank . Alternate sources of water
originate in the Fire Protection System (f iremain) and the Service
Water System .

As required by Technical Specifications, each Auxiliary Feedwater
pump is provided with a separate suction header and an independent
discharge path to its respective steam generator. A normally
isolated full flow recirculation path to the emergency condensate
storage tank is provided for each pump . A full flow recirculation
line is also provided for each AFW pump for testing purposes
(normally isolated) . These full flow recirculation lines direct
pump discharge back to the emergency condensate storage tank and
allows for verifying the pumps head-capacity curve on a routine
basis . The minimum recirculation flow line provides a path for the
pump when flow to the steam generator is low . The oil lubrication
system associated with each pump is cooled by a small amount of
leakoff from the pump .

Three Auxil.iar'y Feedwater pumps are provided ; two are motor- driven
and the third _is turbine-driven. This ensures that at least one
pump is'available during a complete loss of power . The discharge
header of the turbine-driven pump has an orifice which limits the
maximum flow from the pump in the event of a piping rupture
downstream of the orifice . This flow-limiting action for the motor
driven pumps is accomplished by pressure control valves located on
the pump discharge .

One pump is normally dedicated to a particular steam generator, but
any pump can feed any steam generator if required . A hand control
valve (HCV) and a MOV header are provided on the Auxiliary
Feedwater pumps discharge for each steam generator . These headers
permit greater Auxiliary Feedwater diversity and reliability .
Prior to joining the main feedwater headers, a check valve in the
Auxiliary Feedwater line prevents backflow from the steam
generators in the event of an Auxiliary Feedwater piping rupture .
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A .13 .2 Major Components

This subsection provides a brief description of the major Feedwater
System components . The major components are controlled from the
Main Control Room (MCR), with alternate controls provided at the
Auxiliary Shutdown Panel for some components . The major components
are the feedwater heaters, main feedwater pumps, emergency
condensate storage tank, and Auxiliary Feedwater pumps .

Feedwater heaters

Six sets of shell and U-tube feedwater heaters are used to increase
the efficiency of the power plant . Each set is comprised of two
heat exchangers (train A and train B) . Extraction steam and/or
high temperature water are directed through the shell side of the
heat exchangers, while relatively cool feedwater is pumped through
the tubes. Condensed extraction steam is discharged from the
feedwater heaters to the Secondary Drains System, while the heated
feedwater is piped to the next feedwater heater and eventually to
the steam generators . The 3rd, 4th, 5th, and 6th A train heaters
receive extraction steam from low pressure (LP) turbine number 1,
while the 3rd, 4th, 5th, and 6th B train heaters are provided with
extraction steam from LP turbine number 2 . Extraction steam to the
1st and 2nd point feedwater heaters is supplied by the high
pressure (HP) turbine first point extraction (3rd stage) and
turbine exhaust respectively . The feedwater is heated from
approximately 110°F at the inlet of the 6th point heaters to 442°F
at the inlet to the steam generators .

Maim feedwater pumps

Three main feedwater pumps (l-FW-P-1A/B/C) provide the necessary
driving force to pump water from the Main Condensate System to the
steam generators . Normally, two feedwater pumps are running and
one pump is maintained in a standby status . Control of the
feedwater pumps is from the MCR . The main feedwater pumps are
mounted next to each other on the east end of the turbine building
basement .

Each main feedwater pump is a horizontally mounted, single- stage,
double-suction, vertically split centrifugal pump . Each pump is
rated 16,250 gpm and is driven by two 4500 HP motors mounted in
tandem. Radial movement of the pump shaft is restricted by two
journal bearings mounted on opposite sides of the pump . A 6-inch
thrust bearing minimizes pump axial - motion .
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Emergency condensate storage tank

The emergency condensate storage tank (1-CN-TK-1) stores and
supplies water to the suction of the Auxiliary Feedwater pumps for
use as a backup source of feedwater . The tank is capable of
holding approximately 126,000 gallons of water and of supplying
water to the steam generators for up to 8 hours for the removal of
residual heat during Hot Standby (Mode 3) . The Technical
Specification capacity of 110,000 gallons is based on maintaining
Hot standby while dumping steam to the atmosphere during a loss of
offsite power .

The tank is 28 feet in diameter and 33 feet tall . The steel
enclosure is insulated from the outside atmosphere by 2 inches of
rotofoam insulation, surrounded by a 24-inch layer of concrete that
provides missile/tornado protection . Two manholes are provided for
visual internal inspection of the tank . A 20-inch manhole is
located on the top of the tank and an 18-inch manhole is located on
the side . Penetrations into the tank include the following :

1 .

	

nitrogen purge line,

2 . three suction lines to the Auxiliary Feedwater pumps,

3 .

	

atmospheric vent,

4 .

	

fill line from the 300,000 gallon condensate storage
tank,

5 .

	

level transmitters, and

	 6 . - . redirculation line from the Auxiliary Feedwater pumps .

The emergency condensate storage tank can be purged continuously
with nitrogen to minimize air introduction into the secondary
system ; however, this gas supply is normally isolated . Operating
pressure in the tank is atmospheric by virtue of a 6-inch vent
connection in the top . The steam-driven Auxiliary Feedwater pump
(Terry turbine) takes suction on the tank via an 8-inch connection,
while the motor driven Auxiliary Feedwater pumps are supplied by 6-
inch connections . All three connections are located approximately
18 inches above the tank bottom . A 2-inch recirculation line from
the discharge of the Auxiliary Feedwater pumps enters the tank at
the 18-inch level . This line is equipped with a Cuno filter (1-FW-
FL-1), which can be manually valved-in to provide cleanup of the
tank contents . The tank is filled through a 6-inch connection .
The driving force for tank fill is the difference in static head
developed between the 300,000 gallon condensate storage tank (i-CN-
TK-2) and the ECST . Level transmitter (1-CN-LT-100A) provides tank
level indication in the MCR . 1-CN-LT-100B provides level
indication in the Control Room and ASDP . The emergency condensate
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storage tank is attached to the Auxiliary Feedwater Pump House, in
the south yard .

Auxiliary Feedwater pumps

There are three Auxiliary Feedwater pumps (1-FW-P-2, -3A, and -3B) .
Pump P-2 is turbine-driven, while pumps P-3A and -3B are motor
driven. The turbine-driven Auxiliary Feedwater pump is also
referred to as the Terry turbine . The pump end of the three
Auxiliary Feedwater pumps is similar, with only minor differences .
Normally one Auxiliary Feedwater pump is dedicated to a steam
generator to ensure that a heat sink is available for the RCS . The
Auxiliary Feedwater pumps take suction on either the emergency
condensate storage tank (normal), the firemain, or the Service
Water System. The pumps are located in the Auxiliary Feedwater
Pump House, next to the emergency condensate storage tank .

Each Auxiliary Feedwater pump is a horizontally mounted, six-
stage, horizontally split centrifugal pump . The pump inlet and
outlet connections are contained in the lower half of the
horizontally split casing . The single-suction impellers are keyed
to the pump shaft and individually mounted by means of split rings
and spacing sleeves .

Individual oil lubrication systems are provided for each Auxiliary
Feedwater pump . A shaft-driven pump provides the motive force for
oil circulation to the pump bearings . Additional oil system
components include a lube oil reservoir, an oil filter, and a
cooler . The oil cooler transfers heat from the lube oil to a small
portion of the Auxiliary Feedwater flow coming from the first stage
of the pump. (leakoff) . The warmed Auxiliary Feedwater flow is then
directed bck to the emergency condensate storage tank, via the
pump recirculation line . Oil level in the reservoir is indicated
locally on the top of the reservoir . A Terry Turbine low lube oil
reservoir level condition will initiate annunciator alarm Turbine
Driven Auxiliary Feedwater Pump Trouble/Lo Trouble in the MCR .
Prior to routine periodic testing of any Auxiliary Feedwater pump,
the operator may be required to pre-lubricate the pump's bearings
manually if the pump has not been run within the last 24 hours .

Each motor driven Auxiliary Feedwater pump is powered by a 450 HP,
4160 V motor . The motors are energized from the H and J emergency
buses . Control power for the motor breakers is provided by the
battery buses . The turbine-driven Auxiliary Feedwater pump
receives steam from the Main Steam System, via trip valves 1-MS-TV-
111A and B .

The motor driven pumps are rated at 370 gpm each, of which 20 gpm
is pump normal recirculation flow . The turbine-driven Auxiliary
Feedwater pump is rated for a total flow of 735 gpm (35 gpm is
normal recirculation flow) . An orifice downstream of 1-FW-MOV-100D
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restricts total flow from the turbine-driven pump to approximately
450 gpm, when a pressure of 1005 psig exists in the steam
generators . The orifice is designed to restrict the maximum flow
from the pump in the event of a piping rupture downstream of the
orifice .

The Terry turbine is a single-inlet, single-stage, solid rotor
unit, rated at 710 HP and 4200 rpm . The steam exhaust from the
turbine is directed to atmosphere and is monitored for radiation .
The inlet piping contains a trip/throttle valve and a governor
valve . Under normal conditions, the trip valve is fully open and
the governor valve is opened to 'a setting corresponding to the
normal speed of the turbine (4100 rpm) . In order to achieve normal
discharge pressure and flow, steam generator must have adequate
pressure . The opening of 1-MS-TV-111A or B admits steam directly
to the turbine rotor, causing the turbine to accelerate to normal
speed . Position of 1-MS-TV-111A and B, as well as steam flow
indication, is monitored by 1-MS-FE-107 . These indications are
obtainable on CRTs in the MCR and TSC . The speed of the turbine is
then controlled locally at the governor . The trip valve permits
manual control of turbine speed and also trips shut at a speed of
4860 rpm as sensed by the overspeed trip device on the turbine
shaft . Once tripped, the trip valve must be manually reset,
locally at the turbine .

A.13 .3 Fault Tree Analysis

The dependency matrices for Main and Auxiliary Feedwater are shown
in Tables A.13-i and A .13-2 . Auxiliary and Main Feedwater were
modeled as front line systems . Functional descriptions are
summarized . be-l ow .

L - Failure to provide AFW to operable Steam Generators . For
initiators with scram, 1/3 pumps were required . For
ATWS, 2/3 pumps were required . For transients with
scram, feed to 1/3 generators was required, except where
1 generator was unavailable because of the initiator .

M - Provision of Feedwater from 1/2 MFW pumps to 1/3
generators was required for transients where AFW was
failed and MFW could be recovered .

The notes and assumptions used to develop these fault trees and the
fault tree follow .

Auxiliary Feedwater Fault Tree Modeling Assumptions

1. No credit is taken for any normally-closed bypass valves .
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2 . Since AOVs 1-MS-TV-111A and -111B fail open on loss of DC
power or Instrument air, no dependencies for these AOVs are
modeled .

3 .

	

The lube oil system is assumed to be part of the pumps .

4 . Flow diversion through the recirculation lines is considered
as a failure mode due to the size of the recirc lines . These
recirculation lines are full flow lines and are sized the same
as the pump discharge lines .

5 . After test & maintenance on the AFW pumps, these pumps are
tested on recirculation . At the conclusion of some tests
(1-PT-71 .1Q, -71 .2Q, and -71 .3Q), full flow to the steam
generators is measured . Therefore no restoration error is
needed for these tests . However, in other tests (1-PT-71 .1,
-71 .2, and -71 .3) the discharge valves downstream (i .e .,
1-FW-HCV-1000, 1-FW-MOV-100B and 1-FW-MOV-100D) are not flow
tested, and therefore a restoration error for these valves is
included . In addition, failure to restore the manual valves
in the full flow recirculation line, to a closed position is
also modeled . The position of these valves are not indicated
or alarmed in the control room .

6 . MOVs -100B and -100D and HCV-100C are normally open but are
not actuated by the operation of the AFW motor driven pumps if
they happen to be closed . To be conservative, a plugging
failure is modeled for these valves .

7 . To calculate the unavailability due to plugging in manual and
motor-operated valves, a test interval of once a quarter is
used . . This is based on the full flow tests to the steam
'generators (PTs 71 .1Q, 71 .2Q, and 71 .3Q) once every three
months . Actuation of the AFW system for purposes other than
the. above mentioned tests is conservatively ignored in the
calculation of test interval .

8 . If there is insufficient water inventory to the AFW pumps,
steps 7 and 18 of North Anna procedure 1-FR-H .1 directs the
operator to establish feed flow from alternate sources, namely
the fire main and the service water system . This AFW make-up
procedure is also spelled out in 1-AP-22 .7 which states that
the fire main is the preferred makeup source . These backup
sources are modeled .

9 . Except for ATWS cases, actuation of the AFW pumps is ,not
modeled, i .e ., actuation is assumed to be present . The reason
for this assumption is that for all initiating events, there
will be at least two signals to automatically start the AFW
pumps, plus there will be approximately 30 minutes for the
operator to manually actuate the pumps . In the case of ATWS,
the time for operator action is much less . Therefore, in
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these cases, auto actuation is modeled but no credit is taken
for manual actuation. In addition, auto start on a AMSAC
signal is also modeled for ATWS scenarios .
The AFW auto start signal will be modeled as a "black box ."
The failure probability used will be obtained from the fault
tree model developed for AFW auto start in the Surry PRA .

10 . Common cause failure is modeled for each set of components
that see unique environments, or operating demands . So the
discharge check valves (1-FW-68, -100, -132) are unique . The
two PCV's (1-FW-PCV-159A/B) in the pump discharge headers are
different from the discharge check valves, but the same as the
CKV's in the pump discharge headers . And since there are
fewer valves in the discharge headers than in the pump
headers, the more restrictive case (i .e ., common cause failure
of 1-FW-PCV-159A/B) is chosen. (Note : The NRC has pointed
out in NRC Information Notice No . 88-87 that there are
instances at Surry where AFW pump wear have resulted in
foreign objects in the AFW piping, thus restricting flow to
the SGs. In this analysis, this possible flow restriction
will be included into the calculation of CCF probability of
the discharge check valves .)

11. Backleakage of steam through the discharge check valves
causing a common mode failure of all three AFW pumps by steam
binding is included in the fault tree model . Although this
event has caused some concern in the industry (and has
occurred at Surry), it has not occurred at North Anna and
procedures are in place to detect the possible occurrence of
such an event .

12 . -Failure df the trip and throttle valve, and the governor valve
upstream of the TDP is not modeled . These valves are normally
open, and are within the component boundary for the TDP .

13 . Back-flow through a failed AFW pump from running pumps is not
modeled because at least two other failures are required to
permit this back-f low . A manual valve on the discharge of the
running pump has to fail open and the check valve on the
discharge of the failed pump also has to fail open . For back-
flow through the full flow recirculation lines, at least three
other failures have to occur .

14 . The HCV's on the AFW pump discharge headers to the steam
generators (1-FW-HCV-100A/B/C) operate on a air-to-close,
fails-open mechanism . Therefore, the dependency on instrument
air to open these valves is not modeled .
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Main Feedwater

1 . For non-loss of feedwater transients, i .e ., if the feedwater
system is already in operation, normally open valves are
assumed not to fail closed . These include the isolation
valves 1-FW-MOV-154A, -154B, and 154C ; the isolation MOVs
150A, 150B and 150C and the manual valves 1-FW-MV-46,
1-FW-MV-78, and 1-FW-MV-110 .

2 .

	

For cases where MFW is already in operation, no credit will be
taken for FW regulating bypass valve operation .

3 . It is assumed that the FW heaters will not contribute to
system failure . Therefore, these heaters are not included in
the fault tree model . Loss of feedwater as a result of heater
malfunction is considered as an initiating event .

4 . Makeup water from the CST to the hotwells is through valves 1-
FW-LCV-109-1 and 1-FW-LCV-109-2 . 1-FW-LCV-109-2 is the normal
makeup valve and opens first on decreasing level in the
hotwell, permitting makeup water to enter the hotwell through
a 4 inch line . If the capacity of this valve is insufficient
to provide adequate makeup, 1-FW-LCV-109-1 opens to supply
additional water through a 10-inch line . It is assumed that
flow through both valves is needed for makeup to the hotwell .

5 . The loss of inventory in the condenser hotwells can be through
a pipe break between the condenser and the CST. In this case
makeup from the CST is also lost . This failure mode ' is not
modeled because the probability of this pipe break is
negligible when compared to the probability of the other
-failure ."'m'odes ..

6 . No spurious signals was considered which could cause the FRVs
to fail closed. This is considered as an initiating event .

7 . When attempting to re-establish FW flow (in loss of FW
transients), the condensate pumps are assumed to be already
running for those initiating events where loss of condensate
pumps was not the cause of loss of feedwater .

8 . It is assumed that the manual valves on the Reg-valve bypass
lines (i .e ., 1-FW-48, 49, 80, 81, 112, 113) are flow tested
(or utilized) once every quarter .

9 . It is assumed that the condensate pumps by themselves will not
provide enough flow to the SGs for system success .

10 . Plugging of check valves during mission time is negligible .
This includes valves 1-CN-9, -21, -33 and 1-FW-1, -10, -19,
-47, -79 and -111 .
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11 . The lube oil system for the MFW pumps is modeled as a "black
box" with a failure rate assumed to be 3 .31E-5 . This assumes
that the failure of the pump to run (PAT-FR) is the dominant
failure mode .

12 . Valves 1-FW-FCV-150A, 1-FW-FCV-150B and 1-FW-FCV-150C control
FW recirculation flow to the main condenser . These valves are
designed to open at low FW flow rates . The failure of FCV-
150A/B/C to open is not modeled because these valves are
designed to fail in the open position and all three valves
have to fail closed for recirculation flow failure . (Note :
Only one of these recirculation valves are in service at a
time . The other two valves are manually isolated .) Since the
position of these valves are indicated in the control room,
operator action to open the valves (if necessary) during a
routine at pump startup is assumed .

13 . Flow diversion through a failed or standby FW pump is not
modeled because two other failures have to occur . The MOV and
check valve on the discharge of the failed pump will both have
to fail open for flow diversion .

Flow diversion through a failed condensate pump is modeled .
The discharge valve is a manual valve . It is throttled only
when a condensate pump is manually started or secured . In the
fault tree, it will be assumed that this manual valve is left
open . Therefore, backflow would be through a single failed-
open check valve .

14 . Pumps 1-FW-P-1C and .1-CN-P-1C are assumed to be the standby
pumps . Unavailability due to test and maintenance will be
-modeled-'for these pumps .

15 . In accordance to the guidelines of the dependent failure task
(Task DF), common cause failure for running pumps is not
modeled. This includes both the condensate and the main
feedwater pumps .

A.14 RECIRCULATION SPRAY SYSTEM

The RS System, in conjunction with the QS System, sprays a fine
mist (atomized) of water into the containment atmosphere .
Atomizing the water increases the water surface area available for
heat transfer, greatly increasing the rate of heat transfer from
the containment atmosphere to the mist . The fine water droplets
also provide nucleation sites to condense steam . The RS System
uses water collected in the containment sump from the LOCA and QS
System as its source of water .
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The purposes of the RS System are to :

1 .

	

cool and depressurize the containment structure to
subatmospheric pressure ;

2 . maintain the containment at subatmospheric
following a LOCA/SLB ; and

3 . provide the Emergency Core Cooling System (ECCS) with
water for effective core cooling on a long-term basis
after a LOCA .

System schematics are shown in Figures A .14-1 and A .14-2 .

A .14 .1 Major Components

The RS System consists of two inside RS pumps, two outside RS
pumps, four recirculation coolers, four spray rings, one casing
cooling tank, two casing cooling pumps, two casing cooling
recirculation pumps, and two casing cooling refrigeration units .
The primary purpose of the RS System is to return the containment
atmosphere to subatmospheric conditions within one hour of a LOCA
or SLB and to remove heat from the water in the containment sump in
the long term . This subsection describes the major RS System
components and the flow paths used to achieve that purpose .

Water from the LOCA/SLB and QS System collects on the containment
floor and gravity drains into containment sumps . A containment
sump is a depressed area in the floor to hold water and to provide
suction points for the four recirculation spray pumps and the two
LHSI.pumps . (ih the recirculation mode) . The containment sumps are
completely enclosed by a screen assembly divided into two separate
half sections . The screen assembly consists of outer vertical and
inclined . 1 x 1/8-inch gratings and three inner stages of mesh
screens . The grating acts as a trash screen to prevent large
debris from reaching the coarse, fine, and cylindrical mesh
screens. Downstream of the grating, there are three stages of mesh
screening. The first stage is a coarse mesh with 0 .615-inch
(0 .558-inch for Unit 2) square openings . The second and third
stages are fine meshes with 0 .12-inch square openings that
approximate the size of the smallest nozzle orifice in the RS
rings .

The screen assembly is divided into two separate halves by a fine
mesh screen divider, so that failure of either half will not
adversely affect the other half . Each half of the assembly has a
screen surface area of approximately 84 square feet . Each pipe
suction point for the outside RS pumps is enclosed with a
cylindrical mesh screen extending from the bottom of the
containment sump to the top of the screen assembly support with an
area of approximately 33 square feet . The inside RS pumps suctions
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are located in approximately 7/ foot deep, lined wells which extend
into the containment mat . Water enters the suction wells via
cylindrical mesh screens which extend from the top of the suction
wells to the bottom of the pump motor support structure .

Inside RS pumps

There are two inside RS pumps for each unit . The pumps are located
at the 217-foot level in Containment . During normal operation, the
RS pumps are in standby, lined up to deliver water from the
containment sumps to their respective recirculation cooler and
spray ring . On receipt of a CDA signal, the pumps automatically
start after a 195-second time delay . The QS System supplies 150
gpm of water from the RWST via the QS pumps to the suction of each
inside RS pump . This cooler water increases the NPSH available to
the pumps .

Each inside RS pump is a vertical, two-stage, turbine pump which
has a capacity of 3300 gpm at a design head of 269 feet . Each pump
has 50 percent of the spray capacity necessary to return the
containment atmosphere to subatmospheric conditions following a
CDA. The pump motors are located in the containment basement,
approximately 9 feet above the floor . Each pump is driven by a
totally enclosed, air-cooled, 300 HP, induction motor at 1780 rpm .
RS pump 1A is powered from 480 V Bus 1Hl ; RS pump lB is powered
from 480 V Bus 1J1 . The pumps are controlled from respective
Safeguards Panels in the Main Control Room (MCR) . Remote pump
discharge pressure and motor current are indicated above the
respective handswitch . Each pump has local discharge pressure
indication .

The suctions of the inside RS pumps are in approximately 7/ foot
deep wells . The 4-inch lines from the QS headers contain orifices
that limit cooling water flow to 150 gpm . At the sump, each line
branches and forms a ring header . The ring header distributes the
cooling water to four symmetrically arranged outlets that extend to
the inlet of the pump . The outlets are designed such that the
velocity of the injected water is only slightly higher than the
flow velocities of the water entering the pump . When the QS System
is secured and the headers fill with air, the design of the outlets
prevents air from being . drawn into the suction of the pumps .

Outside RS pumps

There are two outside RS pumps for each unit, located at the 256-
foot level in the Safeguards Area . During normal operation, the RS
pumps are in standby, lined up to deliver water from the
containment sump to their respective recirculation cooler and spray
ring . On receipt of a CDA signal, the pumps automatically start
after a 210-second time delay .
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Each outside RS pump is a vertical, two-stage, turbine pump with a
capacity of 3700 gpm at a design head of 286 .7 feet . Each pump has
50 percent of the spray capacity necessary to return the
containment atmosphere to subatmospheric conditions following a
CDA. Each pump is driven by a 400 HP, induction motor at 1780 rpm .
RS pump 2A is powered from 4160 V Bus 1H ; RS pump 2B is powered
from 4160 V Bus 1J . The pumps are controlled from respective
Safeguards Panels . Remote pump discharge pressure and motor
current are indicated above the respective handswitch . Each pump
has local suction and discharge pressure indication .

The outside recirculation spray pumps are equipped with tandem
mechanical seals to provide redundancy against shaft leakage . A
separate closed loop seal water system filled with primary grade
water is provided for seal lubrication . The seal water system is
designed such that the seal water is maintained at a pressure
slightly higher than the pressure of the pumped fluid inboard to
the inboard seal . This design helps to prevent leakage of
radioactively contaminated fluid into the seal water system .

The seal water system lubricates the outboard seal during normal
operation. Since these pumps are vertical pumps that are not
vented prior to an emergency start, the seal water also is
necessary to keep the inboard seals lubricated during this initial
startup to prevent reduced seal life . This design also helps to
keep debris from the pumped fluid away from the inboard seal faces
during operation thereby extending the life of the seals .

The demineralized water in the seal water closed loop system is
cooled by a finned air cooled coil . The demineralized water is
circulated by a pumping ring which is integral to the mechanical
seal •a ssembly`. A seal head tank serves as a boundary between the
seal 'water. subsystem and the pumped fluid . The seal head tank has
a diaphragm attached to a weighted "float" to prevent the two
fluids from mixing . The weighted "float" maintains the seal water
at approximately 1 psi pressure greater than the pressure of the
pumped fluid at the inboard seal . The seal head tank is refilled
manually from the Primary Grade Water System when a low level
condition exists .

The suction lines between the containment sump and outside RS pumps
are cross-connected to ensure a supply of water to each pump if one
side of the containment sump suction screens becomes clogged . The
suction lines contain normally open, motor-operated isolation
valves 1-RS-MOV-155A and B . The valves are controlled from their
respective Safeguards Panels . In the event of a CDA, the normally
open valves receive an open signal to ensure their open status .
The Casing Cooling Subsystem provides approximately 800 gallons per
minute of cool water to the suction line of each outside RS pump .
This water increases the NPSH available to the pump .
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The discharge line from each pump contains a recirculation line, a
cross connection to the LHSI pumps (Unit 1 only), a motor operated
isolation valve, and a containment isolation check valve . . The
normally isolated recirculation line contains a flow element and is
used for periodic testing of the outside RS pumps . The connection
to the LHSI pump discharge on Unit 1 only provides additional
redundancy should a low head safety injection pump fail . The
normally open, motor-operated isolation valves 1-RS-MOV-156A and B
are controlled from their respective Safeguards Panels . In the
event of a CDA, the valves receive an open signal to ensure their
open status . The containment isolation check valves are weight-
loaded to ensure that any air in the outside RS piping does not
enter the subatmospheric Containment .

Recirculation coolers

The discharge of each RS pump passes through individual
recirculation coolers located in the basement of the Containment .
Each recirculation cooler is a single-pass, shell and tube heat
exchanger with a heat removal capacity of 56,835,000 Btu/hr . The
RS water passes through the shell side of the heat exchanger and
transfers its heat to the service water on the tube side . The
shell side of the heat exchanger has a design pressure of 225 psig
and a design temperature of 280°F .

During normal plant operation, the recirculation coolers are
maintained empty. The clean, dry, and ready condition of the
coolers prevents tube fouling and the associated loss of heat
transfer capability . Upon receipt of a CDA signal, the service
water recirculation cooler header isolation valves open and admit
4,,500 gpm. . of .`service water to each cooler . The RS water in the
cooler is at a _higher pressure than the service water . Therefore,
the dilution of the borated water in the containment sump caused by
a leak from the Service Water to the Recirculation Spray System is
not possible . The leakage of sump water into the service water is
detected by means of radiation monitors in the SW System outlets of
each cooler .

RS spray rings

There is one 180° spray ring for each RS Subsystem . Each spray
ring is a semicircular 8-inch pipe that contains 150 nozzles to
atomize the RS water . The inside and outside RS Subsystem spray
rings are arranged to form a complete 360° circular ring at
elevations 376 feet, 10 inches and 377 feet, 10 inches
respectively . The ESF train A and B subsystems are arranged so
that the two RS Subsystems in a single train provide 360° spray .
The spray coverage of the quench sprays and the four recirculation
sprays is 86 percent of the entire containment atmosphere and 87
percent of the atmosphere above the operating floor . The RS spray
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rings have a combination of spray nozzle types that are oriented to
obtain a wide distribution of varying size spray droplets . This
provides maximum quench spray coverage . The RS water droplets
average 1094 microns in diameter .

A.14 .2 Fault Tree Analysis

Recirculation Spray was modeled as a front line system providing
the Containment heat removal function . Success criteria was 1 of
4 RS pumps with SW to the respective heat exchanger .

The notes and assumptions used in the fault tree development
follow . The fault tree is listed at the end of the section .

Recirculation Spray Fault Tree Modeling Assumptions

1) Passive failure of the piping in the RS System is assumed to
have a negligible probability in comparison to the failure
probability for active components . Therefore, pipe segments
will not be included in the fault tree model as basic events .

2)

	

Orifices in pipe segments are not included in the fault tree
model by the same reasoning as Assumption 1 .

3) The RS system includes the Casing Cooling Tank . The Casing
Cooling Tank is equipped with a cooling subsystem which is
used to maintain the temperature of the water in the tank .
Since the temperature of the tank is a Tech Spec controlled
parameter this subsystem can be assumed operable at the time
of - the initiating event . Therefore it will not be modeled in
the ERA . The Casing Cooling Tank's temperature and volume are
assumed to be within the values allowed by the Tech Specs .

4)

	

Using the same logic as Assumption 1, the heat tracing
associated with the Casing Cooling Tank is not modeled .

5) Periodic Tests 1-PT-64 .1A, 64 .2A, 64 .1B, and 64 .2B require
testing of the RS pumps every three months . This test will
also determine if any of the normally open valves in the RS
system are plugged . Therefore, 2160 hours was used for the
time interval for the plugging fault of the normally open
valves .

6) Failure to restore the discharge valves from the casing
cooling pumps (i .e ., 1-RS-MOV-101A, B) is not included in the
model because the valves receive a CDA open signal .

7)

	

IRS pump suction containment sumps receives flow from the QS
system . The A QS train provides flow directly to the A IRS
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pump suction containment sump . The B QS train provides flow
to the suction containment sump of the B IRS pump .

8) Common cause errors are postulated to occur on most active
components . The typical active components are accounted for
including the IRS pumps, the ORS pumps, the ORS pumps inlet
and outlet isolation valves and the containment sump . The
sump is not an active component but it must be considered
since its failure would eliminate all heat removal capability
for the containment .

The CC errors for the service water supply to the RS heat
exchangers include the active components in the two trains .
These components are the train isolation valves, the heat
exchanger inlet isolation valves and the heat exchanger outlet
isolation valves .

9) The human interaction errors are primarily restoration or type
A errors or type C errors . The type A errors are failure to
restore a train of equipment to operable status . Type C
errors are failure to start equipment manually following
failure of automatic initiation .

10) Special basic events have been included in the model . Each of
the events is listed below with a discussion of its
importance .

1CESTR-CC-SUMPPG This basic event represents the failure
of the outermost screens around the sump
to collect and prevent debris from
entering or blocking the suction of the
four RS pumps .

1RSTNK-PG-CCTNK This basic event represents the plugging
of both the vent on top of the Casing
Cooling Tank and the overflow line to the
safeguards sump . This is a special event
because the plugging rate in the PRM file
is not appropriate for a dry vent .

11) Three, house events have been defined for the RS System

XHOS-QS-REQ-NPSH This house event is used to turn on and
turn off quench spray water supply to the
1RS pump suction .

XNOS-CASCOOLREQD Similarly, this house event is used for
casing cooling water supply to the ORS
pumps .

XHOS-SW

	

Service water required for RS heat
exchangers .
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A .15 EMERGENCY SWITCHGEAR ROOM COOLING SYSTEM

A.15 .1 Components

The Main Control Room and Emergency Switchgear Room Cooling System
consists of two sets of three chillers, one set for each reactor
unit . Each set supplies chilled water to air conditioners (also
referred to as air handling units, or AHU) . The first set,
consisting of unit 1 Main Control Room and Emergency Switchgear
Room (ESGR) chillers 1-HV-E-4A, -4B, and -4C, supplies the air
conditioners in the Unit 1 MCR and ESGR. The second set of Unit 2
MCR and ESGR chillers, consisting of chillers 2-HV-E-4A, -4B, and -
4C, supplies the air conditioners in the Unit 2 MCR and ESGR .

The chiller units are typical gas/liquid refrigerant units that are
piped in parallel for each set . The 4A, B, C chillers are rated at
about 80 tons with 85°F cooling water . Each chiller has an
associated condenser (or condensate) water pump and a chilled water
pump . A typical chiller unit is discussed in the General System
Operation section of this module .

The condenser water pump takes suction on the condensing water
supply line, pumps it through the chiller condenser, and returns it
to the condensing water system. The condensing water for the
4A,B,C sets of chillers is taken from the supply headers of the
Service Water System . The condensing water is basically an open
system, as the heated water is returned to the Service Water
discharge header and is normally directed to the Service Water
Reservoir for cooling .

The chilled water pump for each chiller pumps the water through the
chiller, where it is chilled, and then to the cooling coils of the
air handling units . In the cooling coils, the water absorbs the
heat from the air drawn across the coils . This warmed water
returns to the suction side of the chilled water pump to repeat the
process . The chilled water flow path is basically a closed-loop
system, with makeup water added as needed from the Domestic Water
System and expansion tanks provided as surge tanks for the closed
loops .

One line schematics are presented in Figures A .15-1 through A .15-4 .
The Unit 1 ESGR Chilled Water and Service Water subsystems are
presented in the first two figures . The next two figures present
the same information for unit 2 .

MCR and ESGR Air Conditioning System

Two independent, 100 percent capacity air cooling systems are
provided per reactor unit, for a total of four . Each cooling
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system consists of an air handling unit and a chiller unit . For
the Unit 1 Emergency Switchgear Room, these are :

1 .

	

air handler 1-HV-AC-6 with associated chiller 1-HV-E-4A,
and

2 .

	

air handler 1-HV-AC-7 with associated chiller 1-HV-E-4C .

For the Unit 2 Relay Room, these are :

air handler 2-HV-AC-6 with associated chiller 2-HV-E-4C,
and

air handler 2-HV-AC-7 with associated chiller 2-HV-E-4A .

1 .

2 .

A third chiller 1-HV-E-4B (2-HV-E-4B) for Unit 1 (Unit 2) is
provided as a spare and serves as a backup/replacement for either
chiller 1-HV-E-4A (2-HV-E-4A) or 4C .

These ESGR air handling units take in air from the ESGR rooms,
filter it, cool it, and return it to the associated room .

A .15 .2 Fault Tree Analysis

The dependency matrices for the ESGR cooling system are shown in
Table A.15-1 . The ESGR cooling was modeled on the event trees as
a front line function . Loss of ESGR cooling of one reactor unit
for an extended period of time leads to loss of all emergency AC
power for that reactor unit and thus, it was an all encompassing
critical failure . The HV1 fault tree success criteria for Unit 1
ESGR- cooling .'were 1 of 3 chillers and 1 of 2 AHUs during all
accident conditions .

The HV2 fault tree success criteria for Unit 2 ESGR cooling assumes
that Unit 1 ESGR cooling is preserved through procedure O-AP-55,
which directs operators to open the doors between the Unit 1 ESGR
and Unit 2 ESGR, and to place portable fans to direct cool Unit 2
ESGR air into the Unit 1 ESGR . The success criteria for Unit 2
ESGR equipment is 1 of 3 chillers and 1 of 2 AHUs, which will
permit some heatup of both rooms, but will keep both rooms below
120°F .

The notes and assumptions used to develop the fault tree follow .
The fault tree is listed at the end of the section .

ESGR Cooling Fault Tree Modeling Assumptions

The following modeling assumptions are specific for the Unit 1 HV1
fault tree .
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1 . For the HV1 fault tree only, at the start of the accident, it
is assumed that chiller train A is operating, and that both
chiller trains B and C can be used as backup (chiller C is
labeled standby and chiller B is labeled spare for clarity,
but these labels only affect the order, of backup chiller
startup) . Also, AHU 1-HV-AC-6 is assumed to be operating at
the start of the accident, with AHU 1-HV-AC-7 used as backup .
SW supply is assumed from the "normal" SW supply header (36"-
WS-2-151-03, Supply Header B) through the 1-HV-S-1A strainer
with SW discharge to the "normal" SW discharge header (36"-WS-
4-151-03, Discharge Header B) .

2 .

	

For the HV1 fault tree only, on the standby C Chiller train,
it is assumed that the following valves are initially closed :

10

1-CD-182
1-HV-MOV-111C
1-HV-MOV-113C
1-HV-PCV-1235C-1
1-HV-PCV-1235C-2
1-SW-386
1-SW-402

For the HV1 fault tree only, on the spare
is assumed that the following valves are

1-CD-205
1-CD-209
1-CD-216
1-HV-MOV-111B
1-HV-MOV-113B

- . .1-HV-PCV-1235B-1
.1-HV-PCV-1235E-2
1-SW-420
1-SW-436

B Chiller train, it
initially closed :

For the HV1 fault tree only, the following manual valves
assumed to be closed to isolate the B & C chiller suction
discharge piping from the operating A chiller :

1-CD-174
1-CD-175
1-SW-362
1-SW-385

3 . Manual valves in running trains do not experience plugging
faults . This includes the A chiller train on both the SW and
chilled water sides .

4 . Manual valves in standby trains are assumed to be subject to
plugging faults if they are normally open. This applies
primarily to the B and C chiller trains on both the SW and

are
and
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chiller water sides . Plugging faults are subsumed within the
fails closed fault for normally closed manual valves and MOVs .

5 . The standby chiller train faults for the C chiller include the
normal faults modeled for a standby pump train . These include
fail to start (pumps & chiller), fail to run for 24 hour
mission (pumps & chiller), loss of motive power, loss of
control power, and unscheduled maintenance . As motive and
control power sources are the same for all components, these
sources are modeled as electrical faults within the chiller
train .

The spare chiller train faults for the B chiller are similarly
modeled and include the normal faults modeled for a standby
pump train. These include fail to start (pumps & chiller),
fail to run for 24 hour mission (pumps & chiller), loss of
motive power, loss of control power, and unscheduled
maintenance . As motive and control power sources are the same
for all components, these sources are modeled as electrical
faults within the chiller train .

6 . The AHUs are assumed to be passive except for the fan motors .
A loss of function fault is used to address fans, tube leaks,
tube plugging, air flow blockage and other faults . Note that
the motor operated dampers are physically separate from the
AHUs, and the MODs are modeled as a separate active component
in both fault trees .

The AHU chilled water flow path includes a TCV which is
modulated to control ESGR ambient temperature by limiting
chiller water flow through the AHU coils . For a standby AHU,
the . TCV .*bypasses the AHU coil (e .g ., water flows through a
'bypass line -- see the Dependency Matrix) . No TCV faults were
noted within the North Anna operating history, and the TCV-LF
type 3 probability of 1 .81E-2 is felt to be unreasonably high .
Accordingly, the type 4 TCV-SC (spurious closure) fault is
used to model TCV faults for a running AHU . For the standby
AHU, a TCV-FC fault is also modeled due to the initial state
of the TCV .

7 . The AHU fan motors are modeled with a fail to start (backup 1-
HV-AC-7 and 2-HV-AC-6 only) and fail to run 24 hours faults .
The fan motors have a motive power source, but no control
power .

For the HV1 fault tree only, the AHU chilled air flow path
includes a MOD (Motor Operated Damper) that opens when the AHU
fan is energized . For the standby AHU 1-HV-AC-7 the MOD is
initially closed, blocking the AHU chilled air flow path (and
preventing air flow diversion from the operating AHU 1-HV-AC-
6) . The type 4 MOD-SC (spurious closure) fault is used to
model MOD undesired closure faults for a running AHU . For the
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standby AHU, a MOD-FC fault is modeled due to the initial
state of the MOD. Also, during backup AHU 1-HV-AC-7 startup
upon operating AHU 1-HV-AC-6 run fault, the 1-HV-MOD-137 for
the failed operating AHU must close to avoid an air flow
diversion path (e .g ., backf low from 1-HV-AC-7 through the
failed 1-HV-AC-6, exiting through the failed 1-HV-AC-6 filters
into the ESGR) . Although this air flow diversion would still
dump chilled air into the ESGR, the chilled air is not
distributed so as to remove heat from the switchgear . Hence
a MOD-FO fault for 1-HV-MOD-137 is modeled for this air flow
diversion, failing the standby 1-HV-AC-7 upon startup . This
fault would be easily recovered by the operators, but fault
discovery could be prolonged because there is little
instrumentation/annunciation .

8 . The 1-HV-MOV-111A/B/C and 113A/B/C (2-HV-MOV-211A/B/C and
213A/B/C) valves are modeled as described in the station
drawings . It is assumed that the running 111A & 113A (211A &
213A) valves can spuriously close, and that the standby 111B/C
• 113B/C (211B/C & 213B/C) valves are closed and can fail to
open (MOV-SC is subsumed within the MOV-FC fault) .

9 . For the HV1 fault tree only, Unit 1 HV SW supply is assumed
from the "normal" SW supply header (36"-WS-2-151-03, Supply
Header B) through the 1-HV-S-1A strainer with SW discharge to
the "normal" SW discharge header (36"-WS-4-151-03, Discharge
Header A) . The "alternate" SW supply and discharge headers
and the 1-HV-S-1B strainer are assumed to be isolated from the
operating chiller train A flow path by manual valve 1-SW-362
• 1-SW-385 . An external transfer is provided to the SW1 fault
tree to model SW supply faults (pumps, headers, etc .) and SW

•

	

discharge faults (e .g ., MOV faults for lake-to-lake mode) .

10 . No plugging history was noted in the North Anna operating data
for the 1-HV-S-1A & 1B (2-HV-S-1A & 1B) strainers . Generally
strainers in clean water (i .e ., not lake water) systems are
not modeled ; however, since there is some possibility of
debris or foreign material in the SW system, an exception is
made. For the HV1 (and HV2) fault tree, strainer plugging is
modeled based upon an assumed strainer/SW supply header lineup
configuration . The 1-HV-S-1A (2-HV-S-1A) strainer is assumed
to be operating at the start of the accident, and is modeled
with a type 4 STR-PL fault . The 1-HV-S-1B (2-HV-S-1B)
strainer is assumed to be in standby, and is modeled with a
type 2 STR-PG fault . A one month (720 hour) interval between
tests is assumed based upon monthly chiller rotation .

11 . The 1-HV-RV-1200 & 1201 (2-HV-RV-2200 & 2201) relief valve
flow diversions are modeled as SV--SO (safety relief valve
spuriously opens) faults over a 24 hour mission . Recovery is
possible through Domestic Water system makeup ; but, as this
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system is not powered by an Emergency Bus, this recovery is
not modeled .

12 . The 1-HV-RV-1202A, 1202B & 1202C (2-HV-RV-2202A, 2202B &
2202C) relief valve flow diversions are, modeled as SV--SO
(safety relief valve spuriously opens) faults over a 24 hour
mission . Recovery is possible through Domestic Water system
makeup, but as this system is not powered by an Emergency Bus,
this recovery is not modeled .

13 . The 1-HV-RV-1205A, 1205E & 1205C (2-HV-RV-2205A, 22-5B &
2205C) relief valve flow diversions are modeled as SV--SO
(safety relief valve spuriously opens) faults over a 24 hour
mission . Since the concern with these valves spuriously
opening is flooding, it is assumed that the affected chiller
train must be isolated to avoid loss of all three chillers
(leading to a station blackout) . Flooding without isolation
is addressed within the Internal Flooding analysis, so that
the fault in HV1 is limited to the sole affected chiller that
is assumed to be isolated to prevent Unit 1 Air Conditioning
Room flooding .

14 . HV makeup is provided by the Domestic Water system . A review
of station drawings indicates that HV for both Unit 1 and Unit
2 is isolated from the Domestic Water system by at least two
check valves so that a flow diversion from HV to the Domestic
Water system is not probable and does not require modeling
within the HV1 or HV2 fault trees .

15 . The spurious closure .of 1-HV-PCV-1235A-2, 1235B-2, or 1235C-2
(2-HV-PCV-2235A-2, 2235B-2, or 2235C-2) will fail the
applicable chiller train, so a PCV-SC fault is modeled for all
three chiller trains . Since 1-HV-PCV-1235B-2 & 1235C-2 (2-HV-
PCV-2 2 3 5B-2 & 2235C-2) are open initially in the spare chil ler
B train and the standby chiller C train, PCV-FC faults are not
modeled .

16 . The spurious closure of 1-HV-PCV-1235A-1, 1235B-1, or 1235C-1
(2-HV-PCV-2235A-1, 2235B-1, or 2235C-1) will fail the
applicable chiller train, so a PCV-SC fault is modeled for all
three chiller trains . Since 1-HV-PCV-1235B-1 & 1235C-1 (2-HV-
PCV-2235B-1 & 2235C-1) are closed initially in the spare
chiller B train and the standby chiller C train, PCV-FC faults
are modeled .

17 . Although TM & UM take place on the SW side of the chiller
trains, the TM & UM faults are modeled on the chilled water
side . A fault on either the chilled water or SW side fails
the train, so placement of the fault is not important .

NAPS IPE

	

A-138

	

12-15-92



19 . For mode 2 faults on standby components, an interval of 720
hours is used as chillers are rotated each month per North
Anna procedure 0-MISC-2 .

20 . Common Cause Faults (CCF) for the Unit 1 HV1 fault tree are
assumed for like active components in standby . For normal
standby components, this would include

1-CD-182 and 1-CD-209 (check valves)
1-HV-E-4B and 1-HV-E-4C
1-HV-MOV-111B and 1-HV-MOV-111C
1-HV-MOV-113B and 1-HV-MOV-113C
1-HV-P-20B and 1-HV-P-20C
1-HV-P-22B and 1-HV-P-22C
1-HV-PCV-1235B-1 and 1-HV-PCV-1235C-1
1-SW-386 and 1-SW-420 (check valves)
1-SW-402 and 1-SW-436 (check valves)

All of these are standby components, and all are obvious
active components and are included within the HV1 fault tree .

The following modeling assumptions are exceptions to the Unit 1 HV1
fault tree assumption list, that apply only to the Unit 2 HV2 fault
tree .

21. For the HV2 fault tree only, at the start of the Unit 1
accident, it is assumed that the Unit 2 chiller train A is
operating, and that both Unit 2 chiller trains B and C can be
used as backup (chiller C is labeled standby and chiller B is
labeled spare for clarity, but these labels only affect the
order of backup chiller startup) . Also, the Unit 2 AHU 2-HV-

• AC-.7. .is" assumed to be operating at the start of the accident,
with AHU_2-HV-AC-6 used as backup . SW supply is assumed from
the "normal" SW supply header (36"-WS-1-151-03, Supply Header
A) through the 2-HV-S-1A strainer with SW discharge to the
"normal" SW discharge header (36"-WS-4-151-03, Discharge
Header A) .

22 . For the HV2 fault tree only, on the standby 2-HV-E-4C Chiller
train, it is assumed that the following valves are initially
closed :

2-CD-187
2-HV-MOV-211C
2-HV-MOV-213C
2-HV-PCV-2235C-1
2-HV-PCV-2235C-2
2-SW-306
2-SW-322
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For the HV2 fault tree only, on the spare 2-HV-E-4B Chiller
train, it is assumed that the following valves are initially
closed :

2-CD-207
2-CD-209
2-CD-218
2-HV-MOV-211B
2-HV-MOV-213B
2-HV-PCV-2235B-1
2-HV-PCV-2235E-2
2-SW-337
2-SW-353

For the HV2 fault tree only, the following manual valves are
assumed to be closed to isolate the 2-HV-E-4B & 4C chiller
suction and discharge piping from the operating 2-HV-E-4A
chiller :

2-CD-176
2-CD-198
2-SW-302
2-SW-305

23 . For the HV2 fault tree only, the Unit 2 AHU chilled air flow
paths include a MOD (Motor Operated Damper) that opens when
the AHU fan is energized . For the standby AHU 2-HV-AC-6 the
MOD is initially closed, blocking the AHU chilled air flow
path (and preventing air flow diversion from the operating AHU
2-HV-AC-7) . The type 4 MOD-SC (spurious closure) fault is
used to model MOD faults for a running AHU . For the standby
AHU, . a MOD-FC fault is modeled due to the initial state of the
MOD . . The Unit 2 HV2 model includes the MOD-FO air flow
diversion fault similar to that for the Unit 1 HV1 fault tree,
as a 1 of 2 AHU success criteria is assumed in both models .
If the operating AHU 2-HV-AC-7 fails during the mission, there
is no T8 recovery success if the AC-7 MOD fails open . See
assumption 7 for HV1 for a similar approach .

24 . For the HV2 fault tree only, Unit 2 HV SW supply is assumed
from the "normal" SW supply header (36"-WS-2-151-03, Supply
Header A) through the 1-HV-S-1A strainer with SW discharge to
the "normal" SW . discharge header (36"-WS-4-151-03, Discharge
Header A) . The "alternate" SW supply and discharge headers
and the 2-HV-S-1B strainer are assumed to be isolated from the
operating chiller train A flow path by manual valves 2-SW-302
& 305 . An external transfer is provided to the SW1 fault tree
to model SW supply faults (pumps, headers, etc .) and a second
external transfer is provided to the SW1 fault tree to model
SW discharge faults (e .g ., MOV faults for lake-to-lake mode) .
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25 . Common Cause Faults (CCF) f or the Unit 2 HV2 fault tree are
assumed for like active components in standby . For normal
standby components, this would include

2-CD-187 and 2-CD-211 (check valves)
2-HV-E-4B and 2-HV-E-4C
2-HV-MOV-211B and 2-HV-MOV-211C
2-HV-MOV-213B and .2-HV-MOV-213C
2-HV-P-20B and 2-HV-P-20C
2-HV-P-22B and 2-HV-P-22C
2-HV-PCV-2235B-1 and 2-HV-PCV-2235C-1
2-SW-306 and 2-SW-337 (check valves)
2-SW-322 and 2-SW-353 (check valves)

All of these are standby components, and all are obvious
active components and are included within the HV2 fault tree .

A .16 COMPRESSED AIR SYSTEM

This system consists of three individual subsystems associated with
each reactor unit . The system can be considered common to Units 1
and 2, however, by virtue of the extensive cross-connections
between the two reactor units . Its primary purpose is to provide
a source of clean, filtered, dry, pressurized air for the operation
of pneumatically operated valves and other components throughout
the reactor plant . An additional purpose of the Compressed Air
System is to provide service air facilities for the operation of
air-operated tools .

The reliability of the system is improved by cross-connecting the
Units 1- .and .'2 Service Air Subsystems and the Units 1 and 2
Instrument Air Subsystems . The two Containment Instrument Air
Subsystems operate independently of each other . Each Containment
Instrument Air Subsystem is backed-up by the Units 1 and 2
Instrument Air Subsystems, further enhancing system reliability .
The Instrument Air Subsystems are backed-up by the Units 1 and 2
Service Air Subsystems . References in this text to the Service or
Instrument Air Subsystems include both the Units 1 and 2
subsystems .

A.16 .1 Components

Service Air Subsystem

The Service Air Subsystem air supply consists of two compressors
located outside the Unit 2 Turbine Building north rolling door
(truck bay) . Each Service Air Compressor is associated with one
unit in terms of power supply and control . However, both
compressors discharge into a common header .
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Service Air storage capability consists of three receiver tanks .
One large receiver is located in the Unit 2 Turbine Building
Basement just below the truck bay, and two smaller receivers are
located on the second floor of the Auxiliary Building South of the
Charging Pump Cubes . The Auxiliary Building Service Air Receivers
normally supply the plant Service Air System header, and also
supply backup air to the two Instrument Air Receivers .

Instrument Air Subsystem

The Instrument Air Subsystem air supply consists of two compressors
located on the second floor of the Auxiliary Building South of the
Charging Pump Cubes . Each Instrument Air Compressor is associated
with one unit in terms of power supply and control, and discharges
to individual Instrument Air Receivers .

Instrument Air storage capability consists of two receiver tanks-
both located on the Auxiliary Building second floor south of the
Charging Pump Cubes, right next to the two Service Air Receivers .
The* outlet of the Instrument Air receivers flows to the Instrument
Air Drying Towers in the Auxiliary Building .

The Instrument Air Drying Tower assemblies consist of a Pref ilter,
Desiccant Towers and Postf ilter . There are three Drying Tower
assemblies . One at the outlet of each of the two Instrument Air
Receivers in the Aux Bldg, and one in the Unit 2 Turbine Building
basement . The tower in the Turbine Bldg dries air which can be
supplied from the Turbine Bldg Service Air Receiver to the Turbine
Building Instrument Air header (normally not in service) . The
function of the filters and drying towers is to clean and remove
moisture-- from Instrument Air so that it meets or exceeds purity
requirements for control air systems . The outlets of the drying
towers flows to the plant Instrument Air headers .

Containment Instrument Air Subsystem

The two Containment Instrument Air Subsystems are each provided
with two 100 percent capacity air compressors located inside
Containment . Containment air loads are normally supplied with air
from the Instrument Air Subsystem .

Small, seismically qualified instrument air receivers have been
provided for critical valves in the Main Steam and Auxiliary
Feedwater Systems that receive air from the Instrument Air
Subsystem . These valves may be required to operate in an accident
situation ; therefore, an additional reserve air source is provided .
A check valve associated with each of these receivers prevents the
receiver from depressurizing if Instrument Air Subsystem pressure
is lost .

NAPS IPE

	

A-142

	

12-15-92



Construction Air Subsystem

The Construction Air Subsystem consists of three motor driven, oil
lubricated, rotary air compressors located South of the plant
outside the Protected Area fence . One is located by Security Post
#4, and two are located at the Northeast corner of the Service
Water Reservoir . Two Construction Air Receivers (one just North of
the air compressors by the SW Reservoir and one by the Liquid Waste
Treatment Facility in Units #3 and #4 area) makeup the Construction
Air Subsystem storage capability .

A .16 .2 Flow Paths

Service Air Subsystem

The two Service Air Compressors (1-SA-C-1 and 2-SA-C-1) are located
outside, just North of the Unit 2 Turbine Building North wall and
just East of the Unit 2 Station Service Transformers . They are
protected from sun, rain and snow by a sheet metal shed roof . The
compressors take suction from outside air and discharge to a common
4 inch header . The entire run of Service Air piping from the SA
Compressors to the Auxiliary Building is of stainless steel . Each
compressor has a discharge isolation valve (1-SA-301, 2-SA-1026)
and a muffler (1/2-SA-SIL-1) for maintenance isolation and flow
testing . A Temporary Compressor Tie-In via 1-SA-302 can be used
for additional compressed air capacity when one or both of the
Service Air Compressors are out of service .

The common discharge line from the Service Air Compressors has
connections for a future aftercooler just before going through the
Unit'2 Turbine Building North wall . The Air then flows to the
Service Air Receiver (2-SA-TK-2) in the Unit 2 Turbine Building
basement, via 2-SA-1030 (check valve), and 1031 . Moisture is removed
from this line by a trap (2-SA-TD-1) .

The Service Air Receiver (2-SA-TK-2) serves as a storage volume for
compressed Service Air and a distribution point for Service Air
supply to :

1 .

	

Service Air Receivers in the Auxiliary Building (1/2-SA-
TK-1) .

2 . Unit 2 (and Unit 1 via crosstie valves) Turbine Building
Instrument Air header through 2-IA-2016 and Instrument
Air Dryer (2-IA-D-7) . This flowpath will be normally
isolated .

3 . Unit 2 (and Unit 1 via crosstie valves) Turbine Building
Service Air header through 2-SA-1039 . This f lowpath will
be normally isolated .
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Service Air Receiver (2-SA-TK-2) can be bypassed, and air sent
directly to the Auxiliary Building Service Air Receivers and/or the
Turbine Bldg SA header by opening 2-SA-1032 . Moisture is removed
from this tank by trap (2-SA-ADV-1) .

The 4 inch stainless steel SA line to the Auxiliary Building leaves
the Service Air Receiver (2-SA-TK-2) via 2-SA-1038, runs south to
the south wall of Unit 2 Turbine Building basement, turns east and
over to Unit 1 Turbine Building basement where it enters the TB/AB
Pipe Tunnel . From the Auxiliary Building end of the Pipe Tunnel,
the line runs to a distribution manifold on the second floor Aux
Bldg just south of the Charging Pump cubicles . Between 2-SA-TK-2
and this manifold moisture is removed from the SA line by three
traps (2-SA-TD-2, 3 and 4) --the Pipe Tunnel is the low point in the
SA header .

From the distribution manifold in the Aux Bldg Service Air is
normally sent to Service Air Receivers (1/2-SA-TK-1) via 1-SA-310
and 2-SA-1061 respectively. If need be, Service Air can also be
sent directly to 1/2-IA-TK-1 via 2-IA-29, 30 and 31 at the manifold
and 1-IA-1673 and 2-IA-8 at the respective IA Receivers. The
direct SA to IA Receiver feed can also be split by closing 2-IA-30 .
The direct feed from SA to IA Receivers is normally isolated .

The Service Air Receivers (1/2-SA-TK-1) are located on the second
floor of the Auxiliary Bldg just south of the Charging Pump
cubicles . They serve as additional SA storage capacity and as a
point of Service Air distribution to the plant SA header and backup
supply to the Instrument Air Receivers for both Units 1 and , 2 (1/ 2-
IA-TK-1) . Moisture is removed from each Aux Bldg SA Receiver by an
Automatic Drain Valve . The entire SA header throughout the plant
is normally :fed from the Aux Bldg SA Receivers (Turbine Bldg fed by
line' from .Aux . Bldg to Turb Bldg through Pipe Tunnel) .

Each SA Receiver serves as a 'backup supply to both IA Receivers via
four (4) pressure control valves (PCVs) . 1-SA-TK-1 backs-up 1-IA-
TK-1 and 2-IA-TK-1 via 1-SA-PCV-101 and 1-SA-PCV-105 respectively .
2-SA-TK-1 backs-up 1-IA-TK-1 and 2-IA-TK-1 via 2-SA-PCV-205 and 2-
SA-PCV-201 respectively . Additionally, there is a normally-shut
manual valve (1-IA-1671 and 2-IA-10) which can be used to feed to
the IA outlet of each IA Receiver from just downstream of each
unit's respective SA to IA backup PCV . These , PCVs are installed
and designed to open on decreasing IA Receiver pressure . Pressure
controllers located adjacent to these PCVs were originally set to
open at 90 psig decreasing IA Receiver pressure, but are currently
set at 120 psig . Since IA pressure is nominally about 100 psig,
the result is that these PCVs are currently always full open such
that Service Air is the primary source of Instrument Air pressure,
and the Instrument Air Compressors load as necessary on decreasing
IA pressure for additional IA supply . In the future, when
modifications to the Compressed Air System are complete, the
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pressure controllers for the backup PCVs will be reset to open at
90 psig .

Service Air Subsystem

Service air is provided to Containment for the operation of the
fuel transfer conveyor and air hose connections . Locked-shut
manual isolation valves isolate service air from Containment .
Whenever the isolation valves are opened, an individual is assigned
to stand near the valves to provide containment isolation, if
required .

Instrument Air Subsystem

The Instrument Air Compressors (1/2-IA-C-1) are located on the
second floor of the Auxiliary Bldg just South of the Charging Pump
cubicles . They take suction from the air in the South side of the
Auxiliary Bldg fourth floor through two Filter Silencers (1-FA-FL-
3A and 3B) . The IA Compressors discharge to their respective IA
Receivers through individual check valves and manual isolation
valves . The check valves (1-IA-1658 and 2-IA-7) have a 1/8 inch
bleed hole drilled through their disks to that the pressure
switches (located in the IA Compressor enclosures) controlling
compressor loading and unloading can sense IA Receiver pressure .
The discharges of the two IA Compressors can be crosstied via
normally-shut manual valve 1-IA-2074 .

The Instrument Air Receivers are located on the Auxiliary Bldg
second floor next to the Service Air Receivers and are equipped
with automatic moisture-removing drain valves . Instrument Air
flows from each unit's IA Receiver to individual IA Desiccant Tower
Dryers (1/2-IA-D-1) where remaining moisture is removed before
flowing .to the Instrument Air distribution header . The IA Dryers
can be bypassed by opening manual bypass valves (1-IA-1676 and 2-
IA-23) . Instrument Air flows from the outlet of the Desiccant
Towers to the IA header which distributes IA to the entire plant .

The Instrument Air header to the Unit 1 and Unit 2 Containments
enters the containment structures through Containment Isolation
Trip Valves, and interfaces with the Containment Instrument Air
Subsystem . Normally, the Containment Instrument Air Subsystem is
secured and the plant Instrument Air Subsystem supplies IA to all
IA loads in the Containment .

The Instrument Air Subsystem supplies dry air primarily to air-
operated control valves, such as the turbine control valves,
secondary drains normal and high level divert valves, and feedwater
and Auxiliary Feedwater control valves, to mention a few . In
addition to the seismic air flask mentioned previously, some of the
Instrument Air Subsystem control valves are provided with smaller
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air flasks to provide a source of air for failing the valve to a
safe position when normal air pressure is lost . An example of this
type of flask is mounted next to the discharge valves of the high
pressure (HP) heater drain pumps and provides a backup air source
to the HP heater drain pump discharge valves to fail the valves
open .

Containment instrument Air subsystem

Each reactor unit is supplied with two air compressors (1/2-IA-C-
2A/B), two air receivers (1/2-IA-TK-2A/B), an aftercooler, and two
air dryers (1/2-IA-D-2A/B), all of which are located inside the
Reactor Containment . The following discussion describes the flow
path associated with compressor 2-IA-C-2A . The flow paths
associated with 2-IA-C-2B are similar .

Compressor 2-IA-C-2A takes suction of the Containment atmosphere
via an air filter . The compressor discharge is directed to
containment instrument air receiver 2-IA-TK-2A, via a check valve .
The normal pressure in the containment instrument air receivers is
95 psig . The discharge of the receiver is cross-connected to
receiver 2-IA-TK-2B .

The desiccant-type dryer located on the discharge side of the
aftercooler removes moisture from the containment instrument air,
while a filter on either side of the dryer removes particles from
the air . A check valve downstream of the dryer prevents backflow
to the compressors .

A.16s3 Fault' Tree Analysis

A detailed fault tree was not developed for the instrument air
system . :Reliability analysis of the IA determined that it could be
modeled as a basic event, input to the appropriate loads .

A.17 REACTOR PROTECTION SYSTEM

A.17 .1 Description

An elaborate reactor protection system has been designed in order
to guarantee the integrity of the reactor systems and to avoid
undue risk to the health and safety of the public . The system is
capable of supplying reactor trip signals and of initiating
engineered safety features to provide protection during all normal
operating and casualty conditions . There are two complete and
independent sets of logic circuits in the reactor protection
system, each set constituting a logic train .

NAPS IPE

	

A-146

	

12-15-92



The nuclear and process instrument system continuously monitor the
operation of the reactor plant . When an unsafe condition is sensed
by either logic train, a trip signal is sent to the protection
cabinets . If a reactor trip is required, the protection cabinets
send a signal to the reactor trip breakers to remove power from the
control rod drive mechanisms, allowing the rods to drop into the
reactor core . If the condition warrants safeguards actuation, the
protection cabinets actuate the appropriate safeguard devices .
Permissive and control signals are also generated to allow
automatic or manually initiated interlocks .

The following design features ensure that the system performs its
required functions under all credible accident conditions with a
high degree of reliability :

1 . Redundancy - Parameters that indicate an unsafe condition
ave multiple measurement systems . Sufficient measurement
systems are provided to allow a coincident logic scheme
such that a spurious measurement neither causes nor
prevents a reactor trip or engineered safety features
actuation . For example, two out of four power range flux
channels are required to sense a high flux condition
before a reactor trip is initiated. The failure of any
one channel cannot cause nor prevent a reactor high f lux
reactor trip .

2 . Independence - Redundant measurement and protection
channels are physically and electrically separated from
the other channels . Components of different channels are
physically separated, penetrate the Containment at
different locations, and are supplied by independent
electrical power supplies . Independence decreases the
,probability that a single malfunction or casualty
interrupts more than one of the redundant channels or
trains .

3 . Diversification - Several different methods are used to
perform similar functions or to indicate the same
condition . For example : reactor power is detected by
the nuclear instruments measuring leakage neutrons and by
the process instruments measuring differential
temperature across the reactor, which is proportional to
reactor power for a constant flow . Diversity is provided
through systems and equipment, interlocks, and trip
features .

4 . Fail safe - The system is designed to supply the safest
signal for a failure . Loss of power to a trip bistable
assumes that a trip condition exists and supplies a trip
signal to the protective logics . Loss of power to the
Rod Control System due to a power failure or the
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appropriate trip signals results in the control rods
falling into the core .

5 . Testability - The Reactor Protection Systems are capable
of being calibrated or tested at power without the loss
of protection .

6 . Control system interactions do not degrade reliability -
The control systems are designed to maintain steady-
state operating conditions, assuring adequate margin to
trip settings, and to suppress excursions imposed by
operational transients before protective action is
required . These signals require instruments that measure
the same major plant variables that the protection
systems require . As a result, some of the primary sensor
and transmitting equipment used in the protection systems
is also used for the control systems . Isolation
amplifiers are used to maintain the control systems
separate and distinct from the protection systems . (An
isolation amplifier is an amplifier that does not have a
physical connection between its input and output .) They
are used to ensure that there is no feedback from the
control systems to the protection systems .

The Reactor Protection System (RPS) automatically trips the reactor
whenever the plant conditions reach limiting safety system
settings. A sketch of the RPS logic is shown in Figure A .17-1 .
When the appropriate logic conditions are met, RPS receives a trip
signal from the nuclear or process instruments . RPS then sends a
signal to deenergize the undervoltage coils and energize the shunt
trip coils of the reactor trip breakers . The system also provides
alarms that alert the plant operator when manual action is required
to pr'event,a plant trip . RPS also generates signals that are used
for turbine load reductions (turbine runback) or blocking of rod
control system operations if certain trip setpoints are approached .

There are two reactor trip breakers, one for each logic train . The
trip breakers are arranged in series so that only one breaker must
trip to interrupt power to the Rod Control System . When power is
interrupted to the control rod drive mechanism, the latch mechanism
retracts by spring pressure from the drive shaft, and the rod
control cluster assemblies drop into the core .

Safety limits are established to prevent exceeding parameters that
could breach system integrity by rupturing the Reactor Coolant
System, by rupturing or melting the clad, or by melting the fuel .
A peak system pressure is established to ensure the Reactor Coolant
System integrity . Fuel melting is prevented by limiting the linear
power density (kilowatts per foot) of the fuel to ensure that heat
is not generated at a rate greater than it can be removed . The
integrity of the clad is ensured by preventing the conditions from
existing that cause departure from nucleate boiling (DNB) with the
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subsequent reduction of heat transfer capability at the fuel
cladding surface .

Engineered Safety Features

RPS automatically initiates the Engineered Safety Features (ESF) to
limit the consequences of infrequent faults and to mitigate
limiting fault conditions to reduce the potential for a significant
release of radioactive materials . When the protection system trip
logic senses a condition requiring safeguards actuation, it sends
a signal to activate the appropriate master relays . Each master
relay actuates up to four heavy-duty slave relays that supply
operating current to up to eight safeguard actuation devices .

The ESF are used to provide protection against the release of
radioactive materials in the event of a loss of coolant accident,
a main steam line break, a steam generator tube rupture, or rod
ejection accident . The systems function to maintain the reactor in
a shutdown condition, to provide sufficient core cooling to limit
the extent of fuel and fuel cladding damage, and to ensure the
integrity of the RCS and Containment. The engineered safety
features systems include

1 .

	

Safety Injection System,

2 .

	

Containment,

3 .

	

Containment Isolation System,

Containment Atmosphere Cleanup System, and
s

.Containment Depressurization Systems .

4 .

The monitored parameters that can actuate one or more ESF systems
include

1. containment pressure,

2 .

	

steam line flows,

3 . pressurizer pressure,

4 .

	

steam line pressure, and

5 .

	

RCS Tavg .

A .17 .2 AMSAC

The AMSAC system is diverse from the Reactor Protection System,
however, it does use some of the same sensing devices as the

NAPS IPE

	

A-149

	

12-15-92



Reactor Protection System . A sketch of the AMSAC logic is shown in
Figure A .17-2 .

System Design and Purpose

The purpose of the AMSAC system is to initiate a turbine trip, a
reactor trip, and Auxiliary Feedwater system flow upon detection of
an ATWS event and preventing a loss of heat sink with a failure of
the turbine to trip . An ATWS event is described as a postulated
operational occurrence or design basis event coincident with a
failure of the Reactor Protection - System to shutdown the reactor .

The reason for the installation of the AMSAC system comes from the
NRC concern of being able to prevent a loss of heat sink due to an
ATWS. This loss of heat sink with an ATWS could overpressurize the
Primary System challenging one of the fission barriers, namely the
Reactor Coolant System. The worst case condition analyzed is a
four loop plant where peak Primary pressure can reach approximately
3200psig . A three loop plant does not peak as high ; therefore, a
three loop plant is conservative . At first, the industry did not
feel ATWS as a concern due to designed automatic actuations and
expected operator actions. The NRC concern was proven correct due
to two different incidents, namely :

•

	

The Salem incident, where the Reactor Trip Breakers
failed to open .

•

	

The TMI incident where Operator action was not taken in
a timely manner .

Inputs

The input signals are wired to three programmable logic controllers
(PLC) located in the AMSAC panel . Isolation devices are used
between the signal sensing devices in the 7300 system and AMSAC .
One PLC is dedicated to each steam generator and the two turbine
impulse chamber pressure signals are wired to each PLC . The PLCs
perform timing, logic functions, and provide outputs to various
loads . The outputs to safety-related circuits are wired through
safety-related qualified class 1E isolation relays .

The steam generator level signals are from the narrow range
channels of each steam generator . ("A" steam generator CH 474,
475,, 476 ; "B" steam generator CH 484 j, 485 j, 486 ; "C" steam generator
CH 494, 495, 496) . The turbine load signals are from turbine
impulse pressure channels III & IV (P-446, 447) .

The AMSAC panel is located in the instrument rack room . The AMSAC
panel is powered from the TSC uninterruptible power supply through
a breaker panel located in the HP office in the TSC .
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Actuation Logic

The AMSAC is initiated when the turbine load is greater than 40
percent and a complete loss of feedwater is .detected . Loss of
feedwater is the condition of any 2 of the 3 level transmitters in
any 2 out of 3 steam generators _< 13 percent of narrow range level
span for greater than 27 seconds . The 27 second time delay is
performed by the PLCs to allow the Reactor Protection System to
respond first . Turbine load is a newly installed permissive (C-20)
for AMSAC and is initiated when 2 of 2 first stage turbine
pressures indicate power 40% . Permissive C-20 stays locked in when
power goes above 40 percent and stays locked in for 6 minutes when
power is reduced below 40 percent . The 27 second steam generator
low level timer does not function unless C-20 for the respective
PLC is present .

Automatic Actuations Performed

When the AMSAC system is actuated the following is initiated after
the time delay :

•

	

Main turbine trip via 20AST-1 & 20AST-2 .

•

	

All 3 Auxiliary Feedwater pumps will receive start
signals .

•

	

The supply breakers for the rod drive MG set will receive

. •

a trip signal .

- . The steam generator blowdown trip valves and sample
.isolation valves will receive a trip signal .

Outputs from the AMSAC panel is through two AMSAC output relays
powered from the AMSAC system . The output contacts of these 2
relays are installed across the relay control power to the
component which is to be actuated . This configuration eliminates
the use of slave relays .

When actuated, AMSAC locks in and must be reset in order to be able
to make any AMSAC actuated equipment operational . System reset is
located on the main control board .

RPS Fault Tree Modeling Assumptions

1 . The fault tree is a simplified representation of the reactor
protection system . The key components included in the model
are the input logic signal, the reactor trip breakers and the
control rods . A similar approach is used in WCAP-10271 .
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2 . The reactor trip bypass breakers are assumed to be open .
Interlocks prevent both bypass breakers from being
simultaneously closed . During reactor trip breaker testing,
a bypass breaker is closed while the corresponding main
breaker is tested . Typically a main and its bypass breaker
will only be simultaneously closed for a very short period of
time . The length of time is less than the total time to
perform the test procedure . Each bypass and main breaker pair
receive their trip open signals from opposite trains of
reactor protection . The bypass breakers are physically
identical to the main breakers . Due to these facts the
reactor protection fault tree will only include the main
reactor trip breakers and will not model the bypass breakers .

3 . WCAP-11993 provided the probability for the control rods
failing to insert due to mechanical binding = 1 .80E-6 .
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IDENTIFIER

	

COMPONENT

TABLE A.0-1
COMPONENT NAMING SCHEME FOR NORTH ANNA PRA MODEL

Accumulator
Annunciator
Air operated damper
Air Operated Valve (or cite by Function)
Battery
Battery Charger
Breaker
Boiler
Bus
Cable
Chiller
Check Valve
Cooler
Compressor
Condenser
Diesel Driven Pump
Emergency Diesel Generator
Electrical Heater
Electrical Generator
Fan
Flow Control Valve (air operated)
Flow Instrument Channel
Filter
Fuse
Hand Control Valve (air operated)
Human Error Probability
Heat Exchanger
Heat Tracing
Inverter
Level Control Valve (air operated)
Level Instrument Channel
Limit Switch
Motor Control Center
Motor Operated Damper
Motor
Motor Operated Valve
Manual Valve (no actuator)
Non Return Valve (Main Steam System only)
Alternating Motor Driven Pump
Pressure Control Valve (air operated)
Pressure Instrument Channel
Piping
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TABLE A.0-1 (Continued)
COMPONENT NAMING SCHEME FOR NORTH ANNA PRA MODEL

IDENTIFIER

	

COMPONENT

PSB
REC
RLY
RPD
RV-
SCN
SJE
SOD
SOV
SST
STR
SV-
SWG
TCV
TFM
TIC
TNK
TRB
TRU
TV-
TXR
UPS
VLV

Note

Standby Motor Driven Pump
Rectifier
Relay
Rupture Disk
Relief Valve
Screen
Steam Jet Ejector
Solenoid Operated Damper
Solenoid Operated Valve
Transformer, Station Service (22 .5Kv/230Kv)
Strainer
Safety Valve
Switchgear
Temperature Control Valve (air operated)
Transformer
Temperature Instrument Channel
Tank
Turbine Driven Pump
Trip Unit
Trip Valve
Timer
Uninterruptable Power Supply
Miscellaneous Valve

Some'compopent groups have been subdivided, i .e ., Alternating pumps
(PAT) and standby pumps (PSB) .
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The NUPRA failure mode type is shown in column 3 . It is necessary
to differentiate between failures in standby (type 2) and running
failures (type 4) for some components and therefore two failure
mode codes are identified .

In the case . -of loss of function, for some components the words
"loss of function" imply a failure on demand (type 3) . Provided
this component type does not also have type 2 failures it is
permissible to use the letters LF for the type 3 failure .
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TABLE A .0-2
FAILURE MODE CODES

Code Failure Mode T

FO Fails in the open position 3
FC Fails in the closed position 3
FR Fails to continue running 4
FS Fails to start 3
SO Spurious opening 4
SP Spurious opening 2
SC Spurious closure 2,4
LF Loss of Function 2,3,4
LU Loss of Function 4
LP Fails to Supply Power 4,2
MC Calibration Error (miscalibration- 3

UM
Human interaction)
Unscheduled Maintenance 3

TM Scheduled test and maintenance 3
CC Common Cause Failure 3
PG Plug 2,4
PL Plug 4

Note



TABLE A.0-2 (Continued)
FAILURE MODE TYPE CODES

These NUPRA failure mode models are used in the North Anna PRA as
follows :

ModeTvpe,

	

FailureModeDescription

	

Comment

2 Periodically tested Used for standby
components whose
failure is detected
on test or on demand

3 Failure on demand Average probability
of failure on demand
for standby
components

4 Running failure Model for component
with constant
failure rate during
its mission
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TABLE A .1-1
COMPONENT COOLING WATER

.DEPENDENCY MATRIX

*Interlocks or other functional dependencies included in this column

NAPS IPE A-157 12-15-92

COMPONENT MOTIVE FORCE CONTROL POWER • AUTO ACTUATION COMPONENT COOLING ROOM COOLING INTERLOCKS*

1-CC-P-1A 4160 V, BUS 1N BATT 1-1, DIST CAB
CKT 14

' Stops on CDA Signal --- None Required ---

1-CC-P-18 4160 V, BUS 1J BATT 1-111, DIST
CAB CKT 16

Stops on CDA Signal --- None Required ---

1-CC-MOV-100A MCC 1A1 .1, BKR C2 480 V --- --- None Required ---

1-CC-MOV-1008 MCC 181 .2, BKR C2 480 V --- --- None Required ---

1-CC-TV-101A Instrument Air
thru 1-CC-SOV-101A

120 VAC from Vital
BUS 1 . 1

Containment Isolation,
Phase 6 Signal Present

--- None Required Fails Closed

1-CC-TV-1018 Instrument Air 120 VAC from Vital Containment Isolation, --- None Required Fails Closed
thru 1-CC-SOV-1018 BUS 1-111 Phase B Signal Present

1-CC-TV-103A Instrument Air
thru 1-CC-SOV-103A

120 VAC from Vital
BUS 1-I

Containment Isolation,
Phase B Signal Present

--- None Required Fails Closed

1-CC-TV-103B Instrument Air
thru 1-CC-SOV-103B

120 VAC from Vital
BUS 1-III

Containment Isolation,
Phase 8 Signal Present

--- None Required Fails Closed

1-CC-TV-104A
(ESK-6ME)

Instrument Air thru
1-CC-SOV-104A-1 and

Vital SOV Panel B
BUS 1-I11

Tripped by Containment
Isolation Phase B

--- None Required Fails Closed

1-CC-SOV-104A-2 Signal



*Interlocks or other functional dependencies included in this column

NAPS IPE

TABLE A .1-1 (Continued)
COMPONENT COOLING WATER

-DEPENDENCY MATRIX

A-158 12-15-92

COMPONENT MOTIVE FORCE CONTROL POWER • AUTO ACTUATION COMPONENT COOLING ROOM COOLING INTERLOCKS*

1-CC-TV-1048 Instrument Air thru Vital SOV Panel B Tripped by Containment --- None Required Fails Closed
(ESK-6ME) 1-CC-SOV-104B-1 and

1-CC-SOV-1048 . 2
BUS 1-lll Isolation Phase B

Signal

1-CC-TV-104C Instrument Air thru Vital SOV Panel B Tripped by Containment --- None Required Fails Closed
(ESK-6ME) 1-CC-SOV-104C-1 and BUS 1 . 111 Isolation Phase B

1-CC-SOV-104C-2 Signal

1-CC-TV-116A Instrument Air thru 120 VAC .DIST Panel Closes if flow greater --- None Required Fails Closed
(ESK-6ME) 1-CC-SOV-116A SDS CKT 23

'
than 59 gpm for more
than 10 seconds

1-CC-TV-116B instrument Air thru 120 VAC DIST Panel Closes if flow greater --- None Required Fails Closed
(ESK-6ME) 1-CC-SOV-1168 SDS CKT 24 than 59 gpm for more

1-CC-TV-116C Instrument Air thru 120 VAC DIST Panel

than 10 seconds

Closes if flow greater --- None Required Fails Closed
(ESK-6ME)

MOV-SW-108A

1-CC-SOV-116C

MCC 1N1-1S, BKR Al

SDS CKT 25

480 V

than 59 gpm for more
than 10 seconds

Closes on CDA Signal --- None Required ---

NOV-SW-1086 MCC 1J1-1S, BKR A5 480 V Closes on COA Signal --- None Required



TABLE A.2-1
CHARGING SYSTEM

-DEPENDENCY MATRIX

NAPS IPE A-159 12-15-92

COMPONENT MOTIVE FORCE CONTROL .POWER AUTO ACTUATION COMPONENT COOLING ROOM COOLING INTERLOCKS

1-CH-P-1A 4160 V Bus 125V DC SI-A Charging Pump
11 1-I Relay SW System
1516 +

1

K609

1-CH-P-16 4160 V Bus 125V DC SI-B Charging Pump
1J 1 . 111 Relay SW System
15J6 K609

1-CH-P-1C 4160 V Bus 125V DC SI-A Charging Pump No Auto
11-Norm . 1-I (Normal) Relay SW System actuation on

1J-ALT 1-111 (Alternate) K608 BUS 1J

1-CH-MOV-11158 MCC Motive SI-B None None
1J1-2N Relay
E3 K604

1-CH-MOV-1115C MCC Motive SI-A None None Interlocked with
111 . 2N Relay 1115D to not close
F1 K603 until 1115D is open

1-CH-MOV-1115D MCC
1H1-2N

Motive SI-A
Relay

None None

F2 K603

I-CH-MOV-1115E MCC Motive SI-B None None Interlocked with

1JI-2N Relay 11158 to not close

F3 K603 until 11158 is open

1-CH-MOV-1267A MCC
1H1-2S

Motive None None None

B3

1-CH-MOV-1269A MCC
1JI-2S
C2

Motive None None None

1-CH-MOV-1270A MCC
1H1 .2S

Motive None None None

C3

1-CH-MOV-1286A MCC Motive None None
1H1 .2S
D4



TABLE A .2-1 (Continued)
CHARGING SYSTEM

.DEPENDENCY MATRIX

NAPS IPE A-16 0 12-15-92

COMPONENT MOTIVE FORCE CONTROL-POWER AUTO ACTUATION COMPONENT COOLING ROOM COOLING INTERLOCKS

1-CH-MOV-12868 MCC Motive None None None
1J1-2S
C3

1-CH-MOV-1286C MCC
1HI-2S
E2

Motive None None None

1-CH-MOV-1350 MCC Motive None None None
1HI-2S
F4

1-CH-MOV-1370 MCC Motive None None
1H1 . 2S
K1

1-CH-P-2A MCC
1H1-2S

Motive None None Needed None Needed

L3

1-CH-P-28 MCC Motive None None None
1Ji-2S
H3

1-CH-MOV-1275A

1-CH-MOV-1275B

1-CH-MOV-1373

MCC-1H1 .2S 2J

MCC-1H1 .2N F3

MCC-1J1-2S E3

Motive

Motive

Motive

None

None

None

None

None

None

1-CH-RV-1257 None None None None None

1-CH-AOV-1115A

1-SW-TCV-102B

Instrument Air

Instrument Air

None

N

None

None

None

None

None

None



TABLE A.2-1 (Continued)
CHARGING SYSTEM
DEPENDENCY MATRIX

Notes to Charging Dependency matrix

1 . Charging Pump 1C is normally racked in to Bus H and put in the
auto-after-stop position . Pump 1C can also be racked into Bus
J. When 1C is racked into J bus, it must be the running pump
and 1B must be racked out .

