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APPENDIX A

SELECTION OF SYSTEMS FOR ANALYSIS

The objective of this work, as discussed in Vol. 1, Sect. 2, is to
conduct detailed FMEAs on control systems having a major impact on RCS
overcooling, undercooling, or safety system performance. The method of
achieving this objective consists of three steps:

1. Identify the Calvert Cliffs systems and functional interfaces.

2. Based on the methodology discussed in Section 3.1, identify those
systems which have a potential impact on RCS overcooling,
undercooling or safety system performance.

3. Conducp FMEAs of the systems identified in (2) above.

The impact of failures in many plant systems on plant transients is
expected to be minor. Thus, the purpose of a plant-specific system list
with identified interfaces is to aid in the selection of only those
systems having a potential significant impact on plant response.

Because of the large number of systems and components in a nuclear power
plant, this preliminary screening is necessary to determine which
systems require detailed analysis since it is not feasible to perform an
in-depth study of all of them.

A.1 CALVERT CLIFFS SYSTEMS LIST

Based on a previously developed generic list of pressurized water
reactor (PWR) systems®' and the Calvert Cliffs Units 1 and 2 Final Safety
Analysis Report (FSAR),2 a list of Calvert Cliffs systems was developed.
The generic systems and their associated subsystems have been grouped
according to seven major functions:

1. Nuclear systems include the reactor core and those systems and
subsystems which monitor and control core reactivity, remove heat
from the core, and otherwise directly support the safe operation of
the reactor.

2. Engineered safeguards systems include those systems, other than
containment systems, used to mitigate the effects of reactor
accidents such as those specified in the FSAR.

3. Containment systems include the reactor building and those systems
needed to prevent reactor building overpressure, to prevent
excessive leakage from the reactor building to the environment, and
to provide a habitable atmosphere inside the reactor building.



4., Electrical systems including plant ac and dc electric power
distribution circuitry.

5. Power conversion systems include the systems and components that
transform or support the transformation of heat energy produced by
the reactor core into electrical energy.

6. Process auxiliary systems include those systems and subsystems that
support the plant systems directly involved in the operation of the
reactor coolant systems.

7. Plant auxiliary systems provide support to other plant activities
and personnel.

The generic PWR systems and functionally corresponding Calvert Cliffs
systems are listed in Tables A1 through A7. These tables correspond to
the seven major system functions discussed above. 1In addition to
listing the generic and corresponding Calvert Cliffs systems, Tables Al
through A7 list the criteria for selection or elimination based on the
control systems analysis scope considerations discussed in Sect. 3.1 of
Vol. 1.

The nuclear systems, listed in Table A1, consist of the reactor core,
the RCS and associated control systems, and the interfacing systems that
. recirculate reactor coolant. Of the nuclear systems, only the chemical
and volume control system (CVCS), the RCS, and associated control
instrumentation subsystems were retained for failure modes analysis. It
should be noted that systems not selected for FMEA are eliminated only
to the extent that failures of these systems are not postulated
independently of other initiating control system failures.

The engineered safety features actuation systems (ESFAS) have been
identified principally as safety systems as shown in Table A2. The only
possible exceptions are the auxiliary control panels. Although these
panels perform standby safety-related functions, it is not known whether
they are safety qualified based on available information. They are
eliminated based on their safety functions.

The containment systems are listed in Table A3. Most containment
systems are safety systems. However, the containment air recirculation
and cooling system, although safety qualified, performs the containment
cooling functions during normal operation. In addition, the containment
purge system and the pressurizer compartment cooling equipment have also
been retained.

The power conversion systems are included in total as shown in Table AS,
The operating status of these control systems is expected to have a



Table Al.

Identification and first-stage selection of Calvert Cliffs nuclear systems

Generic PWR
Nuclear Systems

Corresponding Calvert
Cliffa Nuclear Systems

Exclusion
Criteria

NO1

NO2

NO3

NO&

NOS

Reactor Core

Control Rod Drive
System

Reactor Control System

Reactor Coolant System
(including reactor
vessel and internals)

Emergency Boration
System

NO1

NO2

NO3

NOY

NO4.A

NO4.B

NOS

Reactor Core

Control Element Drive
Mechanisms (CEDM)

Control Element Drive

System (CEDS)

Reactor Coolant System NOA
(RCS)

Reactor Regulating System

Reactor Coolant Pressure
Regulating System

Chemical and Volume
Control System (CVCS)
(see NO9)

Non-Exclusion
Criteria
NO1
No2
NO3
Responge of RCS
provides the basis for
evaluating control
system failures
NOS

The reactor
core is a
safety system

CEDM do not
influence
transients
following
reactor trip

CEDS does not
influence
transients
following
reactor trip

Emergency
Boration 13 a
safety
function (see
NO9, CVCS)



Table A1. (continued)

Generic PWR Corresponding Calvert Non-Exolusion Exclusion
Nuclear Systems Cliffs Nuclear Systems Criteria Criteria
NO6 Reactor Protection NO6 Reactor Protective NO6 The RPS is a
System System (RPS) safety system
which has no
funotion
following
reactor trip
NOT Nuclear Monitoring/ NO7 Nuclear NOT The NI has no
Nuclear Instrumentation Instrumentation System function
Systen (NI) following
reactor trip
NO8 Residual Heat Removal/  NO8 Shutdown Cooling NO8 The Shutdown

Low Pressure Safety
Injection Systen

System

cooling system
is used only
following
plant shutdown
and depres-
surization



Table Al.

{continued)

Generic PWR
Nuclear Systems

Corresponding Calvert
Cliffs Nuclear Systems

Non-Exclusion

Exclusion

Criteria Criteria

NOg Chemical and Volume
Control System

NO9 Chemical and Volume
Control System (CVCS)
(see NOS)

N09.A Pressurizer Level

Regulating System

N09.B Reactor Regulating

System (see NOU.A)

N09.C Electric Heat Tracing

NO9

N09. A

NO9.B

N09.C

The CVCS directly
interfaces with the
RCS

The Pressurizer Level
Regulating system
controls flow to and
from the RCS

The Reactor Regulating
System establishes the
pressurizer level
setpoint

No basis for
elimination




Table A2. Identification and first-stage selection of Calvert Cliffs engineered

safety features actuation systems

Generic PWR Engineered ‘Corresponding Calvert Cliffs Non-Exclusion Exclusion
Safety Features Systems Safety Features Systems Criteria Criteria
502 Engineered Safety S02 Engineered Safety S02 The ESFAS is a
Features Actuation Features Actuation safety system
System System (ESFAS)
503 Safety Injection S03 Safety Injection S03 The Safety
System System Injection
Systems are
Safety Systems
S03.A High Pressure Safety S03.A High Pressure Safety
Injection Subsystem Injection Subsystem
(HPSI)
S03.B Safety Injection S03.B Safety Injection
Tank/Core Flood Tanks
Subsystem
S03.C Low Pressure Safety S03.C Low Pressure Safety
Injection Subsystem Injection Subsystem
(LPST)
Soy Remote Shutdown System S04 Auxiliary Control sS04 Assumed to be
Panels a safety
systenm
S05 Auxiliary Feedwater S05 Auxiliary Feedwater S05 The AFS 13 a

System

System (AFS)

safety system




Table A3.

Identification and first-stage selection of Calvert Cliffs containment systems

Generic PWR Corresponding Calvert Cliffs Non-Exclusion Exclusion
Containment Systems Containment Systems Criteria Criteria
co2 Reactor Building/ co2 Containment Structure co2 The contain-
Containment and ment structure
Penetrations and penetra-
tions are
safety systems
co3 Containment Cooling co3 Containment Air co3 Although a safety
System Recirculation and system, the Containment
Cooling System Air Recirculation and
(see CO08) Cooling System provides
cooling during normal
operation
Co4 Containment Isolation coy Isolation System Ccoh4 The Contain-
is a function of the ment Isolation
Engineered Safety System is a
Features Actuation safety system
System and the various
piping systems which
penetrate containment
cos Containment Purge co5 Containment Purge co5 No basis for
System System elimination
co7 Combustible Gas C07T.A Electric Hydrogen co7 Hydrogen
Control System Recombiner Control
’ Systems are
C07.B Hydrogen Purge System

safety systems



Table A3. (continued)

Generic FWR Corresponding Calvert Cliffs Non-Exclusion Exclusion
Containment Systems Containment Systems Criteria Criteria
co8 Containment co8 Containment Ainr

Ventilation System

C10 Containment Spray
System

cn Penetration Room
Ventilation System

Co8.A

co8.B

C10.A

C10.B

cn

Recirculation and Cooling
System (see CO03)

CEDM Cooling System

Pressurizer Co8.B No basis for
Compartment Cooling elimination
Containment Spray

System

Containment Iodine
Removal System

Containment
Penetration Room
Ventilation System

Co8.A The CEDM and

c10

c11

their cooling
system do not
influence
transients
following
reactor trip

The Contain-
ment Spray and
Jodine Removal
Systems are
safety systems

The Contain-
ment Penetra-
tion Room
Ventilation
System is a
safety system




Table AU. Identification and first-stage selection of Calvert Cliffs electrical systems

Generic PWR Corresponding Calvert Cliffs Non-Exclusion Exclusion
Electrical Systems Electrical Systems Criteria Criteria
EO1 Main Power System E01 500 KV Switchyard and EO1 Electrical

Unit Transformer Systen
(see EOT)
E02 Plant AC Distribution E02 13,000, 4160 and 480 E02 Electrical
Systen Volt Station Systenm
Distribution Systems
EO3 Instrumentation and E03 125 Volt DC and EO3 Eleoctrical
Control Power Systems Instrument AC Systems Systen
EOY Emergency Power EOY Emergency Diesel E0} Safety
System Generators Systen
E0S Plant Lighting System EO05 Specific System E05 Not necessary

E06 Plant Computer

Unidentified

E06 Plant Computer

E06 No basis for
elimination

in responding
to plant
transients




Table A5.

Identification and first-stage selection of Calvert Cliffs power conversion systems

Generic PWR Power
Conversion Systems

Corresponding

Calvert Cliffs Power
Conversion Systems

Non-Exclusion

Criteria

Exclusion
Criteria

P01

P02

P03

POY

Main Steam System

Turbine-~Generator
System

Turbine Bypass System

Condenser and
Condensate System

PO1

P02

P02.A

Po3

P03.A

P03.B

PO4. A

PO4.B

Main Steam System
(see P03)

Turbine Generator and
Condenser System
(see POL.A)

Turbine Generator
Control System

Main Steam System
(see PO1)

Steam Dump and Turbine
Bypass Control System

Reactor Regulating
System (see NON.A)

Turbine Generator and
Condenser System
(see P02)

Condensate and
Feedwater System
(see P05)

PO1

P02

Po3

POY. A

POY4.B

Direot Interface
with Steam Generators

Direot Interface
with Main Steam and
Condensate and
Feedwater Systems

Direct Interface
with Steam Generators

See P02, Turbine
Generator and
Condenser System

Direct Interface
with Steam Cenerators

ol



Table A5. (continued)

Generic PWR Power
Conversion Systems

Cal

Corresponding
vert Cliffs Power

Conversion Systems

Non-Exclusion Exclusion
Criteria Criteria

P05 Feedwater System

P06 Circulating Water
System

PO7 Steam Generator
Blowdown System

P08 Auxiljary Steam System

P0S

P05.A

P06

PO7

Po8

Condensate and
Feedwater System
(see P04.B)

Feedwater Regulating
Systenm

Circulating Salt
Water Cooling System

Steam Generator
Blowdown System

Auxiliary Boiler
Steam System

P05

P06

P07

Po8

See P04.B, Condensate
and Feedwater System

Direct Interface
with Turbine Generator
and Condenser System

Direct Interface
with Steam Generators

No Basis for Elimination

13



Table A6.

Identification and first-stage selection

of Calvert Cliffs process auxiliary systems

Corresponding
Generic PWR Process Calvert Cliffs Process Non-Exclusion Exclusion
Auxiliary Systems Auxiliary Systems ~ Criteria Criteria
WO1 Radioactive Waste WO1 Waste Processing wo1 No basis for
System Systems elimination
WO0t.A Gaseous Radwaste W01.A Waste Gas Processing
System Systenm
W01.B Liquid Radwaste W01.B1 Reactor Coolant Waste
System Processing System
(see WOM4.A)
W01.B2 Miscellaneous Waste
Processing Systenm
W01.C Solid Radwaste System W01.C Solid Waste
Processing System
wo2 Radiation Monitoring Wo2 Radiation Monitoring wo2 No basis for
System System elimination
W03  Cooling Water Systems W03 Cooling Water Systems W03 Cooling water systems
. are required for the
W03.A Reactor Building W03.A Component Cooling operation of other
Cooling Water System Water System key systems
W03.B Turbine Building W03.B Service Water System

Cooling Water System

r4}



Table A6. (continued)
Corresponding
Generic PWR Process Calvert Cliffs Process Non-Exclusion Exclusion
Auxiliary Systems Auxiliary Systems Criterisa Criteria

WOk

WOk, A

Wo4.B

wou.c

w05

Wo6

W06.4A

Service Water Systems
Demineral ized Makeup
Water System

Station Service Water

System

Chilled Water System

Refueling System

Spent Fuel Storage
Systen

Fuel Pool Cooling
and Cleanup System

woh

WOk, A

Wo04.B

wWok.C

wo5

Wo6

W06. A

Cooling Water Systems

Reactor Coolant Waste
Processing System
(see W01.B)

Salt Water System

Function provided asa
parts of the Plant
Ventilating System
where applicable

Reactor Component
Handling Equipment

Spent Fuel Storage
System

Spent Fuel Pool
Cooling System

woi Service and Cooling
WHater Systems are
required for the
operation of other
key systems

Wos Reactor

: Component
Handling
Equipment is
in operation
only during
reactor cold
shutdown

W06 No basis for
elimination

€l



Table A6.- (continued)

Corresponding
Generic PWR Process Calvert Cliffs Process Non-Exclusion Exclusion
Auxiliary Systems Auxiliary Systems Criteria Criteria

wo7 Compressed Air System wo7 Compressed Air System W07 Compressed Air Systems
are required for the
WO07.A Service Air System W07.A Plant Air System operation of other
key systems
¥07.B Instrument Air System W07.B Instrument Air System

Wo8 Process Sampling w08 Sampling Systenm wo8 No basis fur
System elimination

Y09 Plant Gas System ¥09.A Hydrogen Gas System Wo9 No basis for
elimination

W09.B Nitrogen Gas System

14




Table A7. Identification and first-stage selection of Calvert Cliffs auxiliary

systems

Generic Plant Corresponding Calvert Cliffs Non-Exclusion Exclusion
Auxiliary Systems Auxiliary Systems Criteria Criteria
X01 Potable and Sanitary X01 Specific system not X01 No basis for

Water System identified from elimination
available information
Xo02 Fire Protection System X02 Fire Protection System X02 No basis for
elimination
Xo03 Communications System X03 Plant Communications Xo03 No basis for
System elimination
Xou Security System Xo4 Specific systems not xou No basis for
identified from elimination
available information
Xo05 Heating, Ventilating, X05 Plant Ventilating
and Air Conditioning Systems
Systems
X05.A Control Room X05.A Control and Cable X05.A Although a safety

Habitability System

Spreading Rooms
Ventilating System
(see X05.D1)

system, the Control
and Cable Spreading
Room Ventilation
System provides
cooling during normal
operation

St



Table A7. (continued)

Generic Plant
Auxiliary Systems

COrrespdnding Calvert Clifta
' Auxiliary Systenms

Non-Exclusion

Criteria

Exclusion
Criteria

X05.B Turbine Building
Ventilation Systenm

XOS.C Diesel Building
Ventilation System

X05.Bt Turbine Building
Ventilating System

X05.82 Auxiliary Feedwater
Pump Room Emergency
Cooling System

X05.C Diesel Generator Rooms
Ventilating Systenm
(see X05.D4)

X05.Bt No basis for
elimination

X05.B2 Safety System

X05.C Safety System

ol



Table A7. (continued)

Generic Plant
Auxiliary Systems

Corresponding Calvert Cliffs
Auxiliary Systems

Non-Exclusion Exclusion
Criteria Criteria

X05.D Auxiljary Building
Ventilation System

X05.D

105.D1

X05.D2

X05.D3

X05.DY

X05.D5

X05.D6

X05.D7

Auxiliary Building
Ventilating Systems

Control and Cable
Spreading Room
Ventilating System
(see X05.A4)

Access Controlled Area
Ventilating Systems

Switchgear Rooms
Ventilating System

Diesel Generator Rooms
Ventilating System
(see X05.C)

Spent Fuel Pool
Ventilating System
(see X05.E)

Radwaste Area
Ventilating System

ECCS Pump Room
Ventilating System

X05.D1 See X05.A

X05.D2 No basis for
elimination

X05.D3 Safety System
used to cool

electrical
equipment

X05.D4 Safety System

X05.D5 No basis for
elimination

X05.D6 No basis for
elimination

X05.D7 Safety System

LL



Table A7. (continued)

Corresponding Calvert Cliffs

Generic Plant Non-Exclusion Exclusion
Auxiliary Systems Auxiliary Systems Criteria Criteria
X05.E Fuel Building X05.E Spent Fuel Pool X05.E No basis for

Ventilation System Ventilating System elimination

X06 Non-Radioactive
Waste System

(see X05.D5)

X06 Included in W01, Waste X06
Processing Systems

No basis for
elimination

8l
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significant effect on the post reactor-trip RCS overcooling and
insufficient core cooling failure modes.

With the exception of the reactor component handling system, which
operates only during cold shutdown states, the process auxiliary systems
have been retained. The process auxiliary systems are listed in

Table A6.

The auxiliary systems are listed in Table A7. With the exception of
qualified ventilation systems, used exclusively to cool safety systems,
the auxiliary systems have been retained.

A.2 RCS INTERFACING SYSTEMS

The Calvert Cliffs systems not excluded based on scope considerations
are examined further to assess their functional relationship to RCS
transient response. This functional relationship is assessed in two

steps:

1. Control systems having a direct interface with the RCS are selected
for FMEA.

2. Control systems having a direct interface with any of the systems
directly interfacing with the RCS are selected for FMEA.

These assessments are discussed below.

A.2.1 Systems Directly Interfacing With the RCS

The Calvert Cliffs systems selected for analysis as shown in Tables A1l
through A7 were examined individually to evaluate whether they
interfaced directly with the RCS. If an RCS interface could be
identified, the system was selected for FMEA.

Table A8 lists all nuclear, safety features, electrical, and containment
systems found to be within the scope of this control systems analysis.
The RCS interface of each is characterized. As shown in Table A8, all
applicable systems were found to have an RCS interface with the
exception of the Containment Purge system.

Table A9 lists the selected power conversion systems and the RCS
interface characteristics. As shown, the main steam, condensate and
feedwater, feedwater regulating, and steam generator blowdown systems
had direct RCS interfaces.

The process auxiliary systems and their RCS interface characteristics
are listed in Table A10. As shown, only the component cooling water and
the sampling system had direct RCS interface.



Table A8.
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RCS interfaces with applicable nuclear, safety features,
electrical, and containment systems

System Number

Calvert Cliffs
System Name

RCS Interface
Characterization

Noa

NO3.A

NO4.B

NG9 and N0O9.A,
N09.B, and
N09.C)

S04

E06

cao3

cos

C08.38

Reactor Coolant System
Reactor Regulating System

Reactor Coolant Pressure
Regulating Systeam

Chemical and Volume Control.
System

Auxiliary Control Panel and
Other Local Control Panels
Plant Computer

Containment Air Recirculation
and Cooling System

Containment Purge System

Pressurizer Compartment
Cooling

Direct Interface, Part of RCS

Direct Interface, Part of RCS

Interactive Interface

Potential Interfaces with
Pressurizer and CEDM

Interfaces with RCS
Instrumentation

Provide cooling for pressurizer
components, CEDM and in-
containment RCS instrumentation
components

No Interface with RCS

The Pressurizer Compartment
Cooling equipment consists of
passive ductwork used to cool
the pressurizer compartment




Table A9.
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RCS interfaces with power conversion systems

System Number

Calvert Cliffs
System Name

RCS Interface
Characterization

P01

P03.A

Po2

P02.A

PO5

POS.A
P06

Po7

P08

Main Steam System
(Inecluding Steam Dump and
Turbine Bypass Valves)

Steam Dump and Turbine
Bypass Control System

Turbine Generator and
Condenser System

Turbine Generator Control
System

Condensate and Feedwater
Systenm

Feedwater Regulating System

Circulating Salt Water
Cooling System

Steam Generator Blowdown
Systen

Auxiliary Boiler Steam
System

Interactive Interface

No interface with RCS

No interface with RCS

No interface with RCS

Interactive Interface

Interactive Interface
No interface with RCS
Interfaces with Steanm
Generators

No interface with RCS




Table A10.
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RCS interfaces with process

auxiliary systems

Systea Number

Calvert Cliffs
System Name

RCS Interface

Characterization

Wotl.a

Wo1.B1

wWo1.B2

wo1.C

Wo2

Wo03.A

Wo03.B
Wwos.B

W06
W06.4

Wo7.A
Wo7.B
wo8

W09.4A

W09.B

Waste Gas Processing System

Reactor Coolant Waste
Processing System

Miscellansous Waste
Processing System

Solid Waste Processing
Systenm

Radiation Monitoring System

Component Cooling Water
System

Service Water System

Salt Water System

Spent Fuel Storage System
Spent Fuel Pool Cooling
Systen

Plant Air System
Instrument Air Systenm
Sampling System

Hydrogen Gas System

Nitrogen Gas System

No Interface with

No Interface with

No Interface with

No Interface with

No Interface w;th

RCS Interface

No Interface with

No Interface with

No Interface with
reactor operation

No Interface with

No Interface with
No Interface with
RCS Interface

No Interface with

No Interface with

RCS

RCS

RCS

RCS

RCS

RCS
RCS
RCS

RCS

RCS

RCS

RCS

RCS

during
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Of the auxiliary systems listed in Table A11, none had a direct RCS
interface.

A.2.2 Systems Indirectly Interfacing With the RCS

Of the Calvert Cliffs systems identified, systems have been selected for
FMEA based on a direct interface with the RCS. These systems are listed
in Tables A8 through A11. However, systems not interfacing with the
RCS, but required for the operation of one that does, can have a
significant influence on RCS response. For this reason, secondary
interface systems also are selected for FMEA.

In Table A12, each of the primary RCS interface systems is listed. The
systems that interface with these systems and the interface
characterizations are listed for each primary RCS interface system.
These primary and secondary interface systems represent systems selected
for FMEA. For convenience, systems selected for FMEA are listed only
once even though they may have interfaces with several systems.

For four primary interface systems, feedwater regulation, pressurizer
compartment cooling, sampling, and the plant computer, no additional
interface systems other than those previously listed were found. Due to
the extensive number of possible interfaces, especially with the plant
computer and the sampling system, a more detailed analysis than the
current screening analysis may be required. For this reason, the FMEA
to be performed on these systems also will serve to identify additional
interfacing systems of importance if they exist.

A.3 SAFETY SYSTEM INTERFACING SYSTEMS

Since the identification of control system failures which degrade safety
functions is a major objective of this program, safety system
interfacing systems were evaluated for possible selection. For those
safety systems already selected in Table A12, the FMEA will identify and
examine the interfacing systems and the extent of their interaction.

In order to identify safety system interfacing systems, a review of the
interfaces with those safety systems previously identified was
undertaken. Those safety systems identified on the basis of their
safety function in Tables A1 through A7 are listed in Table A13. Each
safety system was reviewed to determine its interfaces. The interfacing
systems identified were selected for FMEA only if they were (1) not a
safety system, and (2) not previously selected for FMEA.

This review resulted in three additions to the list of systems selected
for FMEA: the nitrogen gas, auxiliary boiler steam, and auxiliary
building ventilating. All other safety system interfacing systems had
either previously been selected for FMEA or were outside the scope of
the current analysis program.



24

Table A11. RCS interfaces with auxiliary systems

Calvert Cliffs RCS Interface
System Number System Name Characterization
X01 Potable and Sanitary Water No Interface with RCS
Xo02 Fire Protection System No Interface with RCS
- X03 Communications System No Interface with RCS
Xo4 Security System No Interface with RCS
X05.4A Control and Cable Spreading No Interface with RCS

Rooms Ventilation System

X05.B1 Turbine Building ’ No Interface with RCS
Ventilating System

X05.D2 Access Controlled Area No Interface with RCS
Ventilating System

X05.D5 Spent Fuel Pool No Interface with RCS
Ventilating System

X05.D6 Radwaste Area Ventilating No Interface with RCS
System




Table A12.
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Secondary interface systems

Primary RCS
Interfacing System

Secondary
Interfacing System

Interface
Characterization

NO4,A Reactor

Regulating
System

NO4.B
Pressure

Regulating
System

NO9 cves
(and

N09.A,
N09.B,

and

N09.C)

P01 Main Steam
Systenm

P05 Condensate and

Feedwater
System

Reactor Coolant

No Additional Systems®

No Additional Systems#

¥W01.A Waste Gas
Processing System

W01.B1 Reactor Coolant
Waste Processing
System

W01.C Solid Waste
Processing

¥07.B Instrument Air

System

W09.A Hydrogen Gas System

X05.D2 Access Controlled
Area Ventilating
System

P0O3.A Steam Dump and
Turbine Bypass
Control System

P02 Turbine Generator
and Condenser
Systen

P08 Auxiliary Boiler
Steam System

W03.B Service Water

System

N/A

N/7A

Intermittent Venting of
Volume Control Tank

Reactor Coolant Diverted
for Processing

Intermittent Disposal of
Spent Resins

Required for the
Operation of CVCS Valves

Provides Hy for Addition
to Reactor Coolant Makeup

Cooling for CVCS
Electrical Components

Control of Turbine Bypass
and Atmospheric Dump
Valves

Isolation of Steam Flow
from Main Steam Lines

Auxiliary Boiler Steam
System is Used Only
Following Plant Shutdown

Cooling Water for
Feedwater and Condensate
Pumps
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Table A12. (continued)
Primary RCS Secondary Interface
Interfacing System Interfacing Systenm Characterization

X05.B1 Turbine Building
Ventilating System

Cooling for Turbine
Building Electrical

Components
PO5.A Feedwater No Additional Systems N/A
Regulating
Systenm
PO?7 Steam Generator W01.B2 Miscellaneous Waste Processes Blowdown from

Blowdown System

Processing System

Steam Generators

Wo2 Radiation Monitoring Monitors Blowdown
Systenm Radiation and Isolates
Blowdown Line
co3 Contaimment Air CO5 Containment Purge Cooling for Purge Systenm
Recirculation System Electrical Components
and Cooling
Systen
C08.B Pressurizer No Additional Systems N/A
Compartment
Cooling
¥W03.A Component W04.B Salt Water System Heat Sink for Component
Cooling Water Cooling Water Heat Loads
System
wo8 Sampling No Additional Systems#® N/A
System
E06 Plant Computer No Additional Systems® N/A

#Although additional interfacing systems could not be identified from
available information, the possibility of additional interfacing systems and
their characteristics will be reinvestigated in performing the FMEA's.
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Table A13. Safety systems identified in Tables A1 through A7

System Number Calvert Cliffs System Name

NO1 ' Reactor Core

NO§ Reactor Protective System

S02 Engineered Safety Features Actuation System

3803 Safety Injection System

S04 Auxiliary Control Panels

S05 Auxiliary Eeedwater System

co2 Containment Structure

cos Containment Isolation System

C07.A Electric Hydrogen Recombiner

co7.B Hydrogen Purge System

C10.A Containment Spray System

Cc10.B Containment Iodine Removal System

c1 Containment Penetration Room Ventilation System
X05.82 Auxiliary Feedwater Pump Room Emergency Cooling System
X05.C Diesel Generator Rooms Ventilating System
X05.D03 Switchgear Rooms Ventilating Systenm

X05.D7 ECCS Pump Room Ventilating System
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APPENDIX B
SYSTEMS DESCRIPTIONS

System descriptions are summarized in this section for those systems
upon which a component level FMEA was performed (see Vol. 1, Sect. 4.2).
However, the system descriptions do not reflect all components included
in a system. System components and capabilities built into the plant
system but not used in actual operations have been omitted from
consideration in this section. System components and capabilities not
directly utilized in response to a transient have also been excluded.

B.1 REACTOR COOLANT SYSTEM

The reactor coolant system (RCS)! removes heat from the reactor core
region and transfers it to the secondary system. The reactor coolant
circulated in the system is borated water maintained above saturation
pressure. The reactor coolant system is composed of the reactor

vessel, two heat transfer loops, a pressurizer, and a quench tank. Each
loop contains one steam generator, two reactor coolant pumps, connecting
piping, and flow and temperature instrumentation. The pressurizer is
connected to one of the two hot legs by a surge line for maintenance of
RCS pressure.

The RCS is shown in Figs. B1 and B2. Four reactor coolant pumps force
reactor coolant through the reactor vessel for heat removal and
moderation of the core. Two hot legs carry the heated water from the
reactor vessel to the steam generators, where heat is transferred to the
secondary system water. Reactor coolant flow is returned to the reactor
coolant pumps via four cold leg pipes (two leaving each steam generator).
The RCS is designed for 2500 psia and 650°F, but normally operates at
2250 psia. Cold leg temperature is typically 548°F and hot leg
temperature varies with power level up to 600°F.

The steam generators are inverted U-tube heat exchangers with the
reactor coolant inlet and outlet at the bottom. A vertical divider
plate separates the inlet and outlet plenums. "Reactor coolant flows on
the tube side while secondary-side water on the shell side absorbs the
heat. Secondary-side water vaporizes to steam for use in the turbine
generator. The steam generator tubes are designed to withstand a
pressure differential of 1600 psi between the tube and shell sides.

On the primary side, a 1500 ft?® pressurizer provides a surge volume for
the control of reactor coolant volume and pressure. Volume and pressure
variations caused by contraction or expansion of the reactor coolant
occur with changes in power level, as well as with other factors

29
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including system heat loss and minor inventory losses. The pressurizer
is equipped with electric heaters and automatic spray for either
producing steam or condensing steam to maintain set-point pressure.
Volume is maintained based on level indication in the pressurizer
through variable makeup and letdown flow, provided to and from the RCS
by the CVCS. 1In automatic mode, letdown and makeup are controlled by
the pressurizer level regulating system.

The pressurizer is located at a higher elevation than the reactor
coolant piping, so that during contraction of reactor coolant, the
pressurizer will drain before voiding in the rest of the RCS can occur.

Two power-operated.relief valves (PORVs) and two spring-loaded safety
valves connected to the top of the pressurizer are used to provide
protection from overpressure. The PORVs are set to open at 2385 psig
and sized to be able to release sufficient pressurizer steam during
abnormal operating occurrences to prevent opening of the reactor coolant
system safety valves, which open at 2485 and 2550 psig respectively.

The PORVs are solenoid-operated, requiring both instrument air and dc
power to open. A motor-actuated isolation valve is provided upstream of
each of the PORVs to permit isolating the valve for maintenance or in
case of failure of the valve to close on demand. The spring-loaded
safety valves are totally enclosed and are back pressure compensated.
The safety valves are sized to pass sufficient pressurizer steam to
limit the primary system pressure to 110% of design (2750 psia)
following a complete loss of turbine load without simultaneous reactor
trip while operating at 2700 MW(t) even without PORV operation. Since
these valves are safety relief valves, there are no isolation valves
downstream. Thus in the case of a mechanically failed open safety
valve, the break in the system could not be isolated. ,
Steam discharged from the PORVs and safety valves is cooled and
condensed by water in the quench tank. The quench tank is located at a
level lower than the pressurizer to ensure that leakage by the valves
always flows out of rather than into the pressurizer. The quench tank
is maintained with demineralized water. The tank is equipped with
temperature, pressure, and level alarms, a rupture disk, and manual fill
and drain valves. At 35 psig the quench tank relieves to the waste gas
system. At 100 psig, the rupture disk will relieve the tank contents to
containment. The tank may also be vented to containment by opening

" RC-402-3V.

Continuous RCS makeup and letdown flow are provided by the CVCS to
maintain reactor coolant chemistry within design limits. Letdown is
bled off upstream of a reactor coolant pump on one loop, and makeup is
provided by the CVCS charging pumps downstream of a reactor coolant pump
on the other loop.
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The reactor coolant pumps (RCPs) are vertical, single-suction,
centrifugal-type pumps (one pump on each cold leg). Their design flow
is 81,200 gpm each. At 95% of full flow, a low reactor coolant flow
reactor trip is initiated. The status of the RCPs is very important
during overcooling transients. The RCPs add some heat to the system
when operating, but also assure adequate mixing and circulation through
the warmer core region. Present Calvert Cliffs procedures, however,
require that the RCPs be tripped following safety injection actuation
signal due to low pressure.

Component cooling water cools the RCP thermal barrier and integral heat
exchanger, which cools the shaft seal assembly. The motors are air
cooled. A controlled bleedoff flow through the seals is maintained to
cool the seals and equalize the pressure drop across each seal. The
bleedoff, amounting to about 1 gpm per pump, is. collected and processed.
On a containment isolation signal, component cooling water to the RCPs
is isolated.

The pressurizer, the primary means by which reactor coolant system
pressure and coolant volume are maintained, operates at RCS pressure
(2250 psia) and saturation temperature (653°F). At full-load nominal
conditions, slightly more than one-half of the pressurizer volume is
occupied by saturated water. The remaining volume is filled with
saturated steam. The steam and water sections are in thermal
equilibrium at the saturation temperature corresponding to RCS pressure.
Thermal equilibrium is maintained as long as both phases exist. The
pressurizer sprays and heaters maintain set-point pressure by either
condensing part of the steam (for pressure reduction) or vaporizing part
of the water (for pressure increase).

Pressurizer spray water is supplied from both cold legs on the loop
containing the pressurizer during normal operation. The water is taken
out of the cold legs downstream of the reactor coolant pumps, just prior
to entering the reactor vessel (the coolest point) and delivered to the
pressurizer spray lines. The automatic spray-control valves in parallel
regulate the amount of spray as a function of pressurizer pressure. A
small continuous flow of 1.5 gpm is maintained through the spray lines
at all time to keep the spray lines and the surge line warm, reducing
thermal shock during plant transients. If the reactor coolant pumps are
shut down (as will be the case following several transients), the
auxiliary spray lines must be used. Water is supplied through the
auxiliary spray line by realigning the charging pump discharge from the
CvCs.

The pressurizer heaters are single-unit, direct-immersion heaters, 7 ft
long, which protrude vertically into the pressurizer through sleeves
welded in the lower head. Approximately 20% of the heaters are
connected to proportional controllers, which adjust the heat input as
required to account for steady state heat losses in the pressurizer.
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The remaining heaters, or backup heaters, normally are turned off but
are turned on by a low pressurizer pressure signal or high pressurizer
level. A low-low pressurizer level signal deenergizes all heaters to
prevent heater burnout. The amount of water required to cover the
heaters is 266 ft3.

The 96 backup heaters can provide 1200 kW collectively on demand for
increased pressure. The maximum spray capacity is 375 gpm, which at a
cold leg temperature of SLU8°F can offset the heat input from the
pressurizer backup heaters by almost 4600 kW. Auxiliary spray flow is
even colder (395°F) but is limited to 132 gpm, the maximum output of all
three charging pumps. The heaters can be operated in manual or in
automatic mode. In automatic mode, the heaters are controlled by the
pressure regulating system and the pressurizer level regulating system.
Pressurizer spray is controlled by the reactor coolant pressure
regulating system.

The RCS is also provided with four solenoid-operated vent valves for
removal of accumulated non-condensible gas. The reactor vessel and the
pressurizer each have two of these valves in series that can be opened
manually from the control room and fail shut. The two vent lines join
and empty to the quench tank, where gases can be vented to containment
via the quench tank solenoid valve RC-402-3SV.

B.2 CHEMICAL AND VOLUME CONTROL SYSTEM

The CVCS is designed to adjust the volume of water in the RCS and to
control the chemistry of the water in the RCS by means of chemical
addition, removal, and monitoring. The system also injects high head
concentrated boric aid into the RCS on a safety injection actuation
signal (SIAS). The RCS volume control function compensates for coolant
contraction and expansion resulting from changes in reactor coolant
temperature and power changes, and for other coolant losses or additions.
During normal operation, the chemistry control function maintains
reactor coolant activity by removing corrosion and fission products,
injects chemicals to minimize corrosion, controls the reactor coolant
boric acid concentration, and provides continuous on-line measurement of
reactor coolant boron concentration and fission product activity. The
description provided here is based on refs. 2 and 3.

The CVCS is shown in Figs. B3 and BY. Reactor coolant normally flows
through the CVCS from one reactor coolant cold leg. The coolant is
monitored, purified, chemically adjusted, and then returned to the RCS
via the charging pumps. The CVCS can be divided into the following
subsystems: reactor coolant letdown, purification, volume control,
makeup, chemical addition, and charging. The amount of reactor coolant
let down from the RCS and returned by the charging pumps to achieve RCS
volume control is based on a signal from the pressurizer level



35

TN

Cve 1%y

———

CVE B4 oV eve 120 Cve 9

. _ acwnr . e
r i . o

Puvanmy cvean
uam
7t %00)
cveare cve (N }
COMPONT NT — —— — — —— ey 27
COOLING MATER ,—{
our

LETOOwN
“EAT EACHANGER

COMPONENT
COOL inC wATER
"

cve
0

N
f\ AURILIARY

waay

cvca1ICy cve 1

— leo| excussoiom
CHMECK VALVE

Cwe 144 Cve-134

(@)

10 sPnt

LT
— ETERNG
Cvcamay cvc.1m cveamay Ve 8000V B oS oy
woow
1O PLANT vINTY ‘ 3 _r Cve 1as _r
«
CvYCrs anNo ' %
t:(::l I CVEAS ramieen  CYE TS T
I SAFLTY IRJECTION - + ELECTAC HEAT TRACIG
LET00wN | maste | ars cve 13 cve e —_— woAMAL FLOW PATH
Loo® 124 ad OECAFIER “
CVE $13CV CVC ALY SYSTIM Ve a5V I SAS CLOSES [ { — AUKILIARY SLOWPATN
WATYR — — - CONYAQL S:GuALS
Y-228 SUPR Y
TE TEMPERATUAE ELEMENT
I T PALSSUAE TAANDMITTER
cvcame
" PLOW HLEMENT
sias QLosts e L 0 sLom omiricE
PDrs ousre MTIAL PRESSUAL INDICATION
voLumg l
conTROL H_l M - MOTON GPERNATED VALVE
vamu l 2] CODLANT CHARGING PAw
-TROGEN
-— Any
@ >.| Y ne Aractom COOR
L[~ 4 RIACTOR COOLANT U
cve imay
cvesmcy cverm | ) ® SAFLTV IUECTION SYSTEM
N uas SAETY INJECTION ACTUATION HIGNAL
} l 10 WY 2 O™ 1ZCH ADES os CONTAINENT 1500 A TION HCRAL
u-cc‘- nu:'scu:‘:n DICASIFITA [ o LLvie ot TECTOR
ATy Nl
ncway cveas s PRELIURIZER LLVIL CONTAOL 3YSTHW
CVC $0) 400V - ——— -{ acoT MEACTOR COOLANT DA
av MELIES VALVE
m 3 ‘ b compman vaLve
ove wt 4 Ta T
i sas coosts ) ve CrEmCaL & vOLVME CONTADL BYSTE
| _ - L a 11} RAACTOA COOLANT waSTE ARCLIVIR Taha
wan .
° SYSTim et AISURLING WATER TANR
l CVC 308 MOV : ow 0% Mow 044 1D waTER
CVE 269 T t 2 - ~
CvC IR cvewn _—— - 1 [ SOMC ACD OMECT FELD ' (11 1LOW GLass
. swe SOUD wa st PROCESING
CVC 124 By l 1 Mag BORC ACID GRAVITY 11D 1
STARTS ooV CIASAL M OMAATIO vat v
I “ WLTAUINT AR
eve e ' L] PREIIURT SO 4100
. - — — — l CHARCING PRISIUAIZIER
5 Cvec e cve vt - comtacs LTvie COnTROLS
SUCTOn
stasavia
v REF: -
RIS EF: OM-73, Rev. 13, and DCNs

o ) ) (BG&E Dwg. No. 60-730-E)
Fig. B3. Piping diagram of charging and letdown system.




36

PuURS CATON
LA

mARIUP HOW
Con1ACy wem) —_—— —

! —>e
l L1
8 CY t M ’
|= o7 ' mu: i (L3 % ove .
- | @ ! ®
wcasens o —d
o L S I

Q N

Thlm mLATERS

[T
A & TIRLT 29
M 110w PATID

Ak
g
b

couiag Yu W
CetenAl @ VLM CONTROL TrITEN
How nIMIet
11V WOKAIDe
UL Swics
VL TRANINTIER
wOTON OPFARIID YAV
OSHIRITAAL PRI SIUN MDCALOR
O AWTIAL PRISSUM SEDICATOR SWITO:
ALACTOR COOLANT
ALACION COOMAR] DALMY 1ams
MLALTOR COOAN) MAKIWP
MLACTON COOLANT Pume
1 MLACTOR COOLANT WASTI MaCRAIS tans
MU WATIE A
MU YT
MY MACION STSTEM
SAHITY MACTON ACTUAION SCaie

S6S*32R@¢

el — N
-t—C

Err1jegerg®

o1

’ 20T
>4 e m e I $a0M REACTOR
o cooLar waste (), < Y
el - .
< N/ v ('l’ol"o.v e

3¢
7\
N
7\
)
<l
]
)

N
N\ /N

p——

Po- 10 FUM VAT

S—t
Y

i

T

|

L

RS
aosts
T
10 Dnancnt h—1 I
s )(
[ #1H &
(221121
i
o (2141}

Y

ADDTOR oDy
Tam %0 113 x

oem

(3.4} 1.]

