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Chapter 7
INSTRUMENTATION AND CONTROL SYSTEMS

7.1  INTRODUCTION

Chapter 7 presents design and performance information for instrumentation and control (1&C)
of safety-related and major plant control systems used throughout the plant. The design and
performance considerations of these systems, safety function, and their mechanical aspects are
described in other chapters.

7.1.1 IDENTIFICATION OF SAFETY-RELATED SYSTEMS

The systems are classified according to Regulatory Guide 1.70, Revision 2. Table 7.1-1 lists
safety-related and safe shutdown systems and identifies the designer and/or the supplier. Other
control systems are listed in Table 7.7-1. Table 7.1-2 identifies I&C systems that are identical
to those of a nuclear power plant of similar design that received NRC design or operation
approval through the issuance of either a construction permit or an operating license.

The following is a brief description of reactor protection (trip) system (RPS), engineered safety
feature systems, safe shutdown systems, safety-related display instrumentation and other

systems required for safety.

7.1.1.1  Reactor Protection System

The 1&C initiate reactor shutdown via automatic control rods insertion (scram) if selected
variables exceed preestablished limits. This action prevents fuel damage, limits nuclear system
pressure, and restricts the release of radioactive material.

7.1.1.2  Primary Containment and Reactor Vessel Isolation Control System

The 1&C initiate automatic closure of various reactor pressure boundary and primary
containment isolation valves if monitored system variables exceed preestablished limits. This
action limits the loss of coolant from the reactor coolant pressure boundary (RCPB) and the
release of radioactive materials from either the RCPB or the primary containment.

7.1.1.3  Emergency Core Cooling System

The 1&C provide automatic initiation and control of specific core cooling systems, namely,
high-pressure core spray (HPCS) system, automatic depressurization system (ADS),
low-pressure core spray (LPCS) system, and the low-pressure coolant injection (LPCI) system.
This provides adequate core cooling following a loss-of-coolant accident (LOCA) to prevent
fuel cladding failure from excessive temperatures.

7.1-1
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7.1.1.4  Neutron Monitoring System

The 1&C use in-core neutron detectors to monitor core neutron flux. The neutron monitoring
system (NMS) provides signals to the RPS trip logic to scram the reactor. Average neutron
flux or average simulated thermal power is measured by the average power range monitors
(APRM) and is used as the overpower indicator during power operation. Intermediate range
monitors (IRM) are used as power indicators during startup and shutdown. The NMS also
provides power level indication during all modes of operation.

Also included within NMS is the Oscillation Power Range Monitor (OPRM), which is used to
detect thermal hydraulic oscillations.

7.1.1.5  Process Radiation Monitoring System

Radiation monitors are provided on process lines to monitor/detect and provide trip signals to
limit the release of radiation:

a. Main steam line radiation monitors,
b. Reactor building exhaust radiation monitors, and
C. Standby service water radiation monitors.

7.1.1.6  Main Control Room and Critical Switchgear Rooms Heating, Ventilating, and Air
Conditioning System

In the event of an F, A, or Z signal, the normal control room fresh air intake valves close.
The signal energizes the control room emergency filtration units which divert air through the
filters to pressurize the main control room. The main control room kitchen exhaust fan and its
isolation damper are also shut off by the F, A, Z signals.

7.1.1.7  Standby Service Water System

The 1&C automatically initiate cooling water flow to vital equipment during abnormal plant
conditions.

7.1.1.8  Containment Atmosphere Control System

The 1&C monitor the concentration of hydrogen and oxygen gas present in the primary
containment during and after a postulated LOCA.

LDCN-14-002, 13-044 7.1-2
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7.1.1.9  Reactor Core Isolation Cooling System

The 1&C provide makeup water to the reactor vessel in the event the reactor becomes isolated
accompanied by a loss of flow from the reactor feedwater system during normal plant
operation or plant transients.

7.1.1.10 Standby Liquid Control System

The 1&C in conjunction with manual initiation provide a redundant reactivity control system
that can shut the reactor down from rated power to the cold condition in the event that all
withdrawn control rods cannot be inserted manually by the reactor manual control system to
achieve reactor shutdown.

7.1.1.11 Leak Detection System

The 1&C provide various temperature, pressure, level, and flow sensors to detect, annunciate,
and isolate (in certain cases) water and steam leakage paths in selected reactor systems.

7.1.1.12 Residual Heat Removal System - Shutdown Cooling Modes

The 1&C in conjunction with manual initiation of either the normal or alternate shutdown
provide cooling to remove decay and sensible heat from the reactor vessel so that the reactor
can be refueled and serviced.

7.1.1.13 Fuel Pool Cooling and Cleanup System

The 1&C monitor fuel pool water temperature.

7.1.1.14 Suppression Pool Temperature Monitoring System

The 1&C are provided to determine when special operating procedures are required to avoid
elevated suppression pool temperatures.

7.1.1.15 Standby Gas Treatment System

The 1&C control standby gas treatment (SGT) system operation during abnormal conditions
to limit radioactive material releases.

7.1.1.16 (DELETED)
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7.1.1.17 Safety-Related Display Instrumentation

The 1&C provide information to the reactor operators to support manual safety actions or to
allow assessment of safety system status.

7.1.1.18 Containment Instrument Air System

The 1&C provide uninterruptable instrument air or nitrogen to essential ADS valve
accumulators inside primary containment.

7.1.1.19 Residual Heat Removal System - Containment Spray Cooling Mode

The 1&C provide for the manual initiation of the residual heat removal (RHR) system
subsystem that condenses steam in the drywell and suppression chamber following a LOCA.
The drywell sprays (with or without the RHR heat exchangers) may be used to remove
airborne radioactivity from the containment atmosphere in response to a LOCA.

7.1.1.20 Remote Shutdown System

The 1&C provide the capability for safe shutdown of the reactor in the event the main control
room becomes uninhabitable.

7.1.1.21 Recirculation Pump Trip

The 1&C are provided to supplement plant shutdown at the end of a fuel cycle when control
rod worths are reduced by core nuclear characteristics.

7.1.1.22 Residual Heat Removal System - Suppression Pool Cooling Mode

The 1&C in conjunction with the suppression pool temperature monitor provides information to
the reactor operators to support manual initiation of this subsystem of the RHR system that
cools the suppression pool water to avoid elevated pool temperatures.

7.1.1.23 Anticipated Transient Without Scram Recirculation Pump Trip

The 1&C trip the reactor recirculation pump motors in the event of an anticipated transient
without scram (ATWYS).

7.1.1.24 Anticipated Transient Without Scram - Alternate Rod Insertion

The 1&C provide an alternative method of inserting the control rods in the event of an ATWS.
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7.1.2  IDENTIFICATION OF SAFETY CRITERIA

The 1&C equipment design is based on the need to have the system perform its intended
function while meeting the requirements of applicable general design criteria (GDC),
regulatory guides, industry standards, and other documents. See Sections 7.2 through 7.6 for

a discussion of the design bases for each safety-related system.

7.1.2.1  Regulatory Requirements

The plant safety-related systems have been examined with respect to specific regulatory
requirements that are applicable to the instrument and controls of these systems. The specific
regulatory requirements pertaining to each system’s 1&C is specified in Table 7.1-3. For a
discussion of the degree of conformance see the individual systems analysis portions in
Sections 7.1 through 7.6.

7.1.2.2  Regulatory Conformance - 10 CFR 50 Appendix A

Section 3.1 provides a discussion of those GDC that apply equally to all safety-related, safe
shutdown, and augmented quality systems described in this chapter and include GDC 1, 2, 3,
4, 10, 13, 54, 55, and 56. Those GDC which do not apply equally to all safety-related, safe
shutdown, and augmented quality systems are discussed for each system in the analysis portion
of Sections 7.2 through 7.6.

7.1.2.3  Conformance to Institute of Electrical and Electronics Engineers Standards

The following is a discussion of those IEEE Standards which apply equally to all safety-related
systems described in this chapter. Those IEEE Standards which do not apply equally to all
safety-related systems are discussed for each system in the analysis portion of Sections 7.2
through 7.6:

IEEE 308-1974 - Class IE Power Systems for Nuclear Power Generating Stations

IEEE 308-1974 is described in Section 8.3.

IEEE 317-1972 - Electric Penetration Assemblies in Containment Structures”

All containment electrical penetration assemblies used for circuits routed into primary
containment are designed to withstand, without loss of containment integrity, the maximum
postulated overcurrent vs. time conditions, assuming a single failure of the circuit primary

“For the replacement of the electrical penetration modules, use the version of IEEE 317 that is
in effect at the time of purchase and documented in the design specifications.
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overcurrent protection apparatus. See also Sections 1.8 (Regulatory Guide 1.63), 3.8.6, and
8.1.5.2.

IEEE 323-1971 - Qualifying Class 1E Equipment for Nuclear Power Generating Stations

Written procedures and responsibilities are developed for the design and qualification of all
Class 1 electric equipment. This includes preparation of specifications, qualification
procedures, and documentation. Qualification testing or analysis is accomplished prior to
release of the engineering design for production. Standards manuals are maintained containing
specifications, practices, and procedures for implementing qualification requirements, and an
auditable file of qualification documents is available for review. See Sections 1.8.2, 1.8.3,
3.10 and 3.11 for a description of conformance to IEEE 323. NUREG 0588-Category 1I
invokes IEEE-323-1971 with additional regulatory positions.

IEEE 336-1971 - Installation, Inspection, and Testing Requirements for Instrumentation and
Electric Equipment During the Construction of Nuclear Power Generating Stations

Where applicable, purchase and contract specifications define installation, inspection, and
testing requirements for plant I&Cs. See the Energy Northwest Operational Quality Assurance
Program Description (OQAPD).

IEEE 338-1975 - Periodic Testing of Nuclear Power Generating Stations

IEEE 338 is presented on a system basis in the analysis portions of Sections 7.2 through 7.6 as
part of the discussion of Regulatory Guide 1.22 compliance.