2 . Pump 1C gets no auto signals to start when it is on bus J . In
order to meet the design basis, 1C must be running if it is on
J bus .

3 .

	

Pump 1C gets all auto signals on bus H .

4 . Charging pumps will start on a low discharge header pressure
signal . The Charging Pumps will also auto start on low
voltage on the other bus .

5 .

	

In addition to an SI signal to open, MOVs 1115B and D will
open on low level in the volume control tank .

6 . Service water is supplied to the seal cooler, the gear box
cooler and the lube oil cooler . Failure to supply water was
specifically modeled for the lube oil cooler and the gear box .
The seal cooler gets water from the very same header as the
gearbox cooler without any additional valves in the f low path .
Thus , water is de facto required f or the seal cooler . Whether
or-not service water is actually required for the seal cooler
is npt known . In the Surry IPE, it was shown that the seal
cooler is unnecessary for pumped stream temperatures less than
25Q°F . Similar analysis was not done for North Anna, but the
Surry results are probably applicable, as the charging pumps
are of similar design .

7 . Charging Pump control power is DC power from the DC emergency
buses .
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TABLE A.3-1
MAIN STEAM

DEPENDENCY MATRIX

NAPS IPE A- 1 6 2 12-15-92

COMPONENT MOTIVE FORCE CONTROL POWER AUTO ACTUATION COMPONENT COOLING ROOM COOLING INTERLOCKS COMMENTS

1-MS-PCV-101A instrument air

(MS-012)

Vital bus 1-1
1-EP-CB-4A

--- None Required air to open
fails closed

1-MS-PCV-1018 instrument air

(MS-013)

Vital bus 1-11
1-EP-CB-4B

--- None Required air to open
fails closed

1-MS-PCV-101C instrument air

(MS-014)

Vital bus 1-111
1-EP-CB-4C

- •- None Required air to open
fails closed

1-MS-TCV-1408A Instrument air

(MS-163)

125 VDC Battery
1-I and 1 . 111
1-EP-CB-23A &
1-EP-CB-23B

--- None Required air to open
fails closed

1-MS-TCV-14088 instrument air

(MS-164)

125 VOC Battery
1-I and 1 . 111
1-EP-CB-23A &
1-EP-CB-23B

-- • None Required air to open
fails closed

1-MS-TCV-1408C instrument air

(MS-165)

125 VDC Battery
1-I and 1 . 111
1-EP-CB-23A &
1-EP-CB-23B

--- None Required air to open
fails closed

1-MS-TCV-1408D instrument air

(MS-166)

125 VDC Battery
1 . 1 and 1 . 111
1-EP-CB-23A &
1-EP-CB-23B

--- None Required air to open
fails closed



NAPS IPE

TABLE A .3-1 (Continued)
MAIN STEAM

DEPENDENCY MATRIX

A- 1 6 3 12-15-92

COMPONENT MOTIVE FORCE CONTROL POWER AUTO ACTUAAION COMPONENT COOLING ROOM COOLING INTERLOCKS COMMENTS

1-MS-TCV-1408E instrument air 125 VDC Battery --- None Required air to open
1 . 1 and 1 . 111 fails closed

(MS-167)

1-EP-CB-23A 8
1-EP-CB-23B

1-MS-TCV-1408F Instrument air 125 VDC Battery - •- None Required air to open
1-I and 1 . 111 fails closed

(MS-168)

1-EP-CB-23A &
1-EP-CB-23B

1-MS-TCV-1408G instrument air 125 VDC Battery --- None Required air to open
1-I and 1-111 fails closed
1-EP-CB-23A &
1-EP-CB-238

(MS-169)

1-MS-TCV-1408H instrument air 125 VDC Battery --- None Required air to open
1-I and 1 . 111 fails closed
1-EP-CB-23A &
1-EP-CB-238

(MS-1T0)



TABLE A.3-1 (Continued)
MAIN STEAM

.-DEPENDENCY MATRIX

NAPS IPE A-16 4 12-15-92

COMPONENT MOTIVE FORCE CONTROL POWER AUTO ACTUATION COMPONENT COOLING ROOM COOLING INTERLOCKS COMMENTS

1-MS-TV-101A instrument air 125 VDC Battery see ' --- None Required all 4 SOVs air to open
1-I and 1-III S0V-MS101A-1 have to be fails closed
1-EP-CB-23A & SOV-MS101A-2 de-energized
1-EP-CS-23B S0V-MS101A-6 to open

(MS-110) (ESK-6PN) SOV-MS101A-7 1-MS-TV-101A

1-MS-TV-101B instrument air 125 VDC Battery see --- None Required all 4 SOVs air to open
1-I and 1 . 111 SOV-MS101B-1 have to be fails closed
1-EP-CB-23A & SOV-MS101B-2 de-energized
1-EP-CB-238 SOV-MS101B-6 . . to open

(MS-111) (ESK-6PP) SOV-MS101B-7 1-MS-TV-101B

1-MS-TV-101C instrument air 125 VDC Battery see --- None Required all 4 SOVs air to open
1-1 and 1 . 111 SOV-MS101C-1 have to be fails closed
1-EP-CB-23A & S0V-MS101C-2 de-energized
1-EP-CB-238 SOV-MS101C-6 to open

(MS-112) (ESK-6PQ) SOV-MS101C-7 1-MS-TV-101C

1-MS-SOV-lOlA-1 125 VDC --- None Required energized to vent air

(MS-110)
1-EP-CB-23A
(FE-18M)

1-MS-SOV-1O1A-2 125 VDC --- None Required energized to vent air

(MS-110)
1-EP-CB-23B
(FE-18M)

1-MS-SOV-101A-6 125 VDC --- None Required energized to vent air
1-EP-CB-20
(FE-18D)
MCC 101-1

(MS-110) (FE-900)

1-MS-SOV-101A-7 125 VDC --- None Required energized to vent air

(MS-110)

1-EP-CB-21
(FE-18C)
1-EP-CS-16B
(FE-11C)



NAPS IPE

TABLE A .3-1 (Continued)
MAIN STEAM

.DEPENDENCY MATRIX

A-165 12-15-92

COMPONENT MOTIVE FORCE CONTROL POWER AUTO ACTUATION COMPONENT COOLING ROOM COOLING INTERLOCKS COMMENTS

1-MS-SOV-101B-1 125 VDC
1-EP-CB-23A

--- None Required energized to vent air

(MS-111) (FE-18M)

1-MS-SOV-101B-2 125 VDC
1-EP-CB-23B

--- None Required energized to vent air

(MS-111) (FE-18M)

1-MS-SOV-101B-6 125 VDC
1-EP-CB-20

--- None Required energized to vent air

(FE-180)
MCC 1Ji-1

(MS-111) (FE-9G0)

1-MS-SOV-101B-7 125 VDC
1-EP-CB-21
(FE-18C)
1-EP-CB-16B

--- None Required energized to vent air

(MS-111) (FE-11C)

1-MS-SOV-101C-1 125 VDC
1-EP-CB-23A

--- None Required energized to vent air

(MS-112) (FE-18M)

1-MS-SOV-101C-2 125 VDC
1-EP-CB-23B

--- None Required energized to vent air

(MS-112) (FE-18M)

1 . 14S-SOV-101C-6 125 VDC
1-EP-CB-20
(FE-18D)
MCC 1Jl-l

--- None Required energized to vent air

(MS-112) (FE-9G0)



NAPS IPE

TABLE A.3-1 (Continued)
MAIN STEAM

.DEPENDENCY MATRIX

A- 1 6 6 12-15-92

COMPONENT MOTIVE FORCE CONTROL POWER AUTO ACTUATION COMPONENT COOLING ROOM COOLING INTERLOCKS COMMENTS

1-MS•SOV•1O1C-7

(NS-112)

125 VOC
I-EP-CB-21
(FE-18C)
1-EP-CB-168
(FE-11C)

	 • - None Required energized to vent air



TABLE A.4-1
CDA DEPENDENCY MATRIX

NAPS IPE A- 1 6 7 12-15-92

COMPONENT MOTIVE FORCE CONTROL POWER AUTO ACTUATION COMPONENT COOLING ROOM COOLING INTERLOCKS

CDA Logic & Output None 120 VAC CDA Input Signals None Emergency
Relays Vital Bus 1-I Train A Switchgear Room
Train A 1-EP-CB-4A Cooling

CDA Logic & Output None 120 VAC CDA Input Signals None Emergency
Relays Vital Bus 1-111 Train B Switchgear Room
Train B 1-EP-CB-4C Cooling

1-LM-PT-100A None 120 VAC None None
Cont. Press Vital Bus 1 . 1

1-EP-CB-4A

1-LM-PT-100B None 120 VAC None None
Cont. Press Vital Bus 1-II

1-EP-CB-4B

1-LM-PT-1000 None 120 VAC None None
Cont. Press Vital Bus 1-I11

1-EP-CB-4C

1-LM-PT-100D None 120 VAC None None
Cont . Press Vital Bus 1-IV

1-EP-CB-4D



Pen .
No .

NAPS IPE

air
air
air
air

TABLE A .4-2
PIPING PENETRATIONS

ServiceDescription

component
component
component
component
high head
component
air recirc

recirc
recirc
recirc
recirc

air recirc
charging
comp cooling to RCP
comp cooling to RCP
comp cooling to RCP
seal water return
safety injection accumulator
high head safety injection
RHR to RWST
comp cooling
comp cooling
comp cooling
letdown
containment atmosphere
wet layup system
primary drain transfer
fire protection
injection seal water to
injection seal water to
injection seal water to
sump pump discharge
steam generator blowdown
steam generator blowdown
steam generator blowdown
service air
air monitor sample
air monitor sample
primary grade water
loop fill
instrument air
primary vent header
nitrogen
nitrogen to PRT
primary vent pot vent

cooling from RHR heat exchanger
cooling to RHR heat exchanger
cooling to RHR heat exchanger
cooling from RHR heat exchanger
safety injection
cooling from RCP
cooling water
cooling water
cooling water
cooling water
cooling water
cooling water

•

	

Rx shroud cooling coils
•

	

Rx shroud cooling coils
•

	

Rx shroud cooling coils

from RCP & Rx shroud cooling coils
from RCP & Rx shroud cooling coils
from RCP & Rx shroud cooling coils

A-1 68

cleanup

pump discharge

RCPs
RCPs
RCPs

thermal

makeup

barrier

12-15-92



TABLE A.4-2 (Continued)
PIPING PENETRATIONS

Pen .
No .

	

ServiceDescription

55

	

containment leakage monitoring
55*

	

reactor vessel level system
55*

	

reactor vessel level system
55*

	

reactor vessel level system
56*

	

RCS cold leg sample
56*

	

RCS hot leg sample
56*

	

pressurizer liquid space sample
56*

	

steam generator blowdown sample
57*

	

PRT gas space sample
57*

	

containment leakage monitoring
57*

	

pressurizer vapor space sample
60

	

low head safety injection discharge
61

	

low head safety injection discharge
62

	

low head safety injection discharge
63

	

quench spray pump discharge
64

	

quench spray pump discharge
66

	

recirc spray pump suction from sump
67

	

recirc spray pump suction from sump
68

	

low head SI pump suction from sump
69

	

low head SI pump suction from sump
70

	

recirc spray pump discharge
71

	

recirc spray pump discharge
73

	

main steam
74

	

main steam
75

	

main steam
76 .

	

main feed water
7 7

	

, main feed water
7 8

	

main feed water
79

	

recirc spray service water
80

	

recirc spray service water
81

	

recirc spray service water
82

	

recirc spray service water
83

	

recirc spray service water
84

	

recirc spray service water
85

	

recirc spray service water
86

	

recirc spray service water
89

	

air ejector vent
90

	

purge duct
91

	

purge duct
92

	

containment atmosphere cleanup & vacuum pump
93

	

containment atmosphere cleanup & vacuum pump
94

	

vacuum ejector suction
97*

	

pressurizer dead weight calibrator
97*

	

containment leakage monitoring
97*

	

RHR liquid sample

NAPS IPE

	

A-169

	

12-15-92



Pen .
No .

	

ServiceDescription

98*

	

containment atmosphere cleanup
98*

	

containment atmosphere cleanup
100

	

wet layup system
103

	

refueling purification inlet
104

	

refueling purification outlet
105*

	

containment leakage monitoring
105*

	

containment leakage monitoring
105*

	

containment leakage monitoring
105*

	

containment atmosphere cleanup
106

	

safety injection system test line
108

	

wet layup system
109

	

containment atmosphere cleanup
111

	

post accident sampling return
113

	

high head safety injection
114

	

high head safety injection
117*

	

reactor vessel level system
117*

	

reactor vessel level system
117*

	

reactor vessel level system

NOTE : * indicates a sleeved penetration with multiple pipes .

TABLE A.4-2 (Continued)
PIPING PENETRATIONS

NAPS IPE

	

A-170 12-15-92



TABLE A .5-1
EMERGENCY DIESEL GENERATOR SYSTEM

DEPENDENCY MATRIX

NAPS IPE A-17 1 12-15-92

COMPONENT MOTIVE FORCE CONTROL POWER,' AUTO ACTUATION COMPONENT COOLING ROOM COOLING INTERLOCKS

1-EE-EG-1H EDG 1H starting air EDG 1H UV on IN, EDG 1H Lube oil, engine ventilation louvers none
system, EDG fuel oil
system

Batteries
+

Unit 1 Train A CDA
or SI

cooling, air intake and
exhaust

1-EE-EG-1J EDG 1J starting air EDG 1J UV on 1J, EDG 1J Lube oil, engine ventilation louvers none
system, EDG fuel oil
system

Batteries Unit 1 Train B CSA
or SI

cooling, air intake and
exhaust

2-EE-EG-2H EDG 2H starting air EDG 2H UV on 2N, EDG 2H Lube oil, engine ventilation louvers none
system, EDG fuel oil
system

Batteries Unit 2 Train A CDA
or SI

cooling, air intake and
exhaust

2-EE-EG-2J EDG 2J starting air EDG 2J UV on 2J, EDG 2J Lube oil, engine ventilation louvers none
system, EDG fuel oil
system

Batteries Unit 2 Train B CDA
or SI

cooling, air intake and
exhaust

1-EG-DG-SB0 SBO EDG starting air SBO EDG Operator Action SBO EDG Lube oil, engine ventilation louvers none
Station Blackout system, EDG fuel oil Batteries cooling, air intake and
Diesel system exhaust

1-EE-BKR-15H3 Internal Springs & Motor Battery I Undervottage on 1H none Emergency none
1-EE-BAT-I Switchgear Room

1-EE-BKR-15J3 Internal Springs & Motor Battery III Undervottage on 1J none

HVAC

Emergency none
1-EE-BAT-III Switchgear Room

2-EE-BKR-25H3 Internal Springs & Motor Battery I Undervottage on 2H none

HVAC

Emergency none
2-EE-BAT-1 Switchgear Room

2-EE-BKR-25J3 Internal Springs & Motor Battery III Undervoltage on 2J none

HVAC

Emergency none
2-EE-BAT-111 Switchgear Room

HVAC



NAPS IPE

TABLE A .6-1
PRIMARY PRESSURE RELIEF SYSTEM

.DEPENDENCY MATRIX

A-172 12-15-92

COMPONENT MOTIVE FORCE CONTROL POWER AUTO ACTUATION
I

COMPONENT COOLING ROOM COOLING INTERLOCKS COMMENTS

1-RC-PCV-1455C containment air 125 VDC Panel 1A >92% output on --- None Required from
with backup N2 1-EP-CB-23A Master Pressure SOV 1455-1,
supply 1-EP-CB-12A Controller SOV 1455-2 &

SOV 1455-3
(RC-133) (FE-18M, FE-iOA, (RC-111,

ESK-6NR) (RC-151)

1-RC-PCV-1456 containment air 125 VDC Panel 18 High RCS --- None Required from
with backup N 2 1-EP-CB-238 Pressure SOV 1456-1,
supply 1-EP-CB-12C > 2335 psig SOV 1456-2 &

SOV 1456-3
(RC-109) (FE-18M, FE-10B,

ESK-6NR)

1-RC-MOV-1535 480 V
MCC 1J1-2S
1-EP-MC-22

(FE-1R)

480 V / 125 V
Stepdown Trans .
from MCC

(ESK-6DP-1)

--- None Required

1-RC-MOV-1536 480 V
MCC 1H1-2S
l-EP-MC-20

480 V / 125 V
Stepdown Trans .
from MCC

--- None Required

(FE-10) (ESK-6DP-1)



NAPS IPE

TABLE A .6-1 (Continued)
PRIMARY PRESSURE RELIEF SYSTEM

-DEPENDENCY MATRIX

A- 1 7 3 12-15-92

COMPONENT MOTIVE FORCE CONTROL POWER AUTO ACTIJMION COMPONENT COOLING ROOM COOLING INTERLOCKS COMMENTS

1-RC-SV-1551A High RCS
Pressure

2485 psig

--- None Required

1-RC-SV-1551B High RCS
Pressure

2485 psig

--- None Required

1-RC-SV-1551C High RCS
Pressure

2485 ps i g

--- None Required



TABLE A .7-1
ACCUMULATOR SYSTEM
-'DEPENDENCY MATRIX

NAPS IPE

	

A-174

	

12-15-92

COMPONENT MOTIVE FORCE CONTRbL POWER AUTO ACTUATION COMPONENT COOLING ROOM COOLING INTERLOCKS

1-SI-MOV-1865A 480 V Stepdown K628A None Provided None Required None
MCC
1HI-2N

Transformer From-,,
480 V MCC

K603A

1-SI-MOV-18656 480 V Stepdown K628A None Provided None Required None
MCC
1HI-2N

Transformer From
480 V MCC

K603A

1-SI-MOV-1865C 480 V Stepdown K628B None Provided None Required None
MCC Transformer From K603B
1J1 .2N 480 V MCC



TABLE A .7-2
LOW HEAD SAFETY INJECTION SYSTEM

- DEPENDENCY MATRIX

NAPS IPE A-17 5 12-15-92

COMPONENT MOTIVE FORCE CONTROL POWER - AUTO ACTUATION COMPONENT COOLING , ROOM COOLING INTERLOCKS

1-SI-P-1A 4160V Bus 125V DC SI-A Relay None Provided None Provided ESK-5AY
1H 1 . 1

	

+ K 604A
15H9

1-SI-P-1B 4160V Bus 125V DC SI-B Relay None Provided None Provided ESK-5AZ
1J 1-111 K 6046
15J9

1-SI-MOV-1862A 480V MCC 480/120V Step LS-2 from 1860A None None Interlock
1H1-2S down transformer for recirc . 1860A-OPEN-
D2 from MCC to allow 1862A

CLOSE/ESK-6EP

1-SI-MOV-1862B 480V MCC 480/120V Step LS-2 from 1860B None None Interlock
1J1-2N down transformer for recirc . 18608-
OPEN-G2 from 14CC to allow 18628

CLOSE/ESK-6EP

1-SI-MOV-1860A 480V MCC 480/120V Step LS-5 on None None ESK-6ET
1H1-2N down transformer 1885 A & C
G2 from 14CC and K647A and

K630A for recirc .

1-SI-MOV-1860B 480V MCC 480/120V Step LS-5 on None None ESK-6ET
1J1-2N down transformer 1885 A & C
G2 from MCC and K6476 and

K6306 for recirc .

1-SI-MOV-1885A 480V MCC Step down Close on K647A, None None ESK-6EQ
1H1-2S transformer

from MCC
K630A, and LS-9
from 1863A .
Open on
LS-11/1860A .



TABLE A .7-2 (Continued)
LOW HEAD SAFETY INJECTION SYSTEM

.DEPENDENCY MATRIX

NAPS IPE A-17 6 12-15-92

COMPONENT MOTIVE FORCE CONTROL POWER,' AUTO ACTUATION COMPONENT COOLING ROOM COOLING INTERLOCKS

1-SI-MOV-1885B 480V MCC Step down

	

- Close on K6470, None None ESK-6EQ
1J1-2S transformer K63011, and

from MCC

	

,

	

' LS-9/18638 .
Open on
LS-13/18608 .

1-SI-MOV-1885C 480V MCC Step down Close on K647A, None None ESK-6ER
1H1-2S transformer K630A, and

from MCC LS-10/1863A .
Open on
LS-12/1860A .

1-SI-MOV-1885D 480V MCC Step down Close on K6478, None None ESK-6ER
1J1-2S transformer K63011, and

from MCC LS-10/18638 .
Open on
LS-14/18606 .

1-SI-MOV-1863A 480V MCC Step down K647A and K630A None None ESK-6ES
1H1-2N transformer

from MCC

1-SI-MOV-18636 480V MCC Step down K6478 and K630B None None ESK-6ES
1J1-2N transformer

from MCC

1-SI-MOV-1864A 480V MCC Step down None None None ESK-6DU
1H1-2N transformer

from MCC

1-SI-MOV-18648 480V MCC Step down None None None ESK=6DU
1J1-2N transformer

from MCC

1-SI-MOV-1890A 480V MCC Step down None None None ESK-6DX
1H1-2N transformer

from MCC



TABLE A.7-2 (Continued)
LOW READ SAFETY INJECTION SYSTEM

.DEPENDENCY MATRIX

NAPS IPE

	

A-177

	

12-15-92

COMPONENT MOTIVE FORCE CONTROL POWER . AUTO ACTUATION COMPONENT COOLING ROOM COOLING INTERLOCKS

1-SI-MOV-1890B 48MV MCC Step down

	

- . None None None ESK-6DY

1J1-2N transformer
from MCC

1-SI-MOV-1890C 480V MCC Step down None None None ESK-6DY

1H1-2N transformer
from MCC

1-SI-MOV-1890D 480V MCC Step down None None None ESK-6DY

1J1-2N transformer
from MCC



TABLE A .7-3
HIGH READ SAFETY INJECTION

..DEPENDENCY MATRIX

NAPS IPE A- 17 8 12-15-92

COMPONENT MOTIVE FORCE CONTROL POWER,' AUTO ACTUATION COMPONENT COOLING ROOM COOLING INTERLOCKS

-1-CH-P-1A 4160 V Bus 125 V DC SI-A Charging Pump
1H 1-1 Relay SW System
15H6 ' K609

1-CH-P-18 4160 V Bus 125 V DC SI-B Charging Pump
1J 1 . 111 Relay SW System
15J6 K609

1-CH-P-1C 4160 V Bus 125 V DC SI-B Charging Pump No auto
1H (normal) 1 . 1 (normal) Relay SW System actuation
1J (alternate) 1 . 111 (alternate) K608 on Bus 1J

1-CH-MOV-11158 MCC Motive SI-B None None Same as
1j1-2N Relay MOV-1115D
E3 K604

1-CH-MOV-1115C "CC Motive SI-A None None Interlocked
1HI-2N Relay with 1115D to
F1 K603 close .

1-CH-MOV-1115D MCC Motive SI-A None None

Valve will not
close unless
MOV-H15 is open .

open on Low VCT
1H1-2N Relay level LC-112B
F2 K603 and LC-115B

1-CH-MOV-1115E MCC Motive SI-B None None interlocked with
1j1-2N Relay 1115B to close .
F3 K603 Valve will not

1-CH-MOV-1267A MCC
1111 . 2S

Motive None None None

close unless
MOV-1115B is
open .

B3



TABLE A .7-3 (Continued)
HIGH HEAD SAFETY INJECTION

.DEPENDENCY MATRIX

NAPS IPE A- 17 9 12-15-92

COMPONENT MOTIVE FORCE CONTROL POWER .' AUTO ACTUATION COMPONENT COOLING ROOM COOLING INTERLOCKS

1-CH-MOV-1269A "cc
1J1-2S

Motive None None None

C2

11-CH-MOV-1270A MCC
1H1-2S

Motive None None None

C3

1-CH-MOV-1267B

1-CH-14OV-1269B

MCC
1HI-2S

MCC

Motive

Motive

None

None

None

None

None

None

1J1-2S

1-CH-MOV-12708 MCC Motive None None None

1J1-2S

1-CH-MOV-1286A MCC
1H1-2S

Motive None None None

D4

1-CH-MOV-1286B 14CC Motive None None None

1J1-2S
C3

1-CH-MOV-1286C MCC
1H1-2S

Motive None None None

E2

1-CH-MOV-1287A

1-CH-MOV-1287B

MCC
IH1-2S

MCC
1J1-2S

Motive

Motive

None

None

None

None

None

None



TABLE A .7-3 (Continued)
HIGH HEAD SAFETY INJECTION

-DEPENDENCY MATRIX

NAPS IPE A-18 0 12-15-92

COMPONENT MOTIVE FORCE CONTROL POWER . AUTO ACTUATION COMPONENT COOLING ROOM COOLING INTERLOCKS

1-CH-MOV-1287C MCC
1J1-2S

Motive
.

None None None

1-SI-MOV-1867A MCC
1B1-2N

Motive

	

+
SI-A
Relay

None None

K604

1-SI-MOV-1867B MCC
1J1-2N

Motive SI-B
Relay

None None

C3 K604'

1-SI-MOV-1867C MCC
181-2N

Motive SI-A
Relay

None None

K603

1-SI-MOV-1867D MCC
1J1-2N

Motive SI-B
Relay

None None

K603

1-SI-MDV-1836 MCC Motive None None None
1J1-2S
D4

1-SI-MDV-1869A MCC
1H1-2N

Motive None None None

G3

1-SI-MOV-1869B MCC
1J1-2N

Motive None None None

J1



TABLE A .7-3 (Continued)
HIGH HEAD SAFETY INJECTION

DEPENDENCY MATRIX

NotestoHHSIDependency Matrix

1 . Charging Pump 1C is normally racked in to Bus H and the
control switch is placed in auto-after-stop . Pump 1C
can also be racked into Bus J . When 1C is racked into J
bus, it must be the running pump and 1B must be racked
out .

2 . Pump 1C gets no auto signals to start when it is on bus
J . In order to meet the design basis, 1C must be
running if it is on J bus .

3 .

	

Pump 1C gets all auto signals on bus H, if the breaker
is racked and the switch is in "auto ."

4 . Charging pumps will start on a low discharge header
pressure signal . A charging pump will also auto start
on low voltage on the other bus .

5 .

	

In addition to an SI signal open, MOV-1115B and D will
open on low level in the volume control tank .

6 .

	

Changing pump control power is the DC power supply at
the bus .

7 .

	

The possibility'of switching pump 1C from one bus to
another during and accident is not modeled .

8 . Service water is supplied to the seal cooler, the gear
box cooler and the lube oil cooler . Failure to supply
water was specifically modeled for the lube oil cooler
and the gear box . The seal cooler gets water from the
very same header as the gearbox cooler without any
additional valves in the flow path . Thus, water is de
facto required for the seal cooler. Whether or not
service water is actually required for the seal cooler
is not known. In the Surry IPE, it was shown that the
seal cooler is unnecessary for pumped stream
temperatures less than 250°F . Similar analysis was not
done for North Anna, but the Surry results are probably
applicable, as the charging pumps are of similar design .

NAPS IPE

	

A-181

	

12-15-92



TABLE A .7-4
SAFETY INJECTION ACTUATION DEPENDENCY MATRIX

NAPS IPE A-182 12-15-92

COMPONENT MOTIVE FORCE CONTROL POWER AUTO ACTUATION COMPONENT COOLING ROOM COOLING INTERLOCKS

St Logic & None 120 VAC' SI Input None Emergency
Output Relays Vital Bus 1 . 1' Signals Switchgear
Train A 1-EP-CB-4A Train A Room Cooling

SI Logic & None 120 VAC S1 Input None Emergency
Output Relays Vital Bus 1-111 Signals Switchgear
Train B i-EP-CB-4C Train B Room Cooling

1-LM-PT-100B None 120 VAC None None
Cont. Press Vital Bus 1 . 11

1-EP-CB-4B

1-LM-PT-1000 None 120 VAC None None
Cont. Press Vital Bus 1-111

1-EP-CB-4C

1-MS-PT-100D None 120 VAC None None
Cont. Press Vital Bus I-IV

1-EP-CB-4D

1-MS-FT-1474 None 120 VAC None None
Main Steamline Vital Bus 1 . 111
Flow 1-EP-CB-4C

1-MS-FT-1475 120 VAC None None
Main Steamline Vital Bus I-IV
Flow 1-EP-CB-4D

1-MS-FT-1494 None 120 VAC None None
Main Steamline Vital Bus 1 . 111
Flow 1-EP-CB-4C

1-MS-FT-1495 None 120 VAC None None
Main Steamline Vital Bus 1-IV
Flow 1-EP-CB-4D

1-MS-FT-1484 None 120 VAC None None
Main Steamline Vital Bus 1 . 111
Flow 1-EP-CB-4C

1-MS-FT-1485 None 120 VAC None None
Main Steamline Vital Bus 1-IV'
Flow 1-EP-CB-4D



TABLE A .7-4 (Continued)
SAFETY INJECTION ACTUATION DEPENDENCY MATRIX

NAPS IPE A-18 3 12-15-92

COMPONENT MOTIVE FORCE CONTROL POWER AUTO ACTUATION COMPONENT COOLING ROOM COOLING INTERLOCKS

1-RC-PT-1455 None 120 VAC None None
Pressurizer Vital Bus 1-1

	

.
Pressure 1-EP-CB-4A

1-RC-PT-1456 None 120 VAC None None
Pressurizer Vital Bus 1 . 11
Pressure 1-EP-CB-4B

1-RC-PT-1457 None 120 VAC None None
Pressurizer Vitat Bus 1-I11
Pressure 1-EP-CB-4c

1-MS-PT-1474 None 120 VAC None None
Main Steamtine Vital Bus 1-Il
Pressure 1-EP-CB-4B

1-MS-PT-1484 None 120 VAC None None
Main Steamline Vital Bus 1 . 11
Pressure 1-EP-CB-4B

1-NS-PT-1494 None 120 VAC None None
Main Steamtine Vital Bus 1-11
Pressure 1-EP-CB-4B

1-MS-PT-1485 None 120 VAC None None
Main Steamtine Vital Bus 1-III
Pressure 1-EP-CB-4C

1-MS-PT-1475 None 120 VAC None None
Main Steamtine Vital Bus 1-111
Pressure 1-EP-CB-4C

1-MS-PT-1495 None 120 VAC None None
Main Steamline Vital Bus 1-111
Pressure 1-EP-CB-4C

1-MS-PT-1476 None 120 VAC None None
Main Steamline Vital Bus 1-IV
Pressure 1-EP-CB-40

1-MS-PT-1486 None 120 VAC None None
Main Steamtine Vital Bus 1-IV
Pressure 1-EP-CB-4D



TABLE A .7-4 (Continued)
SAFETY INJECTION ACTUATION DEPENDENCY MATRIX

NAPS IPE A-18 4 12-15-92

COMPONENT MOTIVE FORCE CONTROL POWER AUTO ACTUATION COMPONENT COOLING ROOM COOLING INTERLOCKS

1-MS-PT-1496 N 120 VAC N N
Main Steamline Vital Bus 1 .IV
Pressure 1-EP-CB-4D

RMT Logic & 120 VAC RMT Input Emergency
Output Relays Vital Bus 1 . 1 Signals Switchgear
Train A 1-EP-CB-4A Train A Room Cooling

RMT Logic & 120 VAC RMT Input None Emergency
Output Relays Vital Bus 1 .111 Signals Switchgear
Train B 1-EP-CB-4C Train B Room Cooling

1-LM-PM-100A 120 VAC N None
RWST Level Vital Bus 1 . 1

1-EP-CB-4A

1-LN-PM-1008 120 VAC None
RWST Level Vital Bus 1 .11

1-EP-CB-4B

1-LM-PM-1000 120 VAC
RWST Level Vital Bus 1 .111

1-EP-CB-4C

1-LM-PM-100D None 120 VAC
RWST Level Vital Bus 1-IV

1-EP-CB-4D



TABLE A.9-1
ELECTRICAL POWER DISTRIBUTION SYSTEM

.-DEPENDENCY MATRIX

NAPS IPE A- 18 5 12-15-92

COMPONENT MOTIVE FORCE CONTROL POWER AUTO ACTUATION COMPONENT COOLING ROOM COOLING INTERLOCKS

1-EP-BKR-G12 1-EP-CB-12A (DC - 1 . I) opens on UV of
main generator

none none none

l-EP-BKR-15A1 Charged Springs 1-EP-CB-12C (DC 1-111) opens on UV or
fault of RSST 1A

none none none

1-EP-BKR-15A2 Charged Springs 1-EP-CB-12C (DC 1-111) opens on UV of 1A none none none

1-EP-BKR-1581 Charged Springs 1-EP-CB-128 (DC 1-11) opens on UV or
fault of RSST 18

none none none

1-EP-BKR-15B2 Charged Springs 1-EP-CB .12B (DC 1-11) opens on UV of 18 none none none

1-EP-BKR-15811 Charged Springs 1-EP-CB-12B (DC 1 . 11) none none none none

1-EP-BKR-15C1 Charged Springs 1-EP-CB-12A (DC 1-1) opens on UV or
fault of RSST 1C

none none none

1-EP-BKR-15C2 Charged Springs 1-EP-CB-12A (DC 1-I) opens on UV of 1C none none none

1-EP-BKR-15D1 Charged Springs 1-EP-CB-12C (DC 1 . 111) opens on UV of 1D none none none

1-EP-BKR-15D3 Charged Springs 1-EP-CB-12D (DC 1-IV) opens on RSST A
fault, UV on 1D,
or UV on 1J

none none none

1-EP-BKR-15E1 Charged Springs 1-EP-CB-12B (DC 1-11) opens on UV of 1E none none none

1-EP-BKR-15E3 Charged Springs 2-EP-CB-12B (DC 2 . 11) opens on RSST B
fault, UV on 1E,
or UV on 2H

none none none

1-EP-BKR-15F1 Charged Springs 1-EP-CB-12A (DC 1-I) opens on UV of 1F none none none

1-EP-BKR-15F3 Charged Springs 1-EP-CB-12B (DC 1-II) opens on RSST C
fault, opens on UV
on 1F, opens on UV
on 1 H

none none none

1-EP-BKR-15F4 Charged Springs 2-EP-CB-12D (DC 2-IV) opens on RSST C
fault, UV on 1F,
or UV on 2J

none none none



TABLE A .9-i (Continued)
ELECTRICAL POWER DISTRIBUTION SYSTEM

DEPENDENCY MATRIX

NAPS IPE A- 18 6 12-15-92

COMPONENT MOTIVE FORCE CONTROL POWER AUTO ACTUATION COMPONENT COOLING ROOM COOLING INTERLOCKS

1-EP-BKR-1561 Charged Springs 1-EP-CB-12A (DC 1-I) opens on UV of 1G none none none

2-EP-BKR-2561 Charged Springs 2-EP-CB-12A (DC 2-'1) opens on UV of 2G none none none

1-EE-BKR-15H1 Charged Springs 1-EP-CB-12A (DC 1-I) opens on UV on 1H none ESGR none

1-EE-BKR-15H2 Charged Springs 1-EP-CB-12A (DC 1-1) none none ESGR none

1-EE-BKR-15H11 Charged Springs 1-EP-CB-12A (DC 1 . 1) opens on UV on 1H none ESGR none

1-EE-BKR-15H12 Charged Springs 1-EP-CB-12A (DC 1-I) opens on UV on 1H none ESGR none

1-EE-BKR-15J1 Charged Springs 1-EP-CS-12C (DC 1 . 111)

closes after UV
clears

none none ESGR none

l-EE-BKR-15J2 Charged Springs 1-EP-CB-12C (DC 1-III) none none ESGR none

1-EE-BKR-15J11 Charged Springs 1-EP-CB-12C (DC 1-I11) opens on UV on 1J none ESGR none

1-EE-BKR-15J12 Charged Springs 1-EP-CB-12C (DC 1-I11) opens on UV on 1J none ESGR none

2-EE-BKR-25H1 Charged Springs 2-EP-CB-12A (DC 2 . 1)

closes after UV
clears

none none ESGR none

2-EE-BKR-25H2 Charged Springs 2-EP-CB-12A (DC 2 . 1) none none ESGR none

2-EE-BKR-25H11 Charged Springs 2-EP-CS-12A (DC 2 . 1) opens on UV on 2H none ESGR none

2-EE-BKR-25H12 Charged Springs 2-EP-CB-12A (DC 2-I) opens on UV on 2H none ESGR none

2-EE-BKR-25J1 Charged Springs 2-EP-CB-12C (DC 2.111)

closes after UV
clears

none none ESGR none

2-EE-BKR-25J2 Charged Springs 2-EP-CB-12C (DC 2 . 111) none none ESGR none

2-EE-BKR-25J11 Charged Springs 2-EP-CB-12C (DC 2 . 111) opens on UV on 2J none ESGR none

2-EE-BKR-25J12 Charged Springs 2-EP-CB-12C (DC 2.111) opens on UV on 2J none ESGR none
closes after UV
clears



TABLE A.10-1
RESIDUAL HEAT REMOVAL
DEPENDENCY MATRIX

*Interlocks or other functional dependencies included in this column

NAPS IPE A- 18 7 12-15-92

COMPONENT MOTIVE FORCE CONTROL POWER - AUTO ACTUATION COMPONENT COOLING ROOM COOLING INTERLOCKS*

1-RH-P-1A 4160 V, BUS 1H, BATT 1-I None 1-RH-E-2A None Required None
BKR 14
(STUB BUS)

DIST CAB
CKT 14

Seal Cooling from CC

1-RH-P-1B 4160 V, BUS 1J, BATT 1 . 111 None 1-RH-E-2B None Required None
BKR 16
(STUB BUS)

DIST CAB
CKT 16

Seal Cooling from CC

1-RH-MOV-1700 480V MCC 1H2-2S, stepdown transformer Automatically closes --- None Required open permissive
BKR D1 from MCC 1H2-2S if RCS pressure interlock on

> 582 psig low RCS
pressure

1-RH-MOV-1701 480V MCC 1J1-2S, stepdown transformer Automatically closes --- None Required Open permissive
BKR F3 from MCC 1J1-2S if RCS pressure interlock on

> 582 psig low RCS
pressure

1-RH-MOV-1720A 480V MCC 1H1-2S,
BKR C2

stepdown transformer
from MCC 1H1-2S

	 - • --- None Required Fails as is

1-RH-MOV-17208 480V MCC 1JI-2S,
BKR C1

stepdown transformer
from MCC 1J1-2S

	 - • --- None Required Fails as is

1-RH-FCV-1605 Instrument Air Primary Plant
Processing Cab . G

	 - - --- None Required Fails closed



TABLE A .10-1 (Continued)
RESIDUAL HEAT REMOVAL
DEPENDENCY MATRIX

*Interlocks or other functional dependencies included in this column

NAPS IPE A- 188 12-15-92

COMPONENT MOTIVE FORCE CONTROL POWER . AUTO ACTUATION COMPONENT COOLING ROOM COOLING INTERLOCKS*

1-RH-HCV-1758 Instrument Air Vital Bus 1 . 111 •
Breaker 23

--- . . . None Required Fails open

1-RH-PT-1403 --- Vital Bus 1-Ill
(1-EI-CB-57)

--- --- None Required ---

1-RH-PT-1402 --- Vital Bus 1 . 1 --- --- None Required ---
(1-E1-CB-55)



TABLE A .11-1
SERVICE WATER

.DEPENDENCY MATRIX

*Interlocks or other functional dependencies included in this column

NAPS IPE A-189 12-15-92

COMPONENT MOTIVE FORCE CONTROL POWER • AUTO ACTUATION COMPONENT COOLING ROOM COOLING INTERLOCKS*

1-SW-P-1A 4160 V, Bus 1N, 125 VDC a 4160 V, Pump starts on receipt None provided Not required 1-SW-P-4
BKR 15H5 SWGR 1N from BATT

1-1 DIST CAB CKT 14
of SI or LOOP signal Not running

1-SW-P-1B 4160 V, Bus 11,
BKR 15J5

125 VDC a 4160 V
SWGR 1J from BATT
1-Ill D1ST CAB
CKT 16

Pump starts on receipt
of SI or LOOP signal

None provided Not required None

2-SW-P-1A 4160 V, Bus 2H, 125 VDC a 4160 V Pump starts on receipt None provided Not required 2-SW-P-4
BKR 25H5 SWGR 2H from BATT

2-1 D1ST CAB CKT 14
of SI or LOOP signal Not running

2-SW-P-1B 4160 V, Bus 2J,
BKR 25J5

125 VDC a 4160 V
SWGR 2J from BATT
2-III DIST CAB
CKT 16

Pump starts on receipt
of SI or LOOP signal

None provided Not required None

1-SW-P-4 4160 V. Bus 1H, 125 VDC a 4160 V None None provided Not required 1-SW-P-1A
BKR 15H4 SWGR 1N, from BATT

1-1 DIST CAB CKT 14
Not running

2-SW-P-4 4160 V, Bus 2H, 125 VAC a 4160 V None None provided Not required 2-SW-P-1A
BKR 25H4 SWGR 2H, from BATT

2-I D1ST CAB CKT 14
Not running



TABLE A.11-1 (Continued)
SERVICE WATER

-'DEPENDENCY MATRIX

*Interlocks or other functional dependencies included in this column

NAPS IPE A-19 0 12-15-92

COMPONENT MOTIVE FORCE CONTROL POWER ' AUTO ACTUATION COMPONENT COOLING ROOM COOLING INTERLOCKS*

0
1-SW-MOV-117 MCC 1H1 .1, BKR 81 680 V None None Not required None

2-SW-MOV-217 MCC 2HI-1, BKR 480 V None None Not required None

1-SW-MOV-118 MCC 1111 . 1, BKR A3 480 V None None Not required None

1-SW-MOV-115A MCC IH1 .1, BKR 82 480 V None None Not required None

1-SW-MOV-1158 MCC 1H1 . 1, BKR C2 480 V None None Not required None

2-SW-MOV-215A MCC 2H1 . 1, BKR 480 V None None Not required None

2-SW-MOV-2158 MCC 2HI-1, BKR 480 V None None Not required None

1-CW-P-2A MCC 2GI-15 120 V None None provided Not required None

1-CW-P-28 MCC 1H1 . 1 120 V None None provided Not required None

1-CW-TV-100 Instrument Air 1-CW-SOV-100 None None Not required None

1-CW-S0V-100 120 V AC from CKT
1CWTB04

Motive Force None None Not required None

Strainer MCC-2G1 . 1N Motive Force None None Not required Pump 1-CW-P-2A
2-CW-S-3A must be running



TABLE A .11-1 (Continued)
SERVICE WATER

..DEPENDENCY MATRIX

*Interlocks or other functional dependencies included in this column

NAPS IPE A-19 1 12-15-92

COMPONENT MOTIVE FORCE CONTROL POWER • AUTO ACTUATION COMPONENT COOLING ROOM COOLING INTERLOCKS*

Strainer MCC-1G1-1S Motive Force None None Not required Pump 1-CW-P-2B
1-CW-S-3B must be running

Traveling
Screens -

1 •CW-S-1C (6FW) MCC-1G1-1N - • • None None Not required None
(6FV)

1 •CW-S-1D

CKT 1CWTCO5

MCC 1G1-1N 	 • • None None Not required None

2-CW S-1A

CKT 1CWTD05

MCC 2G1 . 1S --- None None Not required None

2•CW-S-1B

CKT 2CWTA05

MCC 2G1-1S - • • None None Not required None

1-CW-MOV-104B

CKT 2CWTDO5

MCC 1G1-1S Motive Force None None Not required Runs only when

2-CW-MOV-204A MCC-2G1-1N Motive Force None None Not required

strainer
1-CW-S-3B is
running

Runs only when
strainer
2-CW-S-3A is
running



TABLE A.11-1 (Continued)
SERVICE WATER

DEPENDENCY MATRIX

*Interlocks or other functional dependencies included in this column

NAPS IPE A- 192 12-15-92

COMPONENT MOTIVE FORCE CONTROL POWER • AUTO ACTUATION COMPONENT COOLING ROOM COOLING INTERLOCKS*

2-CW-TV-200 Instrument Air SOV-CW-200 +None None Not required None

2-CW-SOV-200 120 V AC from CKT
2CWTA04

Motive Force None None Not required None

2-SW-MOV-2238 MCC 2J1-3A, BKR 83 480 V Stpdown None None Not required None

2-SW-1011 	 - 480 V Stpdown None None Not required None

1-SW-14OV-123A MCC 1H1-3A, BKR 83 480 V Stpdown None None Not required None

2-SW-MOV-223A MCC 2Hl-3A, 8KR 83 480 V Stpdown None None Not required None

2-SW-1001 480 V Stpdown None None Not required None

1-SWMOV-1236 MCC 1JI-3A, BKR 63 480 V Stpdown None None Not required None

2-SW-MOV-221A MCC 2H1 .3A, BKR A2 480 V Stpdown None None Not required None

2-SW-MOV-222A MCC 2H1-3A, BKR A3 480 V Stpdown None None Not required None

1-SW-MOV-1218 MCC 1J1-3A, BKR A2 480 V Stpdown None None Not required None

I-SW-MOV-1228 MCC 1J1 .3A, BKR A3 480 V Stpdown None None Not required None

1-SW-MOV-121A MCC 1H1-3A, BKR A2 480 V Stpdown None None Not required None



NAPS IPE

TABLE A .11-1 (Continued)
SERVICE WATER

-DEPENDENCY MATRIX

*Interlocks or other functional dependencies included in this column

A-19 3 12-15-92

COMPONENT MOTIVE FORCE CONTROL POWER ' AUTO ACTUATION COMPONENT COOLING ROOM COOLING INTERLOCKS*

1-SW-MOV-122A MCC 1H1-3A, BKR A3 480 V Stpdown 'None None Not required None

2-SW-MOV-221B MCC 2J1-3A, BKR A2 480 V Stpdown None Not required None

2-SW-MOV-2228 MCC 2J1-3A, BKR A3 480 V Stpdown None None Not required None

1-SW-MOV-120A MCC 1H1 .1, BKR B4 480 V Stpdown None None Not required None

2-SW-MOV-220A MCC 2H1 .1, BKR G4 480 V Stpdown None None Not required None

1-SW-MOV-1208 MCC 1H1-1, BKR C4 480 V Stpdown None None Not required None

1-SW-MOV-2208 MCC 2HI-1, BKR H4 480 V Stpdown None None Not required None



TABLE A.12-1
QUENCH SPRAY

DEPENDENCY MATRIX

*Interlocks or other functional dependencies included in this column

NAPS IPE A-194 12-15-92

COMPONENT MOTIVE FORCE CONTROL POWER . AUTO ACTUATION COMPONENT COOLING ROOM COOLING INTERLOCKS*

1 . OS-P-1A 480 V
BUS 1H1

480 V SWGR
1H; BATT 1-1

'Starts on CDA Signal
(Relay K644-XA1)

--- None Required

1 . OS-P-1B 480 V 480 V SWGR Starts on CDA Signal --- None Required
BUS 1J1 1J ; BATT 1 .111 (Relay K644-XB1)

1-MOV-QS-100A MCC-1H1-2S 480 V CDA Signal to Assure
Open

--- None Required

1-MOV-OS-100B MCC-1J1 . 2N 480 V CDA Signal to Assure
Open

--- None Required

1-MOV-OS-101A MCC-1H1 .2N 480 V CDA Signal
Opens Valve

--- None Required

1-MOV-OS-1018 MCC-1J1 . 2N 480V CDA Signal
Opens Valve

--- None Required



Note 1 :

Note 2: same as above plus
6) loss of instrument air header pressure

NAPS IPE

1) opening of 1/2 FWP breakers on 3/3 FWP, or
2) loss of reserve power, or
3) low-low level in 2/3 channels in 1/3 SG, or
4) SI, or
5) AMSAC

TABLE A .13-1
AUXILIARY FEEDWATER
-DEPENDENCY MATRIX

A- 19 5 12-15-92

COMPONENT MOTIVE FORCE CONTROL POWER AUTO ACTUATION
0

COMPONENT COOLING ROOM COOLING INTERLOCKS COMMENTS

1-FW-P-2 main steam 1-TV-MS-111A
and/or

1-TV-MS-1118
open

---
None Required

1-FW-P-3A 4160V bus 1N
breaker 15H3
(FE-1D)

125 VDC 1N
BATT 1-I
(ESK-5AA)

Note 1

(5655033 Sh 14)
---

None Required

1-FW-P-38 4160V bus 1J
breaker 15J3
(FE-1D)

125 VDC 1J
BATT 1-III
(ESK-5AB)

Note 1
---

None Required

1-TV-MS-111A instr. air
or nitrogen
(MS-115)

125 VDC
MCB panel 1A
(ESK-6PR)

Note 2
---

None Required air to close
fails open

1-TV-MS-111B Instr. air
or nitrogen
(MS-116)

125 VDC
MCB panel 16
(ESK-6PR)

Note 2
---

None Required air to close
fails open



TABLE A.13-1 (Continued)
AUXILIARY FEEDWATER
.-DEPENDENCY MATRIX

NAPS IPE A- 1 9 6 12-15-92

COMPONENT MOTIVE FORCE CONTROL POWER AUTO ACTUATION COMPONENT COOLING ROOM COOLING INTERLOCKS COMMENTS

1-FW-MOV-100A 480V
MCC 1J1-2N
breaker F4

(FE-1R)

480V/120V
step down
transformer
from MCC
(ESK-6CL)

None
---

None Required

1-FW-MOV-1008 480V
MCC 1JI-2N
breaker G4

(FE-1R)

480V/120V
step down
transformer
from MCC
(ESK-6CL)

None
-•-

None Required

1-FW-MOV-1000 480V
MCC 1J1-2N
breaker H4

(FE-IR)

480V/120V
step down
transformer
from MCC
(ESK-6CL)

None
- •-

None Required

1-FW-MOV-100D 480V
MCC 1J1-2S
breaker E4

(FE-1R)

480V/120V
step down
transformer
from MCC
(ESK-6CL)

None None Required

1-FW-PCV-159A instr . air

(FW-053)

none None 	 • - None Required air to close,
fails open

1-FW-PCV-1598 instr . air

(FW-054 )

none None 	 • - None Required air to close,
fails open



NAPS IPE

TABLE A .13-1 (Continued)
AUXILIARY FEEDWATER
-DEPENDENCY MATRIX

A- 19 7 12-15-92

COMPONENT MOTIVE FORCE CONTROL POWER AUTO ACTUM ION COMPONENT COOLING ROOM COOLING INTERLOCKS COMMENTS

1-FW-HCV-100A instr . air

(FW-055 )

120 VDC SVB 1A
1-EP-CB-16A

None
---

None Required air to close,
fails open

1-FW-HCV-100B instr. air

(FW-056)

120 VDC SVB 1A
1-EP-CB-16A

None
---

None Required air to close,
fails open

1-FW-HCV-1000 instr. air

(FW-057)

120 VDC SVB 1A
1-EP-CB-16A

None
---

None Required air to close,
fails open



NAPS IPE

TABLE A .13-2
MFW

-'DEPENDENCY MATRIX

A- 1 9 8 12-15-92

COMPONENT MOTIVE FORCE CONTROL POWER AUTO ACTUATION COMPONENT COOLING ROOM COOLING INTERLOCKS COMMENTS

1-FW-P-1A 4160V bus to 125 VDC at None ' --- None Required
Motor 1A1 1-EP-SW-01 4160 SWGR 1A

bkr 15A5
(FE-1B)

Batt 1-I11
(ESK-ST) (ESK-5Z)

1-FW-P-1A 4160V bus 1A 125 VDC at None --- None Required
Motor 1A2 1-EP-SW-01 4160 SWGR 1A

bkr 15A6
(FE-1B)

Batt 1-I11
(ESK-5U) (ESK-5Z)

1-FW-P-1B 4160V bus 16 125 VDC at None --- None Required
Motor 1B1 1-EP-SW-02 4160 SWGR 16

bkr 1585 Batt 1 . 11
(FE-1B) (ESK-5V) (ESK-5Z)

1-FW-P-1B 4160V bus 16 125 VDC at None --- None Required
Motor 182 1-EP-SW-02 4160 SWGR 18

bkr 1586 Batt 1 . 11
(FE-1B) (ESK-5W) (ESK-5Z)

1-FW-P-1C 4160V bus 1C 125 VDC at None --- None Required
Motor ICI 1-EP-SW-03 4160 SWGR 1C

bkr 15C5
(FE-1C)

Batt 1-1
(ESK-5X) (ESK-5Z)

1-FW-P-1C 4160V bus 1C 125 VDC at None --- None Required
Motor 1C2 1-EP-SW-03 4160 SWGR 1C

bkr 15C6
(FE-1C)

Batt 1-I
(ESK-5Y) (ESK-5Z)



NAPS IPE

TABLE A .13-2 (Continued)
MFW

-DEPENDENCY MATRIX

A- 19 9 12-15-92

COMPONENT MOTIVE FORCE CONTROL POWER AUTO ACTUATION COMPONENT COOLING ROOM COOLING INTERLOCKS COMMENTS

1-CN-P-1A 4160V bus 1A
1-EP-SW-O1
bkr 15A4

(FE-1B)

125 VDC at
4160V SWGR 1A
Batt 1-I1I

(ESK-5G)

None ' --- None Required

1-CN-P-1B 4160V bus 16
1-EP-SW-02
bkr 1584

(FE-1B)

125 VDC at
4160V SWGR 1B
Batt 1-11

(ESK-5H)

None --- None Required

1-CN-P-1C 4160V bus 1C
1-EP-SW-03
bkr 15C4

(FE-1C)

125 VDC at
4160V SWGR 1C
Batt 1-I

(ESK-5J)

None --- None Required



NAPS IPE

TABLE A.13-2 (Continued)
MFW

DEPENDENCY MATRIX

A-2 0 0 12-15-92

COMPONENT MOTIVE FORCE CONTROL POWER AUTO ACTUATION COMPONENT COOLING ROOM COOLING INTERLOCKS COMMENTS

1-FW-MOV-154A MCC 1A1 .2
1-EP-MC-07
bkr E2
(FE-1H)

480V/120V step
down transformer
from MCC 1A1-2
(ESK-6CL)

None ' --- None Required

1-FW-MOV-1548 MCC 161 .3
1-EP-MC-06
bkr C3
(FE-1H)

480V/120V step
down transformer
from MCC 181 .3
(ESK-6CL-1)

None --- None Required

1-FW-MOV-154C MCC 1A2 .2
1-EP-MC-05
bkr F3
(FE-1J)

480V/120V step
down transformer
from MCC 1A2 .2
(ESK-6CL-1)

None --- None Required

1-FW-MOV-150A MCC 181 .3
1-EP-MC-O6
bkr F2
(FE-1H)

480V/120V step
down transformer
from MCC 181 .3
(ESK-6CG)

None --- None Required

1-FW-MOV-150B MCC 1AI-2
1-EP-MC-07
bkr A3
(FE-1H)

480V/120V step
down transformer
from MCC 1A1 .2
(ESK-6CG)

None --- None Required

1-FW-MOV-150C MCC 1B1 .3
1-EP-MC-06
bkr F3
(FE-1H)

480V/120V step
down transformer
from MCC 181 .3
(ESK-6CG)

None --- None Required



TABLE A .13-2 (Continued)
MFW

.DEPENDENCY MATRIX

NAPS IPE A-201 12-15-92

COMPONENT MOTIVE FORCE CONTROL POWER AUTO ACTUATION COMPONENT COOLING ROOM COOLING INTERLOCKS COMMENTS

1-FW-FCV-1478 instr. air 125 VDC 1A None .--- None Required SOV-1478-1 and air to open
(SOV-1478-1) -1478-2 are fails closed

125 VDC 1B energized to
(SOV 1478-2) open FCV-1478
(ESK-60J) (FW-112)

1-FW-FCV-1479 instr . air 125 VDC 1A None --- None Required SOV-1479-1 and air to open
(SOV-1479-1) -1479-2 are fails closed

125 VDC 1B energized to
(SOV 1479-2) open FCV-1479
(ESK-60J) (FW-061)

1-FW-FCV-1488 instr . air 125 VDC 1A None --- None Required SOV-1488-1 and air to open
(SOV-1488-1) -1488-2 are fails closed

125 VDC 18 energized to
(SOV 1488-2) open FCV-1488

(ESK-60J) (FW-113)

1-FW-FCV-1489 Instr . air 125 VDC 1A None --- None Required SOV-1489-1 and air to open
(SOV-1489-1) -1489-2 are fails closed

125 VDC 113 energized to
(SOV 1489-2) open FCV-1489
(ESK-6QJ) (FW-062)

1-FW-FCV-1498 instr. air 125 VDC 1A None --- None Required SOV-1498-1 and air to open
(SOV-1498-1) -1498-2 are fails closed

125 VDC 1B energized to
(SOY 1498-2) open FCV-1498
(ESK-60J) (FW-114)

1-FW-FCV-1499 instr. air 125 VDC 1A None --- None Required SOV-1499-1 and air to open
(SOV-1499-1) -1499-2 are fails closed

125 VDC 111 energized to
(SOV 1499-2) open FCV-1499
(ESK-60J) (FW-O63)



TABLE A.13-2 (Continued)
MFW

.DEPENDENCY MATRIX

NAPS IPE A-202 12-15-92

COMPONENT MOTIVE FORCE CONTROL POWER AUTO ACTUATION COMPONENT COOLING ROOM COOLING INTERLOCKS COMMENTS

1-CN-LCV-1O9 . 1 instr. air instr. air

(CN-028)

None ' --- None Required air to open
fails closed

1-CN-LCV-109 . 2 instr. air Instr. air

(CN-028)

None --- None Required air to open
fails closed

1-FW-FCV-150A instr. air 120 VAC from
non vital SOY
panel - ckt 34
(ESK-6PG)
(FW-076)

None --- None Required FCV-150A/B/C
interlock
120 VAC from
cond polishing
dist panel
(ESK-6PG-1)

air to close
fails open

1-FW-FCV-1508 instr . air 120 VAC from
non vital SOV
panel - ckt 35
(ESK-6PG)
(FW-077)

None --- None Required FCV-15OA/B/C
interlock
120 VAC from
cond polishing
dist panel
(ESK-6PG-1)

air to close
fails open

1-FW-FCV-150C instr . air 120 VAC from
non vital SOV
panel - ckt 36
(ESK-6PG)
(FW-078)

None --- None Required FCV-150A/B/C
interlock
120 VAC from
cord polishing
dist panel
(ESK-6PG-1)

air to close
fails open



TABLE 14-1
RECIRCULATION SPRAY
.DEPENDENCY MATRIX

*Interlocks or other functional dependencies included in this column

NAPS IPE A-203 12-15-92

COMPONENT MOTIVE FORCE CONTROL POWER • AUTO ACTUATION COMPONENT COOLING ROOM COOLING INTERLOCKS*

1-RS-P-1A 480 V
BUS 1M1

125 VDC
BAT 1-1

+ CDA Signal - Start --- None Required

1-RS-P-1B 480 V 125 VDC MA Signal - Start --- None Required
BUS 1J1 BAT1 1-111

1-RS-P-2A 4160 V
BUS 1N

125 VDC
BATT 1 . 1

MA Signal - Start --- None Required

i-RS-P-2B 4160 V
BUS 1J

125 VDC
BATT 1-It1

CDA . Signal - Start --- None Required

1-RS-P-3A 480 V
MCC-1H1-2S

480 V CDA Signal - Start --- None Required

1-RS-P-3B 480 V
MCC-1J1-2S

480 V CDA Signal - Start --- None Required

1-RS-MOV-100A MCC-1H1-2S 480 V CDA Signal - Open --- None Required Close on tow
casing cooling
tank level

1-RS-MOV-100B MCC-1J1-2N 480 V CDA Signal - Open --- None Required Close on tow
casing cooling
tank level

1-RS-MOV-101A MCC-1J1 .2N 480 V CDA Signal - Assures --- None Required C•tosed on tow
Open casing cooling

pump discharge
flow



TABLE 14-1 (Continued)
RECIRCULATION SPRAY
. , DEPENDENCY MATRIX

*Interlocks or other functional dependencies included in this column

NAPS IPE A-204 12-15-92

COMPONENT MOTIVE FORCE CONTROL POWER- AUTO ACTUATION COMPONENT COOLING ROOM COOLING INTERLOCKS*

1-RS-MOV-101B MCC-1H1-2S 480 V ' CDA Signal - Assures --- None Required Closed on tow
Open casing cooling

1-RS-MOV-155A MCC-1H1 .2N 480 V CDA Signal - Assures --- None Required

pump discharge
flow

1-RS-MOV-155B MCC-1J1 .2N 480 V

Open

CDA Signal - Assures --- None Required

1-RS-MOV-156A MCC-1H1-2N 480 V

Open

CDA Signal - Assures --- None Required

1-RS-MOV-1568 MCC-1J1 .2N 480 V

Open

CDA Signal - Assures --- None Required

1-SW-14OV-IOIA MCC-1H1-2N 480 V

Open

Open 6n CDA Signal --- None Required

1-SW-MOV-1018 MCC-1J1 . 2N 480 V Open on CDA Signal --- None Required

1-SW-MOV-101C MCC-1H1-2N 480 V Open on CDA Signal --- None Required

I-SW-MOV-101D MCC-1JI-2N 480 V Open on CDA Signal --- None Required

l-SW-MOV-103A MCC-1H1 . 2N 480 V Open on CDA Signal --- None Required

1-SW-MOV-103B MCC-1JI-2N 480 V Open on CDA Signal --- None Required

1-SW-MOV-103C MCC-1JI-2N 480 V Open on CDA Signal --- None Required

1-SW-MOV-103D MCC-1H1-2N 480 V Open on CDA Signal --- None Required



TABLE 14-1 (Continued)
RECIRCULATION SPRAY
.DEPENDENCY MATRIX

*Interlocks or other functional dependencies included in this column

NAPS IPE A-205 12-15-92

COMPONENT MOTIVE FORCE CONTROL POWER • AUTO ACTUATION COMPONENT COOLING ROOM COOLING INTERLOCKS*

1-SW-MOV-104A NCC-1N1-2N 480 V Open on CDA Signal --- None Required

1-SW-NOV-104B MCC-1J1-2N 480 V Open on CDA Signal --- None Required

1-SW-NOV-104C MCC-1J1 .2N 480 V Open on CDA Signal --- None Required

1-SW-MOV-104D MCC-1H1-2N 480 V Open on CDA Signal --- None Required

1-SW-NOV-105A MCC-1H1-2N 480 V Open on CDA Signal --- None Required

1-SW-MOV-105B MCC-1J1 .2N 480 V Open on CDA Signal --- None Required

1-SW-MOV-105C MCC-1H1-2N 480 V Open on CDA Signal --- None Required

1-SW-MOV-105D MCC-1J1-2N 480 V Open on CDA Signal --- None Required

1-SW-MOV-102A MCC-1H1-2S 480 V --- --- ---

1-SW-MOV-1028 MCC-1j1 . 2S 480 V --- --- ---

1-SW-MOV-106A MCC-1H1-2S 480 V --- 	 - - . . .

1-SW-MOV-1066 MCC-1j1 . 2S 480 V --- --- -- .



TABLE A .15-1
ESGR COOLING SYSTEM

DEPENDENCY MATRIX - UNIT 1

*Interlocks or other functional dependencies included in this column

NAPS IPE A-206 12-15-92

COMPONENT MOTIVE FORCE CONTROL POWER- AUTO ACTUATION COMPONENT COOLING ROOM COOLING INTERLOCKS*

1-HV-AC-6 480V MCC 480V/120VAC None None None 1-HV-MOD-137
1H1 .4 bkr 03 Stepdown Transformer' is opened
ESK-6KC when fan is
FE-9EH energized

HV-078

1-HV-AC-7 480V MCC 480V/120VAC None None None 1-HV-MOO-138
1J1 .1 bkr Stepdown Transformer is opened
ESK-6KC when fan is
FE-9GS energized

HV-079

1-HV-MoD-137 120VAC from None None None None opens when
1-NV-AC-6 1-HV-AC-6 fan
HV-078 is energized .
FE-3CV Fails closed
FE-9EN
ESK-6KC

HV-078

1-HV-MOD-138 120VAC from None None None None opens when
1-NV-AC-7 1-HV-AC-7 fan
NV-079 is energized .
FE-3CV Fails closed
FE-9GS
ESK-6KC

HV-079

1-HV-TCV-166 120VAC from None None None None Spring return
1-HV-AC-6 to block flow
HV-078 to ANU when
FE-3CV de-energized
FE-9EH HV-078



TABLE A .15-1 (Continued)
ESGR COOLING SYSTEM

DEPENDENCY MATRIX - UNIT 1

*Interlocks or other functional dependencies included in this column

NAPS IPE A-207 12-15-92

COMPONENT MOTIVE FORCE CONTROL POWER • AUTO ACTUATION COMPONENT COOLING ROOM COOLING INTERLOCKS*

1-HV-TCV-167 120VAC from None None None None Spring return
1-NV-AC-7 to block flow
HV-079 to AHU when
FE-3CV de-energized
FE-9GS HV-078

1-HV-E-4A 480V MCC Stepdown Transformer None None None HV-045
1H1 bkr G2 W 595C773 HV-058
FE-9EE SWEC File 10 .1 . 12A HV-070

FE-9EE
W 595C773

1-NV-E-48 480V MCC Stepdown Transformer None None None HV-046
1JI-1 bkr Al W 595CM HV-059
FE-9G0 SWEC File 10 .1-12A HV-071

FE-9GQ
W 595C773

l-HV-E-4C 480V MCC Stepdown Transformer None None None HV-047
1HI-1 bkr D3 W 595C773 HV-060
FE-9EJ SWEC File 10 .1 . 12A HV-072

FE-9EJ
W 595C773

1-HV-P-20A 480V MCC 480V/120VAC None None None To 1-HV-E-4A
1H1-1 bkr E3 Stepdown Transformer ESK-6JR, 6EK
ESK-6JR 1.-HV-MOV-111A
FE-9ED must be open



TABLE A.15-1 (Continued)
ESGR COOLING SYSTEM

DEPENDENCY MATRIX - UNIT 1

*Interlocks or other functional dependencies included in this column

NAPS IPE A-208 12-15-92

COMPONENT MOTIVE FORCE CONTROL POWER ' AUTO ACTUATION COMPONENT COOLING ROOM COOLING INTERLOCKS*

1-HV-P-208 480V MCC 480V/120VAC
1J1 . 1 bkr C4 Stepdown Transformer None None To 1-HV-E-48
ESK-6JR Comp Str
FE-9GR ESK-6JR, 6EK

1-NV-14OV-1118
must be open

1-HV-P-20C 480V MCC 480V/120VAC N To 1-HV-E-4C
1H1-1 bkr E4 Stepdown Transformer ESK-6JR, 6EK
ESK-6JR 1-HV-MOV-111C
FE-9ED must be open

1-MV-P-22A 480V MCC 480V/120VAC N 1-HV-SOV-1200A one 1-HV-MOV-113A
181-1 bkr F3 Stepdown Transformer packing gland, must be open
ESK-6JS annunciator only ESK-6CM, 6JS
FE-9EE HV-051

1-HV-P-228 480V MCC 480V/120VAC N 1-HV-SOV-12006 None 1-HV-MOV-1138
1JI-1 bkr D4 Stepdown Transformer packing gland, must be open
ESK-6JS annunciator only
FE-9GR HV-051

1-HV-P-22C 48011 MCC 480V/120VAC N 1-HV-SOV-12000 1-HV-MOV-113C
1141 .1 bkr F4 Stepdown Transformer packing gland, must be open
ESK-6JS annunciator only
FE-9EE HV-051



TABLE A .15-1 (Continued)
ESGR COOLING SYSTEM

DEPENDENCY MATRIX - UNIT 1

*Interlocks or other functional dependencies included in this column

NAPS IPE A-209 12-15-92

COMPONENT MOTIVE FORCE CONTROL POWER • AUTO ACTUATION COMPONENT COOLING ROOM COOLING INTERLOCKS*

1-HV-MOV-111A 480V MCC 480V/120VAC None None None To 1-HV-P-20A
1H1 . 1 bkr El Stepdown Transformer ESK-6JR

1-HV-NOV-111B

ESK-6EK
FE-9ED

480V MCC 480V/12OVAC None None None To 1-HV-P-20B
1J1-1 bkr C3 Stepdown Transformer ESK-6JR

1-HV-MOV-111C

ESK-6EK
FE-9GR

480V MCC 480V/12OVAC None None None To 1-HV-P-20A
1H1 . 1 bkr E2 Stepdown Transformer ESK-6JR

1-HV-MOV-113A

ESK-6EK
FE-9ED

480V MCC 48OV/120VAC None None None To 1-NV-P-22A
1H1-1 bkr F1 Stepdown Transformer ESK-6CM
ESK-6CM ESK-6JS

1-HV-NOV-1136

FE-9EE

480V MCC 480V/12OVAC None None None To 1-HV-P-22B
1J1-1 bkr D3 Stepdown Transformer ESK-6CM
ESK-6CM ESK-6JS

1-HV-MOV-113C

FE-9GR

480V MCC 480V/12OVAC None None None To 1-HV-P-22C
1H1 . 1 bkr F2 Stepdown Transformer ESK-6CM
ESK-6CM ESK-6JS
FE-9EE



TABLE A .15-1 (Continued)
ESOR COOLING SYSTEM

DEPENDENCY MATRIX - UNIT 1

*Interlocks or other functional dependencies included in this column

NAPS IPE A-210 12-15-92

COMPONENT MOTIVE FORCE CONTROL POWER- , AUTO ACTUATION COMPONENT COOLING ROOM COOLING INTERLOCKS*

i-HV-PCV-1235A-1 Instrument Air 1-HV-PC-1235A None None None Fails closed
HV-058 HV-058

1-HV-PCV-1235A-2 None None None Fails open

1-HV-PCV-12358 . 1 Instrument Air 1-HV-PC-1235B None None None Fails closed
MV-059 NV-059

1-NV-PCV-1235B-2 None None None Fails open

1-HV-PCV-1235C-1 Instrument Air 1-HV-PC-1235C None None Fails closed
NV-060 HV-060

1-HV-PCV-1235C-2 None None None Fails open

1-HV-S-1A
(for information None 120VAC Vital Bus I None None None Hi delta Press
only) ESK-6JT diverter valve

FE-11D control for
HV-056 1-MOv-HV-115-1

and
1-MOV-HV-115-2

1-HV-S-1B None 120VAC Vital Bus III None None None Hi delta Press
(for information ESK-6JT diverter valve
only) FE-11D control for

HV-057 1-MOV-HV-116-1
and
1-MOV-HV-116-2



TABLE A .15-2
ESGR COOLING SYSTEM

DEPENDENCY MATRIX - UNIT 2

*Interlocks or other functional dependencies included in this column

NAPS IPE A-211 12-15-92

COMPONENT MOTIVE FORCE CONTROL POWER • AUTO ACTUATION COMPONENT COOLING ROOM COOLING INTERLOCKS*

2-HV-AC-6 480V 480V/120VAC None None one 2-HV-MOD-237
2JI-4 83 Stepdown Transformer is opened
ESK-6KC when fan is
FE-9GC energized

HV-004

2-HV-AC-7 480V 480V/120VAC None None None 2-HV-MOD-238
2H1 . 1 C4 Stepdown Transformer is opened
ESK-6KC when fan is
FE-9EB energized

HV-005

2-HV-NW-237 120VAC from None None None None Opens when
2-HV-AC-6 2-HV-AC-6 fan
2JI-1 is energized .
ESK-6KC Fails closed
HV-004
FE-9GC

HV-004

2-HV-MOD-238 120VAC from None None None None Opens when
2-MV-AC-7 2-HV-AC-7 fan
2HI-1 is energized .
ESK-6KC Fails closed
HV-005
FE-9E8

HV-005

2-HV-TCV-266 120VAC from None None None None Spring return
2-HV-AC-6 to block flow
HV-004 to AHU when
FE-9GC de-energized
ESK-6KC HV-004



NAPS IPE

TABLE A .15-2 (Continued)
ESGR COOLING SYSTEM

DEPENDENCY MATRIX - UNIT 2

*Interlocks or other functional dependencies included in this column

A-212 12-15-92

COMPONENT MOTIVE FORCE CONTROL POWER • AUTO ACTUATION COMPONENT COOLING ROOM COOLING INTERLOCKS*

2-HV-TCV-267 120VAC from
2-HV-AC-7
HV-005

None None None None Spring return
to block flow
to AHU when

FE-9E6 de-energized
FE-6KC HV-005

2-HV-E-4A 480V Stepdown Transformer None None None HV-006
2MI-4 W_ 595C773 HV-015
03 SWEC File 1O .1 . 12A HV-037
FE-9EJ FE-9EJ

W 595C773

2-HV-E-4B 480V Stepdown Transformer None None None HV-007
2JI-1 4_1595C773 HV-016
F1 SWEC File 10 .l-12A HV-038
FE-9GE FE-9GE

W 595C773

2-HV-E-4C 480V Stepdown Transformer None None None HV-008
2HI-4 W 595C773 HV-017
D4 SWEC File 10 .l-12A HV-039
FE-9EJ FE-9EJ

W 595C773

2-HV-P-20A 480V 480V/120VAC None None None To 2-HV-E-4A
2H1-1 C2 Stepdown Transformer ESK-6JR, 6EK
ESK-6JR 2-HV-MOV-211A
FE-9EB must be open



TABLE A .15-2 (Continued)
ESGR COOLING SYSTEM

DEPENDENCY MATRIX - UNIT 2

*Interlocks or other functional dependencies included in this column

NAPS IPE A-213 12-15-92

COMPONENT MOTIVE FORCE CONTROL POWER • AUTO ACTUATION COMPONENT COOLING ROOM COOLING INTERLOCKS*

.+

2-HV-P-20B 480V 480V/120VAC
2J1-1 A2 Stepdown Transformer None None None To 2-HV-E-4B
ESK-6JR ESK-6JR, 6EC
FE-9GC 2-HV-MOV-2118

must be open

2-HV-P-20C 480V 480V/120VAC None None None To 2-HV-E-4C
2H1-1 C3 Stepdown Transformer ESK-6JR, 6EK
ESK-6JR 2-HV-MOV-211C
FE-9E8 must be open

2-HV-P-22A 480V 480V/120VAC None 2-HV-SOV-2200A None 2-HV-MOV-213A
2HI-1 84 Stepdown Transformer packing gland, must be open
ESK-6JS annunciator only ESK-6CM
FE-9EA HV-012

2-HV-P-22B 480V 48OV/120VAC None 2-HV-SOV-22008 None 2-HV-MOV-2138
2JI-1 A3 Stepdown Transformer packing gland, must be open
ESK-6JS annunciator only ESK-6CM
FE-9GC HV-012

2-HV-P-22C 480V 480V/120VAC None 2-HV-SOV-22000 None 2-HV-MOV-213C
2H1-1 91 Stepdown Transformer packing gland, must be open
ESK-6JS annunciator only ESK-6CM
FE-9EA HV-012



TABLE A.15-2 (Continued)
ESGR COOLING SYSTEM

DEPENDENCY MATRIX - UNIT 2

*Interlocks or other functional dependencies included in this column

NAPS IPE A-214 12-15-92

COMPONENT MOTIVE FORCE CONTROL POWER ' AUTO ACTUATION COMPONENT COOLING ROOM COOLING INTERLOCKS*

2-HV-NOV-211A 480V 480V to 120VAC None None To 2-HV-P-20A
2H1 .4 B3 Stepdown Transformer ESK-6JR