X

NE
PA

X

X
Y

ol

|

REF: OM-73, Rev. 13, and DCNs
{(BG&E Dwg. No. 60-730-E)

Fig. B4, Piping diagram of makeup system.




37

regulating system. The pressurizer level set point is programmed to
vary linearly with the average reactor coolant temperature. The
programmed level set point is maintained in the pressurizer by operation
of the CVCS charging pumps and letdown control valves.

RCS letdown from the RCS cold leg passes first through two letdown stop
valves in series, the tube side of a regenerative heat exchanger where
temperature is reduced from 548°F to approximately 260°F, an excess flow
check valve, and then through one of two letdown control valves. The
position of the operating letdown control valve (one is in standby) is
controlled by the pressurizer level regulating system. The maximum
letdown flow rate through each valve is 128 gpm and the minimum is

29 gpm. Next the letdown passes through the letdown heat exchanger,
where the temperature is reduced to 120°F, and then through the letdown
backpressure regulating valves, which prevent flashing of the hot
coolant to steam downstream of the letdown control valves. Backpressure
is maintained at 460 psig at the heat exchanger outlet, which maintains
liquid instead of steam in the heat exchanger.

The excess flow check valve is installed to minimize the consequences of
a CVCS letdown line rupture. The valve is designed to shut at

210 + 20 gpm, thus limiting the loss of coolant from a downstream pipe
rupture (190 to 210 gpm). Letdown is cooled by the cooler charging flow
in the regenerative heat exchanger and by component cooling water in the
letdown heat exchanger.

The letdown flow next passes through either of two purification filters
before it enters the ion exchanger section (purification) of the system.
A small amount of the flow bypasses the filters and passes through the
boronometer and radiation monitor to measure RCS boron concentration and
fission product activity. A temperature control valve upstream of the
monitors will isolate to protect the monitors on high letdown heat
exchanger outlet temperature (above 145°F). The same temperature
indicating controller (TIC-224) will automatically divert high
temperature letdown flow from the purification section to the volume
control tank (VCT) to protect the ion exchangers from heat damage. Flow
is diverted at a 3-way valve, which normally passes letdown flow to the
ion exchangers for purification. This valve fails closed to the ion
exchangers on loss of instrument air.

The purification subsystem consists of three ion exchangers that can be
aligned for series or parallel operation, a downstream strainer, and
other support equipment for periodic loading and flushing of resins.
Normally, one ion exchanger is in service for purification and the other
ion exchangers are placed in service as required for additional
purification, coolant deboration, or RCS pH control. High pressure drop
across the strainer is measured and alarmed at 20 psid (by PDIS-203).
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The letdown flow from the ion exchangers and strainer normally passes
through a 3-way, air-operated inlet valve (CVC-500-CV) to the VCT. 1In
automatic mode, the valve directs letdown to the liquid waste processing
system if a high level exists in the VCT. This valve fails open to the
VCT on loss of air.

Letdown flow entering the VCT enters through a spray nozzle inlet to
promote mixture of the reactor coolant with hydrogen in the VCT. A
hydrogen blanket of <50 psig is normally maintained in the tank to
scavenge oxygen from-the coolant and makeup water. The VCT also
collects the small offstream from RCP seal leakage. The two valves in
series on the RCP seal return fail closed on loss of air.
Degasification of combustible and radiocactive gases from the reactor
coolant is accomplished during maintenance by venting the VCT and
purging it with nitrogen. The tank is alarmed for high pressure, which
alerts the operator to open the tank vent valve; but the tank relieves
automatically only via a relief valve off the normal tank outlet
(CVC-115-RV).

Level in the VCT is instrumented to ensure flow supply to the charging
pumps. Makeup is normally supplied automatically to the VCT as required
to maintain the VCT level within a predefined control band. On low-low
level in the tank, the tank outlet valve automatically closes and the
makeup valve from the refueling water storage tank (RWT) automatically
opens to supply suction flow to the charging pumps. Three level
controllers act off the same level transmitter in the VCT (LT-226). One
provides normal makeup to the VCT as required (LIC-226), another closes
the VCT outlet valve and opens the RWT makeup valve on low-low level
(LC-227B), and the third diverts letdown to the waste processing system
on high level in the VCT (LC-227A). The valves associated with these
controllers also can be operated manually rather than in automatic modes.
The VCT is sized to contain enough makeup to maintain pressurizer level
(compensate for reactor coolant shrinkage) during a power decrease from
full power to zero power).

The charging pumps take suction from the VCT and deliver reactor coolant
makeup to the RCS. There are three charging pumps in parallel, with at
least one operating and the other two started on demand from the
pressurizer level regulating system (on low level in the pressurizer).
The pumps are positive-displacement plunger pumps designed to provide a
nominal 44 gpm at 2735 psig discharge pressure. The maximum charging
flow rate with all three pumps in operation is 132 gpm.

Charging flow passes through the shell side of the regenerative heat
exchanger, which transfers heat from the letdown flow to preheat the
charging flow from 120°F to approximately 395°F. Charging flow enters
the RCS through two reactor coolant loops (11A and 12B) and is also
supplied to the pressurizer auxiliary spray during long-term core
cooling.
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Reactor coolant makeup is normally supplied to the VCT from the
concentrated boric ‘acid storage tanks and the demineralized water -

storage tank. If normal makeup is not available on demand, borated
makeup from the RWT is automatically available to the suction of the
charging pumps as discussed above. Normally, the boric acid and water
supply are mixed upstream of the makeup stop valve (CVC-512-CV) before
entering the VCT. The CVCS makeup system also provides the borated
water for the RWT on a periodic basis. On a SIAS, -concentrated boric
acid is supplied directly from the boric acid storage tanks to the
charging pump suction header.

The makeup equipment includes two concentrated boric acid storage tanks
which feed two boric acid pumps (one in standby), the boric acid
batching tank, two reactor coolant makeup pumps for demineralized water
supply (one in standby), and associated valves and control. Makeup to
the VCT can be operated in any one of four modes: (1) automatic,

(2) dilute, (3) borate, and (4) manual. The boric acid concentration in
the makeup is set from the makeup flow control unit, which positions
control valves on the water and boric acid supply lines. A mode
selector switch on the makeup flow control unit determines the makeup
operating mode.

The automatic mode is the normal operating mode, with boric acid
concentration preset on the flow control unit. When makeup is initiated
by a low level in the VCT, one boric acid pump and one reactor coolant
makeup pump start, the makeup stop valve (CVC-512-CV) opens, and a blend
of makeup is delivered to the VCT. When VCT level is restored to
normal, the pumps stop and CVC-512-CV closes.,

The borate mode is used to increase the boric acid concentration in the
VCT, RWT, or RCS. 1In this mode, the makeup consists of boric acid and
the water supply is shut off. To operate in the borate mode, the
desired amount of boric acid addition is set on the control unit, the
makeup stop valve (CVC-512-CV) is opened, and the boric acid flow
control is set in auto. The amount added is determined by a timer and
the flow rate set for the boric acid flow control valve. Switching the
mode selector to "borate" starts the boric acid pump and opens the boric
acid control valve for the preset time period.

Similarly, the dilute mode is used to decrease the boric acid
concentration of makeup to the RCS. 1In this mode makeup consists of
water only and the boric acid supply is shut off. Again, the addition
rate and quantity is set, the makeup stop valve (CVC-512-CV) is opened,
and the water flow controller is set in "auto." Then, switching the
mode selector switch to "dilute" starts one RC makeup pump and opens the
water control valve for the preset time period.

The manual mode is similar to the auto mode, supplying a preset blend of
water and boric acid to the VCT. In the manual mode, the operator opens
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the makeup stop valve (CVC-512-CV), starts the boric acid and RC makeup
pumps, and runs the pumps for whatever period of time is required--
usually based on the level in the VCT. The two control valves (water
and boric acid) and the makeup stop valve fail closed on loss of air.

Concentrated boric acid (7.25 wt%) is made up periodically in the boric
acid vatching tank and added into the boric acid storage tanks. The
batching tank capacity is 500 gal, and the storage tank capacities are
9500 gal each. Boric acid also can be supplied to the storage tanks
from the reactor coolant waste evaporator. The tanks and all piping
that pass boric acid are heated or heat traced to maintain the contents
at about 150 to 160°F.

One of two centrifugal boric acid pumps normally supplies the

concentrated boric acid to the VCT makeup stream with a recirculating
line back to the storage tank. The 143-gpm maximum discharge flow is
limited to 30 gpm maximum at the boric acid makeup flow control valve.

The discharge from each boric acid pump is also piped to a common header
that can supply boric acid directly to the charging pump suction on a
SIAS or during emergency boration. A redundant path for boric acid
supply to the charging pump suction header on SIAS that bypasses the
pumps is also provided directly from each boric acid storage tank via
normally closed gravity feed valves. On a SIAS both boric acid pumps
are automatically started, the gravity valves open, the boric acid pump
discharge is switched from the VCT makeup to the charging pump suction,
the boric acid storage tank recirculating valves and the VCT outlet are
closed, and all three charging pumps are started. Seal return to the
VCT is also isolated. The emergency boration procedure utilizes this
same alignment but requires control room operator action to set it up.

The two RC makeup pumps, which supply the demineralized water to the
makeup stream, are also centrifugal pumps with one in standby. These
have a maximum capacity of 160 gpm. When a RC makeup pump is energized
for "auto" and "manual" makeup, typically the chemical addition metering
pump is also started if it is in its normal auto setting.

Normally, chemical addition is a slow, controlled addition at

0.5 to 20 gph from a 100-gal chemical supply tank to the charging pump
suction header via the chemical addition metering pump. An alternate
path from the metering pump to the RC makeup pump discharge is also
provided. For faster chemical addition to the RCS, a small 5-gal
chemical addition tank is loaded and flushed to the RCS. This procedure
involves aligning the RC makeup pump discharge to the tank and flushing
the chemicals through a strainer to the charging pump suction.

In summary the CVCS provides RCS purification and chemical adjustment
capability, in the form of monitoring, chemical addition, removal, and
hydrogen addition; RCS volume control (letdown, charging, and borated
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water makeup); boric acid concentration control (boration, dilution, and
monitoring); concentrated, high-pressure boric acid injection on SIAS;
and other miscellaneous functions not described in detail here, but
including RCS degasification, RCP seal bleedoff, auxiliary pressurizer
spray; transfer of fluids to the radioactive waste processing system;
and a means for leak testing the RCS and selected SI components.

B.3 PRESSURIZER LEVEL REGULATING SYSTEM

The pressurizer level regulating system provides automatic control of
the pressurizer level through analog control of the letdown control
valve position, start/stop control of the backup charging pumps, and
partial on/off control of the pressurizer heaters. There are two
letdown control valves in parallel on the letdown line, each of which
can pass a maximum of 128 gpm and a minimum of 29 gpm of letdown flow.
Under normal operating conditions, one valve is in operation while the
other is in closed standby. One of three charging pumps normally
operates, delivering 44 gpm of makeup to the RCS. On/off control of the
backup charging pumps actuates an additional 44 gpm per pump for a
maximum flow of 132 gpm. Charging flow is not throttled but is run back
on high pressurizer level by tripping the backup charging pumps. One
charging pump continues to operate even on high level unless manually
tripped. With all three pumps operating, charging flow supplied to the
primary system can develop a high enough pressure to lift the
pressurizer PORVs (2385 psig). The pressurizer level regulating system
also has dominant control over the pressurizer heaters to turn all
heaters full on high pressurizer level and to turn all heaters off on
low~low pressurizer level.

Pressurizer level control signals are generated in two separate and
fully redundant regulating systems powered separately by vital
instrument buses 1Y01 and 1Y02. These systems have separate pressurizer
level analog input signals and share the pressurizer level set-point
signal developed in the reactor regulating system. The output signals
to the operating letdown control valve and to the relays used to control
the charging pumps and pressurizer heaters operate from non-vital
instrument power (ac Bus 1Y10) and are not redundant.

Failure of vital instrument power to the selected pressurizer level
regulating system will produce a zero current demand signal to the
letdown control valve and to the backup charging pump control bistables.
The letdown valve will close and bistable outputs will de-energize all
pressurizer heaters and start the backup charging pumps. These failures
can be corrected by manually selecting the alternate pressurizer level
regulating system.

Loss of non-vital instrument bus 1Y10 will also provide a zero current
demand to close the letdown control valve and de-energize the control
relays to de-energize all pressurizer heaters and start the backup
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charging pumps. The charging pumps, letdown valve, and heaters can be
operated in the manual mode through hand stations. A functional block
diagram of the pressurizer level regulating system is shown in Fig. B5.
Supplemental details of charging pump motor control are shown in

Fig. B6.

B.4 REACTOR COOLANT REGULATING SYSTEM

The reactor coolant pressure regulating system controls reactor coolant
pressure through automatic control inputs to the pressurizer heaters
(1500 kW total capacity) and the pressurizer spray flow control valve
(375 gpm maximum flow). A small continuous flow (1.5 gpm) is maintained
through the spray lines at all times to keep the spray lines and the
purge line warm, reducing thermal shock during plant transients.
Reactor coolant pressure is compared to a set-point value (2250 psia),
and the error signal provides proportional control of the spray valve
position, proportional heater element power, and on/off control of the
backup pressurizer heaters. Approximately 20% of the heaters are
connected to the proportional controllers, which provide heat input to
replace steady state heat losses based on the desired reactor coolant
pressure. The remaining backup heaters normally are off but are turned
on by a low reactor coolant pressure signal at 2200 psia or high
pressurizer level error signal through a bistable controller output.

A high pressurizer pressure signal opens the pressurizer spray valves on
a proportional basis, thereby reducing pressure. A low pressurizer
pressure signal functions to energize heaters on a proportional or group
basis to increase pressure. A high pressurizer level energizes the
backup heaters in anticipation of a low-pressure transient; a low
pressurizer water level de-energizes all heaters for heater protection.

Two separate and redundant reactor coolant pressure regulating systems
are used to develop the pressure control signals. These systems are
powered from separate vital instrument buses (1Y01 or 1Y02), and either
system can be selected for reactor coolant pressure control through a
manual selector switch. Manual control of the heaters and spray may be
selected at any time. The pressurizer spray valve control signal and
the pressurizer heater demand signal are further processed by modules
and relays powered from instrument power on bus 1Y09. Pressurizer
heater ac power is obtained through U480-V motor control centers (MCCs
109 PH, 110 PH, 111 PH, and 112 PH). Control modules for the
proportional heaters are powered by u480-V Bus 14A.

Each redundant reactor coolant pressure regulating system includes a
pressure transmitter, bistable modules to provide independent high and
low pressure alarms (2350 and 2100 psia, respectively), a module for
control of the proportional heaters, and a control module for on/off
control of the backup heaters. Nonredundant components process the
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heater and spray control signals through relays for on/off control of
backup and proportional heaters, and through control modules for
proportional control of spray valve position and proportional heater
elements. A functional block diagram of the system is shown in

Fig. BT7.

The pressurizer heater controls include relays in the pressurizer level
regulating system and in the pressure regulating system. The
pressurizer level relays act to turn all heaters full on at high
pressurizer level and to de-energize all heaters on low-low pressurizer
level (101 in.). These relays have dominant control over the
pressurizer heaters and are powered by pressurizer level regulating
system power supplies. Backup heater control details are shown in

Fig. B8.

While not formally a part of the reactor coolant pressure regulating
system, the pressurizer relief valve contributes to reactor coolant
pressure control under certain conditions. A two-out-of-four logic
indicating high reactor coolant pressure from the reactor protection
system will open the two pressurizer relief valves when the reactor
coolant pressure exceeds 2385 psig.

Loss of vital instrument power to the selected reactor coolant pressure
regulating system will produce a zero current demand signal to the
pressurizer spray valves (the valves will close) and to the heaters (the
heaters will energize, unless control is intercepted by the pressurizer
level regulating system relays). The pressurizer spray valve and backup
heaters can be controlled manually through non-vital instrument power.

Loss of non-vital instrument bus 1Y09 will produce a zero current demand
signal to the spray valve I/P (the valves will close) and fail the
backup heater control relay in the "off" position.

B.5 REACTOR REGULATING SYSTEM

The purpose of the reactor regulating system (RRS) is to sense the
operating condition of the reactor and provide the following information
and/or control signals:

e pressurizer level regulating system programmed level set point,

< analog output signal for atmospheric steam dump and turbine bypass
valve control,

« total error (power error plus temperature error) signal to provide an
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automatic control capability for the regulating groups of control
element assemblies (CEAs),* and

automatic withdrawal prohibit signal and total error high and low
alarms.¥

The RRS is left with only two functions, and in that capacity it serves
only to provide signal interfaces between other systems. As now
utilized, the general system description is as follows:

The RRS, shown in FSAR Fig. 7-11 (Fig. B9) provides control signals
which are used to generate a steam dump program and a pressurizer level
set-point program.

The RRS is used to provide a signal for pressurizer level set point,
steam dump demand, and steam dump quick opening. The operator has the
ability to select between redundant systems x or y Wwith a selector
switch. Each system is separate and independent of the other. The
system functions to give controlling signals as input parameters change.
With a change in power level (e.g., an increase), first-stage turbine
pressure will follow (i.e., increase) linearly with load. 1In each
channel a temperature programmer establishes the desired reactor coolant
average temperature (Tper) based on a power signal from first-stage
turbine pressure. This Tper signal is summed with the Tyyg signal to
provide a signal which represents the error between the actual
temperature and the programmed temperature (Ey). If the deviation
between Tyyg and Tper should become too high, an alarm will be
annunciated. The Tyyy signal is used to provide a programmed level set
point for the pressurizer. The operating level of the pressurizer is
programmed to increase with an increase in Tayg. This is done to
accommodate plant load changes by minimizing changes in reactor coolant
system volume during transients.

This Tyyg signal is also used to provide an analog output for steam dump
demand and quick-opening at the time of turbine trip. As Tyyg
increases, the signal to the steam dump control valve increases. This
signal is proportional to the quantity (Tavg minus 532°F). Should
reactor power as determined by Tayg be in excess of a predetermined
power level prior to a turbine trip, the steam dump quick-opening
override bistable will cause quick opening of the steam dump and bypass
valves at the time of the trip.

*¥The automatic CEA control feature has been disabled at Calvert
Cliffs to alleviate regulatory concerns about inadvertent CEA motion and
to minimize local power changes in the fuel. The abandonment of the
designed function of the RRS as a nominal means of control of the
reactor under load through automatic positioning of the CEAs has reduced
its safety implications substantially.
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The steam dump program (from RRS) generates a suppressed range signal
proportional to the quantity Tavg minus 532°F. Upon receipt of a
turbine trip signal via the steam dump permissive relay, this signal is
supplied to open the atmospheric steam dump valves and is an input to
the turbine bypass auctioneering unit to simultaneously open the bypass
valves. The position of the atmospheric steam dump and bypass valves is
proportional to the signals supplied to them, thus providing a
controlled relieving of thermal energy directly relative to the reactor
power level.

The atmospheric steam dump valves will close proportionally as Tavg
decreases and will close completely by 535°F. They will remain closed
unless Tayg increases again to more than 539°F.

B.5.1 Reactor Regulating System Major Components

This section presents a general description of the RRS major components,
signal paths and interrelationships, and interfaces. The purpose of
this section is to provide the reader with a general understanding of
the system's operation for FMEA purposes. Units 1 and 2 have nearly
identical RRS. The following description is based on the Unit 1 system.

Each reactor plant is provided with two independent RRSs. For Unit 1,
one RRS provides channel X signals while the other RRS provides

channel Y signals. Each RRS is housed in a separate cabinet. The four
RRS cabinets are located in panels 1C31 and 1C32 in the control room.
Each cabinet contains the four components of the RRS and a power range
control channel. The four components of the RRS located within the
cabinet are

e reactor regulating system test panel,
e reactor program unit calculator,

* reactor control unit calculator, and
« input/output interface panel.

The power range control channel is physically located within the RRS
cabinet. It is however, functionally part of the nuclear
instrumentation system (NIS).

Two selector switches are provided for control of input and output RRS
signals. Input signals, used by the RRS for output control function
signal generation, pass through a function selector switch. An RRS
channel selector switch selects which RRS channel (X or Y) provides
system output control functions.

B.5.2 Basic Signal Flow Paths and System Interfaces

The basic signal flow paths and system interfaces for the RRS are
described in the following paragraphs.
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The following signal inputs are utilized by each RRS:

+ two hot leg and two cold leg temperature signals (from RCS
instrumentation),

e turbine first stage pressure,

e pressurizer pressure, and

« power range neutron flux.

Each RRS is supplied with two cold leg and two hot leg temperature
signals from RCS instrumentation.

The signals are in the form of 4- to 20-mA current signals representing
515 to 615°F. These signals are used by the RRS to compute coolant
average temperature (Tayg). The generated Tyyg signal is used within
the RRS for various output signal calculations. Turbine power level is
transmitted to the RRS in the form of a first-stage turbine pressure
signal. This is a 4- to 20-mA current signal, which represents

0 to 125% power. The signal is used to compute a reference temperature
(Tper) and a power error signal (reactor power minus turbine power)
originally designed for use in (no longer connected) CEA automatic
control. Pressurizer pressure level is transmitted to the RRS in the
form of a 2- to 10-V signal representing a pressure of 1500 to 2500 psia.
This signal was designed for use as a stability compensation signal for
CEA control. Reactor neutron flux level is transmitted to the RRS by
the NIS power range control channel. The control channel transmits a

0 to 10-V signal representing O to 200% power. The signal was designed
to be used by the RRS as a stability compensation signal for automatic
CEA control. The signal is also fed through the RRS input/output
interface panel to a two-pen recorder.

The generated Tavg signal and the input first-stage turbine pressure,
reactor neutron flux, and pressurizer pressure signals pass though the
function selector switch. The three-position function selector switch
allows testing of the RRS circuits with an internally generated
adjustable calibration signal or an externally generated signal. The
function selector switch is part of the RRS test panel, which interfaces
with each subcomponent and subsystem in the RRS. It is primarily used
to test and calibrate the instrumentation in the RRS cabinet. However,
it also performs various other functions including calculation of Tayg
by the RRS test panel summing resistor network.

The following is given as an "as-designed" description for understanding
the auto CEA function, which has been disabled. RRS input signals are
directed by the function selector switch to the reactor program unit
calculator and the reactor control unit calculator. The program
calculator functions to produce the following signals:

e pressurizer level set point,
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- steam dump valve positioning signal,
* Tpers and
« temperature error (Tayg minus Tpef).

The pressurizer level set-point signal is transmitted to the pressurizer
level controllers in the RCS instrumentation. The steam dump valve
positioning signal is sent to the atmospheric steam dump valves and
turbine bypass valves to dump steam to the atmosphere and the main
condensers on turbine trip, thus removing heat from the primary system.
A temperature signal which is proportional to steam demand (Tpef
program) provides inputs to a Tavg and Tper dual-pen recorder and
establishes a temperature set-point for manual or automatic CEA control.

A Taye = Tper error signal is calculated and provided to the control
calculator to compute CEA motion signals. The error signal is also
used to provide a Tayg - Tper high/low alarm, an automatic CEA
withdrawal prohibit alarm at control room panel 1C05, and an automatic
CEA withdrawal prohibit signal to the control element drive system
(CEDS). The control calculator computes CEA speed and direction
signals.

The RRS-generated output signals pass through a two-position channel
selector switch located on control room panel 1C05 that selects which
RRS will provide control functions. The switch also interlocks various
RRS control functions if the selected RRS is inadvertently placed in
test and lights an RRS SELECTED lamp on the selected RRS panel.

An input/output interface panel contains the terminal boards for
interconnections of internal and external RRS signals. Additionally,
the panel houses the current-to-current (I/I) converters and
voltage-to-current (E/I) converters that provide current isolation and
output signal interface from the RRS to other systems.

B.6 CONDENSATE, MAIN FEEDWATER, AND STEAM GENERATOR SYSTEM

The condensate and main feedwater system purifies, heats, and pumps the
condensate from the condenser hotwells to the two steam generators,
completing the steam-feedwater cycle. The condensate and feedwater
system is shown on Calvert Cliffs FSAR Fig. 10-4., Simplified schematics
of the Condensate and Feedwater System are shown in Figs. B10 through
B12.

One condensate pump (8250 gpm) and one condensate booster pump

(8540 gpm) are sufficient to provide adequate capacity and discharge
head during plant operation at 50% power or less. Above 50% power, two
condensate and two condensate booster pumps are necessary to meet
condensate requirements., Although a third condensate and condensate
booster pump are installed as spares, above 80% all three condensates
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and all three condensate booster pumps are operated. The condensate
pumps draw condensate from the condenser hotwell and pump it through the
steam seal exhaust condenser, precoat filters, demineralizers, drain
coolers, and low pressure feedwater heaters to the condensate booster
pumps.

Part of the condensate pump discharge flow is diverted for seal water to
the condensate pumps and SG feed pumps and for cooling water to the
steam generator blowdown heat exchangers. Makeup water may also be
supplied from the pump header to the component cooling water system and
the service water system. Chemicals including ammonia and hydrazine are
added by the chemical addition system to the pump header upstream of the
drain coolers to control pH and reduce oxygen concentration.

Condensate is used as a cooling medium in the drain coolers to prevent
flashing of the drain water to steam. Three drain coolers are
configured in parallel, providing a single stage of drain cooling.

Six low-pressure feedwater heaters, upstream of the condensate booster
pumps, are configured with three heaters in parallel, providing two
stages of feedwater heating. Extraction steam from the low pressure
(LP) turbines is used as a heat source. The heaters are provided to
improve thermal efficiency and preclude thermal shocking of the steam
generator.

The condensate booster pumps pump the condensate through six more
feedwater heaters configured in three stages of two heaters each.

Again, extraction steam from the LP turbines is used as the heat source.
The condensate enters the steam generator feed pumps after leaving the
last stage of feedwater heating.

The condensed steam leaving the feedwater heaters flows to the heater
drain tank. The heater drain pumps (4260 gpm) take suction from the
drain tanks and pump this water to the condensate system. This water
then enters the condensate system upstream of the last low-pressdre
heating stage (heater stage 15).

Two minimum flow control valves are installed in the condensate
subsystem to prevent pump trip during low-flow conditions. The valves
are designed to open upon low flow conditions recirculating water back
to the condenser hotwell. One control valve is provided on the
condensate pump header (8-in.-diam. valve) and the condensate booster
pump header (6-in.-diam. valve).

Condensate is also used to cool the main turbine exhaust hood (at low
load) and to deaerate the auxiliary boiler.

Upon 1low level indication in the hotwell, the condensate storage tank
makeup valve (CD 4406) is opened, permitting gravity feed of condensate
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from the storage tank. High hotwell level results in opening of the
condensate storage tank dump valve (CD 4405), which permits the pumping
of condensate from the hotwell to the storage tank.

The condensate enters the steam generator feed pumps and is pumped
through high pressure heaters, feedwater regulating valves, and
isolation valves to the steam generators. After the condensate enters
the feed pumps it is more appropriately termed feedwater.

The SG feed pumps (15,000 gpm each) are turbine-driven pumps with motive
steam supplied by the low pressure reheat steam system during normal
operation. The pump turbines use high-pressure steam from the main
steam system during startup operations.

Feedwater flows through two parallel high-pressure heaters (heater
stage 16) located between the SG feed pump discharge valves and the
feedwater regulating valves. Extraction steam from the high-pressure
turbine is used to heat the feedwater prior to entry into the steam
generators.

The flow of feedwater to the steam generators is controlled by the
feedwater regulating valve controller. This controller is controlled
during normal operation by a three-element controller, which uses
feedwater flow (1FE 1111, 1121), steam flow (1FE 1011, 1021), and
downcomer level (1LT 1111, 1121) for level control. Following turbine
trip, the regulating valve is closed and the regulating valve bypass
valve is opened and controlled by a single element controller that uses
downcomer level (1LT 1105, 1106) for control. The regulating valve
bypass valve is also used to control steam generator level below

15% power. The speed of the main feed pump turbines is controlled to
maintain a fixed differential pressure across the feedwater regulating
valves.

A motor-operated isolation valve is provided downstream of the feed
regulating valve. This valve permits isolation of the feedwater system
in the event of a steam line rupture. Actuation is provided by low
steam generator pressure.

A minimum flow control valve (6 in. diam.) is also provided on each SG
feed pump to preclude pump trip under low-flow conditions. The control
valve recirculates part of the feedwater back to the condenser hotwell.

For information regarding specific details of the condensate and
feedwater systems, see refs. 4 and 5.

Steam Generator Description

Each Calvert Cliffs unit contains two identical steam generators.
Design information for the steam generator is listed in Table B1.



Table B1. Steam generator design characteristics

Physical Description

Number 2 per unit
Type Vertical inverted U-tube
Dimensions
Overall height (including support 749 1in.
skirt)
Upper shell 239.75 1in.
Lower shell 165 1in.
Reactor coolant inlet nozzle 42 in. ID (one each)
Reactor coolant outlet nozzle 30 in. ID (two each)
Main steam nozzle 3% in. ID (one each)
Main feedwater nozzle 18 in. ID (one each)
Auxiliary feedwater nozzle 4 in. ID (one each)
Bottom blowdown nozzle 2 in, ID (one each)
Materials
Steam generator vessel Carbon steel
Plenunms 304 stainless steel clad
Tubesheet-primry side Inoonel clad
U=tubes Inconel
Number of tubes 8,519 each generator
Tube size 0.75 in. OD, 0.654 in. ID
Weights
Dry weight 1.004E6 lbm
Flooded weight at 68°F 1.5267E6 1lbs

Volume of secondary fluid
Secondary side flooded 8006 cubic feet
At normal water level 8592 cubic feet



Table B1. (continued)

Physical Description

Weight of secondary fluid

At 0% power 6818 lbs steam

216,284 1bs liquid

9,820 1bs steam
132,975 lbs liquid

At 100% power

Reactor coolant conditions at full load

Flow rate® 61E6 lbw/hr
Pressure 2250 psia
Inlet temperature 599.4°F
Qutlet temperature 5389F

Heat transfer rate

4.386E9 Btushr

Steam conditions at full load
Flow rate® 5.635E6 lbm/hr

850 psia, 525.2°F

0.998 (minimum)

525.2°F

Qutlet pressure, temp.
Steam quality
Steam temperature

Feedwater conditions at full load

Flow rate 5.576E6 lbm/hr
Pressure 1100 psig
Temperature 431.59°F (Onit 1)

435.69F (Unit 2)

#These flowrates are as reported in the Calvert Cliffs Steam Generator Design
Description Number 17, published by Advanced Technology Inc. for Baltimore
Gas and Electric Company.
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The steam generator is a vertical shell vessel with an inverted U-tube
heat exchanger. Primary fluid flows inside the tubes, and secondary
fluid flows outside the tubes. The U-tube exchanger contains

5,819 Iconel tubes.

Primary coolant flows from the reactor vessel into the bottom head of

the steam generator vessel through the inlet nozzle. A divider plate in
" the bottom head guides the fluid into the tube bundle and separates the
inlet from the outlet primary fluid. The primary fluid leaves the

vessel bottom head through two nozzles. When the reactor is at full
power, the primary coolant in Unit 1 enters the steam generator at
599.4°F and leaves at 5U8°F (Unit 2 has slightly different temperatures).
The average primary coolant temperature varies linearly from 532°F at
zero power to 572.5°F at full power.

The secondary fluid comes from the main feedwater pumps (or the
auxiliary feedwater pumps). The feedwater flow enters the steam
generator through the feedwater nozzle and is distributed through a
circular header ring located 47 in. below the reference operating level
of the fluid in the downcomer. The auxiliary feedwater nozzle and
distributor ring are located just below the main nozzle and ring. The
reference operating level is located near the level of the recirculating
fluid sump, which is just below the separators of the steam-water
mixture.

Feedwater enters the downcomer through inverted "J" tubes that project
upward from the top of the feed ring. The "J" tube prevents the
feedwater ring from emptying and causing a waterhammer when refilling
with colder water should the liquid level drop below the distributor
ring. Feedwater temperature varies with reactor power output and is
212°F at 5% power and U423°F at 100% power.

Feedwater is preheated in the downcomer as it mixes with the
recirculated water. The recirculated water is runoff from the
steam-water separators located at the bottom of the steam drum and is at
the saturation temperature of the steam drum. The ratio of recirculated
water to feedwater decreases as the power increases, but the mixed fluid
temperature is always subcooled so that boiling and void formation are
prevented in the downcomer.

The -preheated water leaves the bottom of the downcomer and is directed
over the top of the tube sheet and up through the tube bundle, where
heat is added to produce saturated water and steam. The quality of the
mixture leaving the tube bundle is 0.25 at full power. The steam and
water mixture flows upward from the evaporator section through the riser
section to the steam-water separators. The saturated water in the riser
acts as a surge capacity during transients. The separators are located
on a metal support plate at the bottom of the steam drum. The support
plate forms a separation between the drum and the riser. The separators
have helical vanes that impart a rotational motion to the upward-flowing
water mixture, and the centrifugal force effects a separation. The
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separated water flows outward and downward through holes in the
separator outer wall and returns to the downcomer, where it mixes with
the cooler incoming feedwater.

The separated steam flows into the steam drum and through corrugated
sheet dryers that improve the steam quality to values greater than 0.998.
The steam leaves the steam generator through a nozzle located at the top
of the vessel and above a deflector plate. The saturated steam
temperature leaving the steam drum ranges from 532°F at 0% power to
525°F at 100% power.

The steam generator is designed to maintain a difference between the
reactor average temperature and the temperature of the steam produced
that varies almost linearly from 10°F to 47.3°F as the reactor power
increases from 15% to 100% of full power.

Steam Generator Operating Principles

The Calvert Cliffs steam generators are designed with sufficient surge
capacity for the secondary-side steam and water to respond to the power
transients that are expected in the startup and shutdown of a base load
operating plant. The internal flow is maintained by natural circulation.
The liquid level is normally maintained by an automatic control system
that adjusts the feedwater flow. The plan is also protected through
high and low level trips. '

The natural circulation path in the steam generator includes the
downcomer, the shell side of the heat exchanger, the riser section above
the tube bundle, and the separators. The free surface of the flow path
includes that of the downcomer and the recirculated water return path to
the downcomer. The water at this surface is at the bottom of the steam
drum and is in thermal equilibrium with the steam in the drum. The
reference zero level for the liquid level and feedwater flow control
system is located near the bottom of the recirculating water collection
sump that supplies water to the downcomer.

The driving force for the flow around the natural circulation loop is
supplied by the net density difference between the fluid in the
downcomer and the fluid in the remainder of the loop. The driving force
required to maintain steady state increases as the reactor power and the
steam generation rate increase. The increased driving force is obtained
from a decrease in the density on the upflow side of the circulation
loop as steam bubbles are produced in the boiling water.

The resistance to the flow is the sum of the friction and acceleration
forces generated as the water and steam flow through the entire circuit,
including the downcomer, tube bundle, riser and separators. Flow
resistance varies roughly as the sum of the terms involving squares of
the velocity of the fluid in the downcomer and the riser, and of a term
which involves differences of the squares of the velocities of
accelerated fluid. As the void fraction increases on the riser side,
the recirculating water flow around the loop starts to decrease. The
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mass velocity in the natural circulation loop increases to a maximum
value at about 70% of full power and decreases about 5% between 70 and
100% of full power. The riser circulation rate is constant within 3%
when the power ranges between 50% and 100%.

Steam Generator Control

The feedwater control system is designed to maintain a fixed level in
the downcomer. Feedwater flow is controlled primarily by modulating the
main feedwater control valve and secondarily by controlling the speed of
the feedwater pump. The main feedwater control valve has two modes of
control, which depend upon the power level. The modes are switched at
15% power.

Below 15%, power the flow control signal is based on a proportional band
(i.e., a fixed gain) determined from the level error, which is
determined by the difference between the measured level and a set point.

Above 15% power, feedwater flow control is based on both the level error
and the difference between the feedwater and steam flows. The
controlling signal consists of the proportional band and the time
integral of the level error, plus a proportional band signal using the
difference between the steam flow and the feedwater flow.

Secondary control of feedwater flow is obtained by varying the speed of
the feedwater pump. This control system uses the pressure drop across
both feedwater valves as inputs. The smaller pressure drop signal is
compared to a set point of 105 psid, and the difference is sent to a
controller. The controller generates a speed control signal based upon
the derivative, proportional band, and time integral of the pressure
difference error. The direction of control is such that the speed of
the pump will be increased when the smaller pressure drop is below the
105 psid set point.

The steam pressure and flow rate at the header of the first turbine
stage are controlled manually from the turbine-generator control system.
(The Calvert Cliffs plant is a baseloaded plant.) To establish the
steam generator operating conditions when the desired operating power
level is determined, the turbine-generator operator controls the setting
of the turbine steam inlet valve to achieve a programmed

pressure and steam flow rate for the desired electric power level. The
reactor operator adjusts the positions of the reactor control rods and
the boron concentration in the primary coolant (with the chemical
addition system) until the average coolant temperature (Tayg) is
increased to generate the required steam flow rate and steam pressure at
the turbine steam inlet valve.

Steam Generator Safety and Protection System

In addition to the control system, the stem generator has safety limits
that will either cause a turbine trip on high downcomer water level or a
reactor trip on low level (see Table B2). The level measurement used in
the safety system consists of four AP instruments that generate a signal
that can be used to infer a liquid level in the downcomer. These four
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Table B2. Summary of significant steam generator levels

Distance Above Normal
Operating Level (in.)

High high-level turbine trip +50
High level alarm +30
Normal operating level 0
(550 in. above baseplate)
Low level alarm =24
Low low-level reactor trip -46.8
Main feed ring -47
Top of tube bundle =55
Auxiliary feed ring -59
Low-level auxiliary feed actuation signal -170
Bottom of tubesheet -412.2

signals are sent to a two-out-of-four logic device, which can generate a
trip when the safety limits are exceeded. The high-level turbine trip
is part of the engineered safety features actuation system (ESFAS).
Two-out-of-four logic is used to prevent false trips, ensure valid
trips, and allow for on-line testing. This logic system, however,
reduces to one element that generates the trip signal (i.e., a single OR
gate actuates a single relay which causes the turbine trip). If either
of these devices, the OR gate or the relay, is in an undetected failed
state, the turbine trip signal will not be generated from this circuit.

The same condition exists for the reactor trip on low water level, which
uses a two-out-of-four logic and has a single OR gate and a single relay
to generate the trip signal. If either the OR gate or the relay is in
the undetected failed state, reactor trip will not be generated.

The steam generators are protected from overpressure by a set of eight
safety valves, all of which can exhaust steam to the atmosphere. 1In
addition there is a flow-restricted venturi that limits the blowdown
rate of the generator in case of a steam line rupture inside the reactor
containment and upstream of the main steam isolation valves. Flow is
limited to prevent an excessive buildup of pressure in the containment
vessel in case of an accident. These protection devices do not require
any action by the control system, and there is no action that the
control system can take to stop the safety action of the valves if the
set points are exceeded. The safety valves can relieve 103.79% of the
full power steam capacity at a steam header pressure of 1035 psig.

In addition to these safety systems, an atmospheric blowdown line and
turbine bypass valves to the main condensers are used to reduce
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challenges to the safety valves and to limit the pressure in the steam
generator in case of a reactor trip.

Turbine bypass valves allow steam to flow directly from the steam
generator to the main turbine condenser without going through the
turbine. The capacity of each turbine bypass valve is 10% of the steam
produced at 100% power. This valve is installed to allow the steam
generator to dump its steam inventory (to the main condenser) without
opening the safety valves when a turbine trip occurs. It is also
sufficient to allow condensation of the steam generated from decay heat
without exceeding normal operating pressure, :

The atmospheric dump valve allows the steam generator to dump steam to
the atmosphere when the turbine and main condensers are not operating.
The atmospheric dump valve line entrance is located upstream of the main
steam isolation valve (MSIV), so pressure in the steam generator is
isolated from the rest of the reactor plant.

Each steam generator has separate isolation valves on both the main
feedwater and auxiliary feedwater lines. This enables a single steam
generator to be isolated from either or both feedwater flow headers.

The auxiliary feedwater (AFW) system has two steam turbine-driven pumps
(one of which is isolated from the loop by a hand valve) and an electric
motor-driven pump. The steam-driven pump has dc-powered controls. If
there is a power failure, the plant protection system will start one
steam-driven AFW pump after the reactor and turbine are tripped. If
there is a turbine and reactor trip with offsite power available, the
motor-driven pump will be activated. These control systems are safety
grade.

The lowest level (-170 in.) steam generator alarm will activate the
auxiliary feedwater actuation system (AFAS). The AFAS will start the
AFW pumps and, after an appropriate time delay, run back the main
feedwater (MFW) pumps and close the motor-operated valves that isolate
both of the steam generators from the MFW system. This procedure
assures continued availability of the MFW flow while avoiding the
possibility of emptying the pressurizer by overcooling the primary
system. After an additional preset time delay, the equipment will
remain in its actuated condition regardless of the steam generator level
until the operator resets the AFAS at the AFAS cabinets or from the
control room.

There are AFAS "block" signals provided for each steam generator. If a
low steam generator level is detected and, in addition, there is a high
differential pressure between the steam generators' secondary sides,
two blocking signals will be generated. Each blocking signal will shut
one of the two blocking valves in each of the steam-driven and
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motor-driven pumps' discharge lines to the indicated leaking steam
generator. This block makes the AFW unavailable to that steam generator
as long as the initiating conditions for the block exist. When this
block is present, the AFAS will not run back the main feedwater pumps.

B.7 FEEDWATER REGULATING SYSTEM

Calvert Cliffs has two fully separate feedwater regulating systems. (A
block diagram of the feedwater regulating system is shown in Fig. B13).
Each system controls the main and bypass feedwater valve for one steam
generator. Each steam generator level is compared to a set point and
modified by the ratio of steam flow to feedwater flow to adjust the
regulating valve. The main feedwater valves are automatically closed
and the bypass valves set to 5% flow following reactor trip. This
position can be overridden manually by the operator.