IEEE 344-1971 and 1975 - Seismic Qualification of Class 1E Equipment

Safety-related 1&C equipment is classified as Seismic Category I, designed to withstand the
effects of the safe shutdown earthquake (SSE) and remain functional during normal and
accident conditions. Qualification and documentation procedures used for Seismic Category I
equipment and systems are identified in Section 3.10 and Table 3.2-1. Section 3.10.1.2
identifies compliance to these standards and applicable exceptions.

IEEE 379-1972 - Application of Single Failure Criterion to Nuclear Power Generating Stations

The extent to which the single failure criteria of IEEE 379 is satisfied is specifically covered
for each system in the analysis of IEEE 279, paragraph 4.2, in Sections 7.2 through 7.6.

IEEE 384-1974 - Independence of Class 1E Equipment and Circuits

The safety-related systems described in Sections 7.2 through 7.6 meet the independence and
separation criteria for redundant systems in accordance with IEEE 279, paragraph 4.6.
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The electrical power supply, instrumentation, and control wiring for redundant safety-related
circuits are physically separated to preserve redundancy and ensure that no single credible
event will prevent completion of the protective function. Credible events include but are not
limited to the effects of short circuits, pipe rupture, pipe whip, high-pressure jets, missiles,
fire, earthquake, and falling objects, and are considered in the basic plant design.

The independence of wiring, tubing, piping, and control devices for safety-related controls and
instrumentation is achieved by physical space or barriers between separation groups of the
same protective function.

The criteria and bases for the independence of safety-related 1&Cs, electrical equipment, cable,
cable routing, marking, and cable derating, are discussed in Section 8.3.1.4. Fire detection
and protection in the areas where cabling is installed is described in Appendix F.

IEEE 387-1972 - Diesel-Generator Units Applied as Standby Power Supplies for Nuclear
Power Generating Stations

Design and qualification testing of the standby power system used to furnish electrical power
to safety loads conforms to IEEE 387 to ensure that system requirements for redundancy,
single failure criteria, adequate capacity, capability, and reliability are adequately met. The
standby power source as an integrated system component satisfies the requirements of

IEEE 308 as discussed in Section 8.3.

7.1.2.4  Conformance to Regulatory Guides

The following is a discussion of Regulatory Guides which apply to safety-related systems
described in this chapter. Unique applications of Regulatory Guides are discussed for each
system in the applicable analysis portion of Sections 7.2 through 7.6 and Section 1.8.

Regulatory Guide 1.11 (March 1971)

All instrument lines that penetrate the primary containment vessel, which are part of
safety-related systems, meet the requirements of Regulatory Position C.1. This is
accomplished by redundancy, independence, by allowing for safety system testability, by line
orificing or sizing, by including automatic or remote manual (from the control room) line
shutoff capability if line integrity is lost, and by a conservative design at the individual
penetrations.

All other instrument lines that penetrate the primary containment vessel meet the requirements
of Regulatory Position C.2.a by the same factors discussed above.

See Section 6.2.4.3.2.4 for further discussion.
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Regulatory Guide 1.22

Lifting of leads and/or removal of fuses is required to perform a number of surveillance tests.
Surveillance tests for which lifting of leads and/or removal of fuses is required fall into the
following categories: (1) tests for thermocouples, (2) tests requiring introduction of test
equipment into the instrument channel, (3) tests that otherwise would be unreasonably
complex, (4) tests which must be performed before entering the mode in which normally
testable, and (5) tests on systems or components for which the configuration permits no
reasonable alternative.

Plant procedures for these surveillance tests include instructions explicitly requiring the
reconnecting of the lifted leads and/or replacement of fuses. Restoration is documented and

verified in accordance with guidance provided in Information Notice 84-37.

Regulatory Guide 1.29 (September 1978)

All safety-related I1&C equipment is classified as Seismic Category I, designed to withstand the
effects of the SSE and remain functional during normal and accident conditions. Qualification
and documentation procedures used for Seismic Category I equipment and systems are
identified in Section 3.10 and Table 3.2-1.

Regulatory Guide 1.30 (August 11, 1972)

The quality assurance requirements of IEEE 336-1971 (see Section 7.1.2.3 discussion above)
were applicable during the plant design and construction phases and implemented as an
operational quality assurance program during plant operation in response to Regulatory
Guide 1.30. The specific requirements of Regulatory Guide 1.30 are met as discussed in the
OQAPD.

Regulatory Guide 1.40 (March 16, 1973)

The containment recirculation and head area return fans have been qualified for use in
containment in accordance with IEEE 334-1974. Qualification testing was successfully
performed on a prototype fan for motor heat aging, fan resonant search, vibration endurance,
and LOCA simulation. Recirculation and head area return fans will be used as the hydrogen
mixing system in the event of a LOCA. See also Section 9.4.11.3.

Regulatory Guide 1.47 (1973)

Each safety-related system described in Sections 7.2, 7.3, 7.4, and 7.6 is provided with an
automatically or operator initiated system level bypass and inoperability annunciator. Each
system level annunciator is located on the panel containing the controls for the specific system.
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In addition to system level annunciation, component level indicators are provided near the
system lever annunciator to indicate the cause of the system bypass or inoperability.

A switch is provided for manual actuation of each system level annunciator to allow display of
those bypass or inoperable conditions which are expected to occur at a frequency less than
once per year and are not automatically indicated.

Typically, the following bypasses or inoperabilities cause actuation of system level (and
component level) annunciation for the affected system:

a. Pump motor breaker not in operating position,

b. Loss of pump motor control power,

C. Loss of motor-operated valve control power/motive power,

d. Logic power failure,

e. Logic in test,

f. Position of remote-manual valves which do not receive automatic alignment

signals, and
g. Bypass or test switches actuated.

The manually induced inoperable or bypass condition of an auxiliary supporting system,
typically, also results in the loss of function (immediate or delayed) of another safety-related or
important-to-safety system. To ensure that the operators recognize that more than one system
may be out-of-service, typically, an inoperable or bypassed auxiliary support system will not
only cause actuation of the auxiliary support system, system-level annunciator, but also will
cause the actuation of the system-level annunciator of the supported system. The exception to
this typical design is the diesel generator system, the battery system, and the standby service
water system. For these three systems, an inoperable or bypass condition will not result in the
actuation of the supported systems, system-level annunciators. However, component-level
indicating lamps will be actuated at each of the supported system locations to alert operators of
the auxiliary system out-of-service condition. These three systems are not designed to cascade
to all the supported systems since each has its own out-of-service annunciation. This design
reduces potential operator confusion and also distraction that may occur during a transient or
accident event.
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Regulatory Guide 1.63 (October 1973)

All containment electrical penetration assemblies used for circuits routed into primary
containment are designed to withstand, without loss of containment integrity, the maximum
postulated overcurrent vs. time conditions, assuming a single failure of the circuit primary
overcurrent protection apparatus. See also Sections 7.1.2.3 (IEEE 336), 1.8, 3.8.6, and
8.1.5.2.

Regulatory Guide 1.68 (November 1973)

Plant preoperational and initial startup test program requirements are discussed in
Section 14.2.7.

Regulatory Guide 1.73 (January 1974)

Auxiliary equipment associated with valve operators are tested in accordance with the
requirements of Regulatory Guide 1.73. Design service conditions are implemented in the
tests. Conservative values of the environmental variables during and after a design-basis
accident are used in the tests to ensure that the testing is carried out under more severe
environmental conditions than those expected.

Regulatory Guide 1.75 (January 1974)

Regulatory Guide 1.75 is not applicable to the Columbia Generating Station (CGS) design.
However, a complete description of the CGS physical and electrical separation criteria is
discussed in Section 8.3.1.4.

Regulatory Guide 1.80 (June 1974)

Plant preoperational testing of instrument air systems is discussed in Sections 14.2.7 and
14.2.12.

Regulatory Guide 1.89 Revision 1 (June 1984)

Regulatory Guide 1.89 Revision 1 is applicable to the CGS design as clarified in Sections 1.8.2
and 1.8.3. Qualification of Class 1E equipment is discussed in Section 3.11.

7.1.2.5 Instrument Errors

The design of each safety-related system considers instrument drift, setability, and repeatability
in the selection of I&C in the determination of setpoints. Adequate margin between safety
limits and instrument setpoints is provided to allow for instrument error. The allowable values
are listed in the Technical Specifications. The Licensee Controlled Specifications (LCS) also
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contain information related to instrument setpoint determinations. The amount of instrument
error is determined by test and experience. The setpoint is selected based on these known
errors. The surveillance frequency is increased on instrumentation that demonstrates a
tendency to drift or decreased based on stable performance characteristics.
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Table 7.1-1

Design and Supply Responsibility of
Safety-Related and Safe Shutdown Systems

GE GE B&R Others
System Design  Supply  Design  Supply
Reactor Protection Trip X X
Engineered Safety Feature
Emergency core cooling X X X
High-pressure core spray
Automatic depressurization
Low-pressure core spray
Residual heat removal low pressure
coolant injection
Primary containment and reactor vessel X X X X
isolation control
Process radiation monitoring X X X X
(portion used for PCRVICS)
Standby service water X X X X
Main control room heating, ventilating, and X X
air conditioning
Containment atmosphere control X X
Reactor building ventilation and pressure X X
control
Standby gas treatment X X
Residual heat removal system containment X X X
spray cooling mode
Residual heat removal system suppression X X
pool cooling mode
Containment instrument air X X
Systems Required for Safe Shutdown
Reactor core isolation cooling X X
Standby liquid control X X
Residual heat removal system reactor X X
shutdown cooling mode
Remote shutdown X X X X
Safety-Related Display Instrumentation X X X X

LDCN-05-009 7.1-13



COLUMBIA GENERATING STATION Amendment 59
FINAL SAFETY ANALYSIS REPORT December 2007