2-HV-NOV-2118

ESK-6EK
FE-9EN

480V 480V to 120VAC N To 2-HV-P-20B
2JI-1 C3 Stepdown Transformer ESK-6JR

2-HV-NOV-211C

ESK-6EK
FE-9GD

480V 480V to 120VAC N None To 2-HV-P-20C
2NI-4 Al Stepdown Transformer ESK-6JR

2-HV-MOV-213A

ESK-6EK
FE-9EH

480V 480V to 120VAC N one . To 2-HV-P-22A
2H1 .1 D3 Stepdown Transformer ESK-6JS

2-HV-MOV-2138

ESK-6CM
FE-9E8

480V 480V to 120VAC N None To 2-HV-P-228
2J1 . 1 D3 Stepdown Transformer ESK-6JS

2-HV-I4OV-213C

ESK-6CM
FE-9GD

480V 480V to 120VAC N None To 2-HV-P-22C
2141 . 1 02 Stepdown Transformer ESK-6JS
ESK-6CM
FE-9EB



TABLE A.15-2 (Continued)
ESGR COOLING SYSTEM

DEPENDENCY MATRIX - UNIT 2

*Interlocks or other functional dependencies included in this column

NAPS IPE A-2 15 12-15-92

COMPONENT MOTIVE FORCE CONTROL POWER ' AUTO ACTUATION COMPONENT COOLING ROOM COOLING INTERLOCKS*

2-HV-PCV-2235A-1 Instrument Air 2-HV-PC-2235A None None None fails closed
HV-015 HV-015

2-HV-PCV-2235A-2 None None None Fails open

2-HV-PCV-2235B-1 Instrument Air 2-HV-PC-22356 None None None Fails closed
HV-016 HV-016

2-HV-PCV-22358-2 None None None Fails open

2-HV-PCV-2235C-1 Instrument Air 2-HV-PC-2235C N None None Fails closed
HV-017 HV-017

2-HV-PCV-2235C-2 None None None Fails open

2-HV-S-1A
(for information None 120VAC Vital Bus 2-I None None None Hi delta Press
only) ESK-6JT diverter valve

FE-11D control for
HV-013 2-MOV-HV-215-1

and
2-MOV-HV-215-2

2-HV-S-18 None 120VAC None None None Hi delta Press
(for information Vital Bus 2-Ill diverter valve
only) ESK-6JT control for

FE-11D 2-MOV-HV-216-1
HV-014 and

2-MOV-HV-216-2



TABLE A.17-1
REACTOR PROTECTION
-DEPENDENCY MATRIX

*Interlocks or other functional dependencies included in this column

NAPE IPE A-216 12-15-92

COMPONENT MOTIVE FORCE CONTROL POWER ' AUTO ACTUATION COMPONENT COOLING ROOM COOLING INTERLOCKS*

RPS Logic & None 120 VAC RPS Input Signals None Emergency
Output Relays Vital Bus 1 . 1 Train A Switchgear Room
Train A 1-EP-CB-4A Cooling

RPS Logic & None 120 VAC RPS Input Signals None Emergency
Output Relays Vital Bus 1 .111 Train B Switchgear Room
Train B 1-EP-CB-4C Cooling
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NAPS UNIT I

	

320MAF .N .6 .1 A F 1 0 8
ANALYST : MCC 1 CREATION DATE : 06-23-1991 REVISION : 09-15-92

DIRECT LINE FROM
TOP TO SG-A FAILS

1 GAF10812
TFR TO
02 40
05 40

2

HOUSE EVENT
NO SG-A

VALVES IN DIRECT
LINE FROM TOP TO

56-A FAILS

XHOS-NO-SGA SAF10623
0 .00E+000

	

3

1

3

MOTOR OPERTD VALVE
TRSFR CLSD -PLUGGED

1-FW-MOV-100D

AFW PUMP 2 NOT
ALIGNED TO SIG A

NOV HEADER MOV-IOOD

CHECK VALVE
FAILS CLOSED

1-FW-279

N .O . MANUAL VALVE
PLUGGED DURING STBY

1-FW-278

CHECK VALVE
FAILS TO OPEN

1-FW-68

COMMON CAUSE
FAILURES

IFWMOV-PG-1000 IFWHEP-MOV-1000 IFWCKV-FC-1FW279 IFWMV--PG-1FW278 IFWCKV-FC-1FW68 GAF10835

4

1 .37E-004

V

2190

	

1.50E-004 , l

	

6.34E-004r , l

	

1.37E-004 2

	

2190

	

6.34E-004

5

COMMON CAUSE FAULT
AFW PUMP 6 DISCH
HEADER CKVS - FC

CCF 3/3 FC
CHECK VALVES
1-FW-61. 63. 279

IFWCKV-CC-ALLAFW IIFWCKV-CC-616379

6 .34E-005

V

	

6.34E-005U
6

7

8

9



0

I

2

3

4

5

6

7

8

9

3 I 4 I 5

1
HCV FAILS TO OPE

GAF10930

6 .3,E-00A

U

	

i .25E-004

V

	

6.34-0040

AOV OP HAND CNT VLV NO ELECTRIC POWER
FAILS CLOSED SEMIVITAL BUS IA
1-FW-HCV-IOOA

	

1-EP-CB-16A

IFWHCV-FC-10OA

	

GEIHI112

1 .81E-002 3

	

- E1N00

HCV HEADER 10 SG-A
FAILS

TFR TO
02 60
05 52

GAF 10912

1
HOUSE EVENT

	

VALVES IN HCV

	

1-E-O RX TRIP OR SI
NO SG-A

	

HEADER TO S6-A

	

STEP 15 VERIFY AUX
FAIL

	

FEEDWATER FLOW

XHOS-ND-SGA

	

GAF10923

	

NEP-IEO-15

COMMON CAUSE FAULT CCF 3/3 FC
AFW PUMP & DISCH CHECK VALVES
HEADER CKVS - FC

	

1-FW-61 . 63. 279

NAPS IPE A-268 12-15-92

AUXILIARY FEEOWATER SYSTEM
A F 1 0 9NAPS UNIT I

	

320MAF . N . 6 .1

ANALYST : MCC I CREATION DATE : 06-23-1991 _REVISION : 09-15-92

0 .00Et000 1 .07E-003
3

CHECK VALVE MANUAL VALVE CHECK VALVE
FAILS CLOSED FAILS CLOSED FAILS TO OPEN

1-FW-63 1-FW-64 1-FW-68

IFWCKV-FC-IFW63 IFWMV--FC-1FW64 IFWCKV-FC IFW68



I
0
N
aa
Z

J
S
t

NAPS IPE A-269 12-15-92

0

	

[

	

1

	

]

	

2

	

(

	

3

	

1

	

4

	

~

	

5

0

AUXILIARY FEEDWATER SYSTEM
NAPS UNIT I

	

320MAF .N .6.1 A F 1 1 0
ANALYST : MCC I CREATION DATE . 06-23-1991 REVISION : 09-15-92

MOv HEADER TO SG-A
FAILS

I GAF11012
TFR TO
02 63
05 55

1

	

I
HOUSE EVENT

NO SG-A
VALVES IN MOV
HEADER TO S6-A

FAILS

1-E-0 RX TRIP OR SI
STEP 15 VERIFY AUX

FEEDWATER FLOW

2 XHOS-NO-SGA
0 .0OEt000

GAFIIO23 HEP-IED-15
1 .07E-003 (, )

MOTOR OPERID VALVE
TRSFR CLSD -PLUGGED

1-FW-MOV-100A

CHECK VALVE
FAILS CLOSED

1-FW-61

MANUAL VALVE
FAILS CLOSED

1-FM-62

CHECK VALVE
FAILS TO OPEN

1-FW-68

COMMON CAUSE
FAILURES

3 IFWMOV-PG-100A IFWCKV-FC-IFW61 IFWMV--FC-1FW62 IFWCKV-FC-1FW68 GAF11035
1 .37E-004

U

2190

	

6.34E-004 (- )

	

1 .25E-004l . )

	

6.34E-004

4

COMMON CAUSE FAULT CCF 3/3 FC
AFW PUMP 6 DISCH CHECK VALVES
HEADER CKVS - FC 1-FW-61 . 63. 279

5 IFwcKv-CC-ALLAFW 0 IFWCKV-CC-616379
_

	

6.34E-005

V

	

6 .34E-005

V
s

6

7

8

9



0

I

2

3

4

5

6

7

8

9

1 .81E-002

I
HCV FAILS TO OPEN

GAF 11130

AOV OP HAND CNT VLV
FAILS CLOSED
1-Fw-HCv-100e

IFWHCV-FC-1008

3

HOUSE EVENT -
NO SG-B

Xmas-NO-SG8

6 .34E-004
3

	

1.25E-00,0

	

6 .34E-0040
NO ELECTRIC POWER
SEMI VITAL BUS IA

1-EP-CB-16A

GEIH1112
111400

HCV HEADER TO SG-B
FAILS

TFR TO
02 61
07 45

GAFI1112

3

1

1 4 1 5

1-E-0 RX TRIP OR SI
STEP 15 VERIFY AUX

FEEDWATER FLOW

1 .07E-003

PEP-1E0-15
3

NAPS RE

	

A-270

	

12-15-92

AUXILIARY FEEDWATEA SYSTEM A F 1 1 1NAPS UNIT I

	

320MAF .N .6.1
ANALYST : MCC 1 CREATION DATE : 05-23-1991 _REVISION : 09-15-92

0 .00E+000
3

CHECK VALVE MANUAL VALVE CHECK VALVE
FAILS CLOSED FAILS CLOSED FAILS TO OPEN

1-FW-95 1-FW-96 1-FM-100

IFWCKV-FC-1FW95 IFMMV--FC-1FW96 jlFWCKV-FC-IFWl00



NAPS IPE A-271 12-15-92

0

	

1

	

2

	

I

	

3

	

I

	

4

	

I

	

5

AUXILIARY FEEDWATER SYSTEM

NAPS UNIT I

	

320MAF .N .6 .1 A F 1 1 2
ANALYST : MCC ICREATION DATE : 06-23-1991 REVISION 09-15-92

MOV HEADER TO SG-B
FAILS

1 GAF11212
TFR TO
02 64
07 42

"r 1
HOUSE EVENT -

NO SG-B
VALVES IN MOV

HEADER TO SGS FAILS

2 XHOS-NO-SGB GAF11223

0 .00E •000

	

3

CHECK VALVE
FAILS CLOSED

i-FM-93

N .O . MANUAL VALVE
PLUGGED DURING STBY

1-FW-94

COMMON CAUSE
FAILURES

AFW PUMP 3B NOT
ALIGNED TO S/G B

NOV HEADER MOV-1000

CHECK VALVE
FAILS TO OPEN

1-FW-100

MOTOR OPERTD VALVE
TRSFR CLSD -PLUGGED

1-FW-MOV-100B

3 IFWMOV-PG-1008 SFWHEP-MOV-1008 IFWCKV FC-1FW93 1FWMV PG-1FW9A IFWCKV-FC IFM100 GAF11235

1 .37E-004 (, l 2190

	

7.50E-004

	

6.34E-004

	

1.37E-004

	

2190

	

6.34E-004 T , l

4

COMMON CAUSE FAULT CCF 2/2
AFW PUMP 6 DISCH
HEADER CKVS - FC

CHECK VALVES
1-FW-93 .-95

5 IFWCKV-CC-ALLAFW IFWCKV-CC-9395

6 .34E-005

U

	

6.34E-005

6

7

8

9
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HOUSE EVENT -

HCV HEADER 10 SG-C
FAILS

TFR TO
02 62
06 42

GAF 11312

I
VALVES IN HCV

NO SG-C

	

HEADER TO SGC FAILS

XHOS-ND-SGC

	

SAF11323

COMMON CAUSE FAULT CCF 2/2 FC
AFW PUMP G DISCM CHECK VALVES
HEADER CKVS - FC

	

1-FN-125 .-127

NAPS IPE A-272 12-15-92

AUXILIARY FEEDWATER SYSTEM
NAPS UNIT I

	

320MAF .N .6 .1 Q F 1 1 3
ANALYST : MCC [CREATION DATE: 06-23-1991 REVISION : 09-15-92

0 .00E+000

HAND CONTROLLED VLV AN PUMP 3A NOT CHECK VALVE N .O . MANUAL VALVE CHECK VALVE
TRSFR CLSD -PLUGGED ALIGNED TO S/G C FAILS CLOSED PLUGGED DURING STBY FAILS TO OPEN

1-FW-HCV-1000 HCV HEADER HCV-1000 1-FW-127 I-FW-128 1-FW-132
3

	

IFWHCV PG-100C IFWHEP-HCV-1000 IFWCKV-FC 1FW127 IFWNV PG-1FW128 IFWCKV-FC-1FW132

1 .37E-004 V 2190 7 .50E-0040

	

6 .34E-00r

V

	

1.37E-004

V

2190 6.34E-0040
4
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NAPS IPE A-273 12-15-92

0

	

1

	

1

	

t

	

2

	

l

	

3

	

1

	

4

	

I

	

5

O

AUXILIARY FEEDWATER SYSTEM
NAPS UNIT I

	

320MAF .N .6.1 A F 1 1 4
ANALYST : MCC 1 CREATION DATE: 06-23-1991 _REVISION : 09-15-92

M0V HEADER TO SG-C
FAILS

1 GAF 11412
TFR TO
02 65
06 45

HOUSE EVENT -
NO SG-C

VALVES IN NOV
HEADER TO SGC FAILS

1-E-O RX TRIP OR SI
STEP 15 VERIFY AUX

FEEDWATER FLOW

2 XHOS-ND-SGC 6AF11423 HEP-lEO-15
O .OOEt000

	

3

	

1 .07E-003

	

3

MOV FAILS TO OPEN CHECK VALVE
FAILS CLOSED

i-FW-125

MANUAL VALVE
FAILS CLOSED

i-FM-126

CHECK VALVE
FAILS TO OPEN

1-FW-132

COMMON CAUSE
FAILURES

3 GAF 11430 IFWCKV FC-1FW125 IFWMV--FC 1FW126 IFWCKV-FC 1FW132 GAF11435
6 .34E-004

	

3

	

1 .25E-004

	

3

	

6.34E-004

	

3

MOTOR OPERTD VALVE
FAILS CLOSED
1-FW-MOV-1000

NO ELECTRIC POWER
480V MCC IJI-2NS2S

i-EP-MC-21622
4 IFWMOV-FC-100C GEIJII12

1 .09E-002

	

3

	

EIJOO

COMMON CAUSE FAULT
AFW PUMP S DISCH
HEADER CKVS - FC

CCF 2/2 FC
CHECK VALVES
1-FW-125.-127

5 IFWCKV-CC-ALLAFW IFWCKV-CC-125127
-

	

6 .34E-005

V

	

6 .34E-0050
s

6

7

8

9
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0

	

/

	

1 (	2	I 3 I 4 1 5

r

INSUFFICIENT STEAM

	

UNDETECTED LKG THRU
FLOW TO 1-FW-P-2

	

CKVS 68. 100 C 132
THRU AOV'S

	

-STEAM BINDING

INSUFFICIENT FLOW
FROM PUMP P-2

TFR TO
02 30
05 30

GAF 11512

GAF 11520

	

IFWCKV-LEAKAGE

	

GAF11563

	

GAF1152

	

XHOS-TDP-FAILED

1 .00E-005

INSUFFICIENT STEAM INSUFFICIENT STEAM
FLOW TO PUMP P-2 FLOW TO PUMP P-2
THRU 1-MS-TV-111A

	

THRU 1-MS-TV-1118

GAF11612

	

SAF11712a

	

12
PAGE 16

	

PAGE 37

I
PUMP IN MAINTENANCE

	

TURBINE DRIVEN PUMP

	

TURBINE DRIVEN PUMP

	

CR0 LEAVES 1-FW-P-2

	

CHECK VALVE FAILS
1-FW-P-2

	

FAILS TO START

	

FAILS TO RUN

	

RECIRC VALVE OPEN

	

CLOSED
1-FW-P-2

	

1-FW-P-2

	

TO ECST. 1-FW-543

GAF 11550

	

IFWTRB-FS-IFWP2

	

SAF12712

	

IFMHEP-1FW543

1 .85E-002 3

HOUSE EVENT FOR

	

TURBINE-DRIVEN PUMP
ATWS SEQUENCES

	

SCHLO TST C MAINT .
1-FW-P-2

XHOS-ATLAS

	

IFWTRB-TM-IFWP2

0 .00E#000

	

1 .40E-003U

f 2

NO FLOW TD

	

PUMP P-2 DISCHARGE

	

HOUSE EVENT -
PUMP P-2

	

FAULTS

	

TOP FAILED
NORMALLY 0 0

6 3
THIS PAGE

7 .50E-00I

0 .OOE$000
3

GAF11555

PAGE 27

t
TURBINE-DRIVEN PUMP

	

PUMP IN SCHLD TEST

	

NO FLOW TO

	

CHECK VALVE

	

COMMON CAUSE FAULT
UNSCHLD MAINT .

	

OR MAINT WITH INSUF

	

PUMP P-2

	

FAILS TO OPEN

	

AFW PUMP C DISCH
1-FM-P-2

	

TIME TO RESTORE

	

1-FW-148

	

HEADER CKVS - FC

1FWTR8-UM-1F11P2	GAF11561	 GAF11563	IFWcKV-FC-IFNI48	IFWCKV-CC-ALLAFW

f .37E-002

	

15823

	

6'34E-004 3

	

6.34E-005

ATWS INITIATORS

	

NON-ATMS INITIATORS

SAF11573

	

SAF11575

HOUSE EVENT FOR

	

INSUFFICIENT FLOW

	

HOUSE EVENT FOR

	

INSUFFICIENT WATER
ATWS SEQUENCES

	

FROM ECST

	

NON-AIWS SEQUENCES

	

INVENTORY TO AFM
PUMP 1-FW-P-2

XHOS-ATWS

	

GAF11563

	

XHOS-NO-ATMS

	

GAF12412

0 . DOE +000

	

3

	

1.00E+000

N .O . MANUAL VALVE
PLUGGED DURING STBY

	

TANK - INSUF WATER
1-FW-143

	

1-CN-7K-1

IFMMV--PG-1FM143	ICNTNK-LF-ICNTKI

4 .65E-005 (! .) 7"

	

2.66E-006

f 2
PAGE 24

NAPS IPE A-274 12-15-92

AUXILIARY FEEDWATER SYSTEM
NAPS UNIT 1

	

320MAF .N .6 .1 A F 1 1 5
ANALYST : MCC I CREATION DATE : 06-23-1991 _REVISION 09-15-92



NAPS IPE A-275 12-15-92

0 3

	

1

	

4

	

5

AUXILIARY FEEDWATER SYSTEM
NAPS UNIT I

	

320MAF .N .6.i A F 1 1 6
O ANALYST : MCC I CREATION DATE : 05-23-1991 REVISION : 09-15-92

INSUFFICIENT STEAM
FLOW TO PUMP P-2
THRU I-MS-TV-131A

! GAF 11612
5R TO1
15 30

AIR-OPERATED VALVE CCF 2/2 FC
AOV NC-FC

3-MS-TV-111A.-1118

INSUFFICIENT STEAM
FLOW TO STEAM AOV'S

NO ACTUATION N .O . MANUAL VALVE
PLUGGED DURING STBY

f-MS-268

N .O . MANUAL VALVE
PLUGGED DURING STBY

1-MS-269
FAILS CLOSED
1-MS-TV-111A

OF i-MS-TV-lilA

2 IMSAOV-FC-TViIIA . IMSAOV-CC-lilAB GAF11622 GAF12012 IMSMV--PG-1MS268 IMSMV--PG-1MS269
1 .81E-002 1 .81E-003 1822 0 1 .37E-001

	

2190

	

1 .37E-004

	

2190A2
Q
PAGE 20

INSUF STEAM FLOW INSUF STEAM FLOW
FROM SG-C

INSUF STEAM FLOW
FROM SG-A FROM SG-B

3 GAF 11630 GAF 11631 GAF 11632

HOUSE EVENT -
NO SG-C

CHECK VALVE
FAILS TO OPEN

i-MS-124

N .O . MANUAL VALVE
PLUGGED WRING STBY

1-MS-95

4 XHOS-NO-SGC IMSCKV-FC-1MS124 iMSMV--PG-IMS95
0 .00E+000U 6 .31E-004

	

1 .37E-004

U

2190

HOUSE EVENT
NO SG-B

- CHECK VALVE
FAILS TO OPEN

N .O . MANUAL VALVE
PLUGGED DURING STBY

1-MS-122 f-MS-57
5 XHOS-NO-SGS INSCKV-FC-MMS122 IMSMV--PG-1MS57

- 0 .00E+000f a l 6 .34E-004U 1 .37E-004U 2190

HOUSE
NO SG-A

EVENT CHECK VALVE N .O . MANUAL VALVE
FAILS TO OPEN PLUGGED DURING STBY

1-MS-181-MS-119

6 XHOS-NO-SGA IMSCKV-FC-96119, IMSMV--PG-IMSI8

0 .00E+000 6 .34E-004 1 .37E-004 (,) 2190

7

8

9
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AIR-OPERATED VALVE
FAILS CLOSED
1-MS-TV-1118

IMSAOV-FC-TVIIIB ,

CCF 2/2 FC
AOV NC-FC

1-MS-TV-111A .-1118

1 .81E-0020

	

1 .81E-0030

INSUFFICIENT STEAM
FLOW TO PUMP P-2
THRU 1-MS-TV-1118

GAF11712
TFR TO
15 31

INSUFFICIENT STEAM
FLOW TO STEAM AOV'S

NO ACTUATION
OF 1-MS-TV-1118

N .O . MANUAL VALVE
PLUGGED DURING STBY

1-NS-270

N .D . MANUAL VALVE
PLUGGED DURING STBY

1-NS-271
ftSAOV-CC-IIIAB

	

GAF1i622

	

GAF12112

	

lHSMV--PG-1MS270

	

IMSMV--PG-iMS271

z2

	

12
1.37E-OOI

	

2190

	

V

1 .37E-0M

91

PAGE 16

	

PAGE 21

AUXILIARY FEEDWATER SYSTEM
NAPS UNIT I

	

320MAF .N.6.1

ANALYST : MCC I CREATION DATE : 06-23-1991

AF 1 17
REVISION : 09-15-92

2190

NAPS IPE A-276 12-15-92
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NAPS RE A-277 12-15-92

0

	

1

	

1

	

1

	

2

	

1

	

3

	

1

	

4

	

~

	

5

0

AUXILIARY FEEDWATER SYSTEM
NAPS UNIT I

	

320MAF .N .6.1 A F 1 1 6
ANALYST : MCC 1 CREATION DATE : 06-23-1991 REVISION 09-15-92

INSUFFICIENT FLOM
FROM PUMP P-3A

1 GAFIIB12
TFR TO
03 21
06 21

PUMP P-3A FAULTS UNDETECTED LK6 THRU NO ACTUATION OF NO FLOW TO FAILURE OF MOTIVE
CKVS 68. 100 C 132

-STEAM BINDING
AFW PUMP

1-FW-P-3A
PIMP P-3A AND CONTROL POWER

FOR MOP-3A
2 GAFii820 IFMCKV-LEAKAGE SAF12212 GAF11863 GAF11824

1 .00E-005

	

3
12

	

63
PAGE 22

	

THIS PAGE

NO ELECTRIC POWER
4160 V BUS iH

i-EE-SM-l

NO ELECTRIC POWER
125V DC BUS 1-I

i-EP-CB-12A

3 GEIHI12 GEIH712

® EiH00

	

Aes
EIM00

4

1
PUMP IN MAINTENANCE MO PUMP -STNOBY SYS MD PUMP -STNOBY SYS CRO LEAVES FW-P-3A CCF 2/2 FS

1-FW-P-3A FAILS TO START FAILS TO RUN RECIRC VALVE OPEN MOP - COMMON CAUSE
1-FN-P-3A i-FW-P-3A TO ECST . 1-FW-458 FAILURE

5 GAF 11850 IFWPS8 FS-IFWP3A GAF12742 IFWHEP-IFW546 IFWPSB-CC-MDP3AB

1 .59E-003

	

3

	

7.50E-004

	

1.42E-004
_

	

+

	

~ 2
PAGE 27

NO FLOW TO CHECK VALVE COMMON CAUSE FAULTPUMP IN SCHLD TEST MD STNOBY PUMP
OR MAINT WITH INSUF UNSCHOL MAINT . PUMP P-3A FAILS TO OPEN AFW PUMP C DISCH
TIM( TO RESTORE 1-FW-P-3A I-FW-155 HEADER CKVS - FC

6 GAF I1850 iFWPSB-UM-IFWP3A GAF 11863 IFWCKV-FC-IFW165 iFWCKV-CC-ALLAFW

5 .18E-003

	

18823
10

	

6.34E-004

	

3

	

6.34E-005
3

MD PUMP -STOGY SYS AIMS INITIATORSHOUSE EVENT FOR NON-ATWS INITIATORS
ATWS SEQUENCES SCHLD TESTCMAINTNCE

1-FW-P-3A
7 XHOS-ATMS IFWPSB-TN-IFWP3A GAF 11873 SAF11875

0 .00E+000 r , l

	

1 .40E-0030
INSUFFICIENT FLOW

FROM ECST
HOUSE EVENT FOR

NON-ATWS SEQUENCES
HOUSE EVENT FOR
AIMS SEQUENCES

INSUFFICIENT WATER
INVENTORY TO AFW
PUMP 1-FW-P-3A

8 XHOS-ATWS GAFiiBB3 XHOS-NO-ATWS SAF12512

,0 .OOE#000

	

3

	

1.00ED000
1 2U

PAGE 25

TANK - INSUF WATER
1-CN-TK-1

N .O . MANUAL VALVE
PLUGGED DURING STBY

1-FW-160
9 IF1MV--PG-IFM160 iCNTNK-LF-lCNTKi

4 .65E-005 `/ 744

	

2.66E-006U
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2

3

I 3 I 4 I 5

INSUFFICIENT FLOW
FROM PUMP P-38

TFR TO
04 21
07 21

GAF11912

PUMP P-3B FAULTS

	

UNDETECTED LKG THRU

	

NO ACTUATION OF

	

NO FLOW TO

	

FAILURE OF MOTIVE
CKVS 68 . 100 S 132

	

AFW PUMP

	

PUMP P-3B

	

AND CONTROL POWER
-STEAM BINDING

	

1-FW-P-38

	

FOR MOP-3B

GAF 11920

	

IFWCKV LEAKAGE

	

GAF12312

	

GAF11963

	

SAF11924
1 .00E-005 !

	

l
A22

	

6 3
PAGE 23

	

THIS PAGE

I
NO ELECTRIC POWER NO ELECTRIC POWER

4160V BUS 1J 125 VDC BUS 1-III
1-EE-SN-2

	

1-EP-CB-12C

GEIJ112

	

GEIJ612

4 .65E-005U 744 2 .66E-006U
NAPS WE A-278 12-15-92

AUXILIARY FEEDWATER SYSTEM
A F 1 1 9NAPS UNIT I

	

320MAF . N . 6 .1
ANALYST : MCC I CREATION DATE : 06-23-1991 REVISION - 09-15-92

4

® E1J00 A EIJ00

PUMP IN MAINTENANCE NO PUMP -STNDBY SYS MD PUMP -STNDBY SYS CR0 LEAVES FW-P-38 CCF 2/2 FS CHECK VALVE
1-FW-P-38 FAILS TO START FAILS TO RUN FE:CIRC VALVE OPEN MOP - COMMON CAUSE FAILS CLOSED

1-FW-P-3B 1-FW-P-38 TO ECST. 1-FW-946 FAILURE IGAF12772 IFWMEP-IFW545 1FWPS8-CC-MDP3A8 GAF119555 6AF11950 IFMPSB-FS-IFWP3B

z

	

1 .58E-003 3

	

7.50E-004 3

	

1.42E-004 3
7 2

PAGE 27

ND FLOW TO CHECK VALVENO STNOBY PUMP COMMON CAUSE FAULTPUMP IN SCHLD TEST
OR MAINT WITH INSUF UNSCHDL MAINT . PUMP P-39 FAILS TO OPEN AFM PUMP C DISCH

TIME TO RESTORE 1-FW-P-3B I-FW-183 HEADER CKVS - FC
6 GAF 11960 1FNPSB-UM-1FWP38 GAF11963 IFMCKV FC-1FM183 IFWCKV-CC-ALLAFM

5 .18E-003

	

TFR TO

	

6.34E-004

	

6.34E-0053

	

19 23

	

3

	

3

I
HOUSE EVENT FOR
ATWS SEQUENCES

MD PUMP -STDBY SYS
SCMLO TEST04AINTNCE

1-FW-P-3B

AM INITIATORS NON-ATMS INITIATORS

7 XHOS-ATMS IFWPSB-TN-IFWP3B SAF11973 SAF11975
,0.00E .000 `

./

	

1.40E-003U
INSUFFICIENT FLOW

FROM ECST
HOUSE EVENT FOR

NON-AIMS SEQUENCES
HOUSE EVENT FOR
AIMS SEQUENCES

INSUFFICIENT WATER
INVENTORY TO AFW
PUMP 1-FW-P-3B

8 XHOS-ATWS SAF11983 XHOS N0-ATMS GAF12612
0 .00E+000 3

	

1.00E+000
f 2

V
PAGE 26
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I

NO ACTUATION
OF I-MS-TV-113A

GAF 12012
TFR TO
16 23

HOUSE EVENT FOR
ATWS SEQUENCES

NO AUTOMATIC
ACTUATION OF
1-MS-TV-111A

2 XHOS ATWS SAF12023
0 .00E+000

i
NO ACTUATION FROM

ANSAC
NO ACTUATION FROM
NORMAL CHANNELS

3 GAF12031 GAF12034

ANSAC FAILS TO
ACTUATE AUXILIARY
FEEDWATER PUMPS

RELAY X-IMSSA07
FAILS CAUSING LOSS
OF SOV-111A ACT .

RELAY X-IMSSA07
FAILS CAUSING LOSS
OF SOV-111A ACT .

2/3 SG NARROW RANGE
LEVEL INST CHAN CCF
QUARTERLY TEST INTR

LO
ON

NO SIGNAL FROM
LO WATER LEVEL
2/3 SG - TRAIN A

4 GANJI12 + INSALV-LF-X-SA07 IMSRLY-LF-X-SA07 IFWLIC-CC-SGLEV IFWPSB-ACT2A
® AM100 2.66E-0OA

	

2.66E-001
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HOUSE EVENT FOR

	

NO AUTOMATIC
ATWS SEQUENCES

	

ACTUATION OF
1-MS-TV-1118

0 .00E*000

	

3

XHOS-ATMS

	

GAF12123

I
NO ACTUATION FROM

AMSAC

	

NORMAL CHANNELS

GAF 12131

NO ACTUATION
OF 1-MS-TV-1118

TFR TO
17 23

GAF 12112

AMSAC FAILS TO RELAY X-IMSSB07 RELAY X-IMSSS07 2/3 S6 NARROW RANGE NO SIGNAL FROM
ACTUATE AUXILIARY FAILS CAUSING LOSS FAILS CAUSING LOSS LEVEL INST CHAN CCF LO LO WATER LEVEL
FEEDWATER PUMPS

	

OF SOV-1118 ACT .

	

OF SOV-1118 ACT .

	

QUARTERLY TEST INTR

	

ON 2/3 SG - TRAIN B

AUXILIARY FEEOWATER SYSTEM
NAPS UNIT I
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ANALYST : MCC I CREATION DATE : 06-23-1991

AF 1 21
REVISION : 09-15-92

GAMI112	o iNSRLY-LF-X-SB07	 IMSRLY-LF-X-5807 IIFMLIC-CC-SGLEV	iFWPSB-ACT28

® AM100 .66E-004 r, 1

	

2.66E-004U

	

4 .64E-004 /r,l

	

1.00E-007 (, 1

I
NO ACTUATION FROM

GAF 12134
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NO ACTUATION OF
AFW PUMP
1-FW-P-3A1 GAF12212

TFR TO
15 22

2
HOUSE EVENT FOR
ATWS SEQUENCES

NO ACTUATION OF
AFW PUMP
1-FW-P-3A

GAF12223XHOS-ATMS

0 .OOEs000

	

3

1

3
NO ACTUATION FROM

AMSAC
NO ACTUATION FROM
NORMAL CHANNELS

GAF 12231 GAF12234

4
ACTUATE
AMSAC FAILS

AUXILIARY
TO RELAY 3-IFWEAOI

FAILS CAUSING LOSS
OF AFW P3A ACT .

RELAY 62-IFWEAOI
FAILS FAILING AUTO
ACTUATION OF P3A

RELAY 3-IFWEAOI
FAILS CAUSING LOSS
OF AFW P3A ACT .

2/3 SG NARROW RANGE
LEVEL INST CHAN CCF
QUARTERLY TEST INTR

NO SIGNAL FROM
LO LO WATER LEVEL
ON 1/3 SG - RPS(A)FEEDWATER PUMPS

IFWPSB-ACT3AIFWRLY-LF-3-EA01 IFWRLY-LF-62EA01 IFWRLY-LF-3-EA01 IFNLIC-CC-SGLEVGAM1112
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HOUSE EVENT FOR

	

NO ACTUATION OF
ATWS SEQUENCES

	

AFW PUMP
1-FW-P-38

0 .001*000

NO ACTUATION OF
AFW PUMP
1-FW-P-38

TFR TO
19 22

GAF 12312

XHOS-ATMS

	

GAF12323

I
NO ACTUATION FROM

	

NO ACTUATION FROM
AMSAC

	

NORMAL CHANNELS

GAF12331

	

GAF12334

AMSAC FAILS TO RELAY 3-IFWEBOI RELAY 62-IFWEBOI RELAY 3-IFWEBOI 2/3 SG NARROW RANGE NO SIGNAL FROM
ACTUATE AUXILIARY FAILS CAUSING LOSS FAILS FAILING AUTO FAILS CAUSING LOSS LEVEL INST CHAN CCF LO LO WATER LEVEL
FEEDWATER PUMPS

	

OF AFW P3B ACT .

	

ACTUATION OF P38

	

OF AFW P38 ACT .

	

QUARTERLY TEST INIR

	

IN 1/3 SG - RP S(B)

GAM1112	IFWRLY-LF-3-E801 , IFWRLY-LF-62EB01

	

IFWRLY-LF-3-E601 IIFWLIC-CC-SGLEV
AM30: .66E-004

	

2.66E-004 ~

	

2.66E-004 ~

	

4.6rE-001

IFWPSB-ACT36

1.00E-007 V
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09-15-92

INSUFFICIENT WATER
INVENTORY TO AFW
PULP 1-FW-P-2

1 GAF 12412
TFR TO
15 85

INSUFFICIENT FLOW
FROM TANKS TK-1

AND TK-2

FAILURE TO MAKEUP
FROM FIREMAIN OR
FROM SERVICE WATER

SAF124242 GAF12420

N .O . MANUAL VALVE INSUFFICIENT WATER 1-AP-22 .5 LOSS OF CCF - 3/3 MANUAL MANUAL VALVE FAILURE OF FIRE

PLUGGED DURING STBY INVENTORY IN TANKS EMERGENCY CONONSATE VALVES FAIL TO OPEN FAILS TO OPEN WATER AND SERVICE

1-FW-143 TK-1 OR TK-2 STORAGE TANK 1-FW-145.-162 .-180 1-FW-145 WATER SYSTEMS

3 IFWMV- PG-IFW143 GAF12631 HEP-1AP22:5 IFWMV--CC-AFWMKU j1FWMV--FC-1FW145 GAF12435
4 .65E-005

	

744

	

Q

	

1 .75E-004

	

1 .25E-005 3

	

1 .25E-004 3

	

26835
3 1 25 35
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FAILURE OF

SERVICE WATER

SUPPLY

FAILURE OF SUPPLY
FROM FIRE MAIN

4 GAF12442 GAF12445

INSUFFICIENT FLOW MANUAL VALVEMANUAL VALVE INADEQUATE FLOW

FAILS TO OPEN FROM TRAINS A G B FAILS TO OPEN FROM FIREMAIN

1-FW-227 1-FW-175

5 IFWMV- FC-1FM227 GAF12452 IFWMV--FC-1FW175 GAF12455
1 .25E-004

s

1 .25E-004

	

3

• 'INADEQUATE SW FLOW INADEQUATE SW FLOW N .O . MANUAL VALVE FIRE PUMPS FAIL TO
FROM HEADER A FROM HEADER B PLUGGED DURING STBY START AND RUN

1-FP-93

6 GSW1141 GSW1144 IFPMV--PG-1FP93 GAF12465
SW100

	

~SW100

	

1.16E-004

	

1160

DIESEL PUMP FAILS MOTOR PUMP FAILS

7 GAF12473 GAF12475

DIESEL DRIVEN PUMP
FAILS TO RUN

1-FP-P-2

DIESEL DRIVEN PUMP
FAILS TO START

1-FP-P-2

8 IFPOOP-FS-P2 IFPOOP-FR-P2
2 .05E-002 3

	

1.90E-002

	

24

MD STNDBY PUMPMD STNDBY PUMP NO ELECTRIC POWER NO ELECTRIC POWER
FAILS TO START FAILS TO RUN 4160v INTAKE BUS IG 125V DC BUS 1-I

1-FP-P-1 I-FP-P-1 1-EP-SW-4 1-EP-CB-12A
9 IFPPSB-FS-PS 1FPPSB-FR-P1 GESYBI2 GEIH712

3 .93E-003
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7 .93E-004 j 24
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INSUFFICIENT FLOW
FROM TANKS TK-I

AND TK-2

s

INSUFFICIENT WATER
INVENTORY TO AFW
PUMP 1-FW-P-3A

TFR TO
IS 85

GAF12512

I
FAILURE TO MAKEUP
FROM FIREMAIN OR
FRAM SERVICE WATER

NAPS IPE A-284 12-15-92

AUXILIARY FEEDWATER SYSTEM AF 1 25NAPS UNIT I
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ANALYST : MCC CREATION DATE : 06-23-1991 REVISION . 09-15-92

2 GAF M20 GAF 12524

N .O . MANUAL VALVE
PLUGGED DURING STBY

1-FM-160

INSUFFICIENT WATER
INVENTORY IN TANKS

TK-1 OR TK-2

I-AP-22 .5 LOSS
EMERGENCY CONONSATE

STORAGE TANK

OF CCF - 3/3 MANUAL
VALVES FAIL TO OPEN
I-FW-145.-162 .-180

MANUAL VALVE
FAILS TO OPEN

1-FW-162

FAILURE OF FIRE
WATER AND SERVICE

WATER SYSTEMS
3 1FWMV--PG-IFW160 SAF12631 FEP-1022:5 IFMMV--CC-AFMMKU IIFMMV--FC-1FW162 GAF12435

4 .65E-005

	

744Q) 1 .75E-004 1 .25E-005
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INSUFFICIENT WATER
INVENTORY TO AFW
PUMP 1-FW-P-38

GAF 12612
TFR TO
19 85

2

INSUFFICIENT FLOW
FROM TANKS TK-1

AND TK-2

FAILURE TO MAKEUP
FROM FIREMAIN OR
FROM SERVICE WATER

GAF 12621 GAF 12624

3

4

N .O . MANUAL VALVE
PLUGGED DURING STBY

1-FW-173

INSUFFICIENT WATER
INVENTORY IN TANKS

TK-1 OR TK-2

1-AP-22 .5 LOSS OF
EMERGENCY CONONSATE

STORAGE TANK

CCF - 3/3 MANUAL
VALVES FAIL TO OPEN
1-FW-145,-162 .-180

MANUAL VALVE
FAILS TO OPEN

1-FW-180

FAILURE
WATER

WATER

OF FIRE
AND SERVICE

SYSTEMS

IFMMV -PG-1FM173 GAF12631 HEP-1AP22.5 IFWMV--CC AFWMKU IFMMV--FC-IFWIB0 GAF12435

4 .65E-005 2

	

744

	

TFR3TO
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3

	

1 .25E-005

	

324
5 31U 2

1 .25E-004

	

3
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TANK - INSUF WATER
I-CN-TK-1

INSUF MAKEUP FROM
300000 GAL CST

1-CN-TK-2

ICNTNK LF ICNTKI GAF 12641

5

2 .66E-006

	

3

TANK - INSUF WATER
1-CN-TK-2

CHECK VALVE
FAILS TO OPEN

1-FW-210

MANUAL VALVE
FAILS TO OPEN

1-FM-142

I-AP-22 .5 LOSS OF
EMERGENCY CONDNSATE

STORAGE TANK

1CNTNK-LF-ICNTK2

2.66E-006 ~ ~

IFWCKV-FC-1FN210

6.34E-004 ~

IFWMV--FC-1FW142
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I

TURBINE DRIVEN PUFF
FAILS TO RUN

1-FW-P-2

TFR TO
15 52

1 HR MISSION TIME

	

12 MR MISSION TIME

GAF 12721

	

GAF12723

HOUSE EVENT FOR

	

TURBINE DRIVEN PUMP

	

HOUSE EVENT FOR

	

TURBINE DRIVEN PIMP .
ATWS SEQUENCES

	

FAILS TO RUN - IHR

	

S80 SEQUENCES

	

FAILS TO RUN - 12HR
1-FW-P-2

	

1-FW-P-2

XHOS-ATWS

	

IFWTRB-FR-IHRP2

	

XH05-580

	

IFWTRB-FR-12HP2

0 .00E+000

	

4 .92E-003

	

1

	

0 .00E+000

	

5.74E-0020l 12

GAF12751

XHOS-ATWS

	

1FWPS8-FR-lHRP3A

0 .00E+000
V

	

3.30E-0050 1

1 HR MISSION TIME

OAF 12781

ND PUMP -STNDBY SYS
FAILS TO RUN
1-FW-P-3A

TFR TO
18 52

GAF 12742

HOUSE EVENT FOR

	

NO PUMP -STNOBY SYS

	

HOUSE EVENT FOR
ATWS SEQUENCES

	

FAILS TO RUN - 1 HR

	

NON-ATMS SEQUENCES
I-FM-P-3A

ND PUMP -STNOBY SYS
FAILS TO RUN
1-FW-P-38

TFR TO
19 52

GAF 12712

SAF12772

HOUSE EVENT FOR

	

MD PUMP -STNDBY SYS

	

HOUSE EVENT FOR
ATWS SEQUENCES

	

FAILS TO RUN - 1 HR

	

NON-ATMS SEQUENCES
1-FW-P-38

XHOS-ATWS	IFMPSB-FR-1HRP38

	

XHOS-NO-ATMS

0 .00E+000

U

	

3.30E-005

	

1

	

1 .00E+000 V

24 HR MISSION TIME

GAF12725

HOUSE EVENT FOR

	

TURBINE DRIVEN PUMP
NON-AIMS SEQUENCES FAILS TO RUN -24HA

1-FW-P-2

XHOS-NO-ATWS	IFWTRB-FR-24HP2

1 .00E+000

U

	

1 .12E-0010 24

1 HA MISSION TIME

	

24 HR MISSION TIME

GAF 12755

MD PUMP -STNDBY SYS
FAILS TO RUN -24 HR

I-FW-P-3A

IFWPSB-FR-24HP3AXHOS-NO-ATWS

1 .00E+000l o )

	

7 .93E-00I0 24

24 HR MISSION TIME

GAF12785

MD PUMP -STNDBY SYS
FAILS TO RUN -24HR

1-FW-P-38

IFWPS8-FR-24HP3L

7 .93E-004

U

24
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AMSAC FAILS TO
ACTUATE AUXILIARY
FEEDWATER PUMPS

1 GAM 1112

ALTERN . MITIGATION
SYSTEM ACTIV .

(AMSAC)
CIRC .

FAILS
2 GAM 1122

TFR TO
5 21

NO 56 NARROW RANGE AMSAC 27 SEC . TIMER NO TURBINE FIRST AMSAC OUTPUT RELAY AMSAC OUTPUT RELAY
LEVEL PROTECTION FAILS FOLLOWING A STAGE PRESS . PROT . 3A 38

INPUT S IG . T O AMSAC FAILURE OF RPS ACT . SIGNAL TO AMSAC LOSS OF FUNCTION LOSS OF FUNCTION

3 GAM1212 1AMTMR LF-27SEC GAM1133 IAMRLY-LF OUT-3A IAMRLY-LF-OUT-3B
7 .99E-004

	

2.66E-004

	

3

	

2 .66E-004
1 2

PAGE 2

ONE OF TWO TURBINE
FIRST STAGE PRESS
INSTRUM CHAN . FAILS

4 GAM1143

TURBINE FIRST STAGETURBINE FIRST STAGE
PRESSURE PROTECTION PRESSURE PROTECTION
CHANNEL III FAILS CHANNEL IV FAILS

5 GAMI152 GAM1155

NO ELECTRIC POWER TURK 1ST STAGE PRESNO ELECTRIC POWER TURK 1ST STAGE PRES TURBINE 1ST STAGE TURBINE FIRST STAGE
120V VITAL BUS 1- PROT CH". III PIC LOSS OF FNCN 120V VITAL BUS 1-IV PROT CHAN IV OUTPUT PIC LOSS OF FUNCN
III 1-EP-CB-4C OUTPUT RELAY FAILS DURING STANDBY 1-EP-CB-40 RELAY FAILS DURING STANDBY

6 GE1J812 IMSRLY-LF-1446 1MSPIC-LF-1446 GEIJ912 INSRLY-LF-1447 IMSPIC-LF-1447
EIJ00 2 .66E-004

U

	

0.02E-020 13140

	

EIJ00 2 .66E-004

	

8.02E-002
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13140
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NAPS IPE

NO SG NARROW RANGE
LEVEL PROTECTION

INPUT SIG . T O AMSAC

GAM1212

TWO OF THREE LEVEL
INSTRUM CHANNELS
FOR SG 0 2 FAIL

GAN1312

1FWLIC-CC-SGLEV
4 .64E-004

3

GAM1412

I 3 I 4 I 5

A-288

	

12-15-92

ALTERNATE MITIGATION SYSTEM
NAPS UNIT I
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PAGE 3

	

PAGE 4

1
CHANNEL I FOR
STEAM GEN #1

FAILS

CHANNEL II
FOR STEAM GEN 01

FAILS

CHANNEL III
STEAM GEN

FAILS

FOR
01

GAN1242 GAM 12444

	

GAM 1240

I

5

AMSAC INPUT RELAY
FROM LIC 1475

LOSS OF FUNCTION

LEVEL INST CHANNEL
1475 TO AMSAC FAILS

DURING STANDBY

NO ELECTRIC POWER
120V VITAL BUS 1-II

1-EP-CB-48

GESHI012IFWLIC-LF-1475IFMRLY-LF-1475
.66E-O04 3

	

4.63E-0030 720

	

EIHOo

ANSAC INPUT RELAY LEVEL INST CHANNEL NO ELECTRIC POWERANSAC INPUT RELAY LEVEL INST CHANNEL NO ELECTRIC POWER
FROM LIC 1474 1474 TO ANSAC FAILS 120V VITAL BUS 1-I FROM LIC 1476 1476 TO AMSAC FAILS 120V VITAL BUS 1-

LOSS OF FUNCTION DURING STANDBY 1-EP-CB-4A LOSS OF FUNCTION DURING STANDBY III 1-EP-CB-4C

GE1H912 IFWRLY-LF-1476 IFMLIC-LF-1476 GEIJ8126

	

IFWRLY-LF-1474 IFWLIC-LF-1474
2 .66E-004

	

4 .63E-003

	

720

	

E1H00

	

2.66E-004

	

4.63E-003 720

	

EIJOO0
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TWO OF THREE LEVEL
INSTRUM CHANNELS
FOR SG 9 2 FAIL

1 GAM1312
TFR TO
2 32 2/3

i
CHANNEL

FOR STEAM GEN
I

02
CHANNEL II

FOR STEAM GEN #2
CHANNEL III
STEAM GEN

FOR
#2

FAILS FAILS FAILS

2 GAM1320 GAM1322 GAM1324

LEVEL INST CHANNEL
1485 TO AMSAC FAILS

DURING STANDBY

AMSAC INPUT RELAY
FROM LIC 1485

LOSS OF FUNCTION

NO ELECTRIC POWER
120V VITAL BUS 1-11

1-EP-CB-4B

3 IFWRLY LF 1485 IFWLIC-LF-1485 GEIHIO12

2 .66E-004

	

4 .63E-003

	

720

	

® E1H00

V

NO ELECTRIC POWER AMSAC INPUT RELAY LEVEL INST CHANNELAMSAC INPUT RELAY LEVEL INST CHANNEL NO ELECTRIC POWER
FROM LIC 1484 1484 TO AMSAC FAILS 120V VITAL BUS 1-I FROM LIC 1486 1486 TO AMSAC FAILS 120V VITAL BUS 1-

LOSS OF FUNCTION DURING STANDBY 1-EP-CB-4A LOSS OF FUNCTION DURING STANDBY III 1-EP-CB-4C

4 IFWRLY-LF-1484 IFWLIC-LF-1484 GEIH912 IFMRLY-LF-1486 IFWLIC-LF-1486 GEIJB12

2 .66E-004U 4,63E-003 2

	

720
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TWO OF THREE LEVEL
INSTRUM CHANNELS
FOR SG 03 FAIL

GAM 1412
TFR TO
234

I
FOR
03

CHANNEL III FOR
STEAM GEN 03

FAILS

I FOR
GEN 03

CHANNEL II
STEAM GEN

FAILS

CHANNEL
STEAM

FAILS
GAM1424GAM 1420 GAN1422

AMSAC INPUT RELAY
FROM LIC 1495

LOSS OF FUNCTION

LEVEL INST CHANNEL
1495 TO AMSAC

DURING STANDBY
FAILS

NO ELECTRIC POWER
120V VITAL BUS 1-II

1-EP-CB-4B

1495 GElHI012IFWALY-LF-1495 IFWLIC-LF

2 .66E-004 3

	

4.63E-003 2 720

	

®
LINGO

ANSAC INPUT RELAY LEVEL INST CHANNEL NO ELECTRIC POWER ANSAC INPUT RELAY LEVEL INST CHANNEL NO ELECTRIC POWER
FROM LIC 1494 1494 TO AMSAC FAILS 120V VITAL BUS 1-I FROM LIC 1496 1496 TO AMSAC FAILS 120V VITAL BUS 1-

LOSS OF FUNCTION DURING STANDBY 1-EP-CB-4A LOSS OF FUNCTION DURING STANDBY III 1-EP-CB-4C

IFW!RLY-LF-1494 IFWLIC-LF-1494 GEIH912 IFNRLY-LF-1496 IFWLIC-LF-1496 GE1JB12
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TURBINE TRIP
PROTECTION FAILS
FOLLOWING ATWS

1 GAM1512

ALTERN . MITIGATION
SYSTEM ACTIV . CIRC .

(AMSAC) FAILS

TURBINE TRIP FAILS
DUE TO MECHANICAL

FAILURES

2 GAM1122 GAN1522

2 2
PAGE i

3

EHC / AUTO STOP OIL
INTERFACE VALVE
(FAILS TO OPEN)

EHC AUTO STOP OIL
LOW PRESSURE SOV
(FAILS TO OPEN)

1TMSOV-FC-ASO STMSOV-FC-20-ET

4

1.81E-002 ~

	

1.81E-002
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FLOW DIVERSION
RELIEF VLV SPURIOUS
OPEN . 1-CC-RV-128A

ICCSV--S0-RV128A
9 .33E-005

CCF MOTOR OPERATED
VALVES CC-IOOA 9 B

FAIL CLOSED

1CCMOV-CC-100A8
3 .90E-004

3

24

LOSS OF POWER ON
480V BUS lAl AND

LOWER LEVEL BUSSES

6EP1412

AIR OPRTD VALVE
I-CC-TV-103A
UNSCHO MAINT .

1CCAOV-UM-TV103A
2 O0E-004

INSUFFICIENT COOL
CC WATER TO RHR HX

1-RH-E-IA

GCC1113

i
1-CC-MOV-100A
FAILS TO OPEN

ON DEMAND

GCC1163

MOTOR OPERTD VALVE
CC-lOOA FAILS CLSO

(FAILS TO OPEN)

ICCMOV-FC-CC100A
EP100 1.09E-0020

I
AIR-OPERATED VALVE
TV103A FAILS CLOSED

(FAILS TO OPEN)

ICCAOV-FC-TV103A
1 .81E-002

TFR TO
3 23

1
FAULTS WITH
TRIP VALVE
1-CC-TV-103A

GCC1164

NO ELECTRIC POWER
120 V VITAL BUS 1-I

1-EP-C8-4A

GEIH912A EIN00

INSUFFICIENT CC
DISCHARGE TO

A HEADER

6CC 125

N .O . MANUAL VALVE
1-CC-762 PLUGGED
DURING STANDBY

jICCMV--PG-1CC762
4 .10E-oa

	

6570

OUTSIDE CONTAINMENT
INSTRUMENT AIR SYS
LOSS OF FUNCTION

IIAIAS-LF-OUTIA
2 .52E-0040 24
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INSUFFICIENT COOL
CC SUPPLY FROM

A HEADER
2 GCC1121

TFR TO
3 20

3

INSUFFICIENT COOL N .O . MANUAL VALVE
CC SUPPLY FROM I-CC-194 PLUGGED
UNIT I CC HEADER DURING STANDBY

4 GCC1513 ICCMV PG-ICC194
4.10E-004 _ 6570
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INSUF CC H2O-RHR PMP CLR/HEAT
EXCHANGER NAPS1

	

320MAF .N .14

0 ANALYST : VAM 1 CREATION DATE 12-05-1989 _REVISION : 09-24-92

INSUFFICIENT COOL
CC WATER TO RNA Hx

1-AM-E-18
1 GCC 1213

INSUFFICIENT COOL
CC SUPPLY FROM

B HEADER

SAFETY VALVE
SPURIOUSLY OPEN
DURING MISSION

INSUFFICIENT CC
DISCHARGE TO
B HEADER

2 GCC1220 1CCSV--SO-RVi288 GCC1225

3

TFR 10
4 21

9 .33E-005

	

24

INSUFFICIENT COOL
CC SUPPLY FROM

UNIT I CC HEADER

N .O . MANUAL VALVE
1-CC-199 PLUGGED
DURING STANDBY

4 GCC1513 ICCMV--PG-1CC199
4 .10E-004

	

6570
1 3
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N .O . MANUAL VALVE
1-CC-785 PLUGGED
DURING STANDBY

1-CC-MOV-1008
FAILS TO OPEN

ON DEMAND

CCF MOTOR OPERATED
VALVES CC-IOOA 6 B

FAIL CLOSED

FAULTS WITH
TRIP VALVE
1-CC-TV-1038

6 ICCMV--PG-1CC785 GCC1263 ICCMOV-CC-100A8 GCC1265
4 .10E-004 2

	

6570

	

3.90E-004 3
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4
FR2 40

NO ELECTRIC POWER
480 V BUS 161

I-EP-SS-5

MOTOR OPERTD VALVE
CC-1008 FAILS CLSD

(FAILS TO OPEN)
7 GEPI712 ICCMOV-FC-CC100B

EP100 1 .09E-002U
8

AIR-OPERATED VALVE
TV1036 FAILS CLOSED

(FAILS TO OPEN)

NO ELECTRIC POWER
120 V VITAL BUS III

1-EP-C8-4C

OUTSIDE CONTAINMENT
INSTRUMENT
LOSS OF

AIR SYS
FUNCTION

9 ICCAOV-FC-TV103B GEIJ812 IIAIAS-LF-OUTIA
1 .81E-002Q)

	

A EIJ00 2 .52E-0040 24
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INSUFFICIENT COOL
CC SUPPLY FROM

A HEADER

SAFETY VALVE
SPURIOUSLY OPEN
DURING MISSION

RH PUMP SEAL COOLER
1-RH-E-2A

LOSS OF FUNCTION

GCC1121	ICCSV--S0-RV131A	IRHHEX-LF-IRHE2A,	GCC1164

27

	

9 .33E-005

V
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24

	

2.B1E-0020 6570

INSUFFICIENT COOL
CC WATER TO SEAL
COOLER 1-RH-E-2A

GCC1313

FAULTS WITH
TRIP VALVE
1-CC-TV-103A

6 4
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INSUF CC H2O-RHR PMP CLR/HEAT
EXCHANGER NAPS1

	

32OMAF .N.14 CCI 4
ANALYST : VAM I CREATION DATE : 12-05-1989 _REVISION : 09-24-92
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INSUFFICIENT COOL
CC WATER TO SEAL
COOLER 1-RH-E-2B

GCC1413

1
INSUFFICIENT COOL
CC SUPPLY FROM

B HEADER

RH PUMP SEAL COOLER
i-RH-E-28

LOSS OF FUNCTION

SAFETY VALVE
SPURIOUSLY OPEN
DURING MISSION

FAULTS WITH
TRIP VALVE
1-CC-TV-1038

2 GCC1220 IRHHEX-LF-IRHE2B tCCSV--SO-RV131B GCC1265

2 BIE-002
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INSUFFICIENT SW
SUPPLY TO
1-CC-E-IA

GCCI813

1 9
PAGE 8

s

ICCHEX-LU-ICCEIA

2 .09E-004U 24

INSUFFICIENT CC
SUPPLY FROM CC PUMP
DISCHARGE HEADER

INSUFFICIENT COOL
CC SUPPLY FROM

1-CC-E-IA

GCC1521

HEAT EXCHANGER
1-CC-E-IA

LOSS OF FUNCTION

GCC1513

1 3
PAGE 6

INSUFFICIENT CC
SUPPLY FROM CC PUMP
DISCHARGE HEADER

GCC1613

1 3
PAGE 6

HEAT EXCHANGER
1-CC-E-18

LOSS OF FUNCTION

1-AP-15 LOSS OF CC
STEP IE RESTORE SW
TO CC HEAT EXCHANGR

tEP-JAP15-IE
7 .lOE-oo4

INSUFFICIENT COOL
CC SUPPLY FROM
UNIT I CC HEADER

TFR TO
1 40
2 40

GCC1513

HEAT EXCHANGER
1-CC-E-18

UNSCHED MAINTENANCE

1CCHEX-LF-ICCE1B

	

ICCHEX-UM-ICCEIB

9 .48E-003

	

2190

	

2.00E-004 3

N .O . MANUAL VALVE
1-CC-50 PLUGGED
DURING STANDBY

1CCNV--PG-1CC50

1 .37E-0040

	

2190

INSUFFICIENT COOL
CC SUPPLY FROM

I-CC-E-18

GCC 1524

SHIFT TO HEAT
EXCHANGER 1-CC-E-18

NOT COMPLETED

GCC1554

MANUAL VALVE ICC-56
FAILS CLOSED (FAILS

TO OPEN)

ICCNV--FC-ICC56

1 .25E-004

INSUFFICIENT SW TO
1-CC-E-18

GCCI863

6 3
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INSUF CC H2O-RHR PMP CLR/HEAT
EXCHANGER NAPSI 320MAF .N.14

0 ANALYST : VAM I CREATION DATE : 12-05-1989 REVISION : 09-24-92

INSUFFICIENT CC
SUPPLY FROM CC PUMP
DISCHARGE HEADER

1 GCC1613
TFR TO
5 32
5 51

I
INSUFFICIENT CC INSUFFICIENT CC

CC PUMPSUPPLY FROM CC PUMP SUPPLY FROM
TRAIN I-CC-P-IA TRAIN 1-CC-P-lB

2 GCC1621 GCC1624

INSUFFICIENT CC
SUPPLY FROM CC PUMP

1-CC-P-IA

CHECK VALVE ICC-24
PLUGGED DURING

MISSION

INSUFF CC PUMP NPSH
SURGE TANK 1-CC-TKS
LOSS OF FUNCTION

3 ICCTNK-LF-ICCTKI GCC1631 ICCCKV PG-1CC24

2.66E-006 3 3 .00E-006

	

0 24

4

MOTOR DRIVEN PUMP
1-CC-P-1A

FAILS TO RUN

NO ELECTRIC POWER
4160V STUB BUS 1H

1-EE-SW-1

NO ELECTRIC POWER
125 V DC BUS 1-I

i-EP-CB-12A

5 ICCPAT-FR-iCCPIA GE1M212 GESM712
7 .93E-004

	

24

	

Eft00

	

EIHOO4

	

.

6

N .O . MANUAL VALVE INSUFF CC PUMP NPSH N .D . MANUAL VALVE INSUFFICIENT CC CC FLOW FAULT AFTER
1-CC-39 PLUGGED SURGE TANK 1-CC-TKS 1-CC-41 PLUGGED FLOW FROM CC PUMP PUMP 1-CC-P-lS
DURING STANDBY LOSS OF FUNCTION DURING STANDBY 1-CC-P-1B DISCHARGE

7 ICCMV--PG-1CC39 iCCTNK-LF-tCCTK1 ICCMV--PG-ICC41 GCC1713 GCC1675
4 .50E-005

	

720

	

2.66E-006

(j

	

4.50E-005U 720

	

i 3
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B

CHECK VALVE
FAILS CLOSED

TO OPEN)

1-CC-47 N .O . MANUAL VALVE
(FAILS 1-CC-AB PLUGGED

DURING STANDBY
9 ICCCKV-FC-ICC47 ICCMV--PG-ICC48

6 .34E-004

	

4.50E-0050 720
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STANDBY PUMP
1-CC-P-18

FAILS TO START

iCCPSB-FS-ICCPIB
3.93E-003 z

ICCP58-FR-lCCPle.-
7 .93E-004

U

24

STANDBY PUMP
1-CC-P-IS

FAILS 10 RUN

3 .75E-003 (.. :_)

INSUFFICIENT CC
FLOW FROM CC PUMP

1-CC-P-lB

TFR TO
6 74

I

GCC1713

l-CC-P-1B

	

MD STNDBY PUMP

	

1-CC-P-lB FLOW
PUMP FAULTS

	

1-CC-P-lB

	

DIVERSION . BACKFLOW
UNSCHDL MAINT .

	

TMU PUMP A TRAIN

GCC 721

	

ICCPSB-114-ICCPIB

	

GCC1724

NO ELECTRIC POWER

	

NO ELCETRIC POWER
4160 V STUB BUS IJ

	

125 V DC BUS 1-III
1-EE-SW-2

	

I-EP-C8-12C

GE IJ212

	

GE IJ612

®

ElJ00

	

A

ElJ00

MOTOR DRIVEN PUMP

	

CHECK VALVE 1-CC-24
1-CC-P-IA

	

FAILS OPEN (FAILS
FAILS TO RUM

	

TO CLOSE)
ICCPAT-FR 1CCP1A

	

ICCCKV-FO-ICC24
7 .93E-0040 24

	

3.44E-003 3
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EXCHANGER NAPSI p320MAF .N.14 C C 1 V

ANALYST : VAM 1 CREATION DATE : 12-05-1989 REVISION : 09-24-92

1

INSUFFICIENT S
SUPPLY TO
1-CC-E-IA

GCCIS13
TFR TO
5 30

INSUFFICIENT SW INSUFFICIENT SW
SUPPLY FROM SUPPLY FROM
HEADER A HEADER 8

2 GCCIS21 GCCIS25
TFR TO
880

MOTOR OPERTD VALVE
SPURIOUS CLOSED
DURING MISSION

MOTOR OPERTO VALVE
SPURIOUS CLOSED
DURING MISSION

1-AP-15 LOSS OF CC
STEP IE RESTORE SW
TO CC HEAT EXCHANGR

SERVICE WATER NOT
AVAILABLE TO

HEADER A (1-151-03)

MANUAL VALVE SW-222 HEAT EXCHANGER
FAULTSFAILS CLOSED (FAILS

TO OPN)
SW SUPPLY

3 GSW1141 1SWMOV-SC-SM10BA iSMMOV-SC-SwiOBB HEP-IAP15-1E ISWMV--FC 1SM222 GCC1835
® SW100 1 .21E-005U 24

	

1.21E-005U 24

	

7.60E-004 D I .2%-004
3

	

TFFR 9TO
MOTOR OPERTD VALVE
SPURIOUS CLOSED
DURING MISSION

MOTOR OPERTD VALVE
SPURIOUS CLOSED
DURING MISSION

SERVICE WATER NOT
AVAILABLE TO

HEADER B (2-151-03)

4 ISWMOV-SC-SW208B ISWMOV-SC-SW208A GSWI144
1 .21E-005

	

24 1.21E-005

	

24

	

SWIOO
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• INSUFFICIENT SW TO
1-CC-E-18

6 GCC1863
TFR TO
5 55

INSUFFICIENT SW INSUFFICIENT SW
AVAILABLE FROM AVAILABLE FROM

HEADER A HEADER B

GCCIS71 GCCIS75

INSUFFICIENT SW
SUPPLY FROM
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N .O . MANUAL VALVE
1-SM-233 PLUGGED
DURING STANDBY

N .O . MANUAL VALVE
t-SW-241 PLUGGED
DURING STANDBY

8 GCCIB21 ICCMV PG ISM233 ICCMV--PG-ISW241
1 .37E-004

	

2190

	

1 .37E-004

	

2190
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1-AP-15 LOSS OF CC MANUAL VALVE SW-232 N .O . MANUAL VALVE HEAT EXCHANGER
STEP IE RESTORE SW
10 CC HEAT EXCHANGR

FAILS CLOSED (FAILS
TO OPN)

f-SW-241 PLUGGED
DURING STANDBY

5W SUPPLY FAULTS

9 HEP-IAP15-IE *CCMV--FC-1SW232 ICCMV--PG-ISW241 GCCIS35
1 .37E-004

	

21907 .80E-004
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CC FAULTS COMMON TO

	

CC FAULTS FOR RC

	

CC FAULTS FOR RC
ALL RC PUMP

	

PUMP Q

	

PUMP C
THERMAL BARRIERS

	

THERMAL BARRIER

	

THERMAL BARRIER

INSUFFICIENT COOL

	

DISCHARGE TRIP VLVS
CC SUPPLY FROM

	

1-CC-TV-lOlA&B
UNIT I CC HEADER

	

FAIL CLOSED

OUTSIDE CONTAINMENT NO ELECTRIC POWER NO ELECTRIC POWERS AIR OPERATED VALVE AIR OPERATED VALVE
INSTRUMENT AIR SYS 120 V VITAL BUS 1-1 120 V VITAL BUS III SPURIOUS CLOSE(OPN) SPURIOUS CLOSE(OPN)
LOSS OF FUNCTION

	

1-EP-CB-IA

	

I-EP-CB-4C

	

DURING MISSION

	

DURING MISSION

IIAIAS LF-OUTIA	SE1H912	GE1J812	ICCAOV-SC-TVIOIB	1CCAOV-SC-TV101A

2 .52E-004

	

24

	

A EIH00

	

® EIJ00 1.21E-005

	

24

	

1 .21E-005
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I

6CC2120

	

GCC2213

	

GCC2263

GCC1513	GCC2131A CC100

I

AIR OPERATED VALVE

	

AIR OPERATED VALVE

	

NO ELECTRIC POWERS
SPURIOUS CLOSE(OPN)

	

SPURIOUS CLOSE (OPN)

	

120 V VITAL BUS III
DURING MISSION

	

DURING MISSION

	

I-EP-CB-4C

ICCAOV-SC-104A1

	

ICCAOV-SC-104A2

	

GEIJ812
1 .21E-0050 24

	

1 .21E-0050 24

	

® ElJ00

1 3
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INSUFF CC COOLING
TO ANY 1 OF 3 RCP
THERMAL BARRIERS

GCC2113

CC FAULTS FOR
RC PUMP A

THERMAL BARRIER

GCC2125

NO ELECTRIC POWER

	

AIR OPERATED VALVE

	

OUTSIDE CONTAINMENT

	

SAFETY VALVE RVI25A
SEMI VITAL DUST IA

	

SPURIOUS CLOSE (OPN)

	

INSTRUMENT AIR SYS

	

SPURIOUSLY OPEN
1-EP-DB-16A

	

DURING MISSION

	

LOSS OF FUNCTION

	

DURING MISSION

GEIH1162

	

ICCAOV-SC-TV116A

	

IIAIAS-LF-OUTIA

	

lCCSV--SO-RVI25AA E1N00 1 .21E-0050 24

	

2.52E-004 j , 1 24

	

9.33E-005
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BARRIERS NAPSI

	

320MAF .N .14
0 : 09-15-92REVISIONANALYST : VAM I CREATION DATE: 7-15-1991

CC FAULTS FOR RC
PUMP B

THERMAL BARRIER

1 GCC2213
TFR TO

1 22

FAULTS FOR
1-CC-TV-104B

NO ELECTRIC POWER
SEMI VITAL DIST IA

1-EP-DB-16A

AIR OPERATED VALVE
SPURIOUS CLOSE (0PN)

DURING MISSION

OUTSIDE CONTAINMENT
INSTRUMENT AIR SYS
LOSS OF FUNCTION

SAFETY VALVE RV1258
SPURIOUSLY OPEN
DURING MISSION
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® E1M00 1 .21E-005
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24

	

2.52E-004 ( a l 24

	

9.33E-005
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AIR OPERATED VALVE
SPURIOUS CLOSEIOPN)

DURING MISSION

AIR OPERATED VALVE
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DURING MISSION

NO ELECTRIC POWERS
120 V VITAL BUS III
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3 GEIJ812 ` ICCAOV-SC-10481 ICCAOV-SC-10482
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1 .21E-005
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PUMP C

THERMAL BARRIER

6 6CC2263
TFR TO
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FAULTS FOR
1-CC-TV-104C

SAFETY VALVE RVI25C
SPURIOUSLY OPEN
DURING MISSION

AIR OPERATED VALVE
SPURIOUS CLOSEIOPN)

DURING MISSION

NO ELECTRIC POWER
SEMI VITAL 01ST IA
_ 1-EP-OB-16A

OUTSIDE CONTAINMENT
INSTRUMENT AIR SYS
LOSS OF FUNCTION

GCC2271 1CCSv--S0-RV125C~ ICCAOV-SC-TVI16C BEIH1162 IIAIAS-LF-DUTIA
9 .33E-0050 24

	

1 .21E-005 l

	

\ 24
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NO ELECTRIC POWERS
120 V VITAL BUS III

1-EP-CB-4C

AIR OPERATED VALVE
SPURIOUS CLOSE(OPN)

DURING MISSION

AIR OPERATED VALVE
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DURING MISSION
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U

24
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FLOW DIVERSION DUE
TO FAILED PUMP
SHORT CIRCUITS

6CHS171
TFA TO
1 51

CHECK VALVE CH-254
FAILS OPEN (FAILS

TO CLOSE)

1CHCKV-F0-1CH254
1 . 15E-W3

FAILURE OF
EMERGENCY BORATION
FROM SAT OR RWST

GCHII12

F8400

	

E1J00 3 .31E-0050 1

	

3.08E-003

FAILURE OF FLOW
FROM CHARGING PUMP

IA

GCH1131

Al
THIS PAGE

LOSS OF LUBE OIL
COOLING TO
1-CH-E-SA

60H1183
TFR TO
1 42

LOSS OF SERVICE

	

LOSS OF SERVICE
WATER HEADER A

	

WATER HEADER B

6SM1141

	

GSWI144

A SW1oo

	

sW1oo

m100

	

EWJ00
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FAILURE OF EMERGENCY SORATION
NAPS UNIT I

	

320MAF .N .2 CHI 1
ANALYST: RCB (CREATION DATE : 12-10-1989 REVISION : 09-15-92

1-FR-S .1 ATWS FAILURE OF CHARGING FAILURE OF BORIC
STEP 4 INITIATE PUMPS TO RUN FOR ACID INJECTION
EMERGENCY BORATE ONE HOUR VIA BIT OR BAT

2 HEP-IFRS:i 4 SCH1123 GCHI212
7 .60E-003 3

12
PAGE 2
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FAILURE OF FLOW
FROM CHARGING PUMP

iB

FAILURE OF FLOW
FROM CHARGING PUMP

IA

GCHI134GCH1131
TFR TO
1 82

PUMP DEAD
TO INADVERTANT
OF MINI-FLOW

HEADS DUE
LOSS

RECIRC

LOSS OF POWER
4160 VOLT BUS IN

I-EE-SW-1

LOSS OF LUBE OIL
COOLING TO
1-CH-E-5A

CHARGING PUMP IA
FAILS TO RUN
FOR ONE HOUR

GCH1163 GCH1251GESH1124 ICHPAT FR IHRPIA

3 .31E-005

	

I EIH00

THIS PAGE PAGE 2
1 1

TRANSFER GATE--
OTHER FAILURES

FLOW DIVERSION DUE
TO FAILED PUMP

PUMP FAILS TO RUN
GIVEN START

PUMP FAILS TO START CHECK VALVE CH-267
FAILS CLOSED (FAILS

MOTOR OPEATD VALVE
1-SI-MOV-12868

SHORT CIRCUITS TO OPEN) PLUGGED IN STANDBY

ICHCKV-FC-ICH267 1SIMOV-PG-12868GCH1152 GCH1153GCH11715

	

GCH1274
6 .34E-004 4 .30E-005
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MAINTENANCE OUTAGECHARGING PUMP iB CHARGING PUMP 18 LOSS OF POWERLOSS OF POWERLOSS OF LUKE OIL
COOLING TO 4160 V BUS iJ FAILS TO RUN CHP-1B 125V DC BUS 1-III
1-CH-E-50 1-EE-SW-2 FOR ONE HOUR FAILS TO STAR*
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FAILURE OF EMERGENCY BORATION
NAPS UNIT 1

	

320MAF .N .2 CHI 2
ANALYST : RCB CREATION DATE : 12-10-1989 REVISION : 09-15-92

FAILURE OF BORIC
ACID INJECTION
VIA BIT OR BAT

1 GCH1212
TFR TO

1 24

I

	

I
FAILURE TO BORATE FAILURE OF FLOW FAILURE TO CONNECT
VIA ADDITION FROM THROUGH BORON CHARGING SUCTION
BORIC ACID TANK INJECTION TANK TO RWST

2 GCH1221 GFB4133 SCH1224

FB400

LOSS OF POWERBAT PUMP CH-P-2A CHECK VALVE CH-238MOTOR OPERTD VALVE FAILURE OF RWST FAILURE TO ISOLATE
CH-1350 FAILS CLSO FAILS TO SWITCH 480V MCC IHI-2S FAILS CLOSED (FAILS SUCTION VALVES VOLUME CONTROL TANK

(FAILS TO OPEN) TO FAST SPEED 1-EP-MC-20 TO OPEN) TO OPEN

3 ICHNOV-FC-CH1350 1CHPAT-FS-ICHP2A GElHI412 ICHCKV-FC-ICH238 GF641012 GF84821

1.09E-002 ~

	

1 .98E-003 ~

	

® EfH00 6.34E-001 ~

	

-, FB400

	

® FB400

4

PUMP DEAD HEADS DUE
TO INADVERTANT LOSS
OF MINI-FLOW RECIRC

5 GCH1251
TFR TO
.1 43

MOTOR OPERTO VALVE CHECK VALVE CH-252MOV-1275A INADVERTMOTOR OPERTD VALVENOV-1373 INADVERT
MISPOSITION 1373

	

PLUGGED MISPOSITION 1275A

	

PLUGGED FAILS CLOSED (FAILS
DURING OPERATION DURING OPERATION TO OPEN)

6 iCHHEP-MOV-1373 ICHMOV-PG-1373 ICHHEP-MOV-1275A 1CHM0V-PG-i275A ICHCKV-FC-1CH252

7 .50E-004
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4.50E-005
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7.50E-004

	

4.50E-005

0

720

	

6.34E-004 \J

TRANSFER GATE--
OTHER FAILURES

7 GCMi274
TFR TO
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i
NOV-1373 INADVERT

MISPOSITION
MOTOR OPERTD VALVE
1373

	

PLUGGED
DURING OPERATION

NOV-12758 INADVERT
MISPOSITION

OTHER TRANSFER GATE
OTHER FAILURES

B ICHHEP-WV-1373 iCHMOV-P6-1373 ICNHEP-MOV-12758 GCM1265
7 .50E-004

V

	

4.50E-DOS `/ 720

	

7.50E-0040
CHECK VALVE CH-264
FAILS CLOSED (FAILS

TO OPEN)

MOTOR OPERTD VALVE
1275E

	

PLUGGED
DURING STANDBY

9 SCHCKV-FC-1CH264 ICHNOV-PG-12758

6 .34E-004

V

	

4.50E-0050 720
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FAILURE OF SEAL
INJECTION FLOW

GCH2112

FAILURE OF FLOW

	

FAILURE OF CHARGING

	

FAILURE OF CHARGING
FROM CHP fA

	

FLOW FROM PUMP 1B

	

FLOW FROM CHP IC

GCH2120
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GCH2312
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CHARGING PUMP
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INSUFFICIENT FLOW

	

HEAT EXCHANGER E5A
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IA FAILS TO RUN

	

4150V BUS IM

	

FROM DIP SUCTION
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WATER TO CHP IA
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1-EE-SW-1

	

DURING MISSION
3 1CHPAT FR 24HP1A
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24

PAGE

LOSS OF SERVICE
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FAILURE OF CHARGING
FLOW FROM PUMP 18

I GCH2212
TFR TO
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2

MOTOR OPERTD VALVE
1-SI-MOV-12866

PLUGGED IN STANDBY

NO FLOW FROM PUMP
TRAIN CH-P-1B

ISIMOV-PG-12868 GCH2222
4 .50E-005 2

	

7Q0

i
CHECK VALVE CH-267
FAILS CLOSED (FAILS

TO OPEN)

FLOW DIVERSION
THROUGH A FAILED

PUMP

PUMP FAILS TO START INSUFFICIENT FLOW
FROM CHP SUCTION

CCF OF CHECK VAVLES
CH-267 AND CH-279

PUMP B FAILS TO
RUN

GCH2232GHH1912 GCH24123 ICHCKV-FC-1CH267 ICHCKV-CC-267279 GCH2235
6 .34E-004 3 HH100 6 .34E-005 3
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OUTAGE DUE TO
TEST AND MAINTENANC

CHARGING PUMP 18

FAILS TO START

LOSS OF POWER
125V DC BUS 1-III

I-EP-C8-12C

CCF 2/2 FS
OF CHP 18 AND IC

TO START

4 ICHPAT FS-ICHPIB GM 1641 GEIJ612 1CHPAT-CC-FSIBIC
S .OBE-003U HH100 ESJ00

	

4.97E-004 3

LOSS OF PUMP LOSS OF POWER CHARGING PUMP 1B
COOLING TO
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I-EE-SW-2
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-

	

'
f

	

EIJ00

	

7 .93E-004

	

24

PAGE 6

6

7

8

9



I
0
N

i

J

V

0

I

2

3

4

5

6

7

8

9

0 I 3 I 4 I 5

CHECK VALVE CH-279
FAILS CLOSED (FAILS

TO OPEN)