The feedwater regulating system receives primary ac power from separate
vital buses 1Y01 and 1Y02. Upon loss of an associated vital bus, the
feedwater regulating systems automatically transfers to separate
non-vital instrument buses 1Y09 and 1Y10. One vital bus and the
associated non-vital bus must be lost before one feedwater regulating
system is compromised, and both vital buses and both non-vital buses
must be lost before both feedwater regulating systems are compromised.

The main feedwater valve electric-to-pneumatic (E/P) position
controllers have solenoid valves on the air lines that use non-vital
instrument power. Each of the two main feedwater valves has a different
source of instrument power. Loss of non-vital instrument power will
fail the affected main feedwater valve position "as is."

The three-element main feedwater valve controller (FC1111, 1121)
receives inputs of steam fiow (FT1011, 1021), feedwater flow

(FT1111, 1121), and steam generator downcomer level (LT1111, 1121 or
LT1105, 1106). Steam and feedwater flows are provided to a comparator
(FY1112, 1122) prior to processing by the feedwater controller. The
steam and feedwater flow signals are summed in the comparator to produce
an error signal. The downcomer level is provided to a lead/lag unit
prior to processing by the controller. The lead/lag unit reflects
transients in the steam generator level. The level signal is summed
with the steam/feed flow error signal to produce a final signal to
control the feedwater valve. A steam generator level set point, which
is consistent with plant power level, is generated in controller
FIC1111, 1121 and fed into controller FC1111, 1121. The final signal
fed to the steam generator feedwater regulating valve controller adjusts
the regulating valve to attain the correct level in the steam generator.

Differential pressure transmitters sense the pressure drop across the
feedwater regulating valves and send signals to the feedwater regulating
valve differential pressure controllers (PDIC 4516, 4517). These
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controllers are set to maintain a 105-psig differential pressure across
the feedwater regulating valves. The controllers send error correction
signals to control feedwater pump turbine speed when the feed pump
turbine is in the automatic control mode. As power level and valve
position change, the correct feedwater differential pressure will be
maintained to ensure flow into the steam generators.

The three-element feedwater control system is used to control steam
generator level at power levels above 15%. At power levels below 15% or
upon turbine or reactor trip, the single-element feedwater control
system is used to control the level. The single-element control system
regulates the feedwater regulating bypass valve to control the level in
the steam generator. Below 15% power, steam generator shrink and swell
effects are not present to give false indication of steam generator
level. A steam generator level signal is generated by LT1105, 1106 or
LT1111, 1121, This signal is sent to the feedwater bypass valve’
controller (LIC1105, 1106) where the actual steam generator downcomer
level is compared with a level set point to produce an output signal
that is converted into a pneumatic signal, which operates the feedwater
bypass valve.

For additional details regarding operation of the feedwater regulating
system, see ref. U,

B.8 MAIN STEAM AND ATMOSPHERIC STEAM DUMP-TURBINE BYPASS CONTROL SYSTEM

The main steam system transfers steam from the steam generators to the
following equipment: ’

« main high pressure (HP) turbines,

+ moisture separator reheaters,

< main steam generator feedwater pump turbines,
< auxiliary feedwater pump turbines, and

« steam seal regulator.

A simplified schematic of the main steam system is shown in Fig. Bl1h4,
The atmospheric steam dump and turbine bypass control system functional
block diagram is shown in Fig. B15. The main steam system also provides
overpressure protection for the steam generators by relieving excess
pressure to the atmosphere or the condenser. Automatic removal of
nuclear steam supply system stored energy and sensible heat is provided
by the main steam system following a turbine and reactor trip.

B.8.1 Main Steam Flow Path

During normal plant operation, steam generated in the steam generators
flows through a main steam header to the main high-pressure turbine stop
valves. FEach main steam header has a flow restrictor and a main steam
isolation valve (MSIV). The two main steam headers from the steam
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generators are cross-connected downstream of the MSIVs. Steam from each
main steam header flows through air-operated control valves to the
auxiliary feedwater pump turbines. A smaller diameter branch header
provides a steam flow path to the moisture separator reheaters and to
the steam seal regulator.:- Another branch header, connected to the main
steam header, supplies steam flow to the main steam generator feedwater
pumps .

Each main steam header is provided with one atmospheric steam dump and
eight ASME-code safety relief valves, which are connected between the
containment penetration and the MSIV. These valves, normally shut, are
opened to exhaust main steam to the atmosphere. Four turbine bypass
valves are connected to the same branch header that supplies the main
steam generator feedwater pump turbines. These valves, which are
normally shut, are opened to exhaust steam to the main condenser.

B.8.2 Main Steam Components

Immediately downstream of each steam generator outlet nozzle is a
venturi flow restrictor. The flow restrictor serves to limit the main
steam flow rate in the event of main steam header rupture. Each flow
restrictor is designed to limit steam flow to approximately 170% of
normal flow. These components are designed to withstand a maximum
pressure and temperature of 1000 psia and 580°F.

Overpressure protection for the secondary side of the steam generators
and main steam header up to the inlet of the turbine stop valves is
provided by 16 spring-locaded ASME-code safety valves. The safety valves
are set to open sequentially, two at a time, when header pressure
exceeds and continues to rise above 985 psig. When all eight safety
valves on one main steam header are open simultaneously, these valves
are capable of relieving approximately 104% of the steam flow from one
steam generator.

A hydraulically operated MSIV is installed in each main steam header
between the code safety valves and the turbine stop valves. These
Y-pattern globe valves are capable of withstanding steam pressure and
temperature of 1085 psia and 580°F. The MSIVs are capable of shutting
against 1000 psig of steam pressure applied to the valve seat.

The MSIVs are installed to protect the steam generator and the reactor
from damage due to a rupture in the main steam header. The valves are
designed to close within 6 s of a SGIS. Quick closure prevents rapid
flashing and blowdown of steam generator water due to steam flow through
the rupture. Rapid removal of steam from the steam generator could
cause rapid cooldown of the reactor coolant. The SGIS is generated when
the steam pressure in the steam generator drops below 653 psia. A
blocking signal is necessary to block the SGIS actuation during normal
shutdown from power operation.
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The atmospheric steam dump and turbine bypass system is used to remove
stored energy and sensible heat following a turbine and reactor trip.
This system is used to control secondary steam flow so that the safety
valves are not frequently challenged. It can handle 45% of total
secondary steam flow. The atmospheric dump and turbine bypass system
comprises two atmospheric steam dump valves and four turbine bypass
valves.

The atmospheric steam dump valves are connected to the main steam header
between the containment penetration and the code safety valves. When
opened, both dump valves exhaust up to 5% of the total steam flow from
the steam generators.

The dump valves are designed to withstand a maximum steam pressure and
temperature of 1000 psig and 580°F. These valves fail shut and are -

equipped with a chain operator, which permits manual override. These
valves are designed to quick open at reactor power levels above 63% to
remove steam flow from the steam generators.

Four normally shut turbine bypass valves are connected to the steam
generator feedwater pump supply header downstream of MSIV 11. The
turbine bypass valves are air-operated, 10-in. globe valves fabricated
of carbon steel. When opened, the four valves are capable of passing
40% of the total secondary steam flow to the condenser. These valves
are designed to withstand a maximum steam pressure and temperature of
1000 psig and 580°F. The valve operators are equipped with handwheels
to permit manual operation should their controls fail to operate. When
the main turbine trips while the reactor is operating above 63% power,
the turbine bypass valves receive a quick-opening signal from the main
turbine control system. If the main steam pressure exceeds 895 psia
without turbine trip, the bypass valves are opened automatically.

The atmospheric steam dump and turbine bypass controls provide automatic
or manual control of the atmospheric steam dump and turbine bypass
valves during normal and emergency plant operation. During normal
operation, the atmospheric steam dump and turbine bypass valves are
designed to remain shut until the main turbine trips.

For a turbine trip, the Tayg error from the RRS is used to control the
atmospheric steam dump valve opening area. The larger of the secondary
steam generator outlet pressure or Tyyg error is selected to modulate
the turbine bypass valve position following a turbine trip. If the Tgy
error is greater than a set-point value (Tavg greater than 535°F usually
at about 63% reactor power), both the atmospheric steam dump and turbine
bypass valves receive a quick-open signal following turbine trip. Loss
of condenser vacuum or MSIV closure will result in a quick-close signal
to the turbine bypass valves. This signal will also prevent the turbine
bypass valves from opening to prevent damage to the condenser.
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Loss of dc bus 11 control power to the atmospheric steam dump and
turbine bypass controls will close or hold closed the turbine bypass
valves due to the quick-close action of the isolation solenoid valves.
An automatic close demand will also be signalled for the atmospheric
steam dump valves; however, manual control is also available for these
valves. Loss of instrument power to the valves will serve to close both
the atmospheric and turbine bypass valves.

The main steam system supplies steam to the auxiliary feedwater (AFW)
punp turbines when the auxiliary feedwater system is actuated. The
supply piping for the AFW pump turbines connects to each main steam
header between the containment penetration and the main steam safety
valves. Each supply line contains a steam supply isolation valve.
These valves are air-operated globe valves which are held shut by air
pressure from normally de-energized solenoid valves. The isolation
valves fail open upon loss of instrument air pressure.

The main steam system supplies steam to the moisture separator reheaters
of the reheat steam system. Main steam flows to the reheaters warming
the HP turbine exhaust steam before it enters the LP turbines. Normally
open isolation valves are provided on each line. These valves are motor
operated and each is equipped with a handwheel to allow manual operation
of the valve.

The main steam system has a dedicated drain system to provide removal of
condensation from the main steam piping. This system assists in
preventing turbine blade erosion and corrosion of the main steam piping.
It also serves to improve plqpt operating efficiency by returning
moisture from low points to the main condenser.

Additional details regarding operation of the main steam system can be
found in ref. 6. ;

B.9 COMPONENT COOLING SYSTEM

The purpose of the component cooling system is to maintain certain plant
components at their required operating temperatures by transferring heat
to the salt water system. The system also acts as an intermediate
barrier between the radioactive fluids in the components cooled and the
ultimate heat sink--the salt water system.

The component cooling system consists of three circulating pumps, two
heat exchangers, one chemical addition tank, and one head tank. Most of
the components including piping, valves, and instrumentation are located
in the auxiliary building. Cooling lines for containment components are
located inside the containment. A simplified schematic of the component
cooling system is shown in Figs. B16 and B17. For more information
regarding the component cooling system, see ref. 7.




d

LD

PINETRATION
coouns

1580 1Gg B CC W
a0

'@CC "

!

SUSALY IQADIRS TO COMMONINTS COOLID

(811 1G &0-3

73

==,

B16.

Component cooling system (sheet 1).

COOL™G
ADDITIVE

TanR
"

s

SACR UP FROM
CONDINEATE BYSTIM

ccr e

Ot MNEAALLIID
WATIA BYSTEM

ccr®

viny icc "m

COmPONENT
COOLING
LIE-REL LY
nim

CC- e

Yy '
oci»
i ccon
-[ 1 ch w l
L L]
cc v \ cc rer l o
b ol - l %)
10 RAD w1
WONITORING acis:
ccw CALY wATER SvsTEMm | " L
sveTEm (810 #g 40-& RADIATION [T -
4 o [P g =
COMPONINT COOUNG c ° samryy sYSTEM L
®EAT EXCHANGER 11O ccim COMPONENT COOUNG  RETURN
cC-vs W rUMPS (SI1 56 a0-8)
N 1310 NOTES Y ARD D T
SALY waTia ¥ PINITRATION
sias s €c my .
sveTIM ccn cooLiAs
cc J U €c 18 ccon cc = stanm ) i nftuan
Y Ve cardfccard 1500 $1G 40 &
o LS . N\ T 'f
v V I\ - ccmm J/L .
“ r
cu sAMSU cca 1/ PUMP 11U ccan
ace [ 317 /‘ y S y
I .
7T\
ccm ccm
P sias s cc ™
ﬁ/ F sTanTy 3018 =
< 4>
ccs £
* [}, ] \ ?
- S cc.120 1, } 4D“
™ J/ PUMP LAXD ccinr -
SALT waATER A \ P Wil
svstime 1 ccrp /r
COMPONINT COOLMG - A passrams con f J
At ERCHANGER cca & scae /\"
[N
1
2an - [
| _—L
SALT watln
[T 1 [ cc.131 ccw
ccw cc.ne . e
k ? L
Jd
I Y
c1
1°© ¢ e R ‘{/}
P13 ] -~ CCIN A CCin e n
L
r s g
cco » A
CCass
10 misc AFTURN HEADERS FROM
WASTE PROC COMPONINTS COOLED
SYSTIM D é 161G 40 3
LOCAL BAMPL o é

NOTE 1 ALL COMPONINT COOLING
PUMPS HAVE THE SAME
INSTAUMENTATION AS PUMP ININ
A COMPLETE LIST OF THISE
PLATURLS 15 GIvEn I TABLE $3

NOTL 2 NORMALLY ONLY Onl
PUMS AND HLAT [3CKANGEA
ARL OPLRATING

COMPONINT COOLIMG NEAT
CACHANGIN 1272 wAS Tl SAM{
WSTAUMINTATION AS 1INV

A COMPLETL LIST OF TitsL FlATUMY
g Civin INTAB B8

wOTE 3

3 R¥® pssazvizave-

LUIGEND

NORMAL
PLOW PATH

AyEIARY
FLOW PATH

CONTROL
SICNALS

CONTROL vALVE

AR SJT

AR OPIN

FAlL OPIN

FANL SnUT

SOLENDID VALVE
RELIES VALVE

UVIL TRANSMITTER
LIVEL DICATOR
UEVEL SWITCH

GAGE GLASS

nGN

VERY WIGH

Low

viay 0w

PAISSUAL TEST FOINY
PRELSURT SWITCH
RANDSWITCH
PRESSUAL INDICATON
PRISSUAL TRARSMITTES
TEMPIRATURE mDiCaTOR
TEMPIRATURE ELEMENT
VIBRATION LLIMINTY
VISRATION INDICATOR

SAFETY INJECTION
ACTUATION SIGhAL

oata {oG ot
LOW TEST POINT

TeMPIAATURL
INDICATO® CONTROLLER

POSITION SWITCH

Lot
Samn g

9§94

P

.
-
T T

»57

<

G- < <

GATE vALVE WORMALLY 0% m
CATE VALVE MORMALLY Ss0/T)
GLOSE VALVE MIORIALLY OPERN
GAOBE VALVE MORMMALLY SeasT)
SUTTIRLY VAIVE MORMALLY ORIM
BUTTERALY VALVE MORMALLY Sa/T
oucr vavt

ouo CEcE vVt

anGul varvi

3 WAY SOLENOD VALVE

. » PAA FOSTION
A, AR UMY
Nl = NORMALLY ENENGIED

a3

VISUAL SIDICATOR
0 o OMN
€ - GAosDd

AVOBLU VIBUAL ALARN

DAASY FUNNIL

PLANGED JOmT

THIMPORARY S AMR WG
xtust

AUTO vinY vaiVE




74

m~m [V L 4
»  missUN TUST MY
cc.288 sC rans pan
CV  CONTROR VALVE
—] ~ : SV SOUNOD VALYE
— ] WS MANDEWITCN
I8 POMTION SWATCH
a0 AmOmNS
SUPPLY KIADER SUPPLY NEADER TC TIST COMMCTON
DOWNSTRLAM CC 10 DOWNSTRIAM CC182 Y. TIL Vet
' 1840 #G 0. (SEL $1G 40- D)
i uere -M- GATE Va4 VE MORMALLY OFLM
TO 7. GEN. : a
SLOWDOWN RAD MOW.
UNM SAMPLE COOLEN r T -t —tf -N- GATE VALVE NORMALLY BiasTy
I \ -M- GLOSE VALVE IORMALLY OPEIS
b o cc1me \cc-n ccaa
-l / i— SUTTESFLY VALVE MIORMALLY OFSS

- 41_][ ]}u.q

<< OUO-CIECR VALVE
o 10 Mwrs ccas \ ccne F
LETDOWN MEAT EXCH YO waSTS HEAT EXCHANGER Y0 Gas
ne GAS AFTERCOOLER 551 $1G 40 17 ANALYZING UNTY
— 886 FIG 40 I ISIE G 4030 wOTL 2 1828 #1G 40-20) 0 eoud
~
Y ) WASTE EVAPORATORS - 3 WAY SOULENOD VALVE
10 10 U AT ISEE $1G 4013 ! - faa POBTON
i mndinid SHUTDOWN AND ot 12 A% - AR EgmY
COOLNG MTEX 12UD) rumrs
(SE1 1G 601 : 10 u 11oY
SEL 1IG 40 101 ISEL $1G 40V a s
* > YO RLACTON CINT 10 MISC WASTY ND s VIV
s - ™ ) W | eampLE COOLER SAMPLE COOLERS AND WL VI .W
ceim ce1m cen com ccao YO POST LOC! T05TM QEn  MNOTED rumrs .
MIAT EXCHANGER SAMPLE COOLERS ISR G 40 11 0  VEUAL BNOICATOR
| [ 2% ] AND CHILLEA A 0 « Omn
T c € - QO
" T
m":o:vvc'o'::n 70 ACP WA T0 KCP NAA 10 RCP 1128 10 ACP YU TO STM. GEN. vociom ccus g NG
(sa1 510 4081 18L8 MG 408 IS11 PG 0.8 (821 1IG 40-6) 1520 91 408 SUPPORT COOLIRS coouns o S, —— ——— n“'u"' '.°°! c: :-cml pr U
pnpiigesd (BEE 1IG 4010 IS8 FIG 0019 18U NG 45101
.
3 | aomsar e
ceans ccm V wJ surTumt
ccm ccas W
UNITY R DR U3 ac DR AUTD VENT vaive
TaNn wTER TANK HTEX Y v
gt Q. 400 K 1848 P
" Q4010 v -
[~ ] Y cCvm Y a ccaa /‘\' FENTTRATION
cca08
nOTES V.2 wOTES 1.3 A <L <
. ot
P > S
ccme
cC-3%0 RETURN HLADER | A
-l
o [
1828 06 402

NOTE 1 DUL TO PLANT ORHNTATION .
UNIT-Y BC DAAIN TANK HEAT - o L
EXCHANGER RIEEIVES COOLNG RITURN HEADER
FROM RCP 124 COMPONENT COOL-

WG OUTLET Wil ThE UNTT 2
HIAT ERCHANGEN 1S SUPPULD
ROM Tog ACP 228 OUTLET

NOTE 2 SUPPLIED BY THE UNIT 1 COMPO

NENT COOLING SYSTEM ONLY

®OTE 3 SUPPLILD BY Tni UNIT 2 COMPO
NENY COOLING BYSTIM OMLY

Fig. B17. Component cooling system (sheet 2).




75

The nonradioactive, chemically treated water circulated by the component
cooling pumps supplies the following loads:

« shutdown cooling heat exchangers;

« letdown heat exchanger; .

« mechanical seal cooler, lube o0il cooler, and thermal barrier for
each reactor coolant pump;

« control element drive mechanism coolers;

+ cooling jacket and aftercooler for each waste gas compressor;

+ mechanical seal cooler, stuffing box jackets, and bearing housings
for each high-pressure safety injection (HPSI) pump;

« mechanical seal cooler, bearing house, and stuffing box jacket for
each low-pressure safety injection (LPSI) pump;

e main steam, feedwater, reactor coolant letdown, reactor coolant
sampling, and steam generator blowdown containment penetration
coolers;

» reactor vessel support coolers;

« steam generator lateral support coolers;

+ reactor coolant drain tank heat exchanger;

< reactor coolant sample cooler;

» post-LOCI (loss-of-coolant incident) sample vessel heat exchanger;

« 8team generator blowdown sample coolers and chiller;

» miscellaneous waste sample coolers; E

« gas analyzer sample coolers;

»+ concentrator condenser, distillate cooler, vacuum pump seal water
cooler and vacuum pump discharge gas cooler for each waste
evaporator;

- steam generator blowdown radiation monitor unit sample cooler;

+ degasifier vacuum pump accumulator; and

+ miscellaneous waste heat exchanger.

B.9.1 Flow Path

During normal operation, one component cooling pump takes suction from
the two return headers and discharges to the normal and standby
discharge headers. This water flows through the in-service component
cooling heat exchanger, where heat is transferred to the salt water
system. The temperature of heat exchanger outlet water is controlled to
95°F by automatic positioning of the heat exchanger bypass valve and
operator throttling of the salt water outlet valve. Water leaving the
heat exchanger flows in parallel paths to various plant components.

The head tank functions to maintain the net positive suction head to the
component cooling pumps. It also serves to provide-a surge volume for
expansion and contraction of the system inventory.

The additive tank is used to change the chemical content of component
cooling system water. Chemicals in the tank are dissolved in the water
as the pump discharge is circulated to the tank. '
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B.9.2 Components

Three component cooling pumps are piped in parallel to the normal and
standby supply headers. Each pump is designed to supply 5000 gpm at a
discharge head of 100 ft. Each pump is driven by a 150-hp motor, which
receives power from a 480-V bus. Component cooling pump 11 is powered
by unit bus 11A, and pump 12 is powered by bus 14A. Component cooling
pump 13 can be powered by either unit bus 11B or 14B. A key interlock
prevents the potentially damaging arrangement of starting pump 13 from
two different power sources.

During normal operation, only one pump is required for component cooling
water circulation. Upon initiation of the SIAS, pumps 11 and 12 start
automatically if not already operating. Failure of pump 11 or 12 to
start within one second will result in the start of pump 13, provided
its disconnects are selected to the appropriate bus. ’

Loss of power to the 480-V unit buses will cause the cooling pumps to
trip. After the diesel starts and picks up the bus, the pumps can be
restarted manually. If a SIAS has been initiated, the cooling pumps
will automatically be sequenced back on.

The system contains pressure transmitters and alarms that detect and
annunciate inadequate operation of the pumps. Operator action to
restore component cooling flow is imperative for continued plant
operation.

The component cooling system contains two 35 in. by 30 ft piped in
parallel heat exchangers. Component cooling water flows through the
shell while salt water flows through the tubes to provide cooling.
Normal heat exchanger operation is such that the salt water heats 11 to
96°F, and the component cooling water cools 36 to 95°F,

During normal operation, one heat exchanger is sufficient to provide the
necessary heat removal. The heat exchanger outlet temperature is
maintained at 95°F for proper reactor coolant pump cooling by control of
the temperature control bypass valve.

The other component cooling heat exchanger is normally placed in
standby to increase system availability and reliability. 1In this mode,
the heat exchanger is lined up for normal operation with the exception
of the salt water outlet and heat exchanger outlet valves, which are
closed. 1In order to maintain proper component cooling outlet
temperature, these valves are opened as necessary. Plant cooldown and
post-LOCI cooldown are normally accomplished using both exchangers.
Both heat exchangers may also be necessary during hot weather when the
salt water temperature is warmer.

A component cooling head tank is used to provide static head to the
component cooling system through two normally open butterfly wvalves.
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The head from this tank provides more than the minimum net positive
suction head for the component cooling pumps. This 2550-gal tank also
serves as a surge volume for contraction and expansion due to
temperature changes in the closed system. Makeup is provided to the
system via the head tank by the demineralized water system and the
condensate system. The head tank is provided with transmitters to
annunciate high and low level conditions.

A 75-gal additive tank is provided for addition of a corrosion inhibitor
to the component cooling system. On a weekly basis the component
cooling water is sampled for corrosion inhibitance. Hydrazine must be
added occasionally to increase the corrosion inhibitance level. After
chemical addition to the additive tank is completed, the operator
establishes a flow path from the discharge of the pumps, through the
tank, and back to the pumps' suction. After adequate mixing into the
system, the flow is secured and the tank is placed in a wet layup
condition.

B.9.3 Component Cooling System Interfaces

The component cooling system interfaces with numerous systems throughout
the plant. Most of these interfaces are the loads which the component
cooling system supplies cooling water. The major interfaces are
discussed in this section.

The component cooling system interfaces with the radiation monitoring
system, but does not provide cooling water. Component cooling water is
circulated through the radiation monitoring system radiation detectors
to determine if there is any activity in the water. An indication of
high radiocactivity in the water is indicative of a reactor coolant leak.
Upon receipt of a high activity alarm, the operator determines the
validity of the alarm by

e reading the activity level indication on the radiation monitor,
» sampling the component cooling system, and
« monitoring the head tank level.

If high activity exists, it is imperative that the operator "feed and
bleed" the system to reduce the activity. To feed and bleed the system,
pure water is added to the head tank from the demineralized water
system, and activated water is diverted to the miscellaneous waste
processing system.

Component cooling is provided to each of the four reactor coolant pumps.
The flow path to each pump is subdivided into two streams; one for pump
seal cooling and the other for motor bearing lube 0il cooling.
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Pump seal cooling is divided into two side streams:

e thermal barrier cooling, which receives 17 gpm, and
+ seal water cooling, which receives 28 gpm.

Component cooling to the reactor coolant pumps must be controlled such
that the bleedoff temperature from the thermal barrier does not fall
below 125°F and the seal cavity temperature does not exceed 250°F.
Component cooling water must be maintained to RCPs whenever the coolant
temperature is greater than 175°F.

The cooling water to the motor bearing lube o0il coolers is also divided
into two streams; 150 gpm supplies the upper bearing lube o0il cooler and
5 gpm supplies the lower bearing lube o0il cooler. Proper cooling of the
lube o0il is necessary to prevent damage of these bearings and subsequent
motor damage. The heat load generated to the motor bearings is so great
that cooling water must be maintained for thirty minutes after the RCP
is tripped.

Loss of component cooling has a significant impact on continued plant
operations due to cooling loss to the RCPs. Component cooling must be
restored to operating RCPs within 10 min to prevent damage. The
operator is instructed to immediately stop the affected RCP if one of
the following conditions exists:

e flow is not restored within 10 min,
e seal cavity temperature reaches 200°F, or
+ thrust bearing temperature reaches 195°F,.

The letdown heat exchanger uses component cooling water to cool the
letdown from the outlet of the chemical and volume control system
regenerative heat exchanger. The purpose of this heat exchanger is to
provide sufficient cooling to the RCS letdown for ion exchanger
operation. Temperatures exceeding 145°F can damage the ion exchanger
resin.

Component cooling water flow must be adjusted to provide a constant
letdown temperature to the ion exchangers. A reduction in ion exchanger
inlet temperature increases the resin's ability for boron capture
because the ion exchanger affinity for boron is temperature dependent.
Greater boron capture results in increased reactor power, while
decreasing boron capture (higher inlet temperature) results in a power
decrease. Due to this temperature dependence, the operator must "be
especially alert to changing heat loads on the component cooling system.
The power increases described above are not significant in magnitude but
may result in an excursion above 100% power since normal operations are
usually held at full power. The operator may anticipate major
temperature changes and bypass the ion exchangers accordingly.
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Cooling water is also supplied to two control element drive mechanism
(CEDM) water-to-air coolers. This cooling permits long-term operation
and minimizes CEDM maintenance. Cooling water flows through the CEDM
coils removing heat from the CEDM shroud exhaust.

When the CEDMs are energized, the component cooling system should be in
operation to assist the CEDM ventilation system in maintaining the power
coils below 350°F. Each mechanism is provided a constant 800-cfm air
flow with an inlet temperature of 120°F. Loss of component cooling does
not have a critical impact unless air flow is also lost. Loss of water
cooling to CEDM shortens coil life. As the temperature increases, the
coil resistance for each CEDM increases, causing a current decrease.
Eventually, the control rods drop due to insufficient current.

Component cooling water is provided to three reactor vessel support
coolers and four steam generator lateral support coolers. This cooling
water flow protects the support bearing surfaces and structural concrete
from exceeding allowable temperatures in order to achieve a 40-y life
expectancy. Short-term loss of component cooling to the support cooclers
is not expected to result in significant failures.

Component cooling water is supplied to the two shutdown cooling heat
exchangers during plant cooldown, cold shutdown, and post-LOCI cooldown.
During normal operation, the shutdown heat exchangers are lined up to
cool the containment spray in the event of a CSAS. During shutdown
‘cooling, two component cooling pumps and two component cooling heat
exchangers are placed in service. For long-term cooling following a
LOCI, one pump and two heat exchangers are necessary to cool both
shutdown cooling heat exchangers.

In the event of a SIAS, the shutdown heat exchanger outlet control
valves open automatically by a control signal to the solenoid valve.
The shutdown cooling heat exchangers are then able to support
containment spray cooling and long-term cooling following a LOCI.

The high-pressure safety injection (HPSI) pumps are supplied cooling
water via the component cooling system. The HPSI pumps inject borated
water into the RCS during a loss-of-reactor-coolant accident. Due to
their safety function, these pumps have been designed to operate 2 h
without cooling. These centrifugal pumps require seal, bearing, and
stuffing box cooling for proper sustained operation.

The low-pressure safety injection (LPSI) pumps also receive cooling
water via the component cooling water system. These pumps are also
designed to operate 2 h without cooling water. During normal operation,
flow through the pumps is not required, but is maintained in preparation
for their sudden start. The LPSI pumps serve two purposes:
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« inject large quantities of borated water into RCS during a LOCI.
e provide flow through the reactor core and shutdown cooling heat
exchangers during shutdown cooling.

Component cooling water also flows through the containment penetration
coolers for the following penetrations:

e main steam,

« feedwater,

e steam generator blowdown,

e reactor coolant letdown, and
e reactor coolant sampling.

The purpose of these coolers is to reduce thermal stress on the
containment. Complete 1oss of cooling will not result in any
significant failure, but the concrete in the areas of the penetrations
will be weakened.

The reactor coolant waste evaporators and the miscellaneous waste
evaporator require cooling water and represent a major load on the
component cooling system when placed in operation. The primary cooling
load for the waste evaporators is the concentrator condenser, which
requires 1100 gpm of cooling water. During a LOCI, the CIS closes the
waste evaporator supply isolation control valves, eliminating these
major nonsafety loads. In the event of loss of component cooling, the
operator should secure the evaporator to prevent damage and possible
personnel injury.

Component cooling water is supplied to the waste gas compressor when it
cycles on. The purpose of these compressors is to compress gases
collected in the surge tank for discharge to the gas decay tanks.

Component cooling water is continuously supplied to the reactor coolant
drain tank heat exchanger. Heat exchanger cooling is necessary to
protect the reactor coolant drain tank from overheating and
overpressurization.

B.10 SERVICE WATER SYSTEM

The service water (SRW) system is designed to remove heat from turbine
plant components, containment cooling units, the spent fuel pool, and
emergency diesel generator heat exchangers. Heat is transferred from
the SRW system to the salt water system via the SRW system heat
exchangers. This section provides a description of the SRW system (for
more information, see ref. 8). Figure B18 provides a functional block
diagram of the SRW system.

The SRW system functions as one system in the turbine building and as
two subsystems in the auxiliary building. The two subsystems are
required to function independently to the degree necessary to assure
safe shutdown of the plant in the event of a component failure. Each
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subsystem includes a head tank, an electric-driven pump, and a heat
exchanger. A third SRW pump is provided as backup and may be
cross connected to supply either subsystem.

The SRW system provides heat removal for the following components in the
auxiliary building:

« two spent fuel pool cooling heat exchangers
« four containment air coolers

e three emergency diesel generators

« two SG blowdown recovery heat exchangers.

Turbine building components receive cooling water through four
air-operated isolation valves. These valves shut on a SIAS to reduce
the heat load and isolate nonsafety related equipment. The SRW system
supplies cooling water to the following components in the turbine
building:

e three circulating water system priming pumps

< four condenser vacuum pump seal water coolers

« three condensate booster pump seal water and lube o0il coolers
« three air compressors and three after coolers

e electrohydraulic power plant oil coolers

« auxiliary feed pump room air conditioner condenser
- main feed pump lube 0il coolers

+ two turbine lube oil coolers

« four hydrogen coolers

+ generator exciter air coolers

- two generator isolated phase bus duct coolers

« sampling system mechanical chillers

« nitrogen compressor.

During normal plant operation, two of the three SRW system pumps are
operating with the third pump in standby. The third pump is normally
aligned to subsystem 12 and electrically powered from 4-kV bus 11. Both
SRW heat exchangers are used during normal plant operation.

During a LOCI, a SIAS will automatically start the primary SRW pumps if
they are not already operating. If either fails to start, the standby
pump will be started. A SIAS will also isolate service water flow to
turbine building components, reducing nonessential system heat load. A
CSAS will cause valves in the containment coolers to open, increasing
SRW flow through the coolers.

B.10.1 Components

Service Water Head Tanks

Two 2300-gal head tanks provide positive suction head for the SRW system.
The head tank level is automatically maintained by a level control valve.
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A level switch for each tank signals a solenoid valve to close, which
permits the level control valve to open. Makeup water to the head tanks
is supplied from the demineralized water system or the condensate
system.

Service Water Pumps and Motors

Each of the three SRW pumps is driven by a 400-hp electric motor that
rotates at 1185 rpm. Each pump is able to supply 7050 gpm at a 180~ft
head. The pump seals are lubricated by controlled water leakage past
the seals. Instrumentation is provided on each pump to detect bearing
temperatures and excessive vibration.

The normally operating pumps (11 and 12) take suction from the subsystem
return header via a butterfly isolation valve. The pumps discharge
service water through a check valve and isolation valve to the subsystem
discharge header. The discharge headers contain temperature and
pressure sensors that energize an alarm on low (<85 psig) pressure. The
discharge headers supply water to service water heat exchangers and are
connected to the chemical additive tank and the miscellaneous waste
processing system.

SRW pump 11 receives power from 4-kV bus 11, while pump 12 receives
power from Y4-kV bus 14. SRW pump 13 may receive power from bus 11 or
14, depending upon how its disconnect links are aligned. Kirk-key type
interlocks prevent pump 13 from being energized from two buses
simultaneously. SRW pumps 11 and 12 contain start and stop logic
circuitry. Start cycle limitations are imposed on the pumps because of
excessive heat generation in the windings caused by the starting
circuit.

Service Water Heat Exchangers

Two service water heat exchangers transfer heat from the service water
on the shell side to salt water on the tube side. Design temperature
and pressure of the tube side of the heat exchanger are 200°F and

50 psi, while shell side parameters are 200°F and 175 psi. Actual
operating conditions are substantially lower.

SRW temperature entering the shell side of the heat exchanger is 110°F
and exit temperature is 95°F. Salt water temperature entering the tubes
is 85°F and exit temperature is 95°F. Normal inlet temperature on the
tube side will vary with seasonal temperatures. The design heat load on
each heat exchanger is 105 x 10® Btu/h, and 120 x 10% Btu/h during a
LOCI. The salt water outlet of each heat exchanger has a temperature
indicator which annunciates in the Control Room if the temperature
reaches 95°F.

The heat exchangers were designed based on maximum salt water flow, and
the salt water flow should be at maximum prior to admission of service
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water to the shell. During shutdown operation, salt water flow should
be continued until the SRW pumps have been stopped. Care should be
exercised during startup of a heat exchanger to assure that it is
properly vented; an air-free system must be maintained to ensure proper
system operation. Periodic monitoring of heat exchanger temperature and
pressure is necessary to assure proper operation.

Chemical Additive Tank

The SRW system is designed to permit addition of chemicals and discharge
of service water should it become contaminated. In order to minimize
corrosion in the system, hydrazine may be added to the system. A

75-gal chemical addition tank is included in the system to provide
dissolution of chemicals into the system. Differential pressure across
the SRW pump provides the driving head for chemical injection.

Should the service water system become contaminated with radioactivity,
provisions are incorporated in the design to permit discharge of '
contaminated water to the miscellaneous waste processing system.
Contamination is reduced by dilution of the system with water from the
demineralized water system. Valve SRW-305 may be opened to permit
discharge of service water to the miscellaneous waste processing system.

B.10.2 Auxiliary Building Loads

The SRW system is divided into two subsystems in the auxiliary building
in order to meet the single-failure design criteria., Auxiliary building
heat loads are safety-related with the exception of the blowdown
recovery heat exchanger.

Spent Fuel Pool Cooling Heat Exchangers

Two spent fuel pool cooling heat exchangers maintain the pool
temperature below the design limit. These heat exchangers are
horizontal, counterflow type with a SRW inlet temperature of 95°F and an
outlet temperature of 106.5°F. Heat exchanger 11 is supplied service
water from Unit 1 subsystem 12 header, while exchanger 12 is supplied by
a Unit 2 subsystem header.

Service water is supplied to the shell side of the heat exchanger and
pool water is supplied to the tubes. Upon receipt of a CSAS, the inlet
and outlet control valves automatically close in order to provide
maximum -flow to the .containment coolers. These valves are designed-to
fail shut upon loss of control power or loss of pneumatic supply.

The return line from the heat exchanger is monitored for radioactivity,
and readings in excess of 1000 counts/min are alarmed in the Control
Room. An alarm would be indicative of a heat exchanger tube failure
with failed fuel in the pool.



85

Containment Coolers

Four containment coolers are provided in each unit to remove heat from
the containment during normal operation and also in the event of a LOCI.
Containment coolers 11 and 12 are normally supplied by SRW subsystem 11,
with coolers 13 and 14 supplied by subsystem 12. However, manual valves
are in place to permit the supply of any cooler by either header. The
supply line to each cooler has an air-operated, normally open stop valve.
These valves are designed to fail in the open position.

The return line from each cooler contains two air-operated stop valves
piped in parallel. One valve located on a U4-in. line is used for normal
operation cooling requirements. The parallel line is 8 in. diam. and
its valve is automatically opened upon receipt of a CSAS. A third
parallel, manually operated valve is also provided to permit flow should
the 8-in. valve fail following a CSAS.

During normal operation, less than four coolers are operating to remove
containment heat. The fourth cooler usually serves as a spare with its
inlet valve open and outlet valve shut. Depending on weather
conditions, the fourth cooler may be valved into operation. Each
containment cooler has a normal flow of 550 gpm with a heat removal
capability of 2.2 x 10% Btu/h. During a LOCI the water flow is
increased to 2000 gpm by the opening of the parallel 8-in. valve, which
boosts the heat removal capability to 95 x 10¢ Btu/h.

Emergency Diesel Generator

Three emergency diesel generators are supplied service water for cooling
of the heat exchangers for lube oil, diesel jacket water, and diesel air
subsystems. Service water flows through the tubes of all three
exchangers.

Diesel generator 11 receives service water from Unit 1 subsystem 11,
while Unit 2 SRW subsystem 22 supplies diesel 21. Diesel 12 may receive
service water from either Unit 1 subsystem 12 or Unit 2 subsystem 21.
Pressure-sensing valves, located in the supply and return line of each
subsystem, sense subsystem pressure and the position of the alternate
supply and return sensing valves. If any deviation in normal operation
of the primary subsystem is detected, the pressure-sensing valves shut
and the alternate set of pressure-sensing valves open automatically.
These valves fail open upon loss of instrument air.

Additional redundancy is provided by cross-connects in the service water
system design. Diesel generator 12 can also receive service water from
Unit 1 subsystem 11 by opening two manual valves. Unit 2 subsystem 22
may also supply diesel 12 by opening two other manual valves. The same
sets of cross-connects may be used to supply diesel 21 from Unit 1
subsystem 12, and diesel 11 from Unit 2 subsystem 21.
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Service water is supplied to each diesel generator through an
air-operated cooling water supply valve. These valves automatically
open upon receipt of a signal from the diesel jacket coolant pump speed
switch. These .valves, once opened, are modulated by a differential
pressure controller that maintains 5 to 7 psid across the three diesel
generator heat exchangers.

Blowdown Recovery Heat Exchanger

The SRW system supplies cooling to two blowdown recovery heat
exchangers, one located in each plant. There are two blowdown recovery
heat exchangers in series; one is cooled by condensate and the other by
service water.

The service water flows through the tube side with a design pressure and
temperature of 350 psig and 200°F. Service water enters the heat
exchanger through manually operated valves. Service water temperature
and pressure are indicated locally on the discharge side of the heat
exchanger. Overpressure protection is provided by relief valves on both
the shell and tube sides of the heat exchanger.

B.10.3 Turbine Building Loads

The turbine building components receive service water through air-
operated valves SRW 1600-CV, 1637, 1638, and 1639. These valves are
automatically shut on a SIAS to permit additional flow to the
containment coolers.

Circulating Water System Primary Pumps

Service water is supplied to the priming pump seal water coolers through
manually operated inlet and outlet valves. Two of the three priming
pumps are normally in automatic operation with service water flowing to
the seal water coolers. Standby pump cooler inlet and outlet valves are
closed, and outlet valves on the operating coolers are throttled to
maintain optimum outlet temperature.

Condenser Vacuum Pump Seal Water Coolers

Service water is supplied to four condenser vacuum pump seal water
coolers through a pressure regulating valve, CV-1627. This valve is
maintained at 80 psig by a pressure-indicating controller. During
normal operation service water is -supplied to three pump coolers, .
although only two of the pumps are operating. The standby pump is ready
for automatic starting if needed. The fourth pump is isolated with its
SRW inlet and outlet valves closed. The outlet valves for the pump seal
water coolers are throttled to maintain the optimum temperature for pump
operation.
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Condensate Booster Pump Lube 0il and Seal Water Coolers

Service water is supplied to condensate booster pumps for both lube oil
and seal water cooling. Service water is supplied to the lube oil
coolers via manually operated inlet and outlet valves. Temperature
control valves on the service water outlet of the lube o0il coolers
maintain the temperature between 110 and 120°F. Two seal water coolers
are provided for each condensate booster pump, one for each end seal.

Compressed Air System

Each Calvert Cliffs unit has a compressed air system that includes two
instrument air compressors, one plant air compressor, and three
aftercoolers. Service water pressure to these components is regulated
at 55 psig by pressure control valve SRW-1628-PCV. Flow to each
component is directed through a solenoid-operated supply valve. These
valves open automatically on a signal from the compressor motor
controller. Service water flow through the compressor cooling jacket is
automatically adjusted by a temperature control valve to maintain the
outlet water temperature at 110°F. The aftercooler valve is manually
throttled to maintain the outlet temperature within 15°F of the inlet
temperature.