Table 7.1-1

Design and Supply Responsibility of
Safety-Related and Safe Shutdown Systems (Continued)

GE GE B&R Others
System Design ~ Supply  Design  Supply
All Other
Leak detection (part of ESF) X X X X
Process radiation monitoring X X X X
Neutron monitoring X X
Intermediate range monitor
Average power range monitor
Local power range monitor
Primary containment atmosphere monitoring X X
Recirculation pump trip X X
Spent fuel pool cooling and cleanup X X
Suppression pool temperature monitoring X X
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Table 7.1-2
Safety-Related Systems
Similarity to Licensed Reactors
Plants Applying for or
Instrumentation and Controls Having Construction Permit
(System) or Operating License Design
Reactor protection system Zimmer-1 Identical
Primary containment and reactor vessel Zimmer-1 ldentical
isolation control system
Emergency core cooling systems Zimmer 1 Identical
Neutron monitoring system LaSalle Identical
Process radiation monitoring system Zimmer-1 ldentical
Reactor building ventilation and None
pressure control system
Main control room heating, ventilating, None
and air conditioning system
Standby service water system None
Containment atmosphere control system Zimmer-1 ldentical
Reactor core isolation cooling system Zimmer-1 ldentical
Standby liquid control system Zimmer-1 ldentical
Primary containment atmospheric None
monitoring system
Leak detection system None
Residual heat removal system - reactor Zimmer-1 ldentical
shutdown cooling mode
Fuel pool cooling and cleanup system None
Standby gas treatment system None
Safety-related display instrumentation Zimmer-1 Identical
Containment instrument air system None
Reactor building closed cooling water None

system
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Table 7.1-2
Safety-Related Systems
Similarity to Licensed Reactors (Continued)
Plants Applying for or
Instrumentation and Controls Having Construction Permit
(System) or Operating License Design

Residual heat removal system - Zimmer-1 ldentical
containment spray cooling mode

Remote shutdown system Zimmer-1 (a)
Recirculation pump trip Zimmer-1 ldentical
Residual heat removal system - Zimmer-1 Identical

suppression pool cooling mode

* The number of valves controlled is slightly different due to differences in the necessary

shutdown capability.
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Table 7.1-3

Codes and Standards Applicability Matrix

MAIN
CONTROL RHR RHR RHR
ROOM SHUT- CONT. SUPP.
HVAC SERVICE CONTAIN. LEAK DOWN MSIVLCS ~ SAFETY- SPRAY REMOTE POOL
PROCESS  EMERG  WATER ATMOS.  DETEC.  COOL. (DEACTI-  RELATED COOL SHUT- COOL. ATWS  ATWS
RPS PCRVICS ECCS NMS RADMON. SWGRRM SYSTEM RCIC SLCS MON. SYSTEMS MODE  SFPCS SGTS VATED) DISPLAY MODE DOWN RPT MODE RPT  ARI
GDC
1 X X X X X X X X X X X X X X X X X X X X X X
2 X X X X X X X X X X X X X X X X X X X X X X
X X X X X X X X X X X X X X X X X X X X X X
4 X X X X X X X X X X X X X X X X X X X X X X
10 X X
12 X
13 X X X X X X X X X X X X X X X X X X X X X X
15 X X X
19 X X X X X X X X X X X X X X X X X X X X X X
20 X X X
21 X X X
2 X X X
23 X X X
24 X X X
25 X X
26 X X X X X X
28 X
29 X X X
33 X
34 X X X X
35 X X X
37 X X X
38 X X X X X
40 X X X
41 X
43 X X
44 X
46 X
50 X
54 X X X X X X X X X
55 X X X X X X X X
56 X X X X X X X
57
60 X X X
61 X X X
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Table 7.1-3

Codes and Standards Applicability Matrix (Continued)

110-60-NOd'1

MAIN
CONTROL RHR RHR RHR
ROOM SHUT- CONT. SUPP.
HVAC SERVICE CONTAIN. LEAK DOWN MSIVLCS ~ SAFETY- SPRAY REMOTE POOL
PROCESS ~ EMERG  WATER ATMOS.  DETEC.  COOL. (DEACTI-  RELATED COOL  SHUT- COOL. ATWS  ATWS
RPS PCRVICS ECCS NMS RADMON. SWGRRM SYSTEM RCIC SLCS MON. SYSTEMS MODE  SFPCS SGIS VATED)  DISPLAY MODE DOWN RPT MODE RPT  ARI
GDC
62 X
63 X
64 X
IEEE
279-1971 X X X X X X X X X X X X X X X X X X X
323Notel X X X X X X X X X X X X X X X X X X X
336-1971 X X X X X X X X X X X X X X X X X X X
338-1975 X X X X X X X X X X X X X X X X X X X
344Note 1l X X X X X X X X X X X X X X X X X X X
379-1972 X X X X X X X X X X X X X X X X X X
3 3841974 X X X X X X X X X X X X X X X X X X X
T RG16 X
=2 3o
RG 1.11 X X X X X X X
217172
RG 1.22 X X X X X X X X X X X X X X X X X X X
21772
RG 1.29 X X X X X X X X X X X X X X X X X X X
978
RG 1.30 X X X X X X X X X X X X X X X X X X X
8/72
RG 1.45 X X
5/73
RG 1.47 X X X X X X X X X X X X X X X X X
573
RG 1.53 X X X X X X X X X X X X X X X X X X
6/73
RG 1.62 X X X X X X X X X X X X X X
10/73
RG 1.68 X X X X X X X X X X X X X X X X X X X
11/73
RG 1.73 X X X
1/74
RG 1.80 X X X X X X
6/74
RG 1.89 X
Note 2

LIOdHY SISATVNY ALAAVS TVNIH
NOILV.LS ONILVIANTD) VIFINNTO))

Note 1: For a discussion of the degree of conformance to codes and standards listed see the individual system analysis portions of Sections 7.2 through 7.6.
Note 2: Only applicable to Safety Related Display Instruments.

600¢ 19qUI202(]

09 TWSWPUIW Y



COLUMBIA GENERATING STATION Amendment 53
FINAL SAFETY ANALYSIS REPORT November 1998

7.2  REACTOR PROTECTION (TRIP) SYSTEM

7.2.1  DESCRIPTION

The reactor protection system (RPS) is designed to cause rapid insertion of control rods
(scram) to shut down the reactor when specific variables exceed predetermined limits.

7.2.1.1  Reactor Protection System Description

Schematic arrangements of RPS mechanical equipment and information displayed to the
operator are shown in Figure 7.2-1. The RPS component control logic is shown in

Figure 7.2-2. The RPS instrumentation is listed in Table 7.2-1. The RPS channel and logic
arrangement are shown in Figure 7.2-3. The RPS actuators and logic arrangement are shown
in Figure 7.2-4. Trip system logic is shown in Figure 7.2-5. Sensor input arrangements are
shown in Figures 7.2-6, 7.2-7, 7.2-8, 7.2-9, and 7.2-10.

The RPS instrumentation is divided into sensor trip channels, trip logic, and trip actuator logic.

During normal operation, all sensor contacts and trip contacts essential to safety are closed;
channels, logic, and actuators are energized.

There are at least four sensor trip channels for each variable. The sensor trip channels are
designated as A1, A2, B1, and B2. Each sensor trip channel is associated with the trip logic of
the same designation.

Trip actuator logics A1 and A2 (trip system A) outputs are combined in a one-out-of-two logic
arrangement to control the “A” pilot scram valve solenoid in each of the four rod groups (a
rod group consists of approximately 25% of the total of control rods). Trip actuator logic Bl
and B2 (trip system B) outputs control the “B” pilot scram valve solenoids in each of the

four rod groups.

When a sensor trip channel contact opens, the trip logic deenergizes the trip actuator logic
which deenergizes the pilot scram valves associated with that trip actuator logic. However, the
other pilot scram valves for each rod must also be deenergized before the scram valves provide
a reactor scram.

There are two pilot scram valves and two scram valves for each control rod. Each pilot scram
valve is solenoid operated, with the solenoids normally energized. The pilot scram valves
control the air supply to the scram valves for each control rod. With either pilot scram valve
energized, air pressure holds the scram valves closed. The scram valves control the supply
and discharge paths for control rod drive (CRD) water.
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When both actuator logic A1 or A2 and B1 or B2 are tripped, air is vented from the scram
valves and allows CRD water to act on the CRD piston. Thus, all control rods are scrammed.
The water displaced by the movement of each rod piston is exhausted into a scram discharge
volume (SDV).

To restore the RPS to normal operation following any single actuator logic trip or a scram, the
trip actuators must be reset manually. After a 10-sec delay reset is possible only if the
conditions that caused the scram have been cleared. The trip actuators are reset by operating
switches in the main control room. Two reset push button switches (A1/B1 and A2/B2) are
provided.

There are two 125-V dc solenoid-operated backup scram valves that provide a second means of
controlling the air supply to the scram valves for all control rods. When the solenoid for either
backup scram valve is energized, the associated backup scram valve vents the air supply for
the scram valves. This action initiates insertion of any withdrawn control rods regardless of
the action of the scram pilot valves. The backup scram valves solenoids are energized (initiate
scram) when trip logic Al or A2 and B1 or B2 are both tripped.

The RPS receives power from two high inertia ac motor generator (MG) sets. A flywheel
provides high inertia sufficient to maintain voltage and frequency within 5% of rated values for
at least 1 sec following a momentary loss of power to the drive motor (see Section 8.3.1.1.6).

Alternate power is available to each RPS bus and is manually switched to the bus as necessary
for maintenance of the RPS MG sets. The alternate power switch is interlocked to prevent
simultaneous feeding of both buses from the same source. The switch also prevents paralleling
of an MG set with the alternate supply.