ICHCKV-FC-ICH279
6 .34E-0040

FAILURE OF CHARGING
FLOW FROM DP IC

TFR TO
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GCH2312

MOTOR OPERTD VALVE

	

NO FLOW FROM

	

CCF OF CHECK VAVLES
I-SI-MOV-1286C
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PUMP
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CHARGING PUMP IC

	

LOSS OF POWER
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125 V DC BUS 1-I
TO START
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DECREASING LEVEL
IN VOLUME CONTROL

TANK
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LOSS OF FUNCTION
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RELIEF VALVE
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LOSS OF PUMP
COOLING TO

CHP-18
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FAILURE OF SERVICE
WATER TO 1-CH-E-58

LOSS OF SERVICE
WATER TO GEAR BOX
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FAILURE OF SERVICE
WATER TO 1-CH-E-58
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SUPPLY SIDE FAULTS HEAT EXGR CH-E-5B

LOSS OF FUNCTION
DURING MISSION

DISCHARGE SIDE
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2 .09E-004 () 24

FAILURE OF SERVICE
WATER FROM TRAIN B

TEMP CONTROL VALVE
SW-1028 FAILS CLSD

(FAILS TO OPEN)

DISCHARGE VALVE
BLOCKAGE

CCF OF SW-TCV-1028
AND SW-TCV-102C

TO OPEN
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1 .81E-002U 1 .81E-003
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N 0 . MANUAL VALVE N .O . MANUAL VALVE
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DURING STANDBY DURING STANDBY
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FAILURE OF SERVICE
WATER TO 1-CH-E-5C
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HEAT EXCHANGER
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LOSS OF FUNCTION
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DURING MISSION
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GCH2923
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NO AUTO CDA SIGNAL
FROM TRAIN A

CONTAINMENT PRESSRE

1 GCI1112
TFR TO
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PRESSURE INSTRUMENT

CHANNELS FAIL

2 6011122

3/4

I
CHANNEL I
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8 A

THIS PAGE

	

THIS PAGE

	

THIS PAGE

NO ELECTRIC POWER
120V VITAL BUS 1-I

PRESSURE CHANNEL
PT-LMIOOA LOSS OF

RELAY
K137 TRAIN A

FAILS TO ENERGIZE FNCN DURING STANDBY 1-EP-CB-4A

4 iCIRLY-LF-K137-A ICIPIC-LF-100A GEIH912
2 .66E-004
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4 .63E-003U 720

	

® E1H00
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9 GO 1154
TFR TO
1 33
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NO ELECTRIC POWERPRESSURE CHANNELRELAYCHANNEL II
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2.66E-004
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EfJ00
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PRESSURE CHANNEL
PT-LNIOOB LOSS OF
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CDA HIGH HIGH

	

NO ELECTRIC POWER
TRAIN A PROTECTION

	

120V VITAL BUS 1-I
IN TEST

	

1-EP-CB-4A

1CICOA-TH-HIHI-A	GEIH912
1 .40E-003Q)
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NO AUTO CDA SIGNAL
FOLLOWING RANDOM

	

FROM TRAIN A
FAILURE OF AUTO ACT

	

CONTAINMENT PRESSRE
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FAILURE OF EITHER

	

1-E-0 RX TRIP OR SI
MANUAL PUSHBUTTON

	

STEP 13 CHECK IF
CDA IS REQUIRED
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PEP-lE0 13
1 .35E-003
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PRESSURE CHANNELS' STEP 13 CHECK IF
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K137 TRAIN B
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TRAIN B
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PT-LM100A LOSS OF
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NO ELECTRIC POWER
120V VITAL BUS 1-I

1-EP-CB-4A

ICIRLY-LF-K137-B,	ICIPIC-LF-100A	GEIH912
2.66E-004 ~

	

,.63E-003 ~ 720

	

® ESN00

NAPS WE

s

CHANNEL II
TRAIN B

GC11460

T 4R32

RELAY
K216 TRAIN 8

FAILS TO ENERGIZE

PRESSURE CHANNEL
PT-LM100B LOSS OF
FNCN DURING STANDBY

NO ELECTRIC POWER
120V VITAL BUS 1-II

1-EP-CB-48

ICIRLY-LF-K216-8

	

ICIPIC-LF-1008

	

GESHIO12
r , l 720

	

EfM002 .66E-004

	

4.63E-003

A-316

CONTAINMENT DEPRESS ACTUATION
NAPS1

	

320MAF .N .1 .6

ANALYST : EJJ 1 CREATION DATE : 07-12-1991

C11 4
REVISION : 09-15-92

RELAY
K329 TRAIN B

FAILS TO ENERGIZE

CHANNEL III
TRAIN B
FAILS

6C 11454
TFR TO
4 33

PRESSURE CHANNEL
PT-LMIOOC LOSS OF

FMCN DURING STANDBY

NO ELECTRIC POWER
120V VITAL BUS 1-
III 1-EP"-CB-4C

ICIRLY-LF-K329-B

	

ICIPIC-LF-1000

	

GEIJB12
4 .63E-003

U

720

	

EIJ002 .66E-004

RELAY
K429 TRAIN B

FAILS TO ENERGIZE

CHANNEL IV
TRAIN B
FAILS

GCI 1484

PRESSURE CHANNEL
PT-LM1000 LOSS OF

FNCN DURING STANDBY

ICIRLY-LF-K429-8	ICIPIC-LF-I000	GEIJ91~~
2 .66E-004 (, )

	

4.63E-003

V

720

	

EUJ00

NO ELECTRIC POWER
120V VITAL BUS 1-I''

1-EP-CB-40

12-15-92
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NAPSiINMENT DEPRESS ACTUATION

ANALYST : EJJ I CREATION DATE : 07-12-1991 REVISION 09-15-92

NO OUTPUT SIGNAL
FROM CDA SLAVE

RELAY K643 TRAIN A

1 GC11512

2

NO LOGIC SIGNAL
FROM CDA HIGH HIGH

TRAIN A

MASTER RELAY
K519 TRAIN A

LOSS OF FUNCTION

MASTER RELAY
K505 TRAIN A

LOSS OF FUNCTION

SLAVER RELAY
K643 TRAIN A

LOSS OF FUNCTION

1CIRLY-LF-K519-A ICIRLY-LF-K505-A6C 11212 ICIRLY-LF-K643-A

2 .66E-004

	

2.65E-004

	

2.66E-004

3

1 2
PAGE 2

4

5

NO OUTPUT SIGNAL
FROM CDA SLAVE

RELAY K644 TRAIN A
6 6C 11552

NO LOGIC SIGNAL
FROM CDA HIGH HIGH

TRAIN A

MASTER RELAY
K519 TRAIN A

LOSS OF FUNCTION

MASTER RELAY
K505 TRAIN A

LOSS OF FUNCTION

SLAVE RELAY
K644 TRAIN A

LOSS OF FUNCTION

7 6011212 ICIRLY-LF-K519-A ICIRLY-LF-K505-A ICIRLY-LF-K644-A

1
2

	

2.66E-OW r,~

	

2 .66E-004

	

2.66E-004
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NO LOGIC SIGNAL
FROM CDA HIGH HIGH

TRAIN A

f 2
PAGE 2

NO OUTPUT SIGNAL
FROM CDA SLAVE

RELAY K545 TRAIN A

GCI1612

MASTER RELAY
K519 TRAIN A

LOSS OF FUNCTION

MASTER RELAY
K505 TRAIN A

LOSS OF FUNCTION

SLAVE RELAY
K645 TRAIN A

LOSS OF FUNCTION

GO 1212

	

ICIRLY-LF-K519-A SCIRLY-LF-K505-A' ICIALY-LF-K645-A
2 .66E-0040

	

2 .66E-0040

	

2 .66E-004U

NO LOGIC SIGNAL
FROM CDA HIGH HIGH

TRAIN A

f 2

NO OUTPUT SIGNAL
FROM MA SLAVE

RELAY K618 TRAIN A

GCI1662

MASTER RELAY
K506 TRAIN A

LOSS OF FUNCTION

SLAVE RELAY
K618 TRAIN A

LOSS OF FUNCTION

6CI1212

	

1CIRLY-LF-K506-A ICIRLY-LF-K618-A

`/

	

2.66E-004

VPAGE 2

2 .66E-004
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CONTAINMENT DEPRESS ACTUATION
NAPSI

	

320MAF .N .1 .6 C I 1 7
ANALYST : EJJ J CREATION DATE : 07-12-1991 REVISION : 09-15-92

NO OUTPUT SIGNAL
FROM MA SLAVE

RELAY K619 TRAIN A

1 GC11712

2

NO LOGIC SIGNAL
FROM CDA HIGH NIGH

TRAIN A

MASTER RELAY
K506 TRAIN A

LOSS OF FUNCTION

SLAVE RELAY
K619 TRAIN A

LOSS OF FUNCTION

GO 1212 ICIRLY-LF-K506-A, ICIRLY-LF-K619-A

2 66E-004

U

	

2.661-004
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PAGE 2

3

4

5

1

6

NO OUTPUT SIGNAL
FROM CDA SLAVE

RELAY K625 TRAIN A

GCI1762

NO LOGIC SIGNAL
FROM CDA HIGH NIGH

TRAIN A

MASTER RELAY
K506 TRAIN A

LOSS OF FUNCTION

SLAVE RELAY
K625 TRAIN A

LOSS OF FUNCTION
7 GC 11212 ICIRLY-LF-K506-A ICIRLY-LF-K625-A

2 .66E-004

	

2.66E-004
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NO LOGIC SIGNAL
FROM CDA HIGH HIGH

TRAIN A

6CI1212

A

NO OUTPUT SIGNAL
FROM CDA SLAVE

RELAY K626 TRAIN A

GCI1812

MASTER RELAY
K506 TRAIN A

LOSS OF FUNCTION

ICIRLY-LF-K506-A

SLAVER RELAY
K626 TRAIN A

LOSS OF FUNCTION

ICIRLY-LF-K626-A
2 .65E-004

V

	

2.65E-004UPAGE 2
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CONTAINMENT DEPRESS
NAPS1

ACTUATION
320MAF .N .1 .6 9

ANALYST: EJJ CREATION DATE : 07-12-1991 REVISION : 09-15-92

NO OUTPUT SIGNAL
FROM CDA SLAVE

RELAY K643 TRAIN B

1 GO 1912

NO LOGIC SIGNAL
FROM CDA HIGH-HIGH

TRAIN B

MASTER RELAY
K519 TRAIN 6

LOSS OF FUNCTION

MASTER RELAY
K505 TRAIN 8

LOSS OF FUNCTION

SLAVE RELAY
K643 TRAIN B

LOSS OF FUNCTION

2 GCI1312 ICIRLY-LF-K519-B, ICIRLY-LF-K505-B , ICIRLY-LF-K643-B

A

	

2 .66E-004 2 .66E-004 2 .66E-004

3

PAGE 3
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5

' • NO OUTPUT SIGNAL
FROM CDA SLAVE

RELAY K644 TRAIN B

6 GCI1962

SLAVE RELAY
K644 TRAIN B

LOSS OF FUNCTION

MASTER RELAY
K505 TRAIN B

LOSS OF FUNCTION

MASTER RELAY
K519 TRAIN B

LOSS OF FUNCTION

NO LOGIC SIGNAL
FROM CDA NIGH-HIGH

TRAIN B

7 60 1312 ICIRLY-LF-K519-B, ICIRLY-LF-K505-B, ICIFLY-LF-K644-B
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2 .66E-004U 2_66E-004 l' 1 2 .66E-004
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NO LOGIC SIGNAL

	

MASTER RELAY

	

MASTER RELAY

	

SLAVE RELAY
FROM COA HIGH-HIGH

	

1(519 TRAIN

	

K645 TRAIN B
TRAIN B

	

LOSS OF FUNCTION

	

LOSS

	

LOSS OF FUNCTION
8 1(505 TRAIN B

OF FUNCTION

6C 11312	ICIRLY-LF-K5i9-B ICIALY-LF-1C505-B	ICIFLY-LF-K645-8

Q

	

2.56E-004

0

	

2.56E-00.40! 2

NO OUTPUT SIGNAL
FROM CDA SLAVE

RELAY K645 TRAIN 8

GC111012

PAGE 3

2 .66E-004

60111062

NO OUTPUT SIGNAL
FROM CDA SLAVE

RELAY K618 TRAIN B

NO LOGIC SIGNAL

	

MASTER RELAY

	

SLAVE RELAY
FROM CDA NIGH-NIGH

	

1(506 TRAIN B

	

1(618 TRAIN B
TRAIN B

	

LOSS OF FUNCTION

	

LOSS OF FUNCTION

SCI 1312

! 2
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2 ICI$ LY-LF-K506-B I IHLY-LF-K618-B
.66E-0040

	

2.56E-004 (_)
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CONTAINMENT
NAPSI

DEPRESS ACTUATION
320MAF .N.1 .6

ANALYST: EJJ CREATION DATE : 07-12-1991 _REVISION : 09-15-92

NO OUTPUT SIGNAL
FROM CDA SLAVE

RELAY K619 TRAIN B

1 6C111112

2

NO LOGIC SIGNAL
FROM CDA HIGH-HIGH

TRAIN B

MASTER RELAY
K506 TRAIN B

LOSS OF FUNCTION

SLAVE RELAY
K619 TRAIN 6

LOSS OF FUNCTION

ICIRLY-LF-K619-BGCI1312 ICIRLY-LF-K506-B,

1 2

	

2 .66E-004

U

	

2 .66E-004U

3

PAGE 3
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5

NO OUTPUT SIGNAL
FROM CDA SLAVE

RELAY K619 TRAIN B

6 GCI11162 '

SLAVE RELAY
K625 TRAIN 6

LOSS OF FUNCTION

MASTER RELAY
K506 TRAIN 8

LOSS OF FUNCTION

NO LOGIC SIGNAL
FROM CDA HIGH-HIGH

TRAIN B

7 6CI1312 ICIRLY-LF-K506-B, , ICIRLY-LF-K625-B
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2.66E-004U
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NO LOGIC SIGNAL
FROM CDA HIGH-HIGH

TRAIN B

NO OUTPUT SIGNAL
FROM CDA SLAVE

RELAY K626 TRAIN B

SC 111212

MASTER RELAY
K505 TRAIN B

LOSS OF FUNCTION

SLAVE RELAY
K626 TRAIN 8

LOSS OF FUNCTION

6CII312

	

ICIRLY-LF-K506-8 ICIRLY-LF-K626-8

2 .66E-0040

	

2 .66E-Oat D
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IH EMERGENCY ELECTRIC POWER
NAPS UNIT I

	

320MAF .N.IO E 1 H I
ANALYST : RST 1 CREATION DATE : 04-30-1991 REVISION : 09-15-92

NO ELECTRIC POWER
4160 V BUS IN

1-EE-SW-I

1 GEIH112
TFR TO
2 30
3 30
4 30

NO POWER SUPPLIED
TO BUS IN FROM
OFFSITE OR EDG

HOUSE EVENT - I TO
FAIL 4160 V BUS IN

NORMALLY - 0

4160 V BUS IN
UNSCHEDULED
MAINTENANCE

4160 V BUS IN
LOSS OF FUNCTION

1-EE-SW-1
2 GEIH121 XHOS-IH-FAILS IEEBUS-UN IH IEEBUS-LU-IM

0 .00E+000 3

	

1.00E-005

	

1.21E-005

U

24

1
EMERGENCY DIESEL

GENERATOR IN
FAILS / UNAVAILABLE

NORMAL FEED FROM
TRANSFER BUS IF

ALTERNATE SOURCE
FROM STATION
SERVICE BUS 18

CROSS TIE IN BUS
TO 2J

ALTERNATE AC DIESEL
THROUGH BUS IF

3 GEDG112 GElH131 GE IH152 GElH173 GEIHI34
ED000

THIS PAGE

	

THIS PAGE

BREAKER 15F3 BREAKER 15H11 NO ELECTRIC POWERNO ELECTRIC POWER HOUSE EVENT - 0 FOR
4160 V TRANSFER SPURIOUSLY OPENS SPURIOUSLY OPENS 4160 V ALTERNATE AC ALTERNATE AC DIESEL

BUS IF 4160 V 4160 V BUS 02 TO SUPPLY POWER

4 GESY712 ' lEPBKR-S0-15F3 IEEBKR-SO-15H11 GESY1612 XHOS-ELE-IH-AAC
® ESY00 3.36E-0050 24

	

3-36E-0050 24

	

ESYOO t .00E+000

ALTERNATE SOURCE
FROM STATION
SERVICE BUS 18

5 GE1H152
TFR TO
1 32

s

O-AP-10 LOSS OF
ELECTRICAL POWER

BREAKER 15M1
FAILS OPEN. WILL
NOT CLOSE 4150 V

BREAKER 15811
FAILS OPEN. WILL
NOT CLOSE 4160 V

NO ELECTRIC POWER
4150 V BUS IS

t-EP-SW-2

6 GEP1212 IEPBKR-FO-15811 IEPSKR-FO-15H1 IEP-OAPIO
EP100 2 .741-004 (, )

	

2.74E-004

U

	

5.27E-W30

CROSS TIE IN BUS
TO 2J

7 GEIH173
TFR 70
1 33

O-AP-10 LOSS OF
ELECTRICAL POWER

BREAKER FAILURES
BUS 2J TO IN

NO ELECTRIC POWER
4160 V BUS 2J

HOUSE EVENT - 0 TO
XTIE IH AND 2J
NORMALLY - 0 2-EE-SW-2

8 XHOS-ELE IN-2J GE2J112 6E111183 HEP-OAPIO
0 .00E+000 3

	

A

E2J00

	

5 .27E-003 3

BREAKER 15H11
FAILS OPEN. WILL
NOT CLOSE 4160 V

BREAKER 15F3
FAILS OPEN. WILL
NOT CLOSE 4160 V

BREAKER 15F4
FAILS OPEN. WILL
NOT CLOSE 4160 V

BREAKER 25J11
FAILS OPEN . WILL
NOT CLOSE 4160 V

BREAKER 15F1
FAILS CLOSED. WILL
NOT OPEN 4160 V

9 lEPBKR-FC-15FI 2EEBKR-FO-25J11 IEPBKR-FO-15F4 IEPBKR-FO-15F3 1EESKR-FO-15H11
1 .63E-0030

	

2 .74E-0040

	

2 .74E-0040

	

2 .74E-0040

	

2 .74E-0040
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NO ELECTRIC POWER

	

BREAKER 15M12
4160 V BUS IN

	

SPURIOUSLY OPENS
1-EE-Sw-1

	

4160 V

GEIHII2	 '1EEBKR-S0-15H12

3 .36E-005
f 2 0 24

PAGE 1

s

NO ELECTRIC POWER
4160V STUB BUS IH

1-EE-SW-1

GE IM212

	I
NO POWER SUPPLIED
TO STUB BUS IN FROM

4160 V BUS IN

4160 V STUB BUS IN
UNSCHEDLLED
MAINTENANCE

4160 V STUB BUS IN
LOSS OF FUNCTION

1-EE-SW-1

GE1M221

	

IEEBUS-UM-IHSTUB

	

IEEBUS-LU-IMSTUB

1 .00E-0050

	

1.21E-0050 24
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IH EMERGENCY ELECTRIC POWER
E 1H JNAPS UNIT I 320MAF .N .IO

ANALYST : RST 1 CREATION DATE : 04-30-1991

	

REVISION : 09-15-92

NO ELECTRIC POWER
480 V BUS IN
I-EE-SS-I

i GEIH312
TFR TO

	

15 30
5 30
6 30
13 30

NO POWER SUPPLIED 480 V BUS 1H 480 V BUS IN
FROM 4160 V BUS IN UNSCHEDULED LOSS OF FUNCTION

MAINTENANCE 1-EE-SS-1

2 GE IH321 IEEBUS-uM-iH-480 IEEBUS-LU-IM-480

1 .00E-005

U

1.21E-005

U

24

480 V BUS IHI
LOSS OF FUNCTION

NO ELECTRIC POWER BREAKER 15118
SPURIOUSLY OPENS

TRANSFORMER 1H
4160/480 V FAILS

BREAKER 14H1
SPURIOUSLY OPENS4160 V BUS IN

1-EE-SW-i 4160 V 1-EE-ST-1H 480 V f-EE-SS-3

3 GE1HI12 IEESKA-SO-I5HB IEETFM-LP-1H IEESKR-SO-14HI IEEBUS-LU-IHI

3 .36E-005

	

24 1.90E-005

	

24

	

3.36E-005

	

24 1.21E-005
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NO ELECTRIC POWER
4150 V BUS IH

1-EE-SW-I

12

I
NO POWER SUPPLIED
FROM 4160 V BUS IN

GE IH421

BREAKER 15H8
SPURIOUSLY OPENS

4160 V

GEIH112

	

IEESKR-S0-15HB

	

IEETFN-LP-IHI

	

IEESKR-S0-14HI-1

	

1EEBUS-LU-!4-480
3 .36E-00S ( w 1 24

NO ELECTRIC POWER
480 V BUS I41

I-EE-SS-3

GE IN412
TFR TO
14 30

TRANSFORMER 181
4160/480 V FAILS

I-EE-ST-IHI

4B0 V BUS 181
UNSCHEDULED
MAINTENANCE

480 V BUS 1M1
LOSS OF FUNCTION

1-EE-SS-3

IEEBUS-UN-ftl

	

IEEBUS-LU-IHI
1 .00E-005 0

	

1.21E-0Q5 0

	

24

BREAKER 14H1-1
SPURIOUSLY OPENS

480 V

480 V BUS IN
LOSS OF FUNCTION

1-EE-SS-I

1 .90E-0050 24

	

3.36E-005 ( ) 24

	

1 .21E-005 24
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IM EMERGENCY ELECTRIC POWER
NAPS UNIT I
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ICREATION DATE : 04-30-1991 REVISION : 09-15-92

NO ELECTRIC POWER
480 V MCC IHI-4

1-EP-MC-41

I GE IH512
TFR TO

	

8 51
7 60

	

it 80
7 51

	

10 B1
B 60

	

9 81

NO POWER SUPPLIED

FROM 480 V BUS IN

480 V MCC IHi-4

UNSCHEDULED
MAINTENANCE

480 V MCC IHI-4

LOSS OF FUNCTION
1-EP-CB-41

2 GE1H521 lEEBUS-UM-fH1-4 IEEBUS-LU-IHI-4

1 .00E-005U

	

1 .21E-005

U

24

NO ELECTRIC POWER
480 V BUS IN
1-EE-SS-1

BREAKER 14H2
SPURIOUSLY OPENS

480 V

3 GEIH312 IEEBKP-SO-14H2

f 2

	

3.36E-005

U

24
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NO ELECTRIC POWER

	

BREAKER 14H4
480 V BUS 1H

	

SPURIOUSLY OPENS
1-EE-SS-1

	

480 V

GEIH312

	

IEEBKA-SO-1dH4
3

1 2
PAGE 3

NO ELECTRIC POWER
480 V MCC 1H1-1

1-EP-MC-10

GEIM612
TFR TO
11 30

I
NO POWER SUPPLIED
FROM 480 V BUS 1N

480 V MCC 1M1-1
UNSCHEDULED
MAINTENANCE

480 V MCC 1H1-1
LOSS OF FUNCTION

1-EP-MC-10

GEIN621	 IEEBUS-UN-1M1-1

	

IEEBUS-LU-IMI-1
1 .00E-0050

	

1 .21E-0050 24
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IH EMERGENCY ELECTRIC POWER
NAPS UNIT 1

	

320MAF .N.IO E 1 H 7
ANALYST : RST I CREATION DATE : 04-30-1991 REVISION : 09-15-92

NO ELECTRIC POWER
125 V DC BUS 1-1

1-EP-CB-12A

GEIH712
TFR TO
9 50

NO POWER SUPPLIED
TO DC BUS i-I FROM
BATTERY OR IBOV BUS

HOUSE EVENT - I TO
FAIL DC BUS 1-I
NORMALLY 0

125 V DC BUS 1-I
UNSCHEDULED
MAINTENANCE

125 V DC BUS 1-I
LOSS OF FUNCTION

1-EP-CS-12A

GEIH721 XHOS-OCBUS-1-I IEEBUS-uM-DC-I IEEBUS-LU-DC-I
0 .00E+000

	

3 2.00E-004

V

	

1 .21E-005

U

24

NO POWER SUPPLIED
TO DC BUS FROM
NORMAL 480 V BUS

NO POWER SUPPLIED
TO DC BUS FROM

ALTERNATE 480 V BUS

NO POWER SUPPLIED
TO DC BUS FROM
BATTERY 1-I

GEI 730 GEIH732 GEIH734

FAILURE OF BATTERY
1-I AT TWO HOURS

COMMON CAUSE FAULT
BATTERIES FAIL TO

SUPPLY POWER

BATTERY 1-I FAILS
TO SUPPLY POWER

1-BY-B-1

1EE-BAT I-2HR IEEBAT-CC-ALL IEEBAT-LP-I
1 .00+000 3

	

1 .05E-006 3

	

1.50E-005 2

	

24

BATTERY CHARGER
IC-I FAILS 225 A

BREAKER 12 ON
DC PANEL 1-I FAILS

O-AP-10 LOSS OF
ELECTRICAL POWER

BREAKER
ON MCC

CIL
IMI-4

NO ELECTRIC POKER
480 V MCC IHI-4

1-EP-MC-41 SPURIOUSLY OPENS 1-BY-C-3 TO CLOSE 125 V DC

GEIH512 IEEBKR-S0-H4-CIL IEEBCH-LP-IC-I IEEBKR-FO-I-12 HEP-OAPIO
s

	

3.36E-005

	

24

	

8.40E-005

	

24

	

2.74E-004

V

	

5.27E-003U
PAGE 5

BREAKER 11BATTERY CHARGERNO ELECTRIC POWER BREAKER 02L
.480 V MCC IHi-4 ON MCC 1H1-4 1-I FAILS 225 A ON DC PANEL I-I

i-EP-MC-41 SPURIOUSLY OPENS 1-BY-C-2 SPURIOUSLY OPENS

GE IM512 IEESKR-SO-H4-02L IEEBCH-LP-I IEESKR-SO-I-11

1 2

	

3.36E-0050 24

	

8 40E-0U 24

	

3.36E-0050 24
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N

NO POWER SUPPLIED
TO DC BUS FROM
NORMAL 480 V BUS

GEIH830

NO ELECTRIC POWER
480 V MCC IHI-4

1-EP-MC-41

GEIH512

1 2
PAGE 5

NO POWER SUPPLIED
TO DC BUS 1-II FROM
BATTERY OR 480V BUS

GE IHB21

NO ELECTRIC POWER
480 V MCC IHI-4

1-EP-K-41

GESM512

PAGE 5

BREAKER 02R
ON MCC INS-4

SPURIOUSLY OPENS

IEEBKR-SO-N4-02R

NO ELECTRIC POWER
125 V DC BUS 1-11

1-EP-CB-12B

TFR TO
10 50

GEIH812

HOUSE EVENT - I TO
FAIL DC BUS 1-II

NORMALLY - 0

xHOS-OCBUS-I-II
0 .OOE+000

	

2.00E-004

	

1.21E-0050 24

1
NO POWER SUPPLIED
TO DC BUS FROM

ALTERNATE 480 V BUS

GE 1H832

BREAKER CIL
ON MCC 1HI-4

SPURIOUSLY OPENS

IEEBKR-SO-M4 CIL

NAPS IPE

	

A-332

IH EMERGENCY ELECTRIC POWER
NAPS UNIT 1

	

320MAF .N .10

ANALYST : RST ! CREATION DATE: 04-30-1991

125 V DC BUS I-II
UNSCHEDULED
MAINTENANCE

IEEBUS UM-OC-II

FAILURE OF BATTERY
1-II AT TWO HOURS

BATTERY CHARGER
IC-I FAILS 225 A

1-BY-C-3

IEEBCM-LP-IC I
3 .36E-005

	

24

	

8.40E-DOS

	

24

	

2.74E-004

BATTERY CHARGER
1-II FAILS
1-BY-C-4

IEEBCP-LP-II

BREAKER 12
ON DC PANEL 1-11
SPURIOUSLY OPENS

IEEBKA-SO-II-12
3.36E-00S0 24

	

5 40E-OOS0 24

	

3.36E-00S0 24

125 V DC BUS 1-I1
LOSS OF FUNCTION

1-EP-CB-128

IEEBUS-LU-DC-II

NO POWER SUPPLIED
TO DC BUS FROM
BATTERY i-II

GE I H834

COMMON CAUSE FAULT
BATTERIES FAIL TO

SUPPLY POWER

IEE-BAT II 2HR

	

IEEBAT CC ALL

BREAKER 11 ON
DC PANEL 1-II FAILS
TO CLOSE 125 V DC

IEEBKR-FO-II-11

EIH 8
REVISION 09-15-92

'BATTERY 1-I1 FAILS
TO SUPPLY POWER

1-BY-8-2

IEEBAT LP-II
I .OOEI000

	

3

	

1 .05E-006 3

	

1.50E-005 2

	

24

O-AP-10 LOSS OF
ELECTRICAL POWER

PEP OAPIO
3

	

5.27E-003 3

12-15-92



NAPS IPE A-333 12-15-92

0

	

j

	

i

	

2

	

I

	

3

	

1

	

4

	

1

	

5

0

IH EMERGENCY ELECTRIC POWER
NAPS UNIT I

	

320MAF .N .10 E 1 H 9
ANALYST : AST CREATION DATE : 04-30-1991 REVISION : 09-15-92

NO ELECTRIC POWER
120 V VITAL BUS 1-I

I-EP-CB-4A

I GE1H912

NO POWER SUPPLIED
TO VITAL BUS FROM
AC OR DC BUSES

120 V VITAL BUS 1-I
UNSCHEDULED
MAINTENANCE

120 V VITAL BUS 1-I
LOSS OF FUNCTION

1-EP-CB-4A
2 GEIH921 IEEBUS uM VS-I IEEBUS-LU-VB-I

2 .00E-004

	

1 .21E-0050 24

NO POWER SUPPLIED NO POWER SUPPLIED
TO VITAL BUS FROM TO VITAL BUS FROM

DC BUS AC BUS

3 GEIH930 GEIH972

A
THIS PAGE

4

NO ELECTRIC POWER BREAKER 13 INVERTER 1-I HAND SWITCH FOR BREAKER 35
125 V DC BUS 1-I ON DC BUS 1-I LOSS OF FUNCTION VITAL BUS 1-I ON VITAL BUS 1-I

1-EP-CB-12A SPURIOUSLY OPENS 1-VB-I-1 FAILS 1-VB-BP-SW-1 SPURIOUSLY OPENS

5 GE IH712 IEEBKR-SO-I-13 IEEINV-LU-I SEEMS-0-1 1EEBKR-SO-VBI-35
3,36E-005

	

24

	

6 .14E-0040 24

	

2.66E-005 ()

	

3.36E-005

	

24lam'.//
PAGE 7

6

No POWER SUPPLIED
TO VITAL BUS FROM

AC BUS

7 GE IH972
TFR

39 33

BREAKER '35 HAND SWITCH FORBREAKER CIA FAILURE OF EITHERNO ELECTRIC POWERO-AP-10 LOSS OF
ELECTRICAL POWER 480 V MCC IHI-4 ON NCC 1M1-4 ON VITAL BUS 1-I VITAL BUS 1-I lOKVA PARALLEL

1-EP-MC-41 SPURIOUSLY OPENS SPURIOUSLY OPENS FAILS 1-VB-BP-SW-1 TRANSFORMERS
9 HEP-OAP10 GE 1H512 IEEBKR-SO-Hr-CSR IEESKR-SO-VB1-35 TEEMS--LF-I GEIH985

5 .27E-003

	

25

	

3.36E-005 ~ , l 24

	

3 .36E-005 r , l 24

	

2.66E-00S

PAGE

TRANSFORMER 79A
480/120V IPM FAILS

lOKVA VOLT AEG

TRANSFORMER 79B
480/120V IPH FAILS

1OKVA VOLT PEG
9 IEETFM-LP-79A IEETFM-LP-798

1 .90E-0050 24

	

1.90E-0050 24



0
N

0

I

2

3

4

5

6

7

8

9

o	(	(	2 3 I 4 1 5

5

NO POWER SUPPLIED
TO VITAL BUS FROM

OC BUS

GElHI030

NO ELECTRIC POWER
125 V DC BUS 1-11

1-EP-C8-12B

GEIHBI2

A
1 2.

PAGc B

NAPS IPE

NO POWER SUPPLIED
TO VITAL BUS FROM
AC OR DC BUSES

GEIH1021

BREAKER 14
ON DC BUS 1-II
SPURIOUSLY OPENS

NO ELECTRIC POWER
120V VITAL BUS 1-II

1-EP-CB-48

GEIM1012

INVERTER 1-II
LOSS OF FUNCTION

t-VB-I-2

1H EMERGENCY ELECTRIC POWER
NAPS UNIT I

	

320MAF .N .10

ANALYST : RST ICREATION DATE : 04-30-1991

120V VITAL BUS 1-II
UNSCHEDULED
MAINTENANCE

120V VITAL BUS 1-I1
LOSS OF FUNCTION

1-EP-CB-4B

IEEBUS UM-V8 II	IEEBUS-LU-V8-II

2 .00E-004

	

1.21E-0050 24

NO POWER SUPPLIED
TO VITAL BUS FROM

AC BUS

GElHI072

THIS PAGE

HAND SWITCH FOR
VITAL BUS 1-II

FAILS 1-VB-BP-SW-2

BREAKER 35
ON VITAL BUS 1-II
SPURIOUSLY OPENS

IEEBKR-SO-II-14	IEEINV-LU-II	IEEHS-LF-II	1EEBKR-S0-V62-35

3.36E-005 () 24

	

6.14-004

U

24

	

2.66E-005 j ,

	

3.36E-005 (,1 24

O-AP-lo LOSS OF
ELECTRICAL POWER

.27E-0030

NO ELECTRIC POWER
480 V MCC UMl-4

I-EP-MC-41

PAGE 5

NO POWER SUPPLIED
TO VITAL BUS FROM

AC BUS

GElH1072
TFR TO
!0 33

BREAKER CIR
ON 1CC IHI-4

SPURIOUSLY OPENS

BREAKER 35
ON VITAL US 1-II
SPURIOUSLY OPENS

HEP-OAPIO

	

GE1H512

	

IEEBKR-S0-H4-CIR IEEBKR-SO-VB2-35

	

BEINIO84

	

IEEHS--LF-11

3 .36E-0050 24

	

3.36E-0050 24

	1
FAILURE OF EITHER
lOKVA PARALLEL
TAANSFORMERS

TRANSFORMER 79A

	

TRANSFORMER 79B
48O/120V IPH FAILS

	

4BO/120V 1PH FAILS
IOKVA VOLT REG

	

lOKVA VOLT REG

IEETFM-LP-79A

HAND SWITCH FDA
VITAL BUS 1-II

FAILS 1-VB-BP-SW-2

2.66E-005 V

i .90E-005 () 24

	

t.90E-0050 24

A-334

E IH 10
REVISION : 09-15-92

IEETFM-LP-79B

12-15-92
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NAPS IPE A-335 12-15-92

. 0

	

2

	

3

	

1

	

4

	

(

	

5

O

IH EMERGENCY ELECTRIC POWER
NAPS UNIT I

	

320MAF . N .10 E 1 H 11
ANALYST' RST I CREATION DATE : 04-30-1991 REVISION : 09-15-92

NO ELECTRIC POWER
SEMI VITAL BUS IA
I-EP-CB-16A 120 V

i GEIM1112

1
NO POWER SUPPLIED
TO SEMI VITAL BUS

FROM INI- I

SEMI VITAL BUS IA
UNSCHEDULED
MAINTENANCE

SEMI VITAL BUS IA
LOSS OF FUNCTION
I-EP-C8-16A 120 V

2 GE1H1121 IEEBUS-UM-SVB-IA IEEBUS-LU-SVB-IA
2 .00E-004U

	

1 .21E-005 ~ . ) 24

NO ELECTRIC POWER BREAKER HIP TRANSFORMER 70 BREAKER 26 ON
4B0 V MCC IHI-1 ON MCC 1111-1 SEMI VITAL BUS IA SEMI VITAL BUS IA

1-EP-MC-10 SPURIOUSLY OPENS 480-120/240V tSKVA SPURIOSLY OPENS

3 GEIM612 IEEBKA-SO-MI-MIR IEETFM-LP-70 IEESKR-SO-IA-26

f 2

	

3.36E-005

	

24

	

1 .90E-0050 24

	

3 .36E-005 T , ) 24

PAGE

	

/) 6

4

5

NO ELECTRIC POWER
SEMI VITAL GIST IA
1-EP-08-16A 120 V

6 GEIM1162

"- i
NO POWER SUPPLIED SEMI VITAL 01ST to SEMI VITAL DIST IA
TO SEMI VITAL BUS UNSCHEDULED LOSS OF FUNCTION

FROM 1Ni-4 MAINTENANCE 1-EP-D8-I6A 120 V

7 GEIHII71 IEEBUS-UM-08-IA IEEBUS-LU-0B-1A
2 .00E-0010

	

1 .21E-0050 24

NO ELECTRIC POWER TRANSFORMER 118BREAKER OIL BREAKER 17 ON
480 V MCC 1111-4 ON MCC 1111-4 SEMI VITAL GIST IA SEMI VITAL GIST IA

I-EP-WC-41 SPURIOUSLY OPENS 480-120/240V 15KVA SPURIOUSLY OPENS
9 GEIM512 lEEBKR-SO-H4-OIL IEETFM-LP-116 IEESKR-SO-16A-17

3 .36E-005

	

24A 1.90E-M024 3 .36E-005024

~\ .~./
2

	

VPAGE 5

9



0
N
t
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W

0

i

2

3

4

5

6

7

8

9

NO POWER SUPPLIED
TO SEMI VITAL BUS

FROM ft1-4

NO ELECTRIC POWER
480 V MCC IHI-2

1-EP-MC-41

GEIHI230

GE 1"512

NAPS RE

PAGE 5

NO POWER SUPPLIED
TO SEMI VITAL BUS

FROM IHI-1 OR IJ1-I

SEIH1221

BREAKER DIP
ON MCC IHI-4

SPURIOUSLY OPENS

GESH1212

NO ELECTRIC POWER
SEMI VITAL BUS IC
I-EP-CB-16C 120 V

HAND SWITCH FOR
SEMI VITAL BUS IC
LOSS OF FUNCTION

IEEBKR-S0-H4-OlR	TEEMS--LF-IC
3 .36E-0050 24

	

2.66E-005

I

A-336

3

IH EMERGENCY ELECTRIC POWER
NAPS UNIT I

	

320MAF .N .I0

ANALYST : PST (CREATION DATE: 04-30-1991 i

SEMI VITAL BUS IC
UNSCHEDULED
MAINTENANCE

IEEBUS-UM-SVB-IC

	

IEEBUS-LU-SVB-IC
2 .00E-004

U

	

1.21E-0050 24

NO POWER SUPPLIED
TO SEMI VITAL BUS

FROM IJf-1

GE1H1272

THIS PAGE

TRANSFORMER 93
SEMI VITAL BUS IC
480/120-240V 10KVA

IEETFM-LP-93
1 .90E-0050 24

I 4

SEMI VITAL BUS IC
LOSS OF FUNCTION
I-EP-CB-16C 120 V

BREAKER 26 ON
SEMI VITAL BUS IC
SPURIOUSLY OPENS

IEEBKR-SO-IC-26
3.36E-0080 24

1

	

5

EIH 12
REVISION 09-15-92

O-AP-1O LOSS OF
ELECTRICAL POWER

NO ELECRIC POSER
480 V MCC 1JI-1

1-EP-NC-11

HEP-0010

	

GEIJ512

NO POWER SUPPLIED
TO SEMI VITAL BUS

FROM 1J1-1

GEIM1272
TFR TO
12 33

BREAKER F3R
ON MCC UJ1-I

SPURIOUSLY OPENS

IEETFN-LP-93

	

IEEBKR-SO-IC-26
5 .27E-003

	

EIJ00 3 .36E-005

V

24

	

2.66E-005

V

	

1.90E-0050 24

	

3.36E-0050

	

24

IEEBKR-S0-JI-F3R

HAND SWITCH FOR
SEMI VITAL BUS IC
LOSS OF FUNCTION

IEEHS--LF-IC

TRANSFORMER 93
SEMI VITAL BUS IC

480/120-240V 10KVA

BREAKER 26 ON
SEMI VITAL BUS IC
SPURIOUSLY OPENS

12-15-92



NAPS IPE A-337 12-15-92

0

	

J

	

1

	

J

	

2

	

3

	

J

	

A

	

5

IH EMERGENCY ELECTRIC POWER

0
NAPS UNIT I

	

320MAF .N.10 E I H 1 3
ANALYST : RST JCREATION DATE' 04-30-1991 REVISION : 09-15-92

NO ELECTRIC POWER
480 V MCC 1H1-2N

I-EP-MC-19

i GEIM1312

-' i
NO POWER SUPPLIED 480 V MCC 1H1-2N 480 V MCC 1H1-2N
FROM 480 V BUS IN UNSCHEDULED LOSS OF FUNCTION

MAINTENANCE 1-EP-MC-19

2 GEIM1321 IEEBUS-UN1-fH1-2N IEEBUS-LU-IHI-2N

2 .OOE-004

	

1.21E-005

	

24

BREAKER 14H3NO ELECTRIC POWER
480 V BUS IN SPURIOUSLY OPENS

1-EE-SS-1 480 V

3 GEIH312 IEEBKA-S0-14H3

3 .36E-005

	

24

1 22

()

PAGE 3

A

5

6

7

8

9



I
0
N
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W
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I

2

3

4

5

6

7

8

9

I 3 I 4 I 5

NO ELECTRIC POWER

	

BREAKER i4H1-7
480 v BUS i81

	

SPURIOUSLY OPENS
i-EE-SS-3

	

480 v

GEIH412

	

IEEBKP-SO-14H1-7	.
336E-009 V

f 2
PAGE 4

NO ELECTRIC POWER
480 V MCC IHI-2S

I-EP-44C-20

GEIM1412

	1
NO POWER SUPPLIED
FROM 480 V BUS IH1

480 V MCC IHI-2S
UNSCHEDULED
MAINTENANCE

480 V MCC 1H1-2S
LOSS OF FUNCTION

1-EP-NC-20

SElH1421

	

1EEBUS-UN-1HI-2S

	

IEEBUS-LU-IHI-2S

1 .00E-0050

	

1 .21E-005 0 24

NAPS IPE

24

A-338 12-15-92

IM EMERGENCY ELECTRIC POWER
NAPS UNIT I

	

320MAF .N.10 E 1 H 1 4
ANALYST : RST I CREATION DATE : 04-30-1991 REVISION : 09-15-92



NAPS IPE A-339 12-15-92

0

	

j

	

1

	

2

	

3

	

(

	

4

	

1

	

5

IH EMERGENCY ELECTRIC POWER
NAPS UNIT I

	

320MAF .N .10 E 1 H 1 5
ANALYST : RST I CREATION DATE. 04-30-1991 REVISION : 09-15-92

NO ELECTRIC POWER
480 V MCC 1141-3

I-EP-*C-32

1 SEIM1512
TFR TO
15 80

NO POWER SUPPLIED
FROM 480 V BUS 114

480 V MCC 1141-3
UNSCHEDULED
MAINTENANCE

480 V MCC 1141-3
LOSS OF FUNCTION

1-EP-MC-32

2 GE IH1521 IEEBUS-IM-INS-3 IEEBUS-LU-IHI-3

2.00E-004r , )

	

1 .21E-0050 24

BREAKER 14145NO ELECTRIC POWER
480 V BUS 114 SPURIOUSLY OPENS
1-EE-SS-1 480 V

3 GEIM312 IEEBKR-SO-14H5

1 2

	

3.36E-005U 24

4

PAGE 3

5

i

• NO ELECTRIC POWER
480 V MCC IHI-3A

1-EP-MC-50

6 GE1H1562

t
NO POWER SUPPLIED
TO THIS MCC FROM
480 V MCC 1141-3

480 V MCC 1141-3A
UNSCHEDULED
MAINTENANCE

480 V MCC 1141-3A
LOSS OF FUNCTION

1-EP-MC-50
7 SEIM1571 1EEBUS-UM-1141-3A IEEBUS-LU-1H1-3A

2 .00E-004 r , )

	

1 .21E-0050 24

BREAKER A3NO ELECTRIC POWER
480 V MCC 1141-3 ON MCC 1141-3

1-EP-MC-32 SPURIOUSLY OPENS
8 GEIH1512 IEEBKR-S0-H3-A3

.1 2

	

3.36E-0050 24

9

THIS PAGE



0

I

2

3

4

5

6

7

8

9

I 3 I 4 I 5

ED600

THIS PAGE

I

NO ELECTRIC POWER
4160 V BUS 1J

1-EE-SW-2

TFR TO
2 30
3 30
4 30

GEIJII2

NO ELECTRIC POWER

	

BREAKER 1503

	

BREAKER 15J11
4160 V TRANSFER

	

SPURIOUSLY OPENS

	

SPURIOUSLY OPENS
BUS 1D

	

4160 V

	

4160 V

GESY512	IEPOKR-SO-1503	IEEBKR-SO-15J1I

® ESY00 3.36E-0050 24

	

3.36E-005

U

24

NO ELECTRIC POWER
4160 V BUS 28

2-EP-SW-2

BREAKER 25810
FAILS OPEN, WILL
NOT CLOSE 4160 V

ALTERNATE SOURCE
FROM( STATION
SERVICE BUS 28

GEIJ152
TFR TO
1 32

BREAKER 15J1
FAILS OPEN. WILL
NOT CLOSE 4160 V

O-AP-10 LOSS OF
ELECTRICAL POWER

GEP2212	2EPSKR-FO-25810	1EESKR-FO-15J1	HEP-0010

EP200 2 .74E-0040

	

2 .74E-004

U

	

5.27E-003046

IJ EMERGENCY ELECTRIC POWER
NAPS UNIT I

	

320MAF .N.10

ANALYST : RST I CREATION DATE : 05-24-1991

NO POWER SUPPLIED

	

HOUSE EVENT - I TO

	

4160 V BUS 1J

	

4160 V BUS 1J
TO BUS IJ FROM FAIL 4160 V BUS IJ UNSCHEDULED LOSS OF FUNCTION
OFFSITE OR E06

	

NORMALLY - 0

	

MAINTENANCE

	

1-EE-SW-2

GEIJ121

	

XHOS-IJ-FAILS

	

IEEBUS-LM-IJ

	

IEEBUS-LU-IJ

0 .00E+000 3

	

1.00E-005

	

1.21E-0050 24

I
EMERGENCY DIESEL

	

NORMAL FEED FROM

	

ALTERNATE SOURCE

	

ALTERNATE AC DIESEL
GENERATOR IJ

	

TRANSFER BUS ID

	

FROM STATION

	

THROUGH BUS 10
FAILS / UNAVAILABLE

	

SERVICE BUS 28

GEDG212

	

GEIJ131

	

GEIJ152

	

GEIJ13A

EIJ I
REVISION ' 09-15-1992

NO ELECTRIC POWER

	

HOUSE EVENT - 0 FOR
TO BUS IJ FROM

	

ALTERNATE AC DIESEL
ALTERNATE AC DIESEL

	

TO SUPPLY POWER

GESY1552	XHOS-ELE-IJ-AACA ESY00 i .00E*000U

NAPS IPE A-340 12-15-92



NAPS IPE A-341 12-15-92

0 1

	

2

	

~

	

3

	

I

	

4

	

j

	

5

iJ EMERGENCY ELECTRIC POWER
NAPS UNIT I

	

320MAF .N .10 E 1 J 2
ANALYST : RST I CREATION DATE : 05-24-1991 REVISION : 09-15-1992

NO ELECTRIC POWER
4160 V STUB BUS 1J

f-EE-SW-2

1 GE 1J212

1
NO POWER SUPPLIED
TO STUB BUS 1J FROM

4160V BUS 1J

4160 V STUB BUS IJ
UNSCHEDULED
MAINTENANCE

4160 V STUB BUS IJ
LOSS OF FUNCTION

f-EE-SW-2

2 GEiJ22i lEEBUS-UM-IJSTUB lEEBUS-LU-IJSTUB

1 .00E-005

U

	

1.21E-005

V

24

NO ELECTRIC POWER
4160 V BUS IJ

1-EE-SW-2

BREAKER 15J12
SPURIOUSLY OPENS

4160 V

3 GEIJI12 IEPBKR-S0-15J12

3 .36E-05 24
A12

4

PAGE 1

5

6

7

8

9



0

I

2

3

4

5

6

7

8

9

I 3 I 4 1 5

NO ELECTRIC POWER
4160 V BUS 1J

1-EE-SW-2

BREAKER 15J8
SPURIOUSLY OPENS

4160 V

NO ELECTRIC POWER
480 V BUS iJ
i-EE-SS-2

GE IJ312
TFR TO
5 30
11 30
12 30

I
NO POWER SUPPLIED
TO THIS BUS FROM
4160 V BUS 1J

480 V BUS IJ

	

480 V BUS 1J
UNSCHEDULED

	

LOSS OF FUNCTION
MAINTENANCE

	

1-EE-SS-2

GEIJ321

	

IEEBUS-UN-IJ-480 IEEBUS-LU-IJ-480

TRANSFORMER 1J
4160/480 V FAILS

1-EE-ST-1J

1 .00E-005 f e \

	

1 .21E-005

V

24

BREAKER 14J1
SPURIOUSLY OPENS

480 V

480 V BUS 141
LOSS OF FU14rT ION

1-EE-SS-4

GEIJ112	 ,SEESKR-SO-15JB	IEETFM-LP-IJ	IEESKR-S0-14JI	IEEBUS-LU-IJI
3 .36E-005 0

	

24

	

1.90E-005 j , l 24

	

3.36E-0050 24

	

1 .21E-00S r ,
S

	

~~~/

	

\

~

'

~

J

	

~~~

./
12

24

PAGE 1

NAPS IPE A-342 12-15-92

IJ EMERGENCY ELECTRIC POWER
NAPS UNIT 1

	

320MAF .N .10 E 1 J 3
ANALYST : RST I CREATION DATE : 05-24-1991 _ REVISION : 09-15-1992



NAPS RE A-343 12-15-92

0 2

	

1

	

3

	

1

	

4

	

I

	

5

0

iJ EMERGENCY ELECTRIC POWER
NAPS UNIT 1

	

32OMAF .N .10 E 1 J 4
ANALYST : RST I CREATION DATE: 05-24-1991 REVISION : 09-15-1992

NO ELECTRIC POWER
480 V BUS 141

1

f-EE-SS-4

GE IJ412

2

NO POWER SUPPLIED
10 THIS BUS FROM

480 V BUS 1J1
UNSCHEDULED
MAINTENANCE

480 V BUS 1J1
LOSS OF FUNCTION

1-EE-SS-44160 V BUS 1J

GE IJ421 IEEBUS-UM-IJI IEEBUS-LU-IJI

3

1 .00E-0050

	

1 .21E-0050 24

TRANSFORMER IJI
4160/480 V FAILS

f-EE-ST-IJI

BREAKER 14J1-1
SPURIOUSLY OPENS

480 V

480 V BUS 1J
LOSS OF FUNCTION

1-EE-SS-2

BREAKER 15J8
SPURIOUSLY OPENS

NO ELECTRIC POWER
4160 V BUS IJ

1-EE-SW-2 4160 V

IEESKP-SO-15JB IEETFM-LP-IJI IEESKA-SO-14J1-1 SEEBUS-LU-IJ-4B0GEIJ112

AA
PAGE 1

3 .36E-005 l . ) 24

	

1 .90E-005

U

24

	

3.36E-005U 24

	

1.21E-005 ~w l 24
~~' /)

4

5

6

s

7

B
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I 3 1 4 I 5

NO ELECTRIC POWER

	

BREAKER 14J4
460 V BUS 1J

	

SPURIOUSLY OPENS
1-EE-SS-2

	

480 V

NO ELECTRIC POWER
480 V MCC 1J1-1

1-EP-MC-11

GE IJ512

GEIJ312	 I IEEBKR-S0-14J4

3.36E-005

(,)

,
12

PAGE 3

24

1 .00E-005 lj

	

1 .21E-005 4

	

24

NAPS IPE A-344
I

12-15-92

iJ EMERGENCY ELECTRIC POWER E 1 J 5NAPS UNIT I

	

320MAF .N .10

ANALYST : RST I CREATION DATE: 05-24-1991 REVISION : 09-15-1992

TFR TO 7 60 10 80
8 81 7 51
6 60 9 81
6 51 10 30

I
NO POWER SUPPLIED 480 V MCC IJI-I 4B0 V MCC 1JI-1
TO THIS ICC FROM

480 V BUS 1J
UNSCHEDULED
MAINTENANCE

LOSS OF FUNCTION
1-EP-MC-11

GE IJ521 1EEBUS-UN-IJI-1 IEEBUS-LU-1Ji-1



NAPS RE A-345 12-15-92

0

	

3

	

j

	

4

	

[

	

5

0

IJ EMERGENCY ELECTRIC POWER
NAPS UNIT I

	

320MAF . N . IO E 1 J 6
ANALYST : RST ( CREATION DATE : 05-24-1991 REVISION 09-15-1992

NO ELECTRIC POWER
125 V DC BUS 1-III

1-EP-CB-12C

1 GEIJ612
TFR TO
8 50

HOUSE EVENT • I TO
FAIL DC BUS 1-III

NORMALLY - 0

125 V DC BUS 1-III
UNSCHEDULED
MAINTENANCE

NO POWER SUPPLIED
TO DC BUS III FROM
BATTERY OR 480V BUS

125 V DC BUS 1-III
LOSS OF FUNCTION

I-EP-CB-12C

2 GEIJ621 XHOS-DCBUS-1-III iEEBUS-UM-DC-III IEEBUS-LU-DC-III
0 .00E+000

	

2.00E-004

	

1.21E-005 () 24

NO POWER SUPPLIED NO POWER SUPPLIEDNO POWER SUPPLIED
TO DC BUS FROM TO DC BUS FROM TO DC BUS FROM
NORMAL 480 V BUS ALTERNATE 480 V BUS BATTERY 1-III

3 GEIJS30 GE IJ632 GEIJ634

FAILURE OF BATTERY
1-III AT TWO HOURS

COMMON CAUSE FAULT
BATTERIES FAIL TO

SUPPLY POWER

BATTERY 1-III FAILS
TO SUPPLY POWER

1-BY-8-3

4 IEE-BAT III-2HR IEEBAT CC-ALL IEEBAT-LP-III
1 .00E •000 3

	

1.05E-006 3

	

1 .50E-0050 24

BREAKER 10
ON DC PANEL I-III
FAILS TO CLOSE

O-AP-10 LOSS OF
ELECTRICAL POWER

BREAKER
ON MCC

SPURIOUSLY

CIL
1J1-1
OPENS

BATTERY CHARGER
IC-II FAILS 225A

1-BY-C-6

NO ELECTRIC POWER
480 V MCC IJI-1

1-EP-WC-11
5 GEIJ512 IEEBKR-SO-Ji-CIL IEEBCH-LP IC II IEEBKR FO-III-10, NEP OAP10

- z

	

3 .96E-005

	

24

	

8.40E-005

	

24

	

2.74E-004

	

5.27E-003 3
(
~

'
.J

)U

	

()
PAGE 5

BATTERY CHARGER BREAKER 11BREAKER BILNO ELECTRIC POWER
480 V "CC IJI-1 ON MCC IJI-1 1-III FAILS 225A ON DC PANEL 1-III

i-EP-MC-11 SPURIOUSLY OPENS 1-BY-C-S SPURIOUSLY OPENS

6 GE IJ512 IEEBKR-S0-JI-BIL IEESCH-LP-III IEESKR-SO-III-11
3 .36E-005

	

24

	

8.40E-005

	

24

	

3.36E-005

	

24
1 2

0 0 ,
PAGE 5

7

B

9



0
N
t

J

W

0

I

2

3

4

5

6

7

B

9

NO POWER SUPPLIED
TO OC BUS FROM

NOF04A L 480 V BUS
GE , 730

NAPS IPE

CJ

NO ELECTRIC POWER
4BQ V MCC 1J1-1

1-EP-MC-11

GEIJ512

1 2
PAGE 5

NO POWER SUPPLIED
TO DC BUS I-IV FROM
BATTERY OR 480V BUS

GEIJ721

NO ELECTRIC POWER
480 V MCC IJI-1

1-EP-NC-11

GEIJ512

PAGE 5

BREAKER BIR
ON MCC 1J1-1

SPURIOUSLY OPENS

IEEBKR-SO-J1-BIR
3 .36E-005 l .) 24

NO ELECTRIC POWER
125 V DC BUS i-IV

1-EP-CB-120

TFR TO
9 50

GEIJ712

HOUSE EVENT - I TO
FAIL DC BUS 1-IV

NORMALLY - 0

XMOS-OCBUS-I-IV

3

125 V DC BUS I-IV
UNSCHEDULED
MAINTENANCE

lEEBUS-UM-DC-IV

[ 4

125 V DC BUS I-IV
LOSS OF FUNCTION

1-EP-CS-12D

lEEBUS-LU-DC-IV
0 .00E .000

	

3

	

2.00E-004 3

	

1.21E-005

	

24

NO POWER SUPPLIED
TO DC BUS FROM

ALTERNATE 480 V BUS

GE1J732

BREAKER CIL
ON MCC IJI-I

SPURIOUSLY OPENS

BATTERY CHARGER
I-IV FAILS
1-BY-C-7

FAILURE OF BATTERY
1-IV AT TWO HOURS

BATTERY CHARGER
IC-II FAILS 225A

I-BY-C-6

BREAKER 9
ON DC PANEL 1-IV
SPURIOUSLY OPENS

IEEBCM-LP-IV	IEEBKR-SO-IV-9
B . 40E-006

	

24

	

3.36E-005U 24

NO POWER SUPPLIED
TO DC BUS FROM
BATTERY I-IV

GEIJ734

COMMON CAUSE FAULT
BATTERIES FAIL TO

SUPPLY POWER

i

BATTERY 1-IV FAILS
TO SUPPLY POWER

1-SY-8-4

lEE-BATIV-2HA	IEEBATCC-ALL	IEEBAT-LP-IV
1 .001.000

	

3

	

1.05E-006

	

3

	

1.50E-005

	

,

	

21

BREAKER B
ON DC PANEL 1-IV
FAILS TO CLOSE

O-AP-10 LOSS OF
ELECTRICAL POWER

IEEBKR-SO-Ji-CIL

	

IEEBCM-LP-IC II

	

IEEBKR-F0 IV B

	

MEP OAP10
3 .36E-005 4

	

24

	

8.40E-006

	

24

	

2.74E-004 3

	

5.27E-003

A-346

	

12-15-92

IJ EMERGENCY ELECTRIC POWER E 1 J 7NAPS UNIT I

	

320MAF .N .IO

ANALYST : RST I CREATION DATE : 05-24-1991 REVISION 09-15-1992
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NAPS IPE A-347 12-15-92

0

	

1

	

1

	

2

	

1

	

3

	

1

	

4

	

1

	

5

1J EMERGENCY ELECTRIC POWER
NAPS UNIT I

	

320MAF .N .10 E 1 J 8
O

ANALYST . RST I CREATION DATE : 05-24-1991 REVISION : 09-15-1992

1

NO ELECTRIC POWER
120 V VITAL BUS III

1-EP-CB-4C

GEIJ812

NNO POWER SUPPLIED
TO VITAL BUS FROM
AC OR DC BUSES

120 V VITAL BUS III
UNSCHEDULED
MAINTENANCE

120 V VITAL BUS III
LOSS OF FUNCTION

1-EP-CB-4C

2 GElJ821 IEEBUS-UM-VB-III IEEBUS-LU-VB-III
2 .00E-004 3

	

1 .21E-005 ( , ) 24

~

1
NO POWER SUPPLIED
TO VITAL BUS FROM

OC BUS

NO POWER SUPPLIED
TO VITAL BUS FROM

AC BUS

3 GE1J830 GE1J872

4

THIS PAGE

NO ELECTRIC
125 V DC

POWER
BUS 1-III

INVERTER 1-III
LOSS OF FUNCTION

BREAKER 12
ON DC BUS 1-III

HAND SWITCH FOR
VITAL BUS 1-III

BREAKER 35
ON VITAL BUS 1-III

i-EP-CB-12C SPURIOUSLY OPENS 1-VB-I-3 FAILS 1-VB-BP-SW-3 SPURIOUSLY OPENS

5 GEIJG12 3EEBKR-S0-VB3-12 IEEINV-LU-III 1EEMS--LF-11I lEEBKR-SO-VB3-35

A `

	

3 .36E-005 (, ) 24

	

6.14E-004 0

	

24

	

2.66E-005 (, )

	

3 .36E-005

	

24

VPAGE 5

6

ND POWER SUPPLIED
TO VITAL BUS FROM

AC BUS
7 GE IJ872

TFR TO
6 33

O-AP-10 LOSS OF NO ELECTRIC POWER BREAKER EIR TRANSFORMER 90 HAND SWITCH FOR BREAKER 35
ELECTRICAL POWER 490 V MCC 1J1-1 ON MCC 1J1-1 460/120V IPH FAILS VITAL BUS 1-III ON VITAL BUS 1-III

1-EP-WC-11 SPURIOUSLY OPENS 15KVA VOLT REGULATE FAILS 1-VB-BP-SW-3 SPURIOUSLY OPENS
9 F€P-0010 6E1J5i2 IEEBKR-SO-JI-EIR IEETFM-LP-BO TEEMS--LF-III IEEBKR-SO-V63-35

5 .27E-003

	

A

	

3 36E-0050 24

	

1 .90E-0050 l 24 ` 2 .66E-005

	

3.36E-0050 24

9

~~.J
/

	

VPAGE 5
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0 1	 1	2 l 3 1 4 5

5 .27E-003

I
NO POWER SUPPLIED
TO VITAL BUS FROM

DC BUS

GE IJ930

A
PAGE 7

NO POWER SUPPLIED
TO VITAL BUS FROM
AC OR DC BUSES

GE 1J921

BREAKER 11
ON DC BUS 1-IV

SPURIOUSLY OPENS

1EEBKR-SO-IV-11

NO ELECTRIC POWER
120V VITAL BUS 1-IV

1-EP-CB-4D

GEIJ912

IJ EMERGENCY ELECTRIC POWER
NAPS UNIT I

	

320MAF .N.10

120V VITAL BUS 1-IV
UNSCHEDULED
MAINTENANCE

lEEBUS-IM-VB-IV
2 .00E-MU

NO POWER SUPPLIED
TO VITAL BUS FROM

AC BUS

GE1J972

THIS PAGE

INVERTER 1-IV

	

HAND SWITCH FOR
LOSS OF FUNCTION

	

VITAL BUS 1-IV
1-VB-I-4

	

FAILS 1-VB-BP-SW-4

IEEINV-LU-IV	IEEHS--LF-IV
3 .36E-005 () 24

	

6 .14E-004 4 24

	

2.66E-005U

PAGE 5

120V VITAL BUS 1-IV
LOSS OF FUNCTION

1-EP-CB-40

lEEBUS-LU-V6-IV
1 .21E-005

U

24

BREAKER 35
ON VITAL BUS 1-IV
SPURIOUSLY OPENS

1EEBKR-SO-04-35
336E-005

V

24

2 .66E-DOS

E1J 9
ANALYST : RST ' CREATION DATE . 05-24-1991 ,REVISION : 09-15-1992

O-AP-10 LOSS OF
ELECTRICAL POWER

NO POWER SUPPLIED
TO VITAL BUS FROM

AC BUS

GEIJ972
TFR TO

HAND SWITCH FOR
VITAL BUS 1-IV

FAILS 1-VB-BP-SW-4

IEEHS--LF-IV

CU

BREAKER 35
ON VITAL BUS 1-IV
SPURIOUSLY OPENS .

lEEBKR-S0-VB4-35

ev3 .35E-005 24

NAPS IPE A-348 12-15-92

9 33

NO ELECTRIC POWER BREAKER EIR TRANSFORMER BO
480 V MCC 1J1-1 ON MCC IJI-1 480/120V MPH FAILS

1-EP-W-11 SPURIOUSLY OPENS 15KVA VOLT REGULATE

GEIJ512 IEESKR-SO-JI-EIR 1EETFM-LP-BO
3 .36E-DOS / a l 24

	

1.80E-005 0

	

24
f 22



NAPS IPE A-349 12-15-92
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4

	

1

	

5

0

IJ EMERGENCY ELECTRIC POWER
NAPS UNIT I

	

320MAF .N .to E 1 J 1 0
ANALYST : PST 1 CREATION DATE : 05-24-1991 REVISION : 09-15-1992

NO ELECTRIC POWER
SEMI VITAL BUS 1B
1-EP-CB-168 120 v

I GEIJ1012

NO POWER SUPPLIED
TO SEMI VITAL BUS

FROM 1)1-1

SEMI VITAL BUS 16
UNSCHEDULED
MAINTENANCE

SEMI VITAL BUS 10
LOSS OF FUNCTION
1-EP-CS-168 120 v

2 GEIJ1021 IEEBUS-UM-SVB-IS 1EEBUS-LU-SVB-1B'

2 .00E-0040 )

	

1 .21E-005

U

24

BREAKER EIL TRANSFORMER 71 BREAKER 25 ONNO ELECTRIC POWER
480 V MCC IJI-1 ON MCC 1JI-1 SEMI VITAL BUS 18 SEMI VITAL BUS 18

1-EP-MC-11 SPURIOUSLY OPENS 480-120/240V 15KVA SPURIOUSLY OPENS
3 GEIJ512 IEEBKA-SO-ii-EIL IEETFM-LP-71 IEESKA-SO-18-25

3 .36E-005

	

24

	

190E-005

	

24

	

3 .36E-005

	

24
f 22 U 0PAGE 5

4

5

NO ELECTRIC POWER
SEMI VITAL DIST 16
1-EP-DO-168 120 V

6 GE IJ1062

1
NO POWER SUPPLIED SEMI VITAL DIST 16 SEMI VITAL DIST 1B
TO SEMI VITAL DIST UNSCHEDULED LOSS OF FUNCTION

FROM lit-1 MAINTENANCE 1-EP-08-168 120 v

GEIJ1071 IEEBUS-UM-09-IB IEEBUS-LU-De-iB
2 .00E-004

v

	

2.21E-005

U

24

NO ELECTRIC POWER BREAKER F3L TRANSFORMER 119 BREAKER 17 ON
480 V MCC IJI-1 ON MCC 1JI-1 SEMI VITAL 01ST 1B SEMI VITAL DIST IS

1-EP-NC-12 SPURIOUSLY OPENS 480-120/240V 15KVA SPURIOUSLY OPENS
8 GEIJ512 1EEBKA-SO-JI-F3L IEETFM-LP-119 IEEBKR-S0-168-17

3 .36E-005

	

24

	

1.90E-005

	

.

	

24

	

3.36E-005

	

24A2

	

/)

0

	

( )

	

0~~/)

	

~
•

PAGE 5
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NO ELECTRIC POWER

	

BREAKER 14J5
480 V BUS IJ

	

SPURIOUSLY OPENS
1-EE-SS-2

GE1J312

	

IEE&CR-SO-14J5

3 .36E-005 , l

PAGE 3

z

NO ELECTRIC POWER
480V MCC IJ1-2N 92S

i-EP-MC-21 & 22

GEIJII12

I
NO POWER SUPPLIED
TO THIS MCC FROM

480V BUS 1J

480V 14CC iJi-2N CPS
UNSCHEDULED
MAINTENANCE

480V MCC IJI-2N G2S
LOSS OF FUNCTION
1-EP-CB-21 S 22

GEIJI121

	

IEEBUS-UM-iJI-2

	

SEEBUS-LU-IJi-2

1.00E-00S0

	

1 .21E-005

U

24

11

24

NAPS IPE A-350 12-15-92

IJ EMERGENCY ELECTRIC POWER E 1 J 1 1NAPS UNIT 1

	

320MAF .N .IO
ANALYST : RST I CREATION DATE: 05-24-1991 REVISION : 09-15-1992
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5

0

IJ EMERGENCY ELECTRIC POWER
NAPS UNIT I

	

320MAF .N .I0 E 1 J 1 2
ANALYST : AST I CREATION DATE - 05-24-1991 REVISION : 09- 15- 1992

i

NO ELECTRIC POWER
480 V MCC 1J1-3

1-EP-*C-33

GEIJ1212
TFR TO
12 80

NO POWER SUPPLIED
TO THIS MCC FROM

480 V BUS 1J

480 V MCC 1J1-3
UNSCHEDULED
MAINTENANCE

480 v MCC 1J1-3
LOSS OF FUNCTION

1-EP-MC-33

GEIJ1221 1EEBUS-um-IJI-3 IEEBUS-LU-IJI-3
2.00E-004

V

	

1 .21E-005 () 24

BREAKER 14J6NO ELECTRIC POWER
480 V BUS 1J SPURIOUSLY OPENS
1-EE-SS-2 480 V

3 GE 1J312 IEESKR-SO-14J6
3 .36E-005 (,) 24

1 22

4

PAGE 3

5

'

	

+ NO ELECTRIC POWER
480 V MCC IJI-3A

1-EP-*C-51
6 GEIJ1262

480 V MCC IJI-3A
LOSS OF FUNCTION

1-EP-MC-51

480 V MCC Iii-3A
UNSCHEDULED
MAINTENANCE

7 IEEBUS-UM-IJI 3A IEEBUS-LU-IJI-3A
2 .00E-004

	

1 .21E-0050 24

NO ELECTRIC POWER
480 V MCC IJ1-3

1-EP-MC-33
8 GEIJ1212

1 2

	

3 .36E-005O 24

9

THIS PAGE
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I 3 1 4 5

EMERGENCY DIESEL
GENERATOR 2H

FAILS / UNAVAILABLE

NAPS IPE

GEOG312

NO ELECTRIC POWER
4160 V TRANSFER

BUS IE . 1-EP-SW-B

GESY612

	I
NO POWER SUPPLIED
TO BUS 2H FROM
OFFSITE OR ED6

GE2H121

NORMAL FEED FROM
TRNASFER BUS 1E

GE2H131

BREAKER 15E3
SPURIOUSLY OPENS

4160 V

IEPBKR-SO-15E3
® ESY00 3.36E-005 ~ 24

NO ELECTRIC POWER
4160 V BUS 2H

2-EE-SW-1

TFR TO
2 30
3 30
4 30

GUM 112

HOUSE EVENT - I TO
FAIL 4160 V BUS 2H

NORMALLY • 0

XHOS-2H-FAILS

4150 V BUS 2H
UNSCHEDULED
MAINTENANCE

2EEBUS-UM-2M
0 .00E+000

	

2.00E-004

	

3

	

1 .21E-005 4

	

24

BREAKER 25H11
SPURIOUSLY OPENS

4160 V

2EESKR-SO-25H1I

CROSS TIE 2H BUS
TO 2J

GE2H173

73
THIS PAGE

NO ELECTRIC POWER

	

HOUSE EVENT • 0 FOR
TO BUS 2H FROM

	

ALTERNATE AC DIESEL
ALTERNATE AC DIESEL

	

TO SUPPLY POWER

GESY1582	XHOS-ELE-2H-AAC
3 .36E-005 ~ 24

	

® ESYOO 1 .00E+000

HOUSE EVENT • 0 TO
CROSS TIE 2M AND 2J

NORMALLY • 1

ND ELECTRIC POWER
4160 V BUS 2J
2-EE-SW-2

CROSS TIE 2H BUS
TO 2J

GE2H173
TFR TO
1 33

BREAKER 25H1
FAILS OPEN. WILL
NOT CLOSE 4160 V

O-AP-10 LOSS OF
ELECTRICAL POWER

HEP-OAPIO

CU
XHOS-ELE-2H-2J

	

GE2JII2

	

2EESKR-FO-2511
1 .00E+000

V

	

® E2J00 2.74E-004 V

A-352

2H EMERGENCY ELECTRIC POWER
NAPS UNIT 2

	

320MAF .N.10

ANALYST : P5T CREATION DATE : 05-27-1991 -

4160 V BUS 2M
LOSS OF FUNCTION

2-EE-SN-1

5 .27E-003

2EEBUS-LU-2M

	1
ALTERNATE AC DIESEL

THROUGH BUS 1E

GE2H134

E2H I
REVISION 09-15-1992

12-15-92



I
0
N
t

J

W

NAPS IPE A-353 12-15-92
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1

	

5

2H EMERGENCY ELECTRIC POWER
NAPS UNIT 2

	

32OMAF .N.10 E 2 H 2
ANALYST : RST I CREATION DATE : 05-27-1991 REVISION : 09-15-1992

NO ELECTRIC POWER
4160 V STUB BUS 2H

2-EE-SW-1

1 GE2H212

NO POWER SUPPLIED 4160 V STUB BUS 2M 4160 V STUB BUS 2H
TO STUB BUS 2H FROM UNS0EDULED LOSS OF FUNCTION

4160 V BUS 2H MAINTENANCE 2-EE-SW-1

2 GE2H221 2EEBUS-UN-2HSTUB 2EE8US-LU-2HSTU8

2 .00E-004 ! )

	

1.21E-005

V

24

BREAKER 25H12NO ELECTRIC POWER
4160 V BUS 2H SPURIOUSLY OPENS

2-EE-SW-1 4160 V

3 GE2H112 2EEBKR-S0-25H12

3.36E-005

	

24
f 2
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9

NO ELECTRIC POWER
4160 V BUS 2H

2-EE-SW-1

I
NO POWER SUPPLIED
TO THIS BUS FROM
4160 V BUS 2H

GE2H321

	

2EEBUS-UM-2H-480 2EEBUS-LU-2M-480

BREAKER 25H8
SPURIOUSLY OPENS

4160 V

NO ELECTRIC POWER
480 V BUS 2H
2-EE-SS-1

GE2H312
TFR TO

	

11 BO
5 30
12 30
13 30

TRANSFORMER 2H
4160/480 V FAILS

2-EE-ST-2H

480 V BUS 2H
UNSCHEDULED
MAINTENANCE

480 V BUS 2H
LOSS OF FUNCTION

2-EE-SS-1

2 .00E-0040

	

1 .21E-005 () 24

BREAKER 24H1
SPURIOUSLY OPENS

480 V

I
480 V BUS 2H1

LOSS OF FUNCTION
2-EE-SS-3

GE2H112	 12EESKA-SO-25H8	2EETFM-LP-2H	2EESKA-SO-24H1	2EEBUS-LU-2H1

1 2?