Eight pressure relief valves provide overpressure protection for the
compressors and aftercoolers. Temperature indication is also provided
for the three components including the inlet of each compressor and the
outlet of each compressor and aftercooler. Auto vent valves are
installed to prevent an air-to-water leak, which would air bind the
SRW system.

Electrohydraulic Control System 0il Coolers

The SRW system supplies cooling water to two electrohydraulic oil
coolers. Each cooler has temperature indication as well as
overpressurization protection. Service water flow through the coolers
is modulated by control valve SRW-1628-CV on the supply header. This
control valve is positioned by a temperature-indicating controller to
maintain the oil temperature between 110 and 115°F. During normal plant
operations, only one cooler is necessary to cool the heat load from the
electrohydraulic control system.

Auxiliary Feed Pump Room Air Conditioner Condenser

Service water is supplied to the auxiliary feedwater pump room air
conditioner condenser to remove heat. Flow to the condenser is
regulated by a pressure control valve, and two manually operated valves
are provided for isolation of the condenser.



Main Feed Pump Lube 0Oil Coolers

Service water is supplied to the main feed pump lube o0il coolers, which
are located next to the feed pump lube o0il reservoir. A
temperature-indicating controller maintains the lube o0il temperature
between 120 and 130°F. Each cooler has temperature indication and
pressure relief protection.

Turbine Lube 0il Coolers

Each unit contains one turbine lube o0il cooler, which is supplied flow
from the SRW system at 2000 gpm. A control valve automatically adjusts
the flow of service water to maintain the lube o0il reservoir temperature
between 120 and 130°F. A temperature-indicating controller positions
the service water control valve.

Generator Hydrogen Coolers

Service water is supplied to four generator hydrogen coolers located on
top of and inside the unit generator casings. The service water
manually operated inlet and outlet valves are normally open. The
hydrogen temperature is regulated by a temperature-indicating
controller, which modulates the control valve (CV-1608) on the service
water outlet of the cooler. The temperature-indicating controller
maintains the hydrogen cooler outlet temperature between 80 and 114°F.

Generator -Stator Liquid Cooler

Service water is also used to remove heat from the generator stator.
Two stator liquid coolers are provided on Unit 1, and during normal
operation service water is supplied to both. Constant service water
flow is maintained and temperature control is determined to be
unnecessary. Pressure and temperature indication is provided on the
cooler outlet side; overpressure protection is provided by a relief
valve set at 150 psi.

Generator Exciter Alr Coolers

Service water is used for heat removal from the generator exciter air
cooler located inside the generator housing. The temperature is
regulated by modulating a control valve on the outlet side of the cooler.
A temperature-indicating controller maintains the temperature between

120 and 130°F.

Generator Isolated Phase Bus Duct Coolers

Two generator isolated phase bus duct coolers are cooled by service
water. The coolers are located inside a housing on each end of the
turbine building. Circulating fans move air over the coolers to
transfer heat from the generator buses. The inlet and outlet isolation



89

valves are normally in the open position. Two control valves open to
admit service water flow through the coolers when the circulating fans
are energized. The valves are not throttled because temperature control
is unnecessary. ’

Turbine Plant Sampling System Coolers

Service water is supplied to the mechanical chillers used to cool the
isothermal bath heat exchangers. The chiller inlet valve is normally
open, and the manually operated outlet valve is used to throttle the
service water flow. No temperature limits have been established for the
service water flow.

Nitrogen Compressor Cooler

Service water is used for heat removal from the nitrogen compressor
interstage and aftercooler. Service water inlet pressure is maintained
at 55 psig by a pressure control valve. No specific temperature limits
have been established, but the outlet valve is throttled to maintain the
temperature of the compressor warm to the touch.

B.11 SALT WATER COOLING SYSTEM

The purpose of the salt water system is to transfer heat from various
turbine and reactor plant components to Chesapeake Bay. It also
supplies cooling water to the circulating water pump seals, the
condenser tube bulleting system, and the water jet exhauster. This
section is a brief description of the salt water system abstracted from
ref. 9. Figure B19 is a schematic diagram of the salt water system.

B.11.1 System Components

The salt water system consists of three pumps and the necessary piping
for distribution of the bay water to the proper components and its
return to the discharge conduit. There are two supply headers, 11 and
12, Supply header 11 may be used as an emergency discharge header in
the event of a rupture downstream of the emergency core cooling system
pump room air coolers, component cooling, or service water heat
exchangers. Header 11 can be supplied by salt water pumps 11 or 13;
header 12 can be supplied by salt water pumps 12 or 13.

Power to the salt water pump motors comes from the plant 4160-V bus.
Salt water pump motor 11 receives power from U4-kV bus 11 and salt water
pump motor 12 receives power from U4-kV bus 14. Pump 13 can receive its
power from either bus 11 or 14 using key-operated disconnect links
located in the switchgear rooms.

Pumps 11 and 12 will automatically start on a SIAS or SDS signal if
their control switches are in the "auto" position. Pump 13 starts only
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A

if the other pump motor, which is connected to the same bus, fails

to start within 1 s of receiving the start signal. The motor on pump 13
is interlocked so that it can not be energized from two different buses
at the same time.

Each unit at Calvert Cliffs has three pumps, each able to supply

15,500 gpm at 68 ft head. Each pump is a single-stage centrifugal unit
driven by a 450-hp electric motor. Salt water demand during power
operation is 31,000 gpm, requiring operation of both pumps. Following a
LOCI, one salt water pump is sufficient to supply the cooling water
requirements of a unit.

B.11.2 System Loads

Circulating Water Pump Seals

The circulating water pump seals are supplied filtered salt water from
either pump header 11 or 12. This seal water is maintained at 12 to

15 psig with a flow rate ®™f 3 to 6 gpm by a pressure control valve. A
low-pressure alarm annunciates on a control room panel when the pressure
drops to 11 psig.

Condenser Tube Bulleting System

The tube bulleting system is supplied by salt water supply header 12

via the salt water booster pump. The salt water booster pump is used to
raise the header pressure from 40 to 200 psig to facilitate tube
bulleting. This is the only place at which the two Calvert Cliffs units
can be cross-connected. The tube bulleting system normally is shut down
and its salt water supply valve from No. 12 salt water supply header

is shut.

Circulating Water Pump Room Air Coolers

Six air coolers are used to remove the heat produced by operation of the
circulating water pump motors. These coolers are supplied by salt water
supply header 12 only. These coolers are isolated by closing two motor
operated valves upon receipt of a SIAS. Flow at the outlet of the
coolers is mechanically adjusted and set at startup.

Water Jet Exhauster

The jet exhauster is supplied salt water to provide startup of the
screen wash system. Once a screen wash pump is running and the screen
wash header is pressurized, it alone can facilitate priming of the other
screen wash pumps. Upon a SIAS, the water jet exhauster salt water
supply will be shut off.
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Component Cooling Heat Exchangers

No. 11 component cooling heat exchanger is supplied salt water from salt
water supply header 11, while heat exchanger 12 is supplied from

header 12. The salt water supply inlet and outlet control valves are
opened and shut by the same hand switch. A SIAS closes both valves so
that maximum cooling can be supplied to the containment coolers. Both
control valves are reopened upon a RAS to provide cooling of the
containment spray.

ECCS Pump Room Air Cooler

Pump room air coolers 11 and 12 are supplied by salt water headers 11
and 12 respectively. Two remotely operated control valves are
associated with ECCS pump room air cooler No. 11. Both valves can be
opened by the same hand switch, or both valves are opened when the
cooler fans receive a start signal from a local temperature switch.

Service Water Heat Exchangers .

Service water heat exchangers 11 and 12 are supplied by salt water
headers 11 and 12 respectively. Each heat exchanger has two remotely
operated control valves, one each for the inlet and the outlet. A hand .
indicating controller enables throttling of the outlet control valve for
control of SRW system temperature.

B.12 CALVERT CLIFFS AC ELECTRICAL DISTRIBUTION SYSTEM

B.12.1 500-kV System

The following description applies to Calvert Cliffs-1, but because
Units 1 and 2 are electrically interconnected, much of the description
includes Unit 2 equipment. The system description begins with the
500-kV switchyard and includes each voltage level down to the 120-V ac
instrument buses.

The 500-kV switchyard is designed to be the interconnection point
between the plant electrical distribution system and the bulk power
transmission system. (Refer to Fig. B20 for the following description.)
Electric power is supplied from the power grid system to the switchyard
by two physically independent transmission lines (5051 and 5052). Two
physically independent circuits supply electric power from the
switchyard to the on+site electrical distribution system through the two
500-kV/13.8-kV plant service transformers (P-13000-1 and P-13000-2).

The main generators feed electrical power generated at 25 kV and 22 kV
for Units 1 and 2, respectively, through the unit transformers (U-25000
and U-22000) to the 500-kV switchyard.
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The 500-kV switchyard normally operates with all breakers closed.
Opening and closing the breakers can be accomplished locally in the
switchyard control house or remotely from the plant main control room.
The circuit breakers have dual trip coils on separate isolated dc
control circuits and breaker failure relays to trip adjacent breakers.
The 125-V de control power is supplied from two 59-cell batteries
located in the switchyard. Each can supply the switchyard dc power
requirements for 8 h without recharging. Two battery chargers (powered
from U4-kV ESF buses 11 and 21) keep the batteries fully charged and
supply the 125-V dc¢ power requirements under normal conditions.

B.12.2 13.8-kV System

The plant (Units 1 and 2) 13.8-kV distribution system (Fig. B20)
consists of two 500-kV/13.8-kV plant service transformers (P-13000-1 and
P-13000-2); five service buses (11, 12, 21, 22, and 23); eight reactor
coolant pump buses (11P, 12P, 13P, 14P, 21P, 22P, 23P, and 2U4P); and one
13.8-kV line from Southern Maryland Electric Cooperative (SMECO).
Service buses 12 and 22 supply power to the reactor coolant pump buses,
and service buses 11 and 21 supply power to the U4160-V distribution
system through the six 13.8-kV/U4,16-kV service transformers (U-4000-11,
-12, -13, -21, -22, and -23). Service bus 23 receives power from the
SMECO 13.8-kV line and can be used to supply either bus 11 or 21 to
supply the power necessary to maintain both units in a safe shutdown
condition in the event normal off-site power fails.

The 13.8-kV unit switchgear for the service buses is metal clad with
removable air circuit breakers designed for outdoor installation. Relay
protection, ground connections, and structural safeguards are provided
to assure adequate personnel protection and to prevent or mitigate
equipment damage during system fault conditions. Dc control power is
required for remote control and for operation of the protective relays
of the 13.8-kV circuit breakers.

Operation of all 13.8-kV equipment is effected and monitored in the
control room. During normal operation both plant service transformers
are energized and share the total plant load. The capacities of the two
plant service transformers and associated switchgear and cable are such
that either one of the transformers can supply the total auxiliary load
of both units but not the normal operating load of both units. All
reactor coolant pump motors (RCPs) for Unit 1 are fed from service
transformer P-13000-1 and the RCPs for Unit 2 from service transformer
P-13000-2.

B.12.3 4160~V System

The 4160-V distribution system (Fig. B21) is designed to supply power

during normal and accident conditions. The system will supply power to
the 4160-V auxiliary loads from the 13.8-kV system through the six unit
service transformers to twelve U4160-V buses (11, 12, 13, 14, 15, 16, 21,
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22, 23, 24, 25, and 26)--six per unit. Two of the 4160-V buses for each
unit (11 and 14 for Unit 1, 21 and 24 for Unit 2) supply power to the
engineered safety features (ESF). The two ESF buses in each unit feed
identical and redundant ESF equipment, and can be supplied from separate
emergency diesel generators (DG-11, 12 or 21). :

The 4160-V buses are metal-clad switchgear assemblies with draw-out air
circuit breakers. Relay protection, ground connections, and structural
safeguards are provided to assure adequate personnel protection and to
prevent or mitigate equipment damage during system fault conditions.

Dc control power is required for remote control and operation of the
protective relays for the 4160-V circuit breakers. With loss of dc
control power, the breaker cannot be operated remotely and all relay
protective functions are inoperable, but the breaker can be tripped by
manually pushing the trip lever located on the breaker. The breaker can
be closed manually by pushbutton on the breaker when the closing spring
is fully charged, but because the breaker trip relays would not be
operable an operator would be very cautious about closing the breaker
without dc power. '

With the exception of the non-Class 1E feeder to the south service
building, all 4160-V feeder breakers can be operated from the control
room. Normally the feeders to buses 11, 12, and 13 are from unit
service transformer U-4000-11; bus 14 from U-4000-21; bus 21 from
U-4000-12; buses 22, 23, and 24 from U-4000-22; buses 15 and 16 from
U-4000-13; and buses 25 and 26 from U-4000-23. However, each bus has an
alternate source for use when the normal source is not available. All
bus transfers from normal feeders to alternate feeders and return
transfers are manual. The only automatic transfer is from off-site
power to diesel generators after off-site power has failed.

The plant power system includes diesel generators (Fig. B22) that supply
power to essential ESF equipment and to selected non-class 1E loads if
the normal power supply is not available. The emergency power sources
consist of three 4160-V, 3-phase, 60-Hz diesel generators rated at
2500-kW each. If one of the three diesel generators should fail to
start or carry the load, the remaining two diesels have the capacity to
power the required loads.

The diesel generators are started automatically by either a bus
under-voltage or a SIAS; however, in the latter case, actual transfer to
the bus is not made until the preferred source of power is lost. There
are three control circuits, one for each of the diesel generators.
During normal conditions with all three diesel generator units
available, DG-11 is preselected to power bus 11, DG-21 is preselected to
power bus 24, and DG-12 is set up to power bus 14 or 21,

Preselection of a diesel generator to power a given 4160-V bus is
accomplished by closing the disconnect to the selected bus. The
disconnects are key interlocked to prevent simultaneously connecting two
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diesels to a single bus or simultaneously closing more than one
disconnect of a single diesel generator, except DG-12 where closure of
the disconnects for bus 14 and 21 is permitted.

The U480-V ac system (Fig. B23) consists of single-ended and double-ended
unit load centers each supplied from a separate 4160/480-V unit service
transformer. Four of the 480-V unit load centers for each unit (114,
11B, 14A, and 14B for Unit 1; 214, 21B, 24A and 24B for Unit 2) supply
power to ESFs.

B.12.4 480-V System

The U80-V unit load centers consist of metal-clad switchgear with
draw-out air circuit breakers. The motor control centers (MCCs) fed by
the 480-V unit buses are metal enclosed with removable breaker and
starter combination modules. Relay protection, ground connections, and
structural safeguards are provided to assure adequate personnel
protection and to prevent or mitigate equipment damage during system
fault conditions. The 480-V loads are protected by the amptector solid
state trip device that receives its actuating energy from the sensors
and supplies a pulse of tripping current to a direct trip device. These
devices do not require dc power to trip the breaker on a fault condition.
However, the U480-V breakers that can be operated remotely require dc for
remote operation.

The U48B0-V buses of particular interest to this program are reactor MCC
104R and reactor MCC 114R. These two MCCs power the 120-V ac instrument
buses and also power the pressurizer PORVs and the pressurizer PORV
isolation valves. MCC 104R is in Class 1E division ZB, and MCC 114R is
in Class 1E division ZA. MCC 104R supplies instrument bus 1Y10 and

MCC 114R supplies instrument bus 1Y09.

B.12.5 250-V dc Emergency Pump System

The 250-V dc emergency pump system is designed to sdpply power to the
backup lube o0il and seal oil pumps in case of loss of auxiliary ac power
or failure of the normal ac pumps. The 250-V dc emergency pump system
consists of one 250-V bus, one battery, and two battery chargers. One
battery charger is powered from 480-V unit bus 11A and the other from
480-v unit bus 21A. .

The 250-V dc emergency pump system is incapable of continually supplying
all connected loads. It can power the largest connected load when
operating in the designed state. It does have the capacity for orderly
shut down of the main and feedwater turbines without ac power .

Failure of the system to provide emergency lubricating and seal oil
could result in turbine damage, which affects the regulating system
response only if the main feedwater pumps are required for shutdown heat
removal.
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B.12.6 125-V dc I&C System

The 125-V de¢ and 120-V vital ac systems (Fig. B24) for the plant are
divided into four independent, isolated channels. Each channel consists
of one battery, two fully rated battery chargers, one dc bus, multiple
dec unit control panels, and two inverters. Each inverter has an
associated vital ac distribution panelboard. Power to the dc bus, dc
unit control panels, and inverters is supplied by the station batteries
or one or both fully rated battery chargers. One battery charger for
each bus is supplied from an MCC in Unit 1 and the second charger from
MCC in Unit 2. The sources of 125-V de¢ control power for the various
distribution buses are listed in Table B3.

A reserve 125-V dc system for the plant is completely independent and
isolated from all four channels, yet is capable of replacing any of the
125-V batteries. This system consists of one battery, one battery
charger, and associated dc switching equipment.

The 120-V vital ac system provided for each unit has four separate
distribution panelboards that provide power to the four reactor
protection system channels and the four ESFAS channels. Each panelboard
is supplied by an inverter with its own dc feeder from a separate
battery and can be manually switched from the inverter to a 120-V ac
back-up bus (one for Unit 1 and one for Unit 2) fed from an ESF MCC
through a regulating transformer. Interlocks are provided on each
inverter manual transfer switch to ensure that each back-up bus will
have no more than one vital bus connected to it. Vital buses 1Y01 and
1Y02 provide power to some of the reactor regulating systems in Unit 1.
These control systems and their power sources are identified in
Appendix D.!°

B.12.7 120-V ac Instrument Power

The 208-120-V ac instrument system is designed to furnish power to all
plant instruments other than those supplied from the dc and vital ac
systems. The ac instrument system for each unit is divided into two
panelboard sections, 1Y09 and 1Y10, each supplied by a single
three-phase transformer connected to an ESF MCC. The two instrument
panelboards are connected through two normally open disconnects. The
control systems powered by these instrument buses are identified in
Appendix D.

B.13 INSTRUMENT AIR SYSTEM
The purpose of the instrument air (IA) system is to provide dry, oil-

free air as needed throughout the plant for pneumatic valves,
instruments, and controls.
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Table B3. 125-V dc breaker control panel.

13.8-kV Distribution System

Bus 11 DC11-14 DC12-3 Bus 21 DC25-14 DC26-3
12 DC12-4 DC13-14 22" DC26-4 DC27-4
11p  DC11-13 DC12-1 23 DC26-12
12p  DCl2-2 DC13-13 21p  DC21-3 DC22-1
13p  DC15-3 DCl6-1 22p DC22-2 DC23-24
14P  DCl6-2 DC17-20 23 DC25-13 DC26-1

24P  DC26-2 DC27-13

4.16-kV Distribution System

Bus 11 DC11-15 DC12-5 Bus 21 DC12-13 DC22-13 ALT DC21-15
12 DCl1-16 DC12-6 22 DC21-16 DC22-4
13 DC15-15 DC16-3 23 DC25-15 DC26-5
14 DC15-16 DC26-14 ALT DCl6-4 24 DC25-16 DC26-6
15 DC12-7 DC13-15 25 DC25-23 DC26-13
16 DC12-14 DC13-16 26 DC25-24 DC26-7

480-V Distribution System

Bus 11A DC1l1-17 DC12-9 Bus 21A DC21-17 DC22-7
118 DCl2-10 DC13-17 218 DC22-8 DC23-17
12A  DCl1-18 DC12-11 22A DC21-18 DC22-9
128 DC12-12 DC13-18 228 DC22-10 DC23-18
13A  DC15-17 DCl6-6 23A  DC25-17 DC26-8
138 DC16-8 DC17-17 238 DC26-9 DC27-17
144 DC15-18 DC1l6-7 24A DC25-18 DC26-10
148 DCl6-9 DC17-18 24B DC26-11 DC27-18
15 DC11-19 DC12-8 25 DC21-19 DC22-6

Each nuclear unit at Calvert Cliffs has a compressed air system that
supplies both instrument and plant air for that unit. The compressed
air system for each unit can be divided into four -components: IA supply,
plant air supply {(which also serves as the backup supply for IA), IA
distribution network, and plant air distribution network. The plant air
portion of the compressed air system is of no interest to this study and
will not be considered further except as it serves to back up the IA
system. '

Instrument Air Supply

Figure B25 shows the major components of the IA supply for Calvert
Cliffs Unit 1. (The discussion in this report is for Unit 1; however,
the Unit 2 IA system is almost identical to Unit 1.) On Fig. B2S5,
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numbers appropriate to Unit 1 are shown; Unit 2 numbers are shown in
parenthesis where they differ. Referring to Fig. B25, two Joy electric
motor-driven compressors (compressors No. 11 and 12 for Unit 1 and 21
and 22 for Unit 2) provide the normal source of IA through two air
intakes and silencers. Each compressor is rated at 470 scfm at

100 psig, and each is powered from a different 480-V ac electrical bus.
Compressor No. 11 receives electric power from Unit Bus 11B(ZA), and
compressor No. 12 receives power from Unit Bus 11B(ZB). Compressor

No. 11 receives power for its controls from 208/120-V ac Distribution
Panel No. 114, and compressor No. 12 receives control power from
208/120-V ac Distribution Panel No. 14, Figure B26 shows the power
distribution wiring for the IA system.

Each of the two IA compressors can be placed in either the SPEED, AUTO,
or OFF operating mode. 1In the SPEED mode, the compressor acts to
maintain IA pressure between 93 and 100 psig. In the SPEED mode, the IA
compressor runs continually at a constant speed; however, the normal
demand by the IA system does not require continuous operation of an IA
compressor. Consequently, the IA compressor functions in two different
cycles during SPEED mode of operation. 1In the loading cycle the
compressor increases IA pressure from 93 to 100 psig. When IA pressure
reaches 100 psig, the compressor goes into the unloading cycle, during
which the compressor first-stage inlet is isolated and the second stage
is vented. Internal air is pumped out and a vacuum is drawn inside the
compressor. IA system pressure is allowed to decrease from 100 to

93 psig due to IA system demand. When IA pressure drops to 93 psig, the
compressor shifts once again to the loading cycle and IA pressure is
increased from 93 to 100 psig.

In the AUTO (or standby) operating mode, an IA compressor normally does
not run; however, if IA pressure drops to 90 psig, the compressor will
automatically start, and after an 18-s delay it will be automatically
loaded and an attempt made to restore IA pressure. During normal plant
operation only one IA compressor is required; therefore, one of the IA
compressors will be in the SPEED mode and the other will be in the AUTO
mode, ready to start and provide air if a problem develops.

Both compressors are cross~connected at their discharges by 6-in. lines
to aftercoolers and moisture separators. The aftercoolers cool the
compressed air leaving the compressors by means of a heat exchanger,
which is cooled by flow from the service water (SRW) system. The
cooling effect of the aftercooler causes moisture to condense in the
aftercooler air. This moisture is removed by the moisture separators.

Cooling water flow is provided to the compressed air system through SRW
valve 1628, After the cooling flow passes through valve 1628 (which
controls SRW pressure to 55 psig), it splits into six parallel flow
paths that provide cooling flow to the two IA compressors and their two
aftercoolers. - The other two branches provide cooling flow to the PA
compressor and its aftercooler.
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From the aftercoolers/moisture separators, air flows to two 96-ft? air
receivers that serve as air storage tanks to dampen system pressure
variations. Each receiver is equipped with a safety relief valve that
opens to relieve pressure greater than 115 psig. The two receivers are
normally cross-connected but can be isolated at both their inlets and
outlets by manual valves. Four-inch lines connect the receivers to a
common header.

After leaving the air receivers, air enters two prefilters that remove
oil, moisture, and particulate matter to prevent overloading the
desiccant in the IA dryers. The two prefilters are in parallel and
normally one is isolated and the other in operation. Both prefilters
can be isolated by manual valves in their inlet and outlet lines. From
the prefilters,. air passes to the IA dryer. The dryer is an automatic,
self-regulating unit that dehydrates the IA with a desiccant material,
thus helping prevent corrosion in downstream piping and system loads. A
bypass line around the dryer allows continued operation of the IA system
if the dryer is out of service.

The last components in the IA supply network are two afterfilters.

These units remove very small particles from the IA that might still be
present after air passes through the dryer. During normal system
operation, only one afterfilter is in operation and the other is in
standby. Each aftercooler can be isolated by manual valves in its input
and output piping.

Instrument Air Distribution Network

Once air leaves the aftercoolers, it enters the U-in. IA distribution
header. From this header, a number of branch lines supply instrument
air to leads located throughout the plant. Figures B27-B29 show these
branch lines and the major locations by blocks that they serve. A
diverse collection of valves, instruments, and controls is served by the
IA system in each block.

Plant Air Supply

Figure B25 also shows the major components of the plant air (PA) supply
at Calvert Cliffs Unit 1. An identical, redundant plant air system
exists for Unit 2. Referring to Fig. B25, note that the plant air
supply has one air compressor. The compressor is rated at 616 scfm at
100 psig and is produced by the Joy Manufacturing Company. The
compressor is powered by 480 V ac from electrical bus No. 14A(ZB).
Compressor controls are powered from 208/120-V ac distribution panel
No. 14,

The PA compressor provides compressed air at 100 psig and discharges it
to the aftercooler/moisture separator. There the compressed air is
cooled and entrained moisture is removed. The aftercooler and
compressor are cooled by parallel flow paths from the service water.
From the aftercoolers/moisture separators, air flows to a 96-ft?
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receiver that serves as an air storage tank to dampen system pressure
variations. The receiver is also equipped with a safety relief valve
that opens when PA pressure exceeds 115 psig.

After leaving the receiver, air enters two prefilters that remove oil,
moisture, and particulate matter to prevent contamination of PA system
piping and loads. The two prefilters are arranged in parallel in the PA
system flow path. During normal operation, only one prefilter is in
operation and the other is isolated in a standby condition.

At the outlet of the PA prefilters, air enters the PA service header.
From the service header, PA is provided throughout the plant to various
outlets for breathing air stations inside containment, to service
outlets for compressed air for tools and cleaning, and for other
miscellaneous uses throughout the plant.

During normal operation Unit 1 and Unit 2 PA Systems are cross-connected
by opening manual valves PA-126 and PA-124 as shown in Fig. B25. Either
Unit 1 or Unit 2's PA compressor will be running (in the SPEED mode) and
the other unit's compressor will be in the AUTO (or standby) mode. The
two PA compressors will then operate in a manner identical to operation
of the two IA compressors discussed earlier. That is, the compressor in
the SPEED mode will load and unload to maintain PA pressure between 93
and 100 psig. If PA pressure drops to 90 psig, the PA compressor in the
AUTO (or standby) mode will start and attempt to restore PA pressure to
normal.

Instrument Air Backup

The PA compressors serve the additional duty of backing up the IA supply
system in the event IA pressure drops abnormally low. This occurs in
the following manner. The IA and PA systems can be automatically
cross-connected by opening valve PA-2061 (see Fig. B25). This valve is
set to open automatically if IA pressure drops to 85 psig; also, at

85 psig valve PA-2059 closes automatically, thus isolating the PA
compressors from their normal loads and making all of the air they
compress available to the IA system.

A brief example of the sequence of events that occurs on falling IA
pressure will illustrate operation of the PA compressors to back up the
IA compressors. Suppose the following condition exists in Unit 1: 1IA
compressor No. 11 is in SPEED mode, loading and unloading to maintain IA
pressure between 93 and 100 psig; IA compressor No. 12 is in the AUTO
mode; PA compressor No. 11 is in the SPEED mode, loading and unloading
to maintain PA pressure between 93 and 100 psig; PA compressor No. 21
(in Unit 2 PA system) is in the AUTO mode; valves PA-126 and PA-124 in
Fig. B25 are open to cross-connect the Unit 1 and Unit 2 PA systems;
PA-2061 is closed so that the PA and IA systems are isolated.
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Given the above conditions, suppose that a supply line in the IA header
develops a leak and IA pressure begins to drop. When IA pressure drops
below 93 psig, IA compressor No. 11 will be continually in the load mode.
When IA pressure drops to 90 psig, IA compressor No. 12 will auto start
and 18 s later load itself to help restore correct pressure. If IA
pressure continues to fall, at 85 psig valve PS 2061 will automatically
open to cross-connect the IA and PA systems. Opening PA 2061 should
result in at least a temporary increase in IA pressure since the PA
distribution header pressure will be at 93 psig or greater. At this
point both IA compressors are operating and PA compressor No. 11 is
operating to maintain pressure in the cross-connected IA/PA system.
Suppose, however, that air pressure continues to decrease. At 90 psig
PA compressor No. 12 in Unit 2 will auto start and load itself. If
PA/IA pressure drops to 85 psig, valve PA-2059 will automatically close
to isolate the PA header. When valve PA-2059 closes, note that a total
of four air compressors (two IA and two PA compressors) are running and
supplying compressed air to the IA distribution header.
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APPENDIX C
DETAILED FMEAs

Preliminary failure mode and effects analyses (FMEAs) were performed on
all systems selected for analysis as a result of the work described in
Appendix A. For completeness of documentation, the entire record of
these FMEAs is provided in the following pages. The majority of this
effort led to low consequence outcomes; the few cases not bounded by
previous analyses are treated in detail in Chapters Y4 through 6 in

Vol. I of this report.
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Table C1.

Reactor coolant system FMEA

Failure/Component Possible Causes Effects Remedial Actions
eact ease
1. Undetected 1. Fuel Damage Reduced heat transfer from Detect poor heat transfer with
Noncondensibles RCS to steam generator. axial flux monitors (7).
Collect in the 2. Corrosion Products Potential undercooling. Detect fuel damage with process
Reactor Vessel aotivity monitor in CVCS.
2. Vent Valves (RC- 1. Operator Error Small LOCA. Reactor coolant Ensure reactor is tripped and
103-5V and RC-104- discharges to quench tank. follow LOCA emergency
SV) Fail Open 2. Inadvertent Signal System pressure drops and procedures,
from Control Board pressurizer level drops.
Low pressure reactor trip
occurs at 1875 psig and on
high containment pressure 1if
(when) quench tank blows
down., Safety injection
actuates at 1600 psig.
Steam Generator (SG)
3. SG Tubes Rupture 1. Adverse RCS or SG Reactor coolant (RC) leaks Follow SO tube rupture
Water Chemistry to secondary side of the SG emergency proocedures.
and to the environment via
2. Loose Parts atmospheric steam dump or SG

safety valves. Depressuri-
zation of the RCS would be
similar to a LOCA of equiva-
lent size.

ail



Table C1,

(cont 1nued)

Failure/Component

Possible Causes

Effects

Remedial Actions

Primary Head Divider 1.

Plate Betweeb Inlet
and Outlet Plenum
Fails

Reactor Coolant Pumps

5.

Reactor Coolant
Pupp(s) Fail

2.

Stress Corrosion
Cracking

High Temperature or

Pressure Differential
Induced Failure

Loss of AC Power
Trip of One or More
13 kv RCP Bus Feeder
Breakers

Loss of Component
Cooling Water

Fault in Pump or Motor

RC flow through U-tubes in
SG 1s partially bypassed re-
sulting in decreased heat
transfer from primary to
secondary side. Partial RCS
undercooling will result.
Other SG still provides heat
removal. PORVs and safeties
may open if temperatures
rise drives pressure high
enough. SG level may ini-
tially rise but then return
to its setpoint. RCS pres-
sure will be too high for
norpal SI, except for 132
gpm provided by the CVCS.

Reduction of coolant flow
rate through the core and
SG's. Increased posaibility
of core boiling. Pump
seizure will result in
faster flow rate reduction
whereas failure due to power
loss will be slower due to
coastdown flow. Reactor
will trip on low reactor
coolant flow (95% of full
flow).

Trip reactor if not already
tripped. Ensure operability
of all three charging pumps in
CVCS for needed makeup,
cooling, and emergency
boration.

Trip reactor 1if not already
tripped. Perform aotions to
assist natural circulation
cooldown, which include:
boration from the CVCS, RCS
inventory control with the CVCS
or HPSIS, maintenance of RCS
preasure with pressurizer
heaters and auxiliary spray or
charging pumps, and RCS heat
removal by manual control of
turbine bypass and atmospheric
dump valves. .

[:13%



Table C1. (continued)

Possible Causes

Effeots

Remedial Actions

7.

Failure/Component

Reactor Coolant 1.

Pump(s) Fail to

Trip on Demand 2.
3.

RCP Seal Failure 1.
2.

Loss of Control Power
Operator Error

Faulty Trip Relays

Loss of CCW

Seal Component Damage
from Debris in System
or from Wear

The operator is required to
trip the RCP's in the event
of a LOCA. If the operator
fails to trip them, more RCS
inventory will be released
through a hot leg break.

The increased rate of cool-
ant loss may be important to
recovery from LOCA's depen-
ding on break size. Also,
containment isolation iso-
lates CCW to the RCPs and an
RCP from seal failure may
result if the pumps continue
to operate. Containment
isolation is initiated on
high containment pressure
(2/4 transmitters) or could
be initiated inadvertently.
The effect of this addition-
al loss of coolant i3 expec-
ted to depend on break size.

Seal failure LOCA.

Attempt to manually trip pump
breakers.

Trip reaotor and RCPs. Follow
emergency procedures for LOCA,

[4%}



Table C1.

(continued)

Possible Causes

Failure/Component Effects Remedial Actions
3. Integral Impeller
Damage (auxiliary
impeller for seal
water intake or seal
water recirculating
impeller)
I, Seal Area Recircula-
ting Pump Fails (to
deliver water to the
integral heat
exchanger)
Pressurizer
8. Pressurizer Backup 1. Loss of Supply Power If demanded due to decreas- Maintain level in pressurizer
Heaters Fail to ing pressure in the pres- with charging pump and letdown
Energize on Demand 2. Control Signal surizer, deorease oontinues control valve control. For
Failure (level without abatement and reac- pressure maintenance, check
transmitter fails tor eventually trips, that pressurizer spray is not
low) Development of possible actuating inadvertently and
voids in the core. If de- that proportional heaters
3. Mechanical Failure manded due to high level in are operating. Trip reactor
pressurizer (i.e., loss of ir pressure approaches low
4. Control Handswitches letdown flow or loss of pressure reactor trip set-

in "OFF" Position
(operator error)

power to pressurizer con-

trol components), level may
continue to rise. Too much
water volume in the pressu-
rizer may damage the relief
valves or the spray nozzles
and degrade pressure de-

point.

-1}



Table C1.

(continued)

Failure/Component Possible Causes Effects Rewedial Aotions
crease control ocapability
(less steam volume to
condense with spray).
9. Pressurizer Backup 1. Control Signal High pressure results in the Atteapt to switch heaters to

Heaters Fail to
Trip on Demand or

Inadvertently
Energize
2.
3.
10. Pressurizer Spray 1.
Line (or Nozzles)
Blocked
2.

Failure (level
tranamitter fails
high, pressure
transmitter fails
low, etc.)

Control Handswitches
Left in "ON®
Position

Loss of Control Power

Corrosion Product
Buildup

Loose Parts or Debris

pressurizer. If apray 1is
actuated, net effect will be
negligible. If preasure
transmitter has failed low,
spray will not operate.
(Heaters can still trip 1t
lo-10 level develops in
pressurizer.) Resulting
high pressure would normal-
ly open PORV and trip
reactor. If reactor trips
and pressurizer empties,
poasible damage to the pres-
surizer could ccecur. If
level tranamitter fails
high, pressurizer will empty
with heaters failed on,
which may initiate a failure

- of the pressure boundary

(small nonisolable LOCA).

High pressure surges in the
pressurizer cannot be con-
trolled. On power increase,
a high pressure reactor
trip and PORV opening may
occur,

“OFF" position with handswitch
or restore to "AUTO" {f pre-
viously "ON®". Manually operate
pressurizer spray as required.
Manually open breakers if
required.

Turn off any baokup
pressurizer heaters that are
energized. Trip reactor if
not already tripped and repair
component, Utilize auxiliary
spray from CVCS as required.

611



Table C1.

(continued)

Failure/Component

Possible Causes

Effects

Remedial Aotions

1.

12.

Pressurizer Spray
Valves Fall to
Open on Demand

Pressurizer Spray
Valves (RC-100E-CV
and RC-100F-CV)
Fail to Close

on Demand.

(Valves Fail

Open)

1.

Mechanical Failure

Control Signal Failure
(Pressure control
fails low)

Loss of Instrument Air
and Accumulator
Holding Check Valves
Fail

Valve Stuck Open

Control Signal
Failure

Pressurizer spray 1is

failed i{f both valves fail
and is degraded if only one
fails., On a power increase
or pressure surge, a high
pressure reactor trip and
PORV opening may occur,

Spray flow into preassurizer
continues. Maximum spray
rate is 375 gpm. Spray does
not add to pressurizer level
due to surge volume outflow.
Cooling from spray causes
level increase and pressure
decrease in pressurizer fron
condensation. Backup
heaters energize in response
to pressure drop, but cannot
offset decreased enthalpy
from spray addition. Low
enough pressure in the pres-
surizer will initiate a
reactor trip and an SIAS.
The operator is required to
trip the RCPs on SIAS, which
will stop the spray flow and
terminate the transient. If
transient is caused by pres-

Same as above.

Trip reaotor and RCPas if not
already tripped. Repair
component. Switoh to alternate
pressure regulating system

(X or Y) if pressure
transmitter or ocontrol has
failed.

ozl



Table Ct. (continued)

Failure/Component

Possible Causes

Effects

Remedial Actions

13.

14,

15.

Spray Line Con-
tinuous Flow Bypass
Valves (RC-219 and
RC-220) Fail Closed

Spray Line Con-
tinuous Flow Bypass
Valves (RC-219 and
RC-220) Fail Open

Auxiliary Spray
Valve (CVC-51T)
Fails Open (this
valve fails closed
on loss of instru-
ment air)

Valves Plugged
from Corrosion
or Debris in
System

Operator Error
in Setting

Valve Fault
Valve Fault

Operator Error
in Setting

Valve Fault

Operator Error

surizer pressure transmitter
failed on the high aide, low
pressure RT and SIAS chan-
nels will be degraded.

Potential for thermal shock
to pressurizer spray line
and nozzles when spray is
demanded. Potential non-
isolable LOCA.

No significant effect. In-
creased flow through bypass
line to pressurizer but
line 1s only 3/% in, dis.

Spray flow at 395°F 1s
delivered to the pressurizer
inadvertently. Maximum
possible flow is 132 gpa,
more probable flow 1is less
than 44 gpm. No net gain in
RCS inventory beyond that
demanded by pressurizer
level program. Some pres-
sure decrease in the pressu-
rizer and potential level
drop from contraction, CVCS

Failure may be hard to detect
unless heat loss from stagnant
line i3 detected at TE-103 and
104, Align auxiliary spray

to provide bypass flow if
CVC-517-CV can be set to

low flouw rate (1-2 gpm).

Repair component at shutdown.

Attempt to close valve.
Monitor pressurizer pressure
and trip reactor if pressure
drop 13 too great. Repair
valve at shutdown.

%4}



Table Ci. (continued)

Fajilure/Component

Possible Causes

Effects

Remedial Acotions

16. Vent Valves from 1.
Pressurizer
(RC-105-SV and 2.
RC-106-SV)
Inadvertently
Open

Operator Error

Inadvertent Signal
from Control Board

response to decreased level
of adding charging flow will
add more spray flow. Maxi-
mum probable 44 gpm at 3950F
to pressurizer representing
-94,500 Btu/min vs the
heater capacity of +68,300
Btu/min.

Small LOCA., Steam froa the
pressurizer is discharged
to the quench tank. Pres-
surizer pressure drops.
Level and temperature also
drop in pressurizer due to
increased vaporization of
the reactor coolant. RCS
pressure drops consistent
with pressurizer pressure
and slight contraoction in
RCS occurs (approximately
1 vol. § for 600 psid).
Low pressure resctor trip
should occur at 1875 psig,
SIAS at 1600 psia and
charging flow on low
pressurizer level. Pres-
surizer may empty from
reactor trip.

Close vent valves. Trip
reactor if not already tripped.
Ensure heaters are de-energized
to prevent preasurizer damage.

(44}



Table Ci. (continued)

Failure/Component

Possible Causes

Effects

Remedial Aotions

[} 0 e

17. PORV(s) Fail Open
(RC-402-ERV and/or
RC-404-ERV)

18. PORV(s) Fail to
Open on Demand

19. PORV Isolation
Valves Inadvertantly
Closed on Demand

Valves Fail to Close
After Demanded to
Open

Operator Error

Control Signal Failure
Valve(s) Leak

Control Circuit
Failure

Mechanical Failure

Loss of Electric Power
Supply

Block Valves Closed
Due to Leaking PORVs
Operator Error

Valves Closed Due to
Leaking PORVs.

Same as above (small LOCA).
PORVS normally open with
high pressure reactor trip,
so reactor trip will have
probably occurred.

Code safety valves will
open on high pressure if
the PORVs fail., However,
during a LOCA, the RCS can-
not be depressurized to pre-
vent PTS conditions as re-
quired by procedure. In
addition, the PORV's would
be unavailable to enhance
post-LOCA RCS depressuriza-
tion and net HPSI flowrate.

Code safety valves will
open on high pressure
demand if the PORVs are
blocked.

Attempt to close motor
operated PORV blook valves
(RC-403-MW and/or RC-§05-MV).
Follow appropriate emergency
proeduresa for a small LOCA,

Shutdown and repair
component (a).

Open valves,

€Tl



Table Ct.