The RPS is designed to use a fail-safe logic and actuation scheme. Therefore, the power
supplied by the RPS MG sets to hold RPS components energized is expendable and considered
non-safety-related. However, to ensure that overvoltage, undervoltage, or underfrequency do
not damage safety-related components within the RPS, two series redundant Class 1E bus
monitoring and tripping devices are provided between the RPS bus and each of the

non-Class 1E power sources. These devices trip whenever the voltage and frequency exceed
predetermined limits (see Figure 8.3-2 and Section 8.3.1.1.6).

An electrical protection assembly (EPA) consisting of Class 1E protective circuitry is installed
between the RPS and each of the power sources, which consists of two MG sets and alternate
voltage supplies. The EPA provides redundant protection to the RPS and other systems which
receive power from the RPS buses by acting to disconnect the RPS from the power source
circuits. See Figure 7.2-11.
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Sensor trip channel inputs to the RPS causing reactor scram are discussed in the following
paragraphs.

7.2.1.1.1  Neutron Monitoring System Trip

To protect the fuel against high heat generation rates, neutron flux is monitored and initiates a
reactor scram when predetermined limits are exceeded.

Neutron monitoring system instrumentation is described in Section 7.6. Figure 7.2-6 clarifies
the relationship between neutron monitoring system (NMS) channels, NMS logic, and the RPS
logic. The NMS sensor channels are considered to be part of the NMS and not the RPS;
however, the NMS logic channels are considered to be part of the RPS. Each NMS logic
channel receives signals from one intermediate range monitor (IRM) channel and one average
power range monitor (APRM) channel.

The NMS logic is arranged so that failure of any one logic channel cannot prevent the initiation
of a high neutron flux or simulated thermal power scram. As shown in Figure 7.6-3, there are
eight NMS logic channels associated with the RPS. Each RPS logic channel receives inputs
from two NMS logic channels.

The source range monitors (SRMs) are not credited to perform any safety function in the plant
design basis transients. For that reason, the trip signal inputs from the SRMs are normally
removed from the RPS circuitry by the installation of “shorting links”. With the “shorting
links” installed, the SRM indication and rod block remain fully operable but the SRM trip is
bypassed.

The “shorting links” are required to be removed to support performance of shutdown margin
testing in Mode 5 under Limiting Condition for Operation (LCO) 3.10.8, “Shutdown Margin
(SDM) Test — Refueling.” The removal of the “shorting links” during this testing provides a
noncoincident NMS trip when any SRM exceeds the high-high flux trip setpoint, any IRM
exceeds the high flux trip setpoint. The removal of the “shorting links” is required to be
verified within 8 hours prior to placing the Mode switch into the startup/hot standby position
and at least once per 12 hours during the time the Mode switch is in the startup/hot standby
position when in Mode 5.
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7.2.1.1.1.1 Intermediate Range Monitors. The IRMs monitor neutron flux between the upper
portion of the SRM range to the lower portion of the APRM range. The IRM detectors are
positioned in the core remotely from the control room.

The IRM is divided into two groups of four IRM channels arranged in the core as shown in
Figure 7.6-8. Two IRM channels are associated with each of the trip logic channels of the
RPS. The arrangement of IRM channels allows one IRM channel in each group to be
bypassed without compromising the IRM trip function.

The NMS scram logic trip contacts for IRM can be bypassed by selector switches located on
the reactor control benchboard in the main control room. The IRM channels A, C, E, and G
bypasses are controlled by one selector switch. Channels B, D, F, and H are controlled by a
second selector switch. Each selector switch will bypass only one IRM channel at any time.

Bypassing an IRM channel will not inhibit the NMS from providing a protective action when
required.

Each IRM channel includes four trip circuits. One trip circuit is used as an instrument trouble
trip. It operates on four conditions: (1) when the high voltage drops below a preset level,

(2) when one of the modules is not plugged in, (3) loss of negative 15-V dc, or (4) the IRM not
in the OPERATE position. Each of the other trip circuits is specified to trip when preset
downscale or upscale levels are reached.

The reactor mode switch determines whether IRM trips are effective in initiating a reactor
scram. With the reactor mode switch in REFUEL or STARTUP, an IRM upscale or
inoperative trip signal actuates an NMS trip of the RPS. At least one IRM channel in each
RPS trip system must trip to cause a scram.

7.2.1.1.1.2 Average Power Range Monitors. There are four APRM channels. Each APRM
channel consists of an APRM instrument, 2/4 logic module, quad low voltage power supply,
local power range instrument, and a calibration/monitoring panel. The APRM channels
receive and average input signals from the local power range monitor (LPRM) channels and
provide a continuous indication of average reactor power from a few percent to greater than
rated reactor power.

The APRMs supply neutron flux high, simulated thermal power, and INOP trip signals to the
2-Out-of-4-Voters. The outputs from all four APRM channels instruments go to each 2-Out-
of-4-Voter (logic) module. Each of the 2/4 logic modules interface to one of the four RPS
input channels (A1, A2, B1, and B2). The trip outputs from all four APRMs are sent to each
2/4 logic module, such that each input sent to the RPS is a voted result of all four APRMs. A
trip output to the RPS is provided when at least two of the same type of trip inputs is in a
tripped state for at least two non-bypassed ARPMs.
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APRM channel instrumentation trip inputs to the 2/4 logic modules can be bypassed by a single
fiber optic selector switch on the reactor control benchboard in the main control room. Each
2/4 logic module is designed to receive a fiber optic bypass of its “home” APRM instrument.
The state of that bypass signal is retransmitted to the other 2/4 logic modules in an isolated
manner. Each 2/4 logic module will bypass the appropriate channel trip inputs when a bypass
signal is active (modulated light is detected) for the APRM channel. Each 2/4 logic module
will provide trip outputs to RPS as a voted result of the three unbypassed APRMs when one
channel is bypassed, resulting in a 2/3 logic configuration. Bypassing an APRM will not
inhibit NMS from performing its safety function. If a bypass indication from more than one
APRM channel is received, none of the APRM inputs to the 2/4 logic modules will be
bypassed and a trouble alarm will be generated by the “home” APRM.

Each APRM channel receives an independent flow signal input from each of the two
recirculation loops and determines the total recirculation driving flow by summing these loop
flow inputs. A total of eight loop flow signals are sensed from four pairs of elbow taps. Each
pair has an elbow tap in each recirculation loop.

Total recirculation flow rate is calculated by each APRM chassis by adding the flow values for
each loop to obtain total flow. The total flow value is used to produce flow biased APRM
scram and APRM rod block setpoint values increase proportionally with total recirculation
flow rate. The total recirculation flow is also used in the OPRM enable logic.

The LPRM signals are averaged to achieve an APRM flux value. The APRM flux value is
then adjusted by a manually entered or digitally transferred gain factor to allow calibration of
the APRM. The APRM power is processed through a first order filter with a six second time
constant to calculate simulated thermal power. Each APRM channel also calculates a flow
signal that is used to determine the APRM’s flow -biased rod block and scram setpoints. The
APRM simulated thermal power upscale rod block and scram trip setpoints are varied as a
function of reactor recirculation flow. The slope of the upscale rod block and scram trip
response curves is set to track the required trip setpoint with recirculation flow changes. These
calculations are all performed by the digital processor and results in a digital representation of
APRM and simulated thermal power, and of the flow-biased rod block and scram setpoints.

At least one APRM voter in each trip system of the RPS must trip to cause a scram. A
simplified circuit arrangement is shown in Figure 7.6-11.

Each APRM also includes an Oscillation Power Range Monitor (OPRM) Upscale function.
The OPRM Upscale Function receives input signals from the LPRMs within the reactor core,
which are combined into the “cells” for evaluation by the OPRM algorithms. Upon detection
of thermal hydraulic oscillations, the OPRM initiates an automatic RPS trip signal (see Section
7.6.1.4.4).
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In addition to the IRM upscale trip, a fast response APRM trip function with a setpoint of
15% power is active when the reactor mode switch is in the “startup” position.

Diversity of trip initiation for excursions in reactor power is provided by the NMS trip signals
and reactor vessel high pressure trip signals. An increase in reactor power will initiate
protective action from the NMS as discussed above. This increase in power will cause reactor
pressure to increase due to a higher rate of steam generation with no change in turbine control
valve position resulting in a trip from reactor vessel high pressure. These variables are
independent of one another and provide diverse protective action for this condition.

7.2.1.1.2 Reactor Vessel Pressure

A reactor vessel pressure increase during reactor operation compresses the steam voids and
results in increased reactivity; this causes increased core heat generation that could lead to fuel
failure and system overpressurization. A scram counteracts a pressure increase by quickly
reducing core fission heat generation. The reactor vessel high pressure scram works in
conjunction with the pressure relief system to prevent reactor vessel pressure from exceeding
the maximum allowable pressure. The reactor vessel high pressure scram setting also protects
the core from exceeding thermal hydraulic limits that result from pressure increases during
events that occur when the reactor is operating below rated power and flow.

Reactor pressure is monitored by four redundant pressure switches, each of which provides a
reactor high pressure signal input to one of the four RPS sensor trip channels.

7.2.1.1.3 Reactor Vessel Water Level

Decreasing water level while the reactor is operating at power decreases the reactor coolant.
Should water level decrease too far, fuel damage could result as steam voids form around fuel
rods. A reactor scram reduces the fission heat generation within the core.

Reactor vessel water level is monitored by four redundant differential pressure switches each
of which provides a reactor vessel low water level (trip level 3) signal input to one of the

four RPS sensor trip channels.

Diversity of trip initiation for breaks in the reactor coolant pressure boundary (RCPB) is
provided by reactor vessel low water level trip signals and high drywell pressure trip signals.
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7.2.1.1.4  Turbine Throttle Valve Position

With the reactor above 29.5% power, generator load rejection or a turbine trip will initiate
closure of the turbine throttle valve which can result in a significant addition of positive
reactivity to the core as the reactor vessel pressure rise causes steam voids to collapse. The
turbine throttle valve closure scram initiates a scram earlier than either the NMS or reactor
vessel high pressure to provide required margin below core thermal-hydraulic limits for this
category of abnormal operational transients. The scram counteracts the addition of positive
reactivity caused by increasing pressure by inserting negative reactivity with control rods.
Although the reactor vessel high pressure scram, in conjunction with the pressure relief
system, is adequate to preclude overpressurizing the nuclear system, the turbine throttle valve
closure scram provides additional margin to the reactor vessel pressure limit.