	

3.36E-0050 24

	

1 .90E-0050 24

	

3.36E-005

	

, 24

	

1.21E-0050
PAGE 1

24

s

2H EMERGENCY ELECTRIC POWER
NAPS UNIT 2

	

320MAF .N .10

ANALYST : RST I CREATION DATE : 05-27-1991 _

E2H 3
REVISION 09-15-1992

NAPS RE A-354 12-15-92
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2H EMERGENCY ELECTRIC POWER
NAPS UNIT 2

	

320MAF . N .10 E 2 H 4
ANALYST : RST I CREATION DATE : 05-27-1991 REVISION : 09-15-1992

1

NO ELECTRIC POWER
480 V BUS 2111

1-EE-SS-3

GE2H412
TFR TO
11 30

NO POWER SUPPLIED 4B0 V BUS 2111 480 V BUS 2111
TO THIS BUS FROM UNSCHEDULED LOSS OF FUNCTION
4160 V BUS 2H MAINTENANCE 2-EE-SS-3

2 GE2H421 2EEBUS-UH-2H1 2EEBUS-LU-2H1
2 .00E-0040

	

1 .21E-005U 24

480 V BUS 211BREAKER 24M1-1TRANSFORMER 2111BREAKER 25H8NO ELECTRIC POWER
4160 V BUS 2H SPURIOUSLY OPENS 4160/480 V FAILS SPURIOUSLY OPENS LOSS OF FUNCTION

2-EE-SW-! 4160 V 2-EE-ST-2H1 480 V 2-EE-SS-1

3 GE2H112 2EESKR-SO-25HB 2EETFM-LP-2H1 2EEBKR-SO-24H1-1 2EEBUS-LU-2H-480

1 2

	

3.36E-005

	

24

	

1:90E-005

	

24

	

3.36E-00S

	

24

	

1.21E-005 j ,

	

24
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NO ELECTRIC POWER BREAKER 24H4
4B0 V BUS 2H SPURIOUSLY OPENS
2-EE-SS-1

	

460 V

GE2H312

	

2EEBKA-S0-24H4

2

	

3.36E-0050

	

24A

	

~~~/
1

PAGE 3

2.00E-004 l i \

	

1.21E-0050 24

NAPS IPE

s

A-356 12-15-92

2H EMERGENCY ELECTRIC POWER
NAPS UNIT 2

	

320MAF .N.10 H
ANALYST : RST I CREATION DATE : 05-27-1991 _ REVISION : 09-15-1992

NO ELECTRIC POWER
480 V MCC 2H1-1

2-EP-MC-10

GE2H512
TFR TO

	

7 60
9 61

	

7 51
660

	

881
6 51

	

10 30

I
NO POWER SUPPLIED 480 V MCC 2111-1 480 V MCC 2H1-1
TO THIS MCC FROM UNSCHEDULED LOSS OF FUNCTION

480 V BUS 2H MAINTENANCE 2-EP-$C-10

GE2H521 2EEBUS-um-2H1-1 2EEBUS-LU-2H1-1
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NAPS IPE A-357 12-15-92
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0

2H EMERGENCY ELECTRIC POWER
NAPS UNIT 2

	

320MAF .N .10 E2H 6
ANALYST : RST I CREATION DATE : 05-27-1991 REVISION : 09-15-1992

NO ELECTRIC POWER
125 V OC BUS 2-1

2-EP-CB-12A

1 GE2H612
TFR TO
8 50

NO POWER
TO OC
BATTERY

SUPPLIED
BUS 2-I FROM

HOUSE EVENT - I TO
FAIL DC BUS 1-I

125 V DC BUS 2-I
UNSCHEDULED

125 V DC BUS 2-I
LOSS OF FUNCTION

OR 480V BUS NORMALLY - 0 MAINTENANCE 1 - EP-CB-12A
2 GE2H621 XHOS-DCBUS 2 I 2EEBUS-UN-DC 2EEBUS-LU-DC I

O .OOE.000

	

2.00E-004

	

3

	

1.21E-005

	

4

	

24

1

	

I
NO POWER SUPPLIED NO POWER SUPPLIED NO POWER SUPPLIED
TO DC BUS FROM TO DC BUS FROM TO OC BUS FROM
NORMAL 480 V BUS ALTERNATE 480 V BUS BATTERY 2-I

3 GE2H630 GE2H632 GE2H634

FAILURE OF BATTERY
2-I AT TWO HOURS

COMMON CAUSE FAULT
BATTERIES FAIL TO

SUPPLY POWER

BATTERY 2-I FAILS
TO SUPPLY POWER

2-BY-B-I
4 2EE-BAT-I 2HR 2EEBAT-CC ALL 2EEBAT-LP I

1 .00Ee000

	

3

	

1 .05E-006 3

	

1.50E-005 2

	

24

BATTERY CHARGER
2CI FAILS 225A

BREAKER 12
ON DC PANEL 2-I

O-AP-10 LOSS OF
ELECTRICAL POWER

NO ELECTRIC POWER
480 V MCC 2H1-1

BREAKER
ON MCC

E4R
2H1-1

2-EP-MC-10 SPURIOUSLY OPENS 2-BY-C-3 FAILS TO CLOSE
'S GE2H512 2EEBKR-SO-HI-E4R 2EEBCH--LP-2C I 2EESKR-FO-I-12 HEP-OAPIO

- 3 36E-005

	

24

	

8.40E-005

	

24

	

2.74E-004

	

5.27E-003

PAGE 5

BATTERY CHARGER BREAKER 12BREAKER F3LNO ELECTRIC POWER
480 V MCC 2NI-1 ON MCC 2H1-1 2-I FAILS 225A ON DC PANEL 2-I

2-EP-WC-10 SPURIOUSLY OPENS 2-BY-C-2 SPURIOUSLY OPENS
6 GE2H512 2EEBKR-SO-HI-F3L 2EEBCH-LP-I 2EEBKR-S0-I-12

1 2

	

3.36E-0050 24

	

840E-005

V

24

	

3.36E-0050 24

PAGE 5

7

8

9



0

1

2

3

4

5

6

7

8

9

0	1	1 I

	

2 1 3 1 4 1 5

NO POWER SUPPLIED
TO DC BUS FROM
NORMAL 480 V BUS

GE2H730

NO ELECTRIC POWER
480 V MCC 2H1-1

2-EP-$C-10

GE2H512

12
PAGE 5

NAPS IPE

NO POWER SUPPLIED
TO DC BUS 2-I1 FROM
BATTERY OR 480V BUS

GE2H721

NO ELECTRIC POWER
480 V MCC 2H1-1

2-EP-MC-10

GEM12

PAGE 5

BREAKER F3P
ON MCC IHI-I

SPURIOUSLY OPENS

2EEBKR-S0-N1-F3R
3.36E-0050 24

NO ELECTRIC POWER
125 V OC BUS 2-II

2-EP-CB-12B

	GE2H712
TFR TO
9 50

HOUSE EVENT • I TO
FAIL DC BUS-2-II

NORMALLY - 0

xHOS-DCBUS-2-II
0 .00E*000

	

2.00E-004

NO POWER SUPPLIED
TO OC BUS FROM

ALT E RNAT E 460 V BUS

GE2H732

BREAKER EAR
ON MCC 2H1-1

SPURIOUSLY OPENS

2EEBKR-SO-HI-M

BATTERY CHARGER
2-II FAILS 225A

2-BY-C-4

A-358

2H EMERGENCY ELECTRIC POWER
NAPS UNIT 2

	

320MAF .N.10

ANALYST : RST I CREATION DATE : 05-27-1991

125 V DC BUS 2-II
UNSCHEDULED
MAINTENANCE

2EEBUS-UM-DC-II

3

FAILURE OF BATTERY
2-II AT TWO HOURS

BATTERY CHARGER
2CI FAILS 225A

2-BY-C-3

2EEBCH-LP-2C I

BREAKER 11
ON DC PANEL 2-II
SPURIOUSLY OPENS

2EE9Dt-LP-II	2EEBKR-$0-II-i1
B . 40E-0050 24

	

3.36E-005 4 24

125 V DC BUS 2-II
LOSS OF FUNCTION

2-EP-CB-12B

2EEBUS-LU-DC-II
1 .21E-005

V

24

NO POWER SUPPLIED
TO CC BUS FROM
BATTERY 2-II

GE2H734

COMMON CAUSE FAULT
BATTERIES FAIL TO

SUPPLY POWER

BREAKER 10
ON CC PANEL 2-II
FAILS TO CLOSE

2EEBKR-FO-II 10

E2H 7
REVISION : 09-15-1992

BATTERY 2-II FAILS
TO SUPPLY POWER

2-BY-B-2

2EEBATII-2HR	2EEBAT-CC-ALL	2EEBAT-LP-II
1 .00E •000 3

	

1 .05E-006 3

	

1 .50E-005

V

24

3 .36E-005

	

24

	

8.40E-005

	

24

	

2.74E-004

	

5.27E-003

O-AP-1O LOSS OF
ELECTRICAL POWER

HEP-OAP10

3

12-15-92
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NAPS IPE A-359 12-15-92

2H EMERGENCY ELECTRIC POWER
NAPS UNIT 2

	

320MAF .N.10 8
ANALYST - RST CREATION DATE : 05-27-1991 REVISION

	

09-15-1992

NO ELECTRIC POWER
120 V VITAL BUS 2-I

2-EP-CB-4A

GE2H812

NO POWER SUPPLIED
TO VITAL BUS FROM
AC OR DC BUSES

120 V VITAL BUS 2-1
UNSCHEDULED
MAINTENANCE

120 V VITAL BUS 2-1
LOSS OF-FUNCTION

2-EP-CB-4A

GE2HB21 2EEBUS-um-VB-I 2EEBUS-LU-VB-I

2 .00E-004

U

	

1 .21E-0050 24

l
NO POWER SUPPLIED
TO VITAL BUS FROM

DC BUS

NO POWER SUPPLIED
TO VITAL BUS FROM

AC BUS

GE2H830 GE2HB72

A
THIS PAGE

NO ELECTRIC POWER
125 V DC BUS 2-I

2-EP-C8-12A

BREAKER 13
ON DC BUS 2-I

SPURIOUSLY OPENS

INVERTER 2-I
LOSS OF FUNCTION

2-VB-I-1

HAND SWITCH FOR
VITAL BUS 2-I

FAILS 2-VB-BP-Sw-1

BREAKER 35
ON VITAL BUS 2-1
SPURIOUSLY OPENS

2EEBKR-SO-VBI-352EEINV-LU-I 2EEHS--LF-IGE2H612 2EEBKR-SO-I-13

3.36E-005U 24

	

6 14E-004

(.::.)

24

	

2.66E-005

	

3.36E-005 V 24

6

PA6g 6

NO POWER SUPPLIED
TO VITAL BUS FROM

AC BUS

GEM72
TFR TO
8 33

1
O-AP-10 LOSS OF
ELECTRICAL POWER

NO ELECTRIC POWER
480 V NM 2N1-1

2-EP-MC-10

BREAKER E4L
ON MCC 2H1-1

SPURIOUSLY OPENS

BREAKER 35
ON VITAL BUS 2-1
SPURIOUSLY OPENS

HAND SWITCH FOR
VITAL BUS 2-I

FAILS 2-VB-BP-SW-1

FAILURE OF EITHER
lOKVA PARALLEL
TRANSFORMERS

9 HEP-0010 6E2H512 2EEBKR-SO-H1-E4 2EEBKR-SO-vat-35 2EEHS--LF-1 GE2H885

5.27E-003 (3)

	

A

	

3 .36E-0050 24

	

3.36E-005 ( ,l 24

	

2.66E-005
l
am

'
/
l

5PAGE

TRANSFORMER 79A
4B0/120V IPH FAILS

IOKVA VOLT AEG

TRANSFORMER 798
480/120V IPH FAILS

IOKVA VOLT AEG
9 2EETFN-LP-79A 2EETFN-LP-798

1 .00E-005

U

24

	

1.90E-005

U

24
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1 I	1	2 3 1 4 I 5

5

Q

1 2

	

-
PAGE 7

NO ELECTRIC POWER
120V VITAL BUS 2-II

2-EP-CB-4B

GE2H912

NO POWER SUPPLIED 120V VITAL BUS 2-II 120V VITAL BUS 2-II
TO VITAL BUS FORM UNSCHEDULED LOSS OF FUNCTION
AC OR DC BUSES

	

MAINTENANCE

	

2-EP-CE-4B

GE2H921	 2EEBUS-UM-V5 II	2EEBUS-LU-VB-II

2 .00E-004

	

1.21E-0050 24

NO POWER SUPPLIED

	

NO POWER SUPPLIED
TO VITAL BUS FROM

	

TO VITAL BUS FROM
DC BUS

	

AC BUS

GE2H930

	

6E2H972

2H EMERGENCY ELECTRIC POWER

NAPS UNIT 2

	

320MAF .N .I0

ANALYST : FIST ( CREATION DATE: 05-27-1991

72
THIS PAGE

NO ELECTRIC POWER

	

BREAKER 14

	

INVERTER 2-II

	

HAND SWITCH FOR

	

BREAKER 35
125 V DC BUS 2-II

	

ON DC BUS 2-II

	

LOSS OF FUNCTION

	

VITAL BUS 2-II

	

ON VITAL BUS 2-II
2-EP-C8-128

	

SPURIOUSLY OPENS

	

2-V8-I-2

	

FAILS 2-VB-BP-SW-2

	

SPURIOUSLY OPENS

GE2H712	2EEBKR-SO-II-14	2EEINV-LU-II	2EEHS--LF-II	2EEBKR-S0-VB2-35

3 .36E-005 (, ) 24

	

6 14E-004 (, ) 24

	

2.66E-005U

	

3.36E-005 (, ) 24

E2H 9
REVISION : 09-15-1992

NO ELECTRIC POWER
4B0 V MCC 2H1-1

2-EP-NC-10

NO POWER SUPPLIED
TO VITAL BUS FROM

AC BUS

GE2H972
TFR TO
9 33

BREAKER E4.
ON MCC 2H1-1

SPURIOUSLY OPENS

BREAKER 35
ON VITAL BUS 2-II
SPURIOUSLY OPENS

HAND SWITCH FOR
VITAL BUS 2-II

FAILS 2-VB-BP-SW-2

TRANSFORMER 79B
460/120V IPH FAILS

IOKVA VOLT PEG

2EETFM-LP-79B

NAPS IPE A-360 12-15-92
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NAPS IPE A-361 12-15-92

2H EMERGENCY ELECTRIC POWER
NAPS UNIT 2

	

320MAF .N.10 E 2 H 1 0
ANALYST- RST I CREATION DATE : 05-27-1991 REVISION 09-15-1992

NO ELECTRIC POWER
SEMI VITAL BUS 2A
2-EP-CB-16A 120 V

GE2H1012

NO POWER SUPPLIED
TO SEMI VITAL BUS

FROM 2M1-1

SEMI VITAL BUS 2A
UNSCHEDULED
MAINTENANCE

SEMI VITAL BUS 2A
LOSS OF FUNCTION

2-EP-CS-16A 120 V

6E2H1021 2EEBUS-UH-SVB-2A 2EEBUS-LU-SVB-2A
2 .00E-004

U

	

1 .21E-005

	

` 24

NO ELECTRIC POWER
480 V MCC 2111-1

2-EP-MC-10

BREAKER E2R
ON MCC 2M1-1

SPURIOUSLY OPENS

TRANSFORMER 70-2
SEMI VITAL BUS 2A
480-120/240V 15KVA

BREAKER 25 ON
SEMI VITAL BUS 2A
SPURIOUSLY OPENS

GE2H512 2EE8KR-S0-H1-E2R 2EETFM-LP-70 2EEBKR-SO-2A-25

1 2

	

3.36E-005 24

	

1 .90E-005 l a ~ 24

	

3 .36E-005

	

24
l
~

'
~

/

5PAGE

• NO ELECTRIC POWER
SEMI VITAL GIST 2A
2-EP-OB-16A 120 V

GE2H1062

1
NO POWER SUPPLIED
TO SEMI VITAL GIST

FROM 2M1-4

SEMI VITAL DI5T 2A
UNSCIEOILED
MAINTENANCE

SEMI VITAL GIST 2A
LOSS OF FUNCTION
2-EP-08-16A 120 V

6E2H1071 2EEBUS-UN-0B-2A 2EEBUS-LU-OB-2A
2 .00E-0040

	

1 .21E-0050 24

NO ELECTRIC POWER BREAKER B4R TRANSFORMER 118-2 BREAKER 17 ON
480 V MCC 2111-4 ON MCC 2M1-4 SEMI VITAL GIST 2A SEMI VITAL DIST 2A

2-EP-MC-41 SPURIOUSLY OPENS 480/120-240V 15KVA SPURIOUSLY OPENS

GE2H1312 2EEBKR-S0-H4-BIR 2EETFM-LP-118 2EEBKR-S0-16A-17

1 2

	

3.36E-0050 24

	

1 .90E-0050 24

	

3.36E-00!m0 24

PAGE 13
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NO ELECTRIC POWER

	

BREAKER 24H1-3
480 V BUS 2111

	

SPURIOUSLY OPENS
1-EE-SS-3

	

480 V

GE2H412	12EE8KR-S0-24H1-3

3 .36E-005

	

24
1 2

PAGE 4

s

	I
NO POWER SUPPLIED
TO THIS MCC FROM
480 V BUS 211

NO ELECTRIC POWER
480 V MCC 2111-2N

2-EP-*C-19

GE2M1112

	I
NO POWER SUPPLIED
TO THIS MCC FROM
480 V BUS 2111

480 V MCC 2111-2N
UNSCHEDULED
MAINTENANCE

480 V MCC 2111-2N
LOSS OF FUNCTION

2-EP-MC-19

6E2H1121	 2EEBUS-UN-2H1-2N' 2EEBUS-LU-2H1-2N

2 .00E-001 ,1

	

1 .21E-005U 24

NAPS IPE

6E2H1171

NO ELECTRIC POWER BREAKER 24N3
480 V BUS 211 SPURIOUSLY OPENS
2-EE-SS-1

	

480 V
GE2H312	2EEBKR-SO-24H3

NO ELECTRIC POWER
480 V MCC 2H1-2S

2-EP-MC-20

GE2M1162

480 V MCC 2I$-25
UNSCHEDULED
MAINTENANCE

2EESUS-lM-amt-2S 2EEBUS-LU-2H1-2S

2 .00E-004

V

	

1.21E-005U 24

480 V MCC 2111-2S
LOSS OF FUNCTION

2-EP-MC-20

3.36E-005 V

PAGE 3

24

A-362 12-15-92

2H EMERGENCY ELECTRIC POWER
NAPS UNIT 2

	

320MAF .N .10 E 2 H 1 1
ANALYST : RST I CREATION DATE : 05-27-1991 REVISION : 09-15-1992
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NAPS RE A-363 12-15-92

2H EMERGENCY ELECTRIC POWER
NAPS UNIT 2

	

320MAF .N.10 E2H 12
ANALYST : RST I CREATION DATE : 05-27-1991 REVISION : 09-15-1992

NO ELECTRIC POWER
480 V MCC 2H1-3

2-EP-MC-32

GE2H1212
TFR TO
12 80

I

	

I
NO POWER SUPPLIED
TO THIS MCC FROM

480 V BUS 2H

480 V MCC 2H1-3
UNSCHEDULED
MAINTENANCE

, 480 V MCC 2M1-3
LOSS OF FUNCTION

2-EP-MC-32

GE2H1221 2EEBUS-UN-2H1-3 2EEBUS-LU-2H1-3
2.00E-004

	

1 .21E-005U 24

NO ELECTRIC POWER BREAKER 24114
480 V BUS 211 SPURIOUSLY OPENS
2-EE-SS-1 480 V

3 GE2H312 2EESKA-SO-24H4
3 .36E-005

	

24
f 2

VPAGE 3

No ELCTRIC POWER
480 V MCC 2H1-3A

2-EP-M-50

GE2H1262

480 V MCC 2111-3A480 V MCC 2H1-3ANO POWER SUPPLIED
TO THIS MCC FROM UNSCHEDULED LOSS OF FUNCTION
480 V MCC 2111-3 MAINTENANCE 2-EP-NC-50

GE2H1271 2EEBUS-UN 2H1-3A 2EE8US-LU-2111-3A
2.00E-004 ~

	

1 .21E-DOS ~ 24

BREAKER A3NO ELECTRIC POWER
480 V MCC 2MI-3 ON MCC 2HI-3A

2-EP-MC-32 SPURIOUSLY OPENS

GE2H1212 2EE8KR-S0-H3-A3
3 .36E-005

	

24
f2

0
THIS PAGE
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NO ELECTRIC POWER

	

BREAKER 24H2
480 V BUS 2H

	

SPURIOUSLY OPENS
2-EE-SS-1

	

480 V

GE2H312

	

2EEBKA-SO-24H2
3 .36E-005 , l

1 22
PAGE 3

i

NO ELECTRIC POWER
480 V MCC 2H1-4

2-EP-MC-41

GE2H1312
TFR TO
10 80

	I
NO POWER SUPPLIED
TO THIS MCC FROM

480 V BUS 2H

480 V MCC 2H1-4
UNSCHEDULED
MAINTENANCE

480 V MCC 2H1-4
LOSS OF FUNCTION

2-EP-MC-41

GE2H1321	 2EEBUS-UN-2H1-4

	

2EEBUS-LU-2H1-4
2 .00E-0040

	

1 .21E-0050 24

NAPS IPE

24

A-364

2H EMERGENCY ELECTRIC POWER
NAPS UNIT 2

	

320MAF .N.10

ANALYST : RST I CREATION DATE : 05-27-1991

E2H 13
REVISION : 09-15-1992

12-15-92



NAPS IPE A-365 12-15-92

2J EMERGENCY ELECTRIC POWER
NAPS UNIT 2

	

320MAF .N .10 E 2 J 1
ANALYST : RST I CREATION DATE : 05-27-1991 REVISION : 09-15-1992

NO ELECTRIC POWER
4160 V BUS 2J
2-EE-SW-2

GE2J112
TFR TO
2 30
3 30
4 30

1
NO POWER SUPPLIED
TO BUS 21 FROM
OFFSITE OR EOG

HOUSE EVENT • I TO
FAIL 4160 V QUS 2J

NORMALLY - 0

480 V BUS 21
UNSCHEDULED
MAINTENANCE

4160 V BUS 2J
LOSS OF FUNCTION

2-EE-SW-2

GE2J121 XHOS-2J-FAILS 2EEBUS-UM-2J 2EEBUS-LU-2J
0 OOE •000

	

3

	

2 .00E-004

	

1 .21E-005

	

4

	

24

1
EMERGENCY DIESEL

GENERATOR 2J
FAILS / UNAVAILABLE

NORMAL FEED FROM
TRANSFER BUS IF

ALTERNATE AC DIESEL
THROUGH BUS IF

GEDG412 GE2Ji3i GE2JI34

BREAKER 15F4 BREAKER 25J11 NO ELECTRIC POWERNO ELECTRIC POWER HOUSE EVENT • 0 FOR
4160 V TRANSFER SPURIOUSLY OPENS SPURIOUSLY OPENS TO BUS 2J FROM ALERNATE AC DIESEL

BUS IF 4160 V 4160 V ALTERNATE AC DIESEL TO SUPPLY POWER

GESY712 IEPBKA-SO-15F4 2EEBKR-SO-25J11 ~

	

GESY1682 XHOS-ELE-2J-AAC
ESYOO 3 .36E-0050 24

	

3.36E-0050 24

	

'~ ESYOO 1 .00E4000
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NO ELECTRIC POWER

	

BREAKER 25J12
4160 V BUS 2J

	

SPURIOUSLY OPENS
2-EE-SW-2

	

4160 V

GE2J112	2EEBKR-SO-25J12

3.36E-W50
f 2

PAGE I

NO ELECTRIC POWER
4160 V STUB BUS 2J

2-EE-SW-2

GE2J212

	I
NO POWER SUPPLIED

TO STUB BUS 21 FROM
4160 V BUS 2J

4160 V STUB BUS 2J
UNSCHEDULED
MAINTENANCE

4160V STUB BUS 2J
LOSS OF FUNCTION

2-EE-SW-2

GE2J221	 2EEBUS-UM-2JSTUB 2EEBUS-LU-2JSTUB
2 .00E-004 (:: ..)

	

1 .21E-005U 24

NAPS IPE

24

00

A-366

2J EMERGENCY ELECTRIC POWER
NAPS UNIT 2

	

320MAF .N.10

ANALYST : RST 1CREATION DATE : 05-27-1991

E2J 2
REVISION : 09-15-1992

12-15-92



0

I

I 3 I 4 5

NO ELECTRIC POWER
480 V BUS 2J
2-EE-SS-2

GE2J312
TFR TO
5 30
11 30
12 30

2J EMERGENCY ELECTRIC POWER
NAPS UNIT 2

	

320MAF .N.10
ANALYST : AST I CREATION GATE : 05-27-1991

E2J 3
REVISION

	

09-15-1992

NAPS IPE A-367

I

12-15-92

I
NO POWER SUPPLIED
TO THIS BUS FROM
4160 V BUS 2J

480 V BUS 2J
UNSCHEDULED
MAINTENANCE

400 V BUS 2J
LOSS OF FUNCTION

2-EE-SS-2
2 GE2J321 2EEBUS-U14-2J-480 2EEBUS-LU-2J-480

2 .00E-0040

	

1 .21E-005 ( , l 24

J

NO ELECTRIC POWER BREAKER 25J8 TRANSFORMER 2J BREAKER 24J1 480 V BUS 2J1
4160 V BUS 2J SPURIOUSLY OPENS 4160/480 V FAILS SPURIOUSLY OPENS LOSS OF FUNCTION

2-EE-SW-2 4160 V 1000/1333KVA 480 v 2-EE-SS-4
3 GE2J112 I 2EEBKR-SO-25J6 2EETFM-LP-2J 2EESKR-SO-24J1 2EEBUS-LU-2J1

3 .36E-005 , l 24 1 90E-005

	

24

	

3.36E-005

	

24

	

1.21E-005

	

24
1 22

0 0
V

4

PAGE 1

5

6

7

8
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2J EMERGENCY ELECTRIC POWER
NAPS UNIT 2

	

320MAF .N .10

ANALYST : RST I CREATION DATE: 05-27-1991

NO ELECTRIC POWER
4160 V BUS 21
2-EE-SW-2

1
NO POWER SUPPLIED
TO THIS BUS FROM
4160 V BUS 21

GE2J421

MAKER 254
SPURIOUSLY OPENS

4160 V

NO ELECTRIC POWER
480 V BUS 2J1

2-EE-SS-4

GE2J412

TRANSFORMER 2JI
4160/480 V FAILS

75OKVA

480 V BUS 2J1
UNSCHEDULED
MAINTENANCE

2EEBUS-UH-2J1

	

2EEBUS-LU-2J1
2 .00E-004l, )

	

1 .21E-00S

U

24

BAKER 24J1-1
SPURIOUSLY OPENS

480 V

480 v BUS 2J1
LOSS OF FUNCTION

2-EE-SS-4

480 V BUS 2J
LOSS OF FUNCTION

2-EE-SS-2

GE2J112	, I 2EESKA-SO-25JB	2EETFM-LP-2J1	2EEBKR-SO-24J1-1

	

2EEBUS-LU-2J-480

1 22

	

3.36E-W5024

	

1 .90E-005 (. )

PAGE 1

3 .36E-00S0 24

	

1 .21E-0050

11

24 24

E2J 4
REVISION : 09-15-1992

NAPS IPE

	

A-368

	

12-15-92



NAPS WE A-369 12-15-

0

	

i

	

l

	

2

	

3

	

1

	

4

	

~

	

5

0

2J EMERGENCY ELECTRIC POWER
NAPS UNIT 2

	

320MAF .N .10 E 2 J 5
ANALYST : RST I CREATION DATE' 05-27-1991 _REVISION

	

09-15-1992

NO ELECTRIC POWER
480 V MCC 2J1-1

2-EP-MC-11

i GE2J512
TFR TO

	

7 51 10 30
6 60

	

8 50 8 81
651

	

981
7 60

	

9 50

NO POWER SUPPLIED 480 V MCC 2J1-1 480 V MCC 2J1-1
TO THIS NCC FROM

480 V BUS 2J
UNSCHEDIA .ED
MAINTENANCE

LOSS OF FUNCTION
1-EP-MC-11

2 GE2J521 2EEBUS-UM-2J1-1 2EEBUS-LU-2J1-I

2 .00E-004Ql

	

1 .21E-005

	

24

BREAKER 24J4
SPURIOUSLY OPENS

480 V

NO ELECTRIC POWER
490 V BUS 2J
2-EE-SS-2

3 GE2J312 2EEBKP-SO-24J4

1 2

	

336E-005 V 24

4

PAGE 3

5

6

7

8

9



7

8

9

I 3 I 4 5

NAPS IPE A-370 12-15-92

2J EMERGENCY ELECTRIC POWER
NAPS UNIT 2

	

320MAF .N.10 E2J 6
0 ANALYST : RST I CREATION DATE 05-27-1991 REVISION : 09-15-1992

NO ELECTRIC POWER
125 V DC BUS 2-III

2-EP-CB-12C
I GE2J612

125 V DC BUS 2-III125 V OC BUS 2-111HOUSE EVENT, - 1 TONO •POWEP SUPPLIED
TO DC BUS III FROM FAIL OC BUS 2-III UNSCHEDULED LOSS OF FUNCTION
BATTERY OR 480V BUS NORMALLY - 0 MAINTENANCE 2-EP-CS-12C

2 GE2J621 xPOS-mew-2-III 2EEBUS-UH-DC-III 2EEBUS-LU-DC-I1I
0 .OOE •0 00 3

	

2.00E-004

	

1.21E-0050 24

I

	

I

	

I
NO POWER SUPPLIED NO POWER SUPPLIED NO POWER SUPPLIED
TO DC BUS FROM TO DC BUS FROM TO DC BUS FROM
NORMAL 480 V BUS ALERNATE 480 V BUS BATTERY 2-III

3 GE2J630 GE2J632 GE2J634

4

FAILURE OF BATTERY
2-III AT TWO HOURS

COMMON CAUSE FAULT
BATTERIES FAIL TO

SUPPLY POWER

BATTERY 2-111 FAILS
TO SUPPLY POWER

2EE-BAT-III-2HR 2EEBAT-CC ALL 2EEBAT-LP-II1
I .OOE*000

	

3

	

1 .05E-006

	

3

	

1 .50E-005

	

2

	

24

5

NO ELECTRIC POWER
480 V MCC 2J1-1

2-EP-MC-11

BREAKER
ON MCC

SPURIOUSLY

CIL
2Jf-1
OPENS

BATTERY CHARGER
2C-II FAILS 225A

2-BY-C-6

BREAKER 12
ON DC PANEL 2-III
FAILS TO CLOSE

O-AP-10 LOSS OF
ELECTRICAL POWER

GE2J512 2EEBKR-SO-Ji CIL 2EEBCH-LP-2C-II 2EEBKR-FO-III-12 HEP OAP10
3 .36E-005 4 24

	

8.40E-005U 24

	

2.74E-004 (D

	

5.27E-0030
PAGE 5

I
NO ELECTRIC POWER BREAKER 62L BATTERY CHARGER BREAKER 11
480 V MCC 2Jf-1 ON MCC 2Jf-1 2-III FAILS 225A ON DC PANEL 2-III

2-EP-MC-f1 SPURIOUSLY OPENS 2-BY-C-S SPURIOUSLY OPENS
6 GE2J512 2EEBKR-S0-J1-82L 2EESCH-LP-III 2EEBKR-S0-III-1i

f 2

	

3.36E-00S0 24

	

8 40E-0050 24

	

3.36E-0050 24

PAGE 5



NAPS IPE A-371 12-15-92

0

	

2

	

~

	

3

	

I

	

4

	

I

	

S

2J EMERGENCY ELECTRIC POWER
NAPS UNIT 2

	

320MAF .N.iO E 2 J 7
ANALYST : RST CREATION DATES 05-27-1991 REVISION 09-15-1992

i

NO ELECTRIC POWER
125 V DC BUS 2-Iv

1-EP-CB-12D

GE2J712

NO POWER SUPPLIED HOUSE EVENT - I TO 125 V DC BUS 2-IV 125 V DC BUS 2-Iv
TO DC BUS 2-IV FROM FAIL DC BUS 2-IV UNSCHEDULED LOSS OF FUNCTION
BATTERY OR 480V BUS NORMALLY 0 MAINTENANCE 2-EP-CB-120

2 GE2J721 XMOS-OCBUS-2-IV 2EEBUS-UM-DC-IV 2EEBUS-LU-0C-IV
0 .00E+000

	

2.00E-004 3

	

1.21E-0050 24

f
NO POWER SUPPLIED NO POWER SUPPLIED NO POWER SUPPLIED
TO DC BUS FROM TO DC BUS FROM TO DC BUS FROM
NORMAL 480 V BUS ALTERNATE 480 V BUS BATTERY 2-IV

3 GE2J730 GE2J732 GE2J734

COMMON CAUSE FAULT
BATTERIES FAIL TO

SUPPLY POWER

FAILURE OF BATTERY
2-IV AT TWO HOURS

BATTERY 2-IV FAILS
TO SUPPLY POWER

2-BY-B-4

4 2EE-BAT Iv 2HA 2EEBAT CC-ALL 2EEBAT-LP-IV
1 .00E+000 3

	

1 .05E-006 3

	

1.50E-0050 24

BREAKER 6
ON DC PANEL 2-IV
FAILS TO CLOSE

O-AP-10 LOSS OF
ELECTRICAL POWER

BATTERY CHARGER
2C-II FAILS 225A

2-BY-C-6

BREAKER
ON MCC

SPURIOUSLY

CIL
2J1-1

OPENS

NO ELECTRIC POWER
480 V NCC 2J1-1

2-EP-NC-11
5 GE2J512 2EEBKR-SO-J1-CiL 2EEBCH LP 2C II 2EEBKR-FO-IV 8 HEP-OAP10

3 .36E-0050 24

	

8 .40E-005

	

24

	

2.74E-004 3

	

5.27E-003 3

PAGE 5

BREAKER 9BATTERY CHARGERBREAKER 82RNO ELECTRIC POWER
.4$0 V MCC 2J1-1 ON IOC 2J1-i 2-IV FAILS 225A ON DC PANEL 2-IV

2-EP-K-11 SPURIOUSLY OPENS 2-BY-C-7 SPURIOUSLY OPENS
6 GE2J512 2EESKR-SO-J1-82R 2EEBCH-LP-IV 2EESKR-SO-IV-9

3 .36E-005

	

24

	

8 40E-005

	

24

	

3.36E-005

	

24
12

0 0 ~
PAGE 5

7

8



1 3 1 4 1 5

120 V VITAL BUS III 120 V VITAL BUS III
UNSCHEDULED LOSS OF FUNCTION
MAINTENANCE

	

2-EP-CB-4C

2EEBUS-UM-V8-III 2EEBUS-LU-VB-III
2 .00E-004U

	

1 .21E-0050 24

BREAKER 35
ON VITAL BUS 2-III
SPURIOUSLY OPENS

2EEBKR-SO-VB3-35'
3 .36E-005

U

2A

HAND SWITCH FOR
VITAL BUS 2-111

FAILS 2-VB-BP-SW-3

BREAKER 35
ON VITAL BUS 2-111
SPURIOUSLY OPENS

3 .36E-0O5U 24

2EEHS--LF-III

	

2EEBKR-S0-V83-35
266E-005 V

NAPS IPE A-372 12-15-92

2J EMERGENCY ELECTRIC POWER
NAPS UNIT 2

	

32OMAF .N .10 E 2 J 8
ANALYST : RST 1 CREATION DATE : 05-27-1991 _REVISION : 09-15-1992

NO POWER SUPPLIED
TO VITAL BUS FROM

DC BUS

NO POWER SUPPLIED
TO VITAL BUS FROM

AC BUS
3

	

GE2J830 GE2J872

7 2
THIS PAGE

4

NO ELECTRIC POWER INVERTER 2-Ill HAND SWITCH FORBREAKER 12
480 V MCC 2J1-1 ON DC BUS 2-III LOSS OF FUNCTION VITAL BUS 2-III

2-ER-MC-i1 SPURIOUSLY OPENS 2-VB-I-3 FAILS 2-VB-BP-SW-3
5

	

GE2J512 2EEINV-LU-III 2EEHS--LF-1112EEBKR-SO-III-12

1 2

	

`
3.36E-005U 24

	

6.14E-0040 24

	

2.66E-005UPAGE 5

6

NO POWER SUPPLIED
TO VITAL BUS FROM

AC BUS
7 6E2J872

TFR TO
8 33

O-AP-10 LOSS OF NO ELECTRIC POWER TRANSFORMER 80-2BREAKER EIR
ELECTRICAL POWER 480 V MCC 2J1-1 ON MCC 2JI-1 480/120V IPH FAILS

2-EP-MC-11 SPURIOUSLY OPENS I5KVA VOLT REG
8

	

HEP-OAPIO GE2J512 . 2EEBKA-SO-JI-EIR 2EETFM-LP-BO
5 .27E-003 3 .36E-005

	

24

	

1.90E-005 24

V
12 v VPAGE 5

9

1

	

1

	

1

	

2

0

NO ELECTRIC POWER
120 V VITAL BUS III

2-EP-CB-4C
1 GE2J812

NO POWER SUPPLIED
TO VITAL BUS FROM
AC OR DC BUSES

2 GE2J821



NAPS IPE A-373 12-15-92

0

	

1

	

1

	

(

	

2

	

1

	

3

	

1

	

4

	

i

	

5

0

2J EMERGENCY ELECTRIC POWER
NAPS UNIT 2

	

320MAF .N .10 E 2 J 9
ANALYST : R5T ( CREATION DATE : 05-27-1991 REVISION

	

09-15-1992

NO ELECTRIC POWER
120V VITAL BUS 2-IV

2-EP-CB-4D

1 GE2J912

I
NO POWER SUPPLIED
TO VITAL BUS FROM
AC OR DC BUSES

120 V VITAL BUS IV
UNSCHEDULED
MAINTENANCE

12-V VITAL BUS 2-IV
LOSS OF FUNCTION

2-EP-CB-ID

2 GE2J921 2EEBUS-UN-VB-IV 2EEBUS-LU-VB-IV
2 .00E-001

	

1 .21E-005

	

24

NO POWER SUPPLIED
TO VITAL BUS FROM

DC BUS

NO POWER SUPPLIED
TO VITAL BUS FROM

AC BUS

3 GE2J930 GE2J972

7 2

4

THIS PAGE

HAND SWITCH FOR
VITAL BUS 2-IV

BREAKER 35
ON VITAL BUS 2-IV

BREAKER 11
ON DC BUS 2-IV

INVERTER 2-IV
LOSS OF FUNCTION

NO ELECTRIC
480 V MCC

POWER
2J1-1

2-EP-MC-11 SPURIOUSLY OPENS 2-VB-I-4 FAILS 2-VB-BP-SW-4 SPURIOUSLY OPENS
5 GE2J512 2EESKR-SO-IV-11 2EEINV-LU-IV 2EEMS--LF-IV 2EEBKR-SO-VB4-35

,
-, 1 2 '

	

3.36E-005 , ) 24

	

6.11E-001 0

	

24

	

2 .66E-005 ()

	

3 .36E-005

U

24

PAGE

	

~~,~)
5

6

NO POWER SUPPLIED
TO VITAL BUS FROM

AC BUS
7 6E2J972

TFR TO
9 33

TRANSFORMER 80-2 HAND SWITCH FDABREAKER EIR BREAKER 35NO ELECTRIC POWERO-AP-10 LOSS OF
ELECTRICAL POWER 490 V MCC 2J1-1 ON MCC 2J1-1 4130/120V IPM FAILS VITAL BUS 2-IV ON VITAL BUS 2-IV

2-EP-K-11 SPURIOUSLY OPENS ISVA VOLT AEG FAILS 2-VB-BP-SW-4 SPURIOUSLY OPENS
9 MEP-0010 GE2J512 2EEBKR-S0-J1-ElA l 2EETFM-LP-60 2EEHS--LF-IV 2EESKR-SO-V84-35

5 .27E-003

	

3.36E-005

	

24

	

1.90E-005

	

24

	

2.66E-005

	

3.36E-005

	

21
1 22

0 0

	

0
9

PAGE 5
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SEMI VITAL BUS 28
UNSCHEDULED
MAINTENANCE

BREAKER 25 ON
SEMI VITAL BUS 28
SPURIOUSLY OPENS

2EESKR-S0-IV-25U

SEMI VITAL BUS 28
LOSS OF FUNCTION

2-EP-CB-168 120 V

2EEBUS-UM-SVB-28 2EEBUS-LU-SVB-26
2.00E-0040

	

1 .21E-005 . ) 24

NAPS IPE

s

3 .36E-005 24

NO ELECTRIC POWER
490 V MCC 2J1-2NC2S
2-EP-MC-21 C 22

BREAKER J2R
ON MCC 2J1-25

SPURIOUSLY OPENS

NO ELECTRIC POWER
SEMI VITAL DIST 28
2-EP-D-16B 120 V

GE2J1062

TRANSFORMER 119-2
SEMI VITAL DIST 28
A90/120-210V 15KVA

SEMI VITAL DIST 26
UNSCHEDULED
MAINTENANCE

GE2J1112	 2EETFM-LP-119

	

2EEBKR-SO-166-17
3 .36E-005

	

24

	

1.90E-005 ~, l 24

	

• 3.36E-00S V 24
1 22

PAGE 11

2EEBUS-um-08-28	2EEBUS-LU-06-28
2 .00E-004 r , 1

	

1 .21E-00S r . l 24

BREAKER 17 ON
SEMI VITAL DIST 28
SPURIOUSLY OPENS

SEMI VITAL DIST 28
LOSS OF FUNCTION
2-EP-DO-26 120 V

A-37474 12-15-92

2J EMERGENCY ELECTRIC POWER
NAPS UNIT 2

	

320MAF .N .10 10
ANALYST : RST I CREATION DATE : 05-27-1991 REVISION 09-15-1992

0

	

1

	

1

	

1

	

2

0

NO ELECTRIC POWER
SEMI VITAL BUS 28
2-EP-C8-168 120 V

1 GE2J1012

i
NO POWER SUPPLIED
10 SEMI VITAL BUS

FROM 2J1-1
2 GE2J1021

TRANSFORMER 71-2BREAKER ESLNO ELECTRIC POWER
480 V MCC 2J1-1 ON MCC 2J1-1 SEMI VITAL BUS 28

2-EP-MC-11 SPURIOUSLY OPENS 480V/120-240V 15KV
3 GE2J512 12EESKR-SO-JI-EIL 2EETFM-LP-71

3.36E-005 (w l 24

	

1.90E-005

	

24
1 2

0
PAGE 5

4



NAPS WE A-375 12-15-92

0 1

	

1

	

2

	

j

	

3

	

1

	

4 j 5

0

2J EMERGENCY ELECTRIC POWER E 2 1 1NAPS UNIT 2

	

320MAF .N .10
ANALYST : PST I CREATION DATE : 05-27-1991 REVISION : 09-15-1992

NO ELECTRIC POWER
480 V MCC 2J1-2N&2S

2-EP-MC-21 6 22

1 ' GE2J1112
TFR TO
10 80

~- I
NO POWER SUPPLIED 480V MCC 2J1-2N £2S 480V MCC 2J1-2N C2S
TO THIS MCC FROM UNSCHEDULED LOSS OF FUNCTION

480 V BUS 2J MAINTENANCE 2-EP-MC-21 i 22

2 GE2J1121 2EEBUS-UM-2J1-2 2EEBUS-LU-2J1-2
2 .00E-004

	

;

	

1.21E-005

U

24

BREAKER 24H5
SPURIOUSLY OPENS

480 V

NO ELECTRIC POWER
480 V BUS 2J
2-EE-SS-2

3 GE2J312 2EEBKR-SO-24H5
3 .36E-005

	

24
f 2 U

4

PAGE 3

5

6

s

7

8
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NO ELECTRIC POWER BREAKER 24J6
480 V BUS 2J SPURIOUSLY OPENS
2-EE-SS-2

GE2J312

	

2EEBKA-SO-24J6
3 .36E-005

1 22
PAGE 3

f

NO ELECTRIC POWER
ABOV MCC 2J1-3

2-EP-MC-33

GE2J1212
TFA TO
12 80

	1
NO POWER SUPPLIED
TO THIS MCC FROM

480V BUS 2J

480V MCC 2J1-3
UNSCHEDULED
MAINTENANCE

480V MCC 2J1-3
LOSS OF FUNCTION

2-EP-MC-33

GE2J1221	 2EEBUS-UM-2J1-3	2EEBUS-LU-2J1-3
2 .00E-004 (j

	

1.21E-0050 24

GE2J1212

1 2
THIS PAGE

NAPS IPE

NO ELECTRIC POWER
490V MCC 2J1-3

2-EP-14C-33

11

	1
NO POWER SUPPLIED
TO THIS MCC FROM
480 V MCC 2J1-3

6E2J1271

24

BREAKER A3
ON MCC 2J1-3

SPURIOUSLY OPENS

2EE8KR-S0-J3-A3
3 .36E-0050 24

NO ELECTRIC POWER
480 V MCC 2J1-3A

1-EP-MC-51

GE2J1262

A-376

480 V MCC 2J1-3A
UNSCHEDULED
MAINTENANCE

2EEBUS-U11-2J1-3A

480 V MCC 2J1-3A
LOSS OF FUNCTION

2-EP-MC-51

2EEBUS-LU-2J1 3A
2 .00E-004U

	

1 .21E-005 4 24

12-15-92

2J EMERGENCY ELECTRIC POWER
NAPS UNIT 2

	

320MAF .N.10 E 2 J 1 2
ANALYST: RST I CREATION DATE : 05-27-1991 REVISION : 09-15-1992



NAPS RE A-377 12-15-92

0

	

I

	

1

	

~

	

2

	

3

	

4

	

I

	

5

0

EMERGENCY DIESEL GENERATORS
NAPS UNITS I s 2 32OMAF .N.11

O 1
ANALYST : RST [ CREATION DATE : 03-10-1991 , REVISION : 09-24-92

EMERGENCY DIESEL
GENERATOR IN

FAILS / UNAVAILABLE1 GEOG112

I
LOG 111 FAILS TO

START OR IS
UNAVAILABLE

HOUSE EVENT - I TO
FAIL EDG IH
NORMALLY - 0

2 GEbG121 XHOS-DG-M- A

o .ooE •ooo

1
EMERGENCY DIESEL EMERGENCY DIESEL EDG 111 UNAVAILABLE EDG IN UNAVAILABLE EDG IN OUTPUT COMMMON CAUSE

GENERATOR IN GENERATOR IN FAILS DUE TO SCHEDULED DUE TO UNSCHEDULED BREAKER 1582 OR FAILURES OF ERGS
FAILS TO START TO RUN FOR 6 HOURS TEST OR MAINTENANCE MAINTENANCE DEPENDENCIES FAIL FS OR FS t FR3 IEGEDG-FS-IH IEGEDG-FR-iH IEGEDG-TM-IH IEGEDG-UM-IH GEOG134 GEOGI35

1 .43E-002l

	

1

	

1 .33E-0020 6

	

5 .71E-0040

	

1 .78E-W20l

BREAKER 1582
LOG OUTPUT BREAKER
SPURIOUSLY OPENS

COMMON CAUSE FAULTS
BATTERIES 1-BY-5-1

AND I-BY-6-3

BATTERY 1-I FAILS
TO SUPPLY POWER

1-BY-B-1

BREAKER 15112
EOG OUTPUT BREAKER

FAILS TO CLOSE4 IEEBKR-FO-15H2 IEEBKR-SO-1582 IEEBAT-CC-I-III IEEBAT-LP-I

2 .74E-004U

	

8.39E-006U 6

	

1 .05E-006

,

	

1 .50E-005

	

24

COMMON CAUSECOMMON CAUSE FAULTSCOMMON CAUSE FAULTSCOMMON CAUSE FAULTS
ERGS 1M AND 1J EDGS 1M AND 211 EDGS 111 AND 2J FAILURES OF

3 OR MORE EGGS5 IEGEOG-CC-IM-IJ 1EGEOG-CC-1H-2H IEGEDG-CC-iH-2J GEDG155

-

	

s

	

2 .66E-004

	

2.66E-004U

	

2 .66E-004

• COMMON CAUSE FAULTS COMMON CAUSE FAULTSCOMMON CAUSE FAULTSCOMMON CAUSE FAULTS
EDGS IN. 1J AND 211 EDGS IN . IJ AND 2J EDGS 111, 2H AND 2J ALL FOGS

IEGEOG-CC-IHIJ2H IEGEDG-CC-IHIJ2J IEGEDG-CC-IH2H2J IEGEDG-CC-ALL

9 .50E-005U

	

9.58E-005U

	

9.58E-005U

	

6.09E-005U
7

8

9



I
0
N
19
Q

t

J

W

0

I

2

3

4

5

6

7

8

9

I 3 I 4 I 5

EMERGENCY DIESEL EMERGENCY DIESEL EDG 1J UNAVAILABLE EDG 1J UNAVAILABLE 06 iJ OUTPUT COMMMON CAUSE
GENERATOR iJ GENERATOR ii FAILS DUE TO SCHEDULED DUE TO UNSCHEDULED BREAKER 15J2 OR FAILURES OF EDGS
FAILS TO START

	

TO RUN FOR 6 HOURS

	

TEST OR MAINTENANCE

	

MAINTENANCE

	

DEPENDENCIES FAIL

	

FS OR FS G FR

IEGEDG-FS-1J	IEGEOG-FR-IJ	IEGEDG-TM1J	1EGEDG-UM-1J	GEDG234	GEDG235
1 .43E-002

V

	

1 .33E-002 4

	

6

	

5.7iE-004 3

	

1.78E-002 3

LOG 1J FAILS TO

	

HOUSE EVENT - I TO
START OR IS

	

FAIL EDG 1J
UNAVAILABLE

	

NORMALLY - 0

GEDG221	 XHOS-DG-IJ-FAILS
0 .00E+0oo0

BREAKER 15J2

	

BREAKER 15J2

	

COMMON CAUSE FAULTS

	

BATTERY 1-III FAILS
EDG OUTPUT BREAKER

	

SPURIOUSLY OPENS

	

BATTERIES i-BY-B-1

	

TO SUPPLY POWER
FAILS TO CLOSE

	

4160 V

	

AND 1-BY-6-3

	

I-8Y-8-3

IEEBKR-FO-15J2

	

IEEBKR SO-15J2

	

IEEBAT-CC I III

	

IEEBAT-LP-III
2 .74E-004

	

3

	

8.39E-006

	

6

	

1.05E-006

	

1.50E-DDS 2

	

24

EMERGENCY DIESEL
GENERATOR 1J

FAILS / UNAVAILABLE

GEOG212

EMERGENCY DIESEL GENERATORS
NAPS UNITS 16 2 320MAF .N .I1

ANALYST: RST ICREATION DATE : 03-10-1991

COMMON CAUSE FAULTS

	

COMMON CAUSE FAULTS

	

COMMON CAUSE FAULTS

	

COMMON CAUSE
EDGS 1H AND 1J

	

EDGS 1J AND 2H

	

EDGS 1J AND 2J

	

FAILURES OF
3 OR MORE FOGS

IEGEOG-CC 1H-1J

	

1EGEDG-CC-IJ-2H

	

IEGEDG-CC-IJ-2J

	

GEDG2S5
2 .66E-004

	

2.66E-004 3

	

2.66E-004

EDG 2
REVISION : 09-24-92

I

	

I

COMMON CAUSE FAULTS

	

COMMON CAUSE FAULTS

	

COMMON CAUSE FAULTS

	

COMMON CAUSE FAULTS
ED6S 11 . 1J AND 2H

	

EDGS 1H, 1J AND 2J

	

LOGS IJ. 2H AND 2J

	

ALL ERGS

IEGEDG-CC-IHIJ2H lEGEDG-CC-IHIJ2J 1EGEOG-CC-1J2H2J	IEGEDG-CC-ALL
9 .58E-005

U

	

9.58E-005

U

	

9.58E-005

V

	

6.09E-005

V

NAPS RE A-378 12-15-92



NAPS RE A-379 12-15-92

0
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1

	

1
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1
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1

	

5

EMERGENCY DIESEL GENERATORS D G 3NAPS UNITS I S 2 320MAF . N .11 E
0 ANALYST : RST 1 CREATION DATE : 03-10-1991 REVISION : 09-24-92

EMERGENCY DIESEL
GENERATOR 2H

FAILS / UNAVAILABLE

1 GEDG312

HOUSE EVENT - I TOEDG 2H FAILS TO
START OR IS FAIL EDG 2H
UNAVIALABLE NORMALLY - 0

2 GEDG32f XHOS-0G-2H-FAILS

0 .00E•000U
COMMMON CAUSE

FAILURES OF FOGS
FS OR FS 6 FR

EDG 2H OUTPUT
BREAKER 25H2 OR
DEPENDENCIES FAIL

LOG 211 UNAVIALABLE
DUE TO UNSCHEDULED

MAINTENANCE

EDG 2H UNAVAILABLE
DUE TO SCHEDULED

TEST OR MAINTENANCE

EMERGENCY DIESEL
GENERATOR 2H FAILS
TO RUN FOR 6 HOURS

EMERGENCY DIESEL
GENERATOR 2H
FAILS TO START

3 2EGEDG-FS-2H 2EGEDG-FR-2H 2EGEOG-TM-2H 2EGEDG-UJI-2H GEDG334 GEDG335

1 .13E-002

	

1 .33E-0020 6

	

5.71E-0040

	

1 .07E-0010
BATTERY 2-I FAILS
TO SUPPLY POWER

2-BY-8-1

COMMON CAUSE FAULTS
BATTERIES 2-BY-B-I

APO 2-BY-8-3

BREAKER 25H2
SPURIOUSLY OPENS

4160 V

BREAKER 25H2
EDG OUTPUT BREAKER

FAILS TO CLOSE

4 2EEBKR-F0-25H2 2EEBKR-SO-25H2 2EEBAT-CC-I-III 2EEBAT-LP-I

2 .74E-004

V

	

6.39E-0060 6

	

1 .05E-0060

	

1 .50E-0050

	

24

COMMON
FAILURES

3 OR MORE

CAUSE
OF
FOGS

COMMON CAUSE FAULTS
EDGS 2H AND 2J

COMMON CAUSE FAULTS
EOGS IJ AND 2H

COMMON CAUSE FAULTS
ERGS 1H AND 2H

5 IEGEOG-CC-IM-2H IEGEDG-CC-IJ-2H 2EGEDG-CC-2H-2J GEDG355

2 .66E-004

	

2.66E-004

U

	

2.66E-004U
• COMMON CAUSE FAULTSCOMMON CAUSE FAULTSCOMMON CAUSE FAULTSCOMMON CAUSE FAULTS

ERGS IN. IJ AND 2H EDGS IN. 2H AND 2J EDGS 1J. 2H AND 2J ALL EDGS

6 $EGEDG-CC-1H1J2H IEGEDG-CC-fH2H2J, IEGEDG-CC-1J2H2J , IEGEOG-CC-ALL

9 .58E-005

	

9.58E-005

U

	

9.58E-005U 6 .09E-005

7

r

8

9



0

1

7

8

9

3 1 4 5

HOUSE EVENT • I TO
FAIL EOG 2J
NORMALLY • 0

XHOS-DG-2J-FAILS

0 .00E+000

2EGEOG-UM-2J

	

GEOG434

	

GEOG435

1 .07E-001o

EMERGENCY DIESEL
GENERATOR 21

FAILS / UNAVAILABLE

GEOG412

2EEBAT-CC-I-III	2EEBAT-LP-III

1 .OSE-ooh0

	

1 .50E-005

0

24

IEGEDG-CC-IJ-2J

	

2EGEDG-CC-2H-2J

	

GEOG455

EDG 21 UNAVAILABLE
DUE TO UNSCHEDULED

MAINTENANCE

COMMON CAUSE FAULTS
BATTERIES 2-BY-6-1

AND 2-BY-6-3

COMMON CAUSE FAULTS
EDGS 1J AND 2J

2 .66E-004 r, )

	

2.66E-004 V

COMMON CAUSE FAULTS
FOGS 1H. 2H AND 2J

	t
EDG 2J OUTPUT
BREAKER 25J2 OR

DEPENDENCIES FAIL

BATTERY 2-III FAILS
TO SUPPLY POWER

COMMON CAUSE FAULTS
EDGS 2H AND 2J

COMMON CAUSE FAULTS
ERGS 1J. 2H AND 2J

CO44MON CAUSE
FAILURES OF FOGS
FS OR FS 6 FR

COMMON CAUSE
FAILURES OF

3 OR MORE ERGS

COMMON CAUSE FAULTS
ALL ERGS

IEGEDG-CC-lH2H2J	IEGEDG-CC-1J2H2J , $IEGEOG-CC-ALL

9 .5E-005

	

9.5E-005 (,l

	

6.0E-005 0

NAPS RE

9.5E-005

A-380 12-15-92

EMERGENCY DIESEL GENERATORS EDG 4NAPS UNITS I C 2 320MAF .N.11

ANALYST : RST CREATION DATE: 03-10-1991 REVISION 09-24-92

EDG 2J FAILS TO
START OR IS
UNAVAILABLE

2 GEDG42t

EDG 21 UNAVAILABLE
DUE TO SCHEDULED

TEST OR MAINTENANCE

EMERGENCY DIESEL
GENERATOR 2J FAILS
TO RUN FOR 6 HOURS

EMERGENCY DIESEL
GENERATOR 2J

FAILS TO START

2EGEOG-TN-2J2EGEDG-FR-2J3

	

2EGEDG-FS-2J

1 .43E-002

V

	

1 .33E-002Ql 6

	

5.71E-0W (,)

BREAKER 25J2
SPURIOUSLY OPENS

4160 V

BREAKER 25J2
LOG OUTPUT BREAKER

FAILS TO CLOSE
4 2EEBKR-F0-25J2 2EEBKR-SO-25J2

2 .74E-004

	

S. 39E-0060 6

5

COMMON CAUSE FAULTS
FOGS IH AND 2J

lEGEDG-CC-iH-2J

2 .66E-004

r

6

COMMON CAUSE FAULTS
ERGS 1H, 1J AND 2J

IEGEDG-CC-IHIJ2J
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I
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I

	

2
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/

	

4

	

I

	

5

EMERGENCY DIESEL GENERATORS
NAPS UNITS 16 2 320MAF .N .11 E D G 5

0 ANALYST : RST I CREATION DATE : 03-10-1991 _REVISION : 09-24-92

ALTERNATE AC
DIESEL GENERATOR

FAILS / UNAVAILABLE

1 GEOG512

ALTERNATE AC DIESEL
FAILS TO START OR
IS UNAVAILABLE

HOUSE EVENT - 1 TO
FAIL ALT AC DIESEL

NORMALLY - 1

2 GEOG521 XHOS-0G-AAC-FAIL .
1 .OOE'000U

t

	

1
ALTERNATE AC ALTERNATE AC ALTERNATE AC DIESEL ALTERNATE AC DIESEL ALTERNATE AC DIESEL COMMON CAUSE

DIESEL GENERATOR DIESEL GENERATOR UNAVAIL DUE TO SCHD UNAVAIL DUE TO OUTPUT BREAKER OR FAILURES OF EDGS
FAILS TO START FAILS TO RUN TEST OR MAINTENANCE UNSCHED MAINTENANCE DEPENDENCIES FAIL FS OR FS C FR

3 IEGEDG-FS-AAC IEGEDG-FP-AAC IEGEOG-TM-AAC IEGEDG-UM-AAC GEDG534 GEDG535

2 .41E-002

V

	

1 .33E-0020 6

	

1.00E-002

V

	

1.00E-002U
BATTERY FOR

ALTERNATE AC DIESEL
GENERATOR FAILS

COMMON CAUSE FAULTS
BATTERIES 1-BY-8-1

AND 1-BY-B-3

BREAKER I ON AAC 03
SPURIOUSLY OPENS

4160 V

BREAKER I ON AAC 03
FAILS OPEN. WILL
NOT CLOSE 4160 V

4 IEPBKR-FO-AAC3-1 lEPBKR-SO-AAC3-1 IEEBAT-CC-I-III IEPBAT-LP-AAC-DG
2 .74E-004

V

	

8 .39E-0060 6

	

1 .05E-0060

	

1 .50E-0050 24

COMMON
FAILURES

3 OR MORE

CAUSE
OF
ERGS

COMMON CAUSE FAULTS
EOGS 2H AND 21

COMMON CAUSE FAULTS
EDGS IJ AND 2J

COMMON CAUSE FAULTS
FOGS 1J AND 2H

5 IEGEDG-CC-IJ-2H 1EGEDG-CC-IJ-2J 2EGEDG-CC-2H-2J GEOG555

2 .66E-004

	

2.66E-004

V

	

2.66E-0W (,1

1 COMMON CAUSE FAULTSCOMMON CAUSE FAULTSCOMMON CAUSE FAULTSCOMMON CAUSE FAULTSCOMMON CAUSE FAULTS
FOGS 1H . 1J AND 2H EDGS IN. 1J APB 2J EDGS IN. 2H AND 2J EDGS 1J. 2H AND 2J ALL ERGS

6 IEGEDG-CC-IHIJ2H, IEGEDG-CC-IHIJ2J, lEGEOG-CC-IH2H2J, lEGEDG-CC-IJ2H2J IEGEOG-CC-ALL

9.58E-005 3

	

9.58E-005

	

9.58E-005U

	

9 .58E-005

	

6.09E-005 V

7

8

9



0

i

7

8

9

1 3 1 4 1 5

NAPS IPE

NO ELECTRIC POWER

	

BREAKER 6102
500 KV BUS #1

	

SPURIOUSLY OPENS
500 KV

GESY112 	IEPOKR-S0-6102

ESY00 3 .36E-0050 24

NO ELECTRIC POWER
4160 V BUS IA

1-EP-SW-I

	GEP1112
TFR 10
4 40
6 30
5 40

GESY212

ND ELECTRIC POWER

	

BREAKER 11502

	

BREAKER 61TH5
500 KY BUS 02

	

SPURIOUSLY OPENS

	

SPURIOUSLY OPENS
500 KV

	

500 KV

IEPBKR-S0-H 02	IEPBKR-SO-61TH5

ESYOO 3-36E-W50 24

	

3.36E-DOS l d l 24

NO ELECTRIC POWER
34 .5 KV BUS 04

BREAKER 142
SPURIOUSLY OPENS

34 .5 KV

GESY412

	

IEPBKR-SO-142

ND ELECTRIC POWER
FROM 34 .5 KV BUS 04

GEP1182
TFR TO
1 31

RESERVE STATION SEA
TRANSFORMER A

34 .5/4 .16 KV FAILS

BREAKER 15A1
SPURIOUSLY OPENS

4160 V

BREAKER 15A1
FAILS OPEN. WILL
NOT CLOSE 4160 V

1 .03E-003 (_)

BREAKER 15A2
FAILS CLOSED . WILL
NOT OPEN 4160 V

IEPTFM-LP-RSST-A

	

IEPOKR-S0-15A1

	

IEPBKR-FO-15AI

	

IEPBKR-FC-15A2

A

	

Q)ESr00 3.36E-005

	

24

	

1 .90E-0050 24

	

3.36E-0050 24

	

2.741-004

A-382 12-15-92

ELECTRICAL POWER DISTRIBUTION
NAPS UNIT 1

	

32OMAF .N .iO E P 1 1
ANALYST : RST I CREATION DATE: 05-30-1991 _REVISION : 09-15-92

4160 V BUS IA
LOSS OF FUNCTION

1-EP-SW-1

2 IEPSUS-LU-IA

1 .21E-005

	

4 1 24

NO POWER FROM
STATION SERVICE

NO ELECTRIC POWER
FROM 34 .5 KV BUS 04

3
TRANSFORMER

GEP1133GEP1182

e 2
THIS PAGE

f I

4

I LOSS OF SWITCHYARD,
MAIN TRANSFORMER OR

BREAKERS

LOSS OF STATION
SERVICE TRANSFORMER

OR BREAKER

GEP1144GEPif42
TFR TO
3 42
2 42

STATION SERVICE
TRANSFORMER IA

O-AP-10 LOSS OF
ELECTRICAL POWER

BREAKER 15A2
FAILS OPEN . WILL

MAIN TRANSFORMER
500/22 KV FAILS

NO POWER SUPPLIED
FROM SWITCHYARD

BREAKER 612

FAILS CLOSED. WILL

5
NOT REOPEN 22 KV FAILS 22/4 .16 KV NOT CLOSE 4160 V

jIEPTFH-LP-SST-lAIEPTFN LP-MAIN GEP1152 FEP OAPIO IEPBKR-F0-15A2IEPBKR-FC-G12

1 .S3E-003

U

,

	

1.10E-005 24 5 .27E-003 3 1 .90E-005

	

24 2.74E-004 3

NO POWER SUPPLIED
FROM SWITCHYARD

BUS 42

NO POWER SUPPLIED
FROM SWITCHYARD

BUS 01

6 GEP1161 GEP1153
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O

NO ELECTRIC POWER
4160 V BUS 18

i-EP-SW-2

ELECTRICAL POWER DISTRIBUTION
NAPS UNIT 1

	

320MAF .N .10 E P 1 2
ANALYST : AST CREATION DATE : 05-30-1991 REVISION : 09-15-92

1 GEP1212
TFR TO
7 40
8 40
9 30

2

NO POWER SUPPLIED
TO BUS 18 FROM
OFFSITE POWER

4160 V BUS 18
LOSS OF FUNCTION

1-EP-SW-2

GEP1221 IEPBUS-LU-1B
1 .21E-005U 24

NO ELECTRIC POWER NO POWER FROM
FROM 34 .5 KV BUS 04 STATION SERVICE

TRANSFORMER

3 GEP1231 GEP1233

LOSS OF STATIONLOSS OF SWITCHYARD.
MAIN TRANSFORMER OR SERVICE TRANSFORMER

BREAKERS OR BREAKER

4 GEP1142 GEP1244

PAGE 1

BREAKER 1582
FAILS OPEN. MILL
NOT CLOSE 4160 V

STATION SERVICE-
TRANSFORMER 18

FAILS 22/4 .16 KV

O-AP-10 LOSS OF
ELECTRICAL POWER

5 FEP OAP10 IEPTFM-LP-SST-18 IEPBKR-FO-1582
- 5 .27E-003 3

	

1 .90E-005

	

24

	

2.74E-004U
BREAKER 1582

FAILS CLOSED . WILL
BREAKER 1581

FAILS OPEN. WILL
BREAKER 1581

SPURIOUSLY OPENS
RESERVE STATION SEP

TRANSFORMER 8
BREAKER

SPURIOUSLY
242
OPENS

NO ELECTRIC POWER
34 .5 KV BUS 04

34 .5 KV 34 .5KV/4160V FAILS 4160 V NOT CLOSE 4160 V NOT OPEN 4160 V

6 GESY412 IEPSKR-SO-242 IEPTFM-LP-RSST-8 IEPSKR-SO-1581 IEPBKR-FO-1581 IEPBKR-FC-1582
ESY00 3 .36E-0050 24

	

1 .90E-005 0, ) 24

	

3.36E-005 0

	

24

	

2.74E-0W (, )

	

t .B3E-003 (, l

7

8

9
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NAPS IPE

s

NO ELECTRIC POWER
34 .5 KV BUS 03

GESY312

A
ESYOO

NO POWER SUPPLIED
TO BUS IC FROM
OFFSITE POWER

GEP1321

NO ELECTRIC -POWER
FROM 34 .5 KV BUS 03

GEP1331

BREAKER 332
SPURIOUSLY OPENS

34 .5 KV

NO ELECTRIC POWER
4160 V BUS IC

1-EP-SW-3

TFR TO
11 40
10 40

GEP1312

LOSS OF SWITCHYARD.
MAIN TRANSFORMER OR

BREAKERS

GEP1142

PAGE 1

	I
NO POWER FROM
STATION SERVICE

TRANSFORMER

GEP1333

O-AP-10 LOSS OF
ELECTRICAL POWER

R£P-OAPIO

4160 V BUS 1C
LOSS OF FUNCTION

1-EP-SW-3

IEPSUS-LU-IC
1 .21E-0050 24

LOSS OF STATION
SERVICE TRANSFORMER

OR BREAKER

GEP1344

STATION SERVICE _
TRANSFORMER IC

FAILS 22/4.16 KV

IEPTFN-LP-SST-IC

BREAKER 15C2
FAILS OPEN. WILL
NOT CLOSE 4160 V

IEP1KR FO-15C2
5 .27E-003 3

	

1.90E-005 4

	

24

	

2.74E-004 3

RESERVE STATION SEA

	

BREAKER 1501

	

BREAKER 1501

	

BREAKER 15C2
TRANSFORMER C

	

SPURIOUSLY OPENS

	

FAILS OPEN. WILL

	

FAILS CLOSED, WILL
34 . 5KV/4 1 60V FAILS

	

4160 V

	

NOT CLOSE 4150 V

	

NOT OPEN 4160 V

IEPOKR-SO-332	,lEPTFM-LP-RSST-C	IEPBKR-SO-1501	IEPOKR-FO-15CI	IEP$KR-FC-15C2
3 .36E-0050 24

	

1.90E-DOS (i,) 24

	

3.36E-0050 24

	

2.74E-0040

	

1 .193E-003 ()

A-384

I

12-15-92

ELECTRICAL POWER DISTRIBUTION E P I 3NAPS UNIT I

	

320MAF .N .IO
ANALYST : RST I CREATION DATE : 05-30-1991 REVISION : 09-15-92
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0

ELECTRICAL POWER DISTRIBUTION
NAPS UNIT I

	

320MAF .N.10 E P 1 4
ANALYST : RST I CREATION DATE : 05-30-1991 REVISION : 09-f5-92

NO ELECTRIC POWER
480 V BUS IAI

1-EP-SS-3

1 GEP1412

1
NO POWER SUPPLIED
TO BUS !A1 FROM

4160 V BUS IA OR IC

480 V BUS IAI
UNSCHEDULED
MAINTENANCE

480 V BUS JAI
LOSS OF FUNCTION

f-EP-SS-3

2 SEP1421 1EPBUS-UM-M IEPBUS-LU-IAI
2 .00E-004

	

1 .21E-005

	

24

1
NO POWER SUPPLIED
TO BUS IAI FROM

NO POWER SUPPLIED
TO BUS JAI FROM

4160 V BUS IA 460 V BUS IC2

3 GEP1431 GEP1434
TFR TO
11 51

TRANSFORMER tAI
4160/480 V FAILS

BREAKER 14A1-1
SPURIOUSLY OPENS

480 V

BREAKER i5A7
SPURIOUSLY OPENS

4160 V

NO ELECTRIC POWER
4160 V BUS JA

1-EP-SW-1

4 GEP1112 IEPBKA-S0-15A7 IEPTFM LP-lA1 IEPSKR-S0-14A1 I
3.36E-DOS

U

24

	

1 .90E-005 4

	

24

	

3.36E-005

	

24

PAGE 1

1
NO ELECTRIC POWER BREAKER 14A1-8 O-AP-10 LOSS OF
FROM 480V BUS 1C2 FAILS OPEN . WILL' ELECTRICAL POWER

NOT CLOSE 460 V
S GEP1453 IEPOKR-FO-14A1 B HEP-OAP10

2 .74E-004 3

	

8.27E-003 3
s

1 480 V BUS 1C2NO POWER SUPPLIED 480 V BUS 1C2
TO BUS 1C2 FROM UNSCHEDULED LOSS OF FUNCTION
4160 V BUS IC MAINTENANCE I-EP-SS-4

6 GEP11131 IEPBUS-UM-1C2 lEPBUS-LU-1C2
2 .00E-004

	

)

	

1.21E-005

	

24
3f

(

	

(_)

7

PAGE 11
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PAGE 1

TFR TO
7 63

I

NO ELECTRIC POWER
480 V BUS 1A2

1-EP-SS-6

GEP1512

NO POWER SUPPLIED

	

480 V BUS 1A2

	

480 V BUS 1A2
TO BUS 1A2 FROM

	

UNSCHEDULED

	

LOSS OF FUNCTION
4160 V BUS JA OR 18

	

MAINTENANCE

	

1-EP-SS-6

GEP1521

	

IEPBUS-UM-1A2

	

1EPBUS-LU-1A2

NO POWER SUPPLIED
TO BUS 1A2 FROM
4160 V BUS fA

GEP1531

NO ELECTRIC POWER

	

BREAKER 15A7

	

TRANSFORMER IA2

	

BREAKER 14A2-15
4150 V BUS fA

	

SPURIOUSLY OPENS

	

4160/480 V FAILS

	

SPURIOUSLY OPENS
1-EP-SW-I

	

4160 V

	

480 V

2.00E-004

	

1.21E-005

	

24

GEP1112	IEPBKR SO-15A7	IEPTFM-LP-1A2	IEPBKR-SO-14A215
3 :36E-0050 24

	

1 .90E-005

	

24

	

3.36E-005

	

24
f 22

NO POWER SUPPLIED
FROM 4160 V BUS 16
THROUGH BUS 181

GEP1534

NO POWER SUPPLIED

	

480 V BUS 181

	

480 v BUS 181

	

BREAKER 1481-6

	

O-AP-10 LOSS OF
TO BUS 181 FROM UNSCHEDULED LOSS OF FUNCTION FAILS OPEN. WILL ELECTRICAL POWER
4160 V BUS 16

	

MAINTENANCE

	

1-EP-SS-5

	

NOT CLOSE 480 V

GEP1731	IEPBUS-UM-181	SEPBUS-LU-181	IEPOKR-FO-1481-8	HEP-OAPIO

3 f

	

2.00E-004U

	

2.21E-005
~~~

.~)

~, ` 24

	

2.74E-004U

	

5.27E-003
lam'./)( , `

PAGE 7

NAPS IPE A-386 12-15-92

ELECTRICAL POWER DISTRIBUTION E P 1 5NAPS UNIT I

	

32oNAF .N .10

ANALYST : PST [CREATION DATE: 05-30-1991 REVISION : 09-15-92
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NAPS IPE A-387 12-15-92
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1

	

4

	

I

	

5

ELECTRICAL POWER DISTRIBUTION
NAPS UNIT I

	

320MAF .N .1O E P 1 6
ANALYST : RST ICREATION DATE: 05-30-1991 REVISION : 09-15-92

NO ELECTRIC POWER
480 V BUS 03
1-EP-SS-10

1 GEP1612

NO POWER SUPPLIED
TO BUS fA3 FROM
4160 V BUS fA

480 V BUS fA3
UNSCHEDULED
MAINTENANCE

480 V BUS 1A3
LOSS OF FUNCTION

1-EP-SS-10
2 GEPI621 IEPBUS-um-1A3 IEPBUS-LU-M3

2 .00E-004

U

	

1 .21E-005 ( . 1 24

NO ELECTRIC POWER
4160 V BUS IA

1-EP-SW-I

BREAKER 15A8
SPURIOUSLY OPENS

4160 V

TRANSFORMER fA3
4160/480 V FAILS

BREAKER 14A3-1
SPURIOUSLY OPENS

480 V
3 GEP1112 IEPSKA-S0-15A8 IEPTFM-LP-1A3 IEPBKR-SO-14A3-1

3.36E-005 ~ 24

	

1.90E-005 ~ 24

	

3 .36E-005 ~ 24
1 2
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TFR TO
5 51

I

NO ELECTRIC POWER
480 V BUS 101

i-EP-SS-5

GEPI712

NO POWER SUPPLIED

	

480 V BUS 181

	

490 V BUS 181
TO BUS 181 FROM

	

UNSCHEDULED

	

LOSS OF FUNCTION
4160 V BUS 18 OR 3A

	

MAINTENANCE

	

1-EP-SS-5

GEP1721

	

IEPBUS-UM-181

	

IEPBUS-LU-181
2 .00E-004

	

1 .21E-005

U

24

1
NO POWER SUPPLIED NO POWER SUPPLIED
TO BUS 181 FROM TO BUS 161 FROM
4160 V as 18

	

480 V BUS 1A2

GEP1731

	

GEP1734

NO ELECTRIC POWER

	

BREAKER 1587

	

TRANSFORMER 181

	

BREAKER 1481-1
4160 V BUS 18

	

SPURIOUSLY OPENS

	

4160/480 V FAILS

	

SPURIOUSLY OPENS
1-EP-SW-2

	

4160 V

	

480 V

6EP1212	IEPBKR SO-3587	IEPTFMLP-181	1EPBKR-SO-1481 I
3 .36E-0050 2A

	

1 .90E-005

	

24

	

3.36E-005

	

2A
f 2

PAGE 2

I
NO ELECTRIC POWER

	

BREAKER 1481-8

	

O-AP-10 LOSS OF
FROM 480V BUS 3A2

	

FAILS OPEN. WILL

	

ELECTRICAL POWER
NOT CLOSE 480 V

GEP1753	I1EPOKA-FO-1481-8

	

MEP-0010
2 .74E-0040

	

5 .27E-003 3

NO POWER SUPPLIED 480 V BUS 1A2 480 V BUS 1A2
TO BUS 1A2 FROM UNSCHEDULED LOSS OF FUNCTION
4160 V BUS IA

	

MAINTENANCE

	

1-EP-SS-6

GEP1531	1EPBUS-UM-1A2	IEPBUS-LU-1A2
? .00E-004 (j

	

1 .21E-005 ~ , l 24
3f

PAGE 5

NAPS RE A-388 12-15-92

ELECTRICAL POWER DISTRIBUTION
E P 1 7NAPS UNIT I

	

320MAF . N.10

ANALYST : R5T 1 CREATION DATE : 05-30-1991 REVISION : 09-15-92
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NO ELECTRIC POWER
480 V BUS 1B2

ELECTRICAL POWER DISTRIBUTION
NAPS UNIT I

	

320MAF .N .1O E P 1 8
ANALYST : RST I CREATION DATE : 05-30-1991 REVISION 09-15-92

i

1-EP-SS-8

GEP1612

2

480 V BUS IB2
UNSCHEDULED
MAINTENANCE

480 V BUS
LOSS OF FUNCTION

1-EP-SS-8

152

.