(cont inued)

Failure/Component

Possible Causes

Effects

Remodial Aotiona

20. PORV Isolation
Valves Fail to
Close on Demand

Code Safety Valves

21. Code Safety Valves
Fail to Open on
Demand

22. Code Safety
Valve(s) Fail
Open

Operator Error
Valve Fault

Loss of Electric Power
Supply

Valve Fault
(calibration, damage)

Valve Fault (cali-
bration, damage)

These are demanded to olose
when PORVs fail open.
Remote potential for small
LOCA as described for
PORVs failing open.
However, potential 1s remote
since multiple fajlures
are required and each
isolation valve has a vital
power supply separate froa
the power supply for its
associated PORV.

If PORV path fails to open
on demand (high pressure
conditions), these valves
are demanded. RC3S under-
cooling and potential for
large break LOCA from
vessel rupture.

Small LOCA. Pressurizer
steam discharges to the
quench tank, Low pressure
reactor trip ocours and
pressurizer may empty.
SIAS will be initiated at
1600 psig.

Ensure reaotor is tripped

and pressurizer heaters are
de-energized. Follow emergency
procedures for samall break
LOCA event.

Attempt to open PORV path.
Trip reactor if not already
tripped.

Follow emergency procedures
for small LOCA. Bnsure
reactor has tripped.

1 24}



Table C1.

(continued)

Failure/Component Possible Causes Effeots Remedial Aotions
Quenpch Tank
23. Drain Valve to 1. Mechanical Failure of Quench tank may empty. LIA- Attempt to oclose the valve and
RCDT (RC-h01-CV) Valve Resulting in 116 may also be on the same add demineralized water to
Fails Open or Valve Opening or power supply as the failed quench tank via DW-5860-CV.
Leaks Failure to Close valve and may fail to detect
Once Open low tank level. When a
preasurizer relief valve
2. Power to Solenoid opens, the quench tank will
Fails on from relieve to the waste gas
Control Board system through RV-242 (at 35
Handswitch Failure psig) or to containment
(HS-1401) through the rupture disk (at
100 psig), rather than ab-
3. Operator Error or sorbing the discharge from
Action Based on the pressurizer. Quench
Failed Level tank rupture may occur de-
Indicator pending on the transient, if
the (16 in.) rupture disk
fails,
2i. Relief Valve 1. Mechanical Failure of On demand (significant Utilize relief valve bypass
(Rv-242) Fails Valve pressurizer discharge to {(RC-A00-CV) at high tank
to Open on quench tank). The quench pressures below rupture disk
Demand 2. Error in Valve tank relieves to the setpoint (100 psig) and

Setting During
Maintenance

containment through the
rupture disk rather than
partially to the waste gas
system. SI will be initia-
ted from high containment
pressure. SI may lead to
pressurizer overfill from

verify operability of vent
valve RC-102-SV.
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Table Ct.

(continued)

Failure/Component

Possible Causes

Effeots

Remedial Actions

25. Relief Valve
(RV-242) on
Relief Bypass
Valve (RC-400-CV)
Fails Open

26 Vent Valve
(RC-402-5V)
Fails Open

27. Quench Tank
Rupture Disk
Fails Open

Mechanical Failure
of Valve

Error in Valve
Setting During
Maintenance
Operator Error
Inadvertent Signal
from Control Board

Fails Solenoid Power
On

Improper Installation

Faulty Rupture Disk

charging pump initiation and
letdown isolation.

Quench tank steam from
pressurizer and entrained
liquid may discharge to
waste gas system below
valve setpoint (1.e.,
unnecessary discharge).
Not a significant effeot.

Quench tank steam from pres-
urizer and entrained liquid
can discharge to contain-
ment. SI will be initiated
from high containment pres-
sure. TIA-102 will alarm at
300°0F indicating steam dis-
charge through vent valve.
SI may lead to pressurizer
overfill from charging pump
initiation and letdown iso-
lation,

Quench tank steam from
pressurizer and entrained
1iquid can discharge to
containment. SI will be
initiated from high contain-
ment pressure, SI may lead
to pressurizer overfill from

Repair component at next
shutdown.

Attempt to close valve.
Shutdown and repair coaponent
if faulted.

Check pressurizer conditions
and blook pressurizer flow if
appropriate. Repair component
after shutdown and transient
is terminated.
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Table C1.

(continued)

Failure/Component

Possible Causes

Effects

Remedial Actions

28.

29.

Quench Tank
Rupture Disk
Fails to Open

at Design Pressure

F111 Valve

from Demineralized
Water Storage Tank
(DW-5460-CV) Falls
Open or Leaks

1.

2.

Improper Installation

Faulty Rupture Disk

Meohanical Failure

of Valve Resulting

in Valve Opening

or Failure to Close
Once Open

Operator Error or
Action Based on
Failed Level
Transmitter

Power to Solenoid
Fails on from
Control Board
Handswitch Failure
(HS-5460)

charging pump initiation and
letdown isolation.

Rupture disk is demanded to
open at 100 psig (design
pressure of quenoh tank).
During transients, possible
quench tank rupture.
Reactor coolant release to
containment. ST will be
initiated. SI may lead to
pressurizer overfill from
charging pump initiation and
letdown isolation,

Quench tank overfills.
LIA-116 may also be on

same panel as failed

valve and may fail to
detect high tank level.

A pressurizer discharge
transient may cause rupture
disk to open prematurely,
causing discharge to the
containment and initiation
of SI. SI may lead to pres-
surizer overfill from char-
ging pump initiation and
letdown isolation.

Open relief valve bypass
(RC-400-CV) to ensure partial
relief to waste gas system.
Cheok pressurizer conditions.
Close PORV block valves if
PORVs have failed open.

Attempt to close valve at
panel. Open drain valve as
required. Repair component
after shutdown and transient
ia terminated 1f oomponent
ia faulted.
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Table C2. Chemical and volume control system FMEA

Failure

Possible Causes

Effeots

Remedial Actions

Letdown

1. Letdown Stop Valve 1.
(cvC-515-Cv) or
Letdown Containment
Valve (CVC-516-CV)
Fail Closed

3.
'R

2. Excess Flow Check 1.
Valve Fails Closed 2.

3. Excess Flow Check 1.
Valve Fails Open

Inadvertent or

erroneous signal

to olose,

including

a. ESFAS (SIAS or
CVCS {solation
signal)

b. High regenerative
HX outlet tempera-
ture TIC-221

Loss of instrument

air

Loss of control power

to solenoid

Mechanical failure

including plugging

from loose parts

Mechanical failure
Plugging

Mechanical failure

Letdown flow i3 stopped, in-
cluding flow through the re-
generative heat exchanger
(HX), which usually heats
charging flow. Unheated
flow i3 delivered to the
RCS. Pressurizer level will
rise, which trips all but
one charging pump and at-
tempts to increase letdown
flow via the letdown control
valve (but letdown flow is
isolated by the failure).
With charging flow from the
remaining pump at 44 gpm,
RCS may overpressurize,
causing the PORV to open.

Same as above (loss of
letdown flow).

No effeot 1f letdown con-
trol valves operate
properly and if no rupture
occurs between excess flow
check valve and letdown
control valves.

After deteoting failure, moni-
tor pressurizer level and
charging flow temperature
(TE-229). Trip charging pump
if level in pressurizer 1s too
high,

Same as above.

This failure will not be
detected unless by inspection
at shutdown or demanded by an
abnormal event,
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Table C2.

(continued)

Failure

Possible Causes

Effects

Remedial Actions

Operating Letdown
Control Valve (CvC-
110P-CV or CVC-110Q-
-CV) Fails Closed

Both Letdown
Control Valves
(CvC-110P-CV

and CVC-110Q-CV)
in Service with
RCS Pressure Above
1500 psig

Letdown Control
Valves (CVvC-110P
~-CV and CVC-110Q
-CV) Fail Open

2.

1.
2.

Loss of instrument
air

Loss of solenoid
control power
Mechanical failure

Control signal failure

Operator error
Malfunction of
valve selector
switeh (HS-110-1)

Mechaniocal failure
Failure of the bias
control regulator
on each valve
Erroneous control
signal from
pressurizer level
regulating system

Loss of letdown flow which
also stops RCS flow through
regenerative HX. Unheated
charging flow at 84 gpm
minimum is delivered to

the RCS. Potential for

RCS to overpressurize

and the PORV to open if
charging flow continues.

Potential thermal shock to
CVCS with potential for
pipe rupture dounstream of
control valves. Release
limited by excess flow
check valve to 210 +/- 20
gpm. Excess letdown flow
will lower pressurizer level
and cause backup charging
pumps to start. Net RCS
loss of 98 gpm.

Excess letdown flow even
though both backup charging
pumps start on low pressuri-
zer level. Net decrease in
RCS inventory and pressuri-
zer level (maximum letdown
230 gpnt - maximum charging
132 gpm = 98 gpm) and high
level alarm in volume con-
trol tank (VCT). Eventual

For both valves failing,
isolating charging flow is
required. If only one of the
two valves fails, place the
standby valve in service (re-
quires manual alignment of
valves).

Isolate one control valve.

Close letdown stop valves.
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Table C2.

(continued)

Fallure

Possible Causes

Effeots

Remedial Actions

7.

Letdown HX Faills 1.
to Cool
2.

Operating Letdown 1.
Backpressure Regula-
ting valve (CVv-201P

or Cv-201Q) Falls 2,
Open (normally fail 3.
closed on loss of

air)

Loss of component
cooling water
HX damage

Pressure controller
or transmitter
(PT-201) fails high
Mechaniocal failure
Operator error

shift of VCT inlet from tank
to waste processing systems.

TE-224, on letdown outlet
flow, will alarm, isolate
the boronometer and
radiation monitor and shift
letdown flow to bypass

the ion exchangers. If
TE-224 fails, damage to
monitors and ion exchangers
could occur. Flashing of
hot RCS fluid to steam is
possible downstream of

the letdown backpressure
regulating valves, whioh
would introduce steam

into the VCT (via the
normal spray inlet). VCT
may become pressurized

and relieve to the waste
gas surge tank.

RCS fluid downstream of let-
down control valve may flash
to steam due to drop in line
pressure. If fluid tempera-
ture is above 145°F, TE-224
should switch flow to VCT
and bypass boronometer and
radiation monitor. If tem-
perature is below 145°F,

Assess boron ooncentration
and aotivity in RCS based
on data from before the
event. Shutdown plant,

if necessary, and repair
HX or isolate letdown,

Isolate letdown. Cheock system
flous and filter pressure drop
to detect filter damage. If
filter is not damaged attempt
throttling of manual valves
associated with one of the
failed regulating valves. If
failure 18 not caused by trans-

mitter fallure, place the
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Table C2. (continued)

Failure

Possible Causes

Effects

Remedial Aotions

Letdown Back- 1.
pressure Regu-

ting Valves 2.
(CV-201P and

Cv-201Q) Fail

Closed 3.

Loss of instrument
air

Pressure controller
or transmitter
(PT-201) fails high
Mechanical failure

steam pockets may exist and
damage monitors. High velo-
city flow may damage the
purification filter and
carry debris through the
system, either blocking let-
down flow or eventually
failing the charging pumps.

Letdown flow is stopped, in-
cluding flow through the re-
generative HX. Pressurizer
level will rise, backup
charging pump will trip, but
the main operating charging
pump will continue to dis-
charge to the RCS. RCS
could overpressurize and
cause the PORV to open, {if
charging flow continues.

RCS charging flow will be
colder than normal. VCT
level will decrease and
makeup flow will be deli-
vered to the VCT (1if makeup
controller is in AUTO).

standby regulating valve in
servioe.

Monitor pressurizer level and
RCS pressure. Trip charging
pump, if necessary.
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Table C2.

(continued)

Failure

Posasible Causes

Effeots

Remedial Actiona

10. Differential 1.
Pressure Indicator
PDIS-202 fails to
indicate and alarm
plugged inservice 2.
filter, and In-
service Purification
Filter is Plugged
(Normally Alarms

at 30 psid)
11. Process Radiation 1.
Monitor Indicates 2.

Erroneous Fission
Product Activity

3.

For PDIS-202,
mechanical failure
or control power
failure

For filter, acocum-
mulation of material
not detected due to
failed indiocator

Mechanical failure.
Righ teaperature
damage from fajilure
of signal from TE-224
and letdown cooling
or failure of CVC-521,
to close with failure
of letdown cooling
Other support system
failures

Reduced letdown flow,
pressurizer level may rise
and open letdown control
valve more. Backpressure
regulating valve will alao
open more, but flow will
still be restrioted. If
upstream pressure reaches
205 psig, an upstream
relief valve (358-RV)
relieves line pressure to
the reactor coolant waste
receiving tank., Makeup
water will eventually be
required in VCT for charging
pump suction. Failure
results in a small loss of
coolant out relief valve and
cooler charging flow to RCS,

If monitor reading 1s low,
high activity level oculd
go undeteoted. No signifi-
cant effeot on undercooling.

If monitor reading is high,
purification and/or shut-
down may be initiated
unnecessarily.

Deteot PDIS fafilure prior to
relief valve 1lift by low flow
at FE-202, and after relief
valve 11ft by high flow alarm
(135 gpm). Put alternate
filter in service or put 2¢
bypasa line in service via
CVC-12%, and 1solate plugged
filter, Monitor flow closely
with FBE-202 to operate without
PD1S-202.

Unless rad monitor hasa self
checking funotion, failure will
be hard to deteoct, especially
low reading failure.
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Table C2.

(continued)

Failure Possible Causes Effecta Remedial Actions
12. Boronometer 1. Mechanical failure Potential for operator to Dilution operation would
Erroneously 2. High temperature initiate dilution. Dilution probably be stopped when no
Indicates High damage from failure would result in alight reac~ decrease in boron concentration
RCS Boron of signal from tivity increase, but control registered at boronometer.
Concentration TE-224 and letdown rods would control under- Boron concentration could be
cooling or failure cooling. readjusted by calculated boron
of CVC-521 with addition based on grab sample.
failure of letdown
cooling
13. Boronometer 1. Mechanical failure Potential for operator to Deteot failure by noting no
Erroneously 2. High temperature initiate boration, and over- ohange in boron reading with
Indicates Low damage from failure of borate the RCS. Reactivity boron addition. Correct
RCS Boron signal from TE-224 and decrease, no noticeable boron concentration based on
Concentration letdown cooling or overcooling effect expected. grab sample and calculations.
failure of CVC-521
with failure of
letdown cooling
14, Tube Rupture in 1. External event Charging flow will preferen- Trip operating charging pump.

Regenerative Heat
Exchanger

2.
3.

Corrosion
Other internal
mechanical damage

tially flow to lower pres-
sure outlet, 1.e., letdown
path instead of to the RCS.
Amount of flow recycled
through CVCS will depend on
break saize and location.
Probably no net change in
RCS 1inventory.

Isolate letdown. Shutdown
plant and repair component.
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Table C2. (continued)

Failure

Possible Causes

Effeots

Remedial Actions

15. Tube Rupture in
Letdown Heat
Exchanger

Purification

16. Ion Exchanger
Bypasa Valve
(CvC-520) Fails
Open to Ion
Exchangers

External event
Corrosion

Other internal
mechanical damage
(loose parts)

Mechanical damage

Stgnal from TE-224§
fafls with failure
of letdown cooling

RCS leak or loss into compo-
nent cooling water (CCW).
Reduced letdown flow to VCT
and consequent drop in VCT
level, Makeup required from
demineralized water tank if
in AUTO mode, may be cool
(ambient). Boric Acid Sto-
rage Tank input (maximum 30
gpm in AUTO mode) will be
150°F, If makeup is in man-
uval mode and VCT level
drops, makeup will come

from the refueling water
storage tank (RWT) (45°F or
ambient). Net result is po-
tential for slightly cool
makeup to RCS as well as
loss of letdown cooling.
(See Failure 7)

No effect unless letdown
cooling has failed. If
cooling has failed, resin
damage may occur in ion
exchanger(s), with eventual
plugging and loss of let-
down flow. Potential for
low temperature charging
flow as discussed above due

Alert to failure by low flow at
FE-202 and decreaaing level in
VCT. 1Isolate letdown flow from
RCS. This will lower charging
flow temperature more since
flow will be stopped through
the regenerative heat
exchanger, but the leak must

be isolated. Monitor TE-229
and isolate charging flow

if temperature is too low.

Alert to failure by PDIS-203,

( P aoross ion exchangers),

16w flow at FE-202, and high
temperature at TE-223. Iso~
late letdown and charging flow.
Shut plant down as required.

el



Table C2,

(continued)

Failure

Possible Causes

Effects

Remedial Acticnsa

17.

18.

19.

Ion Exchanger
Bypass Valve
(CVC-520) Fails
Closed to Ion
Exchangers

Ion Exchanger(s)
Plug(s) or Strainer
Plugs

Ion Exchanger
Setup Error:
Wrong Resin
Loaded, Wrong
Exchanger Placed
in Operation,

or No Resin Loaded

2.
3.

Mechanical damage
Loss of instrument
air

Heat damage
Loose parts
Bad resin supply

Operator error
Resin supplier
error

Laboratory error
on new resin
sampl ing

to makeup requirements from

demineralized water storage

tank (DWST) and loss of flow
through regenerative HX.

Loss of normal letdown’

path through ifon exchangers.
No major short-term effect
on RCS.

Initial loss or reduction
of letdown flow. PDI1S-204
alarms at 20 psid. VCT
level will decrease and
initiate makeup wvater from
RWT or DWST, which could
result in cooler charging
flow to RCS. Net gain in
RCS inventory of 44 gpm from
the operating charging pump.

Possible long-term chem-
effects. Potential for
too much deboration, if
not detected by borono-
meter, leads to increased
RCS activity and potential
narrower shutdown margins.

Shutdown plant and repair

when RCS chemistry becomes
unacceptable. Monitor RCS
chemistry closely.

Letdown flow can be switched
at CVC-520-CV to bypass ion
exchangers. Monitor RC
chemistry and shutdown

plant as required.

Monitor RCS chemistry and
aoctivity to detect failure.
Bypass ion exchangers with
CVC-520-CV and correct

ion exchange setup.
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Table C2. (continued)
Failure Possible Causes Effects Remedial Actions
20, Resin Bed Support 1. Corrosion (RCS 1. Strainer downstream of Letdown flow can be switched

Structure in Ion
Exchanger Falls
or Leaks

2‘

chemistry)
Maintenance error
causing mechanical
failure

exchangers plugs, PDIS-
204 and PDIS-203 alarm

at 20 psid. Loss of
letdown flow, VCT level
will decrease and initi-
ate automatic makeup from
DWST or RNT, which could
result in cooler charging
flow to RCS. Net gain in
RCS inventory from oper-
ating charging pump.

Resin beads leak through
strainer if strainer
basket i1s faulty or has
not been replaced after
maintenance. Resin ac-~
cumulates slowly in var-
ious locations down-
stream of the VCT out
let, resulting in plug-
ging of valves and/or
charging pumps. Poten-
tial loss of charging
flow. Decrease in pres-
surizer level will run
back letdown to minimum
setting (29 gpm). Net
decrease in RCS invento-
ry at 29 gpo with RC
sent to Waste Processing

at CVC-520-CV to bypaas ion
exchangers and resume letdown
flow to VCT.

Alert to failure by no (or low)
charging flow on FE-212, high
level alarm in YCT and RC in-
ventory accumulating in Waste
Processing System. Isolate
letdown. Shutdown plant and
remove resin,
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Table C2.

(continued)

Failure

Possible Causes

Effeots

Remedial Actions

VYolume Contprol Tank (VCT)

21. VCT Inlet Valve

{CVC-500-CV) Fails
to Divert Flow
from VCT on Demand

22. VCT Valve to

Waste Gas System
{(CVC-513-CV) Falls
Open

1.

Control system
failure (VCT LC-227A
fails)

Loss of instrument
air (valve fails
open to VCT)
Mechanical failure

Operator error
Mechanical wear
(valve normally
fails closed)

System on high level
(LC-227A) 1in the VCT.

Volume control will typi-
cally be out of balance
(1.e., some other failure
causing high VCT level)
in order for this to be
demanded. Failure on

. demand results in overfill

of VCT, which may alert the
operator to open CVC-513-CV
to relieve tank pressure.
The VCT inlet spray nozzle
may flood, which will stop
mixture of RC with hydrogen.
Net result is failure to
provide hydrogen to the RCS,

VCT depresasurizers causing
more hydrogen addition, ven-
ting of hydrogen to the
waste gas system and poten-
tial depletion of the hydro-
gen supply; after which full
VCT depressurization could
occur. Hydrogen addition

to the RCS would be degraded.
Potential for hydrogen ex-

Attempt manual switching of the
valve. Also, letdown can be
isolated and the VCT can be
manually drained to the waste
processing systen.

VCT low pressure alarms
(PIA-225) at N psig. Manually
isolate hydrogen supply and
CVC-513-CV. Check chemistry.
Shutdown plant {f required.
Assess explosion potential in
Waste Oas Systen,
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Table C2. (continued)

Failure

Possible Causes

Effects

Remedial Actions

23. Hydrogen Relief
Valve CVC-105-RV
Fails Open

24, VCT Outlet Valve
(CVC-501-MOV)
Fails Closed

1.
2.

Operator error
Mechanical wear
(valve normally
fails closed)

Inadvertant aignal
from makeup controller
or SIAS

Obstruction (plugged
valve)

plosion accident in Waste
Gas Systemn.

Hydrogen supply depletes,
venting to plant vent, Hy-
drogen explosion potential
in plant vent. Loss of hy-
drogen addition capability
in VCT.

VCT level will rise, resul-
ting in letdown flow getting
diverted to the waste pro-
cessing system. If CVC-50h-
MOV from RWT opens, as it
normally does with closure of
CVC-501-MOV, the only effect
is potentially cooler makeup

"to RCS. But since this

valve does not open automa-
tically on high VCT level,
charging flow to the RCS may
be lost, causing pressurizer
level to drop. Letdown will
run back to its minimum set-
point of 29 gpm, but will not
i{solate automatically. Net
RCS loss of 29 gpm.

Isolate hydrogen supply. Shut-
down and repair component,

Isolate letdown and manually
operate makeup valve CVC-504-
MOV as required.

;143



Table C2. (continued)

Failure

Poasible Causes

Effects

Remedial Actiona

25. VCT Outlet Valve
(CVC-501-MOV)
Fails Open When
Demanded to Close
(Low Level 1in VCT)

26. Seal Return Relier
Valve (CVC-RV-199)
Fails Open

Lharging Pum

27. Charging Pumps Fail

Control signal failure
Mechanical failure
(valve stuck open)
Power supply failure

Internal or mechani-
cal failure
Maintenance error in
valve setting

Common cause mechani-
cal failure (broken
diaphram, inlet check
valve failed, eta.)
Loss of seal and plun-
ger flush water from
overhead supply tank
Blockage due to loose
parts, debris or resin
beads in system

Loss of power on buses
480 V 114, 11B, 144,
and 14B

As a single failure, no sig-
nificant effeot on charging
pumps and flows as long as
charging flow 1s supplied by
CVC-504~CV from the RMT.
(See Item 55 for SIAS
effect.)

Loss of reactor coolant to
the reactor coolant drain

tank through the 1" relief
valve line instead of re-

turning to the VCT.

Loss of charging flow to
RCS. If only one pump has
failed, pressurizer level
will drop and initiate the
second and/or third pump to
resume charging flow. If
charging pumps are unavail-
able, pressurizer level will
drop and initiate runback of
letdown (minimum setpoint of
29 gpm). Net RCS loss of
29 gpm,

Hanually open makeup flow
valve or isolate letdown.

Isolate RC loss with valve
VC-507-CV.

Isolate letdown. Shutdown

plant if pressurizer level has

dropped too low.
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Table C2.

(continued)

Failure Possible Causes Effects Remedial Actiona
28. Charging Pump 1. Internal or mechanical Part of flow relieves to Isolate faulty relief valves
Suction or Discharge failure waste proceasing system with manual pump suotion
Relief Valve(s) 2. Maintenance error in (about 20%). Failure of isolation valves (CVC-164,

Fail Open (RV-315,
RV-318, RV-321,
Rv-324, RVU-325,
and/or RV-326)

29. Charging Line to 1.
Regenerative Heat
Exchanger and RCS
Plugs (HX Inlet 2.
Valve, HX Tubes,
or FE-212 Plugs)

30. Charging Pumps 1.
Fail to Trip on
Demand
2.

valve setting

Loose parts, boron
buildup, or debris

in line

Operator error related
to valve closure

Loss of control power
on 125 VDC panels 11
and 21

Control signal failure

discharge relief will
likely open suction relief.
Degraded charging pump dis-
charge flow. Probably will
not significantly impact
CVCS system operability,
although a loss of reactor
coolant to the waste pro-
cessing system through the
failed relief valve, will
occur.,

Loss or reduction of char-
ging flow to RCS. Blockage
may cause high pressure at
charging pump discharge,
subsequent opening of the
charging pump discharge re-
lief valves., Pressurizer
level will drop and initiate
runback of letdown (minimum
setpoint of 29 gpm). Net
RCS loss of 29 gpnm.

Excess charging flow deli-
vered to the RCS. Pressuri-
zer level and pressure may
rise. Maximum net increase

CVC-170, and/or CVC-176).
Isolate letdown flow if no
charging pump is operable.

Isolate letdown. Shutdown
plant if pressurizer level hss
dropped too low to operate.

Charging flow to the RCS can be
isolated by the operator with

valves C(VC-518-CV and CVC-519-
CV or the breaker can be manu-
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Table C2.

(continued)

Failure

Possible Causes

Effects

Remedial Actions

Demineralized Water Makeup

31. Reactor Coolant 1.
Makeup (RCMU) Pumps 2.
Fail on Demand 3

b,

32. Filter Downstreamn 1.
of RCMU Pumps

Plugs, and 2.

PDIS-2530 Fails 3.

33. Water Makeup Flow 1.
Element Plugs

FE-210X 2.

Mechanical failure
Maintenance failure
Makeup control signal
fails (AUTO mode only)
Loss of power (MCC-
105R and MCC-115R)

Mechanical failure
of instrument
Debris in line
Maintenance failure

Filter maintenance
error

Mechanical failure
of instrument

in RCS inventory of 104 gpm
and minimum of § gpm.

Loss of demineralized water
to the RCS on demand. This
would fail operations in the
DILUTE mode. In the AUTO
mode, if failure was unde-
tected, excess borcn addi-
tion to the RCS could ooccur
(makeup from the boric acid
punps would be undiluted).
Failure would probably be
detected in the MANUAL mode.
Also any metered chemical
addition would cease, causing
RCS pH to gradually decrease.

Same as above (loss of de-
mineral ized water flow).

Same as above (loss of de-
mineralized water flow).

ally tripped at tbe breaker
front.

Provide makeup from the RWT and
isolate normal VCT automatio.
makeup.

Isolate filter and repair, and
open filter bypass CVC-317.

Provide makeup from RWT and
isolate normal VCT makeup for
repair.
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Table C2.

(continued)

Failure

Possible Causes

Effects

Remedial Actions

34. Water Makeup
Control Valve
(CVC-210X-CV)
Fails Closed

35. Water Makeup Control
Valve (CVC-210X-CV)

Fails Open

Boric Acid Bateching Tank

36. Immersion Heaters
Fail

37. Mixer Falls

38. Low Boron Con-
centration Makeup

1.
2.
3.

Loss of instrument air
Control signal failure
Mechanical failure or

plugging

Control signal or con-
troller failure
Mechanical failure
Flow transmitter
failure

Power supply failure
Mechanical failure
Controller falils

Power supply failure
Mechanical failure

Operator error
Boric acid supplier
error

Same as above (loss of de-
mineralized water flow).

Dilution occurs in makeup
system if makeup 18 in AUTO
mode. Failure would proba-
bly be detected in MANUAL
mode.

Tank discharge valves could
plug from boron precipita-
tion and failure to disasolve
boric acid, which could pre-
vent boric acid addition to
storage tanks. Could jeopar-
dize boric acid supply and
ultimately result in RCS
dilution or failure of boron
addition on SIAS (although
unlikely).

Same as above,

Low boric acid concentration
in boric acid storage tanks
{(BASTs). Net result is po-
tential boron dilution in

Same as above,

Supply makeup from RWT and re-
pair component. Failure may be
hard to detect when in AUTO
mode or if transmitter fails.

Repair heaters. Utilize boric
acid from RC waste evaporator
if required.

Same as above.

If failure is detected,
concentration in BAST can be
adjusted via calculated
addition of concentrated boric
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Table C2.

(continued)

Failure

Possible Causes

Effects

Remedial Actions

39. High Boron
Concentration
Makeup

1. Operator error
2. Boric acid supplier
error

Boric Acid Storage Tanks (BAST3) and Pumpa

40. Heat Tracing on
BAST Inlet Fails

41. BAST Heaters Fail

on Both Tanks

1. Power supply failure
2. Mechanical failure

1. Controller failure

2. Power supply failure
(MCC-104R and MCC-
114R)

3. Mechanical failure

the RCS in the AUTO makeup
mode, and underboration when
required in the BORATE mode.

Excess RCS boration in AUTO,
MANUAL, and BORATE makeup

modes,

Possibly no effect since
flow into tank is heated.
However, boric acid sitting
inline could precipitate and
eventually plug line. Boric
acid addition to BASTs would

be prevented.

However,

BASTs have large capacity
(approximately 9500 gal ea.).

Boric acid precipitates and

plugs

tank outlet valves {f

solution 18 not continuously
recirculated (providing mix-

ing).

Loss of boric acid ad-

dition capability from BAST.
In AUTO makeup mode, RCS bo-

ron gets diluted.

On SIAS no

BAST flow 1s delivered to

RCs.

In HANUAL mode, fafilure

will probably be detected.

acid through the batching

tank.

If failure is detected,
concentration in BAST can be
adjusted via water addition

through

Monitor
locally
restore

MIT can
Isolate

the batching tank,

BAST levels and
heat inlet lines to
addition capability.

provide makeup to RCS.
normal AUTO makeup.
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Table

c2. (continued)

Failure

Posaible Causes

Effects

Remedial Actiona

42,

43,

uy,

45.

Heat Tracing to
Pumps and Gravity
Valves Fails

Boric Acid Pumps
Fail

Boric Acid Pump
Discharge Line
fleat Tracing Fails

Boric Acid Makeup
Control Valve
(cvec-210Y-CV)
Fails Closed

1.
2.

Power supply failure
Mechanical failure

Makeup controller
failure

Power supply failure
Mechanical failure
Loss of cooling water
to seals or bearings

Power supply failure
Mechanical failure

Loss of instrument air
Control signal or con-
troller failure
Mechanical failure

or plugging

Same as above. (Loas of
boric acid addition capa-
bility from BAST.)

Loss of normal boric acid
supply for makeup (AUTO and
BORATE modes). Boron dilu-
tion occurs in RCS if makeup
is in AUTO mode. Failure of
only one operating boric
acid pump could also produce
this effect if the failure
i3 not detected and the
second pump is not aligned
for service.

Strainer or other line com-
ponents plug and design flow
i3 lost. Boron dilution
occurs in RCS {if makeup is
in AUTO mode.

Loss of boric acid flow to
makeup stream. Boron dilu-
tion occurs in RCS if makeup
is in AUTO mode.

Same as above.

Isolate normal AUTO makeup.
Initiate emergency boration
if required with gravity feed
valves. '

Same as above. Also the
recirculation path to the
BASTs could be realigned to
provide flow around the
strainer to the VCT, if thias
1ine is not blocked from heat
tracing faflure.

Failure may be hard to detect
when in AUTO mode or if trans-
mitter failas. Assess boron re-
quirements. Open and close
CVC-238 as required to deliver
boric acid to RCS via charging
pump suction,
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Table C2.

(continued)

Fallure

Possible Causes

Effectsa

Remedial Actions

46. Boric Acid Makeup
Control Valve
(CvC-210Y-Cv)
Fails Open

1.
2.

Control signal failure
Mechanical failure

VYolume Control Tank (VCT) Makeup

47. Makeup Control
Valve (CVC-512-CV)
Fails Closed

48. Makeup Control
Valve (CVC-512-CV)
Fails Open

1.
2.
3.

2.
3.

Loss of instrument air
Control saignal failure
Mechanical failure or
plugging (1.e., heat
tracing faila)

Control signal failure
Mechanical failure
Solenoid failure

Exceas boric acid delivered
to the RCS on AUTO or MANUAL
makeup demand. Failure will
probably be detected in
MANUAL model.

Normal makeup (AUTO mode)

to VCT 1s stopped. Relief
valve (CVC-376) around con-
trol valve may open allowing
some makeup to VCT (opens at
70 psig). If VCT reaohes
low-low level, makeup will

‘automatically be supplied to

the charging pump suction
header from the RWT (via
CVC-50h-MOV ).

Potentially no effect in all
operating modes, aince pumps
are off when pakeup i3 not
demanded. However, if con-
trol signal failure is the
cause, the pumps will also
be on, and overfilling of
the VCT can occur., Any let-
down will be directed to the
waste processing system on
high level in the VCT.

Assess RCS boron con-
centration. Operate in
dilute mode if necessary.
Isolate normal makeup
and utilize makeup

from MIT during repair.

Verify RWT flow path or utilize
path from normal makeup supply
to CVC-504-CV via manual valve
oVC-254.

Secure RCHU pumps and boric
acid pumps 1if operating.
Isolate failed valve.
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Table C2.

(continued)

Failure

Possible Causes

Effects

Remedial Actiona

49,

50.

Relief Valve
(RV-194) Around

.Makeup Control

Valve Fails Open

RMT Makeup Valve
(cvC-504-MOV)
Failas to Open on
Demand (Low Level
in VCT)

-
-

1.

3.

Haintenhnce error
Mechanical failure

Power supply failure
Mechanical failure
Control signal failure

Overfilling may prevent mix-
ture of required hydrogen
with makeup with eventual
result of low hydrogen con-
centration in the RCS. VCT
may overpressurize.

Minimal effect since pumps
will be off when control
valve 13 closed. Relief
valve dumps back into make-
up line and into VCT. Any
overfill will occur more
slowly since relief line is

only 3/4® va, the 3" diameter

makeup line.

Loss of charging flow to RCS
due to loss of flow to char-
ging pump suction, Pressu-
rizer level may drop and
initiate runback of letdown
flow. Potential net RCS
loss of 29 gpm (minimum let-
down setting).

Same as above,

Isolate letdown if required.
Operate makeup in manual mode
with makeup atop valve (CVC-
512-CV) open to restore VCT
level. Water makeup can

also be provided to charging
pump suction from RCMU pumps
through the chemical addition
tank (1-1/2" line to tank and
1/2* 1line out of tank to
charging pump suction).
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Table C2.

(continued)

Failure

Possible Causes

Effeots

Remedial Aotions

51. Manual Valve from
RWT to CVC-504-
MOV (component
above) 1s Closed
on Demand

SIAS Components

52. BAST Recirculation
Control Valves
(cvC-518-Cv and
CVC~-511-CV) Fail
Closed

53. BAST Recirculating
Control Valves
(CVC-518-CV or
CvC-511-Cv) Fail
to Close on SIAS
Demand

54. Boric Acid Gravity
Feed Valves (CVC-
508-MOV and CVC-
509-MOV) Fail to

Open on SIAS Demand

1.
2’
3.

1.
2.

Maintenance or
operator error

Loss of instrument air
Mechanical failure
Inadvertant SIAS
signal

Maintenance failure
Mechanical failure

Power supply failure
Mechanical failure
Control signal failure

Same as above, given that
makeup from the RWT is
demanded.

No significant effeot, al-
though mixing in BASTs {is
reduced, Relief valves
around these recirculating
valves to BASTs exist, but
will typically not be re-
quired since pumps do not
cperate unless makeup is
demanded, upon which main
pump discharge line also
opens to VCT.

Potential net reduction in
SI boric acid flow but not
a signiffcant amount (<25%).

One path for boric acid
addition to charging pump
suction {s lost. Other path
from boric acid pumps via
CVC-514-MW remains,

Same as above.

Repair component(s). Failure
will be hard to detect.

Provide emergency boration

with gravity feed valvea,

as required, based on RCS boron
requirementas.

Verify operability of other
boric acid path to charging
pump suction.
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Table C2.

(continued)

Failure

Poasible Causes

Effects

Remedial Acotions

55.

56.

57.

58.

VCT Outlet Valve
(CvC-501-M0V) Falils
to Close on SIAS
Demand

Spare Charging Pumps
Fail to Start on
SIAS Demand

Seal Return Valves
to VCT Fail to
Close on SIAS Demand

SIAS Fails to
all CVCS Components

1.
2.
3.

2.

Power supply failure
Mechanical failure
Control signal failure

Power supply failure
(3 XV Bus 11 or 4 KV
Bus 14)

Mechanical failure
Control signal failure

Mechanical failure
Control signal
failure

Control signal failure
Control power fajlure
(although control
power default may
produce an SIAS)

SIAS boric acid flow direct-
ly from BAST is diluted with
VCT flow. Extent of dilu-
tion depends on system hy-
draulics (discharge heads,
etc,). VCT volume is 3880
gal. Less shutdown margin
than desired due to dilution.

Potentially only 1/3 capa-
city SIAS boric acid flow
delivered to the RCS on
demand. Reduced shutdown
margins achieved.

No significant effects on
S1 capability. VCT may rill
from seal return since SIAS
will close the VCT outlet
valve, but the fill rate
will be slow.

Automatic delivery of con-
centrated boric acid from
CVCS (132 gpm design flow)
is failed.

Attempt to manually oloae
valve.

Manually start oharging pumps
on deteotion of failure, if
pumps are not failed
mechanically.

Atteapt to manually olose the
valves. Open the VCT outlet
valve if the VCT has filled to
too high a level,

Initiate emergency boration
alignment on deteotion of
failure. Flow from CVCS 1is
probably not required on
SIAS, but provides a safety
margin.

-2 43



Table C2,

(continued)

Failure

Possible Causes

Effects

Remedial Aotions

Chemical Makeup

59. Metering Pump Falls

60. Metering Pump Fails
to Stop in AUTO
Mode

61. Chemical Addition
Discharge Block
Valve(s) (CvC-264,
cvC-296, CVC-338,
cvCc-348, CvC-ATY,
CVC-478) are Closed

Power supply failure
Mechanical failure
AUTO control

signal failure

Loss of pump cooling
water

Control signal failure
Losa of control power

Operator or
maintenance error
Valves stuck closed

Loss of normal continuous
chemical addition. Failure
will be hard to detect.
Gradual decrease in RCS pH.

Excess hydroxide delivered
to RCS. Gradual increase
in RCS pH. Faillure may be
hard to detect.

Two paths are available,
with one normelly open.
Metering pump suction valve
can fail both patha. One
valve on each path can fail
chemical addition. Failure
will be hard to detect.
Metering pump discharge may
overpressurize, contributing
to pipe break. Loss of
normal chemical addition can
lead to gradual decrease in
RCS pH.

Pump can be operated looally
if AUTO control has failed.
RCS cheaistry can be corrected
by flushing chemiocals into

the charging pump suction

via the chemical addition tank
and RCMU pump(s).

Adjust RCS chemistry with
addition of water and borio
acid and letdown reactor
coolant to waate processing
systen.

Same as for metering pump
failure (correct chemistry with
flushing through the chemical
addition tank) if valve to
charging pump suction (CVC-338)
1s not stuck closed,
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Table C2.

(continued)

Failure

Possible Causes

Effects

Remedial Actions

62.

63.

64.

Makeup Error in
Chemical Addition
Metering Tank
(Hydroxide Concen-
tration Too High
or Too Low)

No Chemicals in
Chemical Addition
Metering Tank

Chemical Addition
(Flush) Tank
Discharge
Strainer Failed

1.
2.

1.
2.

Operator error
Chemical supplier
error

Operator error
Tank drain valve
open

Internal failure
Maintenance faflure
(strainer reversed
or not replaced)

Pressurizer lLevel Regulating System Interfaces

65.

Loss of Non-Vital

Power to Regulating

System Relays (AC

bus 1Y10) or Loss of

Vital Power to
Regulating Syatem

Bistables (bus 1Y10

or 1Y02)

1.
2.

Loss of power to bus
Fault on bus

Wrong chemical concentration
in RCS (pH too high or too
low). Long term effect.

Loss of normal (slow) chemi-
cal addition. Failure will

be hard to detect. Gradual

decrease in RCS pH.

Potential debris in system
may fail charging pumps and
charging flow. See other
"loss of charging flou®
effects.

Letdown control valve clo-
ses, backup charging pump
start and all pressurizer
heaters de-energize. Pres-
surizer high level transient
with potential for high
pressure transient from
operating charging pumps on
low pressure transient 1if
loss of heaters is control-
ling.

Failure may be hard to detect
unless RCS grab sample {s
normal procedure, RCS com-
position can be adjusted
quickly with flush from
chemical addition tank.

Restore tank integrity.
Util1ze flush tank as required.

Isolate strainer and/or
chemical addition, Isolate
letdown flow if charging flow
has failed.

Assume manual control of let-
down valve and charging pump
operation. If power on 1Y01 or
1Y02 failed utilize the un-
failed power supply to resume
pressurizer level control.
Pressurizer heaters can also be
turned on manually.
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Table C2.

(continued)

Failure

Possible Causes

Effects

Remedial Aotions

66. Pressurizer Level
Transmitter Fails
High (LT110X or
LT110Y)

67. Pressurizer Level
Transmitter Fails
Low (LT110X or
LTt110Y)

Power surge fails
power supply regulator
Capacitance bridge
circuit fails or other
internal components
fail

Loss of power to
transmitter (Bus 1Y01
or 1Y02)

Internal transmitter
components fail

Letdown control valve opens,
while any operating backup
charging pumps trip. VCT
fills. Level in pressurizer
drops, Pressurizer backup
heaters energize on initial
high level signal and on
subsequent low pressurizer
pressure acocompanied by the
inventory loss. Heaters
would not de-energize on ac-
tual low level in presasuri-
zer as designed due to the
transmitter failure. Net
loss in RCS inventory of 84
gpm. With incorrect opera-
tor response (opening other
letdown control valve and
tripping last charging pump)
net letdown flow (RCS loss)
could be as high as 230 gpm.