Turbine throttle valve closure inputs to the RPS originate from eight redundant valve stem
position switches mounted on the four turbine throttle valves. Each of the switches opens
before the valve is more than 10% closed to provide the earliest positive indication of closure.
Each switch provides an input signal to one of the four RPS sensor trip channels. The logic is
arranged so that closure of three or more valves is required to initiate a scram. The switches
are arranged so that no single failure can prevent a turbine throttle valve closure scram.

Diversity of trip initiation for increases in reactor vessel pressure due to termination of steam
flow by turbine throttle valve or governor valve closure is provided by reactor vessel high
pressure and high neutron flux trip signals.

Turbine throttle valve closure trip bypass is effected by four pressure switches sensing turbine
first stage pressure. The turbine throttle valve closure scram is automatically bypassed if the
turbine first stage pressure is less than that corresponding to 29.5% of rated reactor power.
The bypass is automatically removed above 29.5% of reactor power.

7.2.1.1.5 Turbine Governor Valve Position

Generator load rejection or a turbine trip with the reactor above 29.5% power automatically
initiates fast closure of the turbine governor valves which results in a significant addition of
positive reactivity to the core as nuclear system pressure rises. The turbine governor valve fast
closure scram initiates a scram earlier than either the NMS or nuclear system high pressure to
provide required margin below core thermal-hydraulic limits for this category of abnormal
operational transients. The scram counteracts the addition of positive reactivity resulting from
increasing pressure by inserting negative reactivity with control rods. Although the nuclear
system high pressure scram, in conjunction with the pressure relief system, is adequate to
preclude overpressurizing the nuclear system, the turbine governor valve fast closure scram
provides additional margin to the nuclear system pressure limit. The turbine governor valve
fast closure scram setting is selected to provide timely indication of governor valve fast
closure.
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Turbine governor valve fast closure inputs to the RPS originate from oil line pressure switches
on each of four fast acting governor valve hydraulic mechanisms. Each pressure switch
provides an input signal to one of the four RPS sensor trip channels. If hydraulic oil line
pressure is lost, a turbine governor valve fast closure scram is initiated.

Automatic turbine governor valve fast closure scram bypass is provided as described above for
the turbine throttle valve.

7.2.1.1.6 Main Steam Line Isolation Valves Position

The main steam line isolation valve (MSIV) closure can result in a significant addition of
positive reactivity to the core as nuclear system pressure rises.

Two redundant position switches mounted on each of the eight MSIVs provide an MSIV
closure signal to the RPS. Each of the switches is arranged to open before the valve is more
than 10% closed to provide the earliest positive indication of closure. Either of the

two channels sensing isolation valve position can signal valve closure.

Each RPS sensor trip channel logic receives signals from the valves associated with two steam
lines. The arrangement of signals within each logic requires closing of at least one valve in
each of the two steam lines associated with that logic to cause a trip of that logic. Closure of
at least one valve in three or more steam lines is required to initiate a scram.

At plant shutdown and during initial plant startup, a bypass is required for the MSIV closure
scram trip to properly reset the RPS. This bypass is in effect when reactor pressure is less
than scram setpoint pressure and the mode switch is in the shutdown, refuel, or startup
position. The bypass allows plant operation when the MSIVs are closed during low power
operation. The operating bypass is removed when the mode switch is placed in RUN.

Diversity of trip initiation due to main steam isolation is provided by reactor vessel high
pressure and reactor power trip signals.
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7.2.1.1.7  Scram Discharge Volume Water Level

Water displaced by the CRD pistons during a scram goes to the SDV. If the SDV fills with
water so that insufficient capacity remains for the water displaced during a scram, control rod
movement would be hindered during a scram. To prevent this situation, the reactor is
scrammed when the water level in the discharge volume is high enough to verify that the
volume is filling up, yet low enough to ensure that the remaining capacity in the discharge
volume can accommodate a scram.

Two transmitter/level switches (non-indicating) and two transmitter/level indicating switches
directly connected to each of two instrument volumes monitor the volumes for abnormal level.
They provide redundant and diverse input to the RPS scram function. One transmitter on each
instrument volume also provides input for the control room annunciation and control rod
withdrawal block function. The four level switches and the four level indicating switches are
interconnected (one of each per trip channel) with the RPS system and initiate a reactor scram
on high water level while sufficient volume for full scram still exists within the SDV. To
provide diversity for the RPS function the two transmitters per channel use a different sensing
operating principle and have a different transmitter manufacturer. The level switches and the
level indicating switches in each channel are also from different manufacturers. This
arrangement provides diversity, as well as redundancy, to ensure that no single event can
prevent a scram caused by SDV high water level.

A scram is automatically initiated when sufficient capacity still remains in the discharge
volume to accommodate a scram.

The SDV high water level trip bypass is controlled by the manual operation of two key-locked
switches, a bypass switch, and the mode switch. The mode switch must be in the shutdown or
refuel position to allow manual bypass of this trip. This bypass allows the operator to reset the
RPS scram relays so that the SDV may be drained. Resetting the trip actuators opens the SDV
vent and drain valves. An annunciator in the main control room indicates the bypass
condition.

7.2.1.1.8  Drywell Pressure

High pressure inside the drywell may indicate a break in the RCPB. Scram is initiated to
minimize the possibility of fuel damage. Drywell pressure is monitored by four redundant
pressure switches. Each switch provides an input to one of the four RPS sensor trip channels.

7.2.1.1.9 Manual Scram

A scram can be initiated manually. There are four scram switches, one for each of the

four RPS trip logic channels. The manual scram switches are arranged in two groups of

two switches. One group contains the A1 and B1 switches and the other group contains the A2
and B2 switches. To initiate a manual scram, at least two switches in a group must be
depressed. By operating the manual scram switch for one logic channel at a time and then
resetting that logic, each actuator logic can be tested for manual scram capability.
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7.2.1.1.10 Reactor Mode Switch Manual Scram

Even though the action is not a safety function, reactor scram can be initiated by placing the
mode switch in the shutdown position. The mode switch consists of four independent banks of
contacts. A shutdown position contact from each of the four banks is a scram input to the
associated RPS trip logic channel. The relationship of the reactor mode switch position and its
scram function is shown in Figure 7.2-2.

The scram signal, initiated by placing the mode switch in the shutdown position is
automatically bypassed after 10 sec by a timer which allows the CRD hydraulic system valve
lineup to be restored to normal before the control room operator can reset the RPS logic.

7.2.1.2  Design Basis

The RPS is designed to provide timely protection against the onset and consequences of
conditions that threaten the integrity of the fuel barrier and the RCPB. Chapter 15 identifies
and evaluates events that jeopardize the fuel barrier and RCPB. The methods of assessing
barrier damage and radioactive material releases, along with the methods by which abnormal
events are identified, are presented in that chapter. Variables are monitored to provide
protective actions to the RPS indicating the need for reactor scram.

7.2.1.2.1 Variables Monitored to Provide Protective Actions

NMS trip,

Reactor vessel system high pressure,
Reactor vessel low water level,
Turbine throttle valve closure,
Turbine governor valve fast closure,
Main steam line isolation,

SDC high level, and

Drywell high pressure.

e o Ao oW

The plant conditions that require protective action involving the RPS are described in
Chapter 15.

7.2.1.2.2  Location and Minimum Number of Sensors

Neutron flux is the only essential variable of significant spatial dependence that provides inputs
to the RPS. The basis for the number and locations of sensors is discussed in the following.
The other requirements are fulfilled through the combination of logic arrangement.

Two transient analyses are used to determine the minimum number and physical location of

required LPRMs for each APRM.
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The first analysis is performed with operating conditions of 100% reactor power and

100% recirculation flow using a continuous rod withdrawal of the maximum worth control rod.
In the analysis, LPRM detectors are mathematically removed from the APRM channels. This
process is continued until the minimum numbers and locations of detectors needed to provide
protective action are determined for this condition.

The second analysis is performed with operating conditions of 100% reactor power and

100% recirculation flow using a reduction of recirculation flow at a fixed design rate. Again,
LPRM detectors are mathematically removed from the APRM channels. This process is
continued until the minimum numbers and locations of detectors needed to provide protective
action are determined for this condition.

The number of LPRM detector signals available as inputs to an APRM channel shall satisfy the
following criteria:

a. The number of operable LPRM detector inputs shall be at least 20. The PRNM
provides an alarm and rod block. CGS enforces operability administratively.

b. The number of operable LPRM detector inputs per core axial level (A, B, C, or
D) shall be at least 3. The PRNM provides an alarm and rod block. CGS
enforces operability administratively.

C. The number of LPRM detector inputs that have become inoperable (and
bypassed) since the most recent APRM calibration shall be less than 10. This
requirement is enforced by administrative means and the Operation and
Maintenance (O&M) Manual.

7.2.1.2.3  Prudent Operational Limits

Limits for each safety-related variable trip setting are selected with sufficient margin so that a
spurious scram is avoided. It is then verified by analysis that the release of radioactive
materials following postulated gross failures of the fuel or the RCPB is kept within acceptable
bounds. Design basis operational limits, as listed in the Technical Specifications, are based on
operating experience and constrained by the safety design basis and the safety analysis. The
selection of tentative scram trip settings has been developed through analytical modeling,
experience, historical use of initial setpoints, and adoption of new variables and setpoints as
experience was gained. The initial setpoint selection method provided for settings which were
sufficiently above the normal operating levels (to preclude the possibilities of spurious scrams
or difficulties in operation), but low enough to protect the fuel and pressure barrier. As
additional information becomes available or systems are changed, additional scram variables
are provided using the above method for initial setpoint selection. The selected scram settings
are analyzed to verify that they are conservative and that the fuel, fuel barriers, and nuclear
system process barriers are adequately protected. In all cases, the specific scram trip point
selected is a conservative value that prevents damage to the fuel or RCPB, taking into
consideration previous operating experience and the analytical models.
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7.2.1.2.4 Margin

The margin between operational limits and the limiting conditions of operation (scram) for the
RPS are those parameters listed in the Technical Specifications. Annunciators are provided to
alert the reactor operator of the onset of unsafe conditions.