IEPOUS-UM-182
2 .00E-001

IEPBUS-LU-162
1 .21E-005 24

NO POWER SUPPLIED
TO BUS 182 FROM
4160 V BUS 18

NO POWER SUPPLIED
FROM 4160 V
THROUGH BUS

BUS IC
1C1

3 GEP1631 GEPIB34
TFR TO
10 63

BREAKER 1482-15BREAKER 1587
SPURIOUSLY OPENS

TRANSFORMER 182
4160/480 V FAILS

NO ELECTRIC POWER
4160 V BUS 18 SPURIOUSLY OPENS

1-EP-SW-2 4160 V 480 v
4 SEP1212 IEPOKR-SO-1567 IEPTFM LP-1B2 1EPBKR SO-186215

3 .36E-005

	

24

	

1.90E-005

	

24 3.36E-005 24
f 2

0
PAGE 2

480 v BUS SCI BREAKER 14C1-8 O-AP-10 LOSS OF480 V BUS ICINO POWER SUPPLIED
TO BUS ICI FROM
4160 V BUS IC

UNSCHEDULED
MAINTENANCE

LOSS OF FUNCTION
1-EP-SS-7

FAILS OPEN .
NOT CLOSE

WILL
460 V

ELECTRICAL POWER

S GEP11031 IEPBUS-UM-ICI 1EPBUS-LU-10 IEPBKP-F0-14C1-8 NEP-OAP10

Al

	

2.00E-004U 1 .21E-00'5

U

24

	

2.74E-004 5 .27E-003

!
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PAGE 2

I

NO ELECTRIC POWER
480 V BUS 183

1-EP-SS-9

GEP1912

NO POWER SUPPLIED 480 V BUS 183 480 V BUS 183
TO BUS 183 FROM UNSCHEDULED LOSS OF FUNCTION
4160 V BUS Is

	

MAINTENANCE

	

1-EP-SS-9

GEP192i

	

iEPBUS-UM 163

	

IEPBUS-LU-1B3

NO ELECTRIC POWER

	

BREAKER 15810

	

TRANSFORMER 1B3

	

BREAKER 1483-1
4160 V BUS 18

	

SPURIOUSLY OPENS

	

4160/480 V FAILS

	

SPURIOUSLY OPENS
1-EP-SW-2

	

4160 V

	

480 V

GEP1212

	

SEPBKR-S0-15810

	

IEPTFM-LP-183

	

IEPBKR-S0-1483 I

i 2

	

3.36E-0050 24

	

1 .90E-0050 24

	

3.36E-0050 24

ELECTRICAL POWER DISTRIBUTION
NAPS UNIT I

	

320MAF .N .10
ANALYST : RST I CREATION DATE : 05-30-1991

2 .00E-004

	

1.21E-0050 24

EPI 9
REVISION : 09-15-92

NAPS IPE A-390 12-15-92
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0
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1
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2

	

I

	

3

	

I

	

4

	

t

	

5

0

ELECTRICAL POWER DISTRIBUTION
NAPS UNIT I

	

320MAF .N.10 E P 1 1 0
ANALYST : AST I CREATION DATE : 05-30-1991 REVISION ' 09-15-92

NO ELECTRIC POWER
480 V BUS ICI

1-EP-SS-7

1 GEP1I012

480 V BUS ICI
LNSCIEDULED
MAINTENANCE

480 V BUS IC1
LOSS OF FUNCTION

1-EP-SS-7

2 IEPBUS UM-1C1 IEPBUS-LU-ICI

y

2 .00E-004

	

1.21E-005

	

24

NO POWER SUPPLIEDNO POWER SUPPLIED
TO BUS ICI FROM TO BUS ICI FROM
4160 V BUS 1C 480 V BUS 1B2

3 SEP11031 GEP11034
TFR TO
8 51

TRANSFORMER ICI BREAKER 14C1-INO ELECTRIC POWER BREAKER 15C7
4150 V BUS IC SPURIOUSLY OPENS 4150/480 V FAILS SPURIOUSLY OPENS

1-EP-SW-3 4160 V 480 V
4 GEP1312 IEPBKR SO-15C7 lEPTFM-LP-ICI IEPBKR SO-14C1 I

3 .36E-005

	

24

	

1 .90E-005

	

24

	

3.36E-005

	

24
f 2

PAGE 3

NO ELECTRIC POWER
FROM 480V BUS 1B2

BREAKER
FAILS OPEN.
NOT CLOSE

14C1-8
WILL

480 V

O-AP-10 LOSS OF
ELECTRICAL POWER

5 GEP11053 IEPSKA-FO-14C1-B MEP-0010
2.74E-004 3

	

S. 27E-003 3

NO POWER SUPPLIED 480 V BUS 182 480 V BUS 162
TO BUS 162 FROM
4160 V BUS 15

UNSCHEDULED
MAINTENANCE

LOSS OF FUNCTION
1-EP-SS-B

6 GEPIB31 IEPBUS-UM-1B2 IEPBUS-LU-1B2
2 .00E-004

	

1.21E-005

	

24
31 U 0

7
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NO ELECTRIC POWER
4160 V BUS IC

1-EP-SW-3

GEP1312

A
PAGE 3

NAPS WE

s

s

NO POWER SUPPLIED
TO BUS 1C2 FROM

4160 V BUS IC OR IA

TFR TO
4 63

GEP11121

NO POWER SUPPLIED
TO BUS 1C2 FROM
4160 V BUS IC

GEP11131

BREAKER 15C7
SPURIOUSLY OPENS

4160 V

IEPSKR-SO-15C7
3 .36E-005

	

24

	

1 .90E-005

	

24

	

3.36E-005

	

24

NO POWER SUPPLIED
TO BUS 1A1 FROM
4160 V BUS IA

GEP1431

31
PAGE 4

NO ELECTRIC POWER
480 V BUS 1C2

i-EP-SS-4

GEP11112

TRANSFORMER 1C2
4160/480 V FAILS

IEPTFM-LP 1C2

480 V BUS iA1
UNSCHEDULED
MAINTENANCE

lEPGUS-UM-IAI
2 .00E-004

A-392

ELECTRICAL POWER DISTRIBUTION
NAPS UNIT I

	

320MAF .N.10

ANALYST : RST I CREATION DATE: 05-30-1991

480 V BUS 1C2
UNSCHEDULED
MAINTENANCE

1EPBUS-UM-1C2

	

1EPBUS-LU-1C2
2 .00E-004

	

1 .21E-005 (, ) 24

BREAKER 14C2-15
SPURIOUSLY OPENS

480 V

IEPBKR-S0-14C215

480 V BUS JAI
LOSS OF FUNCTION

1-EP-SS-3

IEPBUS-LU-IAI
1 .21E-005

U

24

480 V BUS 1C2
LOSS OF FUNCTION

1-EP-SS-4

NO POWER SUPPLIED
FROM 4160 V BUS IA
THROUGH BUS JAI

SEPII134

BREAKER 14A1-6
FAILS OPEN. WILL
NOT CLOSE 480 V

IEPBKR-FO-14A1-8
2 .74E-004

EP1 11
REVISION : 09-15-92

O-AP-10 LOSS OF
ELECTRICAL POWER

NEP-0010
5.27E-0030

12-15-~



NAPS IPE A-393 12-15-92
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1

NO ELECTRIC POWER
4160 V BUS 2A

2-EP-SW-l

GEP2112
TFR TO
4 40
5 40

ELECTRICAL POWER DISTRIBUTION
NAPS UNIT 2

	

320MAF .N .10
'~

E P ~- 1
ANALYST: AST CREATION DATE : 06-10-1991 REVISION : 09-15-92

2

NO POWER SUPPLIED
TO BUS 2A FROM
OFFSITE POWER

4160 V BUS 2A1
LOSS OF FUNCTION

2-EP-SW-1

2EPBUS-LU-2AGEP2121
1 .21E-005

	

4

	

24

3

NO ELECTRIC POWER
34 .5 KV BUS $A

BREAKER 142
SPURIOUSLY OPENS

34 .5 KV

RESERVE STATION SEA
TRANSFORMER A

34 .5/4 .16 KV FAILS

BREAKER 25A1
SPURIOUSLY OPENS

4160 V

BREAKER 25A1
FAILS OPEN . WILL
NOT CLOSE 4160 V

BREAKER 25A2
FAILS CLOSED. WILL
NOT OPEN 4160 V

IEPTFM-LP-RSST-A 2EPBKR-SO-25A1 2EPBKR-FC-25A22EPSKA-FO-25A1IEPSKA-SO-142GESY412
ESYOO 3.%E-0050 24 t .90E-0050 24 3 .36E-00S0 24

	

2.74E-0040

	

1 .83E-003
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5

6

7

8

9
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5

r
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8

9

GEP2221

NO ELECTRIC POWER
4160 V BUS 28

2-EP-SW-2

TFR TO
6 40
7 40

GEP2212

1 3 I 4 1

	

5

ELECTRICAL POWER DISTRIBUTION
NAPS UNIT 2

	

320MAF .N.10

ANALYST : PST I CREATION DATE : 06-10-1991

NO POWER SUPPLIED

	

160 V BUS 28
TO BUS 28 FROM

	

LOSS OF FUNCTION
OFFSITE POWER

	

2-EP-SW-2

2EPSUS-LU-25

1 .21E-005

	

24

EP2 2
REVISION : 09-15-92

NO ELECTRIC POWER

	

BREAKER 242

	

RESERVE STATION SER

	

BREAKER 2581

	

BREAKER 2581

	

BREAKER 2582
34 .5 KV BUS #4

	

SPURIOUSLY OPENS

	

TRANSFORMER 6

	

SPURIOUSLY OPENS

	

FAILS OPEN. WILL

	

FAILS CLOSED. WILL
34 .5 KV

	

34.5KV/4160V FAILS

	

4160 V

	

NOT CLOSE 4160 V

	

NOT OPEN 4160 V

GESY412

	

IEPSKR-SO-242

	

lEPTFN-LP-ASST-8

	

2EPOKR-S0-2581

	

2EPBKP-FO-2581

	

2EPBKR-FC-2582

® ESYOO 3.36E-005U 24

	

1.90E-005

V

24

	

3.36E-0050 24

	

2.74E-004U

	

1 .83E-003 j ,

NAPS RE A-394

I

12-15-92
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ELECTRICAL POWER DISTRIBUTION
NAPS UNIT 2

	

320MAF .N .10 EP 2 3
O 09-15-92REVISIONANALYST : RST CREATION DATE: 06-10-1991 _

NO ELECTRIC POWER
4160 V BUS 2C

2-EP-SW-3

1 GEP2312
TFR TO
6 40
9 40

NO POWER SUPPLIED 4160 V BUS 2C
TO BUS 2C FROM LOSS OF FUNCTION
OFFSITE PONS 2-EP-SW-3

2 GEP2321 2EPBUS-LU-2C
1 .21E-005

	

24

RESERVE STATION SER
TRANSFORMER C

BREAKER 2501
SPURIOUSLY OPENS

BREAKER 25C1
FAILS OPEN, WILL

BREAKER 25C2
FAILS CLOSED. WILL

BREAKER 332
SPURIOUSLY OPENS

NO ELECTRIC POWER
34 .5 KV BUS 43

34 .5 KV 34 .5KV/4160V FAILS 4160 V NOT CLOSE 4160 V NOT OPEN 4160 V

3 GESY312 1EPSKR-SO-332 IEPTFM-LP-ASST-C 2EPSKR-SO-2501 2EPBKR-FO-25CI 2EPBKR-FC-25C2
ESY00 3.36E-005 ~ 24

	

1 .90E-005 ~ 24

	

3 .36E-003 ~ 24

	

2.74E-004 ~

	

1 .63E-003
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7
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NO ELECTRIC POWER
4160 V BUS 2A

2-EP-SW-1

GEP2112

A
PAGE i

NAPS IPE

s

	i
NO POWER SUPPLIED
TO BUS 2A1 FROM

4160 V BUS 2A OR 2C

NO POWER SUPPLIED
TO BUS 2A1 FROM
4160 V BUS 2A

TFR TO
9 51

GEP2421

GEP2431

BREAKER 25A7
SPURIOUSLY OPENS

4160 V

2EPBKA SO-25A7	2EPTFM-LP-2A1	2EPBKR-SO-24A1 I
3 .36E-005U 24

	

1 .90E-005

	

24

	

3.36E-005

	

24

NO ELECTRIC POWER
480 V BUS 2A1

2-EP-SS-3

SEP2412

TRANSFORMER 2A1
4160/480 V FAILS

A-396

ELECTRICAL POWER DISTRIBUTION
NAPS UNIT 2

	

320MAF .N .1O

ANALYST : RST 1 CREATION DATE : 05-10-1991

480 V BUS 2A1
UNSCHEDULED
MAINTENANCE

2EPBUS-UM-2A1	2EPBUS-LU-2A1
2 .00E-004

	

1.21E-0050 24

BREAKER 24A1-1
SPURIOUSLY OPENS

480 v

NO ELECTRIC POWER
FROM 480V BUS 2C2

GEP2453

NO POWER SUPPLIED
TO BUS 2C2 FROM
4160 V BUS 2C

GEP2931

31
PAGE 9

480 V BUS 2A1
LOSS OF FUNCTION

1-EP-SS-3

NO POWER SUPPLIED
TO BUS 2A1 FROM
480 V BUS 2C2

GEP2434

BREAKER 24A1-8
FAILS OPEN. WILL
NOT CLOSE 480 V

2EPBKR-FO-24AI-8

EP2 4
REVISION : 09-15-92

O-AP-10 LOSS OF
ELECTRICAL POWER

IEP-OAPIO
2 .74E-004 3

	

5-27E-003

4B0 V BUS 2C2
UNSCHEDULED
MAINTENANCE

2EPBUS-lM-2C2
? .O0E-004

480 V BUS 2C2
LOSS OF FUNCTION

2-EP-SS-4

2EPBUS-LU-2C2
1 .21E-005U 24

12-15-92
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ELECTRICAL POWER DISTRIBUTION
NAPS UNIT 2

	

320MAF .N.1O E P 2 5
ANALYST : AST I CREATION DATE : 06-f0-1991 REVISION : 09-15-92

NO ELECTRIC POWER
480 V BUS 2A2
2-EP-SS-6

i GEP2512

NO POWER SUPPLIED
TO BUS 2A2 FROM

480 V BUS 2A2
UNSCHEDULED

480 v BUS
LOSS OF

2A2
FUNCTION

4160 V BUS 2A OR 28 MAINTENANCE 2-EP-SS-6

2 GEP2521 2EPBUS-UN 2A2 2EPBUS-LU-2A2
2 .00E-004

	

1.21E-005

	

24

NO POWER
FROM 4160

SUPPLIED
V BUS 28
BUS 281

NO POWER SUPPLIED
TO BUS 2A2 FROM
4160 V BUS 2A THROUGH

3 GEP2531 GEP2534
TFR TO
6 63

BREAKER 25A7
SPURIOUSLY OPENS

4160 v

TRANSFORMER 2A2
4160/480 V FAILS

BREAKER 24A2-15
SPURIOUSLY OPENS

480 V

NO ELECTRIC POWER
4160 V BUS 2A

2-EP-SW-f

4 GEP2112 2EPBKR SO-25A7 2EPTFM-LP-2A2 2EPBKR-SO-24A215
3 .36E-005

	

24

	

1 .90E-005

	

24

	

3.36E-005

	

24
f2 0

PAGE 1

480 V BUS 2B1 480 V BUS 281 BREAKER 24B1-8NO POWER SUPPLIED O-AP-10 LOSS OF
TO BUS 2B1 FROM UNSCHEDULED LOSS OF FUNCTION FAILS OPEN. WILL ELECTRICAL POWER
4160 V BUS 28 MAINTENANCE 2-EP-SS-5 NOT CLOSE 480 V

5 GEP2531 2EPBUS-UM-281 2EPBUS-LU-281 2EPBKR-FO-2481-8 MEP-0010

a l
'

	

3 f

	

2.00E-004

U

	

1.21E-0050 24

	

2.74E-004 (, l

	

5.27E-M30
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PAGE 2

I
NO POWER SUPPLIED
TO BUS 261 FROM

4160 V BUS 29 OR 2A

NO POWER SUPPLIED
TO BUS 281 FROM
4160 V BUS 28

TFR TO
5 51

NO ELECTRIC POWER
480 V BUS 281
2-EP-SS-5

GEP2612

GEP2621

	

2EPBUS-tM-281

	

2EPMUS-LU-261

NO ELECTRIC POWER . BREAKER 2587 TRANSFORMER 291 BREAKER 2481-1
4160 V BUS 26 SPURIOUSLY OPENS 4160/480 V FAILS SPURIOUSLY OPENS

2-EP-SW-2

	

4160 V

	

480 V

3 .36E-0050 24 .

	

1.90E-0050 24

	

3.36E-005

	

24
1 22

ELECTRICAL POWER DISTRIBUTION
NAPS UNIT 2

	

320MAF .N .10

ANALYST : RST 1 CREATION DATE : 06-10-1991

480 V BUS 281 480 V BUS 281
UNSCHEDULED LOSS OF FUNCTION
MAINTENANCE

	

2-EP-SS-5

2 .00E-004

	

1 .21E-005 4

	

24

GEP2631

	

GEP2634

GEP2212

	

2EPBKR-SO-2587

	

2EPTFM-LP 281

	

2EPSKR-SO-2481 I

I

1
NO POWER SUPPLIED
TO BUS 2B1 FROM
480 V BUS 2A2

EP2 6
REVISION : 09-15-92

NO ELECTRIC POWER

	

BREAKER 2481-8

	

O-AP-10 LOSS OF
FROM 480V BUS 2A2

	

FAILS OPEN. WILL

	

ELECTRICAL POWER
NOT CLOSE 480 V

GEP2553

	

2EPBKR-FO-2481 8

	

IIEP-OAP10
2 .74E-004 3

	

5.27E-003 3

NO POWER SUPPLIED 480 V BUS 2A2 460 V BUS 2A2
TO BUS 2A2 FILM UNSCHEDULED LOSS OF FUNCTION
4160 V BUS 2A

	

MAINTENANCE

	

2-EP-SS-6

GEP2531	2EPBUS-UM-2A2	2EPBUS-LU-2A2
200E-004

V

	

1.21E-0050 24
3f
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ELECTRICAL POWER DISTRIBUTION
NAPS UNIT 2

	

320NAF .N.10 E P2 7
ANALYST : RST I CREATION DATE : 06-10-1991 REVISION : 09-15-92

NO ELECTRIC POWER
480 V BUS 282

2-EP-SS-8

1 GEP2712

NO POWER SUPPLIED
TO BUS 252 FROM

4160 V BUS 28 OR 2C

480 V BUS 282
UNSCHEDULED
MAINTENANCE

480 V BUS 282
LOSS OF FUNCTION

2-EP-SS-8

2 GEP2721 2EP8US-UM-2B2 2EPBUS-LU-282
2 .00E-004

	

1 .21E-005

U

24

NO POWER SUPPLIED
TO BUS 282 FROM
4160 V BUS 28

NO POWER SUPPLIED
FROM 4160 v BUS 28
THROUGH BUS 2C1

3 GEP2731 GEP2734
TFR TO
8 63

NO ELECTRIC POWER
4160 V BUS 26

2-EP-SW-2

BREAKER 2587
SPURIOUSLY OPENS

4160 V

TRANSFORMER 282
4160/480 V FAILS

BREAKER 2482-15
SPURIOUSLY OPENS

480 V

4 GEP2212 2EPBKP S0-2587 2EPTFM-LP 282 2EPBKR-SO-248215
3.36E-005

	

24

	

1 .90E-005 4

	

2A

	

3.36E-0050 24

PAGE 2

NO POWER SUPPLIED 480 V BUS 2C1 480 V BUS 2C1 - BREAKER 24C1-8 O-AP-10 LOSS OF
TO BUS 2C1 FROM UNSCHEDULED LOSS OF FUNCTION FAILS OPEN. WILL ELECTRICAL POWER
4160 V BUS 2C MAINTENANCE 1-EP-S5-7 NOT CLOSE 480 V

5 GEP2631 2EPBUS-UM-2C1 2EPBUS-LU-2C1 2EP8KR-F0-24C1-8 HEP-OAP10

a ls

	

3 1

	

2.00E-004

U

	

1 .21E-005 (, l 24

	

2.74E-004 , l

	

5.27E-0030

tom' ~)

	

~~'~)

	

\~'

PAGE

	

'
J

8

6

7

8

9



0

I

2

3

4

5

6

7

8

9

1 3 1 4 1 5

NO ELECTRIC POWER
4160 V BUS 2C

2-EP-SW-3

SEP2312

A
PAGE 3

NAPS IPE

	t
NO POWER SUPPLIED
TO BUS 2C1 FROM

4160 V BUS 2C OR 2B

NO POWER SUPPLIED
TO BUS 2C1 FROM
4160 V BUS 2C

TFR TO
7 51

SEP2821

SEP2831

BREAKER 25C7
SPURIOUSLY OPENS

4160 V

2EPBKP SO 25C7

NO ELECTRIC POWER
480 V BUS 2C1

2-EP-SS-7

GEP2812

TRANSFORMER 2C1
4160/480 V FAILS

2EPTFM-LP-2C1

480 V BUS 2C1
UNSCHEDULED
MAINTENANCE

2EPBUS-UM-2C1

BREAKER 24C1-1
SPURIOUSLY OPENS

480 V

2EPSKR-SO-24C1 I
3 .36E-005

	

24

	

1 .90E-005

	

4

	

24

	

3.36E-005

	

24

NO ELECTRIC POWER
FROM 490V BUS 262

ELECTRICAL POWER DISTRIBUTION
NAPS UNIT 2

	

320MAF .N.10
ANALYST : RST 1CREATION DATE : 06-10-1991

A-400

GEP2853

NO POWER SUPPLIED
TO BUS 282 FROM
4160 V BUS 25

GEP2731

31
PAGE 7

480 V BUS 2C1
LOSS OF FUNCTION

1-EP-SS-7

2EPBUS-LU-2C1
2 .00E-004

	

1 .21E-005

	

_

	

24

NO POWER SUPPLIED
TO BUS 2C1 FROM
480 V BUS 282

GEP2834

BREAKER 24C1-8
FAILS OPEN. WILL
NOT CLOSE 480 V

2EPIKR-FO-24C1-8

480 V BUS 262
UNSCHEDULED
MAINTENANCE

EP2 8
REVISION : 09-15-92

O-AP-10 LOSS OF
ELECTRICAL POWER

HEP-OAPIO

2 .74E-004 3

	

5.27E-003 3

480 V BUS 2B2
LOSS OF FUNCTION

2-EP-SS-8

2EPBUS-UM-2B2	2EPBUS-LU-282
2.00E-004 r, )

	

1 .21E-005

U

24

12-15-92
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ELECTRICAL POWER DISTRIBUTION
NAPS UNIT 2

	

320MAF .N.10 E P 2 9
0 ANALYST : RST ICREATION DATE : 06-10-1991 REVIS :Oti 09-15-92

NO ELECTRIC POWER

480 V BUS 2C2

I
2-EP-SS-4

GEP2912

480 V BUS 2C2 480 V BUS 2C2

UNSCHEDULED
MAINTENANCE

LOSS OF FUNCTION
2-EP-SS-4

2 2EPBUS-UM-2C2 2EPBUS-LU-2C2
. 2 .00E-004

	

1.21E-005

V

24

NO POWER SUPPLIED

TO BUS 2C2 FROM
NO POWER
FROM 4160

SUPPLIED
V BUS 2A
BUS 2A14160 V BUS 2C THROUGH

3 GEP2931 GEP2934
TFR TO
4 63

BREAKER 25C7

SPURIOUSLY OPENS

4160 V

TRANSFORMER 2C2
4160/480 V FAILS

BREAKER 24C2-15
SPURIOUSLY OPENS

480 V

NO ELECTRIC POWER

4160 V BUS 2C

2-EP-SW-3
4 GEP2312 2EPBKR SO-25C7 2EPTFM-LP-2C2 2EPBKR-SO-24C215

3 .36E-005

	

24

	

1 .90E-005 4

	

24

	

3.36E-005 ( , l 24
\x'
/

1

3PAGE

NO POWER SUPPLIED 480 V BUS 2A1 480 V BUS 2A1 BREAKER 24A1-B O-AP-10 LOSS OF
TO BUS 2A1 FROM UNSCHEDULED LOSS OF FUNCTION FAILS OPEN. WILL ELECTRICAL POWER
4160 V BUS 2A . MAINTENANCE 1-EP-SS-3 NOT CLOSE 480 V

5 GEP2431 2EPBUS-UM-2A1 2EPBUS-LU-2A1 2EPOKA-FO-24A1-8 MEP-OAPIO
~

	

3 t

	

2 .00E-004

	

1.21E-005 ! 4 1 24

	

2.74E-004U

	

5.27E-003U\
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HOUSE EVENT - I FDA

	

LOSS OF OFFSITE
LOSS OF OFFSITE

	

POWER WITHIN 24 MRS
POWER, NORMALLY - 0

	

OF REACTOR TRIP

XHOS-LOOP

	

IEP-LOOP-24

V

	

3.12E-004U

NO ELECTRIC POWER
500 KV BUS 01

GESY 112
TFR TO
3 30

I
NO ELECTRIC POWER
FROM OFFSITE POWER

500 KV BUS 01
UNSCHEDULED
MAINTENANCE

500 KV BUS 01
LOSS OF FUNCTION

GESY121

	

IEPBUS-UM-1

	

IEPBUS-LU-1

2 .00E-00r0

	

1 .21E-0050 24

0 .00E+000

NAPS IPE A-402 12-15-92

SWITCHYARD ELECTRICAL BUSES
NAPS UNITS I 6 2 320MAF .N.IO E S Y 1
ANALYST : RST I CREATION DATE : 03-10-1991 REVISION : 09-15-92
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NAPSCUNITS I £C2pI320MAFNS10 E S Y 2
ANALYST : RST I CREATION DATE : 03-10-1991 REVISION 09-15-92

NO ELECTRIC POWER
500 KV BUS 02

i GESY212
TFR TO
4 30

NO ELECTRIC POWER
FROM OFFSITE POWER

500 KV BUS 02
UNSCHEDULED
MAINTENANCE

500 KV BUS 02
LOSS OF FRICTION

2 GESY221 IEP$US-UN-2 IEPBUS-LU-2

2 .00E-004 (, l

	

1.21E-005 ( l 24

HOUSE EVENT - I FOR
LOSS OF OFFSITE

POWER, NORMALLY - 0

LOSS OF OFFSITE
POWER WITHIN 24 MRS

OF REACTOR TRIP

3 XHOS-LOOP IEP-LOOP-24

4

0 .00E+000

	

3.12E-004 V
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NO ELECTRIC POWER
500 KV BUS #1

TRANSFORMER / 1
FAILS TO SUPPLY PWR

500/34,5 KV

GESY112

	

IEPTFM-LP-1

NO ELECTRIC POWER
34 .5 KV BUS #3
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LOSS OF SERVICE
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FAILURE OF SERVICE
WATER TO 1-CH-E-58
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SERVICE WATER
SUPPLY FAILURE

DISCHARGE PLUGGING

3 GFB41332 GF841335

FAILURE SERVICE N .O . MANUAL VALVE N .O . MANUAL VALVEFAILURE OF SERVICE
WATER FROM HEADER

TRAIN A
WATER HEADER

TRAIN B
SSW-653 PLUGGED
DURING STANDBY

SW-654

	

PLUGGED
DURING STANDBY

4 GFB41341 GFB41343 ISWMV--PG-1SW653 ISWMV--PG-1SN654
1 .05E-005
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1 .05E-005
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CCF OF CHECK VALVESNO FLOW SERVICE CHECK VALVE SW-658 N .O . MANUAL VALVE
PLUGGED

STANDBY
WATER HEADER 8 FAILS CLOSED (FAILS

TO OPEN)
SW-658 AND SW-661 •

TO OPEN
SW-659
DURING

5 GSNI144 ISWCKV FC 1Sw556 ISWCKV CC-658661 ISNMV PG-ISN659
SW10O 6 .34E-004 3

	

6.34E-005

	

1 .05E-0050 168
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CHECK VALVE SW-661NO FLOW
WATER HEADER

SERVICE CCF OF CHECK VALVES N .O . MANUAL VALVE
A FAILS CLOSED (FAILS

TO OPEN)
SW-658 AND SW-661

TO OPEN
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DURING STANDBY
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FAILURE OF SERVICE
WATER TO 1-CH-E-58
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FAILURE OF SERVICE

WATER SUPPLY
CCF OF SW-TCV-102B
AND SN-TCV-1020

70 OPEN

DISCHARGE SIDE
FAULTS

HEAT EXGR CM-E-5B
LOSS OF FUNCTION
DURING MISSION
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FAILURE OF SERVICE
WATER FROM TRAIN A

FAILURE OF
WATER FROM

SERVICE
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TEMP CONTROL VALVE
SW-1028 FAILS CLSD

(FAILS TO OPEN)

DISCHARGE VALVE
BLOCKAGE
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1 .81E-002 /
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N .O . MANUAL VALVE - N .O . MANUAL VALVE
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PLUGGED SW-651

	

PLUGGED
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1.05E-005
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CHECK VALVE SW-648NO FLOW SERVICE
WATER HEADER 6

CCF OF CHECK
SW-647 AND

70 OPEN

VALVES N .O . MANUAL VALVE
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TO OPEN)
SW-646

	

PLUGGED
DURING STANDBY

5 GSWI144 ISWCKV CC-647648 ISWCKV-FC 1SN648 ISWMV PG-1SW646
SW100 6 .34E-005

	

6.34E-004

	

1.05E-005
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NO FLOW SERVICE
WATER HEADER A
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SM-647 AND

TO OPEN

VALVES
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CHECK VALVE SW-647
FAILS CLOSED (FAILS

TO OPEN)

N .O . MANUAL VALVE
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PLUGGED
DURING STANDBY

ISWMV--PG-1SW645GSN114i ISWCKV-CC-647548 ISWCKV-FC-ISW647
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LOSS OF PUMP
COOLING TO CHP=1C
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11 23

LOSS OF SERVICE
WATER TO GEAR BOX

FAILURE OF SERVICE
WATER TO 1-CH-E-5C

2 GF641612 GF641523
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SERVICE WATER
SUPPLY FAILURE

DISCHARGE PLUGGED

3 SF841532 GF841535

FAILURE SERVICE
WATER HEADER
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N .O . MANUAL VALVE
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N .O . MANUAL VALVE
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PLUGGED
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FAILURE OF SERVICE
WATER FROM HEADER

TRAIN A
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2.74E-004
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CCF PF CHECK VALVES
SW-641 AND SW-644

N .O . MANUAL VALVE
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PLUGGED
DURING STANDBY

NO FLOW SERVICE
WATER HEADER 8

CHECK VALVE SW-644
FAILS CLOSED (FAILS

TO OPEN)

g GSW1144 ISMCKV FC-1SW644 1SwCKV-CC-641644 ISWMV--PG-1SM643
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6 .34E-005 3

	

2.74E-004
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FAILS CLOSED (FAILS

TO OPEN)

NO FLOW
WATER HEADER

SERVICE
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6.34E-004
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FAILURE OF SERVICE

	

CCF OF SW-TCV-1028

	

DISCHARGE SIDE

	

HEAT EXCHANGER
WATER SUPPLY

	

AND SW-TCV-102C

	

FAULTS

	

LOSS OF FUNCTION
TO OPEN

	

DURING MISSION
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ISWTCV-CC-1028C
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ICHHEX-LU-ICHESC
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FAILURE OF SERVICE FAILURE OF SERVICE TEMP CONTROL VALVE DISCHARGE VALVES
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OPEN
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TFR TO
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NOV 1667A TO OPEN NOV 18678 TO OPEN
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MOV'S 1867A AND
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1-EP-MC-19
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NO ELECTRIC POWER
480 V MCC 1J1-2NSS
1-EP-MC-21 C 22
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FAILURE OF HHSI

	

FAILURE OF HHSI FLW
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SI FLOWPATH
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6w 1121

	

GHH 1412
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4`-SI-22-1502

	

OPEN

FAILURE OF NOV

	

FAILURE OF MOV
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1867D TO OPEN

	

1867C TO OPEN
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GSM 1351
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.1-SI-MOV-1867D OF MOWS 1867C AND OF MOV'S 1867C. 480 V MCC IJi-2NCS TO RECIEVE OPEN
FAILS TO OPEN

	

18670
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1-EP-MC-21 C 22

	

SIGNAL

ISIMOV-FC-1867D
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COMMON CAUSE FAILUR
CHECK VALVE SI-B3
5I-86 AND SI-89

TRANSFER GATE FOR
OCL 01038

GHH1161
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CHECK VALVE SI-79
FAILS CLOSED (FAILS

TO OPEN)

COMMON CAUSE FAILUR
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SI-79 AND SI-185

ISICKV-CC-838689	ISICKV-FC-1S179	ISICKV-CC-79185
6 .34E-005
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FROM PUMP TRAIN C
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FAILURE OF FLOW
FROM PUMP TRAIN

CH-P-IA
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PAGE 6
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INSUFFICIENT FLOW FAIL TO RESTART FAILURE OF PUMPNO ELECTRIC POWER HEAT EXCHANGER E5ACHARGING PUMP
IA FAILS TO RUN 4160 V BUS IH TO PUMP SUCTION HOP PUMP A LUKE OIL AND SEAL LOSS OF FUNCTION
FOR 24 HOURS 1-EE-SW-1 8'-CH-17-153A COOLING DURING MISSION

3 ICHPAT-FR-24HPIA GEIHII2 GHHi8i2 GHH 233 GHH1234 ICHHEX LU-ICHE5A

7 .93E-004

	

24

	

EiNOO

	

QA 2 .09E-004
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NO FLOW SERVICE
WATER HEADER A

NO FLOW SERVICE
WATER HEADER 8

4 GSW1141 GSWI144

SW100

	

~ sWSOo

FLOW DIVERSION DUE
TO FAILED PUMP
SHORT CIRCUITS

5 GHH1251

CHECK VALVE CH-267
FAILS OPEN (FAILS

. TO CLOSE)

6 ICHCKV-F0-ICH28

3.44E-003 000

	

T 6R32

CHARGING PUMP iB
FAILS TO RUN
FOR 24 HOURS

LOSS OF PUMP
COOLING TO CFP-Is

NO ELECTRIC POWER
4180 V BUS iJ

GEIJ112 ICFPAT-Fii-24HPIB 6*111312

ESJ00 7 .93E-004

U
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CCF 3/3 FS NO ELECTRIC POWERCHARGING PUMP IA PUMP SHORT CIRCUITSACTUATION FAILURE

FAILS TO START
OF DIP I A. SB 6 IC

TO START
125V DC BUS I-I

I-EP-CS-12A
AND OPERATOR FAILS

TO CORRECT
6 GHH1281 1CHPAT-FS-ICHPIA ICHPAT-CC-FSIABC GE1H712 GHH1285

i .9BE-003

	

4.97E-004
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EIN00

CHECK VALVE CH-254 NO PROCEDURE FOR1-E-0 RX TRIP OR 51NO SI LOGIC SIGNAL
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MOTOR OPERTD VALVE
1867 ,C FAILS CLOSED
(FAILS TO OPEN)

FAILURE OF NOV
1667C TO OPEN

GHH1351
TFR TO
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CCF 2/2 FC
OF NOV'S 1867C AND

18670

COMMON CAUSE FAILUR
OF MOV'S 18670.
18670. AND 1836

NO ELECTRIC POWER
480V MCC IHi-2N

i-EP-NC-19

.09E-002 (,,,)

	

3.90E-004 (,,)

	

3.90E-DOA (j

	

® EIHO0

1-E-0 RX TRIP OR SI
STEP IS CHARGING
PIA4P ALIGNMENT

CU
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FAILURE OF VALVE
TO RECIEVE OPEN

SIGNAL

ISIMOV-FC-1867C

	

ISIMOV-CC-1857C0 1SINOV-CC-867836
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FAILURE OF 51
SIGNAL FROM
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FAILURE OF HHSI FLW
THROUGH ALTERNATE
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1 GHH1412
TFR TO
1 24

FAILURE OF FLOW
THROUGH VALVE TO

COLD LEGS

FAILURE OF FLOW TO
CHARGING PUMP HEADR

4'-SI-56-1502
2 SM1422 GHH1512
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CHECK VALVE SI-165
FAILS CLOSED (FAILS

TO OPEN)

COMMON CAUSE FAILUR
OF CHECK VALVES
SI-79 AND SI-185

FAILURE OF NOV 1836
TO OPEN

COMMON CAUSE FAIUA
CHECK VALVE SI-83
SI-86 AND SI-89

3 ISICKV-FC-ISI185 ISICKV-CC-79185 GHH1432 ISICKV CC-838689
6.34E-004

	

6 .34E-0050

	

6 .34E-005 3

COMMON CAUSE FAILUR
OF MOV'S 1867C.
18670. AND 1836

MOTOR OPERTO VALVE
1836 FAILS CLOSED
(FAILS TO OPEN)

NO ELECTRIC POWER
480 V MCC 1J1-2NSS
1-EP-MC-21 C 22

1-E-1 LOSS OF RX OR
2ND COOLANT STEP 25
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1-CH-MOV-1287A FROM PUMP TRAIN

PLUGS IN STANDBY

	

CH-P-IA
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GHH1221
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FAILURE OF FLOW TO
CHARGING PUMP HEADR

4'-SI-56-1502
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4 24

G1H 1512
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NO FLOW TO ALT HON

	

NO FLOW TO ALT "OR

	

NO FLOW TO ALT MDR
FROM CHP IA

	

FROM CHP 16

	

FROM PUMP TRAIN IC
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GHH1522

	

GIH1524

MOTOR OPERTD VALVE

	

NO FLOW FROM PUMP
1-CH-MOV-12878

	

TRAIN CH-P-16
PLUGGED IN STANDBY

ISIMOV-PG-12678	6H111622
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MOTOR OPEATO VALVE

	

NO FLOW FROM THE
I-CH-MOV-1287C
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GHH1723
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FAILURE OF FLOW
FROM PIMP TRAIN

CM-P-IB

1

2

GM 1612
TFR TO
2 22

MOTOR OPERTD VALVE
1-SI-MOV-12868

PLUGGED IN STANDBY

NO FLOW FROM PUMP
TRAIN CM-P-18

ISIMOV-PG-12866 GHH1622
4 .50E-005 2

	

720

	

TFR1 TO

1
CHECK VALVE CH-267 PUMP FAILS TO START PUMP C"-P-19 FAILS FLOW DIVERSION DUE PUMP SUCTION FAILUR CCF OF CHECK VAVLES
FAILS CLOSED (FAILS TO RUN GIVEN START TO FAILED PUMP CH-267 AND CH-279

TO OPEN) SHORT CIRCUITS

3 ICHCKV-FC-1CH267 GHH1631 GHH1262 GHH1912 GHH1671 ICHCKV-CC-267279
6.31E-004
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6.31E-005

PAGE 2

	

PAGE 9

	

THIS PAGE

I
CHARGING PUMP 1B SCHLD MAINTENANCE FAILURE OF PUMP TO CCF 3/3 FS NO ELECTRIC POWER

FAILS TO START
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SIGNAL
OF CHP IA . 18 S IC

TO START
125V DC BUS 1-III
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5 .08E-003 3

	

4.97E-004 3
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CHARGING PUMPS
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MAINTENANCE

UNAVAILABLE DUE TO
PT 14 .2

I-E-0 AX TRIP OR SI
STEP 7 VERIFY SI
PUMPS RUNNING

FAILURE OF SI
SIGNAL FROM
RELAY K6096

5 ICMPAT-UM-ICMPBC GM 1652 MEP-IEO-7 GSI12742
_

	

.

	

7.53E-001

U

	

1 .35E-003 3

	

$1100

NOV 12868 FAILS TO
OPEN

CHARGING PUP B
IN PT 14 .2

6 ICHPAT-PT-14:2 GM*1663
7 .ODE-0010

PUMP SUCTION FAILUR MOTOR OPERTD VALVE
CM-12068 FAILS CUD

(FAILS TO OPEN)

NO ELECTRIC POWER
480 V MCC 1J1-2NCS
1-EP-W-21 G 22

1-E-O RX TRIP OR SI
STEP 14 VERIFY SI

FLOW

7 6M 1671 ISIMOV-FC-12868 GEIJI112 HEP-lEO-14
TFR
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CHARGING PUMPS
18 AND IC IN
MAINTENANCE

MOTOR OPERTD VALVE

	

NO FLOW FROM THE
I-SI-MOV-1286C

	

C PUMP TRAIN
PLUGGED IN STANDBY

CHARGING PUMP IC

	

NOV 1286 C FAILS TO
IN PT 14 .3

	

OPEN

1CHPAT-PT 14:3

FAILURE OF FLOW
FROM PUMP TRAIN C
TO NORMAL HEADER

TFR TO
2 23

GHHI712

NO FLOW FROM PUMP
TRAIN 1-CH-P-IC

GHH1732

6W1723
TFR TO
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CHECK VALVE CH-279

	

FLOW DIVERSION DUE

	

PUMP IC FAILS

	

PUMP IC FAILS TO

	

PUMP SUCTION

	

CCF OF CHECK VAVLES
FAILS CLOSED WAILS

	

TO FAILED PUMP

	

TO START

	

RUN GIVEN START

	

FAILURES

	

CH-267 AND CH-279
TO OPEN)

	

SHORT CIRCUITS

1CHCKV FC1CH279	GHH1741	GHH1742	GHHII112	GHH1744	ICHCKV-CC-267279
6 .31E-004 3
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6 .31E-005 3
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FLOW DIVERSION DUE INSUFFICIENT FLOW MOTOR OPERTD VALVE
TO FAILED PUMP TO PUMP SUCTION NOR 1-CH-MOV-1270A
SHORT CIRCUITS

	

8'-CH-17-153A

	

PLUGGED IN STANDBY

6W1912

	

GMHIS12 ISINOV PG 1270A
s

	

4.50E-005 2
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CCF 3/3 FS

	

NO ELECTRIC POWER

	

CHARGING PUMP IC

	

CHARGING PUMP IC

	

START SIGNAL FAILS
OF CHP IA. 18 G IC
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TO START

	

I-EP-CS-12A

	

FAILS TO START
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ICHPAT-CC-FSIABC

	

GEIH712

	

1CHPAT-FS-ICHPIC
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GHH1765
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A E11100 5 .0E-003
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3.27E-00I 3

ICHPAT-t04-1CFPBC
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I-E-0 RX TRIP OR SI
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STEP 7 VERIFY SI
PUMPS RUNNING
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GHH17B1

MOTOR OPERTD VALVE NO ELECTRIC POWER I-E-0 AX TRIP OR SI
CH-12860 FAILS CLSD 480V MCC 1H1-25 STEP 14 VERIFY SI

(FAILS TO OPEN) 1-EP- MC-20 FLOW
ISIMOV-FC-1286C GEIN1412 IEP-1E0-14
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TO PUMP SUCTION NOR

8'-CH-17-153A
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FAULTS IN WATER
SUPPLY

FROM RWST

FAILURE TO ISOLATE
VOLUME CONTROL

TANK

FAILURE OF RWST
SUCTION VALVES

TO OPEN

2 GHH 1821 GHH 11012 GF*11862

1 2
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FAILURE OF FAILURE OF

MOV-11150 TO CLOSE MOV-1115E
TO CLOSE

3 OW1830 GHH1834

FAILURE OF VALVE
TO GET CLOSE SIGNAL

NO ELECTRIC POWER
480V MCC !HS-2W

1-EP-MC-19

MOTOR OPERTO VALVE
1-SI-MOV-1115C
FAILS TO CLOSE

CCF 2/2 FO
OF 14OV-11150 AND
1115E TO CLOSE

4 SHH1840 GEIN1312 ISIMOV-F0-1115C ISIMOV CC 1115CE

A EIHOO 1 .09E-002 (, l

	

3.90E-004 3

FAILURE OF SI 1-E-0 RX TRIP OR SI MOTOR OPERTD VALVE NO ELECTRIC POWER FAILURE OF VALVE CCF 2/2 FO
SIGNAL FROM STEP 16 CHARGING MOV-115E FAILS OPEN 480 V MCC 1J1-2N&S TO RECEIVE SIGNAL OF MOV-1115C AND
RELAY K603A PUMP ALIGNMENT !FAILS TO CLOSE) 1-EP-MC-21 C 22 111 5.E TO CLOSE

5 GS112372 !EP-1EO-16 ISIMOV-FO-1115E GEIJ1112 GHH1854 ISIMOV-CC 1115CE
® SHOO 6.00E-003 ( ,1

	

1 .09E-002 3
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SUPPLY
FAILURE OF SI
SIGNAL FROM

1-E-0 RX TRIP OR SI
STEP 16 CHARGING

FROM RWST RELAY K5038 PUMP ALIGNMENT

6 6M1862 65112642 NEP-iEO-16
TF8R23

	

SHOO 6.00E-003

N.O . MANUAL VALVE
SI-46

	

PLUGGED
DURING STANDBY

N .O . MANUAL VALVE
OS-38

	

PLUGGED
MAINS STANDBY

CHECK VALVE SI-47
FAILS CLOSED (FAILS

TO OPEN)
7 ISICKV-FC-IS147 ISIMV--P6-1S146 , IQSMV--PG-10S38
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CHECK VALVE CH-254

	

OPERATOR FAILS TO
FAILS OPEN (FAILS

	

CLOSE DISCHARGE
TO CLOSE)

	

VALVE

ICHCKV FO-ICH254	 GM1923

1 .15E-003 V

FLOW DIVERSION DUE
TO FAILED PUMP
SHORT CIRCUITS

TFR TO
6 33
7 50

GHH1912

HIGH HEAD SAFETY INJECTION
NAPS UNIT I
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NO ELECTRIC POWER

	

MOTOR OPERTD VALVE

	

NO PROCEOUaE FOR
480V MCC 1H1-2S

	

FAILS OPEN

	

THIS OPERATOR
1-EP- MC-20

	

1-CH-NOV-1286A
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FAILURE OF RWST
SUCTION VALVES

TO OPEN

1 GMM11012
TFR TO

2

8 22

FAILURE OF VALVE
NOV-11158
TO OPEN

Gm 11021

VALVE
SIGNAL

CCF 2/2 FC
OF NOV 11158 -AND
NOV 11150 TO OPEN

NO ELECTRIC POWER
480 V MCC IJ1-2NSS
1-EP-MC-21 C 22

MOTOR OPERTD VALVE
1-SI-MOV-11158
FAILS TO OPEN

FAILURE OF
TO RECEIVE

ISIMOV CC-11158D GE IJ1112 ISINOV-FC-111583 GM 11030
3 .90E-004 3

	

® EIJ00 1 .09E-002 3

4

MOTOR OPERTO VALVE
1-SI-MOV-11150
FAILS TO OPEN

CCF 2/2 FC
OF NOV 11156 AND
NOV 11150 TO OPEN

NO ELECTRIC POWER
480V MCC 1M1-2N

1-EP-MC-19

ISIMOV-FC 1115D ISIMOV-CC 111580 SESM1312
1 .09E-002 3

	

3 .90E-001 3

	

® E1H00 .

SI 1-E-0 RX TRIP OR SI
STEP 16 CHARGING
PUMP ALIGNMENT

FAILURE

RELAY
SIGNAL

OF SI
FROM
K603A

I-E-O RX TRIP OR SI
STEP 16 CHARGING
PUMP ALIGNMENT

FAILURE OF
SIGNAL FROM
RELAY K6048

SS112372MEP-IEO 16 MEP-IEO-165 GS112572
_ ~ S100 8 .00E-003 3 ~ 91100 8.00E-003
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PUMP IC FAILS TO
RUN GIVEN START

GHHIII12
TFR TO
7 43

CHARGING PUMP IC

FAILS TO RUN

LOSS OF PUMPNO ELECTRIC POWER
4160 V BUS IN

	

COOLING TO CNP-IC
I-EE-SW-I

GEIH112

	

ICFPAT-FR-24HPIC

	

GHH115f2

EIHOO 7 .93E-004
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FAILURE OF SERVICE
WATER TO 1-CH-E-58

GHH11412

PAGE 11

FAILURE OF SERVICE
WATER FROM HEADER

TRAIN A

GHH11341

WATER HEADER A

LOSS OF PUMP
COOLING TO ChP-1B

TFR TO
2 72

GH111312

SERVICE WATER
SUPPLY FAILURE

GH (11332

NO FLOW SERVICE

	

CHECK VALVE SM-661
FAILS CLOSED (FAILS

TO OPEN)

GSW1141	ISWCKV-FC-1SM661
sM100 6.31E-oa V

HIGH HEAD SAFETY INJECTION
NAPS UNIT I
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LOSS OF SERVICE
WATER TO GEAR BOX

GM 11323

CCF OF CHECK VALVES
SN-658 AND SW-661

TO OPEN

ISWCKV-CC-658661
6 .31E-005

N .O . MANUAL VALVE
SSW-653 PLUGGED
DURING STANDBY

ISWMV--PG-1SW653

1 .05E-005 2

	

166

CCF OF CHECK VALVES
SN-658 AND SN-661

TO OPEN

ISWCKV CC-558561
6 .31E-005 3

N .D . MANUAL VALVE
SW-660 PLUGGED
DURING STANDBY

ISWMV--PG-ISW66o
1 .05E-005 V 166

HH1 13
REVISION

	

11-25-92

DISCHARGE PLUGGING

GHH11335

N.O . MANUAL VALVE
SW-654 PLUGGED
DURING STANDBY

ISWMV--PG-1SW654

1 .05E-005

0
166

N .O . MANUAL VALVE
SN-659 PLUGGED
DURING STANDBY

ISWMV PGISW659
1 .05E-OO5
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FAILURE OF SERVICE
WATER TO 1-CH-E-58

1 "11412
TFR TO
13 21

I
FAILURE OF SERVICE

WATER SUPPLY
CCF OF SW-TCV-1025
AND SW-TCV-102C

TO OPEN

DISCHARGE SIDE
FAULTS

FEAT EXGR CH-E-58
LOSS OF FUNCTION
DURING MISSION

2 GWI1422 iSWTCV-CC-1029C GM 11424 IMEX-LU-ICHE58
1 .81E-003

	

2.09E-004
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FAILURE OF SERVICEFAILURE OF SERVICE TEMP CONTROL VALVE DISCHARGE VALVE
WATER FROM TRAIN A WATER FROM TRAIN B SW-1028 FAILS CLSD BLOCKAGE

(FAILS TO OPEN)

3 G1*111431 GHH11433 ISSWTCV-FC-SWI028 SMM11435
1 .81E-002
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N .O . MANUAL VALVE
SW-652

	

PLUGGED
DURING STANDBY

N .O . MANUAL VALVE
SW-651

	

PLUGGED
DURING STANDBY

4 ISMMV--PG-ISM652 ISWMV--PG 1SW651
1 .05E-005 2

	

168

	

1 .05E-005

	

169

NO FLOW SERVICE
WATER HEADER B

CCF OF CHECK
SW-647 AND

TO OPEN

VALVES
SW-648

CHECK VALVE SW-648
FAILS CLOSED (FAILS

TO OPEN)

N .O . MANUAL VALVE
SW-646

	

PLUGGED
DURING STANDBY

5 GSW1144 ISWCKV CC-647648 ISNCKV-FC-ISW648 ISWMV PG 1SN546

A SW100 6 .34E-005 3

	

6.34E-004 3

	

1.05E-005U 168

N.O . MANUAL VALVENO FLOW SERVICE CCF OF CHECK VALVES CHECK VALVE SW-647
MATER HEADER A SW-647 AND SW-648 FAILS CLOSED (FAILS SW-645 PLUGGED
" TO OPEN TO OPEN) DURING STANDBY

6 Owl 141 ISWCKV-CC-647648 ISNCKV-FC-ISW647 ISMMV--PG-1SM645
80100 6 .34E-005
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LOSS OF SERVICE
WATER TO GEAR BOX

FAILURE OF SERVICE
WATER TO f-CH-E-5C

GHH11523"1M2
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SERVICE WATER
SUPPLY FAILURE

DISCHARGE PLUGGED

GHH11532 GM 11535

FAILURE SERVICE
WATER HEADER

FAILURE OF SERVICE
WATER FROM HEADER

N .O . MANUAL VALVE N .D . MANUAL VALVE
SW-637

	

PLUGGED SW-636

	

PLUGGED
TRAIN A TRAIN B DURING STANDBY DURING STANDBY

4 6W 11541 GHH11543 ISWMV -PG-1SM637 ~1SWMV- PG- 1SW636
2 .74E-004 2

	

4380

	

2.74E-004
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CHECK VALVE
FAILS CLOSED

SW-644 CCF PF CHECK VALVESNO FLOW SERVICE
WATER HEADER B

N .O . MANUAL VALVE
IFAILS SW -641 AND SW-644 SW-643

	

PLUGGED

5
TO OPEN) DURING STANDBY

ISWCKV FC ISW644 ISWCKV CC 641544 ISWMV PG-1SW643GSW 1144
SW100 6 .34E-004 3

	

6 .34E-005 3
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NO FLOW
WATER HEADER

SERVICE
A

CCF PF CHECK VALVES
SN-641 AND SW-644

CHECK VALVE SW-641
FAILS CLOSED (FAILS

TO OPEN)

N .O . MANUAL VALVE
SW-642

	

PLUGGED
DURING STANDBY

GSW1141 ISWCKV-CC-641644 ISWCKV-FC-ISW641 ISWMV--PG-1SW542
SIg00 6.31E-OOS ~

	

6.31E-004
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FAILURE OF SERVICE
WATER TO 1-CH-E-5C

GH H11612
TFR TO
15 21

FAILURE OF SERVICE
WATER SUPPLY

CCF OF SW-TCV-1028
AND SW-TCV-102C

TO OPEN

DISCHARGE SIDE
FAULTS

HEAT EXCHANGER
LOSS OF FUNCTION
DURING MISSION

2 GHH11622 ISWTCV-CC-102BC GHH1162 ICHHEX-LU-ICHESC
1 .81E-003
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2 .09E-004
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FAILURE OF SERVICE TEMP CONTROL VALVE DISCHARGE VALVESFAILURE OF SERVICE
WATER FROM' TRAIN A WATER FROM TRAIN B SW-102C FAILS CLSO BLOCKED

(FAILS TO OPEN)

3 GHM11631 GHH11633 l1SMTCV FC-SWI02C GHH11635
1 .81E-002

	

3

N.O. MANUAL VALVEN .O . MANUAL VALVE
SW-534

	

PLUGGED
DURING STANDBY

SW-535

	

PLUGGED
DURING STANDBY

4 ISWMV--PG-1511634 '1SMMV -PG-1SW635
2 .74E-004
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2.71E-004
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CCF OF CHECK
SN-630 AND

VALVES CHECK VALVE SW-631 N .O . MANUAL VALVENO FLOW SERVICE
WATER HEADER B SW-631 FAILS CLOSED (FAILS

TO OPEN)
SW-670

	

PLUGGED
DURING STANDBY

5 GSW1144 ISWCKV CC-630631 ISWCKV-FC-ISW531 ISMMV--PG-1SK670
- SW100 6 .34E-005 3

	

6.34E-004 3

	

2.74E-004U 4380

CHECK VALVE SM-630
FAILS CLOSED (FAILS

TO OPEN)

N .O . MANUAL VALVE
SW-669

	

PLUGGED
DURING STANDBY

NO FLOW SERVICE
WATER HEADER A

•
CCF OF CHECK
SM-530 AND

VALVES
SN-631

6 GSWI141 ISWCKV-CC-630631 ISWCKV-FC-ISN630 ISWMV--PG-1Sw669
SW100 6 .34E-005
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FAILURE OF
NOV 1867A TO OPEN

FAILURE OF BIT
INLET VALVES TO

OPEN
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FAILURE OF
NOV 18678 TO OPEN
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GM 11721 GHH11724

NO ELECTRIC
480V MCC IN1-2N

POWER FAILURE OF VALVE
TO RECIEVE SIGNAL

MOTOR OPERTD VALVE
1667A FAILS CLOSED

CCF OF BIT INLET
MOV'S 1667A AND

(FAILS TO OPEN) 18678 TO OPEN 1-EP-MC-19
3

	

ISIMOV FC-1867A ISIMOV CC-1667A8 GEJH1312 GHHI1733

1 .09E-002

U

	

3.90E-W40 EINOO

4

1-E-O RX
STEP
PUMP

TRIP
16 CHARGING
ALIGNMENT

OR SI FAILURE OF SI
SIGNAL FROM
RELAY K604A

HEP-SEO-16 GSI12412

8 .00E-003 3 SHOO

FAILURE OF VALVE NO ELECTRIC POWER CCF OF BIT INLET .
AND

MOTOR OPERTD VALVE
18678 FAILS CLOSEDTO RECIEVE OPEN 480 V MCC IJI-2NGS MOV'S 1867A

SIGNAL 1-EP-K-21 C 22 18678 TO OPEN (FAILS TO OPEN)
5 GHH11752 GEIJII12 JISIMOV-CC-1667A8 ISINOV-FC 1$67B

EIJ00 3 .90E-0040

	

1 .09E-002 r , l

FAILURE

RELAY
SIGNAL

OF
FROM

K6048

SI 1-E-0 AX TRIP OR SI
STEP 16 CHARGING
PUMP ALIGNMENT

6 65112672 HEP-1E0-16
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FAILURE OF 1/3 CHP
TO PROVIDE HHSI FLM
FROM LHSI TO 1/3 CL

1 GHR 1112

FAILURE OF HHSI FLW
THROUGH ALTERNATE
HEADER- NOV 1836

FAILURE OF HHSI
FLOW THROUGH NORMAL

SI FLOWPATH
2 GIA1121 GHR1412

PAGE
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COMMON CAUSE FAILUR
CHECK VALVE SI-63
SI-86 AND SI-89

CHECK VALVE SI-79
FAILS CLOSED (FAILS

TO OPEN)

COMMON CAUSE FAILUR
OF CHECK VALVES
SI-79 AND SI-185

FAILURE OF FLOW
THROUGH BORON
INJECTION TANK

3 ISICKV CC-838689 I ISICKV-FC ISI79 ISICKV-CC 79185 GM 1133
6 .34E-005 3

	

6.31E-004
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6 .34E-005

	

3

FLOW OBSTRUCTIONFAILURE OF BIT FAILURE OF FLOW TO FAILURE OF BIT
OUTLET VALVES TO IN BORON INJECTION CHARGING PUMP MDR INLET VALVES TO

OPEN TANK 4'-SI-22-1502 OPEN

4 OW 1140 ISITW-LF-ISITK2 "1212 "11712
2 .66E-006
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FAILURE OF NOV
1867D TO OPEN

FAILURE OF NOV
1867C TO OPEN

5 GHR1150 GMR1351

..r
PAGE 3

MOTOR OPERTD VALVE
1-SI-MOV-1867D

CCF 2/2 FC
OF MOV'S 1857C AND

COMMON CAUSE FAILUR
OF MOWS 18670.

NO ELECTRIC POWER
480 V MCC IJi-2NSS

'FAILS TO OPEN 19670 18670. AND 1836 1-EP-MC-21 6 22

6 ISIMOV-FC-18670 ISIMOV-CC-1667CD ISIMOV-CC-967836 GEIJI112
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FAILURE OF FLOW TO
CHARGING PUMP MDR

4'-SI-22-1502

GHRI212

FAILURE OF PUMP

	

HEAT EXCHANGER E5A
LUSE OIL AND SEAL

	

LOSS OF FUNCTION
COOLING

	

DURING MISSION

GHA1234

	

ICHMEX-LU-ICHE5A

NO ELECTRIC POWER
125V DC BUS 1-I

I-EP-CB-12A

GEIH712

E1M00

2 .09E-004 4
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NO FLOW SERVICE

	

NO FLOW SERVICE
WATER HEADER A

	

WATER HEADER B

GSWII41

	

GSWI144

CHECK VALVE CH-254
FAILS OPEN (FAILS

TO CLOSE)

SW1oo

	

SW1o0
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TFR TO
1 43

FAILURE OF FLOW
FROM PUMP TRAIN C
TO NORMAL HEADER

FAILURE OF FLOW
FROM PUMP TRAIN

CH-P-18

FAILURE OF FLOW
FROM PUMP TRAIN

CH-P-IA
2 GHR1221 GHA1612 G41712

TFR TO
5 31

PAGE 6

	

PAGE 7

3

PUMP FAILS TO
RESTART

PUMP SUCTIONNO ELECTRIC POWERCHARGING PUMP
IA FAILS TO RUN
FOR 24 HOURS

4160 V BUS IH
1-EE-SW-1

FAILURES IN RECIRC
CHP-TRAIN A

GElHI12 GHR1312 GM 2331CHPAT-FR-24HPIA

7 .93E-004

	

24

	

EINOO

4

PAGE 3
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FLOW DIVERSION DUE
TO FAILED PUMP
SHORT CIRCUITS

GHR1251

1

6
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FAILURE OF MOV 1836
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TRAIN CM-P-18
PLUGGED IN STANDBY

1SIMOV-PG-12868
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FLOW DIVERSION DUE
TO FAILED PUMP
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PUMP SUCTION
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CH-267 AND CH-279

PUMP CM-P-38 FAILS
TO RUN GIVEN START
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TO OPEN)
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FAILS TO START
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DURING STANDBY

FAILURE OF FLOW
THROUGH

1-SI-MV-18638
J 9 GHR11061 ISINOV-PG-12698 ISINOV-PG-1269A 6HR1951
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TO FAILED PUMP
SHORT CIRCUITS

5 GHR1912

PAGE 9

CCF 3/3 FS CHARGING PUMP ICCHARGING PUMP C
UNAVAILABLE DUE TO
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TO FAILED PUMP
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FAILURE OF VALVE
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MOV-1115B FAILS
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1 .09E-0020
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MOTOR OPERTO VALVE

	

NO ELECTRIC POWER

	

FAILURE OF
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RECIRCULATION
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LOSS OF PIMP
COOLING TO ChP-1B
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LOSS OF SERVICE
WATER TO GEAR BOX

FAILURE OF SERVICE
WATER TO f-CH-E-5B
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SERVICE WATER
SUPPLY FAILURE

DISCHARGE PLUGGING
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FAILURE SERVICE
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SM-630 AND

VALVES
SW-631

CHECK VALVE SW-631
FAILS CLOSED (FAILS

TO OPEN)

N .O . MANUAL VALVE
SW-670

	

PLUGGED
DURING STANDBY

ISWCKV-FC-1SM631ISWCKV-CC-630631 ISMMV--PG 1SM670GSM1144
SWIOO 6 .34E-005 3

	

6.34E-004 3

	

2.74E-0040 4380

N .O . MANUAL VALVENO FLOW SERVICE CHECK VALVE SW-630
WATER HEADER A FAILS CLOSED (FAILS SW-669

	

PLUGGED
TO OPEN) DURING STANDBY

ISMMV--PG-1SM6696

	

GSWI141 ISMCKV-FC-ISW630
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HIGH HEAD RECIRCULATION SYS .
NAPS UNIT I

	

320MAF .N .1 .3 H R 1 1 7
ANALYST : RCB [ CREATION DATE : 07-03-1991 REVISION : 11-25-92

FAILURE DF BIT
INLET VALVES TO

OPEN
I Gm 11712

TFR TO
1 45

OFFAILURE OF FAILURE
NOV 1867A TO OPEN NOV 18678 TO OPEN

2 GHR11721 GHR11724

MOTOR OPERTD VALVE
1867A FAILS CLOSED

CCF OF BIT INLET
MOV'S 1867A AND

NO ELECTRIC POWER
480V MCC 1N1-2N

(FAILS TO OPEN) 18678 TO OPEN 1-EP-MC-19

3 ISIMOV-FC-1867A 15IMOV-CC-1867AS GElH1312
1 .09E-002

	

3

	

3.90E-004

	

3

	

EIH00

4

NO ELECTRIC POWER
480 V MCC 1J1-2NGS
1-EP-MC-21 C 22

CCF OF SIT
MOV'S 1867A
18678 TO

INLET
AND

OPEN

MOTOR OPERTD VALVE
18678 FAILS CLOSED

(FAILS TO OPEN)
S GEIJ1112 ISIMOV-CC-1667A8 ISIMOV-FC-1867B

-

	

® ESJ00 3.90E-DO4

U

	

1 .09E-002

	

,

6

7

8

9
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A.

INSUFFICIENT AIR
COOLING IN Ni EMER
SWITCHGEAR ROOM

	I
INSUFF AIR COOLING

	

INSUFF AIR COOLING
FROM OPERATING AMU

	

FROM STANDBY AMU
1-HV-AC-6

	

1-HV-AC-7

GHVI131

GHV1113

GHV1134

OPERATING 1-HV-AC-6

	

OPERATING 1-HV-AC-6

	

STANDBY I-HV-AC-7.

	

STANDBY 1-HV-AC-7
FAULTS FROM

	

FAULTS FROM

	

FAULTS FROM

	

FAULTS FROM
e1a HANDLING UNIT

	

CHILLI) WATER SUPPLY

	

AIR HANDLING UNIT

	

CHILLD WATER SUPPLY

GMV1213

	

GHV1413

	

GHV1313

	

GHV1513

1 3

	

! 3

	

A

	

ZI 3
PAGE 2

	

PAGE A

	

PAGE 3

	

PAGE 5

NAPS IPE A-474 12-15-92

EMER SWITCHGEAR ROOM COOLING
NAPS UNIT I

	

320MAF .N.17 H V 1 I
ANALYST : KDT I CREATION DATE: 06-09-92 REVISION : 09-15-92
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11

OPER AMU 1-HV-AC-6
LOSS OF FUNCTION
IN 24 HR MISSION

IMVACU-LF-iHVAC6

3 .42E-005

U

24

OPER AMU 1-MV-AC-6
FAN MOTOR FAILS TO
RUN 24 MR MISSION

OPERATING f-MV-AC-6
FAULTS FROM -

AIR HANDLING UNIT

GHV1213
TEA 10

1 51f

OPER AMU 1-MV-AC-6
f-MV-M00-137

SPURIOUS CLOSURE0 24 1 .21E-050 24

NO ELECTRIC POWER
480V BUS INI-4

1-EP-MC-41

IHVFAM-FR-iFMO6

	

IHVMOW-SC-MOD137

	

GElH512

1 .36E-004 EIM00

NAPS IPE A-475 12-15-92

EMER SWITCHGEAR ROOM COOLING
H V 1 2NAPS UNIT I

	

320MAF .N .17

ANALYST : KDT 1 CREATION DATE : 06-09-92 REVISION : 09-15-92
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s

STOGY AMU 1-MV-AC-7
FAN MOTOR

FAILS TO START

IHVFAN-FS-IFM07

3 .93E-003

U

	

136E-004 ( .) 24

STDBY AHU I-HV-AC-7 STDBY AHU 1-HV-AC-7 STOBY AMU I-HV-AC-7
LOSS OF FUNCTION

	

FAULTS TO FAN MOTOR

	

AIR FLOW DIVERSION
IN 24 HR MISSION

	

C ELECTRIC POWER

	

THROUGH 1-MV-AC-6

IHVACU-LF IVHAC7

	

GHV1332

	

SHV1333

STOGY AMU 1-"V-AC-7 NO ELECTRIC POWER 1-OP-23 .6 MCR AND
FAN MOTOR FAILS TO 480V MCC lit- I RELAY ROOM AIR
RUN 24 MR MISSION

	

1-EP-NC-11

	

CONDITIONING

IHVFAN-FA-IFM07

	

GEIJB12

	

HEP-10P21:6

STANDBY I-HV-AC-7
FAULTS FROM

AIR HANDLING UNIT

TFR 70
3 54

GHV1313

2 .09E-004

	

24

	

1 .65E-003 V

AIR FLOW DIVERSION
1-NV-MOD-137
FAILS OPEN

IHVMOO-FO-M00137
1 .09E-002

3

® ElJ00 1 .05E-0030

STOGY AMU 1-HV-AC-7

	

STORY AMU I-HV-AC-7
1-MV-MOD-136 FAULTS

	

UNSCHEDULED
CHILLI) AIR BLOCKAGE

	

MAINTENANCE

GHV1334

	

IHVACU-UM-IHVAC7

STORY AMU 1-HV-AC-7

	

STOGY AHU 1-HV-AC-7
1-MV-MOD-138

	

1-MV-MOD-138
FAILS CLOSED

	

SPURIOUS CLOSURE

HVMOO-FC-MOD138 IHVM00-SC N00138
1 .09E-W20

	

1 .21E-0050 24

r

NAPS WE A-476 12-15-92

EMER SWITCHGEAR ROOM COOLING
NAPS UNIT I

	

320MAF .N.17 H V 1 3
ANALYST: KDT I CREATION DATE : 06-09-92 REVISION : 09-15-92
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EMER SWITCHGEAR ROOM COOLING
NAPS UNIT I

	

320MAF . N.17 H V 1 4
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OPERATING 1-HV-AC-6
FAULTS FRO*

CHILLD WATER SUPPLY

1 GHV1413
TFR TO
1 52

r.. '

FAULTS IN AMU
CHILLED WATER

FLOWPATH

FAULTS IN CHILLER
CHILLED WATER

FLONPATH
2 GHV1421 6HV 424

OPER AMU 1-HV-AC-6
f-MV-TCV-166

RELIEF VALVE
1-MV-RV-1200

SPURIOUS CLOSURE SPURIOUS OPENING

3 IHVTCV-SC-TCV166 IHVSV--S0-1200

1 .21E-0050 24

	

9.33E-005 () 24

5

INSUFF CHILLD WATER INSUFF CHILLD WATER INSUFF CHILLO WATER
OPERATING 1-HV-E-IA SPARE 1-HV-E-I8 STANDBY 1-HV-E-AC
TO OPER 1-MV-AC-6 TO OPER 1-MV-AC-S TO OPER 1-MV-AC-6

6 GHVI461 GHVi613 GHV1713

f 3

	

f 3
PAGE 6

	

PAGE 7

7

OPERATING 1-NV-E-IA
CHILLED WATER

CNILLR TRAIN FAULTS

OPERATING 1-MV-E-IA
SERVICE WATER

CHILLR TRAIN FAULTS

8 6HVI1013 GHV11313

f 3

9

PAGE 10

	

PAGE 13
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STOBY AMU 1-HV-AC-7 STDBY AMU 1-HV-AC-7 RELIEF VALVE
1-HV-TCV-167 t-HV-TCV-167 1-MV-RV-1201
FAILS CLOSED

	

SPURIOUS CLOSURE

	

SPURIOUS OPENING

IHVTCV FC-TCV167

	

IHVTCV-SC-TCV167

	

IHVSV--S0-1201

1 .81E-002 3

	

1.21E-0050 24

	

9.33E-0050 24

s

FAULTS IN AMU
CHILLED WATER

FLOWPATH

I

SHY 1521

33
PATE 9

	

PAGE 9

STANDBY 1-MV-AC-7
FAULTS FROM

CHILLO WATER SUPPLY

TFR TO
1 55

GHV1513

FAULTS IN CHILLER
CHILLED WATER

FLOWPATH

GHV 521

I
INSUFF CHILLO WATER INSUFF CHILLO WATER INSUFF CHILLO WATER
OPERATING 1-MV-E-4A SPARE 1-HV-E-4B STANDBY 1 -HV-E-4C
TO STOGY 1-HV-AC-7

	

TO STDBY 1-W-AC-7

	

TO STDBY 1-NV-AC-7

GHVIB13

	

GHV1913

	

GHV1555

1-OP-21 .6 NCR AND

	

STANDBY 1-HV-E-4C

	

STANDBY 1-HV-E-4C
RELAY ROOM AIR

	

CHILLED WATER

	

SERVICE WATER
CONDITIONING

	

CHILLR TRAIN FAULTS

	

CHILLR TRAIN FAULTS

HEP-10P21:6

	

6HVII213

	

GHV11513

1 .06E-0030
PAGE 12

	

PAGE 15

A-478

	

12-15-92NAPS IPE

EMER SWITCHGEAR ROOM COOLING
NAPS UNIT I

	

32OMAF .N.17 H V 1 5
ANALYST : KDT I CREATION DATE : 06-09-92 REVISION : 09-15-92
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INSUFF CHILLI) WATER
SPARE 1-HV -E-48
TO OPER 1-HV-AC-6

1 GHV1613
TFR TO
4 63

SPARE 1-NV-E-48
CHILLED WATER

FAULTS

SPARE 1-HV-E-48
SERVICE WATER

CHILLR TRAIN FAULTS
2 GHV1621 GHVII413

3

4

PAGE f 4

5

CHILLED WATER
SUCTION BLOCKAGE TO

SPARE I-NV-E-4B

SPARE 1-HV-E-4B
CHILLED WATER

CHILLR TRAIN FAULTS

CHILLED WATER
DISCHARGE BLOCKAGE
TO SPARE 2-MV-E-48

1-OP-21 .6 NCR AND
RELAY ROOM AIR
CONDITIONING

6 GHY1661 6HVi1113 GHVi663 HEP-10P21:6
1 .05E-003

	

3
f 3

PAGE 11

MANUAL SATE VALVE
1-CD-174

MANUAL CATE VALVE
I-CD-205

MANUAL GATE VALVE
I-CD-216

MANUAL SATE VALVE
f-CD-175

FAILS CLOSED FAILS CLOSED FAILS CLOSED FAILS CLOSED

7 1CONV--FC-1CD174 lCOMV--Flt-aC0205 1CDNV--FC-1C0216 1Cdw--FC-ic0175

\f.25E-004 ~

	

1.25E-001 ~

	

1 .25E-001 ~

	

1.25E-004 ~

8

9
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46

INSUFF CHILLD WATER
STANDBY 1-NV-E-4C
TO OPER 1-HV-AC-6

TFR 10
4 65

GHV1713

STANDBY 1-HV-E-AC
SERVICE WATER

CHILLR TRAIN FAULTS

GNVI1513

f 3
PAGE 15

NAPS IPE A-480 12-15-92

EMER SWITCHGEAR ROOM COOLING
NAPS UNIT I
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0
NAPS UNITCIGEAR

8002

MANN17 H V 1
ANALYST : KDT [CREATION DATE : 06-09-92 REVISION : 09-15-92

1

INSUFF CHILLD WATER
OPERATING 1-HV-E-4A
TO STDBY 1-"V-AC-7

GHV1813
TFR TO
5 61

OPERATING 1-MV-E-AA
CHILLED WATER

OPERATING 1-HV-E-4A
SERVICE WATER

2

FAULTS CHILLR TRAIN FAULTS

GHV1821 GHV11313

1 3
PAGE 33

3

4

5

A.

' OPERATING 1-HV-E-4A
CHILLED WATER

CHILLR TRAIN FAULTS

1-OP-21 .6 NCR AND
RELAY ROOM AIR
CONDITIONING

6 GHV11O13 HEP-10P21 :6

1 3

	

^

	

1.05E-003 3

PAGE 10

MANUAL GATE VALVE MANUAL GATE VALVE
I-CD-174

FAILS CLOSED
1-CD-175

FAILS CLOSED
7 1COMV--FC-=74 IcOMV -FC 1M175

3 .25E-OOt

O

	

1.25E-IM 10

8

9
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SPARE 1-MV-E-4B

	

SPARE 1-MY-E-48
CHILLED WATER

	

SERVICE WATER
FAULTS

	

CHILLR TRAIN FAULTS

6HV1921

4

	

1I
CHILLED MATER

	

SPARE 1-MV-E-4B

	

CHILLED WATER

	

1-OP-21 .6 NCR ND
SUCTION BLOCKAGE TO

	

CHILLED WATER

	

DISCHARGE BLOCKAGE

	

RELAY ROOM AIR
SPARE I-MV-E-4B

	

CHILLR TRAIN FAULTS

	

TO STONY I-HV-E-4C

	

CONDITIONING

GHV 961

	

GyV11113

	

6MV1963

f 3
PAGE 11

INSUFF CHILLD WATER
SPARE I-MV -E-4B

TO STDBY 1-HV-AC-7

TFR 10
5 63

GHV1913

MANUAL SATE VALVE

	

MANUAL SATE VALVE
I-CO-205

	

1-CO-216
FAILS CLOSED

	

FAILS CL06E0
1CDMV C-100205

	

1CDMV--*C-100216

1 .25E-004

!

	

1.23E-004

1 .05E-003

HEP-10P2is 6

3

GHV11413

PAGE 14

NAPS IPE A-482 12-15-92

EMIR SWITCHGEAR ROOM COOLING
NAPS UNIT I
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OPERATING 1-HV-E-4A
CHILLED WATER

CHILLR TRAIN FAULTS

GHV11013
TFR 10
8 62
4 80

I
OPERATING 1-MV-E-4A

CHILLED WATER
SUCTION FAULTS

OPERATING 1-HV-E-4A
CHILLER
FAULTS

OPERATING i-mV-E-4A
CHILLE WATER

DISCHA

	

FAULTS
2 OHYI1021 GHV11023 GHVI 025

OPERATING 1-HV-E-4A
FAILS TO RUN FOR
24 HOUR MISSION

NO ELECTRIC POWER
480V MCC IHI-1

1-EP-MC-10

3 IHVCHU-FR-IHVE4A GEIH612
1 .51E-003 024

	

EINOO

4

MOTOR DRIVEN
1-HV-P-20A
RUga 24 HOUR

PUMP
FAILS TO
MISSION

NO ELECTRIC POWER
480V MCC IHi-1

1-EP-*C-10

1N4;-AT-FR-HVP20A GEIH612
-

	

7 93E-i44U 24

	

EIH00

6

MOTOR OPERATO VALVE
I-MV-NOV-111A

SPURIOUS CLOSURE

7 1HVMOV-SC-112A
1 .21E-0050 24

	

9.33E-005

U

24

e

9
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LOBE-004 j ,

z

SPARE 1-MV-E-48
CHILLED WATER
SUCTION FAULTS

GHVS 1121

MOTOR DRIVEN PUMP
"W-P-20

FAILS TO START

1-HV-E-46 s 4C
DUAL CHILLER TRAIN
UNSCHED MAINTENANCE

IHVCHU-UM-HVE4BC
2 .26E-003

SPARE CHILLER
1-HV-E-4B

FAILS TO START

MOTOR DRIVEN PUMP
1-HV-P-208 FAILS TO
RUN 24 HOUR MISSION

COMMON CAUSE FAULT COMMON CAUSE FAULT
1-HV-E-48 6 4C 1-HV-MOV-1118 C
FAIL TO START

	

111C FAIL CLOSED

1HVCFU-CC-HVE4	1HVMOV-CC-m I11

4 .SSE-003U

	

390E-004
V

SPARE 1-HV-E-4B
CHILLED WATER

CHILLR TRAIN FAULTS

TFR 10
6 62
962

GHVII113

SPARE 1-HV-E-4B
CHILLER
FAULTS

GHVII123

SPARE 1-NV-E-48
FAILS TO RUN FOR
24 HOUR MISSION

1HVChU-FS-IHVE4B	IHYCHU-FRIHVE4B
4 .55E-002 , l

	

1 .51E-0030 24

CHECK VALVE
i-CD-209

FAILS CLOSED

1HVP&T-FS-HVP208 IHVPAT-FR-HVP205 I=V-FC iC0209
1 .98E-0U3

U

	

7 .9#-004 ( ) 24

	

6 .3E-004
3

COMMON CAUSE FAULT
CKVS i-CD-382 C 209

FAILS CLOSED

IHVCKV-CC-182209
6 .3E-DOS (, 1

SPARE 1-HV-E-48
CHILLER TRAIN

UNSCHED MAINTENANCE

1HVCMU-UN-INVE4B

9 . 44E-002

NO ELECTRIC POWER
460V MCC WS-1

i-EP-MC-11

GE1J512
E1J00

NO ELECTRIC POWER
480V MCC 1Ji-1

i-EP-WC-11

GEIJ512
E1JOO

MOTOR OPERATD VALVE
1-HV-MOV-1118
FAILS CLOSED

IHVMOV-FC-1118
LOSE-002 V 9.33E-0OS

U

24

NAPS IPE A-484 12-15-92

NAPS UNIT
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STANDBY 1-Hv-E-4C
CHILLED WATER

CHILLR TRAIN FAULTS

GMV11213
TFR TO
7 62
5 B4

STANDBY 1-MV-E-4C
CHILLED WATER
SUCTION FAULTS

1-MV-E-4B C 4C
DUAL CHILLER TRAIN
U4SCHED MAINTENANCE

STANDBY 1-MV-E-4C
CHILLER
FAULTS

STANDBY 1-HV-E-4C
CHILLER TRAIN

UNSCHED MAINTENANCE

GHV1 221 IHVCIU-UM-HVE4BC 6W11223 1HVCHU-UM-1MVE4C

2 .26E-003

	

9.44E-002
3

3

STANDBY CHILLER
I-MV-E-4C

FAILS TO START

, STANDBY 1- HV-E-4C
FAILS TO RUN FOR
24 HOUR MISSION

NO ELECTRIC POWER
480V BUS 1HI-4

1-EP-MC-41

IHVCHU-FS-IHVE4C IHVCHU-FR-IHVE4C GE1H512

4 .55E-002U

	

1 .51E-003 24

	

A

EIH00

4

MO ALT
1-HV-P-20C

PUMP MOTOR DRIVEN PUMP
1-HV-P-20C FAILS TO

CHECK VALVE
1-CD-182

NO ELECTRIC POWER
4BOV MCC 1111-1

FAILS TO START RUN 24 HOUR MISSION FAILS CLOSED 1-EP-MC-10
5 1MVPAT-FS MVP20C IHVPAT-FR-MVP20C ICOCKV-FC 1C0182 GEIM612

1 .98E-003 3

	

7 .93E-004

	

24

	

6.34E-004 3

	

EIH00

6

s

MOTOR OPERATO VALVE
1-HV-MOV-111C
FAILS CLOSED

7 1HVMOV-FC iiiC
1 .09E-002

U

	

9.3f-005

V

24

8

COMMON CAUSE FAULT
1-MV-MOV-1118 B

COMMON CAUSE FAULT
CKVS 1-CD-182 6 209

CM40H CAUSE FAULT
1-HV-E-4B B 4C
FAIL TO START 111C FAIL CLOSED FAILS CLOSED

9 IHVGIJ-CC-HVE4 IHVMOV-CC-MVii1 IHVCKV-CC-182209

1 .98E-004 10

	

4.59-030

	

3 .90E-0040

	

634E-DOS0
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OPERATING 1-MV-E-4A
SERVICE WATER
SUCTION FAULTS

GHVI 1321

MOTOR DRIVEN PUMP
1-MV-P-22A FAILS TO
RUN 74 HOUR MISSION

1P4 AT-FR-MVP22A

SUPPLY G DISCHARGE
FAULTS TO CHILLER

1-HV-E-4A

GHY11613

1 3

PAGE 16

NO ELECTRIC POWER
460V MCC IHI-I

I-EP-MC-10

GE 1H6 12
7 .93E • )4

U

24

	

A

EIM00

NAPS IPE

	

A-486

OPERATING 1-HV-E-4A
SERVICE WATER , .