High level transient in
pressurizer, Letdown con-
trol valve runs back, backup
charging pumps start, and
pressurizer heaters de-ener-
gize. Potential high pres-
sure transient in pressuri-
zer with potential to open
PORV '3,

Assume manual control of CVCS
components. Fallure may be
hard to detect, low pressure
transient may be only indica-
tion. Switch to alternate
regulating system (1.e., system
X if Y transmitter i3 failed).

Switoh to alternate regulating
system (1.e., system X if Y
transaitter is failed). Assume
manual control of CVCS compo-
nents (trip pump and isolate
letdown as required).
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Table C2.

(continued)

Failure

Possible Causesa

Effects

Remedial Actionsa

68. Pressurizer Level
Setpoint (from
Reactor Regulating
System) Fails High

69. Pressurizer Level
Setpoint (from RRS)
Fails Low

1.
2.

1.
2.

Signal fault
Setpoint device fault

Signal fault
Setpoint device fault

Pressurizer overfill. Cor-
rect pressurizer level will
appear low and extra char-
ging pumps and runback of
letdown flow will be initia-
ted, resulting in overfill
of the pressurizer. High
pressurizer level will ap-
pear normal and correct con-
trol response (energize hea-
ters, stop backup charging
pumps and increase letdown)
will not occur.

Correct pressurizer level
will appear too high,
causing any extra charging
pumps to trip and the let-
down control valve to run
open; actual level in pres-
surizer will then be too
low, but heaters will still
be operating based on de-
creasing pressure transient
and erroneous high level
indication in pressurizer.

Switoh to alternate regulating
system (X or Y) on deteation
of failure. Adjust RCS inven-
tory with CVCS,

-

Suitch to alternate regulating
syatem (X or Y) on deteation
of failure, Adjust RCS inven-
tory with C¥CS,
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Table C2.

(continued)

Possible Causes

Effects

Remedial Aotions

Failure
Letdown Temperature Control
70. Temperature 1.
Transmitter (TT-22Y)
on Letdown Heat 2.
Exchanger Discharge
Fails Low
71. Temperature 1.
Controller (TIC-22})
Output Fails Low 2.

(assume signal out-
put is proportional
to power supply)

T72. Temperature 1.
Transmitter (TT-224)
or Controller 2.

(TIC-224) Fails High

Loss of power supply
to transmitter
Internal transmitter
components fail

Loss of power to

tc controller

Output wire is failed
(corrosion or broken
during maintenance)

Power surge fails

power supply regulator

Internal components
fail

If high letdown temperature
exists (letdown HX failure,
etc.) automatic bypass of
radiation monitor, borono-
meter, and ion exchangers
will not be initiated. Po-
tential damage may occur to
this equipment. Failure of
the boronometer may be a
significant effeot from this
transient,

Same as above.

Radiation monitor, borono-
meter, and fon exchangers in
letdown system are bypassed.
Loss of continuous purifioa-
tion and monitoring of RC
activity and boron ooncen-
tratlon:

TI-223 provides a backup for
correot temperature indication.
Assume manual control of valves
to bypass required equipment.

Same as above.

Assume manual oontrol of
bypass valves based on TI-223.
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Table C2.

(continued)

Failure

Poasible Causes

Effects

Remedial Acotions

Yolume Control Tank Level Copntrol

73. VCT Level 1.
Transmitter (LT-226)
Fails Low (LT-226 2.

provides input to
LC-227A, LC-227B

and LC-226)

Th. VCT Level 1.
Transmitter (LT-226)
Fails High 2.

Loss of power to
transmitter
Internal components
fail

Power surge fails
power supply regulator
Internal components
fail

Failure causes controller
LC-227A and B to initiate
makeup from the RWT (via
CVC-504-M0V) and to close
the VCT outlet valve. Fail-
ure also causes controller
LC-226 to initiate makeup to
the VCT and fail to shut off
makeup when required. The
VCT would overfill, Diver-
sion of letdown to the waste
processing system on high
VCT level (from LC-227)
would also be failed, con-
tributing to the overfill.

Failure causes controller
LC-227 to divert letdown
flow from VCT to the waste
processing system and causes
LC-226 to fail to provide
needed automatic makeup to
the VCT as the VCT level
drops. The failure also
causes controller LC-227 to
fail to initiate makeup from
the RWT, when VCT level 1is
actually low, resulting in
loss of flow to the charging
pumps and loss of charging

Assume manual control of
appropriate valves to stop
overfill, Failure may be hard
to deteot since all VCT level
indication is based on this
transmitter.

Manually initiate makeup from
the RUT and then realign VCT
letdown inlet valve to the VCT.
Failure may be hard to detect
since low level indicatiton and
alarm will be failed.
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Tabie C2.

(continued)

Fallure

Posasible Causes

Effects

Remedial Aotions

75. Level Controller
LC-227A) Output
Fails Low (assume
signal output is
proportional to
power supply)

T76. Inadvertent Output
From Level

Controller (LC-227A)

T7. Level Controller
(LC-227B) Output
Fails Low (assume
signal output 1is
proportional to
power supply)

Loss of power to
controller

Output wire is failed
(corrosion or broken
during maintenance)
Other internal failure

Power surge
Other internal failure

Loss of power to
controller

Output wire is failed
(corrosion or broken
during maintenance)
Other internal failure

flow to the RCS, The VCT
could empty on the order of
a half hour from the trans-
mitter failure.

Automatio diversion of let-
down from VCT to waste pro-
cessing system on high level
in VCT would be failed.
Potential for VCT overfill.
Charging flow would not be
affected.

Inadvertent diversion of
letdown to the waste prooces-
sing system. Other makeup,
either from VCT makeup or
RWT, will be provided for
charging flow., Flow deli-
vered to the RCS may be
cooler than design tempera-
ture.

On low-low level in VCT,
makeup from the RWT is
failed resulting in loss of
charging flow to the RCS,

Assume manual control of the
valve CV-500 as required to
avoid overfill.

Assume manual control of this
valve based on VCT level.

Assume manual control of thia
valve based on VCT level.
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Table C2.

(continued)

Failure

Possible Causes

Effects

Remedial Actions

78. Inadvertent Output
From Level

Controller (LC-227B)

YCT Makeup Control

79. Makeup Level

Controller (LIC-226)

Output Fails Low

80. Makeup Level

Controller (LIC-226)

Output Fails High

81. Loss of Power to
Makeup Flow Control
Unit

1.

2.

Power surge
Other internal failure

Loss of power to
controller

Output wire 1{s failed
(corrosion or broken
during maintenance)
Other internal failure

Power surge
Other internal failure

Loss of power to panel
Fault at panel

No significant effect.
Opens RUT makeup valve.
More flow available to
charging pump section.

No effect unless makeup
controller is in AUTO, which
it normally is. If in AUTO,
VCT makeup fails on demand.
Backup makeup from RWT is
still operable.

If makeup control 1is in
AUTO, makeup to VCT {ia
init{ated and not stopped
when required. VCT may
overfill, VCT level alarm
will not be affected by
failure and will annunclate
on high level in tank,

Assuming panel requires
power to actuate equipment,
makeup valves fail closed
and pumps stop. No makeup
is delivered to the VCT.
Automatic makeup from the
RWT will still be available
on low level in the VCT.

Repair component.

Operate VCT makeup in manual
mode and verify operability
of backup makeup from RWT.

Assume manual control of
makeup and repair component.

Restore power to panel.
Utilize makeup from the RWT
and emergency boration path as
required,
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Table C2.

(continued)

Failure

Possible Causes

Effects

Remedial Aotions

82. Water Makeup Flow
Controller
(FRC-210X) Fails

83, Boric Acid Makeup
Flow Controller
(FRC-210Y) Fails

2.

3.

Maintenance error

Flow transmitter
(FT-210X) failure
Other internal failure

Maintenance error
Flow transmitter
(FT-210X) frailure
Other internal failure

Runs water supply con-
trol valve open when it
should be running it
back. Overfeed of water
in makeup. Potential
long term boron dilution
in RCS.

Runs water supply con-
trol valve back when it
should be running it
open. Underfeed of
water in makeup and
potential for long term
overboration of RCS.

Runs boric acid supply
valve open when it
should be running it
back. Overfeed of boric
acid in makeup and po-
tential for overboration
of the RCS.

Runs boric acid supply
valve back when it should
be running it open.
Underfeed of boric acid
in makeup and potential
for underboration of the
RCS.

When makeup mode is in AUTO,

or flow transmitter has failed,
failure will be hard to deteot.
Repair component.

Same as above.

When makeup mode is in AUTO,
or flow transmitter has failed,
failure will be hard to deteot.
Repair component.

Same as above.
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(continued)

Possible Causes

Effects

Remedial Actions

84. Makeup Mode
Selector Failure

Printed circuit
board failure

Dilution instead of
boration may occur and
vice versa (unless timer
must be set to get flow,
i.e., if boric acid line
timer was not set, no
flow could be dis-
charged).

Manual mode instead of
AUTO would result in
loss of automatic makeup
to the VCT. Makeup from
the RWT would still be
available.

Dilute or borate modes
instead of manual (i.e.,
makeup pumps and boric
acid pumps would not
operate at the same
time). Results in po-
tential RCS over- or
under-boration.

Isolate VCT makeup. Assess
problen and RCS boration.
Correct as required, then
repair failed components.

Operate with MT makeup and
repair component.

Isolate VCT makeup. Assess
problem and BRCS boration.
Correct as required, then
repair failed components.
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Table C3.

Pressurizer level regulating system FMEA

Failure

Possible Causes

Effects

Remedial Actions

Loss of Non-Vital 1.
Power to Regulating 2.
System Relays (AC

bus 1Y10)

Loss of Vital Power 1.
to Regulating System 2.
Bistables (bus 1Y01

or 1Y02)

Loss of power to bus
Fault on bus

Loss of power to bus
Fault on bus

Letdown control valve
closes, backup charging
punps start and all
pressurizer heaters de-
energize. Pressurizer high
level transient with poten-
tial for high pressure tran-
sient from operating
charging pumps or low pres-
sure transient if loss of
heaters 1s controlling.

Same as above.

Assume manual control of let-
down valve and charging pump
operation, If power on 1Y01 or
1Y02 failed utilize the un-
failed power supply to resume
pressurizer level control.
Backup for t1YOt and 1Y02 {is
also available on bus 1Y11.
Trip charging pumps as re-
quired. Turn on pressurizer
heaters manually as required.
Manual control of letdown
valve {3 lost. If bus {s not
faulted manually align backup
bus 1Y09.

Assume manual control of let-
down valve and charging pump
operation. If power on 1Y01 or
1Y02 failed utilize the un-
failed power supply to resume
pressurizer level control.
Backup for 1Y0t and 1Y02 {s
also available on bus 1Y11.
Trip charging pumps as re-
quired. Turn on pressurizer
heaters manually as required.
Manual control of letdown
valve 13 lost. If bus {s not
faulted manually align backup
bus 1Y09.
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Table C3.

(continued)

Failure

Poaaible Causes

Effects

neladlél Aotions

Pressurizer Level
Transmitter Faila
High (LT110X or
LT110Y)

Pressurizer Level
Transmitter Fails
Low (LT110X or
LT110Y)

1.

2.

1.

Power surge fails
power supply regulator
Capacitance bridge
eircuit fails or other
internal components
fail

Loss of power to
transmitter

Internal transmitter
components fail

Letdown control valve opens,
while any operating backup
charging pumps trip. Level
in pressurizer drops. Prea-
surizer backup heaters ener-
gize on initial high level
signal. Heaters would not
de-energize on actual low
level in pressurizer as de-
signed due to the transmit-
ter failure. Potential heat
damage to pressurizer. Net
loss in RCS inventory of 84
gpm. With incorrect opera-
tor response (opening other
letdown control valve and
tripping last charging pump)
net letdown flow (RCS loss)
could be as high as 256 gpm.

High level transient in
pressurizer. Letdown con-
trol valve closes, backup
charging pumps start, and
heaters de-energize. Poten-
tial high pressure transient
from operating charging
pumps or low pressure tran-
sient if loss of heaters 1is
controlling.

Assume manual oontrol of CVCS
components. Failure may be
hard to detect, volume control
tank high level may be only
indjocation. Switch to alter-
nate regulating system (i.e.,
system X 4if Y transmitter i3
failed).

Suitch to alternate regulating
system (i.e., system X if Y
transajtter i3 failed). Assume
manual control of CVCS compo-
nents (trip punp and isolate
letdown as required).
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Table C3. (continued)

Failure

Possible Causes

Effects

Remedial Actions

5. Pressurizer Level
Setpoint (from
reactor regulating
system) Fails High

6. Pressurizer Level
Setpoint (from RRS)
Fails Low

1.
2.

1.
2.

Signal fault
Setpoint device fault

Signal fault
Setpoint device fault

Pressurizer overfill.
Correct pressurizer level
will appear low and extra
charging pumps and runback
of letdown flow will be ini-
tiated, resulting in over-
fill of the pressurizer.
High pressurizer level will
appear normal and correct
control response (energize
heaters, stop charging pumps
and increase letdown) will
not occur.

Cerrect pressurizer level
will appear too high,
causing any extra charging

. pumps to trip-and the let-

down control valve to run
open; actual level in pres-
surizer will then be too
low. Heaters will be ener-
gized based on erroneous
high level indication in
pressurizer, but will still
de-energize if lo-lo level
setpoint i3 reached, since
lo-lo setpoint is indepen-
dent of operating level set-
point. On a reactor trip,
pressurizer could empty.

Suitch to alternate regulating
system (X or Y) on detection
of failure. Adjust RCS inven-
tory with CvCs.

.Switch to alternate regulating
system (X or Y) on detection
jof failufe. Adjust RCS inven-
“tory with CVCS.
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Table C3. (continued)
Failure Possible Causes Effects Remedial Actions
Potential pressurizer damage
if heaters fail on.
7. Pressurizer Level 1. Loas of power to Heaters are inadvertently Suitch to alternate (X or Y)

Hi Bistable (LC-

110XH or LC-110YH)
Contacts Fail Open
(assumed normally 2.
energized closed)

Pressurizer Level 1.
Hi Bistable (LC-

110XH or LC-110YH)
Contacts Fail Closed
(assumed normally
energized closed)

module resulting in
failure to de-ener-
gized position
Burnout or wearout of
power related compo-
nents (contacts, etc.)

Contact short or
arcing caused by cor-
rosion, aging, moias-
ture, swell, etec.

energized and all but one
charging pump i3 stopped.

On low level LA-110XL or YL
would start pumps again.
High pressure transient
would be initiated but ter-
minated by pressurizer spray
{by pressure regulating
system).

Heaters would fail to ener-
gize on high level and if
backup charging pumps were
operating they would fail to
trip automatically. Letdown
control valve would still
open on demand, Net RCS
gain of only 4§ gpm. Pres-
sure regulating system would
not turn on heaters (no low
pressure developing). Slow
pressurizer overfill tran-
sient. High level alarm
would still be operable.

regulating system to utilize
redundant operable biatable.

Suitch to alternate (X or Y)
regulating system to utilize
redundant operable bistable.
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Table C3.

(continued)

Failure

Possible Causes

Effects

Remedial Actions

10.

11.

Lo-Lo Bistable (LC- 1.
110XL or LC-110YL)
Contacts Fail Open
(assumed normally 2.
energized closed)

Lo-Lo Bistable (LC- 1.
110XL or LC-110YL)
Contacts Fail Closed
(assumed normally
energized closed)

Lo Bistable (LA- 1.
110XL or LA-110YL)
Contacts Fail Open
(assumed normally 2.
energized closed)

Loss of power re-
sulting in failure to
de-energized position
Burnout or wearout of
power related compo-
nents

Contact short or
arcing caused by cor-
rosion, aging, mois-
ture, swell, eto.

Loss of power re-
sulting in failure to
de-energized position
Burnout or wearout of
power related compo-
nents

Even 1f level was not low,
or if pressure was low,
pressurizer heaters would
de-energize, resulting in
slow pressure decrease in
the pressurizer.

On low low level, heaters
will not de-energize. Char-
ging pumps will still ener-
glize and letdown control
valve will close on demand.
Potential pressurizer damage
from dry heater operation 1if
low low level exists. Lo-lo
level alarm may also be
failed, but low level alarm
will be operable.

A1l charging pumps energize
and, on low level, low level
alarm fails, Lo-lo level
alarm will still function on
demand. Automatic response
of letdown control valve 1is
not affected. Net RCS gain
of 4 gpm.

Switch to alternate (X or Y)
regulating system to utilize
redundant operable biatable.

Switch to alternate (X or Y)
regulating system to utilize
redundant operable bistable.
Switoh manual heater control
from "AUTO® to ®"QFF",

Switoh to alternate (X or Y)
regulating aystem to utilize
redundant operable bistable.
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Table C3.

(continued)

Failure

Possible Causes

Effects

Remedial Actions

12.

13.

14,

Lo Bistable (LA- 1.
110XL or LA-110YL)
Contacts Fail Closed
(assumed normally
energized closed)

Hi Bistable (LA- 1.
110XH or LA-110YH)
Contacts Fail Open
(assumed normally
energized open)

Hi Bistable (LA- 1.
110X or LA-110YH)
Contacts Fai) Closed
(assumed normally
energized open) 2.

Contact short or
arceing caused by cor-
rosion, aging, mois-
ture, swelling, eto.

Contact short or
arcing caused by cor-
rosion, aging, mois-
ture, swelling, eto.

Loss of power to
module resulting in
failure to nonpower
position

Burnout or wearout of
power related compo-
nents (contacts, etc.)

Low pressurizer level alarm
will actuate inadvertently.
May induce operator to raise
level, initiating an in-
creasing level transient.
High level alarm is not
affected by failure and
should actuate if level gets
high enough.

On high pressurizer level,
high level alarm fails, May
degrade operator response in
the event of high level.
Automatic response of let-
down control valves and
charging pumps is not
affected.

High pressurizer level alarm
will actuate inadvertently.
May induce operator to lower
level, initiating a de-
creasing level transient.
Low level alarm is not af-
fected by failure and should
annunciate 1f level gets low
enough,

Switoh to alternate (X or Y)
regulating aystea to.utilize
redundant operable blataQ}e.

Suitoh to alternate (X or Y)
regulating ayatem to utilize
redundant operable bistable.

Suitoh to alternate (X or Y)
regulating aystem to utilize
redundant operable bistable.
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Table C3. (continued)

Failure

Possible Causes

Effects Remedial Actions

15.

16.

17.

LIC-110X (or LIC-
110Y) Controller
Fails Low

(low output)

LIC-110X (or LIC-
110Y) Controller
Fails High

.(high output)

Charging Pump

Bistables LC~-110-1

and 110-2 Fail On
(contacts closed)

1.
2.

1.

Loss of power to
control ler

Output wire 1s failed
(corrosion or broken
during maintenance)
Other internal failure

Power surge
Other internal failure

Contact short or
arcing caused by cor-
rosion, aging, etc.

Backup charging pumps start Switch to alternate (X or Y)

and letdown control valve regulating system to utilize
closes. Increasing level redundant operable controller,
transient initiated. At Trip last charging pump if
high level alarm setpoint, level rise is not controlled.

alarm will still annunciate
and LC-110H will de-energize
backup charging pumps. Net
RCS gain of 15 gpm (44-29)

after backup charging pumps

trip.

Backup charging pumps trip Switch to alternate (X or Y)
and letdown control valve regulating system to utilize
opens, Decreasing level operable controller,

transient initiated. But,
at low level alarm setpoint,
low level alarm will annun-
ciate and backup charging
pumps will start automati-
cally. Level will maintain
around low level setpoint
with pumps starting and
stopping.

Backup pumps will fail to Manually operate backup pumpa
energize from controller on as required.

demand. Low level alarm bi-

stable will not be affected

by failure and will start

and stop both pumps around

low level setpoint.
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Table C3.

(continued)

Failure

Possible Causes

Effects

Remedial Actions

18.

19.

20.

Charging Pump
Bistables LC-110-1
and 110-2 Fail off
(contacts open)

Relays (LC-110H)
Fail to Close on
Demand (when de-
energized and when
hi level exists)

Relays (LC-110H)
Fail Closed
(normally energized
open)

1.
2.

1.
2.

Loss of power

Burnout or wearout of
power related compo-
nents

Burnout or wearout of
power related compo-
nents

Loss of power

Contact short or
arcing caused by cor-
rosion, moisture,
aging, eto.

Backup pumps will start in-
advertently. High level
alarm will not be affected
by failure. When level
reaches setpoint of LC-110XH
or YH bistable, pumps will
deenergize.

On high level, heaters are
not energized and charging
pumps are not stopped, but
letdown control valve will
still open. Net minimum RC3S
gain of 4 gpm.

No significant overall
effact. Pressurized heaters
are inadvertently energized
and backup charging pumps
will stop. Heaters will de-
energize 1if 1o lo level
exists. Also spray can off-
set any pressure eaeffect.
Backup charging pumps will
not be started automatically
on demand, but letdown con-
trol valve can still respond
to any low level transient,

Manuslly trip pumps as required
to maintain level.

Manually trip pumps as required
to maintain level.

Manually control charging
pumps,
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Table C3.

(continued)

Failure

Possible Causes

Effects

Remedial Actions

21.

22.

23.

24,

Relays (LC-110L)
Fail to Open On
Demand (when de-
energized and when
1o 1o level exists)

Relays (LC-110L)
Fail Open (normally
energized closed)

Charging Pump Relays
Fail to Close (when
de-energized and on
lo level)

Charging Pump Relays
Fail Closed

1.
2.

Contact short or
arcing caused by cor-
rosion, moisture,
aging, etc,

Loss of power

Burnout or wearout of
power related compo-
nents

Burnout or wearout of
power related compo-
nents

Loss of power

Contact short or

arcing caused by cor-
rosion, moisture,
aging, etc.

Heaters will not automati-
cally de-energize on lo lo
level. Potential pressuri-
zer damage.

Heaters would fail to ener-
gize on demand. Could lead
to low pressure transient in
RCS, with potential core
boiling. Also degraded
level control on high level
in pressurizer.

On demand, backup charging
pumps will fail to start.
Letdown control is not
affected and can maintain
level.

All charging pumps are ener-
glzed. Letdown control
valve will run open in re-
sponse to resulting high
level. Net RCS gain of 4
gpm (132-128).

Manually switch heaters off on
lo 1o level alarm.

Monitor RCS pressure. Manually
control heaters as required.

Manually control pumps as re-
quired. Monitor level and let-
down control valve performance.
Utilize spare relay from pump
selection.

Charging pumps can be manually
tripped and atarted. Manually
operate pumps as required.
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Table CH.

Reactor coolant pressure regulating system FMEA

Failure

Possible Causes

Effects

Remedial Actions

1. Pressure Trans- 1.
mitter (PT-100Y or
PT-100X) Fails Low

Loss of power on
operating vital bus
(1Y01 or 1Y02)

Loss of power to
transmitter (faulted
wires, eta.)
Internal transmitter
components fail

A zero current demand signal
will be produced indicating
a low pressure condition.
Pressurizer spray valves
will close, all pressurizer
heaters will energize and a
low pressure alarm will an-
nunciate, Actual preasure
will increase due to heater
operation, which will cause
the PORVs to 1lift. If fault
i3 loss of vital power and
pressurizer level regulating
system is on same bus, all
heaters will de-energize on
a false lo-10 level signal.
The spray valves will still
be closed and a low preasure
alarm will still annuncilate,
but no transient will deve-
lop. If a high pressure
transient did develop, manu~
al response would be re-
quired to open spray valves.
If low pressure existed, the
heaters could not be ener-
glzed as required, even man-
ually. A decrease in pres-
sure would occur with an
eventual thermal margin/low
pressure reactor trip.

Switch to alternate regu-
lating system (X or Y) to
utilize operable alternate
tranamitter. Also utilize
manual control of heaters and/
or spray, as required.
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Table C4, (continued)
Failure Possible Causes Effecots Remedial Actiona
2. Pressure Trans- 1. Power supply regu- Spray valves will open Swuitch to alternate regulating

mitter (PT-100Y or
PT-100X) Fails High

2.

Backup Heater 1,
Controller (PC-100X 2.
_or PC-100Y) Fails

Low

Backup Heater 1.
Controller (PC-100X

or PC-100Y) Fails

High

lator fails due to
power surge

Internal transmitter
componenta fail

Power surge

Failure of bistable
relays in closed
position (contact
short or arcing)

Loss of power
resulting in failure
to de-energized posi-
tion (wire failure)
Burnout or wearout

of power related
components (contacts,
ete.)

fully, all heaters will
de-energize, and high pres-
sure alarm will annunciate.
Actual pressure will de-
crease due to 375 gpm spray
flow at 548°F. Reactor
trip will have occurred by
1750 psia from thermal
margin/low pressure trip
(assume RT pressure trans-
mitters are separate from
regulating system trans-
mitter).

Backup heaters would ener-
gize. Pressure would
start to increase, but
would be controlled by
pressurizer spray via
controller P1C-100X {(or Y).

Backup heaters fail to
energize on low pressure
demand, If pressure drops
low enough, thermal margin/
low pressure reactor trip
will occur.

systea (X or Y) to utilize
operable alternate transmitter.
Isolate spray with manual
controller and manually ener-
gize heaters as required.

Suitch to alternate regulating
system (X or Y) to utilize
alternate operable controller,

Utilize alternate regulating
system (X or Y), or manually
energize heaters with 1HS100-4
to maintain pressure.
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Table Cli. (continued)
Failure Possible Causes Effects Remedial Actions
5. Proportional 1. Loss of power to Pressurizer spray valves Utilize alternate regulating
Controller controller close and proportional aystem (X or Y). Manually

(P1C-100Y or
P1C-100X) Fails
Low

Proportional
Controller
(P1C-100Y or
P1C-100X) Falls
High

High Pressure
Alarm Bistables
(PA-100X or
PA-100Y) Fail
Closed

2.

Internal failure

Power surge
Component short or
arcing or other
internal component
failure

Contact short or
arcing caused by
corrosion, aging,
moisture, swelling,
eto.

Power surge

heaters energize. Pressure
would slowly increase in
pressurizer, with eventual
high pressure alarm. PORVs
may 1ift with high pres-
sure reactor trip. High
pressure alarm operability
13 not affected by failure.

Pressurizer spray valves
are opened and proportional
heaters are de-energized.
Pressure decrease in pres-
surizer, which cannot be
offset by backup heaters.
Low pressure alarm will
annunciate. Eventual
thermal margin/low pres-
sure reactor trip. Pressure
may continue to drop. At
1600 psia safety injection
signal will actuate.

High pressure alarm in-
advertently annunciates.
This may induce the oper-
ator to reduce pressure
manually by opening spray
valves and de-energizing
heaters. If pressure drops

turn on spray if required to
reduce pressure and avoid
reactor trip.

Isolate spray with manual
control. Utilize alternate
regulating syatem for
continued operation.

Verify alarm ocondition with
operable bistables on alternate
regulating system (X or Y)
before taking manual aotion.
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Table CH.

(continued)

Failure

Possible Causes

Effects

Remedial Actions

8.

10.

Low Pressure
Alarm Bistables
(PA-100X or
PA-100Y) Fail
Closed

Pressure Alarm
Bistables
(PA-100X or
PA-100Y) Fail
to Initiate
Alarms

Spray Valve
Controller
(1Y09) Fails
Low

Contact short or
arcing caused by
corrosion, aging,
moisture, swelling,
eta.

Loss of power
resulting in
failure to de-ener-
gized position

Wearout or burnout
of power related
components

Loss of power on
bus 1Y09 or to
component
Internal failure

low enough, thermal margin/
low pressure reactor trip
will occur. Operator would
probably stop pressure
reduction at this point.
Also, low pressure alarm
may not be affected by the
failure and may annunciate.

Low pressure alarm in-
advertently annunciates.
This may induce the
operator to increase
pressure manually by
stopping any pressurizer
spray and turning on
heaters. High pressure
alarm may not be affected
by the failure and may
annunciate.

High or low alarm condi-
tions are not annunoiated
so that operator backup
to automatic response to
alarm conditions is not
available.

Pressurizer spray fails to
actuate on demand. No

other effect unless system
pressure is out of balance

Verify alarm condition with
operable bistables on alternate
regulating systea (X or Y)
before taking manual action.

Failure may be hard to detect.
On detection, utilize alternate
systea.

Utilize hand controller as
required to actuate spray
flow and reduce pressure.
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Table CU. (continued)

Failure Possible Causes Effects Remedial Aotions
(high). Then PORV may lifrt
and high pressure reactor
trip may ocour,
11. Spray Valve 1. Power surge Pressurizer sapray fails on Isolate spray with manual
Controller 2. Component short (375 gpm max). Pressure control.
(1Y09) Fails or arcing or decrease in pressurizer
High other internal which cannot be offset by
component fault heaters. Low pressure
alarm will annunciate.
Eventual thermal margin/
low pressure reactor trip
will occur. Pressure may
continue to drop. At 1600
psia safety injection signal
will actuate.
12. Loss of Vital 1. Loss of power to Loss of vital power will Utilize operable power supply
Power on bus fail the pressure trans- on alternate regulating
Operating Bus 2. Fault on bus mitter low. If the pres- syatem (X or Y).

(1Y0?! or 1Y02)

surizer Level Regulating
System is still powered
(i.e., on the alternate

bus) all heaters will be
energized and the pressur-
izer spray valves will
close; i.e., a high pressure
transient will occur; but a
low pressure alarm will
annunciate., The operating

" Pressurizer Level Regula-

ting System was on the
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Table Cl4.

(continued)

Failure

Possible Causes

Effects

Remedial Aotions

13.

Loss of Non-Vital
Power on Bus 1Y09

1.
2.

Loss of power to bus
Fault on bus

failed bus, the heaters
will de-energize on a false
lo-10 level signal. The
spray valves will still be
failed closed and a low
pressure alara will still
annunciate. No particular
transient will develop from
this failure, but existing
high pressure transients
would require manual
response and a low pressure
transient could not be aon-
trolled since the heaters
could not be energized,
even manually.

Pressurizer spray valves
will close and backup

heaters will de-energize.
Proportional heaters will
also fail off,
transient will develop.

May get low pressure alaram.

Low pressure

Energize backup heatera
manually (with handswitoh) as
required to restare pressure.
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Table C5.

Reactor regulating system FMEA

Failure

Possible Causes

Effects

Remedial Actions

Loss of Instrument
Power via 125 V
AC Bus Failure

I/1 Signal Error
from RCSI Systen
Fails T, or Ty

‘High or Low

Channel Selector

Switch Fails Signal

High or Low

1.
2.

Loss of normal power
supply to bus
Fault on bus

Sensor fafilure
I/1I failure

Mechanical failure

Loss of quick-open to atmos-
pheric dumps and turbine by-

pass valves,

Loss of signal

to pressurizer level con-

1.

" troller.

Proportional steam dump
valve errors in direction
of signal error.

Pressurizer pre-
programmed setpoint
for level, errors in
direction of signal
error.

Proportional steam dump
valve errors in direction
of signal error.

Pressurizer pre-
programmed setpoint
for level, errors in
direotion of signal
error.

‘.

Switoh to alternate supply
of buses.

Switch to other channel of
RRS.

No effect from valve pro-
portional errors, unless
turbine trips.

Pressurizer level aysten
will ohange pressurizer
level-operator action
needed to correct.

Switch to unaffeoted RRS
chsnnel,

No effect from valve pro-
portional errors, unless
turbine tripsa.

Pressurizer level asystem
will change pressurizer
level-operator aotion
needed to correct.

Switch to unaffected RRS
channel.
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Table C5.

(continued)

Failure

Possible Causes

Effects

Remedial Aotions

y,

5.

Network Summing
Resistors Fail

Signal High or

Low

Turbine First Stage
Pressure Signal
Fails High or Low

Steam Dump Analog
Output Component
Signal Fails High
or Low (excluding
quick opening bi-
stable failure
high)

1.
2.
3.
b,

Electromechanical
failure

Power loss
Transmitter failure
I/1I failure
Resistor failure

Failure of electrical
components

Proportional steam dump 1.
valve errors in direction
of signal error.

Pressurizer pre- 2,
programmed setpoint

for level, errors in
direction of signal

error,

Proportional steam dump 1.
valve errors in direction
of signal error,

Pressurizer pre- 2.
programmed setpoint

for level, errors in
direction of signal

error,

3.

Steam dump proportional 1.
control error.

Ho effect from valve pro-
portional errors, unleas
turbine trips.

Pressurizer level system
will change pressurizer
level-operator aotion
needed to correot.

Switch to unaffected RRS
channel.

No effect from valve pro-
portional errors, unless
turbine trips.

Pressurizer level system
will change pressurizer
level-operator action
needed to correct.

Switch to unaffected RRS
channel.,

No effect on system in
normal operation.
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Table C5. (continued)

Failure

Possible Causes

Effects

Remedial Actions

Level Setpoint 1.
Pressurizer Module
Firmware Falls

High or Low

Quick Opening 1.
Bistable Fails High

or Tav Error (T,,-
Trer) Falls High

Fallure of electrical
components

Bistable Fails High

1. Preprogranmed pressuri-
zer level setpoint
changes.

Places the turbine bypass
valves and the atmospheric
steam dump valves in a
failed state such that,
following turbine trip, the
valves would open and RCS
overcooling would occur.

1. Operator adjust or shut
unit down and repair
module.
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Table C6.

Main feedwater and condensate FMEA

Failure

Possible Causes

Effects

Remedial Actions

e ene or 0

1. Feedwater Regulating 1.
Valve (FW 1111 or
1121) Fails Open
2.

3.

2. Feedwater Regulating 1.
Valve (FW 1111 or
1121) Fails to Close
Following Turbine 2.
Trip

Mechanical Fallure
of Valve or Operator

Controller (FC 1111)
Opens Valve

Erroneous Controller
Inputs

Mechanical Failure
of Valve or Operator

Loss of Pneumatic
Supply While Valve is
Open

a. Loss of Instrument
Adr Supply

SG level increases initia-
ting turbine and reactor
trip. Prior to turbine
trip, overfill of the SG may
result in carryover of
moisture into the main tur-
bine, causing turbine blade
erosion and/or failure,
Following turbine trip, the
regulating valve may be sig-
naled to close and the by-
pass opened. SG overfill
potential exists if the
valve remains open, Exten-
sive injection of water into
steam lines could jeopardize
steam line integrity.

Following reactor trip, SG
level will increase. Unleass
controlled, the SG overfeed
will result in injection of
water into the steam lines,
Extensive injection could
Jeopardize steam line
integrity.

Operator should attempt to
throttle the valve menually 1if
possible and, if required, trip
the main feedwater pumps man-
ually to prevent SG overfill.
Confirm subsequent automatioc
initiation of auxiliary feed-
water. Operator should
manually override the con-
troller if it is the problem.
Operator also may attempt to
isolate or control flow using
the mwotor operated isolation
valve.

Operator should attempt to
throttle the valve manually
and, if required, trip the main
feedwater pumps prior to over-
filling SG. Confirm the sub-
sequent automatio-initiation of
auxiliary feedwater.
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Table C6.

(continued)

Fallure

Poasible Causes

Effects

Remedial Actions

Feedwater Regulating
Bypass Valve (FW
1105, 1106) Remains
Open Following
Reactor/Turbine Trip

b. Isolation of
Pneumatic Supply
Due to Solenoid
Valve Failure or
Failure of 120 VAC
Buses Y09 or Y10

Controller (FC 1111,
1121) Fails to Close
Valve

Control Room Operator
Fails to Throttle
Either Bypass Valve
Hanually Following
Reactor Trip

Mechanical Failure of

Valve or Operator

Controller (LIC 1105,
1106) Fails

‘Following reactor trip, the

main feedwater regulating
valves close and the bypass
open to maintain 5§ flow.

As the residual heat genera-
ted in the core decreases,
the SG level will begin to
increase slowly. The con~
trol room operator is re-
required to throttle the
bypass valves manually to
maintain SG level. If the
valves are not throttled, SG
overfill and possibly damage
to the steam lines or their
supports could ococur.

Operator should throttle bypassa
valve manually if possible. If
required, isolate flow path or

trip main feedwater pumps prior
to SG overfill.
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Table C6.

(continued)

Failure

Possible Causes

Effects

Remedial Actions

5.

6.

Main Feedwater
Isolation Valves
(FW-4516-MOV,
FH-4517-M0OV)
Fails to Close

Feedwater Pump
11, 12 Fails to
Trip

cle

Feedwater Regulating
Valve Fails Closed
(Fi-1111-Cv,
FW-1121-CV)

2.

Failure of 125 VDC Bus 11

Loss of Electric

Power from 4 KV Bus
11 (ZA) and 14 (ZB)

Mechanical Failure

and 21, Respectively:

1.

3.

Mechanical Failure
Causes Valve to
Close

Controller (FC 1111)
Fails Causing Valve
to Close

Pneumatic Supply
Isolated While Valve
13 Closed

Potential for containment
overpressurization 1if
failure accompanies SGIS.

Potential for Steam
Generator Overfill following
SGIS or CSAS conditions.

_ Also impacts RCS

overcool ing.

Steam Generator level
decreases resulting in
reactor trip. Auxiliary
feedwater is designed to
actuate upon low SG
level. Failure to supply
feedwater to the steam
generator may result in
RCS undercooling.-

Restore power, if posaible.

Restore power, if possible.

Operator should manually
oontrol valve if possible.

Operator should atart auxiliary

feedwater aystem if it is not
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Table C6.

(continued)

Failure

Possible Causes

Effeots

Remedial Actions

7.

Header or Valve
Ruptures

Motor Operated
Valve Fails Closed
(Outside Containment
FW-14516-MOV)

Mini-Flow Control
Valves Fail Open
(FW-4484-Cv,
FW-hl48yA-Cv)

Erroneous Inputs to
Controller Cause Valve
to Close. Inputs
Include:

a, Steam FPlow Rate
(FT1011, 1021)

b. Peedwater FPlow Rate
(FT1111, 1121)

o. Downcomer Level
(LT1111, 1121)

Metal Defects; Stress
Corrosion Cracking

Mechanical Failure
Causes Valve to
Close

Spurious Signal Causes
Valve to Close

Hechanical Failure
Causes Valve to Open

Valve Controller
Fails, Opening Valve

Spurious signals inoluding
high feedwater flow rate and
high downcomer level might
cause the controller to
incorrectly adjust the
feedwater regulating valve
to the closed position.

Loss of main feedwater
flow to steam generator.

Fails flow to stean
generator.

Minimum flow control valve
fails open resulting in a
reduction of feedwater flow
to the steam generator.

Reopen valve if possible,
control steam flow froa
affected steam generator.

Operator manually shuts valve.
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Table C6. (continued)

Failure

Possible Causes Effects

Remedial Actions

10. Main Feedwater
Pump Trip

Mechanical Failure
Causes Pump to Trip

Steam Generator level
decreases resulting in
reactor trip. Auxiliary
feedwater should be manually
started if not automatically
actuated.

Turbine Control and
Lubrication High
Pressure 011 System
Fails

Loss of Steam from
Reheat Steam System
(Above 40% Pump
Capacity)

Loss of Main Steam
(Below 40§ Pump
Capacity)

LP Steam Control
Valves Fail Closed

Turbine Exhaust Valves
Fail Closed

Turﬁine Speed
Controller Fails

Turbine Overspeed
Causes Pump Trip

Low Suction Pressure
Trips Pump

Operator should verify
auxiliary feedwater flow 18
started. If auxiliary
feedwater is not automatically
started, operator should
manually start system.

Adnit HP steam from Main Steam
System to pump turbine if LP
steam flow fails.
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Table C6. (continued)

Failure

Possible Causes

Effects

Remedial Actions

RCS Undercooling

11. Degraded Feedwater
Flow to Steanm
Generator

2. Degraded Feedwater
Flow to Steam
Generator-

10.

1.

12,

13.

High Discharge
Pressure Trips Pump

Low Vacuum Causes
Pump Trip

Turbine Casing High
Water Level Causes
Pump Trip

High Thrust Bearing
Wear Trips Pump

Loss of 13 kV Service
Bus 11 Coupled With
Loss of Diesel
Generator Power

Loss of 4§ kV Bus 1}
Resulting in Isolation
of the 13 kV Service
Bus 11 From the 500 kV
Bus

Trips Condensate and Conden-
sate Booster pump resulting
in the loss of main feed-
water flow. It also trips
motor driven auxiliary
feedwater pump. Steam
driven auxiliary feedwater
pump i3 not impaoted.

Trips Condensate and Conden-
sate Booster pump resulting
in the loss of main feed-
water flow. It also fails
to power motor driven
auxiliary feedwater pump.
Steam driven auxiliary feed-
water pump is not impacted.

Restore bus,

Restore bus.
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Table C6. (continued)

Failure

Possible Causes

Effects

Remedial Actions

Other Faflures

13. SGFP Seal Water
Failure

14, H.P. Feedwater
Heaters Fail to
Heat Feedwater

1. Seal Water Booster
Pump Trips

2. Filters Clogged

3. Loss of Electric Power
(MCC-101) Bus 11A (ZA)

h. Control Valve Failure
(Fu-4702-CV,
FH-4705-CV)

5. Controller PDC-4702

Spuriously Closes
Valve

Valve Closes Failing Flow
to Feedwater Heater

Failure to supply clean
cooling water to the SGFP
seals. The time it would
take a loss of seal water
failure to fail SGFP {is .
unknown,

Results in lower SG feed-
water temperature and

excessive RCS heat removal.

Pressurizer control will

mitigate slow pressure and

level perturbations.

Upon failure of one of the

seal water booster pump trains,
operator should verify the
standby pump train s started.
If it has not started, operator
should manually actuate pump
train,

Manually open steam supply
valve, 1f possible.
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Table C6.