7.2.1.2.5 Levels

Levels requiring protective action are specified in the Technical Specifications. These levels
are design basis limits and are provided in the Technical Specifications as allowable values.

7.2.1.2.6  Malfunctions, Accidents, and Other Unusual Events Which Could Cause Damage
to Safety Systems

Unusual events are defined as malfunctions, accidents, and others which could cause damage to
safety systems. Chapters 3, 6, 9, 15, and Appendix F describe the following credible
accidents and events: floods, storms, tornadoes, earthquakes, fires, loss-of-coolant accident
(LOCA), pipe break outside containment, feedwater line break, and missiles. Each of these
events is discussed below for the RPS.

All components essential to the operation of the RPS are designed, fabricated, and mounted to
Class 1E standards. However, even though the sensors initiating reactor scram which monitor
turbine throttle valve position and turbine governor valve fast closure are designed and
purchased Quality Class 1, Seismic Category I, they are physically mounted on equipment
which is not Seismic Category I/Quality Class 1, and are located in the turbine generator
building which is not Seismic Category I but has been shown to maintain its structural integrity
following an safe shutdown earthquake (SSE) (see Section 3.8).

For this reason other diverse variables (reactor pressure and neutron flux trips), which are
Seismic Category I and Quality Class 1, may be relied on for reactor scram if components in
the turbine generator building fail.

7.2.1.2.6.1 Floods. The buildings containing RPS components have been designed to meet
the probable maximum flood (PMF) at the site location. See Section 2.4. For a discussion of
internal flooding protection see Sections 3.4 and 3.6.

7.2.1.2.6.2 Storms and Tornadoes. The buildings containing RPS components, except the
turbine generator building, have been designed to withstand all credible meteorological events
and tornadoes as described in Section 3.3.

7.2.1.2.6.3 Earthquakes. The structures containing RPS components, except the turbine
building, have been seismically qualified as described in Sections 3.7 and 3.8 and will remain
functional during and following a SSE. However, as stated previously, other diverse variables
(reactor pressure and neutron flux trips) may be relied on for reactor scram if components in
the turbine generator building fail. The design features that prevent the following postulated
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failures of turbine throttle and governor valve closure signals to the RPS during a seismic event
from affecting other channels of the RPS from performing as required are the following:

a. Shorts to ground: Each trip function input circuit to the RPS is individually
fused to prevent degradation of other channels if a short to ground occurs on
one channel. This protection also applies to the turbine throttle and governor
valve closure trip inputs to the RPS. Therefore, a short to ground would be
interrupted by the protective fuses eliminating any interaction or degradation of
other channels, as well as resulting in a channel trip due to “fail-safe” logic;

b. Opens: The normal operating state of the RPS trip inputs is a closed contact
condition. Therefore, an open in an RPS input channel circuit would result in
failure in the safe direction causing a trip of that channel with no degradation or
interaction with other channels; and

C. Hot shorts: Reactor protection system cabling that is routed from trip
instrumentation through the turbine generator building is enclosed in conduit.
Each trip channel has a separate and dedicated conduit. Therefore, hot shorts
would be confined to one channel of trip instrumentation and would not degrade
or interact with other protective channels.

7.2.1.2.6.4 Fires. To protect the RPS in the event of a postulated localized raceway or panel
fire, the RPS trip logics have been divided into four separate sections within two separate RPS
panels. The sections within a panel are isolated by electrical separation barriers. If a fire were
to occur within one of the sections or in the area of one of the panels, the RPS functions would
not be prevented by the fire. The use of separation and barriers ensures that, even though
some portion of the system may be affected, the RPS will continue to provide the required
protective action. See Appendix F for a discussion of Appendix R fire effects on the RPS.

Within the control room Power Generation Control Complex (PGCC) (underfloor cable routing
ducts) heat detectors and products of combustion detectors are provided to initiate a Halon fire
suppression system.

Throughout main plant areas, redundant RPS cables are routed in separate raceway divisions
sufficiently separated such that a fire cannot affect more than one RPS division.

7.2.1.2.6.5 Loss-of-Coolant Accident. The following RPS system components are located
inside the drywell and would be subject to the effects of a design basis LOCA:

a. NMS cabling from the detectors to the main control room,
b. MSIV (inboard) position switches,

C. Reactor vessel pressure and reactor vessel water level instrument taps and
sensing lines, which terminate outside the drywell, and
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d. Drywell pressure instrument taps.

These items have been environmentally qualified to remain functional during and following a
LOCA as discussed in Section 3.11.

7.2.1.2.6.6 Pipe Break Outside Primary Containment. Protection for pipe break outside
primary containment is described in Section 3.6.

7.2.1.2.6.7 Missiles. Missile protection for RPS components is described in Section 3.5.
7.2.1.2.7 Minimum Performance Requirements

Minimum performance requirements for RPS instrumentation and controls are provided in the
Technical Specifications.

7.2.1.3  Final System Drawings

Functional and architectural design differences between the PSAR and FSAR are listed in
Table 1.3-8.

7.2.2  ANALYSIS

The RPS is designed such that loss of plant instrument air, a plant load rejection, or a turbine
trip will not prevent the completion of the safety function.

7.2.2.1  Conformance to 10 CFR 50, Appendix A - General Design Criteria

The following is a discussion of conformance to those General Design Criteria (GDC) which
apply specifically to the RPS. See Section 3.1 for a discussion of GDC that apply equally to
all safety-related systems.

GDC 12 - Suppression of Reactor Power Oscillations

The system design provides protection from excessive fuel cladding temperatures and protects
the RCPB from excessive pressures which threaten the integrity of the system. Abnormalities
are sensed, and if protection system limits are reached, corrective action is initiated through an
automatic scram.

GDC 15 - Reactor Coolant System Design

The RPS provides sufficient margin to ensure that the design conditions of the RCPB are not
exceeded during any condition of normal operation, including anticipated operational
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occurrences. If the monitored variables exceed their predetermined settings, the system
automatically responds to maintain the variables and systems within allowable design limits.

GDC 20 - Protection System Functions

The RPS monitors the appropriate plant variables to maintain the fuel barrier and RCPB and
initiates a scram automatically when the variables exceed predetermined limits.

GDC 21 - Protection System Reliability and Testability

The RPS is designed with two groups of redundant sensor channels and four independent and
separated output channels. No single failure can prevent a scram and removal from service of
any component or channel will not result in loss of required minimum redundancy.

GDC 22 - Protection System Independence

The redundant portions of the RPS are separated such that no single failure or credible natural
disaster can prevent a scram, except the turbine scram inputs which originate from the Seismic
Category II turbine building. Reactor pressure and power are diverse to the turbine scram
variables. In addition, drywell pressure and vessel water level are diverse variables.

GDC 23 - Protection System Failure Modes

The RPS is designed (including logic and actuated devices) to be fail safe. A complete loss of
electrical power or air supply will result in a reactor scram. Postulated adverse environments
will not prevent a scram.

GDC 24 - Separation of Protection and Control Systems

The RPS has no direct interaction with any plant control system. However, the RPS does
receive inputs from the reactor mode switch and the NMS which also provide inputs to plant
control systems through isolation devices.

GDC 25 - Protection System Requirements for Reactivity Control Malfunctions

The RPS provides protection against the onset and consequences of conditions that threaten the
integrity of the fuel barrier and the RCPB. Any monitored variable which exceeds the scram
setpoint will initiate an automatic scram and not impair the remaining variables from being
monitored, and if one channel fails the remaining portions of the RPS will function.

GDC 29 - Protection Against Anticipated Operational Occurrences

The RPS is highly reliable and will provide a reactor scram in the event of anticipated
operational occurrences.
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7.2.2.2  Conformance to IEEE Standards

The following is a discussion of conformance to IEEE 279-1971, Criteria for Protection
Systems for Nuclear Power Generating Stations, that applies specifically to the RPS system.
See Section 7.1.2.3 for a discussion of IEEE standards that apply equally to all safety-related
systems.

General Functional Requirement (IEEE 279-1971, paragraph 4.1)

The RPS automatically initiates the appropriate protective actions whenever the conditions
described in Section 7.2.1.1 reach predetermined limits with precision and reliability assuming
the full range of conditions and performance discussed in Section 7.2.1.2.

Single Failure Criterion (IEEE 279-1971, paragraph 4.2)

Each of the conditions (variables) described in Section 7.2.1.1 is monitored by redundant
sensors supplying input signals to redundant trip logics. Independence of redundant RPS
equipment, cables, instrument tubing, etc., is maintained and single failure criteria preserved
through the application of the Columbia Generating Station separation criteria as described in
Section 8.3.1.4 to ensure that no single credible event can prevent the RPS from accomplishing
its safety function.

Quality of Components and Modules (IEEE 279-1971, paragraph 4.3)

For a discussion of the quality of RPS components and modules see Section 3.11.

Equipment Qualification (IEEE 279-1971, paragraph 4.4)

Vendor certification requires that the sensors associated with each of the RPS trip variables,
manual switches, and trip logic components perform in accordance with the requirements listed
on the purchase specification as well as in the intended application. This certification in
conjunction with the existing field experience with these components in this application will
serve to qualify these components.

For a complete discussion of RPS equipment protection and qualification see Sections 3.5, 3.6,
3.10, and 3.11.