CHILLR TRAIN FAULTS

TFR TO
8 25
4 62

GHV11313

OPERATING 1-"V-E-4A
CHILLER FAULTS
SW FECIRCULATION

GHV11323

PRESS CONTROL VALVE
1-HV-PCV-1235A-1
SPURIOUS CLOSURE

OUTSIDE CONTAINMENT
INSTRUaENT AIR SYS
LOSS OF FUNCTION

IHVPCV-SC-1235A1

	

IIAIAS-LF-OUTIA
1 .21E-0050 24

	

2.52E-0040 24

RELIEF VALVE
1-HV-AV-1205A

SPURIOUS OPENING

IHVSV--S0-1205A
9.3X-O05

U
24

	I
OPERATING 1-MV-E-4A

SERVICE WATER
DISCHARGE FAULTS

GHV11325

PRESS CONTROL VAVLE

	

MOTOR OPERATO VALVE
1-HV-PCV-1235A-2 1-NV-NOV-I13A
SPURIOUS CLOSURE

	

SPURIOUS CLOSURE
IHVPCV-SC-1235A2	IHVMOV-SC-113A

1 .21E-0050 24

	

1 .21E-0050

	

24

12-15-92

EMER SWITCHGEAR ROOM COOLING
H V 1 1 3NAPS UNIT I
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320MAF .N .17 H V 1 1 4
ANALYST : KDT I CREATION DATE: 06-09-92 REVISION 09-15-92

1

SPARE i-MV-E-4B
SERVICE WATER

CHILLR TRAIN FAULTS

GHV11413
TFR TO
6 25
9 25

SPARE 1-HV-E-4B
SERVICE WATER
SUCTION FAULTS

SUPPLY S DISCHARGE
FAULTS TO CHILLERS

1-HV-E-4B S 4C

SPARE i-MV-E-4B
CHILLER FAULTS

SW RECIRCULATION

SPARE 1-HV-E-4B
SERVICE WATER

DISCHARGE FAULTS
2 GHVI 421 GHV11713 6HV11423 GHVI 425

PAGE 17

SW RECIRCULATION
PCV

OUTSIDE CONTAINMENT
INSTRUMENT AIR SYS

CHECK VALVE
1-SW-436

FAULTS LOSS OF FUNCTION FAILS CLOSED

3 GHV11432 IIAIAS-LF-OUTIA ISNCKV FC 1SN436
2 .52E-0040 24

	

6.34E-004U
PRESS CONTROL VALVE
i-HV-PCv-12356-1

PRESS CONTROL VALVE
i-HV-PCV-12358-1

FAILS CLOSED SPURIOUS CLOSURE

4 IHVPCV-FC-123581 IHVPCV-SC-123591
1 .61E-002

	

3

	

1.21E-005

	

24

MOTOR DRIVEN PUMP
1-HV-P-22B FAILS TO

NO ELECTRIC POWER
480V MCC 1JI-1

MOTOR DRIVEN PUMP
1-HV-P-225

CHECK
1-Sa-420

VALVE

FAILS CLOSED FAILS TO START RUN 24 MOOR MISSION i-EP-MC-11
'S 1SW"KV-FC-1SN420 IHVPAT-FS HVP22B IHVPAT-FA-HVP226 GEIJ512

_ 6 .34E-( .4

	

1.96E-003

	

7.93E-0040 24

	

EIJ00

6

PRESS CONTROL VALVE
1-NV-PCV-12358-2

MOTOR OPERATO
I-MV-NOV-1136

VALVERELIEF VALVE
1-WV-RV-12058

SPURIOUS OPENING SPURIOUS CLOSURE FAILS CLOSED

7 IHVSV--SO-12058 IHVPCV-SC-123582 1MVNDV-FC-1138
9.33E-M024

	

1.21E-=024

	

1 .05E-002U
8

COMMON CAUSE FAULT
CKVS 1-SW-402 C 436

COMMON CAUSE FAULT
CKVS 1-SM-386 5 420

COMMON CAUSE FAULT
1-MV-MOV-1138 S

COMMON CAUSE FAULT
1-MV-PCV-123581 6
123501 FAIL CLOSED 1i3C FAIL CLOSED FAILS CLOSED FAILS CLOSED

9 1HVPCV-CC-1235 IHVM0V-CC-HVI13 ISWCKV-CC-386420 ISNCKV-CC-402436
1 .96E-004

	

1.61E-003

U

	

9.90E-004 (D

	

6.34E-005

U

	

6.34E-DOS

V



9

1 .98E-004 V

NAPS IPE

I
STANDBY 1-HV-E-4C

SERVICE WATER
SUCTION FAULTS

GHY11521

CHECK VALVE
1-SW-386

: =ILS CLOSED

6 .34E-0040

COMMON CAUSE FAULT
I-HV-PCV-123881 9
1235C1 FAIL CLOSED

SUPPLY S DISCHARGE
FAULTS TO CHILLERS

1-NV-E-48 S 4C

6HV11713

PAGE 17

SW RECIRCULATION
PCV

FAULTS

GHV11532

PRESS CONTROL VALVE
1-"V-PCV-1235C-1

FAILS CLOSED

IHVPCV-FC-1235C1

STANDBY I-HV-E-4C
SERVICE WATER

CHILLR TRAIN FAULTS

TFR 10
7 25
5 85

GHV11513

STANDBY 1-NV-E-4C
CHILLER FAULTS
SW RECIRCULATION

ONV11523

OUTSIDE CONTAINMENT
INSTRUMENT AIR SYS
LOSS OF FUNCTION

PRESS CONTROL VALVE
1-HV-PCV-12350-1
SPURIOUS CLOSURE

IHVPCV SC-123501
1 .61E-002

	

3

	

1.21E-005

	

24

MOTOR DRIVEN PUMP
1-NV-P-22C

FAILS TO START

COMMON CAUSE FAULT
1-HV-MOV-1138 C
113C FAIL CLOSED

IIAIAS-LFOUTIA	ISWCKVFCISM402
2 .55E-004

	

24

	

6.34E-0O4 Q)

MOTOR DRIVEN PUMP
1-HV-P-22C FAILS TO
RUN 24 HOUR MISSION

1SY. KV-FC-1SM386 IHVPAT-FS-HVP22C INVPAT-FR-HVP22C

	

GE1H612
1 .98E-003 (,1

	

7 .93E-004

	

24

	

EIN00

RELIEF VALVE
1-HV-41V-1205C

SPURIOUS OPENING

lHVSV--SO-12050

	

IMVPCV-SC-1235C2
9 .3E-DOS0

	

24

	

1 .21E-0050 24

	

1.09E-002 ( l

COMMON CAUSE FAULT
CKVS t-SW-386 5 420

FAILS CLOSED

CHECK VALVE
1-SW-402

FAILS CLOSED

NO ELECTRIC POWER .
480V MCC 1HI-1

1-EP-MC-10

PRESS CONTROL VALVE
1-HV-PCV-1235C-2
SPURIOUS CLOSURE

COMMON CAUSE FAULT
CKVS I-SW-402 5 436

FAILS CLOSED
IHVPCV-CC-1235	IHVMOV-CC-HVI13

	

ISWCKV-CC-386420 ISWCKV-CC-402436
I .SIE-003

V

	

3.90E-0W

V

	

6.341-009U

	

6.34E-W50

A-488

	

12-15-92

EMER SWITCHGEAR ROOM COOLING H V 1 1 5NAPS UNIT 1

	

320MAF .N.17

ANALYST : KOT I CREATION DATE : 06-09-92 REVISION : 09-15-92
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4
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O
EMER SWITCHGEAR ROOM COOLING
NAPS UNIT I

	

320MAF .N .17 H V 1 1 6
ANALYST : KDT I CREATION DATE : 05-09-92 REVISION : 09-15-92

SUPPLY & DISCHARGE
FAULTS TO CHILLER

1-HV-E-4A

1 GHV11613
TFR TO
13 22

INSUFF SUPPLY OR INSUFF SUPPLY OR
DSCHG TO A CHILLER DSCHG TO A CHILLER
NORMAL SW HEADERS ALT SW HEADERS

2 GHV11620 6HV11624

INSUFF SUPPLY FROM
ALT SW SUPPLY
TO A CHILLER

INSUFF DISCHARGE
FROM A CHILLER

TO ALT SW DISCHARGE
3 GHV11633 GHV11635

MANUAL
l-SM-385

VALVE

FAILS CLOSED

4 ISWMV--FC-ISN365
1 .25E-004

	

3

5

MANUAL VALVE
1-SU-362

FAILS CLOSED

O-OP-49 .4A VALVE
CHECKOFF NCR A/C
SERVICE MATER

INADEQUATE SW FLOW
FROM HEADER A

SW STRAINER
t-Hr-S-19
DURING

PLUGGED'
STANDBY

6 GSWI141 IHVSTR-PG-IHVSIB ISWMV -FC 1SW362 HEP-00P49:4A
`

	

SM100 9 .53E-0030 720

	

1.25E-004 r ,

	

6 .26E-0OZr , l

7

SW STRAINER
I-HV-S-IA PLUGGED
DURING MISSION

8 IHVSTR-PL-1HVSIA
® 5MI00 6.39E-0040 24

9
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GHV11721

INSUFF SUPPLY FORM INSUFF DISCHARGE
NORMAL SW SUPPLY FROM B 6 C CHILLERS
TO B 6 C CHILLERS

	

TO NORMAL SW DSCHRG

GHV11730

	

GHV11732

SW SUPPLY NOT

	

SW STRAINER

	

MANUAL VALVE

	

O-OP-49 .4A VALVE
AVAILABLE FROM

	

1-MV-S-IA PLUGGED

	

I-SM-362

	

CHECKOFF OCR A/C
HEADER B 12-1'51-031

	

DURING MISSION

	

FAILS CLOSED

	

SERVICE WATER

GSN1144 	IHVSTR-Pt.-1HVS1A	ISMMV--FC-1SM362	HEP-OOP49 4A
SW100 6 .39E-0040 24

	

1 .26E-004

	

6.26E-002 3

SUPPLY 6 DISCHARGE
FAULTS TO CHILLERS

I-MY-E-4B G AC

TFR TO
14 22
15 22

INSUFF SUPPLY OR

	

INSIEF SUPPLY OR
DSCHG TO B/C CHILRS

	

DSCHG TO B/C CHILRS
NORMAL SW HEADERS

	

ALT SW HEADERS

ISMMV--FC ISW385
1 .25E-004

GHV11713

MANUAL VALVE
1-SW-385

FAILS CLOSED

3

INADEQUATE SW FLOW

	

SW STRAINER
FROM HEADER A

	

I-MY-S-18 PLUGGED
OWING STANDBY

6HV1 725

GSM1141

	

1HYSTR-PG-IHVSiB
SM100 9.53E-0030, l 720

NAPS IPE A-490 12-15-92

NAPS UNITCi~Ap ROOM H V 1 1 7
ANALYST : KOT I CREATION DATE : 05-09-92 REVISION : 09-15-92
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8

9

INSUFF AIR COOLING
FROM BOTH N2 AHUS
2-MV-AC-6 C AC-7

INSUFFICIENT AIR
COOLING FROM N2

EMER SWITCHGEAR AM

GHV2132

INSUFF NI ESGR AIR
COOLING - N2 ESGR
COOLING RECOVERY

GHV2113

O-AP-55 LOSS OF
NCR/ESGR HVAC

RECOVERY IN 10 MR

1
INSUFFICIENT

CHILLED WATER FROM
2 OF 3 N2 CHILLERS

GHV2151	 	GHV2154

INSUFFICIENT

	

INSUFFICIENT

	

INSUFFICIENT

	

INSUFFICIENT

	

INSUFFICIENT

AIR COOLING FROM

	

AIR COOLING FROM

	

CHILLED WATER FROM

	

CHILLED WATER FROM

	

CHILLED WATER FROM

OPERATING 2 -MV-AC-7

	

STANDBY 2- HV-AC-6

	

OPERATING 2-MV-E-4A

	

SPARE 2-MV-E-46

	

STANDBY 2-HV-E-4C

GHV2213	GHV2313	 GHV2413	GHY2443	0HV2473

f 3

	

A

	

7 3

	

A 3

	

7 3

PAGE 2

	

PAGE 3

	

PAGE 4

	

PAGE A

	

PAGE 4

NAPS RE

	

A-491

	

12-15-92

ESGR Ui COOLING FROM ESGR U2
HV2 1NAPS UNIT I

	

320MAF .N.17

ANALYST : KDT I CREATION DATE : 06-09-92 REVISION : 09-15-92
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6
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0

	

1

	

1
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5 .21E-0050 24

	

9-3X-0050 24

	

1.36E-004

	

0 24

	

E2N00

NAPS IPE .

	

A-492 12-15-92

ESGA Ui COOLING FROM ESGR U2 2HV2NAPS UNIT I

	

320MAF .N.17
0

ANALYST: KOT ICREATION DATE: 06-09-92 REVISION : 09-15-92

INSUFFICIENT
AIR COOLING FROM

OPERATING 2-MV-AC-7
1 GHV2213

TFR TO
1 70

I
OPER AMU 2-MV-AC-7 OPER AMU 2-MV-AC-7 OPER AMU 2-HV-AC-7 OPER AMU 2-HV-AC-7
FAULTS IN CHILLED LOSS OF FUNCTION FAULTS TO FAN MOTOR 2-MV-MOD-238
WATER FLOWPATH IN 24 MR MISSION AND ELECTRIC POWER SPURIOUS CLOSURE

2 GHV2220 2HVACU-LF-2HVAC7 GHV2223 2HVMOO-SC-1400238
3 .42E-0050 24 1 .21E-00S0 24

3

OPER AMU 2-MV-AC-7 RELIEF VALVE OPER AMU 2-MV-AC-7 NO ELECTRIC POWER
2-MV-TCV-267 2-MV-SV-2200 FAN MOTOR FAILS TO 480 V MCC 241-1

SPURIOUS CLOSURE SPURIOUS OPENING RUN 24 HR MISSION 2-EP-MC-10
4 2HVTCV-SC-TCV267 2HVSV--SO-2200 2HVFAN-FA-2F1407 GE2H512
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5 "

ESGR Ui COOLING FROM ESGR U2
NAPS UNIT I

	

320MAF .N .17 H V 2 3
0

ANALYST: KDT I CREATION DATE : 06-09-92 REVISION : 09-15-92

INSUFFICIENT
AIR COOLING FROM
STANDBY 2-HV-AC-6

1 GHV2313
TFR TO
1 71

2

I
STDBY AMU 2-MV-AC-6
LOSS OF FUNCTION
IN 24 MR MISSION

STDBY AMU 2-MV-AC-6
FAULTS TO FAN MOTOR
6 ELECTRIC POWER

STDBY AMU 2-HV-AC-6
AIR FLOW DIVERSION
TMU 2-MV-AC-7

STDBY AMU 2-HV-AC-6
2-MV-NW-237 FAULTS
CHILLD AIR BLOCKAGE

STDBY AMU 2-HV-AC-6
UNSCHEDILED
MAINTENANCE

3 2HVACU-LF-2HVAC6 GHV2332 GHV2333 GHV2334 2HVACU-UM 2HVAC6
3 .42E-005 , l 24 1 .65E-003

AIR FLOW DIVERSION
2-MV-MOO-238
FAILS OPEN

4 2HVMOD FO-MOD238
1 .09E-002 3

STOGY AHU 2-MV-AC-6
2-HV-MOD-237

STOGY AMU 2-NV-AC-6
2-HV-MOD-237

FAILS CLOSED SPURIOUS CLOSURE
5 2HVM00-FC-M00237 2HVMGD-SC-N00237

1 .09E-002 3

	

1.21E-005 (, l 24

6

STOGY AMU 2-MV-AC-6
FAN MOTOR

FAILS TO START

STDeY AMU
FAN MOTOR
RUN 24 MR

2-MV-AC-6
FAILS TO
MISSION

NO ELECTRIC POWER
490V NM 2J1-1

2-EP-K- 11
7 2HVFAN-FS-2FM06 2HVFAN-FR-2FM06 GE2J512

3 .13E-003U

	

1 .36E-004

V

24

	

E2100

8

RELIEF VALVE
2-MV-SV-2201

OPER AMU 2-MV-AC-7
2-MV-TCV-257

SPURIOUS CLOSURE SPURIOUS OPENING

9 2HVTCV-SC-TCV266 2HVSV--SO-2201
1 .61E-002

U

	

1 .21E-OOS0 24

	

9 .33E-005

V

24
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s

OPERATING 2-HV-E-4A

	

OPERATING 2-HV-E-4A

	

SW SUPPLY AND OSCHG
CHILLED WATER

	

SERVICE WATER

	

FAULTS TO OPERATING
CHILLR TRAIN FAULTS

	

CHILLR TRAIN FAULTS

	

CHILLER 2-NV-E-4A

GHV2513

	

1044V2813

	

GHV21113

PAGE 5

PAGE 6

14

INSUFFICIENT
CHILLED WATER FROM
OPERATING 2-HV-E-4A

TFR TO
f 73

GHV2413

PAGE B

INSUFFICIENT
CHILLED WATER FROM
SPARE 2-MV-E-48

TFR TO
1 74

SPARE 2-HV-E-48

	

SPARE 2-HV-E-4B

	

SW SUPPLY AND DSCHG
CHILLED WATER

	

SERVICE WATER

	

FAULTS TO CHILLERS
CHILLR TRAIN FAULTS

	

CHILLR TRAIN FAULTS

	

2-HV-E-48 C 4C
6HV2613

	

GMV2913

	

GHV21213

INSUFFICIENT
CHILLED WATER FROM
STANDBY 2-HWE-4C

TFR TO
1 75

GHV2443

PAGE 9

GHV2473

f 3
PAGE II

f 3
PAGE 12

STANDBY 2-HV-E-4C

	

STANDBY 2-HV-E-4C

	

SM SUPPLY AND DSCHG
CHILLED WATER

	

SERVICE WATER

	

FAULTS TO CHILLERS
CHILLR TRAIN FAULTS

	

CHILLR TRAIN FAULTS

	

2-HV-E-48 C 4C

GHV2713

	

GHV21013

	

GHV21213

f 3

	

f 3
PAGE 7

	

PAGE 10

	

PAGE 12

NAPS RE A-494 12-15-92

ESGR UI COOLING FROM ESGR U2
H V2 4NAPS UNIT I

	

320MAF .N.17

ANALYST: KOT I CREATION DATE: 06-09-92 REVISION : 09-15-92



0
N
t
Q

J

SN

NAPS IPE A-495 12-15-92
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1

	

4

	

5

0

ESGR Ui COOLING FROM ESGR U2
NAPS UNIT I

	

320MAF .N.17 H V2 5
ANALYST : KOT I CREATION DATE: 06-09-92 REVISION 09-15-92

OPERATING 2-HV-E-4A
CHILLED WATER

CHILLR TRAIN FAULTS

1 GHV2513
TFR TO
4 21

r 1

	

I
OPERATING 2-HV-E-4A

CHILLED WATER
SUCTION FAULTS

OPERATING 2-HV-E-4A
CHILLER
FAULTS

OPERATING 2-HV-E-4A
CHILLED WATER

DISCHARGE FAULTS
2 GHV2521 GHV2523 GHV2525

OPERATING 2-HV-E-4A
FAILS TO RUN FOR
24 HOUR MISSION

NO ELECTRIC POWER
480 V MCC 2M1-4

2-EP-MC-41

3 2HVCHU-FR-2HVEIA GE2H1312

1 .51E-003

U

24

	

® E2H00

4

MOTOR DRIVEN
2-HV-P-20A
RUN 24 HOUR

PUMP
FAILS 10
MISSION

NO ELECTRIC POWER
480 V MCC 2H1-1

2-EP-MC-10

5 2HVPAT-FR-HVP20A GE 2H512

7 . 3E-004

U

24

6

.. 1
MOTOR OPERATD VALVE

2-MV-MV-211A
RELIEF VALVE
2-MV-RV-2202A

SPURIOUS CLOSURE SPURIOUS OPENING
7 2HV140V-SC-21tA 2HVSV--SO-2202A

1 .21E-0050 24

	

9.33E-DOS (:.) 24

e

9
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1.9K-0040

ESGR Ui COOLING FROM ESGR U2
NAPS UNIT I

	

320MAF .N.17

ANALYST : KOT I CREATION DATE : 06-09-92

1 .9E-003

	

7 .93E-004

0114

	

®E2JO0

MANUAL VALVE

	

NO ELECTRIC POWER

	

MOTOR OPERATD VALVE
2-CD-218

	

480V MCC 2J1-1

	

2-HV-WV-2118
FAILS CLOSED

	

2-EP-MC-11

	

FAILS CLOSED

2HVMV--FC-2C0218

	

GE2J512	2MVM0V-FC-211B
1.25E-004

U

	

E2100 1 .09E-002 \

COMMON CAUSE FAULT COMMON CAUSE FAULT COMMON CAUSE FAULT
2-HV-E-46 G 4C 2-MV-WV-211B G CKVS 2-CD-IB7 G 211
FAIL TO START

	

211C FAIL CLOSED

	

FAILS CLOSED
2HVCHU-CC-HVE4	2HVM0V-CC-HV211

	

2HVCKV-CC-187211
4.15E-003 ~

	

3.90E-004~

	

6.34E-DOS

HV2 6
REVISION : 09-15-92

9 .33E-0050

	

24

NAPS IPE A-496 12-15-92

I

SPARE 2-HV-E-4B
CHILLED WATER

CHILLR TRAIN FAULTS

GHV2613
TFR TO
4 51

2

SPARE 2-HV-E-4B
CHILLED WATER
SUCTION FAULTS

2-HV-E-4B G 4C
DUAL CHILLER TRAIN
U9SCHED MAINTENANCE

SPARE 2-HV-E-4B
CHILLER
FAULTS

SPARE 2-HV-E-4B
CHILLER TRAIN

UNSCHED MAINTENANCE

GHV 21 2HVCHU-UM-HVE4BC GHV2623 2HVCHU um-2HVE4B
2 .25E-003

	

9.44E-0020
SPARE CHILLER

2-MY-E-48
SPARE 2-HV-E-48
FAILS TO RUN FOR

NO ELECTRIC POWER
4B0Y 14CC 2J1-i

3
FAILS TO START 24 HOUR MISSION 2-EP-MC-11

2HVCHU-FA-2HVE4B GE2J5122HVCHU-FS-2HVE4B
4 .55E-002 3

	

5 .51E-0030 24 A MOO

4

I

5

MANUAL VALVE SPARE 2-MV-E-48 CHECK VALVE
2-CD-207

FAILS CLOSED
FAULT TO CHILLD WTR
PUMP 2-MV-P-209

2-CD-211
FAILS CLOSED

2CDCKV-FC 2CO2112HVMV -FC-2CD207 GMV2652
z

	

1 .25E-004 3

	

6.34E-004 3

6

MOTOR DRIVEN PUMP
2-HV-P-208

FAILS TO START

MOTOR DRIVEN PUMP
2-HV-P-208 FAILS TO
RUN 24 "OUR MISSION

NO ELECTRIC POWER
480V MCC 2J1-1

2-EP-MC-11

2HVPAT-FS-HVP2O$ 2M9PAT-FA-MVP20B GE2J5i2
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ESGR U1 COOLING FROM ESGR U2
NAPS UNIT I

	

320MAF .N.17 H V 2 7
0

ANALYST : KOT [CREATION DATE : 06-09-92 REVISION : 09-15-92

STANDBY 2-HV-E-4C
CHILLED WATER

CHILLR TRAIN FAULTS

1 GHV2713
TFR TO
4 81

2

CHILLED
SUCTION

STANDBY 2-HV-E-4C
WATER
FAULTS

2-MV-E-46 C 4C
DUAL CHILLER TRAIN
UNSCHED MAINTENANCE

STANDBY 2-HV-E-4C
CHILLER
FAULTS

STANDBY 2-MV-E-4C
CHILLER TRAIN

UNSCHED MAINTENANCE

STANDBY 2-I -E-4C
CHILLED WATER

DISCHARGE FAULTS

721 2HVCHLJ-U14 HVE48C GHV2723 2HVCMU-UM-2HVE4C GHV2725GHV

3

2 .26E-003

	

9.44E-002

	

3

STANDBY CHILLER
2-HV-E-4C

FAILS TO START

STANDBY 2-HV-E-4C
FAILS TO AM FOR
24 HOUR MISSION

NO ELECTRIC POWER
480 V MM 2H1-4

2-EP-MC-41

2HVCHU-FS-2HVE4C (2HVCHU-FR-2HVE4C GE2H1312
4 .55E-002

	

1 .51E-0030 24

	

® E2H00

4

NO ELECTRIC POWER
480 V MM 2H1-1

2-EP-MC-10

MOTOR DRIVEN PUMP
2-HV-P-20C FAILS TO
RUN 24 HOUR MISSION

CHECK VALVE
2-CD-187

FAILS CLOSED

MO ALT

FAILS TO
2-HV-P-22C

PUMP

START
5 2MVPAT-FS-MVP20C 2HVPAT-FR-HVP20C 1000KV-FC-2C0187 GE2H512

- 1 .98E-003 (, l

	

7.93E-004

	

24

	

6.3E-004

	

£2100

6

MOTOR OPERATO VALVE
2-MV-MW-211C

NO ELECTRIC POWER
480 V MCC 2NI-4

RELIEF
2-HV-RV-22020

VALVE

2-EP-MC-41 FAILS CLOSED SPURIOUS OPBIING
7 GM 1312 2HVMOV-FC-211C 2HVSV--SO-22020

E3= 1 .09E-002

	

9.32-0080 24

8

COMMON CAUSE FAULT
2-NV-MOV-2118 C

COMMON CAUSE FAULT
2-MWE-48 S 4C

COMMON CAUSE FAULT
CKVS 2-CD-187 5 211

FAIL TO START 211C FAIL CLOSED FAILS CLOSED

9 21V05J-CC-HVE4 2HVM0V-CC-1V211 2HVCKV-CC-187211
1 .96E-004 ()

	

4.SSE-003

	

3.90E-004 (, )

	

6.34E-DOS
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OPERATING 2-HV-E-AA

	

OPERATING 2-HV-f-4A

	

OPERATING 2-NV-E-4A
SERVICE WATER

	

CHILLER FAULTS

	

SERVICE NATO
SUCTION FAULTS

	

SW RECIRCULATION

	

DISCHARGE FAULTS
GHV2821

	

GHV2823

	

GHV2e25

MOTOR DRIVEN PUMP NO ELECTRIC POKER
2-IV-P-22A FAILS TO 480 V MCC 2H1-1
RtRI 24 HOUR MISSION

	

2-EP-MC-10

2HVPAT-FA-HVP22A'

	

WNW
7 .93E-0040 24

OPERATING 2-+w-E-4A
SERVICE WATER

CHILLR TRAIN FAULTS

TFR TO
4 23

GHV2813

PRESS CONTROL VALVE OUTSIDE CONTAINMENT
2-HV-PCV-2235A-1 INSTRUMENT AIR SYS
SPURIOUS CLOSURE

	

LOSS OF FUNCTION

2HVPCV-SC-2235A1

	

2IAIAS-LF-OUTIA
1 .21E-00S V 24

	

2 .52E-0040 24

RELIEF VALVE

	

PRESS CONTROL VAVLE MOTOR OPERATO VALVE
2-NV-RV-2205A

	

2-+w-PCV-2235A-2

	

2-NV-NOV-213A
SPURIOUS OPENING

	

SPURIOUS CLOSURE

	

SPRIOU6 cL0 *E
2HVSV--SO-220SA 2HVPCV-SC-2235A2	2HVNOV-SC-213A

9.33E-0060 24

	

1.21E-DOS j 24

	

1.21E-0060 24

NAPS IPE A-498

I

12-15-92

ESGR U! COOLING FROM ESGR U2
NAPS UNIT I

	

320MAF . N .17 H V 2 8
ANALYST : KDT I CREATION DATE: 06-09-92 REVISION : 09-15-92
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1

	

l 2

	

I 3 I 4 I 5

COMMON CAUSE FAULTS
SERVICE WATER FOR
B G C CHILLERS

GHV2920

s

COMMON CAUSE FAULT
2-HV-P-228 $ 22C
FAIL TO START

SPARE 2-HV-E-4B
SERVICE WATER
SUCTION FAULTS

GHV2921

CHECK VALVE
2-5M-337

FAILS CLOSED

2SMCKV-FC-2SM337 .

6 .34E-004

MOTOR DRIVEN PUMP
2-HV-P-229

FAILS TO START

2HVPAT-CC-HVP22

1 .981E-0W

V

	

1 .81E-003

SW RECIRCULATION
PCV

FAULTS

GHV2932

PRESS CONTROL VALVE
2-MV-PCV-22338-1

FAILS CLOSED

2HVPCV-FC 223381

1 .81E-002 3

	

1.21E-006

	

24

1
SPARE 2-HV-E-48

FAULT TO SERVCE MTR
PUMP 2-HV-P-225

GHV2952

MOTOR DRIVEN PUMP
2-HV-P-22B FAILS TO
AM 24 HOUR MISSION

2HVPAT-FS-HVP228 12HVRAT-FR HVP226

	

GE2J512

1 .98E-003

	

7 .93E-0040 24

	

E2JW

COMMON CAUSE FAULT
2-HV-PCV-223581 6
123501 FAIL CLOSED

2HVPCV-CC-2235

NO ELECTRIC POWER
480Y MCC 2J1-1
2-EP-M-11

COMMON CAUSE FAULT
2-MV-MOV-2130 9
213C FAIL CLOSED

2HVMOV-CC-HV213

3 .90E-004 r, l

ESGR Ui COOLING FROM ESGR U2
NAPS UNIT I

	

320MAF .N .17

ANALYST : KDT I CREATION DATE : 05-09-92

HV2 9
REVISION : 09-15-92

SPARE 2-HV-E-48
SERVICE WATER

CHILLR TRAIN FAULTS

TFR TO
4 53

GHV2913

SPARE 2-NV-E-4B
CHILLER FAULTS

SW RECIRCULATION

GHV2923

OUTSIDE CONTAINMENT
INSTRUMENT AIR SYS
LOSS OF FUNCTION

2IAIAS-LF OUTIA

	

2SWCKV FC 2SW353

2 .52E-0040 24

	

6.34E-004

PRESS CONTROL VALVE
2-HV-PCV-22358-1
SPURIOUS CLOSURE

2HVPCV-SC 223581

NO ELECTRIC POWER
480V MM 2J1-1

2-EP-NC-ti

RELIEF VALVE
2-HV-RV-22058

SPURIOUS OPENING

CHECK VALVE
2-SN-353

FAILS CLOSED

PRESS CONTROL VALVE
2-HV-PCV-22358-2
SPURIOUS CLOSURE

GE2J512 	2HVSV--SO-22058

	

2HVPCV-SC-223582	2HVMOV-FC-2138

E&= 9.33E-0060 24

	

1.21E-0060 24

	

t.09E-=

COMMON CAUSE FAULT

	

COMMON CAUSE FAULT
CKVS 2-SW-306 5 337

	

CKVS 2-SAM-322 $ 353
FAILS CLOSED

	

FAILS CLOSED

25MCKV-CC-306337 2SW KV-CC-322353

5.31E~5

V

	

6.34E-006U

SPARE 2-MV-E-48
SERVICE WATER

DISCHARGE FAULTS

GHV2925

MOTOR OPERATO VALVE
2-NV-MOV-2138
FAILS CLOSED

NAPS RE A-499 12-15-92
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COMMON CAUSE FAULTS

	

STANDBY 2-MV-E-4C
SERVICE WATER FOR

	

SERVICE WATER
8 6 C CHILLERS

	

SUCTION FAULTS

GHV21020

	

GHV21021

s

SW RECIRCULATION
PCV

FAULTS

t .SIE-002

GHV21032

PRESS CONTROL VALVE
2-NV-PCV-2235C-1

FAILS CLOSED

2HVPCV-FC-2235C1

3

CHECK VALVE

	

MOTOR DRIVEN PUMP
2-5UF306

	

2-NV-P-22C
FAILS CLOSED

	

FAILS TO START

2SWCKV-FC 2SW306 2HVPAT-FS-MVP22C

6 .34E-004 3

	

1.98E-003 3

NO ELECTRIC POWER
490 V MM 21-1

2-EP-"C-10

GE2 512

EM

COMMON CAUSE FAULT COMMON .CAUSE FAULT COMM CAUSE FAULT
2-HV-P-2213 $ 22C 2-MV-PCV-223581 9 2-MV-MOV-2135 $
FAIL TO START

	

123SC1 FAIL CLOSED

	

213C FAIL CLOSED

2HVPAT-CC-HVP22	2HVPCV-CC-2235	2NVMOV-CC-HV213
•

	

1.98E-004 ~ 1.81E-003 ~ 3 90E-004

STANDBY 2-HV-E-4C
SERVICE WATER

CHILLR TRAIN FAULTS

TFR TO
4 83

GHV21013

STANDBY 2-HV-E-4C

	

STANDBY 2-HV-E-4C
CHILLER FAULTS

	

SERVICE WATER
SW RECIRCIL.ATION

	

DISCHARGE FAULTS

GHV21023

	

GHV21025

OUTSIDE CONTAINMENT CHECK VALVE
INSTRUMENT AIR SYS 2-SW-322
LOSS OF FUNCTION

	

FAILS CLOSED

2IAIAS-LF OUTIA

	

2SMCKV-FC-25W322

2 .52E-004

	

24

	

6 .34E-004

PRESS CONTROL VALVE
2-MV-PCV-2235C-1
SPURIOUS CLOSURE

2HVPCV-SC 223501

1 .21E-005

	

24

3

MOTOR DRIVEN PUMP NO ELECTRIC POWER
2-HV-P-22C FAILS TO 480 V MCC 2H1-1
RUN 24 HOUR MISSION

	

2-EP-MC-10

2NVPAT-FR-HVP22C

	

GE2M512

7 .93E-004

	

24

	

E800

RELIEF VALVE

	

PRESS CONTROL VALVE

	

MOTOR OPERATO VALVE
2-HV-RV-22050

	

2-HV-PCV-22350-2

	

2-MN-NOV-2130
SPURIOUS OPENING

	

SPURIOUS CLOSURE

	

FAILS CL05ED

2HVSV--SO-22050

	

2HVPCV-SC-223502	2HVMOV-FC-213C
9 .3:1-DOS (24

	

1.21E-0080 24

	

t.09E-002U

COMMON CAUSE FAULT

	

COMMON CAUSE FAULT
CKVS 2-SW-305 6 337

	

CKVS 2-SW-322 9 353
FAILS CLOSED

	

FAILS CLOSED

24WN-4V-CC-306337 2SwcKY-CC-322353

6 .34E-DOS

U

	

6.34E-003

V

NAPS IPE A-500

•

	

9

12-15-92

ESGA U2
NAPS UNIT ~

I

LING FROM
30MAF N.17 HV2 10

ANALYST : KDT I CREATION DATE: 06-09-92 REVISION : 09-15-92
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NAPS RE A-501 12-15-92

0
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ESGR Ui COOLING
NAPS UNIT

FROM ESGR U2
V 2 1 1I

	

320MAF .N.17 H
ANALYST : KOT I CREATION DATE : 06-09-92 REVISION 09-15-92

SW SUPPLY AND DSCHG
FAULTS TO OPERATING
CHILLER 2-HV-E-4A

i GHV21113
TFR 10
4 25

I

	

I
INSUFF SUPPLY OR INSUFF SUPPLY OR

DSCHG 10 A CHILLER DSCHG TO A CHILLER
NORMAL SW HEADERS ALT SW HEADERS

2 GHV21i20 GMV21124

INSUFF SUPPLY FROM
ALT SW SUPPLY

MANUAL VALVE
2-SM-302

TO A CHILLER FAILS CLOSED

3 GHV21133 2SWMV FC 2SM302
1 .25E-004

4

5

i

1
SERVCE WATER SUPPLY
NOT AVAILABLE FROM

SW STRAINER
2-MV-S-18 PLUGGED

MANUAL VALVE
2-SW-305

O-OP-49 .4A VALVE
CHECKOFF NCR A/C

HEADER B l1-151-03) DURING STANDBY FAILS CLOSED SERVICE WATER

6 6SW1144 2HVSTR-PG-2HVSIB 2SWMV--FC-2SW305 HEP-00P49:4A
SW100 9 .53E-003 Ij 720

	

1 .25E-004

	

6.26E-002

7

• SW STRAINER
2-SW-S-IA PLUGGED
DURING MISSION

9 2HVSTR-PL-2HVSIA
® SW100 6.39E-004 (, l 24

9
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INSUFF SUPPLY FROM

	

MANUAL VALVE
NORMAL SW SUPPLY

	

2-SW-302
TO B C C CHILL FAILS CLOSED

I

GHV21230

	

2SMMV--FC-2SM302

SW SUPPLY AND OSCHG
FAULTS TO CHILLERS

2-MV-E-413 S 4C

1 .20E-004 V

TFR TO
4 55
4 85

	I	 I
INSUFF SUPPLY OR INSUFF SUPPLY OR

DSCHS TO B/C CHILRS OSDG TO B/C CHILRS
NORMAL SW HEADERS

	

ALT SM HEADERS

GHV21213

6HV21221

	

GHIV21225

SERVCO WATER SUPPLY SO STRAINER MANUAL VALVE O-OP-49 .4A VALVE
NOT AVAILABLE FROM 2-S*-S-IA PLUGGED 2-SM-303 CHECKOFF NCR A/C
HEADER A 12-151-091

	

DURING MISSION

	

FAILS CLOSED

	

SERVICE WATER

GO 1141	2HVSTR-PL-2HVSIA 2SMMV=-FC-251305	!EP-OOP4t 4AA 90100 6 .39E-O04 (, l 24

	

t.20E-0040

	

6 .21E-002U

Q

1
SERYCE WATER SUPPLY
NOT AVAILABLE FROM
HEADER 9 (1-151-03)

GSM1144

SM1NKl 9.=-Mu 720

NAPS IPE A-502 12-15-92

NAPS UNIT
OOLIN6 FROM MSGRNUi7

HV2
KOT I CREATION DATE 06-09-92 REVISION : 09-15-92
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NAPS IPE A-503 12-15-92
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1
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LOW HEAD SAFETY INJECTION SYS
NAPS UNIT I

	

320MAF . N .1 .2 L H 1 1
ANALYST : RCB [CREATION DATE : 06-27-1991 REVISION : 11-25-92

1

FAILURE OF LHSI
FLOW TO THE RCS

COLD LEGS

GLHII12

2

CCF - 2/2 PLUGGED
1-SI-MOV-1890 C 6 D
18 MO TEST INTERVAL

COMMON CAUSE FAILUR
CHECK VALVE SI-83
5I-86 AND SI-89

FAILURE TO GET FLOW
FROM EITHER LHSI

PUMP TRAIN

50111231SIMOV-CC-189000 lSICKV-CC-838689

3.90E-004

	

6.34E-005

	

3

1
FAILURE TO GET FLOWFAILURE TO GET FLOW

FROM LHSI TRAIN A FROM LHSI PUMP
TRAIN 8

3 GLH1132 GLH1212
TFR TO
6 22

PAGE 2

1
N.O . NOV 1-SI-1964A
PLUGGED DRNG STNDBY

PUMP FAULTS IN
LHSI TRAIN A

SUCTION
AFFECTING

FAULTS FAILURE OF PUMP A
TRAIN A DUE TO INSUFFICIENT

MIN FLOW

4 ISIMOV-PG-1864A GLH1312 5011412 GLH1144

8 .21E-004

	

13140

PAGE 3

	

PAGE

LHSI PUMP SHUTOFFFAILURE OF FLOW
THROUGH MIN FLOW HEAD EXCEEDED
LINE - TRAIN A

S GLM1152 XHOS-HIRCSPRESS

0 .00E4.000_

V

' N .O . NOV 1-SI-1885A
PLUGGED DURING

STANDBY

N .O . NOV I-SI-1885C
PLUGGED DURING

STANDBY

CHECK
FAILS CLOSED

TO

VALVE SI-12 COMMON CAUSE FAILUR
(FAILS CHECK VALVES 12 6

OPEN) 29 FAIL TO OPEN

6 ISIMOV-PG-1885A 1SIMOV-PG-1885C ISICKV-FC-IS112 ISICKV-CC-FC1229

1 .35E-004

U

2160 1 .35E-0040 2160 6.34E-004

U

	

6.34E-005U
7

8

9
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N .O . NOV 1-SI-1864B
PLUGGED DRNG STNDBY

ISIMOV-PG-18648
8 .21E-0040 13140

N .O . NOV 1-SI-18858
PLUGGED DURING

STANDBY

ISIMOV-PG-18858
1 .35E-001U 2160

FAILURE TO GET FLOW
FROM LHSI PUMP

TRAIN 8

TFR TO
1 31
6 23

GLH1212

PUMP FAULTS IN
LHSI TRAIN 8

GLH1512

PAGE 5

	

PAGE

I
FAILURE OF FLOW
THROUGH MIN FLOW
LINE - TRAIN 8

GLH1232

MOTOR OPERTD VALVE
1-SI-18850 PLUGGED
DURING STANDBY

SUCTION FAULTS
AFFECTING TRAIN B

GLH1442

CHECK VALVE SI-29
FAILS CLOSED (FAILS

TO OPEN)

ISICKV-FC-IS1291SIMOV-PG-18850
1 35E-001

U

2160 6 .31E-004

FAILURE OF PUMP 6
DUE TO INSUFFICIENT

MIN FLOW

GLH1224

LHSI PUMP SHUTOFF
HEAD EXCEEDED

XHOS-HIRCSPRESS
0 .00E+000 3

COMMON CAUSE FAILUR
CHECK VALVES 12 6
29 FAIL TO OPEN

1SICKV-CC-FC1229
6 .34E-005

NAPS IPE A-504 12-15-92

LOW HEAD SAFETY INJECTION SYS
NAPS UNIT I

	

320MAF .N .1 .2 L H 1 2
ANALYST: RCB I CREATION DATE : 06-27-1991 REVISION : 11-25-92
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1
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1

	

5

0

LOW HEAD SAFETY INJECTION SYS
NAPS UNIT I

	

320MAF .N .1 .2 L H 1 3
ANALYST: RCS 1 CREATION DATE: 06-27-1991 REVISION : 11-25-92

PUMP FAULTS IN
LHSI TRAIN A

1 GLH1312
TFR TO
1 42

CHECK VALVE SI-9
FAILS CLOSED (FAILS

TO OPEN)

PUMP FAILURES COMMON CAUSE FAULT
CHECK VALVES FAIL
CLOSD. SI-9 6 5I-26

POWER FAULTS MD STANDBY PUMP
1-SI-P-IA

UNSCHDL MAINT .

ACTUATION FAULTS

2 ISICKV-FC-IS19 GLH1321 ISICKV-CC-FC926 GLH1351 ISIPSS-UM-ISIPIA GLK1354

6 .3,E-004

	

6.34E-0050

	

5 1

	

454E-003U

	

5 4
THIS PAGE

	

THIS PAGE

MD STNDBY PUMP
1-SI-P-IA FAILS TO

RUN FOR 1 HOUR

MD STNDBY PUMP
1-SI-P-IA

FAILS TO START

CCF 2/2 FS
OF PUMPS IA AND 1S

TO START

3 ISIPSB-FS-ISIPIA ISIPSS-CC-FSIA18 1SIPSB-FA-1HAP1A

4.02E-003 ~

	

1 .93E-004 ~

	

3.30E-005 ~ 1

4

POWER FAULTS ACTUATION FAULTS

5 GLH1351 GLH1354
TFR TO

	

TFR TO
3 23

	

3 25

NO ELECTRIC POWER NO ELECTRIC POKER 1-E-0 RX TRIP OR SI FAILURE OF St
125V DC BUS 1-I 4160 V BUS IH STEP 7 VERIFY SI SIGNAL FROM RELAY

PUMPS RUNNING K604A

6 GE 1H712 GElHI12 HEP-1E0-7 65112412

EIHOO

	

E1H00

	

1 .35E-003

	

SI100

7

8

9
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N .O . MANUAL VALVE
1-SI-305 PLUGGED
DURING STANDBY

1 .35E-0040 2160

SUCTION FAULTS
AFFECTING TRAIN A

GLH1412
TFR TO
1 43

N .O . MOV 1-SI-1862A
PLUGGED DURING

STANDBY

N .O . MANUAL VALVE
OS-38 PLUGGED
DURING STANDBY

ISINV--PG-1S1305

	

ISINOV-P6-1862A

	

lQSNV--PG-10S38

U 2160

	

06 .75E-005

	

1080

N.O . MANUAL VALVE
I-SI-306 PLUGGED
DURING STANDBY

CU
CHECK VALVE SI-18

FAILS CLOSED (FAILS
TO OPEN)

SUCTION FAULTS
AFFECTING TRAIN 6

GLH1442
TFR TO
2 23

N .O . MOV 1-SI-18628
PLUGGED DURING

STANDBY

N .O . MANUAL VALVE
OS-38 PLUGGED
DURING STANDBY

ISINV--PG-1S1306	ISICKV-FC-ISI-18	ISINOV-PG-18628	10SNV--PG-10S380

	

135E-004() 2160 6.75E-06.75E-0051 .35E-004 2160

	

6.3,E-004

1 .35E-004

LOW HEAD SAFETY INJECTION SYS
NAPS UNIT I

	

320MAF .N .1 .2
ANALYST : RCS I CREATION DATE : 06-27-1991

1080

LHI 4
REVISION : 11-25-92

NAPS RE

	

A-506

	

12-15-92
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NAPS IPE A-507 12-15-92
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LOW HEAD SAFETY INJECTION SYS H 1 5NAPS UNIT I

	

320MAF .N.1 .2 L
ANALYST : ACE J CREATION DATE: 06-27-1991 REVISION : 11-25-92

PUMP FAULTS IN
LHSI TRAIN B

1 GLH1512
TFR TO
2 22

I
CHECK VALVE SI-26
FAILS CLOSED (FAILS

PUMP FAILURES COMMON CAUSE FAULT
CHECK VALVES-FAIL

POWER FAULTS MD STANDBY PUMP
1-SI-P-lB

ACTUATION FAULTS

TO OPEN) CLOSO. 51-9 G SI-26 UNSCPL MAINT .

2 '1SICKV-FC-1S126 GLH1521 ISICKV-CC-FC926 GLHi551 ISIPSB-UM-ISIPiB GLH1554
6 .34E-00A 6 .34E-005

	

5 !

	

4.54E-0O3

	

5 4

THIS PAGE

	

THIS PAGE

CCF 2/2 FS
OF PUMPS JA AND 18

MD STNDBY PUMP
1-SI-P-18

MD STNDBY PUMP
1-SI-P-lB

FAILS TO START TO START FAILS TO RUN

3 ISIPS8-FS-ISIP18 ISIPS8-CC-FSIA18 ISIPSB-FR-IHRPIB
4.02E-003 ~ 4.93E-004 ~

	

330E-005 ~ 1

4

POWER FAULTS ACTUATION FAULTS

5 GLM1551 GLH1554
TFR To

	

TFR TO
- 5 23

	

5 25

NO ELECTRIC POWER NO ELECTRIC POWER 1-E-0 RX TRIP OR SI FAILURE OF SI
125V DC BUS 1-III 4160 V BUS 1J STEP 7 VERIFY SI SIGNAL FROM RELAY

PUMPS RUNNING K604B

6 GEIJG12 GEM 12 HEP-1E0-7 GSI12672
=_ EIJ00 E1J00

	

1.35E-003

	

51100

7

8

9
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COMMON CAUSE FAILUR
CHECK VALVE SI-83
SI-86 AND SI-89

U

FAILURE OF 2/2 LHSI
PUMPS IN CORE

COOLING RECOVERY

GLH1612

FAILURE TO GET FLOW
FROM LHSI TRAIN A

FAILURE TO GET FLOW
FROM LHSI PUMP

TRAIN B

1-E-0 RX TRIP OR SI
STEP 7 VERIFY SI
PUMPS RUNNING

ISICav-CC-838689	GLH1132	1	GLH1212	HEP-IEO-7

3 2 f 2
6.34E-005

	

1 .35E-003CU
PAGE 1

	

PAGE 2

NAPS RE A-508 12-15-92

LOW HEAD SAFETY INJECTION SYS
NAPS UNIT 1

	

320MAF .N .1 .2 L H 1 6
ANALYST : RC5 I CREATION DATE : 06-27-1991 _ REVISION : 11-25-92
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LOW HEAD SAFETY RECIRCULATION
NAPS UNIT 1

	

320MAF .N .1 .2 L R 1 1
O ANALYST: RCB ( CREATION DATE: 06-28-1991 REVISION : 11-25-92

FAILURE OF LHSI
RECIRCULATION TO
THE RCS COLD LEGS

1 GLRI112

COMMON CAUSE FAILUR
CHECK VALVE SCI-83
SI-86 AND SI-89

FAILURE TO GET FLOW
FROM EITHER LHSI

PUMP TRAIN

2 ISICKV-CC-838689 GLRI123

6 .31E-005

FAILURE TO GET FLOWFAILURE TO GET FLOW
FROM LHSI TRAIN A FROM LHSI PUMP

TRAIN B

3 GLRI132 GLR1212
TFR TO
9 45

PAGE 2

FAILURE OF PUMP ASUCTION FAULTSPUMP FAULTS INN .O . NOV f-SI-1664AFAILURE OF LHSI-A
SUCTION FROM PLUGGED ORNG STNOBY LMSI TRAIN A AFFECTING TRAIN A DUE TO INSUFFICIENT

CONTAINMENT SUMP MIN FLOW

4 GLR1712 ISIMOV-PG-1864A GLR1312 GLR1412 GLR1144

8.21E-004 2 13140

	

Q

	

T8R33

A2

	

f 2

PAGE 7

	

PAGE 3

	

PAGE 4

LHSI PUMP SHUTOFFFAILURE OF FLOW
THROUGH MIN FLOW HEAD EXCEEDED
LINE - TRAIN A

9 GLRI152 XHOS MIRCSPRESS

0 .00E4000 3

COMMON CAUSE FAILURCHECK VALVE SI-12N .O . NOV f-SI-1885CN .O . NOV 1-SI-1985ASAFELY VALVE 1645A
WISCALIBRATED - PLUGGED DURING PLUGGED DURING FAILS CLOSED (FAILS CHECK VALVES 12 C

LIFTS EARLY STANDBY STANDBY TO OPEN) 29 FAIL TO OPEN

6 iSISV--MC-1845A ISIMOV-PG-1885A ISINQV-P6-1885C ISICKV-FC-ISI12 ISICKV-CC-FC1229

3 .79E-005 ()

	

1.35E-004 0

	

2160 1 .35E-001 0

	

2160 6 .31E-004

U

	

6.346-005

7

8

9
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0

I

3

5

6

7

8

9

FAILURE OF LHSI-8
SUCTION FROM

CONTAINMENT SUMP

SAFETY VALVE 1845C
MISCALIBRATED -

LIFTS EARLY
4 ISISV--MC-1845C

3 .75E-0050

GLR1612
8 .21E-004

	

2

	

13140
f 2

PAGE 6

	

PAGE 5

	

PAGE

N .O . MOV 1-SI-1B648
PLUGGED DRNG STNOBY

iSIMOV-PG-18648

1 .35E-0O40 2160

FAILURE TC GET FLOW
FROM LHSI PUMP

TRAIN B

TFR TO
I 34
8 45

GLR1212

PUMP FAULTS IN
LHSI TRAIN B

GLR1512

FAILURE OF FLOW
THROUGH MIN FLOW
LINE - TRAIN 8

1 .35E-004

V

2160

SUCTION FAULTS
AFFECTING TRAIN B

GLRi442

COMMON CAUSE FAILUR
CHECK VALVES 12 G
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LOSS OF FUNCTION 1-C*-LCV-109-2 1-CN-LCV-109-1/-2 LOSS OF FUNCTION I-CN-LCv-109-1 1-CN-LCV-109-1/-2

IIAIAS-LF-OUTIA ICNLCV-FC-109-2 ICNLCV-CC-10912 SIAIAS-LF-MIA 1CNLCV-FC-109-1 ICNLCV-CC-10912
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MAIN FEEDWATER SYSTEM -FTSSR
NAPS UNIT I

	

320MAF .N.6 .2 M F 2 8
ANALYST : MCC I CREATION DATE . 11-07-1985 REVISION

	

05-

INSUFFICIENT FLOW
FROM CONDENSATE
PUMP 1-CM-P-IA

i GMF2812
TFR TO
7 33

MD ALT PUMP
FAILS TO RUN
1-CM-P - IA

NO ELECTRIC POWER
4160V BUS IA
I-EP-SW-1

UNSCHEDULED
MAINTENANCE
1-CM-P-IA

BACKFLOW THRU A
FAILED PUMP
I-C"-P-1B

2 ICNPAT-FR-ICNPIA RPI112 ICNPAT-UM-ICNPIA GW2823
7 .93E-004

	

24

	

EP100

	

375E-003

	

TF19R 0944

3
CHECK VALVE
FAILS OPEN
I-CN-21

RUNNING PUMP
FAILS

ICNCKV-FO 1CN21 GMF2834

3 .41E-003U
INSUFFICIENT FLOW
FROM CONDENSATE
PUMP 1-CN-P-IB

NO ALT PUMP
FAILS TO RUN
I-CN-P-18

NO ELECTRIC POWER
4160V BUS 1B

1-EP-SW-24 GMF2642 ICNPAT-FR-ICNP16 GEP1212
77s;3,0 7 .93E-004 7 4

	

EPf00

t
BACKFLOW THRU A

FAILED PUMP
f-CN-P-IA

MO ALT PUMP
FAILS TO RUN
1-CN-c-1E

NO ELECTRIC POWER
4160V BUS Is

1-EP-SW-2

UNSCHEDULED
MAINTENANCE
1-cm-P-to

GMF28535 ICNPAT-FR-ICNPIB GEP1212 ICNPAT-UM-ICNPIB

7 93E-004 - A

	

?~

	

EP100

	

3 75E-003
T8R93

10

6
CHECK VALVE

FAILS OPEN (FAILS
TO CLOSE)

RUNNING PUMP
FAILS

GMF28WICNCKV-FO-IM

3 .AAE-003

INSUFFICIENT FLOW
FROM CONDENSATE
PUMP 1-CM-P-IC

NO ALT PUMP
FAILS TO RUM
I-CM-P-IA

NO ELECTRIC POWER
4160V BUS IA
I-EP-SW- 1

1CNPAT-FA-ICNPIA GEP11127 GMF2B72
TFF TO

	

7.93E-W4
7 35

?A

	

EP100

1

	

1
NO ALT PUMP FAILURE OF MOTIVE MD ALT PUMP BACKFLOW THRU ND ALT PUMP MD ALT PUMP
FAILS TO RUN OR CONTROL POWER I-CM-P-IC FAILED PUMPS I-CM-P-IC 1-CN-P-IC
1-CM-P-IC FAILS TO START UNSCMLD MAINT . SCMLO TST C MAINT

8 ICNPAT-FR ICNPIC GMF2881 ICNPAT-FS-ICNPIC GNF2883 1CNPAT UM-ICNPIC ICNPAT TM-ICNPIC

7 .93E-004

	

24

	

1 90E-003

	

,

	

3.75E-003

	

3

	

3 75E-003

BACKFLOW TMRU ABACKFLOW TMRU ANO ELECTRIC POWERNO ELECTRIC POWER
4160V BUS IC 4BOV BUS ICS FAILED PUMP FAILED PUMP
1-EP-SW-3 I-EP-SS-7 I-CM-P-lA f-CM-P-39

GEP1312 GEP11012 GMF2853 GW2823

® EP100

	

j~ EP1oo
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I

INSUFFICIENT FLOW
FROM I-FW-P-IC

TFF TO
GNF2912

NOV 150C FAILS
CLOSED

GMF2920

6 .34E-OM 3

	

2 79E-003 3

	

3.75E-003 3

	

3.75E-003 U

MD ALT PUMP

	

FAILURE OF PUMP

	

MD ALT PUMP
FAILS TO START

	

MOTIVE OR CONTROL

	

FAILS TO RUN
1-FW-P-IC

	

POWER

	

I-FW-P-1C

IFWPAT-FS-lF11PIC

	

GMF2933

	

IFWPAT-FR IFMPIC

198;-003

	

7.93E-004

	

24

MOTOR OPEPTD VALVE

	

CCF - 3/3 FC

	

NO ELECTRIC POWER

	

NO ELECTRIC POWER

	

NO ELECTRIC POWER
FAILS CLOSEC

	

460V BUS 361

	

1160V BUS IC

	

4BOV BUS ICS
f-cw-MOv-150 :

	

I-F*-MOv-150A/B/C

	

1-EP-SS-5

	

f-EP-S*-3

	

I-EP-SS-7

IFWMOV-FC-150C

	

SFWMOV-CC-150ABC

	

GEPI712

	

GEP1312
I C9'.-c :?

	

3 WE-W4 _

	

A

EPIoo

	

A

EPI00

	

EP1oo

GEP11012

NAPS IPE A-536

I I

12-15-92

MAIN FEEDWATER SYSTEM -FTSSR
NAPS UNIT I

	

320MAF .N .6.2

ANALYST MCC I CREATION DATE 11-07-1985 REVISION

	

0_- :5-9Z

6 20

I
CHECK VALVE MAIN FEED PUMP FAILURE OF MFW MD ALT PUMP MD ALT PUMP

FAILS 70 OPEN LOBE OIL SYS FAILED PUMP MOTORS iCl OR 1-FN-P-SC I-FM-P-IC
I-FW-19 I-F%-P-IC 1C2 TO START i AVN UNSCHLD MAINT . SCHLD T5T C MAINT .

IFMCKV-FC-IFMi9 IFMPAT-OILIFMPIC GW2923 iFMPAT-IM-IFMPIC ~lFWPAT-TM-lFWPlC
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NAPS IPE A-537
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1
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0

NO STEAM DUMP FROM 2/3 SG'S
NAPS UNIT I

	

320MAF .N .8 M
ANALYST MCC 1 CREATION DATE . 10-07-199 : REY!SI0'

	

09- :5-9Z

FAILURE OF OPERATOR
TO DUMP STEAM FROM

2 OF 3 SG'S

1 GMS1112

1-FR-C I INADEQUATE
CORE COOLING STEP11

FAILURE OF COOLDOWN
HARDWARE FROM 2 OF3

DEPAESSURE S/6S S2 STEAM GENERATORS

2, PEP-IFRC :1-11 S2 GMS1123

1 .06E-002 3 2/3

FAILURE TOFAILURE TO
DUMP STEAM VIA SG A DUMP STEAM VIA SG C

3, G4S1212 GMSI412

I

	

A

	

1 2

4

PAGE 2

	

PAGE 3
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5
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FAILURE TO
DUMP STEAM VIA SG

TFR TO
f 32

GNS1212

2 .S2E-004 ( . ) 24

	

1 .81E-002U
AIR OPERATED VALVE

	

AIR OPERATED VALVE
SPURIOUS CLOSE

	

SPURIOUS CLOSE
I-NS-TV-1018

	

I-MS-TV-101C

INSAOV-SC-TVIOIS, INSAOV-SC-TV101C

1 .21E-005

0

24

	

1 .21E_005

V

24

NAPS IPE

	

A-538

I

12-15-92

NO STEAM DUMP FROM 2/3 SG'S
NAPS UNIT I

	

320MAF .N .8 M
ANALYST- MCC I CREATION DATE . 10-07-1991 REv!S1 .

	

09-SF-9_

FAILURE TO COOLOOWN
VIA SG A PORV

FAILURE TO DUMP
STEAM TO CONDENSER

2 GNS1220 GMS1223

HOUSE EVENT TO FAIL MAIN STEAM TRIPFAILURE 10 DUMPHOUSE EVENT TO FAIL5G A PORV FAILS
COOLDOWN FUNCTION SG PORV FOR CCR STEAM VIA 2 OF 2 CONDENSER DUMP VALVES FAIL CLOSED

STEAM DUMP VALVES FOR CCR

XMOS-NO-CND-DUMPGM51512 GMS 235XMOS-NO-ATM-DUMP3

	

GMS1230

0 . ODE +000

	

0. ODE +000 3
1 2

4

PAGE 5

PWR OP RELIEF
FAILS
1-MS-PCV-j0IA

VALVE
CLOSED

SG A PORV BLOCKED
DUE TO LEAKAGE

CCF 3/3 FC
CCF - 5G PORV - FC
1-M5-PCV-IOIA/B/C

OUTSIDE CONTAINMENT
INSTRUMENT AIR SYS
LOSS OF FUNCTION

NO ELECTRIC POWER
120V VITAL BUS 1-I

1-EP-CB-4A
5

	

IMSRV- FC-101A $NSMV--LK 1MS21 IMSRV--CC IOIABC 1IAIAS LF-OUTIA GE1M912

9 991-003

	

4.00E-002

	

9 99E-004

	

2.52E-004

	

24

	

EftOO

6

OUTSIDE CONTAINMENT
INSTRUMENT AIR SYS

AIR-OPERATED MTV
FAILS CLOSED

SPURIOUS CLOSING
1-46-TV-101

OF
9 OR C

7
LOSS OF FUNCTION I-NS-TV-101A CAUSING TV 101A CLS
IIAIAS-LF-001A 1MSAOV-FC-TVIOIA 6045 275
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NO STEAM DUMP FROM 2/3 SG'S
NAPS UNIT 1

	

320MAF .N .B M S i 3
0

ANALYST MCC I CREATION DATE 10-07-1991 REVI5 QN O9-15-9Z

FAILURE TO
DUMP STEAM VIA SG B

1 GN51312
TFR TO
1 33

FAILURE TO COOLDOWN
VIA SG 8 PDAV

FAILURE TO DUMP
STEAM TO CONDENSER

2, GNS1320 GNS1323
i

SG B PORV FAILS HOUSE EVENT TO FAIL FAILURE TO DUMP HOUSE EVENT TO FAIL MAIN ST AN TRIP
COOLDOWN FUNCTION SG PORV FOR CCP STEAM VIA 2 OF 2 CONDENSER DUMP VALVE FAI S CLOSED

STEAM DUMP VALVES FDA CCR

3 GMS1330 XHOS NO-ATM DUMP GMS1512 0 XHOS-NO-CND-DUMP GMS 335

0 .00E*000

	

0.00E .0003

	

QA2

4

V
PAGE 5

CCF 3/3 FC
CCF - SG PORV - FC
1-MS-PCV-1O1A/B/C

OUTSIDE CONTAINMENT
INSTRUMENT AIR SYS
LOSS OF FUNCTION

NO ELECTRIC POWER
120V VITAL BUS 1-II

1-EP-CB-48

SG B PORV BLOCKED
oUE TO LEAKAGE

o„a O° RELIEF
FAIA.S
!-WS-PCV-10!°

VALVE
CLOSEC

5 IMSRV--FC-1018 IMSMV--1-K 1MS59 o 1MSRV--CC-101ABC IIAIAS LF-OUTIA GEIHIO12

9 99t-0Cj

	

+ 4 ODE-002

	

9.99E-004 3

	

2.52E-0W ( , l 24

	

EINOO

6

OUTSIDE CONTAINMENT AIR-OPERATED MSTV SPURIOUS CLOSING OF
INSTRUMENT AIR SYS FAILS CLOSED 1-MS-TVIOI A OR C
LOSS OF FUNCTION 1-MS-TV-1018 CAUSING TV-1018 CLS

7 IIAIAS-LF-OUTIA IMSAOV-FC-TV101B GNS1375
2 .52E-0040 24

	

1.6*E-002U
AIR OPERATED VALVE
SPURIOUS CLOSE
1-MS-TV-101A

AIR OPERATED VALVE
SPURIOUS CLOSE
1-MS-TV-101C

B IMSAOV-SC-TVIOIA 1MSAOV-SC-TVIOIC

1 .21E-005 0

	

24

	

1 2SE-0050

	

24

9



ip

1 3 1 4 1 5

0

I

FAILURE TO COOLDOWN
VIA SG C PORV

GMS1420	

5G C PORV FAILS
COOLDOWN FUNCTION

GMS1430

HOUSE EVENT TO FAIL
SG PORV FOR CCR

XHOS-NO-ATN-DUMP

FAILURE TO
DUMP STEAM VIA 5G C

TFR TO
1 3A

GNS1412

FAILURE TO DUMP
STEAM TO CONDENSER

6MS1423

FAILURE TO DUMP
STEAM VIA 2 OF 2
STEAM DUMP VALVES

GMS1512

1 2
PAGE 5

OUTSIDE CONTAINMENT
INSTRUMENT AIR SYS
LOSS OF FUNCTION

IIAIAS-LF-OUTIA

	

GEIJBi2
2 .52E-001 (,).

	

24

	

E$J00

AIR-OPERATED MSTV
FAILS CLOSED
1-46-TV-103C

IMSAOV-FC TVIOIC
1 .11E-002 3

HOUSE EVENT TO FAIL
CONDENSER DUMP

FOR CCR

XHOS NO-CND-OL04P
0 .00E+000 r , l

NO ELECTRIC POWER
120V VITALBUS 1-111

1-EP-CB-IC

AIR OPERATED VALVE
SPURIOUS CLOSE
1-MS-TV-101A

MAIN STEAM TRIP
VALVE FAILS CLOSED

GNS1435

SPURIOUS CLOSING OF
1-16-TV-101 A OR 9
CAUSING IV-101C CLS

GNS1475

IMSAOV-SC-TVIOIA
1 .21E-DOS ( , l 24

	

1 .21E-005

U

24

NAPS IPE

	

A-540

	

12-15-92

NO STEAM DUMP FROM 2/3 SG'S
NAPS UNIT I

	

320MAF .N .B

ANALYST MCC I CREATION DATE 10-07-1991 REVIS10

	

OS-15-92

4

0 .001+000 3

mow-

	

L. :Er '-ALVE SG C PORV BLOCKED
DUE TO LEAKAGE

CCF 3/3 FC
CCv - SG PORV - FC
1-M5-P:v-101A/B/C

5 1MSRV- FC 101 r IMSMV--LK-IMS97 INSRV -CC-IOIABC
00E-002 (, )

	

9 99E-04' I )

6

7

OUTSIDE CONTAINMENT
INSTRUMENT AIR SYS
LOSS OF FUNCTION

IIAIAS-LF-OUTIA
2 .52E-004

U

24
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0
N
s

u
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NAPS RE A-541 12-15-92

NO STEAM DUMP FROM 2/3 SG'S
NAPS UNIT I

	

320MAF .N .8 M S 1 5
ANALYST : MCC J CREATION DATE 10-0 7-1991 REVISIO'. . 09- :5-9_

FAILURE TO DUMP
STEAM VIA 2 OF 2
STEAM DUMP VALVES

GNS1512
TFR TO
2 33
3 33
4 33

NO FLOW THROUGH
TUR8INE BYPASS

VALVES

OUTSIDE CONTAINMENT
INSTRUMENT AIR ST'S
LOSS OF FUNCTION

FAILURE OF I OF 2
STEAM DUMP VALVES

TO OPEN

CCF 2/2 FTO
STEAM DUMP VALVES
I-MS-TCV-1408A/B

FAILURE OF CONTROL
POWER TO VALVES

GMS1520 IIAIAS-LF-OUTIA 6MS1522 IMSTCV-CC 1406A8 GMS1524

2 .52E-004

	

24

	

1.e1E-003 3

TEMP CONTROL VALVE
FAILS CLOSED
1-MS-TCv-14088

TEMP CONTROL VALVE
FAILS CLOSED
I-MS-TCV-1408A

NO ELECTRIC POWER
125V DC BUS 1-I

I-EP-CB-12A

NO ELECTRIC POWER
125V OC BUS 1-I11

1-EP-Ce-12C

1MSTCV-FC-1408A IMSTCV-FC-14088 GEIH712 GEIJ612

1 .51E-002 151E-002 \

./

E1N00

	

EIJ00
06

NO FLOW THROUGHNO FLOW 1MDUGH
BYPASS PATH A BYPASS PATH B

GMS1550 GNS1552

N .0- MANUAL VALVE VALVE 1-MS-168 CLSOVALVE 1-MS-179'CLSDA C MANUAL VANE
P uGGEp DURING ST9Y TO ISOLATE LEAKING PLUGGED DURING STBY TO ISOLATE LEAKING

1-MS-179 STEAM DUMP VALVES 1-NS-16B 51EAM DUMP VALVES

IMSMV--PG-1MS179 1MSMV--LK-1MS179 1MSMV--PG-1115168 1MSMV--LK-IMS168

S 12E-0050 1460 1 .00E-002

U

	

9 12E-0050 1460 1 .00E-0020
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FAILURE OF
DEPRESSURIZATION

HARDWARE

FAILURE 0; NORM* .
PRESSURIZER SPRAT

NAPS IPE

0001130

6001212

PAGE 7

FAILURE TO COOLDOWN
t DEPRESSIZE THE

RCS FROM I OF 3 56

6001112

FAILURE TO OPEN
I OF 2 PORVS FOR
FEED AND BLEED

6001712

AOv OP HAND CNT VLV
FAILS CLOSED
1-C"-HCV-1311

FAILURE OF
AUXILIARY

PRESSURIZER SPRAY

0001142

MOUSE EVENT
NO SI SIGNAL

ICHHCV-FC 1311	XHOS-S1

Off-002

	

o ooE •oooU

FAILURE TO
DUMP STEAM VIA SG

6001312

PAGE 3

AOV OP HAND CNT VLV
FAILS OPEN

1-CH-HCV-1310

ICHKV-FO-1310

S .e1E-002

CONTAINMENT
INSTRUMENT AIR SYS
LOSS OF FUNCTION

I1AIAS-LF-CONTIA

2.52E-004U 24

FAILURE OF COOLDOWN
HARDWARE FROM AT

LEAST I SG

0001134

FAILURE TO
DUMP STEAM VIA 56 B

6001412

FAILURE TO
OUMP STEAM VIA SG C

6001512

PAGE

	

PAGE 5

SUPPORT SYSTEMS
FAIL

6001154

NO ELECTRIC POWER
125 VEX BUDS 1-I

1-EP-CB-12A

GESH712

® E1M00

NO ELECTRIC POWER
125 VOC BUS 1-111

1-EP-C5-12C

GE IJ612

A-542

	

12-15-92

EWoo

FAILURE OF CCR USING 1/3 SG oO
NAPS UNIT I

	

320MAF .N .9

ANALYST MCC CREATION DATE t0-10-1991 REVISIO% C~- :`-9Z
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NAPS IPE A-543 12-15-92
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FAILURE OF CCR USING 1/3 SG .
NAPS UNIT I

	

320MAF . N .9 M1 2
ANALYST - MCC CREATION DATE . 10-10-199 : REVISION 05- :5-9Z

FAILURE OF NORMAL
PRESSURIZER SPRAY

-1 6001212
TFP TO
1 40

FAILURE OF
NORMAL SPRAY FROM

LOOP C

FAILURE OF
NORMAL SPRAY FROM

LOOP A

2 6001221 GOD1224

I
MD ALT PUMP
FAILS TO RUN

1-RC-P-1C

PRES CONTROL VALVE
FAILS CLOSED - 24MR

1-RC-PCV-14556

CCF 2/2 FC
CCF -PCV FC

1-RC-PCV-1455A/B

LOSS OF MOTIVE
OR CONTROL POWER TO

THE PUMP

3 IRCPAT-FR-IRCPIC IRCPCV-FC-14558 1RCPCV-CC 1455AS 6001233
7 .93E-00A (, l 24

	

1 .81E-002U

	

I BIE-003 3

HOUSE EVENT • I FOR
LOSS OF OFFSITE

POWER. NORMALLY

MO ELECTRIC POWER
4150 V BUS IC

I-EP-SW-3

NO ELECTRIC POWER
125 VOC BUS 1-I

1-EP-CS-12A

4 GEP1312 GEIH712 XHOS LOOP
EP100

	

EIH00

	

0.00E •000

	

3

I
NO A :1 PUMP PRES CONTROL VALVE CCF 2/2 FC LOSS OF MOTIVE
FAILS TO RUN FAILS CLOSED - 24HR CCF -PCV FC AND CONTROL POWER
1-RC-P-IA 1-RC-PCV-1455A I-RC-PCV-1455A/B TO THE PUMP

5 IRCPAT-FR-IRCPIA IRCPCV FC 1455A j1ACPCV CC-1455A8 G0D1255
_

	

+

	

7 93E-004

	

. ) 24

	

1 .81E-002 3

	

1.01E-003

	

3

NO ELECTRIC POWER NO ELECTRIC POWER MOUSE EVENT . I FOR
4160 V BUS IA 125 VOC BUS 1-IIl LOSS OF OFFSITE

1-EP-SW-1 1-EP-CB-12C POWER. NORMALLY ∎ 0

6 GEP1112 GEIJ612 XHOS-LOOP
EP100

	

ElJoo 0 .00E •000U
7
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N

FAILURE TO COOLDOWN
VIA SG A PORV

6001320

PWR OP RELIEF VALVE
FAILS CLOSED
1-MS-PCV-I0IA

1MSRV FC-IOIA
9 .99E-003 3

AIR OPERATED VALVE
SPURIOUS CLOSE
1-MS-TV-1010

s

$MSAOV-SC-TVIOIB
1 .21E-005

` _

24

NAPS IPE

SG A PORV BLOCKED
DUE TO LEAKAGE

IMSMV--LK IN521
A . ODE -002

I
SPURIOUS CLOSING OF
I-MS-TV-fol B OR C
CAUSING TV-IOTA CLS

6001351

AIR OPERATED VALVE
SPURIOUS CLOSE
I-MS-TV-IOIC

JIMSAOV-SC-TVIOIC
1 .21E-005

V

2•

FAILURE TO
DUMP STEAM VIA S6 A

IFA TO
1 A3

6001312

FAILURE TO DUMP
STEAM VIA I OF 2
STEAM DUMP VALVES

9 99E-00i

0001612

PAGE 6

CCF 3/3 FC
CCF - S6 PORV - FC
1-MS-PCV-lOIA/B/C

INSRV -CC 101ABC

3

A-544

FAILURE TO DUMP
STEAM TO CONDENSER

HOUSE EVENT TO FAIL
CONDENSER DUMP

FOR CCR

XHOS-NO-CND-OUNP
0 .00E , 00o

OUTSIDE CONTAINMENT
INSTRUMENT AIR SYS
LOSS OF FUNCTION

IIAIAS-LF-OUTIA
2 .52E-0W

6001323

24

NO ELECTRIC POWER
120V VITAL BUS 1-1

1-EP-CB-AA

GESH912
E1M00

OUTSIDE CONTAINMENT
INSTRUMENT AIR SYS
LOSS OF FUNCTION

I
MAIN STEAM TRIP

VALVES FAILS CLOSED

0001335

AIR-OPERATED MSTV
FAILS CLOSED
I-MS-TV-IOTA

1IAIAS-LF-OUTIA

	

IMSAOV-FCTVIOIA
2 .52E-0040 2,

	

1 .81E-0020

12-15-92
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FAIL
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UNIT ICCR USING
O O 1 3

ANALYST : MCC ] CREATION DATE : 10-10-1991 Fw ISICk. 09-15-5?
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FAILURE OF CCR USING 1/3 SG .
NAPS UNIT 1

	

320MAF .N .9 0 D 1 4
ANALYST . MCC 1 CREATIOt . DATE 10-10-199 : REVISION
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FAILURE TO
DUMP STEAM VIA SG 8

1 6001412
TFR TO
1 44

FAILURE TO COOLDOWN
VIA SG B PORV

FAILURE TO DUMP
STEAM TO CONDENSER

2 0001420 0001423

FAILURE TO DUMP
STEAM VIA I OF 2
STEAM DUMP VALVES

HOUSE EVENT TO FAIL
CONDENSER DUMP

FOR CCR

3 0001612 XHOS-NO-CID-DUMP
o .ooEwoo

PAGE 6

PMF OP RELIEF VALVE SG B PORV BLOCKED CCF 3/3 FC
SG PORV - FC

OUTSIDE CONTAINMENT
INSTRUMENT AIR SYS

NO ELECTRIC POWER
120V VITAL BUS 1-I1FAILS CLOSED DUE TO LEAKAGE CCF -

1-MS-PCv-1018 1-MS-PCV-IOTA/B/C LOSS OF FUNCTION 1-EP-C8-48

4 IMSRV--FC-10I8 1MSMV -LK INS59 IHSRV CC 101ABC IIAIAS-LF-OUTIA GEIHIO12
9 4s: • ; :?
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1 00E-002

	

9 99E-001

	

2.52E-004

	

4

	

24

	

E1M00

I
SPURRIOUS CLOSE OF
1-MS-TV-101 A OR C
CAUSING TV-1018 CLS

OUTSIDE CONTAINMENT
INSTRUMENT AIR SYS
LOSS OF FUNCTION

AIR-OPERATED MSIV
FAILS CLOSED
I-MS-TV-1018

5 6001451 IIAIAS-LF-OUTIA 1MSAOV-FC-TV1018

'

	

2 .52E-004

	

24

	

1.81E-002

AIR OPERATED VALVEAI= ODEQATEC v A .V E
SKWIOVS CLOSE
1-MC-Tv-101A

SPURIOUS CLOSE
1-MS-TV-101C

6 IMSAOV-SC-TVIOIA IMSAOV-SC-TVIOIC

1 211-0050 24

	

1.21E-00S0 24
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I

FAILURE TO
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0 .00E+000

OUTSIDE CONTAINMENT
INSTRUMENT AIR SYS
LOSS OF FUNCTION

1IAIAS LF OUTIA

NO ELECTRIC POWER
125 V DC BUS 1-I

1-EP-CB-12A

0003813

PAGE e

OUTSIDE CONTAINMENT
INSTRUMENT AIR SYS
LOSS OF FUNCTION

i
MAIN STEAM TRIP

VALVES FAILS CLOSED

G003335

AIR-OPERATED MSTV
FAILS CLOSED
1-MS-TV-JOIA

IIAIAS-LF-OUTIA	1MSAOV-FCTVIOIA
2 .52E-004 l.) 24

	

1 .81E-002 ( , l

FAIL OF CCA 1/3 SG T6 & T8
NAPS UNIT I
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FAIL OF CCA 1/3 SG T6 & TB
NAPS UNIT I
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FAILURE TO
DUMP STEAM VIA SG B

1 G003412
TFP 10

I AA

FAILURE TO CODLDOWN
VIA SG B PDRV

FAILURE TO DUMP
STEAM TO CONDENSER

2 0003420 0003423

I

3

FAILURE TO DUMP
STEAM VIA I OF 2
STEAM DUMP VALVES

HOUSE EVENT TO FAIL
CONDENSER DUMP

FOR CCR

MAIN STEAM TRIP
VALVE FAILS CLOSED

6003612 XHOS-NO-CND-OUNP 6003435

0 .00E+000

PAGE B

PWR OP RELIEF VALVE 5G B PONY BLOCKED CCF 3/3 FC OUTSIDE CONTAINMENT NO ELECTRIC POWER
FAILS CLOSED
I-M5-PCV-1018

DUE TO LEAKAGE CCF - SG PORV - FC
1-MS-PCV-SOFA/B/C

INSTRUMENT AIR SYS
LOSS OF FUNCTION

125 V OC BUS I-Il
1-EP-CB-12B

4 IMSRV FC-1018 iNSNV -LK-INS59 IMSAV -CC IOIABC IIAIAS LF OUTIA 0003843

9 99E-003

	

4 .00E-002 3

	

9 99E-00a

	

2.52E-00A

	

24

PAGE e
1

SPURIOUS CLOSING OF
i-M5-TVIOI A OR C

CAUSING TVIOI 8 CLS

OUTSIDE CONTAINMENT
INSTRUMENT AIR SYS
LOSS OF FUNCTION

AIR-OPERATED MSTV
FAILS CLOSED
I-MS-TV-lOSB

51 6003451 IIAIAS-LF-OUTIA IMSADV FC-TVIOIB

_

	

2.52E-004

	

24

	

1 OSE-002

	

3

i

,

AIR OPERATED VALVE
SPU91OUS CLOSE
1-MS_TV-101A

AIR OPERATED VALVE
SPURIOUS CLOSE
S-MS-TV-1010

6 INSAOV-SC-TVIOIA liMSAOV -SC-TV1O1C

1 .21E-0050 24

	

1 .21E-0050 24
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0 1

	

2 3 I 4 t 5

1
FAILURE TO COOLDOWN

VIA SG C PORV

0003520

PWR OP RELIEF VALVE
FAILS CLOSED
1-MS-PCv-IOIC

1MSRV--FC-IOIC
9 99€-003

AIL OPEMa'EC VALVE

SPUQ I a:E CLOSE
1-Ms-l •- 1C1a

6 IMSAOV-SC-TVIOIA

12 :E-OCSU 24

SG C PORV BLOCKED
DUE TO LEAKAGE

1MSMV--LK INS97
A .OOE-002

t
SPURIOUS CLOSING OF
I-MS-TV-101 A OR B
CAUSING TY-IOIC CLS

6003551

AIM OPERATED VALVE
SPURIOUS CLOSE
1-MS-TV-1018

lIMSAOV-SC-TVIOIB
1 .21E-005u 24

FAILURE TO
DUMP STEAM VIA SG C

TFR TO
1 45

FAILURE TO DUMP
STEAM VIA I OF 2
STEAM DUMP VALVES

CCF 3/3 FC
CCF - SG PORV - FC
1-MS-PCV-1O IA/B/C

INSRV -CC-IOIABC
9 9E-00a

GM3512

0003612

PAGE 6

3

FAILURE TO DUMP
STEAM TO CONDENSER

XHOS-NO-CND-DUMP
O .OOEs000

6003523

HOUSE EVENT TO FAIL
CONDENSER DUMP

FOR CCR

OUTSIDE CONTAINMENT
INSTRUMENT AIR SYS
LOSS OF FUNCTION

IIAIAS-LF-OUTIA
2 .51E-0a

	

24

NO ELECTRIC POWER
125 V DC BUS 1-111

1-EP-CB-12C

6003873

PAGE e

OUTSIDE CONTAINMENT
INSTRUMENT AIR SYS
LOSS OF FUNCTION

MAIN STEAM TRIP
VALVE FAILS CLOSED

A

0003535

C

t

IF-OPERATED MST
FAILS CLOSED
1-MS-TV-IOIC

IIAIAS-LF-OUTIA ` IMSA0V-FC-TVlOIC
2.52E-oa ~ 2 4

	

1 GIE-002

NAPS IPE A-560 12-15-92

FAIL OF CCA 1/3 56 T6 s TO
NAPS UNIT I
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N .O . MANUAL VALVE
PLUGGED DURING STBY

I-MS-179

IMSMV--PG-IMS179

9.12E-0050 IA60

VALVE 1-M5-179 CLSD
TO ISOLATE LEAKING
STEAM DUMP VALVES

IMSMV--LK-106179

1 .00E-002U

NO FLOW THROUGH
TURBINE BYPASS

VALVES

6003621

NO FLOW THROUGH
BYPASS PATH A

6003631

FAILURE TO DUMP
STEAM VIA 1 OF 2
STEAM DUMP VALVES

TFR TO
3 32
4 32
5 32

OUTSIDE CONTAINMENT
INSTRUMENT AIR SYS
LOSS OF FUNCTION

IIAIAS-LF-CUTIA
2 52E-0O4

6003612

24

TEMP CONTROL VALVE
FAILS CLOSED
I-MS-TCV-IIOBA

IMSTCV-FC-3408A

1 BIE-002

FAIL OF CCA 1/3 SG T6 6 T8
NAPS UNIT I

	

320MAF .N .9

ANALYST KDT CREATION DATE 10-21-1991 _
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NO FLOW THOUGH
BYPASS PATH B

6003633

N .O . MANUAL VALVE
PLUGGED DURING STBY

1-MS-168

1MSMV--PG-1MS168

9 . 12E-005U 1160

1
FAILURE OF CONTROL
POWER TO THE VALVES

6003624

NO ELECTRIC POWER
125 VOC BUS 1-I

1-EP-C8-12A

GE1M712

VALVE 1-MS-168 CLSD
TO ISOLATE LEAKING
STEAM DUMP VALVES

CCF 2/2 FTC
STEAM DUMP VALVES
1-MS-TCV-1408A/B

IMSTCV-CC-140BAB

t .BIE-003

NO ELECTRIC POWER
125 VDC BUS 1-111

I-EP-C8-12C

GE 1.612

EINOO

	

A

E1.00

TEMP CONTROL VALVE
FAILS CLOSED
1-MS-TCV-14089

1MSMV--LK-1MS168

1 .00E-002

U

	

1 .81E-002

V

IMSTCV-FC-14088

NAPS IPE A-561 12-15-92
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I
MOV-1536 CLOSED TO
BLOCK LEAKING PORV

0003730

BLOCK VALVE SHUT
DUE TO LEAKING PORV

1-AC-MOv-1536

I
INSUFFICIENT FLOW

THR000M PIPE
SEGMENT A

6003721

PWR OP RELIEF VALVE
FAILS CLOSED
1-PC-PCV-1455C

1RCRV--FC 1455C
9 .99E-003

MOvs 1535 G 1536
CLOSED AT THE
SAME TIC

IRCMOV-LK-1536	IRCMOV-LK-535536
2 50E-0020

	

0-WE00000

I

6003770

0 IRCMOV-LK-1535
2 .50E-002 j ,

NOv-1535 CLOSED TO
BLOCK LEAKING PORV

BLOCK VALVE SHUT
DUE TO LEAKING PORV

1-RC-MOv-1535

POP OP RELIEF VALVE
FAILS CLOSED
1-RC-PCV-1456

IRCRV FC-1456
9 .119E-003

3

move 1535 G 1536
CLOSED AT TWE

SAME TIME

IRCMOV-LK-535536
0.OOE+000 V

FAILURE TO OPEN
1 OF 2 POAVS FOR
FEED AND BLEED

TFR TO
1 41

6003712

INSUFFICIENT FLOW
THROUGH PIPE
SEGMENT B

G003762

THIS PAGE

NO ELECTRIC POWER
125 V DC BUS 1-I

I-EP-CB-12A

TFF TO
7 22

0003813

1 3

PAGE 8

INSUFFICIENT FLOW
THROUGH PIPE
SEGMENT e

G003762

NO ELECTRIC POWER
125 v DC BUS 1- 111

1-EP-CB-12C

G003673

7 3

PAGE G

CCF 2/2 FC
CCF - RCS PORVS FC
1-RC-PCV-1455C&1456

IRCRV--CC-RCPORV
9.99E-OW (_)

CCF 2/2 FC
CCF - RCS PORVS FC
1-AC-PCV-145=14M

1RCRV--CC-RCPORv
9 .99E-00A(•),

NAPS IPE

	

A-562
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FAIL OF CCP 1/3 SG T6 s TS
O D 3 7NAPS UNIT 1
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FAIL OF CCR 1/3 SG T6 G T8
NAPS UNIT I

	

320MAF .N.9 O D 3 8
ANALYST : KOT I CREATION DATE : 10-21-1991 REVISION . 09-t5-92

NO ELECTRIC POWER
125 V DC BUS 1-I

t-EP-C8-12A

i 0003813
TFR TO
3 44
7 32

COMMON CAUSE FAULT
BATTERIES FAIL TO

SUPPLY POWER

BATTERY 1-I FAILS
TO SUPPLY POWER

1-BY-B-1 '

125 v DC BUS 1-I
UNSCHEDULED
MAINTENANCE

125 v OC BUS 1-I
LOSS OF FUNCTION

1-EP-CO-12A
2 IEEBAT-CC-ALL fEEBAT-LP-I IEEBUS-uM-OC-I IEEBUS-LU-OC-I

1 .05E-006 (

./

	

i SOE-005

V

24

	

2.00E-00A ()

	

1 .21E-0050

	

24

3

NO ELECTRIC POWER
125 v OC BUS 1-II

1-EP-CB-129
4

0003843
"[FR
4 44

BATTERY 1-II FAILS
TO SUPPLY POWER

1-8Y-B-2

125 v DC BUS 1-II
UNSCHEDULED
MAINTENANCE

325 V DC BUS 1-II
LOSS OF FUNCTION

1-EP-CB-126

COMMON CAUSE FAULT
BATTERIES FAIL TO

SUPPLY PDWEP

5 IEEBAT-CC-ALL IEEBAT-LP-II IEEBUS-UM-OC-11 0 IEEBUS-LU-DC-II

C5E-006

	

t 5OE-005

	

2A

	

2.00E-004

	

1.21E-005 r , l 24
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_

	

~~'
/

Js
,

	

t. ../

	

V

NO ELECTRIC POWER
125 V DC BUS 1-III

I-EP-CB-12C

7 0003873
TFR 10
5 44
7 72

COMMON CAUSE FAULT
BATTERIES FAIL TO

SUPPLY POWER

BATTERY 1-III FAILS
TO SUPPLY POWER

I -BY-B-3

125 v DC BUS 1-111
UNSCHEDULED
MAINTENANCE

125 V DC BUS 1-II1
LOSS OF FUNCTION

I-EP-CB-12C
8 fEEBAT-CC-ALL IEEBAT-LP-III IEEBUS-UM-DC-III IEEBUS-LU-DC-III

1 .05E-006 (e \

	

1 50E-0050 24

	

2.00E-004

U

	

1 .21E-0050 24
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NO FLOW FROM A
TRAIN CKV TO
SPRAY RING

GOS1120

:HECK :A,v_ :-G :- : ;

	

CCF 2/2 FC OF

	

NO FLOW TO A TRAIN

	

OS SPRAY HEADER
rL : L C 0!! IcA .