(continued)

Failure

Possible Causes

Effecots

Remedial Aations

Fails to Supply Condensate to SQGFP

1. Condensate Booster
Pump 11, 12, 13
Trips

2. Condensate Booster
Pump Mini-Flow
Valve (1-CD-3386-CV)
Fails Open

Mechanical Failure
Trips Pump

Low Lube 011 Pressure
Trips Pump

Low Suction Pressure
Trips Pump

Loas of Electric Power
from 4 KV Bus 12, 12,
13

Machanical Failure

Isolation of Pneumatic
Supply

Controller (1-FIC-
§486) Spuriously Opens
Valve

Spurious Flow Element
(1-FE-12383) Signal
Causes Controller to
Open Valve

One pump is required below
503 power; two pumps are
required above 50% power;
three pumps are operated
above 80% power. Failure
to supply suffiocient net
positive suction head for
the SGFP will result in
cavitation and failure of
main feedwater flow,

Opening the mini-flow
control valve will divert
part of the booster pump
flow back to the hotwell.
The mini-flow valve re-
circulates 1700 gpa to

the hotwell with one pump
running; and 3400 gpm with
two pumps running. Fafilure
of the mini-flow valves in
the open position will not
affect ability to supply
sufficient feedwater for
post-reactor trip heat
removal.

If pump trips, operator should
verify a suffioient number of
pumps are operating to provide
the neceasary flow.

Operator should verify posaition
of mini-flow control valve
during changing conditions.
Operator should manually
control valve 1if neceasary.
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Table C6.

(continued)

Failure

Possible Causes

Effects

Remedial Aotions

Rupture of Header,
LP Heaters 11, 12,
13, 14, 15, Valves,
or Drain Coolers

Condensate Pump
11, 12, 13 Trips

Condensate Booster
Pump Fails to Start

Condensate Pump
Fails to Start

Stress Corrosion
Cracking; Faulty
Manufacturing

Mechanical Failure
Trips Pump

!
Loss of Electrio
Power from Bus 12,
13, 13

Low Suction Pressure
011 Cooling System
Failure

Hechanical Failure
Pressure Switch
(PS-4454) Fails to
Actuate Standby Pump
Mechanical Failure

Automatic Initiation

Fails from PS-}yht}y

Failure of components which
could result in a loss of
condensate which would fail
main feedwater supply.

One pump 13 required below
50% power; two pumps are
required between 50% power;
and three pumps are operated
above 80% power. The time
it takes for failure of the
oil cooling system to fail
the pump is unknown. Loss
of oil cooling for short
periods is unlikely to cause
pump trip.

Degraded flow to SGFP
may result in pump trip.

Degraded flow to condensate
booster pump may result in

trip of condensate booster

or feedwater pump.

Isolate ruptured component.

Operator should verify
sufficient punp capaocity to
meet operating power level.

Operator should open condensate
storage tank makeup valve to
provide NPSH.

Operator should attempt manual
initiation.

Operator should attempt manual
puap initiation,
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Table C6.

(cont inued)

Failure

Possible Causes

Effects

Remedial Actiona

1.

Condensate Mini-Flow
Control Valve (CD-
NA38-CY) Fails Open

Heater Drain Pumpa
Trip

Loas of Condensate
from Condensate
Storage Tank

3.

4.

Mechanical Failure

Isolation Pneumatic
Supply

Controller (FIC-h438)
Spuriously Opens
Valve

Spurious Flow Element
Signal (FE-4438)
Causes Controller to
Open Valve

Mechanical Failure
Loss of Electric Power
from 4 KV Bus 12 or

4 KV Bus 13

Tank or Header Rupture

Dump Valve (CD-3405-
CV) Fails Open

Controller (LIC-4405)
Spuriously Opens
Valve

Opening the mini-flow
control valve will divert
part of the condensate pump
flow back to the hotwell.
Mini-flow valve recirculates
4650 gpm to the hotwell with
one pump running and 8800
gpn with two pumps running.
Failure of the mini-flow
valves in the open position
will not affect ability to
provide post-reactor trip
heat removal.

Fails to supply a
aignificant flow of LP steam
condensate from LP heaters
to the condensate header

and may result in SGFP trip.

Unlikely event in which
condenser 1s flooded by
stuck open dump valve.,

Operator should verify position
of mini-flow control valve
during changing conditions.
Manually control valve if
necessary.

Operator manually closes
valve, if posaibdle.
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Table C6. (continued)

Failure

Possible Causes

Effects

Remedial Aotions

t e es

10. Fails to Provide
Seal Water to:

a, SGFP Seal'Booster
Pump

b. Condensate Pump

11. Fails to Provide
Makeup Supply to:

a. Component Cooling
Water System

b. Service Water
System

Pipe or Valve Rupture
Valve Closes

Pipe or Valve Rupture
Valve Closes
Pneumatic Supply

Isolated and Valve
Closed

Pipe or Valve Rupture

Pipe or Valve Rupture

Degraded operation of steam
generator feed pump due to
loss of seal water.

Degraded condensate pump
operation due to loss of
seal water,

Failure to provide makeup to
the Component Cooling System
could impact critical
components, if a leak in.the
system remained undetected
for an extended period.

Failure to supply makeup to
Service Water System could

impact critical components,
if a leak in the system

Operator could bypass the
pneumatic valve by opening
the bypasa valve,

Align alternate makeup supply
if possible.

Align alternate makeup supply
if possible.
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Table C6. (continued)

Failure

Possible Causes

Effects

Remedial Actions

12. Fails to Provide
Hotwell Level
Contro}

13. Fails to Provide
Cooling Water to
Steam Seal Exhaust
Condenser

14, Fails to Supply
Cooling Water to
Drain Coolers

2.

CST Makeup Valve
(CD-4306) Fails
Closed

CST Makeup Valve
(CD-4306) Fails
Open

CST Dump Valve
(CD-3305) Faila
Closed

CST Dump Valve
(CD-4305) Fails
Open

Pipe, Condenser, or

Valve Rupture

Valve Closes

Valve, Pipe, Cooler

Rupture

remained undetected for an
extended period.

Upon low hotwell level this
failure could cause trip

of the condensate pumps due
to low suction head.

The simultaneous failure of
these two valves could cause
filling of the condenser,
and a loss of condenser

as heat sink.

This fatlure could result in
reduotion in the Condensate
System inventory due to
filling of the Condensate
Storage Tank,

This failure will cause the
turbine to leak a small
quantiLy of steam and tend
to lower condensate tempera-
ture.

Failure to provide cooling
water to drain coolers would
result in the water flashing

Operator may be able to
manually open or close these
valves. Could also open
bypass valve.

Operator should isolate the
affeoted component.
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Table C6.

(continued)

Failure

Possible Causes

Effects Remedial Aotions

15,

16.

17.

18.

Fails to Supply
Cooling Water to
Turbine Exhaust
Hood Sprays

Fails to Supply
Water to SG Blowdown
Recovery leat
Exchanger

Fails to Supply
Makeup Water to
Auxiliary Boiler
Deaerator

Fails to Remove
Suspended Impurities
from Condensate

Valve Closes

Pipe, Valve Rupture
Valve Closes
Pneumatic Supply
Failure Causes Valve

to Close

Valve, Pipe, Heat
Exchanger Rupture

Valve Closes
Pneumatic Supply
Isolated Closing Valve

Pipe, Valve, Deaerator
Rupture

Bypass Valve (CD-
5818-CV) Fails Open

as it passes through level
control valves and piping
bends. This leads to
increased pipe erosion.

Minimal impact on plant
operation,

Failure to cool blowdown
sufficiently may damage

ion exchangers and secondary
purification system. Also
results in a reduction in
thermal efficiency due to
decreased heating of
condensate.

Bypass valve or component if
possible.

‘Pailure could lead to

failure to remove air from
the auxiliary steam system.
This results in increased
erosion of the system.

Result in reduced thermal
efficiency when impurities
plate out on steam generator

Operator may be able to bypass
ologged filter.



Table C6.

(continued)

Failure

Poasible Causes

Effectsa

Remedial Actiona

19,

20.

Failas to Remove
Ionio Contamination
from Condensate

Fails to Provide
Chemiocal Addition
from Chemical
Addition System

Other Failures

21,

Condensate Booster
Pump Mini-Flow Valve
(CD-4486-Cv) Fails
Closed

Pipe, Valve Rupture
Filter Clogs

Controller (PDIC-
5818) Fails

Bypass Valve (CD-hi39-
MOV) Fails Open

Pipe, Valve Rupture

Pipe, Valve Rupture

Mechanlcai Failure of
Valve Sten

Controller (FIC-4886)
Spuriously Closes
Valve

Spurious Flow Element
(FE-B484) Signal
Causes Controller

to Close Valve

‘and condenser tubea., May

also cause increased erosion
of confinement surfacea.

Failure of demineralizer
system will result in
increased corrosion damage
to components.

Failure to add ammonia and
hydrazine will result in
increased corrosion of steel
surfaces in contact with
water.

This failure could cause
pump trip upon loss of
condensate flow through
pump. Valve is intended to
circulate some flow through
pump during low flow
conditions.

Operator should manually open
valve, if poaajble. Operator
should trip pump to preclude
damsge, 1f valve manipulation
is not possible.
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Table C6.

(continued)

Failure

Possible Causes

Effects

Remedial Actions

22. Condensate Pump
Mini-Flow Valve
(1-CD-4438-CV)
Fails Closed

23. Fails to Receive
Flow from Heater
Drain Pump

24, Fails to Recelve
Flow from Coolant
Waste Evaporator
Drains

25. Loss of Condensate
in System

Mechanical Failure
Controller (FIC-
4438) Spuriously
Closes Valve

Spurious Flow Element
(FE-4438) Signal
Causes Controller to
Close Valve

Valve Closes

Pipe Plug

Valve Closes

Pipe, Valve Rupture

Makeup Valve (CD-
4406-CV) Fails Closed

Condenser Failure
Controller (LIC-

h405) Spuriously
Closes Valve

This failure could cause
pump trip upon loss of
condensate flow through
pump. Valve is intended to
cilrculate some flow through
pump during low flow
conditions,

Could fail the flow of
feedwater to the steam
generator,

Failure to discharge to the

condensate system may cause

failure of the coolant waste
processing systen.

Unlikely event in whioh low
hotwell level 1is not
replenished by condensate
storage tank. Turbine trip
will result.

Operator should manually open
valve, if possible. Operator
should trip pump to preclude
damage, if valve manipulation
is not possible.

Operator should manually open
valve, if poasible.

Operator should manually open
valve, if possible. Operator
should re-align valves such
that flow ia diverted to
auxiliary boiler deaerator.

Operator manually opens valve,
if possible.
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Table C6. (continued)

Failure

Possible Causes

Effects

Remedial Aotions

26.

Bypass Valves
Fail Open
Bypassing:

a. Drain Coolers 1.

b. LP Heaters 11, 12 1.

¢, LP Heaters 13, 1.
14, 15

Mechanical Failure

Mechanical Failure

Mechanical Failure

Drain liquids could flash
to steam enhanoing erosion,
Loss of thermal efficiency.

Loss of thermal efficiency.
Potential for thermal shock
of steam generator.

Loss of thermal efficiency.
Potential for thermal shock
of steam generator.

Attempt to olose valve.

Atteapt to olose valve.

Attempt to oclose valve.
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Table C7.

Feedwater regulating system FMEA

Failure

Possible Causes

Effects

Remedial Actions

Steam Flow t.
Transmitter (FT1011,
1021) Fails High

2.

Steam Flow
Tranamitter (FT1011,
1021) Fails Low

Feedwater Flow
Transmitter (FT111%,
1121) Fails High

Feedwater Flow
Transmitter (FT1111,
1121) Fails Low

Capacitance Bridge
Circuit Failure

Capacitor Plates Fail

See Above

See Above

See Above

Erroneous transmitter
signal will cause con-
troller to open valve wider
to increase the rate of
feedwater flow., This may
result in steam generator
overfill.

Erroneous transmitter signal
will cause controller to
modulate valve closed to
decrease the feedwater flow
rate. This may reault in
insufficient flow to the
steam generator and RCS
undercool ing without
auxiliary feed initiation.

Erroneous transmitter signal
will cause controller to
modulate valve closed to
decrease the feedwater flow
rate. This may result in
insufficient flow to the
steam generator and RCS
undercool ing without
auxiliary feedwater
initiation.

Erroneous transmitter signal
will cause controller to
open valve to increase

Operator should manually
control the valve when level
rises., Repair transmitter.

Operator should manually
control the valve when level
falla, Repair transmitter.
Initiate auxiliary feed 1if
neceasary.

Operator should manually
control the valve when level
falls. Repair transmitter.
Initiate auxiliary feed if
necesaary.

Operator should manually
control the valve when level
rises. Repair transmitter.
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Table C7.

(continued)

Failure

Possible Causes

Effects

Remedial Aotions

5.

SG Level Transmitter
(LT1111, 1121 or
LT1105, 1106) Fails
High

SG Level Transmitter
(LT1111, 1121 or
LT1105, 1106) Fails
Low

Feedwater Controller 1.
(FC1111, 1121 or
(FCy05, 1106)
Failure Opens Valve
2.

See Above

See Above

Loss of Control Power
(Y01 and Y09, Y02 and
Y10) Valve Open

Electronic Failure

feedwater flow rate., This
may result in steam '
generator overfill.

Erroneous transmitter signal
will cause controller to
modulate valve closed to
reduce feedwater flow rate.
This may result in
insufficient flow to the
steam generator and RCS
undercool ing without
auxiliary feedwater
initiation.

Erroneous transmitter signal
will cause controller to
modulate valve open to
increase feedwater flow
rate. This may result in
steam generator overfill.

Valve supplies excessive
feedwater flow to stean
generator causing over-
f111 and RCS overcooling.
Potential for carryover to
turbine causing turbine
erosion exists prior to
turbine trip.

Operator should manually
control the valve when level
falls. Repair transaitter.
Initiate auxiliary feed if
necessary.

Operator should manually
oontrol the valve when level
rises. Repair transaitter.

Operator should attempt manual
control or trip the main feed-
water pumps to prevent SG over-
111,
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Table C7. (continued)

Failure

Poasible Causes

Effects

Remedial Aotions

8.

Feedwater Controller 1.
(FC1111, 1121 or
LIC1105, 1106) Fails
Valve Closed

Loas of Control Power
(Y01 and Y09, Y02 and
Y10) Valve Closed

Electronic Failure

Valve fails to supply
sufficient feedwater flow
to steam generator result-
ing in RCS undercooling
without auxiliary feed-
water initiation.

Initiate auxiliary feedwater
if wanual control can not
modulate flow.
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Table C8.

Main steam system and atmospheric steam dump turbine bypass control system FMEA

Failure

Possible Cauges

Effects

Remedial Actions

Atmospheric Steam
Dump Valves
(Ms-3938, 3939)
Fail to Open When
Conditions Warrant

Atmospheric Steam
Dump Valves
(Ms-3938, 3939)
Fail to Close

Atmospheric Steam
Dump Valves
(Ms-3938, MS-3939)
Close Inadvertently

Atmospheric Steam
Dump Valves

(Ms-3938, 3939)
Open Inadvertently

Mechanical failure
Reactor regulating
system Tav error
signal not received
I/P converter failure
Loss of doc bus 11

Mechanical failure
Solenoid valves
(3938-v, 3939) rfail
to close preventing
isolation of hp
instrunent air

Tav error signal
failure

I/P converter failure

Mechanical failure
Loss of de bus 11
I/P converter failure

Mechanical failure
Spurious Tav error
signal

E/P converter failure

Significant failure if it
becomes necessary for these
valves to open in response
to a small LOCA. RCS could
not be depressurized.

Minimal depressurization of
steam generator because each
valve 1s only capable of
relieving 2.5% of full power
steam flow.

Minimal impact provided
turbine bypass and code
safety valves are available
to relieve pressure.

Minimal depressurization of
steam generator because each
valve is only capable of
relieving 2.5% of full power
steam flow.

Manually open valve, if
poasible.

Manually close valve, if
possible.

Manually open valve, 1(
possible.

Manually ocloss valve, if
possible.
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Table C8.

(continued)

Failure

Possible Causes

Effects

Remedial Actions

5.

Atmospheric Steam
Dump Valves
(Ms-3938, 3939)
Fails to Quick Open

Auxiliary Feed Pump
Steam Supply Valve
(MS-14070)

Fails to Open

Auxiliary Feed Pump
Steam Supply Valve
(MS-4070)
Inadvertently Closes

Auxiliary Feed Pump
Steam Supply Valve
(MS-4070)
Inadvertently Opens

1.
2.

1.
2.

Mechanical failure
Loss of 125 VDC unit
control panels
Solenoid valves
(3938-5v, 3939) fail
to open to permit
higher tnstrument air
pressure

Main Turbine Control
System fails to send
quick open signal

Mechanical failure
Falls to receive AFAS
signal

Fails to recelive

126 VDC control power

Mechanical failure

Mechanical failure

Loss of air pressure
Spurious AFAS signal

Minimal impact. Turbine
bypass and code safety
valves may be challenged.

‘Important failure mode

regarding RCS undercooling.
Motor-driven auxiliary feed
pumps are assumed to be
available to supply
feedwater to SG.

Same as above.

Minimal impact on RCS and
secondary system. Analysis
assumes mailn feedwater
isolation valves are closed
and main SGFP 1s runback.
Otherwise, potential exists
for SG overcooling and
safety injection.

Verify turbine bypaaa or ocode
safety relieve 3.G. preasure.

Manually open valve, if
possible. Manually open bypass
valve.

Manually open valve, 1if
posaible,

Manually close valves, if
possible.
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Table C8.

(continued)

Failure

Possible Causes

Effects

Remedial Actions

10.

1.

12.

13.

Main SGFP Steam
Stop Valve Closes

Main SGFP Turbine
Steam Control
Valve Closes

Valve MS-260 Closes

Main Steam to MSR
Steam Supply
Isolation Valves
(MsS-4025, 4026)
Fail Closed

Turbine Bypass
Valves (MS-3940,
3942, 3944, 39u6)
Fail to Open

1.
2.

1.
2.

Mechanical failure

Mechaniocal failure

Mechanical fajlure

Mechaniocal failure
Inadvertent signal

Mechanical failure
Fails to receive
signal from SG outlet
pressure and reactor
regulating system

I/P converter failure

Minimal impact SGFP trips.
SG level drops until SG
level initiates AFAS.
Auxiliary feedwater pumps
provide SG heat removal.
Reactor trips on low SG
level,

Same aa above.

Main Steam fails to supply
steam to steam seal
regulator. Minimal impact.
Loss of steam seal will
cause trip of both the main
turbine and the SGFP
turbines.

Main Steam fails to supply
steam to moisture separator
reheaters., Minimal impact.
Reduced power from low
pressure turbines.

Significant failure 1if it
becomes necessary for the
Turbine Bypass Valves to
open 1in response to a small
LOCA. RCS could not be de-
pressurized.

Manually open valves, if
possible,

Manually open valve, if
possibla.
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Table C8.

(continued)

Failure

Possible Causes

Effects

Remedial Acotions

14.

15.

16.

Turbine Bypass
Valves (MS-3940,
3942, 3944, 3946)
Fail to Close

Turbine Bypass
Valves (MS-3940,
3942, 3944, 3946)
Close Inadvertently

Turbine Bypass
Valves (MS-3940,
3942, 3944, 3946)
Open Inadvertently

3.

L
5.

Loss of dc bus 11
Pressure transmitter
fails

Signal auctioneering
circuit (PY-L056)
fails

Mechanical failure
Solenoid valves (MS-
3941, 3943, 3945,
3947) fail to close
preventing isolation
of instrument air

Tav error or pressure
signal failure

I/P converter failure
Control ecircuit
failure

Mechanical failure
Loas of dc bus
I/P converter failure

Mechanical failure
Spurious Tav error or
pressure signal

I/P converter failure
Control circuit
failure

Substantial depressurization
of steam generator which
could result in initial RCS
overcooling. Each turbine
bypass valve 1s able to pass
10 of full power steam
flow. If depressurization
continues, MSIVs will auto-
matically close 1isolating
the bypass valves.

Minimal impact provided
atmospheric dump and oode
safety valves are available
to relieve pressure,

Substantial depressurization
of steam generator which
could result in initial RCS
overcooling. Each turbine
bypass valve is able to pass
10% of full power steam
flow. If depressurization
continues, MSIVs will auto-

Manually olose valve, if
poasible. Close isolation
valves or manually initiate
MSIV olosure,

Manually open valve, if
posaible,

Manually close valve, if
possible, Take necessary pro-
cedures to control and reduce
depressurization including
manually closing isolation
valves.
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Table C8.

(continued)

Failure

Possible Causes

Effects

Remedial Actions

17.

18.

19.

Turbine Bypass
Valves (MS-3940,
3942, 3944, 3946)
Fails to Quick Open

Solenoid Valves

(MS 3940-Sv, 3942,
3944, 3946) Fail to
Prevent Turbine
Bypass Valves from
Opening When
Condenser Vacuum is
Low or Cause Quick
Close

Code Safety Valves
(MS-3092 thru 4007)
Fail to Open

1.
2.

Mechanical failure
Loss of 125 VDC unit
control panels
Solenoid valves
(3941-Cv, 3943, 3945,
3947) fail to open to
permit higher
instrument air
pressure

Main Turbine Control
System faila to send
quick open signal

Mechanical failure
Fails to receive low
condenser vacuum
signal

Mechanical failure

matically close isolating
the bypass valves.

Minimal impact atmospheric
dump and code safety valves
may be challenged.

May damage condenaser.
Minimal impact on RCS due
to availability of code
safety valves.

Important event but unlikely
to happen. Sixteen valves
are available to open two-
at-a-time to relieve SG
pressure, The sixteen

Verify atmospheric dump and
code safety valves relieve
SG pressure.

Manually open valve, if
necessary.
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Table C8. (continued)

Failure

Possible Causes Effects

Remedial Aotions

20.

21.

22.

Code Safety Valves
(MS-3092 thru 3007)
Opens Inadvertently
or Fails to Close

Main Steam Line
Drainage System
Fails to Drain

Auxiliary Blowdown
Pumps (11, 12) Fail

1.
2.

valves have sequentially
higher setpoints. Turbine
bypass and steam dump valves
must also fail for this to be

a significant event., If lower

setpoint valves fail, higher
setpoint valves will relieve
pressure.

Mechanioal failure Significant event due to
rapid depressurization of
main steam header whioh may
result in RCS overcool ing.

Valves fail olosed Insignificant failure. Most
due to mechanical valves can be opened

failure manually. Complete loss of
Loss of control power all drainage is unlikely.

to motor operated All drain flow is a gravity
valves flow to condenser or

blowdown tank.

Mechanioal failure Insignificant failure.
Loas of electric power Auxiliary Blowdown Tank
to pump from motor would overfill and
control center condensate would flow to

plant drain,

ﬁanually olose valve, 1if
necessary.
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Table C8. (continued)

Failure

Possible Causes

Effects

Remedial Actiona

23.

24,

Main Steam Isolation
Valve (MS-4043,
4048) Closes
Inadvertently

Main Steam Isolation
Valve (MS-4043,
4048), Fails to
Close

1.

2.
3.

1.

2.

3.

5.

6.
7.

Mechanical failure

of valve

Spurious SGIS signal
Low pressure pumping
unit ‘1s unable to hold
valve open

Hechaniocal failure

of valve

High pressure pumping
unit failure causes
accumulator pressure
to decrease below the
pressure necessary to
close valve

Failure in the
accumulator module
Failure in the
cylinder module
Fajlure in the valve
modul e

125 VDC power failure
SGIS signal not
received due to
circuitry failure

Insignificant event because
atmospheric dump and code
safety valves are avallable
to relieve main steam
pressure. Main steam
pressure should normally be
sufficient to hold valve
open, low pressure pumping
unit 1s normally only
necessary to cause the valve
to open from the closed
position. Turbine trip
would result.

Significant event if a steam
generator isolation signal
actuates the valves to
close. The inventory in the
SG would rapidly blowdown
through a rupture in the
main steam header.
Significant impact on RCS
undercooling.
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Table

C8. (continued)

Failure

Possible Causes

Effects Remedial Actions

25. Main Steam Isolation 1.
Valve (MS-4043,
4ou8) Fails to Open 2.

3.

Mechanical failure

of valve

Low pressure pumping
unit failure

High pressure pumping
unit i{s signaled to
close the valve

Insignificant event because
plant is at low power level
when valves are normally
closed. Atmospheric dump
and code safety valves are
available to relieve main
steam pressure. Onoe opened
main steam pressure will
hold valve open.
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Table C9.

Component cooling system FMEA

Failure

Possible Causes

Effects

Remedial Actions

Fails to Supply Cooling Water Lo Loads

Loss of Component
Cooling Water to
Reactor Coolant
Pump Seals

a. All four pumps

b. On one pump:

Pump 11A
Pump 11B
Pump 12A
Pump 12B

1.
2.
3.
L
5.

6.

7.
8.

CC-283 closes
CC-284 closes
Cv-3832 closes
CV-3833 closes
Loss of ccntrol
power to SV-3832
or 3833

Loss of pneumatic
supply to SV-3832
or 3833

SV-3832 closes
SV-3833 closes

Operator fails to trip

punp after one of the
following:

CC-170 or 171 closes
CC-173 or 174 closes
CC-176 or 177 closes
CC-179 or 180 closes

Upon detection of high RC

pump seal controlled bleedoff

temperature, which would
occur after a 10ss of com-
ponent cooling water to

the pump seals, the operator
tor 1s instructed to trip
the pumps. Failure to trip
the pumps under these con-
ditions is assumed to re-
sult in failure of the pump
seals. Rupture of the pump
seals constitutes a small
loss of coolant accident
(LOCA) safety systems
including HPSI and LPSI
will be challenged., RCS
undercooling may result due
to the LOCA,

Re-open coaponent cooling
system valves to response flow
possible., If component cooling
water flow cannot be restored,
trip RC pump prior to exceeding
temperature limits of pump
seals. If the sesl fails,
follow procedure for a small
LOCA.
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Table C9.

(continued)

Failure

Possible Causes

Effects

Remedial Aotions

2.

Fails to Supply
Water to RCP Thermal

Barrier

Fails to Supply
Cooling Water to RCP
Upper/Lower Bearing

011

Coolers

1.

2.

Cv 3832 or 3833 Closes
CC 284 or 289 Closes
SV 3832 or 3833 Closes

Component Cooling
System Failure

Loss of Instrument Air
Loss of Control Power

Supply Return Valves
Close

Cv 3832 or 3833 Closes
CC 384 or 389 Closes
SV 3832 or 3833 Closes

Component Cooling
System Failure

Loss of Instrument Air
Loss of Control Power

Supply Return Valves
Close

Fails to cool labyrinth
passageway in body of RCP,
May require pump trip to
prevent damage. Normal flow
is 28 gpm.

Fails to cool RCP motor
bearing lube oil coolers.
May require pump trip to
prevent damage. Normal flow
150 gpm to upper bearing
cooler and 5 gpm to lower
bearing cooler.

Adjust throttle setting on
component cooling heat
exochanger. Valve-in baokup
heat exchanger. Start redun-
dant component cooling pump.
Cooling must be restored in 10
minutes to prevent pump damage.

Adjust throttle setting on
component cooling heat
exchanger., Valve-in backup
heat exchanger. Start redun-
dant component cool ing pump.
Cooling must be restored in 10
minutes to prevent pump damage.
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Table C9.

(continued)

Failure

Possible Causes

Effects

Remedial Actions

Fails to Supply
Cooling Water to
Letdown Heat
Exchanger

Fails to Supply
Cooling Water to
Control Element
Drive Mechanism

Fails to Supply
Cooling Water to
Reactor Vessel
Support Coolers

Component Cooling System

Failure

1. CvV 3832 or 3833 Closes

2. CC 28% or 289 Closes

3. SV 3832 or 3833 Closes

., Component Cooling
System Failure

5. Loss of Instrument Air

6. Loss of Control Power

7. Supply Return Valves
Close :

1. Cv 3832 or 3833 Closes

2. CC 284 or 289 Closes

3. SV 3832 or 3833 Closes

Fails to cool heat exchanger
to a temperature suitable
(below 145°F) for long term
operation of the purifica-
tion system. Above 145°F,
the ion exchanger bypass
valve shifts to bypass
operation to proteot the ion
exchanger resins.

Loss of component cooling
does not have a drastic
effect on CEDM unleas air
flow is also lost. Loss of
component cooling for sus-
tained periods can shorten
CEDM coil 1ife. Eventually
due to degradation of the
coil, the CEAs would drop
due to lack of sufficient
current and the reactor
would shutdown.

Bearing surfaces and struc-
tural concrete exceed allow-
able working temperatures.
40-year 1ife expectancy 1is
reduced due to extended
overheating.

Manually control letdown heat
exchanger component cooling
outlet control valve to
maintain temperature at 120°P,

Restore component coocling water
flow to CEDM coolers.

Restore component cooling water
flow to reactor vessel support
coolers,
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Table C9. (continued)

Failure

Possible Causes

Effects

Remedial Actjions

Fails to Supply
Cooling Water to
Steam Generator
Support Coolers

Fails to Supply
Cooling Water to
Shutdown Cooling
Heating Exchangers
During:

Component Cooling
System Fallure

Loss of Instrument Air
Loss of Control Power

Supply Return Valves
Close

v 3832 or 3833 Closes
CC 284 or 289 Closes
SV 3832 or 3833 Closes

Component Cooling
System Failure

Loss of Instrument Air
Loss of Control Power

Supply Return Valves
Close

CC 264 or CC 261
Closes

CC 261 or CC 266
Closes

Bearing surfaces and struc-

Restore component cooling water

tural concrete exceed allow- flow to steam generator vessel

able working temperatures.
40-year 1ife expectanoy
would be reduced due to
extended overheating.

Inability tc reach shutdown
temperature using heat ex-
changers. Alternate method
of cooldown should be used
until component ccoling
again becomes available.

supports,

Restore component cooling to
shutdown cooling heat
exchangers.
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Table C9. (continued)

Failure

Possible Causes

Effecots

Remedial Actions

1. Plant Cooldown

2. Post LOCI

Cooldown

3. Cold Shutdown

Loss of Component
Cooling Water to
HPSI and LPSI
Pumps

a. All HPSI and
LPSI pumps
affected

b. HPSI 11 and 12
and LPSI 11
affected

c. HPSI 13 and
LPSI 12 affected

3. Component Cooling

System Failure

., Outlet Control Valve
(Cv 3830 or CV 3828)

Fails to Open

Mechanjiocal failure
CC-258 closes

Mechanical fajlure
CC-270 closes

Mechanical failure
CC-242 closes

~ Requires two pumps and two
heat exchangers for plant
cooldown (300 to 120°F).

- Requires one pump and two
heat exchangers for post
LOCI cooldown

- Requires one pump and one
heat exchanger for cold
shutdown

Pumps are designed to oper-
ate for two hours witheut
comopnent cooling water.
Loss of component water for
periods greater than two
hours i1s assumed to fail
HPSI and LPSI, HPSI and
LPSI are safety systems de-
signed to provide core heat
removal during emergency
operation,

Re-open valves if poaaible. If
safety injection is required
and cooling water flow cannot
be restored, attempt to rotate
the pumps in operation.
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Table C9.

(continued)

Failure

Possible Causes

Effects

Remedial Actions

10.

1.

12.

Fails to Supply
Cooling Water to
Containment Penetra-
tions Coolers for
Main Steam Lines,
Feedwater Lines,
Steam Generator
Blowdown Lines,
Reactor Coolant
Letdown Lines,
Reactor Coolant
Sampling

Fails to Supply
Cooling Water to
Reactor Coolant
Waste Evaporator

Fails to Supply
Cooling Water to
Miscellaneous Waste
Evaporator

3.

3.

cC 163, CC 270, or
CC 111 Closes

Component Cooling
System Failure

Supply or Return
Valves to Individual
Coolers Fail

CC 457 or CC 458
Closes

Component System
Failure

Individual Supply and
Return Valves Closes

Individual Supply or
Return Valve Closes

Component Cool ing
System Failure

Failure of the component
cooling system to supply
cooling water to the coolers
will not result in abrupt
failure of contaimment
penetration.

Inability to condense vapor
in the evaporator concentra-
tor condenser. Evaporator
requires extensive cooling,
80 during a transient the
cooling water supply to eva-
porator is isolated, pro-
viding more cooling water
for safety needs. No signi-
ficant impact on plant
safety.

Inability to condense vapor
in concentrator condenser,
Evaporator requires exten-
sive cooling, so during a
transient cooling water is
isolated, providing addi-

Restore component cooling water
flow to containment penetration

coolers.

Operator restores component
cooling water to RC waste
evaporator.

Operator resatores coamponent
cooling water to the mis-
cellaneous waste evaporator.
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Table C9.

(continued)

Fai;ure

Poasible Causes

Effects

Remedial Aotiona

13.

14,

Fails to Supply
Cooling Water to:

1. Distillate Cooler

2. Vacuup Pump Seal
Water Cooler

3. Vacuum Pump Dis-
charge Gas Cooler

Fails to Supply
Cooling Water to
Waste Gas
Compressors

CC 457 or CC 458
Closes

Supply or Return
Valve Closes

Component Ccoling
System Fallure

Supply or Return
Valve Clocses

Component Cooling
System Failure

Solenoid Valve SV 2203
(SV 2205) Fails to

Open

High Pressure Signal
Starts Compressor but
Doesn't Open Valve
(sv 2203)

tional cooling water for
safety needs, No signifi-

cant impact on plant safety.

Fails to cool distillate
prior to discharge to waste
monitor tank.

charge into the vacuum pump
suction. Fails to cool
vapors prior to their dis-
‘charge to the Waste Gas
System. Isolated on CIS.
Represents major non-safety
load or component cooling.

Cooling water is absolutely
necessary to prevent over-
heating of compressors. If
cooling 1s lost, operator
should secure waste gas
compressor,

Fails to cool
seal water prior to its dis-

Operator restores cooling water
to the coolers, if poasible.

Secure waste gas oompressor
and repairs component cooling
system.
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Table C9.

(continued)

Failure

Pogsible Causes

Effects

Remedial Aotions

15.

16.

17.

18.

Fails to Supply
Cooling Water to:

1. Reactor Coolant
Drain Tank Heat
Exchanger

2. Degasifier Vacuum
Pump Accumulator

Fails to Supply
Cooling Water to
Sample Coolers for
Miacellaneous Waste
Steam Generator
Reactor Coolant

Fails to Supply
Cooling MWater to
Gas Analyzing Unit

Fails to Supply
Cooling Water to
Steam Generator
Blowdown Radiation
Monitoring Unit
Sample Cooler

Supply or Return Valve Reactor coolant drain tank

Closes

Component Cooling
System Failure

Supply or Return
Valves Closes

Component Cooling
System Failure

Supply or Return
Valves Closes

Component Cooling
System Failure

Supply or Return
Valves Closes

Component Cooling
System Failure

overheats and overpressu-~
rizes. Drain water flashes
to steam. Failure to cool
incoming gases results in
loss of seal to the vacuum
pump. Vacuum pump will then
overheat if not secured by
the operator,

No cooling of samples to
acceptable temperatures for
chemical analysis,
will need to wait for semple
to cool before chemioal
analysis can be performed.
Personnel injury possible
due to handling of hot
samples.

Fails to cool hot oxygen and
hydrogen samples to accepta-
ble temperatures for acou-
rate analysis by the gas
analyzers,

Fails to reduce temperature
of blowdown sample below
140°F necessary for proper
operation of radiation
monitor unit.

Operator .

Restore cooling water to
oomponents as quickly as
poasible,

Provide an alternative method
for cooling sample.

Provide component cooling water
from Unit 2 component cooling
water system.

Restore cooling, if possible.
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Table C9. (continued)

Failure Possible Causes

Effects

Remedial Actiona

19. Component Cooling 1. Loss of Eleotric Power
Pumps 11, 12, 13 from Unit Buses 114,
Fail 143A, 11B or 14B

2. Mechaniocal Failure

3. Pump Fails to Recelve
Start Actuation Due to
Circuitry Failure

20. Pump Suction Valves Mechanical Failure
(cc 111, 112), ‘
(cc 116, 117),
{(CC 121, 122) Closes

Normal operation requires
one component cooling water
punp to run as designed.
Although plant cooldown is
normally accomplished using
two pumps, one pump could
cooldown but it would take a
longer time., Pump 13 has
two sources of electric
increasing system reliabili-
ty. Failure of all three
pumps will adversely impact
numerous components through-
out the plant., Two pumps
upon SIAS.

Component cooling water
system includes a normal and
standby header for both the
supply and return lines. If
one of the headers becomes
inoperable (valve failure),
system operation can conti-
nue on a single header with
no significant degradation
of performance, i.e., both
supply or both return valves
must fail.

Upon failure of operating pump,
operator should start atandby
pump, If third pump (13) does
not start, alternate power
breaker should be closed in.
Failure to supply cooling water
to some loads may require
reaator trip.

Manually open valve if
possible.

[4%4



Table C9.

(continued)

Failure

Possible Causes

Effects

Remedial Aotions

21.

22.

23.

Pump Discharge
Valves
(cc 113, 114),

{CC 118, 119),

(cc 123, 124)
Closes

Component Cooling
Head Tank Fails to
Provide Net Positive
Suction Head and
Surge Volume

Component Cooling
System Heat
Exchangers 11, 12
Fail

Mechanical Failure

Level Switch Fails to
Provide Tank Makeup

CC 101 and 102 Faill
Closed

Outlet Valve CC 149,
156 Fail Closed

Salt Water Systen
Fails to Cool Heat
Exchanger

Component cooling water
system includes a normal and
standby header for both the
supply and return lines. If
one of the headers becomes
inoperable (valve failure),
system operation can conti-
nue on a single header with
no significant degradation
of performance, i.e., both
pump valves must fail.

Unlikely event in which head
tank fails to supply head to
component cooling return
headers causing pump cavita-
tion.

Loss of cooling water flow
will cause failure of stra-
tegic components in 2 hours,
If only one heat exchanger
i3 required, the failed heat
exchanger should be isolated
and the standby heat ex-
change should be valved into
operation. Loss of salt
water cooling will degrade
the ability of the component
cooling system to cool stra-
teglic components.

Manually open bypass valve
permitting makeup from the
demineralized water system or
the condensate systenm.

Operator should valve in
standby heat exchanger. May
also be necessary to isolate
the larger loads such as the
waste evaporators.
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Table C9.

(continued)

Failure Possible Causes

Effects Remedial Actions

24,

25.

Mechanical Failure Causes
Valve to Close

Header Valve
Failures:

CC 147 and 148

CC 154 and 155

Cv 3824

Cv 3826

Mechanical Failure Causes
Valve to Open

Bypass Valve
Failures:

Cv 3823

Cv 3825

Operator manually reopens
valve.

Fails supply of component
cooling water to heat
exchanger 12.

Fails supply of component
cooling water to heat
exchanger 11. All four
supply valves must fail
closed to fail oomponent
cooling water supply to heat
exchangers.

Fails flow from heat
exchanger 11 to cooling
loads.

Fails flow from heat
exchanger 12 to cooling
loads. For failure to be
significant, valve must fail
on the associated operating
heat exchanger.

Bypass valve fails open Operator manually closes valve.
causing component cooling

water to bypass the heat

exchanger. This causes

degraded operation of

component cooling system.
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Table C9. (continued)

Failure

Possible Causes

Effects

Remedial Aotions

26. Header Valve
Failure:

cC 163, 162

27. Component Cooling
Additive Tank Fails

Mechanical Failure Causes
Valve to Close

t. CC 141 and 142 Fail
to Open

2. CC 143 Pails to Open

For failure to be signifi-
cant, valve must fail on the
associated operating heat
exchanger and flow bypassed
must be significant.

Both valves must fail closed
to cause a loas of component
cooling water to the loads.

Failure to add chemicals to
component cooling system via
the additive tank will re-
sult in increased corrosion
of the components and piping
in the component cooling
system. Heat transfer
across fouled surfaces will
be reduced.

Operator menually reopens
valve,

If valves are source of
problem, attempt to manually
open.
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Table C10.

Service water system FMEA

Failure

Possible Causes

Effecta

Remedial Actions

ce te e

1. Service Water Pumps

1, 12, 13 Trip

2. Service Water leat
Exchanger 11, 12
Falls

1.

2.

Mechanical Failure

Loss of Eleotric Power
from § kV Bus 11 for
Pump 11, § kV Bus 14
for Pump 12, and both
4 kV Buses 11 and 14
for Pump 13

Supply or Return
Valves Fail Closed

Mechanical Failure

Salt Water System
Header Failure

Inlet or Outlet Valves
Fail Closed

Significant failure because
it degrades heat removal
from important plant
components including the
diesel generators and the
instrument air compressors.
Two pumps are required to
operate so one pump 1s
placed in standby. The re-
dundancy inocorporated into

the design permits operation

of pump 13 from either bus,
Unlikely that two pumps
would fail simul taneously.

Significant failure because
it degrades heat removal
from important plant compo-
nents. Plant may be tempo-
rarily operated with just
one heat exchanger during
normal operation. During an
emergency some loads would
be isolated, permitting
longer operation with only
one heat exchanger.

Verify automatic start of
standby pump. If pump 13 does
not start, align contaots to
other bus.

Re-open valves or repair heat
exchanger if possible.
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Table C10.

(continued)

Failure

Possible Causes

Effects

Remedial Aotions

3.

Service Water Head
Tank 11, 12 Fails to
Provide Suction Head

Service Water

-Additive Tank Falils

Chemical Addition

1. SRW-1579 Fails to Open
and Bypass Valve Fails
to Open

2. LS-1529 Fails to Open
SHW-15T79 and Bypass
Valve Fails to Open

3. Solenoid Valve SV-1579
Fails to Close

Valves Fail to Open

Loss of Cooling Water to Svatem Loads

5.