Channel Integrity (IEEE 279-1971, paragraph 4.5)

For a discussion of RPS channel integrity under all extremes of conditions described in
Section 7.2.1.2, see Sections 3.10, 3.11, 8.2.1, and 8.3.1.
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Channel Independence (IEEE 279-1971, paragraph 4.6)

The RPS channel independence is maintained through the application of the Columbia
Generating Station separation criteria as described in Section 8.3.1.4.

Control and Protection System Interaction (IEEE 279-1971, paragraph 4.7)

See Section 7.2.2.1 (GDC24).

Derivation of System Inputs (IEEE 279-1971, paragraph 4.8)

The RPS trip variables are direct measures of a reactor overpressure condition, a reactor
overpower condition, or abnormal conditions within the RCPB except as follows:

Due to the normal throttling action of the turbine governor valves with changes in the plant
power level, measurement of governor valve position is not an appropriate variable from which
to infer the desired variable, which is “rapid loss of the reactor heat sink.” Consequently, a
measurement of governor valve closure rate is necessary.

Protection system design practice has discouraged use of rate sensing devices for protective
purposes. In this instance, it was determined that detection of hydraulic actuator operation
would be a more positive means of determining fast closure of the governor valves.

Loss of pressure in the hydraulic oil lines which initiates fast closure of the governor valves is
monitored. These measurements provide indication that fast closure of the governor valves is
imminent.

This measurement is adequate and a proper variable for the protective function taking into
consideration the reliability of the chosen sensors relative to other available sensors and the

difficulty in making direct measurements of governor valve fast-closure rate.

Capability for Sensor Checks (IEEE 279-1971, paragraph 4.9)

See Section 7.2.2.3 (Regulatory Guide 1.22).

Capability for Test and Calibration (IEEE 279-1971, paragraph 4.10)

See Section 7.2.2.3 (Regulatory Guide 1.22).
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Channel Bypass or Removal from Operation (IEEE 279-1971, paragraph 4.11)

The MSIV and the turbine throttle valve closure trip variables have no provision for sensor
removal from service because of the use of valve position limit switches as the channel sensor.

During periodic tests of any one trip channel, a sensor may be valved out of service and
returned to service under administrative control procedures. Since only one sensor is valved
out of service at any given time during the test interval, protective action capability for RPS
automatic initiation is maintained through the remaining redundant instrument channels.

A sufficient number of IRM channels is provided to permit any one IRM channel in a given
trip system to be manually bypassed and still ensure that the remaining operable IRM channels
comply with the IEEE 279 single failure design requirements.

One IRM manual bypass switch has been provided for each RPS trip system. The mechanical
characteristics of this switch permit only one of the four IRM channels of that trip system to be
bypassed at any time. To accommodate a single failure of this bypass switch, electrical
interlocks have also been incorporated into the bypass logic to prevent bypassing of more than
one IRM in that trip system at any time. Consequently, with any IRM bypassed in a given trip
system, three IRM channels remain in operation to satisfy the protection system requirements.

A single manual APRM bypass switch is provided for all four APRM channels. This is a
mechanical/optical switch that allows only one APRM channel to be bypassed at any time.
This interlock is accomplished independently in each of the APRM/OPRM 2-Out-of-4-Voter
Channels. With any one APRM channel bypassed, the three remaining operating channels
provide the necessary protection of the reactor. Bypassing an APRM channel bypasses both
the APRM and OPRM trips from that channel. None of the 2-Out-of-4-Voter channels can be
bypassed.

The mode switch produces operating bypasses which need not be annunciated because they are
removed by normal reactor operating sequence.

Operating Bypasses (IEEE 279-1971, paragraph 4.12)

For a discussion of RPS operating bypasses see Sections 7.2.1.1 and 7.2.1.1.4 through
7.2.1.1.7.

Indication of Bypasses (IEEE 279-1971, paragraph 4.13)

For a discussion of bypass and inoperability indication see Section 7.1.2.4 (Regulatory
Guide 1.47).
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Access to Means for Bypassing (IEEE 279-1971, paragraph 4.14)

Access to means of bypassing any safety action or safety function is under the administrative
control of the control room supervisor/shift manager. Other approved methods of controlling
access to bypasses are also used. These include key locks with administrative control of the
access to keys, procedurally controlled equipment lineups, e.g., locked valve checklists, and
the use of mechanical locking devices and annunciators and other indications, e.g., BISI
(Regulatory Guide 1.47, Bypass and Inoperable Status Indication for Nuclear Power Plant
Safety Systems, described in Section 7.1.2.4). These additional methods help to prevent
inadvertent bypasses or to alert the plant operators to safety function bypasses occurring either
from equipment failures or from manually induced bypasses that result as part of testing,
maintenance, or equipment repair activities.

Key-locked control switches that provide a means of controlling the access to a safety function
bypass are designed to allow key removal only in the “safe” or “accident” positions. Access

to the associated keys is procedurally controlled.| When not in use, keys are under the

administrative controi of the controi room supervisor/shift manager and stored in a key locker.
The keys are audited once per day by the control room supervisor/shift manager. When
operation of a key-locked control switch is required to be immediate, such as in the case of the
reactor mode switch, the key may be left in the lock during normal plant operation to ensure
timely actuation.

Multiple Set Points (IEEE 279-1971, paragraph 4.15)

There are no multiple setpoints within the RPS.

Completion of Protective Action Once it is Initiated (IEEE 279-1971, paragraph 4.16)

Once the RPS trip logic is deenergized as a result of a sensor trip channel becoming tripped or
the depressing of a manual scram push button, the scram contractor seal-in contact opens and
completion of protective action is achieved without regard to the state of the initiating sensor
trip channel.

After initial conditions (variable trip and logic deenergization) return to normal, deliberate
operator action is required to return (reset) the RPS logic to normal (energized).

Manual Initiation (IEEE 279-1971, paragraph 4.17)

See Section 7.2.2.3 (Regulatory Guide 1.62).
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Access to Set Point Adjustments, Calibration, and Test Points (IEEE 279-1971,
paragraph 4.18)

During reactor operation, access to setpoint or calibration controls is not possible for the
following RPS trip variables: SDV high water level, MSIV closure, and turbine throttle valve
closure.

Access to setpoint adjustments, calibration controls, and test points for all other RPS trip
variables are under the administrative control of the control room operator.

Identification of Protective Actions (IEEE 279-1971, paragraph 4.19)

When any one of the redundant RPS trip sensors exceeds its setpoint value, a control room
annunciator is initiated to identify that variable and a printed record is available from the

computer work stations.

Information Readout (IEEE 279-1971, paragraph 4.20)

The RPS is designed to provide the operator with accurate and timely information pertinent to
its status. It does not give anomalous indications that would confuse the operator.

System Repair (IEEE 279-1971, paragraph 4.21)

During periodic testing of the RPS sensor channels (except as noted below), the operator can
determine defective components and replace them during plant operation.

During reactor operation, the control room operator is able to determine failed sensors for the
following RPS trip variables, but subsequent repair can only be accomplished during reactor
shutdown: MSIV closure, turbine throttle valve closure, neutron monitoring (APRM) system,
and neutron monitoring (IRM) system.

Replacement of IRM and LPRM detectors must be accomplished during plant shutdown.
Repair of the remaining portions of the NMS may be accomplished during plant operation by
appropriate bypassing of the defective instrument channel. The design of the system facilitates
rapid diagnosis and repair.

Identification of Protection Systems (IEEE 279-1971, paragraph 4.22)

The RPS components are identified with an RPS designation colored marker plate. Cabling
outside the cabinets is identified specifically as RPS wiring. (See also Section 8.3.1.3.)
Redundant racks are identified by the identification marker plates of instruments on the racks.
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7.2.2.3  Conformance to NRC Regulatory Guides

The following is a discussion of conformance to those Regulatory Guides that apply
specifically to the RPS. See Section 7.1.2.4 for a discussion of Regulatory Guides which
apply equally to all safety-related systems.

Regulatory Guide 1.22 (February 1972), Period Testing of Protection System Actuation
Function

The RPS can be tested during reactor operation by the following separate tests:

The manual scram test verifies the ability to deenergize the scram pilot valve solenoids without
scram by using the manual scram push button switches. By depressing the manual scram
button for one trip logic, the trip actuators are deenergized, opening contacts in the actuator
logics.

After the first trip channel is reset, the second trip channel is tripped manually and so forth for
the four manual scram buttons. In addition to control room and computer printout indications,
scram group indicator lights verify that the actuator contacts have opened and interrupted
power to the scram solenoids.

The single rod scram test verifies the capability of each rod to scram. It is accomplished by
operating two toggle switches on the hydraulic control unit for the particular CRD. Timing
traces can be made for each rod scrammed.

The sensor test involves applying a test signal to each RPS sensor trip channel in turn and
observing that a logic trip results. The test signals can be applied to the processing sensing
instrumentation (pressure and differential pressure) through calibration taps.

During plant operation, the operator can set the turbine throttle valve or main steam line
closure logic test switch in test position and actuate the other valve, which completes the
respective channel trip with annunciation and computer logging. The operator can then
confirm that the main steam line isolation and turbine throttle valve limit switches operate
during valve motion, from full open to full closed and vice versa, by comparing the time that
the RPS channel trip occurs with the time that the valve position indicator lights in the control
room signal that the valve is fully open and fully closed. This test does not confirm the exact
setpoint, but does provide the operator with an indication that the limit switch operates between
the limiting positions of the valve. During reactor shutdown, calibration of the main steam line
isolation and turbine throttle valve limit switch set point at a valve position of less than or
equal to 10% closure is possible by physical observation of the valve stem.
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During reactor operation, a test and calibration of the individual hydraulic oil line pressure
sensors associated with turbine control valve fast closure when the plant is operating above
29.5% of rated power may be accomplished by valving one sensor out-of-service at a time and
introducing a test pressure input.