	

WEIGHTED CHECK

	

CHECK VALVE FROM

	

FLANGE NOT REMOVED
t•--E •.

	

VALVES

	

MOV 1014

	

AFTER 1-PT-63 .3

1GSCKV-F :-165-19

	

10SCKV-CC-V19-11 	GOS1213	1OSHEP-FLANGE
3 .75E-004

3

PAGE ?

NO FLOW FROM EITHER
OS TRAIN TO THE

SPRAY RINGS

GGSI113

3

0c 5caA' HEARER

	

NO FLOW TO B TRAIN

	

CCF 2/2 FC OF

	

CHECK VALVE 1-05-11
FLANGE NOT REMOVED

	

CHECK VALVE FROM

	

WEIGHTED CHECK

	

FAILS CLOSED (FAILS
AFTER 1-Pt-63 .3

	

Nov 1018

	

VALVES

	

TO OPENI

IOSHEP FLANGE	6051253	1OSCKV-CC-V19-11 ISOSCKV-FC-IDS-11

3 75€-001U

	

s j

	

6 .34E-005

V

	

6.31E-0WU
PAGE 2

NO FLOW FROM 0
TRAIN CKV TO THE

SPRAY RING

GOS1125

NAPS IPE

I

A-564

	

12-15-92

OUENCM SPRAY SYSTEM

320MAF .N .3 QS 1 1NAPS UNIT I
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QUENCH SPRAY SYSTEM
NAPS UNIT I

	

320MAF . N . 3 O S 1 2
0 ANALYST- VAN I CREATION DATE - 01-05-1980 REVISION

	

09- :5-92

NO FLOW TO A TRAIN
CHECK VALVE FROM

MOV IOTA

i 6051213
TFR 10
f 42

NO FLOW TO
DISCHARGE MOVS
FROM PUMP IA

MOTOR OPERTD VALVE
FAILS CLOSED
(FAILS TO OPEN)

CCF 2/2 F4 OF
PUMP DISCHARGE

NOVS

NO ELECTRIC POWER
480 V MCC IHI-2N

1-EP-NC-19

NO AUTO SIGNAL OR
MANUAL ACTION TO
OPEN DISCH . VALVE

60S1313 IOSMOV-FC-101A 105MOv-CC-10IA-B GEIM1312 6051224

1 .09E-002

	

3 9OE-004

	

EIHOO
f 3 U

PAGE 3

NO OUTPUT SIGNAL 1-E-O AX TRIP OR SI
FROM CDA SLAVE ATTACHMENT I VERIFY

RELAY K643 TRAIN A PHASE B ISOLATION

3 GCI1512 HEP-IEO-ATTACH:I

C1100 7 70E-003 V

4

NO FLOW TO 8 TRAIN
CHECK VALVE FROM

NOV 1018

5 6051253
TFR 10

_

	

+

	

1 63

MOTOR OPERTO VALVE CCF 212 FC OF NO ELECTRIC POWER NO AUTO SIGNAL ORNO FLOW TL
OISCMARcE MOVS FAILS CLOSED PUMP DISCHARGE 480V MCC 1J1-2W 92S MANUAL ACTION TO
FROM PVwo 1E (FAILS TO OPEN) MOv! 1-EP-MC-21 L 22 OPEN DISC" . VALVE

6 GOS1353 1OSMOV-FC-1018 IOSMOV-CC-IOIA-B GEIJI212 6051264

S 3

	

1 .09E-002 ~ , l

	

3 9OE-004

	

® EIJ00U V

	

.

PAGE

NO OUTPUT SIGNAL I-E-O AX TRIP OR SI
FROM CDA SLAVE ATTACHMENT I VERIFY

RELAY K643 TRAIN 8 PHASE B ISOLATION

7 GO 1912 HEP-IEO-ATTACH I

® Cl100 7 70E-003 , l
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SUPPORT SYSTEM

	

MD STNOBY PUMP

	

NO FLOW TO 05

	

CCF 2/2 FS OF

	

MD STNOBY PUMP

	

MAINTENANCE
FAILURES

	

1-OS-P-IA

	

PUMP 1-OS-P-'JA

	

OS PUMPS

	

1-05-P-IA

	

OUTAGE
FAILS TO START

	

FAILS TO RUN

GOS1320	10SPS8 FS-10SPIA	GOS1413	IOSPSB-CC-PIA-1B

	

IOSPSB-FA IOSPIA	GOS1325
3 .93E-003 3

	

3.93E-004 r , l

	

6.61E-005

	

2

NO ELECTRIC POWER

	

NO ELECTRIC POWER

	

NO CDA SIGAAL OR

	

CAD LEAVES 1-05-5

	

MD STNDBY PUMP

	

MC STNDBY PUMP
480 V BUS 1H1

	

125 v DC BUS 1-I

	

MANUAL ACTION 10

	

RECIRC VALVE OPEN

	

1-OS-P-IA

	

1-OS-P-IA
I-EE-SS-3

	

1-EP-C8-12A

	

START PUMP

	

AFTER I-PT-63 .1A

	

UNSCHOL MAINT .

	

SCNLD TST t MAINT .

GEIH412	GE1H712	GOS1332	10SHEP-10S5	IDSPS8 11M-10SPIA	IOSPS8 TM IOSPIA
® EIMIX

	

® EIN00

	

7.50E-00A

V

	

3.75E-003

	

3 75E-003

(,)

PAGE

NO OUTPUT SIGNAL

	

1-E-O RX TRIP OR SI
FROM CDA SLAVE

	

ATTACHMENT I VERIFY
RELAY K644 TRAIN A

	

PHASE 8 ISOLATION

GCI1562

	

HEP-IEO-ATTACH:I
C1100 7 70E-003U

TFR TO
2 20

TFR TO
2 60

NO FLOW TO
DISCHARGE MOVS
FROM PUMP IA

GOS1313

NO FLOW TO
DISCHARGE MOVS
FROM PUMP 36

GO$1353

SUPPOQ' 5'S'E"S

	

No STNOBY PUMP

	

NO FLOW' TO OS

	

CCF 2/2 FS OF

	

MD STNOBY PUMP

	

MAINTENANCE
.rAILURES

	

I-OS-P-18

	

PUMP I-OS-P-1B

	

OS PUMPS

	

I-OS-P-lB

	

OUTAGE
FAILS TO START

	

FAILS TO RUN

6051360	105P56-FS-IOSPIS	6051453	IOSPSO-CC-PIA-1B IOSPSB-FA 10SPIB	GOS1365
3 .93E-003 3

	

3.93E-0010

	

6 .61E-005

	

2

PAGE

NO ELECTRIC POWER

	

NO ELECTRIC POWER

	

NO COA SIGNAL OR

	

CRO LEAVES 1-OS-21

	

MD STNOBY PUMP

	

NO STNOBY PUMP
480 V 0C BUS 1J1

	

125 V DC BUS 1-III

	

MANUAL ACTION 10

	

RECIRC VALVE OPEN

	

1-OS-P-lB

	

I-OS-P-18
1-EE-SS-4

	

I-EP-CB-12C

	

START PUMP 18

	

AFTER I-PT-63 .18

	

UNSCIL MAINT .

	

SCHLD TST 5 MAINT .

GEIJ412

	

GEIJ612		GOS1372	IDSFEP-10521	IosPSB-UM-lOSPIB

	

IOSPSB-TM-IOSP18W OO

	

A

E1d00

	

7 .50E-004
3

	

3.75E-003

	

3.73E-003
(,) o

NO OUTPUT SIGNAL 1-E-0 RX TRIP OR SI
FROM CDA SLAVE ATTACHMENT I VERIFY

RELAY K644 TRAIN B

	

PHASE B ISOLATION

6CI1962

	

HEP-IEO-ATTACK 1
CI100 7 70E-003U

NAPS RE A-566 12-15-92

QUENCH SPRAY SYSTEM
32OMAF .N .3 OS 1NAPS UNIT 1

ANALYST. VAM I CREATION DATE 01-05-1980 REVISION
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QUENCH SPRAY SYSTEM
NAPS UNIT I
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ANALYST VAM i CREATION DATE 01-05-198G REVISION
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NO FLOW TO OS
PUMP 1-DS-R-IA

i G0S1413
TFR TO
3 22

PLUGING OF THE
RWST VENT

N .O . MANUAL VALVE

1-OS-I

	

PLUGGED
DURING STANDBY

MOTOR OPERTD VALVE
NOV- 100A PLUGGED
DURING STANDBY

STRAINER 1-05-FL-IA
PLUGGED DRNG STNOBY

2 iOSTNK-LF-IOSTK IOSMV--PG-i-OS-1 10SMOV-PG-OSIOOA IOSSTR-PG-IFLIA
2 .65E-006

	

1 35E-004

	

2160

	

1.35E-0040 2160

	

2 .82E-002

	

2160

3

4

NO FLOW TO OS

PUMP 1-05-P-1B

5 GOS1453
s

	

TFR TO
3 62

•
PLUGING OF THE

RIW VENT

N .C . MANUAL VALVE

I-OS-12 PLUGGED

OURIj+G STANDBY

MOTOR OPERTO VALVE

NOV-1008 PLUGGED
DURING STANDBY

STRAINER 1-DS-FL-1B

PLUGGED DRNG STNOBY

6 IOSTNK-LF-IOSTK IOSMV--PG-105-12 10SMDV-PG-0S100B IOSSTR-PG-IFLIB
2 .66E-006

	

1 351-0040 2160

	

1.35E-004

U
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FAILURE OF VALVES
IN SEGMENT A TO

CLOSE

GRC1121	

FAILURE OF RCS
PORVS TO RECLOSE
AFTER TRANSIENTS

GRC1112

NAPS IPE

	

A-568

PROBABILITY OF
PORv DEMAND DURING

A TRANSIENT

IRCPORV 13

6.65E-003

	

2.50E-002

PWR OP RELIEF VALVE
FAILS OPEN

1-RC-PCV-1456

IRCRV-40-1456

3

I
PORV BLOCK VALVE
MOV-1535 FAILS TO

CLOSE

GRC1155

1-E-0 AX TRIP OR SI MOTOR OPERTO VALVE NO ELECTRIC POWER
STEP 22 PRZR PORVS FAILS OPEN 460V MCC IJ1-2S
SPRAY VALVES CLOSED

	

I-RC-NOV-1533

	

1-EP-MC-22

NEP-IEO-22

	

iRCNOV-FO-1535

	

GEIJII12

3 .w-0020

	

1.0m-002 (_),

	

El"

ammu

12-15-92
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RCS PORVS FAIL TO RECLOSE -TR
NAPS UNIT I
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RCS PORVS FAIL TO RECLOSE-SBO
NAPS UNIT I

	

32OMAF .N.9 C 1
ANALYST : MCC I CREATION DATE' 10-10-1991 RE v :S :CV.
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FAILURE OF RCS
PORVS TO RECLOSE

AFTER S80

GRC2112

FAILURE OF VALVES
IN SEGMENT A TO

RECLOSE

FAILURE OF VALVES
IN SEGMENT B TO

iECLOSE

2 GRC2121 GRC2123

PWR OP RELIEF VALVE
FAILS OPEN

I-RC-PCV-1456
PORV OEMANO

PROBABILITY OF
DURING

A SBO

PWP OP
FAILS

I-RC-PCV-1455C

RELIEF
OPEN

VALVEPROBABILITY Or
POQV DEMAND OUPINI.

A SK
3 IRCPORV-DMo560 IRCRV--Fo-1455C IRCPORV-OMOSBO iRCRV--FO-1456

7 DOE-00: ~

	

2 50E-002 ~ 2.00E-001 ~

	

2.50E-002
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1 .23E-002

NAPS IPE

0

PROBABILITY OF
PORV DEMAND DURING

AN AIMS

IRCPORV OMOATWS

I OOE4000

	

2 .50E-0023

FAILURE OF VALVES
IN SEGEMNT A TO

CLOSE

6AC3121

PWR OP RELIEF VALVE
FAILS OPEN

1-RC-PCV-1155C

IRCRV--F0-1455C

!-E-O RX TRIP OR SI
STEP 22 PRZR PORVS
:PRAY VALVES CLOSED

1 .23E-002

MEP-IEO-22

FAILURE OF RCS
PORVS 6 SRVS TO RE-
CLOSE AFTER AN AIMS

GRC3112

GEIM1412
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3

	

1 09E-002

	

EfN00

PROBA9 :.ITr OF ALL
3 SRVS DEMANDED
DURING AN ATWS

IRCSRV-DMDAINS
~	
ooE#coc

SAFETY VALVE
FAILS OPEN

1-RC-Sv-1551A

FAILURE OF SRVS
TO RECLOSE

GAC3171
TFR TO
1 25

SRVS FAIL TO
RECLOSE

•

	

GRC31B1

SAFETY VALVE
FAILS OPEN

t-RC-Sv-15518

SAFETY VALVE
FAILS OPEN

1-RC-SV-1551C

IRCSV--FO-1551A )IRCSV--FO-1551B	IRCSV--FO-1551C ,

1 23E-002

1 3

NO ELECTRIC POWER
I80V MCC 1M1-2S

1-EP-MC-20

PROBABILITY OF
PORV DEMAND DURING

AN AIMS

IRCPORV-DMDATMS

1-E-0 Rx TRIP OR SI
STEP 22 PRZR POAVS
SPRAY VALVES CLOSED

HEP-IEO-22

1 4

FAILURE OF VALVES
IN SEGMENT B TO

CLOSE

GAC3124

PMR OP RELIEF VALVE
FAILS OPEN

1-RC-PCV-1156

IRCRV-40-1456
1 .00E•000

	

3

	

2.50E-002

	

3

MOTOR OPERTD VALVE
FAILS OPEN

I-RC-MOV-1535

IRCMOV-FO-1535

I 5

FAILURE OF SRVS
TO RECLOSE

GRC3171

,,
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PORV BLOCK VALVE
040v- 1535 FAILS TO

CLOSE

W3155

NO ELECTRIC POWER
400V MCC 1JI-2S

I-EP-MC-22

GEIJII12
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RESIDUAL HEAT REMOVAL SYSTEM
NAPS UNIT I

	

320MAF .N .15 R H 1 1
ANALYST: VAM I CREATION DATE 07-12-1991 REVISION

	

09-15-92

FAILURE OF 2/2 RIP
TRAINS TO COOL RCS

i GAHI113

t
INSUFF AM DISCHARGE

FLOW TO
ACS LOOP B (2)

INSUFF Am DISCHARGE
FLOW TO

RCS LOOP C (3)

GAM 1 1242 GW1121

3

INSUFFICIENT
FLOW TO

LOOPS B t C

INSUFFICIENT
FLOW THROUGH
f-RM-MOV-1720A

RIP COMMON CAUSE FAULTS
BETWEEN BOTH RH

DISCHARGE PIPE SEGS

CHECK VALVE SI-141
FAILS CLOSED (FAILS

TO OPEN)

68111172 ISICKV-FC IS1144 .GRH1213 GRM1141

s 34E-OO1
•

	

2
THIS PAGEPAGE 2

MOTOR OPERID VALVE
1-Am-MOv-1720A
FAILS CLOSED

NO ELECTRIC POWER
IBOV BUS IHI
f-EE-SS-3

5 IRPPIOV FC-1720A GESM1412

6

109( . 0G2 r ,

	

EfM00

COMMON CAUSE FAULTS
BETWEEN BOTH Am

DISCHARGE PIPE SEGS

INSUFFICIENT
FLOW TO

LOOPS B S C

INSUFFICIENT AM
FLOW THROUGH
1-RHaMOY-17209

CHECK VALVE SI-161
FAILS CLOSED (FAILS

TO OPEN)

GAH1172 6RH1213 6RH1174 ISICKV-FC-1S1161
URIC

	

6.31E-004
1
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f 3
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CCF 2/2 FCCCF 2/2 FC NO ELECTRIC POWER MOTOR OPERTD VALVE
BOTH St CKVS FAIL BOTH RH DISCHARGE ABOV BUS SJI-2N C2S 1-RH-MOV-17208
CLOSED SI-114 t 161 MOVS 1720A 5 17208 f-EP-NC-21 9 22 FAILS CLOSED

9 ISICKV-CC-141161 I IRHMOV-CC-1720 GEIJII12 1AMMOV-FC-17206
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3 901-004
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INSUFFICIENT
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LOOPS B 6 C
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NAPS UNIT I
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TFR 10
1 40
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INSUFFICIENT Am
FLOW FROM

EACH MEAT EXCHANGER

1-RM-MCV-1758 FAILS
CLOSED IAOVI

FLOW ELEMENT
1-RH-FE-1605

PLUGGED DURING STBY

I AHHCV-FC-1758 iRMFEL-PG-1605GAH1221
3

	

A .JOE-W4 21 .81E-002 6570

1
INSUFFICIENT RH

FLOW TPAU 1-RH-E-IB
TRAIN

INSUFFICIENT PH

FLOW THRU I-Am-E-IA
TRAIN

GAH12343 GAf+1230

4

•

COMMON FAULTS
BETWEEN HEAT EXCNNG

PIPE SEGS

INSUFFICIENT COOL
CC WATER TO FM MX

I-RH-f-lB

MANUAL VALVE RH-25
FAILS CLOSED (FAILS

TO OPNI

N 0 . MANUAL VALVE
AM-30

	

PLUGGED
DURING STANDBY

RHR HEAT EXCHANGER
1-a"-E-A

LOSS OF FUNCTION

GCC1213 p 1RHMV--FC-1RH25 GRH12641RMMV--PG-1RH3O SRHHEX-LF IRFEIB

A.m100 1 .25E-DOAU10E -004
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COMMON FAULTS
BETWEEN HEAT EXCHNG

PIPE SEGS

GATE VALVE 1-RH-19
PLUGGED DURING

STANDBY

INSUFFICIENT COOL
CC WATER TO RMR MX

1-P,-E-1A

MEAT EXCHANGER
1-RM-E-1A

LOSS OF FUNCTION

A

	

MANJA .
p.. .ir -

VALVE
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D-A1N ; SIANDB •

6 1RslW ,--PG-1RH24 1AF tX LF SRMEIA GCC1113 IRMMV PG-1RH19 GRH 1264

•
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V

6570 CC100 4 .10E-004U 6570 TFR TO
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FLOW CONTROL VALVE
1-RH-FCV-1605

INSUFFICIENT
FLOW FROM

RMR PUPPS TO NXi SPURIOUS OPENS

$ 6R11263 1RW CV-SO-1605
1 21E-005
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INSUFFICIENT ANINSUFFICIENT AN

FLOW FROM 1-AM-P-IA
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FLOW FROM 1-AM-P-1B
TRAIN

9 GRH1313 CAM 1413
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RESIDUAL HEAT REMOVAL SYSTEM
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INSUFFICIENT RH RELIEF VALVE INSUFFICIENT Am COMMON CAUSE FALLTS FLOW FAULT AFTER
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PUMP I-RH-P-IA SPURIOUSLY OPENS 1-RH-P-IA PUMP TRAINS DISCHARGE

2 GW1320 IRHSV--SO-1721A GM 322 GM1323 CM1325

9 .33E-005
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CCF 2/2 FC

BOTH CKVS FAIL
CLOSED I-RH-7 C 15

CCF 2/2 FS

OF BOTH AM PUPS

1-RH-P-IA C IS

INSUFFICIENT RCS
SUCTION FLOW TO AM

PUMP(S)

N 0 . MANUAL VALVE

PH-9

	

PLUGGED
DURING STANDBY

3 GRM1513 1RHMV PG 1RH9 IRHCKV-CC-IAH715 1RHPSB-CC-11iIP1
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CHECK VALVE RH-15
FAILS CLOSED (FAILS

TO OPEN)

N .O . MANUAL VALVE

AH-16

	

PLUGGED
DURING STANDBY

RH FLOW DIVERSION
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TRAIN B .
A THRU
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5 IRHCKV FC-1RH15 IRHMV -PG-1RM16 6RN1355

6 .34E-004

	

4.10E-004
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' STANDBY PUMP CHECK VALVE f8+-7
1-AH-P-1B FAILS TO

START

FAILS OPEN (FAILS
TO CLOSE)

6 1R .PSB-FS-I.P1B IRNcKV-FO-IRH7
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3 441-003 3
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1-R11-P-IA STANDBY PUMP
P111P FAULTS 1-RN-P-IA U6C/ED.
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7 6RH1371 IRHPSB-UM-IRHPIA

3 .75E-003

B
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I-AM-P-IA
RUN 24

PUMP
FAILS TO
HOURS

NO ELECTRIC POWER

I160V slue BUS 1M
1-EE-SW-I

NO ELECTRIC POWER
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I-EP-CB-12A

INSUFFICIENT COOL
CC WATER TO SEAL
COOLER I-RM-E-2A

STANDBY PUMP
1-AH-P-1A

FAILS TO START
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INSUFFICIENT AM
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PUMP 1-Am-P-18

NAPS IPE

GAN 1420
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SUCTION FLOW TO RH
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GFW 1513

1 3
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RELIEF VALVE
1-RH-RV-17218

SPURIOUSLY OPENS

1RHSV SO-17218

1-AM-P-16
PUMP FAULTS

GFW747

STANDBY PUMP

	

STANDBY P(A)P
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START
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INSUFFICIENT RN
FLOW THROUGH PUMP

1-PH-P-18

GAN 422

NO ELECTRIC POWER
4160 V STIR 815 1J

1-EE-SW-2

GEIJ212

INSUFFICIENT RM
FLOW FROM 1-RH-P - 18
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GRH1413

COMMON CAUSE FAULTS
BETWEEN BOTH RH
PUMP TRAINS

GAM1423
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TO OPEN)
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STANDBY PUMP
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NO ELECTRIC POWER
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RH-B PLUGGED
DURING STANDBY

STANDBY PUMP
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INSUFFICIENT RCS
SUCTION FLOW TO RH

PUMP (S)

1 GRH1513
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INSUFFICIENT RCS
FLOW THROUGH
1-RH-MOV-1700

INSUFFICIENT RCS
FLOW THROUGH
t-R14-NOv-1701

GAS 15242 GRM1521

MOTOR OPERTD VALVE
1-PH-MOV-1700 FAILS

CLOSED

RCS HI PRESSURE
INTERLOCK FROM

PT-1402 NOT CLEARED

NO ELECTRIC POWER
460V BUS 1M1
1-EE-SS-3

GEIN14123 IAHMOV-FC-1700 GRHi531

1 .09E-002U E1N00

4

MOTOR OPERTD VALVE
1-RM-140V-1701 FAILS
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RCS HI PRESSURE
INTERLOCK FROM
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NO ELECTRIC POWER
450V BUS IJ1-2N 92S

1-ED-MC-21 6 22

IRHMOV-FC-1701 GRM1544 GEIJII12
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426E-003U
DC.E SJ.f CP'AN ,E .
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NO ELECTRIC POWER
120V VITAL BUS 1-I

1-EP-Ce-4A
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INTERLOCK

1-RC-PT-1403
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MOv-1700 E MOV-1701
8 GAM 1583 HEP-10P I A: 1-5 : 13

4 26E-003

PRESSURE CHANNEL
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1-E-0 RX TRIP OR SI
STEP I VERIFY
REACTOR TRIP

REACTOR TRIP
PROTECTION FAILS

GRP1112

GAP I132

SINGLE FAILURES
Or REACTOR

TPIP BREAKERS

NO SIGNAL TO

	

CONTROL RODS FAIL
INSERT RODS

	

TO INSERT DUE 10
MECHANICAL BINDING

GRP1122

	

IRPROO-LF-CRODS

REACTOR TRIP

	

SUPPLY BREAKERS FOR
SKITCHGEAR

	

THE ROD DRIVE MG
FAILS

	

SET FAIL TO TRIP

REACTOR TRIP

	

REACTOR TRIP
BREAKER PTA FAILS

	

BREAKER RTB FAILS
TO OPEN

	

TO OPEN

IRPBKR-LF-RTA

	

IRPBKR-LF-RTB

3 3K -004

0

	

3.38E-DOA0

GAP 1134

180E-006 3

SINGLE FAILURES COM CAUSE FAILURES
OF MG SET SUPPLY 2/2 R00 DRIVE MG

BREAKERS

	

SET SUPP BREAKERS

3

3

NAPS IPE A-576

i
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NAPS UNIT 1
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8 6W 1 183
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STEP 5 00 ATTACH 2 SYSTEM ACTIV . CIRC .
REMOTE REACTOR TRIP IAMSAC) FAILS
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INSUFFICIENT FLOWINSUFFICIENT FLOW

1/2 IRS TRAINS FROM 1/c- ORS TRAINS

GRS1114GRSi111

INSUFFICIENT FLOW
FROM ORS TRAIN A

SPRAY HEADER

INSUFFICIENT FLOW
FROM. ORS TRAIN B

SPRAY HEADER

INSUFFICIENT FLOW
FROM IRS TRAIN A

SPRAY HEADER

INSUFFICIENT FLOW
FROM IRS TRAIN 6

SPRAY LEADER
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INSUFFICIENT FLOW
FROM IRS TRAIN A

SPRAY HEADER

GRS 1143
TFR TO
1 20

COMMON CAUSE
BLOCKAGE OF

CONTAINMENT SUMP

RESTORATION ERRORS
FOR 1-AS-P-IA AND

I-AS-P-1B

INSUFFICIENT FLOW
FROM I-P5-P-IA

HEAT EXCHANGER
LOSS OF FCN-STANDBY

1-AS-E-IA

INSUFFICIENT FLOW
FROM SWS TO HX

1-RS-E-IA

5 1CESTA-CC-SUMPPG GASI613 GRS11S2 1RSMEX LU-IRSE1A GRSI182

5 OOE-005 3
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2.09E-004
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OS WATER 1O STNOBY PUMP MD STNOBY PUMP CCF 2/2 FS MO STNOBY PUMP EXTERNAL TRANSFERS

UNAVAILABLE TO 1-RS-P-IA UNSCHOL MAINT . OF IRS PUMPS I-RS-P-IA IRS
PROi•I OE NPSM FAILS TO RUN 1-RS-P-IA I-PS-P-IA/18 FAILS TO START PUMPS - TRAIN A
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24

	

A SAE-003
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1 .001.000

	

3

INSUFFICIENT
FROM SWS TO

I-RS-E-IA
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SPRAY
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CHV TO
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NO ELECTRIC POWER NO ELECTRIC POWER
BUS 1-I

1-EP-CO-12A
NX AND NO MANUAL START 480 V BUS 114 125 V DC

I-AS-P-IA I-EE-SS-1
8 60S1120 GRS1162 GRSII83 GE1 H312 GEIN712

45100

	

T 1 RS40 EiNDO

	

11"00

SERVICE WATER
REQUIRED

1-E-O RX TRIP OR SI NO OUTPUT SIGNALINSUFFICIENT FLOW
TNRU 'A' AS HEAT

EXCHANGER
ATTACHMENT I VERIFY
PHASE B ISOLATION

FROM CDA SLAVE
RELAY K645 TRAIN A
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`
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CONTAINMENT SUMP
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NO FLOW FROM B
TRAIN C MV TO THE

SPRAY RING

60S1125
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INSUFFICIENT FLOW
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EXCHANGER
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1 2

INSUFFICIENT SW
FLOW THROUGH MEAT
EXCHANGER 41S-E-39
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TFR TO
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xHos-SW

CU
PAGE 14
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INSUFFICIENT FLOW
FROM I-RS-P-16

GRS1252

MO STNOBY PUMP
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1-RS-P-18

INSUFFICIENT FLOW
FROM IRS TRAIN B
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HEAT EXCHANGER
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OF IRS PUMPS
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INSUFFICIENT SN
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THIS PAGE
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1-RS-P-1B
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NO ELECTRIC POWER
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IRCPIC-CC-MVP
4 .64E-004

NO ELECTRIC POWER
120V VITAL BUS 1-II

I-EP-CB-4B

E1000 2 .66E-00AU

PRESSURIZER PRESS .
PROT . CHANNEL III
TRAIN A FAILS

GSI1334

4 .63E-003U 720 E1J00A
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cgc_SSL CHANNEL a_ ELECTRIC POWER RELAY PRESSURE CHANNEL NO ELECTRIC POWER
: :`_58 LOSS OF FNCN 12C . BUS 1-I K344 TRAIN A 14576 LOSS OF FNCN 320V VITAL BUS III

DURING STNOBY I-fo-ce-4A LOSS OF FUNCTION DURING STNOBY 1-EP-CB-4C

ISIRLY-LF-K136A

.

IRCPIC-LF-14558 GE1M912 1SIRLY-LF-K344A IRCPIC-LF-14578 GE IJ812
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09-15-199

TRAIN B
PRESSURIZER
PRESSURE

I GS 11412
TFR TO
22 31

PRSSRZER PRESS
INSTR CHANNEL CCF
30 DAY TEST INTERVL

TWO OF THREE
PRESSURIZER PRESS

CHANNELS FAIL
2 6SI1422 IRCPIC-CC-PRSZRP

4 .64E-oa
2/3

1
PRESSURIZER PRESS PRESSURIZER PRESS . PRESSURIZER PRESS .
PROTECT . CHANNEL I PROTECT . CHANNEL II PROT . CHANNEL III

TRAIN B FAILS TRAIN 8 FAILS TRAIN B FAILS

3 GS11430 GSI1432 GS11434

NO ELECTRIC POWER
120v VITAL BUS 1-II

RELAY
K201 TRAIN B

PRESSURE CHANNEL
14558 LOSS OF FNCN

LOSS OF FUNCTION DURING STNO8v 1-EP-C8-46

4 ISIRLY-LF-K2018 IPCPIC LF 14566 GEINSO12

2 .66E-004U

	

4 63E-003 2
720 ® E1N00

RELA"
K13E TRAIN 8

PRESSURE CHANNEL
14558 LOSS OF FNCN

NC ELECTRIC POWER
1?CV VITAL BUS 1-I

RELAY
K344 TRAIN 6

PRESSURE CHANNEL
14578 LOSS OF FNCN

NO ELECTRIC POWER
120V VITAL BUS III

LOSS OF FUNCTION DURING STNDBY 1-EP-CB-4A LOSS OF FUNCTION DURING STNDBY I-EP-CB-4C

5 ISIRLY-LF-KI368 IRCPIC-LF-14558 GEIM912 ISIRLY-LF-K3448 IRCPIC-LF-14578 GEIJBI2

2 W.-00&-U 4 63E-0030 72C

	

~

	

EINOO 2 .66E-004

U

	

4.63E-0O3U 720

	

EIJ00
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STEAMLINE DIFF .
PRESSURE INPUT I
TRAIN A FAILS
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STEAMLINE DIFF .
PRESSURE INPUT 3
TRAIN A FAILS

GSII612
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A-602

	

12-15-92

SAFETY INJECTION ACTUATION S I 1 5SIGNALS NAPS1

	

320MAF .N .1 .5
ANALYST . EJJ ] CREATION DATE : O7-28-199: , REVISION. Q6-15-196-7



0
N
t
Q

00

N

NAPS RE A-603 12-15-92

0

	

1

	

1

	

1

	

2

	

1

	

3

	

1

	

4

	

5

SAFETY INJECTION ACTUATION
SIGNALS NAPSI

	

320MAF .N .1 .5 S I 1 6
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STEAMLINE DIFF .
PRESSURE INPUT 1
TRAIN A FAILS

1 GS11612
TFR TO
5 30

TWO OF THREE LOGIC
CHANNELS FAIL

INPUT 1A TRAIN A

TWO OF THREE LOGIC
CHANNELS FAIL

INPUT 1B TRAIN A

2 GS11621 . GS11662

2/3
THIS PAGE

1

	

I

	

1
BISTABLE K248 BISTABLE K318 BISTABLE K416
TRAIN A REMAINS

ENERGIZED
TRAIN A REMAINS

ENERGIZED
TRAIN A REMAINS

ENERGIZED

3 GS11630 GSI1632 GSI1634

PRESSURE CHANNEL NO ELECTRIC POWERRELAY
K318 TRAIN A

LOSS OF FUNCTION
14758 LOSS OF FNCN 120V VITAL BUS III

DURING STNOBY 1-EP-CB-4C

4 ISIRLY-LF-K318A IMSPIC-LF-14756 GEIJ812

2 .66E -004 3

	

4 61-003 2

	

720

	

® E IJOO

POWER RELAY PRESSURE CHANNEL
14768 LOSS OF FNCN

DURING STNOBY

NO ELECTRIC POWER
120V VITAL BUS 1-IV

1-EP-CB-40

RELA •
k24E TRAIN a

LOSS C" FUNCY :ON

PRESSURE CHANNEL
14748 LOSS OF FNCN

DURING STNOBY

NO ELECTRIC
120V VITAL BUS 1-II

1-EP-CB-48
X418 TRAIN A

LOSS OF FUNCTION

GEIMI012 1SIRLY-LF-K416A INSPIC-LF-14768 GEIJ9125 ISIRLY-LF-K248A IMSPIC-LF-14748

? 66E-OC4~

	

4 11-003

	

720

	

E1N00 2 .66E-004

U

	

4.63E-003

	

720

	

EIJ00

TKO OF THREE LOGIC
CHANNELS FAIL

INPUt .18 TRAIN A

6 GSI1662
TFA TOs 22 2/3

1
BISTABLE K203 BISTABLE K327 BISTABLE K408

TRAIN A REMAINS TRAIN A REMAINS TRAIN A REMAINS
ENERGIZED ENERGIZED ENERGIZED

7 GS11670 SS11672 GS11674

NO ELECTRIC POWERRELAY PRESSURE CHANNEL
K327 TRAIN A 14758 LOSS OF FNCN 120v VITAL BUS III

LOSS OF FUNCTION DURING STPCBY 1-EP-CB-4C

8 IS IRLY-LF-K327A 1MSPIC LF-14758 GE IJ812

2 .66E-004U

	

4 61 -0030 720

	

E*J00

NO ELECTRIC POWER RELAYPRESSURE CHANNEL PRESSURE CHANNEL NO ELECTRIC POWERRELAY
K203 TRAIN A 54948 LOSS OF FNCN 120V VITAL BUS 1-II K406 TRAIN A 14966 LOSS OF FNCN 120V VITAL BUS 1-IV

LOSS OF FUNCTION DURING STNOBT 1-EP-CB-48 LOSS OF FUNCTION DURING STNDBY 1-EP-CO-40

1SIRLY-LF-K203A INSPIC-LF-34946 MINIM 1SIALY-LF-K408A INSPIC-LF-14968 GE1J912

2 .66E-0040

	

4 .63E-0030 720

	

E1100 2 .66E-0040

	

4.63E-0030 720

	

EIJ00
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4.63E-003

U
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STEAMLIPE DIFF .
PRESSURE INPUT 2
TRAIN A FAILS

TFA TO
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65I1712
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o 720

	

EIJOC

NAPS RE A-604 12-15-92

SAFETY INJECTION ACTUATION S I 1 7SIGNALS NAPS!

	

320MAF .N .1 .5

ANALYST . EJJ CREATION DATE 07-2E-199! REVISION 0c-15-19s.

PRESSURE
11858

DURING
LOSS OF

CHANNEL

STNOBY
FNCN

NO ELECTRIC POWER
120V VITAL BUS III

1-EP-CB-4C
K317

LOSS

RELAY
TRAIN

OF FUNCTION
A

IMSPIC LF 14858 GE1J812ISIRLY-LF K317A
2 .66E-0010 1 61-0030720 AEIj0o

RELAY PRESSURE
LOSS

CHANNEL
OF FNCN

NO ELECTRIC
120V VITAL

POWER RELAY PRESSURE CHANNEL NO ELECTRIC POWER
K247 TRAIN A 11718 BUS 1-II K417 TRAIN A 14768 LOSS OF FNCN 120V VITAL BUS 1-Iv

LOSS OF FUNCTION DURING STCBY I-EP-CB-48 LOSS OF FUNCTION DURING STN SY 1-EP-CB-40

1SIRY-LF-K247A INSPIC-LF-14748 GEIM1012 ISIRLY-LF-K417A INSPIC-LF-14768 GE1J912
? 66f -004

	

1 63E-003U 720 EfHOG 2.66E-004 ~

	

•,63E-003 ~ 720

	

~ EfJ00

100 OF THREE LOGIC

TWO OF THREE
CHANNELS FAIL

INPUT 2A TRAIN

LOGIC

A

TWO OF THREE LOGIC
CHANNELS FAIL

INPUT 26 TRAIN A

GSI1762GS11721

THIS PAGE

BISTABLE K417BISTABLE K317BISTABLE K247
TRAIN A REMAINS TRAIN A REMAINS TRAIN A REMAINS

ENERGIZED ENERGIZED ENERGIZED

GSI1730 6511732 GS11734

CHANNELS FAIL
INPUT 20 TRAIN A

GS 11762
TFA TO

22

1
BISTABLE K231
TRAIN A REMAINS

ENERGIZED
TRAIN
BISTABLE

ENERGIZED

K334
A REMAINS

BISTABLE
TRAIN A

ENERGIZED

K110
REMAINS

6S11770 GS11772 GSI 1774

RELAY
K335 TRAIN A

LOSS OF FUNCTION

PRESSURE
14958

DURING

HAMEL
LOSS OF FNCN

STNOBY

NO ELECTRIC POWER
120V VITAL IJS III

1-EP-CB-4C

1SIRLY-LF-K334A IMSPIC-LF 14858 GEIJBI2
2 .66E-004 3

	

4 63-003 2 720

	

E1J00

RELAY PRESSURE CHANNEL NO ELECTRIC POWER RELAY PRESSURE CHANNEL NO ELECTRIC POWER
K231 TRAIN A 14848 LOSS OF FNCN 120v VITAL BUS 1-II K410 TRAIN A 14668 LOSS OF FNCN 120V VITAL BUS I-Iv

LOSS OF FUNCTION MAINS STNOBV 1-EP-08-48 LOSS OF FUNCTION DURING STNOBY 1-EP-CB-40
SSIRLY-LF-K231A IMSPIC-LF-14848 GESMI012 1SIALY-LF-K410A INSPIC-LF-14868 GEIJ912
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04-15-19=:

STEANLINE OIFF .
PRESSURE INPUT 3
TRAIN A FAILS

1 GS11812
TFR TO
5 34

TWO OF THREE LOGIC
CHANNELS FAIL

INRNl1T 3A TRAIN A

TWO OF THREE LOGIC
CHANNELS FAIL

INPUT 38 TRAIN A

GSI1821 Gs11862

2/3
THIS PAGE

I
BISTABLE K218 BISTABLE K320 BISTABLE K416
TRAIN A REMAINS TRAIN A REMAINS TRAIN A REMAINS

ENERGIZED ENERGIZED ENERGIZED
3 GS11830 GSI1832 GSI1834

RELAY PRESSURE CHANNEL NO ELECTRIC POWER
K320 TRAIN A 14958 LOSS OF FNCN 120V VITAL BUS III

LOSS OF FUNCTION DUPING STNOBr 1-EP-C8-4C
4

ISIRLY-LF-K320A IMSPIC-LF-14958 GEIJ812

2 66E-DOA j , l

	

4,63E-00 :0 720

	

® E1JO0

PRESSURE CHANNEL RELAYRELAX NO ELECTRIC "ER PRESSURE CHANNEL NO ELECTRIC POWER
M21e TRa ;ti a 14848 LOSS OF FNCN+ 120v VITAL BUS 1-II K416 TRAIN A 14868 LOSS OF FNCN 120V VITAL BUS !-IV

LOSS O< <UN :TION DURING 5TNOBY 1-Ep-CB-A8 LOSS OF FUNCTION DURING STNDBY 1-EP-CB-4D
5 1SIRLv-LF-K218A IMSPIC-LF-14848 GEIMIO12 ISIRLY-LF-K416A IMSPIC-LF-14868 GEIJ912

2 6U -CCA"

	

A 63E-003

	

720

	

E1"00 2 .66E-004U

	

4 .63E-003U 720

	

EIJ00

TWO OF THREE LOGIC
CHANNELS FAIL

INPUT` 38 TRAIN A
6 GSI1862

TFR TO
8 22 2/3

l
BISTABLE K204 BISTABLE 8321 BISTABLE K409
TRAIN A REMAINS TRAIN A REMAINS TRAIN A REMAINS

ENERGIZED ENERGIZED ENERGIZED

G511870 GSI1872 GS11674

RELAY PRESSURE CHANNEL NO ELECTRIC POWER
K321 TRAIN A 14958 LOSS OF FNCN 120V VITAL BUS III

LOSS OF FUNCTION DURING STNOBY 1-EP-C8-IC
8 ISIRLY-LF K321A IMSPIC-LF-14958 GEIJ812

2 .66E-0010

	

4 63E-003 2

	

720

	

E1J0O

RELAY RQELSS&RE CHANNEL NO ELECTRIC POWER RELAY PRESSURE CHANNEL NO ELECTRIC POWER
K204 TRAIN A 14948 LOSS OF FNCN 120V VITAL BU5 1-II K409 TRAIN A 14968 LOSS OF FNCN 120V VITAL BUS 1-IV

LOSS OF FUNCTION DURING STNOBY 1-EP-CB-4B LOSS OF FUNCTION DURING STNDBY 1-EP-CB-40

1SIRRLY-LF-K204A INSPIC-LF-14948 GESM1012 1SIALY-LF-K409A INSPIC-LF-14968 GE1J912

2 .66E-004

U

	

1.63E-003

V

720

	

EIH00 2 .66E-001

U

	

1.63E-003

U

720

	

EWJ00
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STEANLINE DIFF .
PRESSURE INPUT I
TRAIN B FAILS

GSI11012

PL ;,E 1a

TRAIN B STEAM LINE
DIFFERENTIAL

PRESSURE

TFR TO
22 A1

6511912

STEAMLINE DIFF .
PRESSURE INPUT 2
TRAIN B FAILS

GSI11112

NAPS IPE

	

A-606

CCF OF STEAM DIFF
PRESS INST CHANNELS
30 DAY TEST INTERYL

INSPIC CC-STNOPR

4.W-00I 3

STEAMLINE DIFF .
PRESSURE INPUT 3
TRAIN B FAILS

GSI11212
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09-15-195_

STEAMLINE OIFF_
PRESSURE INPUT 1
TRAIN B FAILS

i GSI11012
TFF- TO
9 30

TWO OF THREE LOGIC TWO OF THREE LOGIC
FAILCHANNELSCHANNELS FAIL

INPUT IA TRAIN 6 INPUT IS TRAIN 8

2 GSII1021 GSIII062

2/3
THIS PAGE

I

	

I
BISTABLE K248 BISTABLE K318 BISTABLE K419
TRAIN 8 REMAINS TRAIN 6 REMAINS TRAIN B REMAINS

ENERGIZED ENERGIZED ENERGIZED

3 GSI11030 GSI11032 GSI11034

PRESSURE CHANNEL
14756 LOSS OF FNCN

NO ELECTRIC POWER
120V VITAL BUS III

RELAY
K318 TRAIN B

LOSS OF FUNCTION DURING STNOBY 1-EP-CB-IC

4 ISIRLY-LF-K3188 1MSPIC LF-14758 GEIJ812

2 66E-004 0

	

A 63E-003

	

720

	

Woo

PRESSURE
11768 LOSS

DURING

CHANNEL
OF FNCN

STNOBY

NO ELECTRIC POWER
120V VITAL BUS 1-IV

1-EP-CB-1D

PE,
Rio= ' :.AID.

, :cc nr
F

o F._ •I Or.

PRESSURE CHANNEL
14748 LOSS OF FNCN

DURING STNOBY

NO ELECTRIC POWER
120V VITAL BUS 1-II

1-EP-CB-48

RELAY
K118 TRAIN B

LOSS OF FUNCTION

5 1SIRY-LF-K24BB INSPIC-lF-14748 GEINIO12 1SIALY-LF-K4106 1MSPIC-LF-14768 GEIJ912

&4 L-A ,

	

4 63E-003 2

	

720

	

EIN00 2.66E-004

U

	

1.63E-003 (, ) 720

	

EIJ00

TWO OF THREE LOGIC
CHANNELS FAIL

IPUj 1E TRAIN B

6 Gs111062
TFP TO
10 22 2/3

I

	

I
BISTABLE 8203 BISTABLE X327 BISTABLE X408

TRAIN B REMAINS TRAIN 8 REMAINS TRAIN B REMAINS
ENERGIZED ENERGIZED ENERGIZED

7 GSI11070 GS111072 GS1110 4

PRESSURE CHANNEL
14758 LOSS OF FNCN

NO ELECTRIC POWER
120V VITAL BUS III

RELAY
K327 TRAIN B

LOSS OF FUNCTION DURING STNOBY 1-EP-CB-4C

8 ISIALY-LF-K3278 1MSPIC LF-14756 GEIJB12

2 .66E-004 3

	

4 631-003

V

720

	

A

E1100

NO ELECTRIC POWER
BUS 1-II

RELAY
K408 TRAIN B

PRESSURE
11968 LOSS

CHANNEL
OF FNCN

NO ELECTRIC POWER

120V VITAL BUS 1-IV
PRESSURE CHANNELRELAY

8203 TRAIN B 14948 LOSS OF FNCN 120v VITAL
LOSS OF FUNCTION DURING STNOBY 1-EP-CB-4B LOSS OF FUNCTION DURING STNOBY 1-EP-CB-40

9 ISIALY-LF-K2036 INSPIC-LF-14948 GESN1012 ISIRLY-LF-K4089 INSPIC-LF-14968 GEIJ912

2 .661-0040

	

4 .63E-0030 720

	

E1N00 2 .66E-0040

	

4 .63E-003

V

720

	

EuJ00
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I
BISTABLE K247

TRAIN B REMAINS
ENERGIZED

GSII1130

RELAY

K247 TRAIN 8
LOSS OF FUNCTION

1S I ALY-LF-K2478

BISTABLE K231
TRAIN 9 REMAINS

ENERGIZED

GSII1170

RELAY

K231 TRAIN B
LOSS OF FUNCTION

ISIALY-LF-K2316
2 .66E-0040

TWO OF THREE LOGIC
CHANNELS FAIL

INPUT 2A TRAIN 8

GSII1121

RELAY

K317 TRAIN B

LOSS OF FUNCTION

PRESSURE CHANNEL

14746 LOSS OF FNCN
DURING STNOBY

IMSPIC-LF-14748

RELAY
K334 TRAIN 8

LOSS OF FUNCTION

PRESSURE CHANNEL
14818 LOSS OF FNCN

DURING STNDBY

STEAMLINE DUFF .

PRESSURE INPUT 2
TRAIN B FAILS

TFR TO
9 32

GSI11112

TWO OF TI E LOGIC
CHANNELS FAIL

INPUT 26 TRAIN 8

5S111162

THIS PAGE

BISTABLE K317
TRAIN B REMAINS

ENERGIZED

GSI 11132

PRESSURE CHANNEL

1485B LOSS OF FNCN
DURING STNOBY

1SIRLY-LF-K3176	IMSPIC-LF-14B58

	

GEIJ8I2

2 .66E-004

V

	

4 6X-003 2

	

120

	

E1J00

NO ELECTRIC POWER

120V VITAL BUS 1-II
1-EP-CB-4B

TWO OF THREE LOGIC
CHANNELS FAIL

INPUT 28 TRAIN 8

GSI 11162
IFP TO
11 22

BISTABLE K334
TRAIN P REMAINS

ENERGIZED

GS111172

PRESSURE CHANNEL
14958 LOSS OF FNCN

DURING STNOBY

ISIRLY-LF-K3349

	

IMSPIC-LF-14858

2 .66E-0040

	

A 61-003o 120

NO ELECTRIC POWER
120V VITAL BUS 1-II

1-EP-CB-1B
1NSPIC-LF-1484B

4 .63E-0030 720

	

£11100

GESMI012

NAPS IPE

	

A-608

NO ELECTRIC POWER
120V VITAL BUS III

I-EP-C8-4C

RELAY
K417 TRAIN 8

LOSS OF FUNCTION

GEIMIO12	ISIRLY-LF-K4178

26U-0040, 4.6X-030720 EIN00 2 .66E-004

NO ELECTRIC POWER
120V VITAL BUS III

1-EP-CB-4C

GEIJ812

E1J00

RELAY
K410 TRAIN B

LOSS OF FUNCTION

ISIRLY-LF-K4106
2 .66E-004U

BISTABLE K417
TRAIN 8 REMAINS

ENERGIZED

GSIIt134

PRESSURE CHANNEL

	

NO ELECTRIC POWER

14768 LOSS OF FNCN

	

120V VITAL BUS I-IV
DURING STNDBY

	

1-EP-CB-40

INSPIC-LF-14766	GE1J912
4 .63E-003 9 720

	

EIJ00

I

BISTABLE K430
TRAIN B REMAINS

ENERGIZED

GSI11174

PRESSURE CHAPEL

	

NO ELECTRIC POWER
14868 LOSS OF FNCN

	

120V VITAL BUS 1-Iv
DURING STNOBY

	

1-EP-CB-4D

IMSPIC-LF-14868

	

GEIJ912

4 .63E_003

U

720

	

ESJ00
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C6- :5-1552

STEAMLINE DIFF .
PRESSURE INPUT 3
TRAIN B FAILS

65111212
TFF TO
9 34

LOGIC
FAIL

8

TWO OF THREE LOGIC
CHANNELS FAIL

INPUT 38 TRAIN B

TWO OF THREE
CHANNELS

INPUT 3A TRAIN

2 65I11221 GS111262

2/3
THIS PAGE

I
BISTABLE K218 BISTABLE K320 BISTABLE K416
TRAIN B REMAINS TRAIN 8 REMAINS TRAIN 8 REMAINS

ENERGIZED ENERGIZED ENERGIZED
3 GSI11230 GS111232 GS111234

NO ELECTRIC POWER
120V VITAL BUS III

PRESSURE CHANNEL
14958 LOSS OF FNCN

RELAY
K320 TRAIN B

LOSS OF FUNCTION DURING STNOBY 1-EP-CB-4C

4 1SIRLY-LF-K320B 1MSPIC-LF 14956 GElJB12

2 .66E-0010

	

4 63E-003 2 72C

	

A

EIJ00

NO ELECTRIC POWERPRESSURE CHANNELRELAYt+0 ELECTRIC POWERPRESSURE CHANNELAE :a~
1921E TRAIN 8 14845 LOSS OF FNCN 120V VITA : BUS 1-II K416 TRAIN B 14866 LOSS OF FNCN 120V VITAL BUS 1-IV

LOSS OF FUpCTION DURING STNDBY 1-EP-CB-48 LOSS OF FUNCTION DURING STNOBY 1-EP-CB-40

1SIR .Y-LF-K218B INSPIC-LF-14848 GEINIO12 ISIRLY-LF-K4168 IMSPIC-LF-14 8 GEIJ912

2 b6E-00 1 r , l

	

1 43E-003

	

720

	

EIH00 2 .66E-001 , l

	

1.63E-0030 720

	

E1J00

IWO OF THREE LOGIC
CHANNELS FAIL

INPUT 38 TRAIN B

GS111262
TFR TO
12 22

2/3

t
BISTABLE K204 BISTABLE K321 BISTABLE 19409

TRAIN B REMAINS TRAIN B REMAINS TRAIN 8 REMAINS

ENERGIZED ENERGIZED ENERGIZED

7 GSI11270 GS111272 GS111274

NO ELECTRIC POWERPRESSURE CHANNELRELAY
K321 TRAIN B 14958 LOSS OF FNCN 120V VITAL BUS III

LOSS OF FUNCTION DURING STNOBY 1-EP-C8-4C
B 1SIRLY-LF-193218 1MSPIC LF-14958 GEIJS12

2 .66E-001U

	

1 6M -003 2 720

	

E*JOO

NO ELECTRIC POWERPRESSURE CANNELRELAYNO ELECTRIC POWERPRESSURE CHANNELRELAY
K204 TRAIN 8 14948 LOSS OF FNCN 120V VITAL BUS 1-II K409 TRAIN B 14968 LOSS OF FNCN 120V VITAL BUS 1-IV

LOSS OF FUNCTION DURING STNDBY 1-EP-CB-48 LOSS OF FUNCTION DURING STNBY 1-EP-CB-40

1SIRLY-LF-K204B IMSPIC-LF-1494B GEIMIO12 ISIRLY-LF-K409B 1MSPIC-LF-1496B GEIJ912

2 .66E-0010

	

1 .63E-0030 720

	

EIN00 2 .66E-0010

	

1 .63E-0030 720

	

E1100
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TFR TO
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TRAIN A SIGNAL
FROM

STEAMLINE FLOW

GSI11312

NAPS IPE
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3 .44E-003
3

	

7.53E-004

U

24

NAPS IPE A-638 12-15-92

SERVICE WATER SYSTEM
NAPS UNIT I

	

320MAF .N .13
'

S WC S
ANALYST : AA I CREATION DATE : 05-27-92 REVISION 09-15-92

0

i

SERVICE WATER FROM

PUMP 2-SW-P-18

UNAVAILABLE

GSW2312

TFR TO
1 22

CHECK VALVE
FAILS CLOSED

2-SW-10

N .O . MANUAL VALVE

2-511-13 PLUGGED

DURING STANDBY

PUMP 2-SW-P-1B
FAULTS

2 GSW2320 2SWCXV-FC-25W10 2SWMV--P6-2SK13

6 .34E-004

U

	

A 5m-005

U

720

3

4

FAILURE OF THE

2-SM-P-IS TO
START/RUN

GSW2342

TFR TO
3 61

5

MD ALT PUMP

2-SW-P-IS
FAILS TO RUM

NC ALT PUMP

2-SW-P-IB
FAILS TO START

2SWPAT-FP-2SMPlB 2SKPAT-FS-25MPIB

7 .93E-004

0

24

	

3 04E-003 U

FAILURE 70 STAR: FAILURE OF THE NO ELECTRIC POWER
PUMC 2-SM-P-1B TO 4160 V BUS 2J

START/RUN 2-EE-Sw-2
6 GSw2360 GSW2342 GE2J112

TFF TO
7 25

E2JO0

THIS PAGE

7

LOSS OF RESERVE
STATION POWER

SIGNAL FIS PUMP

1-E-O RX TRIP OR SI
STEP It VERIFY Sw

PUMPS RUNNING

GSW2370 PEP-do-ti

1 .35E-003 3

a

B

FAILURE OF PIMP TO

RECEIVE ACTUATION

SIGNAL

6SM2362

0
N

NO ELECTRIC POWER
225 V OC BUS 2-IV

HOUSE EVENT

LOSS OF

•

	

I FOR

OFFSITE
NO OUTPUT SIGNAL
FROM SI ACT . SLAVE

POWER. NORMALLY • 0 1-EP-CB-120 RELAY K602 TRAIN B
9 XHOS-LOOP GE2J712 GS112612



NAPS RE A-639 12-15-92

0

	

1

	

1

	

1

	

2

	

1

	

3

	

I

	

4

	

I

	

5

0

SERVICE WATER SYSTEM
NAPS UNIT I

	

320MAF .N .13
' .'

SW2 4

ANALYST AA I CREATION DATE 05-27-92 REVISIO':

	

02-75-9_

AUX Sw PUMP TRAIN
1-SW-P-I FAILS TO
SUPPLY HEADER A

1 GSW2412

CHECK VALVE 1-SW-P-4 FAILS DUE AUX Sw PUMP FAULTS RELAY 3C-SMEA03 MD STNOBY PUP OUTLET VALVES FAIL
FAILS CLOSED TO SCREENWELL FAILS TO OPEN AFTER 1-SW-P-4 TO OPEN ON DEMAND

1-SW-22 PLUGGING 1-SW-P-IA FAILURE UNSCMoL MAINT .
2 iSMCKV-FC-1SW22 1CWSCN-PL-ISMP-4 GSW2422 ISWRLY-LF-SWEA03 ISWPSB-UM-ISMP-4 GSW2425

6 . 34E-004

U

	

6.39E-0040 21 2 - 5%-0040

	

8 .29E-002 , l

3

NO ELECTRIC POWERMD STNOBY PUMP NO ELECTIC POWERMD STNDBY PUMP

I-SW-P-4 I-SW-P-I 4160 V BUS IN 125 V DC BUS 1-I

FAILS TO RUN FAILS TO START 1-EE-SW-i 1-EP-C8-12A
4 ISwPSB FR ISwP-4 ISWPSB-FS-ISWP 4 GElHII2 GEIH712

.93E-001

	

24

	

3.15E-003 3

	

EIN00

	

46
E11100

NOV I-SW-MQV-115AMOV I-SI,-MOv-117

FAILS TG ORE' . FAILS TO OPEN

5 G5w2450 GSW2455

_

MOTOR OPERTD VALVE
FAILS CLOSED
2-SW-MDV-2158

6 2SMMOV FC-2158
E2"00 1 .09E-002U

MOTOR OPERTO VALVENO ELECTRIC POWER NO ELECTRIC POWER MOTOR OPERTD VALVE
480 V 14CC 1M1-1 FAILS CLOSED 480 V MCC IHI-f FAILS CLOSED

I-EP-IC-10 1-S*-NOV-117 f-Eo-NC-lo 1-SW-MOV-LISA

GEIH612 ISMMOV-FC-ISMif7 GEIH6I2 1SMMOV-FC-115A
E1"00 1 .0lE-002

3

	

E1M00 1 .05E-002U
8

9
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NAPS IPE A-641 12-15-9

0

	

I

	

1

	

I 2 I

	

3

	

1

	

4 1

	

5

SERVICE WATER SYSTEM
NAPS UNIT I

	

320MAF .N.13 SW 2 6
0 09-!5-9ZREVISIONANALYST AA I CREATION DATE . 05-27-92

INADEQUATE SM FLOW
FROM HEADER B DUE
TO PUMP FAULTS

1 GSW2512

1
SERVICE WATER FROM

I-S*-P-SB
TRAIN UNAVAILABLE

INSUFFICIENT So
FLOW THROUGH PUMP

2-SM-P-18

SERVICE WATER FROM
f-P-IA UNAVAILABLE

2 GSW2B12 GSW2712 SSN2623

1z 3 2

PAGE 8 PAGE 7

VALVE FAULTSND ALT PUMP
i-SW-P-IA

NO ELECTRIC POWER
4160 v BUS 1H

1-SW-P-IA FAILS
DUE TO SCREENWELL

CCF OF THE PUWOS
DUE TO SCREENWELL

PLUGGING PLUGGING f-EE-SW-I FAILS TO RUN

3 ISWSCN-CC-SWRES 15MSCN-PL-ISMPIA GESM112 ISWPAT-FR-ISWPIA GSW2634

6 .39E-005

	

6.39E-004

	

24 ® EIM00 7.93E-0040 24

4

O-AP - 12 LOSS OF SM
ATTACHMENT 4 : TWO

MANUAL VALVE
CLOSED

FAILSMANUAL VALVE FAILS
OPEN
f-5W-6 f-SW-4 PUMPS ON ONE HEADER

5 ISMMV--FO-ISW6 ISWMV--FC-ISM4 "EP-0012-ATTCHI4
1 .2E-004

	

f .2E-004U I 61E-004

6

7

.r

8

9
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3
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7
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0

	

J

	

1 1

	

2 3 1 4 1 5

SCREENWELL PLUGGED
FAILS PUMP
2-SW-P-IS

GSW2784

	

GSW2721

g4

	

01
THIS PAGE

	

PAGE 16

SW PUMP FAILS TO

	

VALVE FAULTS
START OR RUN

l
SW PUMP OR VALVE

FAULTS

G5w2781	6SN2763

E 1

	

6 3

THIS PAGE

	

THIS PAGE

INSUFFICIENT Sw
FLOW THROUGH PUMP

2-SW-P-16

GSW2712
TFR TO
6 22

BACKFLOW THROUGH
1-so-P-1B

MD ALT PUMP
2-So-P-1B

UNSCHLD MAIMT .

GSW21601

	

2SWPAT-UM-2SWPIB

	

GSW2724

	

GSW2360

3 .72E-002

GE2J112

1
POWER SUPPLIES NOT

AVAILABLE

NO ELECTRIC POWER

	

NO ELECTRIC POWER
4160 V BUS 2J

	

125 V DC BUS 2-III
2-EE-SW-2

	

2-EP-C8-12C

GE2J612

FAILURE TO START

PUMP

Ee
PAGE 3

SW PUMP FAILS TO

	

SCREENWELL PLUGGED
START DA RUN

	

FAILS RUMP
2-SW-P-18

GSW2781

NO ALT PUMP

	

NO ALT PUMP
2-SW-P-IS

	

2-Sw-P-IS
FAILS TO START

	

FAILS TO RUN

3.84-0030

	

7.93E-0040 24
2SWPAT-FS-2SWPIB 2SWPAT-FR-2SWP1B

E2J00

	

E2J00

TFR TO
7 31

VALVE FAULTS

GSW2753

MANUAL VALVE
FAILS OPEN
2-SW- 13

O-AP-12 LOSS OF SW
ATTACHMENT 4 : TWO
PUMPS ON ONE HEADER

NEP-OAPI2-ATTCH!A

	

2SWNV--FO-2SW13

	

2SNCKV-FC-2SHIO

	

2SWNv--FC-2SWII

CHECK VALVE
FAILS CLOSED

2-SW-10

MANUAL VALVE
FAILS CLOSED

2-SW-I1

161E-004 6 .34E-001

U '
.2K

-°°'U

	

U

	

U
I Z1E -004

TFR TO

	

FR TO7 30

	

7 20

COMMON CAUSE FAULT
ALT PUMP IN STANDY

FAILS TO START

ISWPAT-CC-SMPIB

3 611-001 V

6SM2754

2-Sw-P-16 FAILS DUE

	

CCF OF THE PUMPS
TO SCREENWELL

	

DUE TO SCREENwELL
PLUGGING

	

PLUGGING

ISWSCN-PG-2SWPIB	ISWSCN-CC-SMRES

9.53E-0030 720

	

6.39E-001

NAPS RE A-642 12-15-92

SERVICE WATER SYSTEM
NAPS UNIT I

	

320MAF .N.13 Sw2 7
ANALYST- AA 1 CREATION DATE: 05-27-92 REVISION 09-15-92
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SERVICE WATER SYSTEM
NAPS UNIT I

	

320MAF .N .13 S W2 8
ANALYST AA I CREATION DATE . 05-27-92 REVISION 09-15-92

SERVICE WATER FROM
1-Sw-P-15

TRAIN UNAVAILABLE

1 GSW2812
TFR TO
6 21

MD ALT PUP
1-SW-P-lB

UNSCHLD NAINT .

SCREENWELL PLUGGED
FAILS PUMP
1-SW-P-IB

VALVE FAULTSPUMP 1-Sw-P-lB
FAULTS

2 GSW2820 6SM2BBI ISWPAT-UM-ISMPIB SSW288A
373E-003V

	

AAs,

	

3

	

e .

3

THIS PAGE

	

THIS PAGE

4

:-S •- r-- :E FAILS NO ELECTRIC POWER
4160 V BUS IJ

1-EE-SW-2

NO ELECTRIC POWER
125 V DC Bus 1-III

1-EP-CB-12C

FAILURE TO
START PUMPSTART/RUN

S GSw2B50 GEIJ112 GE IJ612 GSW2225
El"

	

EIJ00
2s

PAGE 2

COMMON CAUSE FAULT
ALT PUMP IN STANOY

FAILS TO START

K A,' ROM=
I-s.-O-IE

MO ALT PUMP
1-SW-P-IB

FAILS TO RUNCA4S T : STAG'

6 ISWPAT-F5-ISWPIB 1SWPAT-FA-ISMP1B , 1SMP,AT-CC-SMP1B
3 ad(-0C3 r, l

	

7 .93E-0010 24

	

301E-004 l e l

7

VALVE FAULTS SCREENWELL PLUGGED
FAILS PUMP
1-SW-P-IB

9 GSW288I GSW2BB4
TFR TO

	

TFR 10
S 21

	

S 23

N 0. MANUAL VALVE 1-SW-P-18 FAILS DUECHECK VALVE CCF OF THE PUMPS
FAILS CLOSED 1-SW-1l PLUGGED TO SCREENWELL DUE TO SCREENWELL

I-So-so DURING STANDBY PLUGGING PLUGGING
9 ISWCKV-FC-ISWIO ISMMV--PG-ISWI$ ISWSCN-PG-ISWPIB ISWSCN-CC-SWAES

6 .31E-001 l 1

	

, 1 .50E-005 ( ) 720

	

9.53E-003 (,) ,

	

720

	

6.3GE-005
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SERVICE WATER SYSTEM
NAPS UNIT I

	

320MAF .N.13 S W 2 9
ANALYST . AA 1 CREATION DATE : 05-27-92 REVISION

	

09- :5-92

I

AUX SW PUMP TRAIN
1-SO-P-4 FAILS TO
SUPPLY HEADER B

GSM2912

RELAY 3C-SWEA03
FAILS TO OPEN AFTER
1-SW-P-IA FAILURE

'0 STNDBY
S-SW-P-I

IDOL

PUMP

MAINT .

OUTLET VALVES FAIL
TO OPEN ON DEMAND

VALVE
CLOSED

1-SW-P-4 FAILS DUE
TO SCREENWELL

PLUGGING

AUX SW PUMP FAULTSCHECK
FAILS

1-SM-22
ISWPSS-U14-ISMP-4ISWALY-LF-SWEA03 GSM 925ICMSCN-PL-1S11P-4 GSH29222 15MCKV FC-1SK22

6 .39E-004

	

24 0? .66E-0040
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6 .34E-0040
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PUMP

TO RUN
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1-EE-SW-I

NO ELECTIC POWER
125 V DC BUS 1-I

1-EP-CS-12A

4 ISWPSB FS ISWP 4 GESHI12 GEIH7124 ISWPSB-FA-ISWP

?4

	

3.15E-003 3

	

A

E1„00 EIHOO7 .93E-004

I I
NOV 1-SW-MOV-117 CHECO VALVE 1-S"-MOV-1158 NOV 1-SW-MOV-I1B
FAILS TO OPEN FAILS OPEN FAILS CLOSED FAILS CLOSED

i-Sw-23
5 GSW2950 ISWCKV-FD-1Sw23 GSM 54 GSM2962

3 44E-003 3
ea
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NO ELECTRIC POWER
480V MCC 2141-1

MOTOR OPERID VALVE
FAILS CLOSED

6
2-EP-"C- so 2-SM-MY-215A

GE2H512 2SMMOv-FC 215A
E2"00 1 .09E-002 lj
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MOTOR OPERTD VALVE
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NOV I-SW-NOV-158

I 8

FAILS CLOSED

GSK2982

0
TFA 10
9 55

N
t

NO ELECTRIC POWER
480 V MCC INI-I

MOTOR OPERTD VALVE
FAILS CLOSED

NO ELECTRIC POWER
480 V MCC 1141-I

MOTOR OPERTD
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VALVE
CLOSED

I-EP-MC-10 1-sN-HON-I 10 I-EP-IC-10 I-SW-MOV-1158
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RETURN HEADER VALVE
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PATH FOR HEADER A
(IN COLD WEATHER)
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2 .28E-002U
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SPURIOUS CLOSURE
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SW RTN
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DISCHARGE HEADER
VALVE FAULTS

Sw RTN
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MAINTENANCE
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3

BYPASS VALVE
I-SK-MOV-123A

SPURIOUS CLOSURE
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BYPASS VALVE
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2 1 PIE-005
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I-SM-P-tA
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TFR TO
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CHECK VALVE
FAILS OPEN
2-SM-10

MD ALT PLOP
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FAILS TO RUN
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FAILURE OF
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PATHS

GSW21531

3-SM-MOV-121A 1-SM-WV-122A
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DURING MISSION

	

DURING MISSION
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ISMMOV-SC-122A
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LOSS OF DISCHARGE
PATH FOR HEADER A
(IN HOT HEATHER )

GSK21512

INDEPENDENT FAILURE
OF THE SPRAY
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2-SN-MOV-2218
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I
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PATHS
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TFR TO
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CHECK VALVE
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2-SW-MV-222A
SPURIOUS CLOSED
DURING MISSION
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FAILURE OF
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PAINS
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2-SW-MV-221A
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DURING MISSION
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PATHS
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SW RTN
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2 .28E-0020
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OPEN
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MOTOR OPERTD VALVE
FAILS CLOSED
i-SW-NOV-120A

NO ELECTRIC POWER
480 V MCC IN1-1

I-EP-MC-10

MOTOR OPERTD VALVE
FAILS CLOSED
2-SW-MOV-220A

NO ELECTRIC POWER
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NEWER 9 141 IN

FAILURE OF
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FAILURE OF
2-SW-NOV-2208

MAINTENANCE
7 1SMPIP-um-moFG GSW21672 GSW21874

2 .21E-002

NO ELECTRIC POWER
480V MCC 2211-1
2-EP-W-10

MOTOR OPERTD VALVE
FAILS CLOSED
2-SW-MOV-2208

NO ELECTRIC POWER
480 V MCC 1211-1

f-EP-MC-1O

MOTOR OPERTD VALVE
FAILS CLOSED
1-SM-NOV-1208

9 ISWMOV-FC-1208 GE IH612 2SWMOV-FC-2208 GE2H512
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