Loss of Service
Water to Emergency
Diesel Generator:

No. 11 Diesel

1. 1-CV-1587 Fails to

Open

a. Mechanical Failure

b. Diesel Start Signal
Not Received Due to
Cirouitry Failure

o. Controller PDIC-
1587 Closes Valve

Failure to provide makeup to
head tanks may result in the
loss of net positive suction
head to the service water
pumps. Loss of suction head
will fail pumps.

Insignificant failure with
respect to plant response to
a transient.

Loss of service water to an
emergency diesel generator
will result in diesel
generator fajlure. The two
Calvert Cliffs units share 3
diesels. Supply header 11
can supply service water to
either diesel 11 or 12,
Supply header 12 can supply
diesel 12 or 21. Supply
header 21 can supply diesel
11 or 12. Supply header 22
can supply diesel 21 and 12,

Operator should manually open
valve to control water level
in head tank.

If one supply header to a
partioular diesel is unavail-
able, operator should open
valves to supply diesel with
an alternate source of cooling
water.
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Table C10. (continued)

Failure Possible Causes Effects Remedial Actions

2. One of Two Manual service water fallures.
Valves Fail Closed This redundancy reduces the

probability of loss of
3. Service Water Header diesel power due to service
Fallures water failures.

No. 21 Diesel 1. 2-Cv-1587 Fails to

Open

a. Machanical Failure

b. Diesel Start Signal
Not Received Due to
Circuitry Failure

c. Contrcller PDIC-
1587 Closes Valve

2. One of Two Manual
‘Valves Fall Closed

3. Service Water Header
Fallures

No. 12 Diesel 1. 1 and 2-CV-1645 Fall
to Open
a. Mechanical Failure
b. Pressure Sensors
1/2 PS-1645 Fail

2. 1 and 2-CV-1645 Fail
to Open
a, Mechanical Failure
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Table C10. (continued)

Failure

Possible Causes Effects Remedial Actions

6.

Loss of Service
Water to Compreased
Air Systenm
Components:

A1l Instrument
Adr and Compressed
Alr Compressors

b. Pressure Sensors
Prevent Valve from
Opening

1-CV-1588 Fails to

Open

a. Mechanical Failure

b. Diesel Start Signal
Not Received Due to
Circuitry Failure

¢. Controller PDIC-
1588 Closes Valve

Both Manual Supply or
Both Return Valves
Fail Closed Simulta-
neously

Service Water Header
Failures

Loss ef service water cool- Reopen service water supply
ing to the compressors or or return valvea if possible.
aftercoolers will result in
eventual compressor or after-
cooler failure. This is a
SRW-181 Fails Closed significant failure because
pneumatic components must be
SRW-183 Fails Closed continuously supplied with
instrument air to maintain
PCV~1628 Fails Closed safe and reliable operation
of the plant. Some redun-
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Table C10.

(continued)

Failure

Possible Causes

Effects Remedial Aotions

Plant Compressor
1

Plant Compressor
11 Aftercoocler

Instrument Alr
Compressor 11

CV-1637 Falls Closed
Cv-1639 Fails Closed

Service Water Pump 11
Trips

Losa of Electrioc Power
From 125 VYDC Bus 11
Closes CV-1637

Loss of Electric Power
From 125 VDC Bus 21
Closes CV-1639

SRH-191 Fails Closed
SV-1636 Fails Closed
TCV-1636 Fails Closed
SRW-199 Fails Closed
SV-1635 Fails Closed
SRW-200 Fails Closed
SRW~-189 Fails Closed
TCV-1630 Fails Closed

SV-1630 Fails Closed

danocy 18 provided in the

compressed sir system in the

event of component failures,

Two instrument air compres~

sors are available, although

one is usually all that is

required. The Unit 1 plant

air compressor is backed up

by the Unit 2 plant air

compressor, Plant air is

also important because it

provides breathing air for

respirator operation inside

containment. Plant air is

backed up by breathing air

tanks inside containment. Verify that backup compressors
are started when line pressure
drops below low limit.
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Table C10. (continued)

Failure

Possible Causes

Effects

Remedial Actions

T.

Instrument Air
Compressor 171
Aftercooler

Instrument Air
Compressor 12

Instrument Air
Compressor 12
Aftercooler

Loss of Service
Water to Aux, Feed
Pump Room A/C Cooler

SRW-191 Fails Closed
N-1629 Fails Closed
SRW-192 Fails Closed
SRW-193 Fails Closed
SV-1634 Fails Closed
TCV-1634 Fails Closed
SRW-195 Fails Closed
SV-1633 Fails Closed
SRW-196 Fails Closed
SRW-502 Fails Closed
PCV-1600 Fails Closed
SRW-503 Fails Closed

Service W&ter Header
Failures

Extended loss of service
water to auxiliary feed pump
room coolers is assumed to
fail the auxiliary feedwater
pumps if they are running.
The time to failure cannot
be determined using FMEA
techniques.

Re-open valve if poasible.

%44



Table C10, (continued)

Failure

Possible Causes

Effeots

Remedial Aotiona

8. Loss of Service
Water to Generator
Exciter Air Coolers

9. Loss of Service
Hater to Generator
Bus Duct Coolers

Cooler 12

N,

SRW-286 Fails Closed

SRW-289 Fails Closed
and SRW 291 Fails to
Open

SRW-1603-CV Fails
Closed and SRW-291
Fails to Open

SEN-290 Fails Closed
and SRW-291 Fails to
Open

TIC-1603 Closes CV-

1603 and SRW-291 Fails

to Open

Service Water Header
Failures

SRYW~-296 Fails Closed
SRW-297 Fails Closed

CV-9901 Fails Closed

Loss of service water for
extended period is assumed
to result in the loss of
heat removal from generator
exciter and eventual turbine
trip. This failure is not
expected to have a signifi-
cant impact on plant
response to a transient.

Loss of service water for an
extended period is assumed
to result in a turbine
generator trip. This
failure i3 not expected to
have a significant impact on

Re-open valve if posaible.
Verify turbine trip on high
exciter temperature.

Re-open valve if poasible.
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Table C10.

(continued)

Failure Possible Causes Effects Remedial Aotions
4§, Service Water Header plant response to a
Failures transient,
Cooler 11 1. SRW-292 Fails Closed
2. SRW-293 Fails Closed
3. CV-9900 Fails Closed
4§, Service Water Header
Failures
10. Loss of Service 1. SRW-270 Fails Closed Insignificant impact on Re-open valve if possible.
Water to Turbine plant response to a
Plant Sampling 2. SRW-271 Fails Closed transient,
Coolers
3. Service Water Header

1.

Loss of Service
Water to Nitrogen
Compressor and
Aftercooler

Failures

Manual or Pressure

Control Valve
Closed

SRW-226 Fails

Fail

Closed

Manual Valve Fails
Closed
Service Water Header

Failures

Failure for an extended
period is assumed to fail
the nitrogen compressor. It
does not represent a signi-
ficant impact on plant
operation because Boron
Injection Tanks are charged
at startup.

Re-open valve if possible.
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Table C10.

(continued)

Failure

Possible Causes

Effects

Remedial Actions

12.

13.

Loss of Service
Water to Degasifier
Vacuum Pump

Loas of Service
Water to Turbine
Lube 011 Coolers

SRW-392 Fails Closed
SRW-393 Fails Closed

Service Water Header
Failures

Smi-252 Fails Closed
SRhW-256 Fails Closed
and SRW-258 PFails to
Open

SRW-1626-CV Fails
Closed and SRW-258
Fails to Open
SRW-257 Fails Closed
and SRW-258 PFails to
Open

SRW-253 Fails Closed

TIC-1626 Closes CV-

1626 and SRW-258 Fails

to Open

Service Water Header
Failures

Insignificant failure which
will have minimal impaot on
plant operation.

Loss of service water to
coolers 18 assumed to fail
coolers and trip turbine.
This failure is not consi-
dered to have a significant
impact on plant operation,

Re-open valve if poasible.

Re-open valvea if possible.
Verify turbine trips if lube
oi]l temperature exceeds design
limit,
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Table C10. (continued)

Failure

Possible Causes

Effects

Remedial Actions

14. Loss of Service

Water to Generator

Bydrogen Coolers:

Cooler 11

Cooler 12

Cooler 13

Cooler 14

5.

SRW-283 Fails Closed
and SRW-285 Fails to
Open

SRW-1608-CV Fails
Closed and SRW-285
Fails to Open

SRW-288 Fails Closed
and SEWN-285 Fails to
Open

TIC-1608 Closes CV-

1608 and SRW-285 Fails

to Open

Service Water leader
Fallures

SRW-272 or 273 Falls
Closed

SRW-274 or 275 Fails
Closed

SRW-277 or 278 Fails
Closed

SRW-280 or 281 Fails
Closed

Loss of service water is
assumed to fail coolers and
cause a turbine trip.
Failure is not considered to
have a significant impact on
plant response to a
transient.

Re-open valves if posaible.
Trip or verify turbine trip
upon high teaperature indioa-
tion.
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Table C10.

(continued)

Failure

Possible Causes

Effects

Remedial Aotions

15.

16.

Loss of Service
Water to Generator
Stator Liquid
Coolers:

Cooler 11

Cooler 12

Loss of Service
Water to
Electrohydraul ic
Control System 011
Coolers

Cooler 11

Cooler 12

Service Water Header
Failures

SRW-240 or 241 Fails
Closed

SRW-244 or 285 Falls
Closed

1.

2.

5.

SRW-429 Fails Closed

SRW-442 Fails Closed
and SRW-443 Fails to
Open

Cv-1628 Fails Closed
and SR¥-443 Fails to
Open

TIC-1628 Closes CV-

Loss of service water 1is
assumed to fail heat removal
from generator stator resul-
ting in a turbine trip.
Failure is not considered to
have a significant impaot on
plant response to a tran-
sient.

Loss of service water to oil
coolers for an extended
period i3 assumed to fail
the EHC system, This
failure 1s expected to have
minimal impaot on plant
operation because one cooler
i1s sufficient to supply
cooling requirements and one
cooler is svailable if the
operating cooler should

1628 and SRW-443 Fails fail.

to Open

Service Water Header
Failures

SRW-260 Fails Closed

SRW-264 Fails Closed

Re-open valve 1if poasible.
Trip or verify turbine trip on
high temperature indiocation on
generator stator.

Re-open valve 1f possible.
Open valve on atandby cooler.
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Table C10. {continued)

Failure

Possible Causes Effects

Remedial Aotions

17. Loss of Service

Water to Main Feed-

Pump Lube 0il
Caolers

Pump 11 Cooler

Pump 12 Cooler

Loss of service water
cooling to lube o1l coolers
for an extended period is
assumed to trip the main
feedwater pump. Trip of
pump will result in turbine
and reactor trip.

SRW-202 Fails Closed

SRW-~-203 and SRW-446
Fail Closed

SRW-1622-CY and SRW-
446 Fail Closed

SRN-445 and SRW-4146
Fail Closed

TIC-1622 Closes CV-
1622 and SRW-44é6
Fails Closed

Service Water lleader
Failures

SRW-206 Fails Closed

SRW-207 and SRW-448
Fail Cloased

SAW-1623-Cv and SRW-
448 Fail Closed

Operator should feed trip of
turbine and reaotor and verify
the initiation of auxiliary
feeduater.
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Table C10. (continued)

Failure

Possible Causes

Effects

Remedial Actions

18. Loss of Service

Water to Circulating
Water Priming Pumps
Seal Water Coolers:

Cooler 11
Cooler 12
Cooler 13

19. Loss of Service

Water to Condenser

Vacuum Pump Seal
Water Coolers:

Cooler 11
Cooler 12

Cooler 13

4. SRW-H4T and SRW-H48

Fail Closed

5. TIC-1623 Closes CV-

1623 and SRW-h48
Fails Closed

6. Service Water Header

Failures

Service Water Hleader
Failures

SRW-234 Fails Closed
SRW-236 Fails Closed

SRW-238 Fails Closed

1. CV-1627 Fails Closed

2. Service Water Header

Failures
SAW-210 Fails Closed
SRW-214 Fails Closed

SRW-218 Fails Closed

Loss of seal water cooling
is assumed to fail pumps.
Minimal impact on plant
operation. Two pumps are
normally operating with one
pump isolated. Loss of one
pump will require the
starting of the standby
pump.

Loss of service water 18 as-
sumed to fail pumps. Mini-
mal impact on plant opera-
tion because only two of
four pumps are operating.
Others are in standby.

Third pump (1st standby) 1is
constantly receiving cooling
water.

Re-open failed valves or open
isolation valves to standby
seal water cooler and start
standby pump.

Re-open valve {f possible.
Open valves and start the
standby pump, if running pump
fails.
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Table C10. (continued)

Failure

Possible Causes

Effects

Remedial Actions

Cooler 14

20. Loss of Service
Water to Condensate
Booster Pump Lube
011 and Seal Water
Coolers

Lube 011 Cooler 11

Lube 011 Cooler 12

Lube 01l Cooler 13

Seal Water Cooler
11A and 11B

Seal Water Cooler
12A and 12B

SRW-222 Fails Closed

Service Water Header
Failures

Loss of service water 1is
assumed to fail the conden-

sate booster pump. This

failure will have minimal

impact on plant operation

since only 2 of 3 booster
Manual Valve Fails pumps are required for
Closed normal operation.

TCV-1619 Fails Closed

Manual Valve Fails
Closed

TCV-1620 Fails
Closed

Manual Valve Fails
Closed

TCV-1621 Fails Closed

Manual Supply Valves
Fail Closed

Manual Return Valves
Fail Closed

Manual Supply Valves
Fail Closed

Re-open valve if possible.
Verify standby pump starts,
if not already running.
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Table C10.

(continued)

Failure

Possible Causes

Effects

Remedial Actions

21.

22.

Seal Water Cooler
134 and 13B

Loss of Service
Water to Spent Fuel
Pool Heat Exchangers

Loss of Service
Water to Containment
Coolers:

Manual Return Valves
Fail Closed

Manual Supply Valves
Fail Closed

Manual Return Valves
Fail Closed

CV-1597 Fails Closed

a. Mechanical Failure

b. Loss of Instrument
AMr

o. Inadvertent CSAS

CV-1596 Fails Closed

a. Mechanical Failure

b. Loss of Instrument
Alr

o. Inadvertent CSAS

Manual Valves Close
Due to Mechanical
Failures

Service Water Header
Failures

Service Water Header
Failures

Extended failure of the ser-
vice water to the spent fuel
pool heat exchangers will
cause the pool temperature
to rise above the design
temperature, The impact of
this failure on the opera-
ting reactor and power
systems will be minimal.
Substantial boiling would
have to occur before criti-
cality would take place.
Makeup water sources are as-
sumed to mitigate a signifi-
cant event,

Significant failure if more
than one cooler was to fail
at one time. However, this
represents an unlikely

Manually re-open valves to
restore service water flow to
heat exchanger.

Re-open valves if possible or

open other header supply valve

to the affected cooler.
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Table C10. (continued)

Fallure Possible Causes Effects Remedial Aotiona
11, 12 1. V-1581, 1583 Fails event. These coolera pro-
Closed vide post accident heat re-
moval from the containment.
2. Cv-158Y4, 1586 Fails Significant redundancy is
Closed available in this system be-
cause either header can be
3. Supply Header 11 used to supply any cooler.
Failure Only 3 coolers are necessary
for heat removal following a
4. MHanual Valves Fail LOCI.
Closed
13, 14 1. Cv-1589, 1592 Falls
Closed
2. CV-1591, 1594 Fails
- Closed
3. Supply Header 12
Failure
4. HManual Valves Fail
Closed
23. Loss of Service 1. SRW-640 Fails Closed Insignificant failure Re-open supply and return
Water to Blowdoun Due to Mechanical because another heat exchan- valves if possible.
Recovery Heat Failure ger, piped in series, is
Exchanger 12 cooled by condensate.
2. SKW-522 Fails Closed Failure to adequately cool

Due to Mechanical

Failure

blowdown might impact ion
exchangers.
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Table C10. (continued)

Failure

Possible Causes

Effects

Remedial Aotions

24,

25.

Loss of Service
Water to Turbine
Building Components
(compressors, vacuum
pump seal water
coolers)

Other Failures

CV-1582 Fails to
Open

26. CV-1505 Fails to

Open

Service Water Header
Failures

SRW-1600-CV Fails
Closed

SRW-1637-CV Falils
Closed

SRW-1638-CV Falls
Closed

SRW-1639-CV Falls
Closed

Service Water Header
Failures

Mechanical Failure
CSAS Circuitry Failure
SV-1582 Fails to Close
Mechanical Fallure
CSAS Circuitry Failure

SV-1585 Fails to Clcse

These valves can oclose due
to mechanical failure or
inadvertent SIAS. This
action isolates the turbine
building loads. Compressed
air system would be im-
pacted.

Fails to provide additional,
necessary service vater flow
to containment coolers fol-

lowing a CSAS.

Fails to provide additional,
necessary service water flow
to contaimment coolers fol-

lowing a CSAS.

_ Re-open supply and return

valves if possible.

Open SRW-140.

Open SRW-147.
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Table C10. (continued)

Failure

Possible Causes

Effecots

Remedial Aotions

27.

28.

29.

30.

CV-1590 Fails to
Open

Cv-1593 Fails to
Open

CV-1600 Fails Closed

Cv-1638 Fails Closed

Mechanical Failure
CSAS Circuitry Failure
SV-1590 Fails to Close
Mechanical Failure
CSAS Circuitry Failure
SV-1593 Fails to Close
Mechanical Failure
Inadvertent SIAS
Mechanical Failure

Inadvertent SIAS

Fails to provide additional,
necessary service water flow
to containment coolers fol-

lowing a CSAS.

Fails to provide additional,
necessary service wvater flow
to containment coolers fol-

lowing a CSAS.

Loss of service wvater to

Turbine Building components. -

Loss of service water to
Turbine Building coaponents.

Open SRW-158,

Open SRW-161.

Re-open valve.

Re-open valve.
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Table C11.

Salt water system FMEA

Failure Possible Causes Effects Remedial Actions
Salt Water Header Failure
1. Salt Water Pump 1. Mechanical Failure During normal operation, two Assure standby pump atarts

(11, 12) Trips
2.

2. Salt Water Pump 13 1.
Fails to Start On
Demand 2.

ure S

3. Loss of Salt Water 1.
Cooling to Component
Cooling Hater NX
11, 12 2.

Loss of Eleotric Power
to kV Bus 11, 14

Mechanical Failure
Pump 13 Contacts are

Aligned .to a Bus
Without Eleotric Power

SW 5160, 5162 Cv
Closes

SW 5206, 5208, or
5163 Closes

Salt Water Pump Trip

punps are required to supply
cooling loads. Following a
LOCI, one pump is able to
supply cooling water re-
quirements, however two
pumps start on SIAS. Mini-
mal impact is expected from
this failure, due to the
presence of pump 13 which
can receive power from
either bus 11 or 14,

Minimal problem. During
normal operation, shutdown
would be required if pump
11, 12 had failed and pump
13 failed to start. Fol-
lowing a LOCI, only one salt
water is required.

Substantial impact on Compo-
nent Cooling System due to
loss of cooling to the com-
ponent cooling heat exchan-
ger. Time-to-failure for
components serviced by the
component cooling system can

after primary pump trips.
Operator may need to change
bus to which puap 13 1is
aligned.

Aasure that pump 13 is aligned
to e powered bus.

If salt water cooling is lost
to only one component cooling
HX, the operator should verify
that the operating component
cooling HX has adequate cooling
water. If cooling RCP pump
seals is lost, trip pumps.
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Table C11,

(continued)

Fallure

Possible Causes

Effeots

Remedial Actions

Loss of Salt Water
Cooling to Circula-
ting Water Pump
Seals

Loss of Salt Water
to Condenser Tube
Bulleting System

Loss of Salt Water
Cooling to Service

Water Heat Exchanger

11, 12

Valve Failure
Salt Water System
Header Failure
Valve Failure

Salt Water System
Header Failure

Valve Failure

Salt Water System
Header Failure

not be determined using FMEA
techniques. Loss of ocompo-
nent cooling to RCP seals
will cause small LOCA,

Circulating water system
pump trip which will ulti-
mately result in a turbine
trip on high condenser
temperature.

Temporary inability to olean
condenser tubes will have no
significant effect on plant
operation.

Substantial impact on Ser-
vice Water Sysatem due to the
loss of ocooling to the ser-
vice water heat exchanger.
Time-to-failure for compo-
nents serviced by the Ser-
vice Water System can not be
determined using FMEA tech-
niques., Loss of service
water will fail diesel
generators,

Operator should trip turbine
following ciroulating water
pump trip.

Repair valve or component as
neceasary.

If salt water cooling is lost
to only one service water
system heat exchanger, the
operstor should verify that
the operating service water
syatem has adequate cooling
water,
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Table C11.

(continued)

Failure

Possible Causes

Effects

Remedial Aotiona

Loss of Salt Water
Cooling to ECCS
Pump Room Air
Coolers

Loss of Salt Water
Cooling to Circula-
ting Water Pump
Room Air Coolers

Loss of Salt Water
to Hater Jet
Exhauster

Inlet Valve Closes

Salt Water System
Header Failure

Inlet Valve Fails
to Open

Outlet Valve Faila
to Open

Outlet Valve Closes
Valve Failure

Salt Water System
Header Failure

Valve Failure

Salt Water System
Header Failure

HPSI and LPSI pumpa are able
to run 2 hours without
cooling water, Failure of
the room coolers under emer-
gency conditions would cause
gradual room heating until
electrical ocomponents in the
room began, Time-to-failure
for these components can not
be determined uaing FMEA
techniques,

Loss of room cooling for an
extended period will result
in electrical component
failure which will cause
trip of circulating water
pumps and eventually the
turbine will trip.

Loss of aalt water to jet
exhauster will prevent
startup of the screen wash

system.

Repair valve or oomponent as
necessary.

Repair valve or header.

Repair valve or header.
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Table C12.

Instrument air system FMEA

FA1LURE

POSSIBLE CAUSES

EFFECTS

REMEDIAL ACTIONS

I. Air compressor
#11 stops when
in the SPEED
mode

Maintenance error

'Loss of electric

power (Bus 118(Z8))

AC #12 will start when pressure decays
to 90 psiq. '

It ACFI2 is not avaliable then IA
pressure will contlnue to decay to

85 psig when crossconnect valve

No Immediate operator actions
required provided ACKI2

starts or the PA system
provides backup IA as designed.
Maintenance corrects problem

3. Controller or PA 2061 auto opens and provides PA with ACHI),
instrumentation to the |A header as a backup.
tallure
4, High attercooler
discharge temper-
ature
5. Other
2. Alr compressor
#12 stops whan In SAME AS ABOVE
SPEED mode
3. Aftercooler || . Low SRW flow due Assoclated air compressor trips No Immediate operator actions
(12) tunctlons to maintenance causing the ettfects noted in |, required provided ACI2(1 1)
improperly error above. is avallable to provide (A
causing high or the PA system provldes
air discharge 2. Blocked heat backup IA as designed.
temperature exchange tubes Maintenance corrects problem,
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Table C12. (continued)
FALLURE POSS IBLE CAUSES EFFECTS REMEDI AL ACTIONS
4, Aftercooler Rust, scale, debris or IA pressure will decrease at a rate The aftercooler with the

relief valve
sticks open
RV2063(2065)

other contamination In
the A causes valve
fal lure

proportional to the rellef valve
opening. At 90 psig the standby

IA compressor witl start and |f
pressure continues to decrease the
PA crossconnect valve will open at
85 psig.

For large fallures, reasonably rapid
docreases In |A pressure are expected
and could resuit in a total loss of
instrument alr transient with no
action to isolate the falled valve.

falled open valve can be
Isolated wlth the manual
isolation valves.

Isolation valve
on aftercooler
outlet s open
and cannot be
closed (falls
open)

Rust, scale, debris or
other contamination In
the |A causes valve
tal ture

Aftercooler cannot be isolated; however,
no adverse effect unless fallure Is
combined wlth a second fallure.

No immediate operator
action required. Mainten-
ance corrects the problem,

Isolation valwve
on aftercooler
outlet fails
closed

b Operator/maintenance
error

2. Gradual bufldup of
rust, scale, debris
and other contamin-
ation closes valve

Effect is to cause loss of A com-
pressors ll(or 12) which was
doscribed In | and 2 above,

When A pressure drops to 90 psig
the standby alr compressor wiii
start,

No Immedlate operator
actions required provided
ACI2 (or Il) starts or the
PA system provides backup

IA as designed.

Maintenance corrects problem
with the vaive.
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Table C12. (continued)
FAILURE POSSIBLE CAUSES EFFECTS REMEDI AL ACTIONS
7. isolation vaive Rust, scale, debrls Air receiver cannot be Isolated; however, No Immediate operator

on alr recelver
11(12) inlet is
open and cannot
be closed (fails
open)

or other contamination
in the |A causes valve
fal lure

no adverse effect unless this fallure
is combined with another fallure such
as alr receiver rellef valve fallure.

actions required.
Maintenance corrects
prob lem,

8. |Isolatlon valve |. Operator/maintenance No effect unless alr recelver 12(11) No immediate operator
on air recelver error Is out of service and Isolated, If actlons required.
11€12) Inlet that Is the case, the PA compressors Malntenance corrects
fails closed 2. Gradual bulldup of must be used to provide IA, problem.
rust, scale, debris
or othaer contamin-
ation closes valve
9. Alr receliver Rust, scale, debris or Same effect as falied open rellef Operator can lIsolate the
relief valve other contamination valve on an aftercooler which was rellef valve by manually
RV2066(2067) causes valve fallure described above, closing the air recelver
sticks open Inlet and outlet Iisolation
valves,
10, Isolation valve Rust, scale, debris or Alr receiver cannot be isolated; No Immediate operator action

on air recelver
11(12) outiet Is
open and cannot
be closed

other contamination
causes valve tallure

however, no adverse effect unless
this fallure Is combined with a
second fallure such as alr
recelver retief valve failure,

requi red.
Maintenance corrects problem,

Isolation valve
on air recelver
11(12) outlet
fails closed

i. Operator/malintenance
error

2. Gradual bulldup of
rust, scale, debris

or other contamination

No effect unless alr receiver 12(il)
Is out of service and lsolated.

In that case the PA compressor

must be used to provide lA,

No immediate operator actlons
requi red.
Maintenance corrects problem.

(5>r4



Table C12. (continued)

FAILURE

POSSIBLE CAUSES

EFFECTS

REMEDIAL ACTIONS

12. Cross connect
valve PA2061
falis closed

valwe control ler
fallure

No effect on |IA system unless this
fallure Is combined with an (A
fal lure that requlres the PA system

No Immedlate operator actlion
requl red.
Maintenance corrects problem,

2, Fallure of the to serve as a backup for the |A system,
pressure transmltter
that controls valve
opening
3. Gradual buildup of
rust, -scale, debrls
or other contam-
Inatlon
13, Cross connect I. valve controller IA and PA systems wl il be cross No Immediate operator action
valve PA206I fallure connected; however, thls should requl red,
talls open cause no problem, Maintenance corrects problem.
2, Fallure of the Manual valves exist on both sides
pressure transmitter of PA2061 and can be closed |f
that controls valve necessary.
opening
14, Isolation valve i. Operator/maintenance This valve Is normally open and the Operator must take one of the
on inlet to pre- error lsolation valve In prefliiter 12 Is following actions:
filter 11 talls normally closed. If this fallure’ I. Open the Inlet and outlet
closed 2. Gradual buildup of occurs, |A pressure will begin to Isolation valves on pre-

scale, rust, debris
or other contam-
Ination

decreasa since the IA service header

is now isolated from all alr compressors,
Without prompt operator response, a loss

of IA transient can result,

fliter 12 or

2. Manage to open the falled
closed valve or

3. FCR-81-007 modiflied the
system so that the PA
system could supply the
lA system downstream of
the (A dryer,
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Table C12. (continued)
FAILURE POSSIBLE CAUSES EFFECTS REMEDI AL ACTIONS
This modl fication Is not
shown on the drawings
avallable to ORNL but is
assumed to exlst,
15. Isolation valve Rust,scale, debris or Prefilter Il cannot be isolated; No immedl ate operator

on inlet to pre-
tilter 1l fails
open and cannot
be closed

other contamination causes

valve fallure

however, no adverse effect unless
this fallure is combined with a
fallure that requires the valve to
be closed.

actlion required,
Maintenance corrects
problem,

Isolatlion valve
on outlet of
prefliter 1|
falls closed

SAME

AS

4

ABOVE

tsolation valve
on outlet of
prefliiter 11
falls open and
cannot be closed

SAME

AS

5

ABOVE

Alr dryer {1 iIntet |,

isolation valve
falis closed

fallure

2. Operator/maintenance

error

Rust, scale, debris
or other contamin-
ation causes valve

When this valve falls closed, |A
pressure will begin to decrease since
the |A service header Is now Isolated
from all alr compressors,

Without prompt operator response, a
loss of IA transient can result.

Operator must take one of the

following actlons: '

t. Open the normally closed
alr dryer bypass valve or

2. Manage to open the falled
valve or

3. FCR-81-007 modified the
IA system so that the PA
system could supply the
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Table C12. (continued)

FAILURE

POSS IBLE CAUSES

EFFECTS

REMEDIAL ACT IONS

tA system downstream of the
IA dryer., This moditication
Is not shown on the drawings
avallable to ORNL but Is
assumed to exist,

Alr dryer |1
inlet isolation
valve fails open
and cannot be
closed

Rust, scaile, debris or
other contamination
causes valve fallure

No effect on the IA system unless
this failure Is combined with a
second fallure that requires the
Isolation of the alr dryer,

No immediate operator action
requi red.
Maintenance corrects problem.

20,

isolation valve
on outlet of air
dryer ([ tailis
closed

SAME AS

18 ABOVE

21,

Isolation valwve
on outlet of alr
dryer {1 falls
open and cannot
be closed

SAME AS

t9 ABOVE

22,

Afterfilter (1
inlet isolation
valve falls
closed

1. Operator/
maintenance error

2. Rust, scale, debris
or other contamin-
atlon causes valve
fallure

Aftertilter 1| lsolation valves are
normally open and the (sotation valves
for the redundant afterfliiter (#12) are
normally closed. |t the aftercooler
isolation valve fails closed, IA pressure
will begin to decrease since the IA
service header Is now Isolated from all
alr compressors, Wlthout prompt oper-
ator response, 8 loss of |IA transient
can result.

Operator must open the inlet
and outlet lsolation valves
on after fiiter 12 or manage
to open the failed cliosed
vaive,
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Table C12. (continued)

FAILURE POSS IBLE CAUSES EFFECTS REMEDI AL ACTIONS

23. Atterfliter || Rust, scale, debris or No effect on the IA system unless the No Iimmediate operator actlon
intet isotlatlon other contamination tal lure 1s conmbined with a second Is required. Maintenance
valve fails causes valve failure fal lure that requlres the Isolation corrects the problem,

open and cannot
be closed

ot the afterfifter,

24,

Afterfilter 1|
outlet isolation
valve falls closed

SAME AS

22 ABOVE

25.

Attertiiter ||
outlet isolation
valve talls open
and cannot be
closed

SAME AS

23 ABOVE

26.

Manual valve 1A-845 |,
fal Is closed

Operator/
maintenance error

This tallure results In loss of IA [N
to the pneumatic valves and Instru-

ments in the following systems and

areas of the plant:

|. Diesel generators || and 12 2,
2, PRWT heat exchanger room

3., West penetration room

4, Letdown heat exchanger

5. SFP cooling room

6. Valve compartment

7. CYCS ion exchangers

Operations and malntenance
personnel attempt to
discover and correct the
source of the problem.

Operator responds as
directed by EOP-14, the
"Loss of Instrument Alr"
procedure
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Table C12. (continued)
FAILURE POSS IBLE CAUSES EFFECTS REMEDIAL ACTIONS
27. Fallure of IA Mechanical damage to the This fallure results in a total loss of Close valve 1A-845 fo iso~

header downstream
of valve IA-845
so that |A pres-
sure decreases
below 80pslig

2 inch distribution
header by maintenance
personnel or by equip-
mont fallure

IA transient, Once the plant staft
recognlzes and diagnosas the fallure,
the 1oss of air can be contined to
those systems and areas of the plant
Ilsted In 26 above.

late fallure to the systems
and areas of the plant
Ilsted under 26 abowve,
Maintenance repalrs the
falled header,

28.

Manual valve |A-
falls open and
cannot be closed

Sradual bulldup of scale,
rust, debris or other
contamination prevents
valve from closing

No eftect unless this fallure |Is combined
with a second fallure such as the 1A
header fallure discussed In 27 above,

No Immediate operator actlion
requi red.
Maintenance corrects problem.

29,

Manual valve (A~
657 talls closed

|. Operator/malntenance
error

2. Gradual buildup of
rust, scale, debris
or other contamination
closes valve

This tfallure results In loss of IA to the
pneumatic valves and Instruments in the
followling systems and areas of the plant:
|. Component cooling room

2. ECCS pump room number | and 12

3. VCT and BAST rooms

4, Charging pump room

5. Mlscel laneous waste recelver tank
room

6. Cryogenics room

7. RCW pump room

‘Operations and maintenance

personnel attempt to
discover and correct the
source of the problem.

Operator responds as
directed by EOP-14, the
"Loss of Instrument Alr"
procedure
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Table C12. (continued)

FAILURE

POSS IBLE CAUSES

EFFECTS

REMEDIAL ACTIONS

30.

Fallure of |A
header downstream
ot valve |A657 so
that |A pressure
decreases below
80 psig

Mechanical damage to the
2 Inch header by malin-
tenance personnel or

by equipment fallure

This fallure can result In a total

of 1A translent,

diagnoses the problem, the air loss

can be confined to those systems and
areas of the plant listed in 29 above,

Once the plant statff

Close valve 1A657 to Isolate
falture to those systems
and plant areas listed under
29 above,

Maintenance repairs the

fal ted header.

31,

Manual vaive IA
657 talls open and
cannot be closed

Gradual bulldup of scale,
rust, debris or other
contamination prevents
valve from closing

No effect unless this fallure Is combined
with a second fallure such as the |A
header failure discussed in 28 above,

No immediate operator sction
requi red,
Maintenance corrects problem.

32.

Manual valve |A
823 fails closed

t. Operator/malntenance
error

2. Gradual bul ldup of
rust, scale, debris
or other contamination
closes valve

This fallure results In loss of IA to the
pneumatic vaives and Instruments in the
following systems and areas of the plant:

Aux. building HVAC area (elevatlion

5' & 69')

Service water pump room

East piping penetration room
East electrical penetration room
Service water head tank area
Main plant area

Battery vent area

Component coolling head tank

Access control HVAC

I. Operations and malntenance
personnel attempt to
discover and correct the
source of the problem.

2. Operator responds as
directed by EOP-14, the
"Loss of Instrument Alr"
procedure
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Table C12. (continued)

FAI LURE POSSI1BLE CAUSES EFFECTS REMEDIAL ACTIONS
10. 14C shop
1. Plant computer
12, Blowdown tank area
13, RCW waste evaporator
14, Miscel laneous waste evaporator
15. Fuel upender
33. Falture of IA Machanical damage tfo This fallure can result In a totatl Close vatve 1A823 to Isolate
header down- the 2" header by loss of |A transient if not quickly the fallure to those systems
stream of valwve malntenance personnel diagnosed. Once the plant staff and plant areas listed under
1A823 so that or by equipment recognlzes and diagnoses the probiem, 32 above. Maintenance repalrs
IA pressure fallure the loss of alr can be confined to the falled header

decreases below

those systems and areas of the plant

80psig listed in 32 above,
34. Manual valve 1A Gradual bul ldup of No eftect unless comblined with a No Immedliate operator action
823 falls open scale, rust, debris second failure such as the |A header requlred,
and cannot be or other contamination fal lure discussed In 33 above. Maintenance corrects the
closed prevents valve from problem,
closing
35. Manual valve |A I. Operator/maintenance This fallure rasults In loss of (A {. Opearations and maintenance

214 fails closed

2.

arror

Gradual bulldup of
rust, scale, debris

or other contamlnation

closes valve

to the pneumatic valves and Instru-
ments in the following systems and
areas of the plant;

I, Caustic storage tank

2, Make up deminerallzers

3. Condensate pollshers

personnel attempt to
discover and correct the
source of the probiem.

2, Operator responds as
di rected by EOP-14, the
"Loss of Instrument Alr®
procedure
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Table C12. (continued)

FAILURE

POSS IBLE CAUSES

EFFECTS

REMEDIAL ACTIONS

36.

Faliure of |A
header downstream
of manual valve
IA214 so that IA
pressure decreases
below B80pslig

Mechanical damage to the
2" header by maintenance
personne! or by equipment
fal lure

This failure can result in a total loss
of |A transient |f not quickly diagnosed,
Once the plant staff recognlzes and
dlagnoses thls problem, the loss of IA
can be confined to those systems and
areas of the plant lilsted in 35 above,

Close valve 1A214 to isolate
the fallure to those systems
and plant areas listed under
35 above,

Maintenance repalrs the

fal led header.

37,

Manual valve 1A214
tai Is open and
cannot be -closed

Gradual bul Idup of scale,
rust, debrls or other
contamination prevents
valve from closing

No effect unless the fallure is comblned
with a second fallure such as the A
header fallure discussed in 36 above.

No immediate operator actlion
requi red.

Malntenance corrects the
problem,

38.

Manual valve IA213 . Operator/maintenance

falis closed

error

2, Buildup of rust,
scale, debris or
other contamination

This failure results in loss of |A to the
pneumatic valves and Instruments in the
following systems and areas of the plant:
I. Turbine deck, east and west

2, Auxillary bollers

3. Deareator

4. Condenser area ring

5. Sewage treatment

6. Intake core, water pumps

7. Condensate precoat fllters

8, Turbine lube ol coolers

9. FW heaters 14A,14B,15A,15B,16A, 168

I. Operations and malntenance
personnel attempt to
discover and correct the
source of the problem,

2. Operator responds as
directed by EOP-14, the
“Loss of Instrument Alr"
procedure
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Table C12. (continued)

FAILURE

POSS1BLE CAUSES

EFFECTS

REMEDI AL ACTIONS

10. Auxiiiary FW pumps
I, Condenser area west

12, Molsture seperator reheaters | & 12

39. Failure of |A
header downstream
of manual valve
1A213 so that A
pressure decreases
below B80psig

Mechanlcal damage to the
2" header by maintenance
personnel or by equip-
ment fallure

This tailure can resuit In a total foss
of IA transient |f not quickly dlagnosed.
Once. the plant staff recognizes and
diagnoses this problem, the loss of 1A
can be confined to those systems and
areas of the plant listed In 38 above,

Close vaive I1AZ13 to [solate
the failure to those systems
and plant areas listed under
38 above., Malntenance

repalrs the failure header,

40.
falls open and
cannot be closed

Manual vaive |A213 Gradual bulldup of scale,

rust, debris or other
contamination prevents
valve from closing

No effect unless the fallure Is comblined
with a second fallure such as the |A
header fallure discussed in 39 above.

No immediate operator action
required,

Maintenance corrects the
problem,

4|, Manual valve |A656
fails closed

1. Opet:afor/malnfenance
error

This failure results In loss of IA to the
pneumatic valves and instruments in the
fol lowing systems and areas of the plant:

I. Systems Inside the containment struc-
ture that Includes the CVCS, the
containment purge system, the RCS,
and the safety Injectlon system

2. Auxillary fW control valves and
atmospheric dump valves

3. West piping penetration room

Operator can start salt water
alr compressors |1 and/or 12
and open manual valve 1A727
and/or 726,

These actions will allow the.
salt water compressors to
provide air to the IA loads
downstream of 1A656,

2, Operations/malintenance
attempts to correct problem

3. |f necessary impiement
EOP~14, the "Loss of
Iinstrument Alr" procedure.
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Table C12. (continued)

FAILURE

POSSIBLE CAUSES

EFFECTS

REMEDIAL ACTIONS

42,

Fallure of 1A
header downstream
of manual valve
IA656 so that IA
pressure decreases
below 80psig

Mechanical damage to the

header by malntenance

personnel or by equipment

tai lure

This fallure can result in a total loss
of IA transient If not quickly diagnosed.
Once the plant statf recognizes and
diagnoses thls problem, the loss of

tA can be confined to those systems

and areas of the plant Iisted In 41 ¢!
above,

Close valve 1A656 to |Isolate
the failure to those systems
and plant areas listed above.
Maintenance repairs the falled
header,

43, Manual valve Gradual bul ldup of scale, No effect unless this fallure Is No Immediate operator actlion
1A656 talls open rust, debris or other combined with a second fallure such required,
and cannot be contamination prevents as the |A header fallure dlscussed Maintenance corrects the
closed valve from closing above, problem,

44, Trip of both 1A I. Fallure of all three Both |A compressors wiil overheat and The operator can take the

compressors and
the PA compressor

sorvice water pumps
(low probabllity)

Fallure closed of
SRW pressure control
valve 1628

Loss of both 500 KV
electrical buses

trip off line, Also, the PA compressor
will overheat and trip off Iine. This
event s assumed to occur In Unit |

and the Unit 2 PA compressor normally
would be cross connected to the Unit |
PA system and could serve as a backup
source of compressed alr, |f this is
the case, IA pressure should not drop
below 85 psig and no adverse plent
ettects should be experlienced.

following actions:

I. Attempt to restore service
water flow

2, Use Unit 2 compressors to
provide backup compressing
capabl lity for unit |,

3. Implemsnt EOP-14 "Loss of
Instrumsnt Alr" if | or
2 above Is not successful.
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ABSTRACT

The effects of regulating system electric power supply failures have
been analyzed for the Calvert Cliffs Unit 1 power plant. Instrument and
control system power distribution circuits were analyzed to define a
comprehensive set of 24 single-point failure modes. Selected multiple
power distribution failures were analyzed for circuits found to
significantly affect regulating system response. For each power supply
failure, the regulating system outputs were propagated through the
energized and deenergized output control devices to determine the
initial plant response. 1In addition, the effects of power supply
failures on subsequent plant control 