The APRMs are calibrated to reactor power by using a reactor heat balance and the traversing
in-core probe (TIP) system to establish the relative local flux profile. The LPRM gain settings
are determined from the local flux profiles measured by the TIP system once the total reactor
heat balance has been determined.

The gain adjustment factors for the LPRMs are produced as a result of the computer
calculations involving the reactor heat balance and the TIP flux distributions. The APRM and
LPRM gains are adjusted using the instrument’s front panel display or accepting the APRM
gain calculated from the Percent Core Thermal Power (% CTP) and LPRM Gain adjustment
factors that are downloaded from the core monitoring system. These adjustments, when
incorporated into the LPRMs, permit the nuclear calculations to be completed for the next
operating interval and establish the APRM calibration relative to reactor power.

During reactor operation, one manual scram push button may be depressed to test the proper
operation of the switch and trip logic relay. Once the RPS is reset, the other switches may be
depressed to test their operation one at a time. For each such operation, a control room
annunciation will be initiated and the process computer will print the identification of the
pertinent trip.

Operation of the reactor mode switch from one position to another may be employed to
confirm certain aspects of the RPS trip channels during periodic test and calibration at
shutdown only. During tests of the trip channels, proper operation of the mode switch contacts
can be easily verified by noting that certain sensors are connected into the RPS logic and that
other sensors are bypassed in the RPS logic in an appropriate manner of the given position of
the mode switch.

In the startup and run modes of plant operation, procedures may be used to confirm that SDV
high water level trip channels cannot be bypassed as a result of the operating bypass switch. In
the shutdown and refuel modes of plant operation, a similar procedure may be used to bypass
all four SDV trip channels. Due to the discrete “on-off” nature of the bypass function,
calibration is not meaningful.

Administrative control must be exercised to valve one turbine first-stage pressure sensor

out-of-service for the periodic test. During this test, a variable pressure source may be
introduced to operate the sensor at the setpoint value. When the condition for bypass has been
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achieved on an individual sensor under test, the control room annunciator for this bypass
function will be initiated. If the RPS trip channel associated with this sensor is in its tripped
state, the process computer will log the return to normal state for the RPS trip logic. When the
plant is operating above 29.5% of rated power, testing of the turbine throttle valve and |
governor valve fast closure trip channels will confirm that the bypass function is not in effect.

Operation of the reset switch following a trip of one RPS trip system will confirm that the
switch is performing its intended function. Operation of the reset switch following trip of both
RPS trip systems will confirm that all portions of the switch and relay logic are functioning
properly since half of the control rods are returned to a normal state for one actuation of the
switch.

A manual scram switch permits each individual trip logic, trip actuator, and trip actuator logic
to be tested on a periodic basis. Testing of each process sensor of the protection system
affords an opportunity to verify proper operation of these components. Calibration of the time
response of the trip channel relays and trip actuators may be accomplished by connection of
external test equipment.

Regulatory Guide 1.53 (June 1973), Application of the Single Failure Criterion to Nuclear
Power Plant Protection Systems

See Section 7.2.2.2 (IEEE 279-1971, Paragraph 4.2).

Regulatory Guide 1.62 (October 1973), Manual Initiation of Protective Actions

Means are provided for manual initiation of the RPS at the system level through the use of four
push button switches located on the control room bench board.

Operation of two switches (one in each trip system) accomplishes the initiation of all actions
performed by the automatic initiation circuitry.

Placing the reactor mode switch in the shutdown position will also cause a system level
initiation.
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Table 7.2-1

Reactor Protection System Instrumentation

Function Instrument?®

Scram

Reactor vessel high pressure Pressure switch
(B22-N023A-D)
MS-PS-23A-D

Drywell high pressure Pressure switch
(C72-NO02A-D)
RPS-PS-2A-D

Reactor vessel low water level Level switch
(level 3) (B22-N024A-D)
MS-LIS-24A-D

Transmitter/Level

Indicating Switch
CRD-LT-12A-D
CRD-LIS-601A-D

Transmitter/Level Switch
CRD-LT-13A-D
CRD-LS-613-A-D

Scram discharge volume high
water level

Turbine throttle valve closure Position switch
(C72-NO06A-D)
RPS-POS-33T/1A-4A
RPS-POS-33T/1B-4B

Turbine governor valve fast Pressure switch

closure (C72-NO0O5SA-D)
RPS-PS-5A-D

Main steam line isolation Position switch

valve closure (B22F022 A-D)
MS-V-22 A-D
(B22F028 A-D)
MS-V-28 A-D

Neutron monitoring system IRM, APRM, OPRM
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Table 7.2-1

Reactor Protection System Instrumentation (Continued)

Function

Instrument®

Bypass

Discharge volume high water
level trip bypass

Turbine stop valve and governor
valve fast-closure trip bypass

Main steam line isolation valve
closure trip bypass

N/A

Pressure switch
(C72-NO03A-D)
MS-PS-3A-D

Pressure switch
(B22-N020A-D)
MS-PS-20A-D

? Instruments in parentheses are the GE designation.
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2. Isolation of Three or More Steam Lines Will Cause A Scram.

Configuration for Main Steam Line

Columbia Generating Station Isolation Reactor Trip
Final Safety Analysis Report

Draw. No. 92(0843.53 |Rev. | Figure 7.2.9

Form No. 960690



Amendment 63
December 2015

DELETED

LPRM Channel Arrangement in the Core and
Columbia Generating Station APRM Channel Assignments
Final Safety Analysis Report

Draw. No. 92(0843.49 |Rev. | Figure 7.2-10.1

Form No. 960690
LDCN-10-004



Amendment 63

Upper left letter = input for APRM Channel 2
Lower left letter = input for APRM Channel 3
Lower right letter = input for APRM Channel 4
Upper right letter = input for APRM Channel 1
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7.3  ENGINEERED SAFETY FEATURE SYSTEMS

7.3.1  DESCRIPTION

The instrumentation and controls include the operation of the following engineered safety
feature (ESF) systems (see Figures 7.3-1 through 7.3-15):

a. Emergency core cooling system (ECCS),

b. Primary containment and reactor vessel isolation control systems (PCRVICS),

C. Residual heat removal (RHR) system - containment spray cooling mode
(CSCM),

d. RHR system - suppression pool cooling mode (SPCM),
e. Standby service water (SW) system,

f. Main control room and critical switchgear rooms heating, ventilating, and air
conditioning (HVAC) system,

g. Reactor building ventilation and pressure control system,

h. Standby gas treatment system (SGT),

i. Containment instrument air (CIA) system, and
The sources which supply power to the ESF systems originate from onsite ac and/or dc
safety-related buses or, as in the case of the PCRVICS fail safe logic, from safety-related
Division 1 and 2 power and the non-safety-related reactor protection system (RPS) motor
generator (MG) sets. See Chapter 8 for a complete discussion of the ESF systems power

sources.

7.3.1.1  System Description

7.3.1.1.1 Emergency Core Cooling Systems
The ECCS is a network of the following systems. See Sections 6.3.1 and 6.3.2.

High-pressure core spray (HPCS) system,

Automatic depressurization system (ADS),

Low-pressure core spray (LPCS) system, and

Low-pressure coolant injection (LPCI) mode of the RHR system.

ac o
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The following plant variables are monitored and provide automatic initiation of the ECCS
when these variables exceed predetermined limits:

a. Reactor vessel water level

A low water level in the reactor vessel could indicate that reactor coolant is
being lost through a breach in the reactor coolant pressure boundary (RCPB)
and that the core is in danger of becoming overheated as the reactor coolant
inventory diminishes. See Figure 10.3-2 for a schematic arrangement of reactor
vessel instrumentation.

b. Drywell pressure
High pressure in the drywell could indicate a breach of the RCPB inside the
drywell and that the core is in danger of becoming overheated as reactor coolant

inventory diminishes.

7.3.1.1.1.1 High-Pressure Core Spray System.

Function

The purpose of the HPCS is to provide high pressure reactor vessel core spray for a small line
break loss-of-coolant accident (LOCA) which does not depressurize the reactor vessel. In
addition HPCS is redundant to the ADS system for mitigation of the consequences of various
events described in Chapter 15. The HPCS can provide core cooling or reactor vessel
inventory makeup following accidents and various design basis transients described in
Chapter 15. See also Section 6.3.2.2.1. The HPCS also provides for core cooling during a
station blackout event.

Operation

Schematic arrangements of system mechanical equipment is shown in Figure 6.3-4. The
HPCS system component control logic is shown in Figures 7.3-4 and 7.3-7. Instruments are
listed in Table 7.3-1. Operator information displays are shown in Figures 7.3-7 and 7.3-4.

The HPCS is initiated automatically by either reactor vessel low water level (trip level 2) or
drywell high pressure. | The system is designed to operate automatically for at least 10 minutes |

| without any actions required by the control room operator. | Once initiated the HPCS logic

seals-in and can be reset by the operator only when the initial conditions return to normal.
See Figure 7.3-7 for a schematic representation of the HPCS system initiation logic.

LDCN-04-027, 05-009 7.3-2
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Reactor vessel water level (trip level 2) is monitored by four redundant differential pressure
switches. The switch contacts are arranged in a one-out-of-two twice logic arrangement to
ensure that no single event can prevent the initiation of the HPCS.

Initiation diversity is provided by drywell pressure which is monitored by four redundant
pressure switches. The switches are electrically connected in a one-out-of-two twice logic
arrangement to ensure that no single instrument failure can prevent the initiation of the HPCS.

The HPCS components respond to an automatic initiation signal as follows (actions are
simultaneous unless stated otherwise):

a. The HPCS diesel generator is signaled to start and its protective relays are
bypassed. Once the diesel is started it signals its cooling water pump to start.
See Section 6.3.1.1;

b. The HPCS pump motor is signaled to start;

C. The normally open pump suction valve from the condensate storage tank
HPCS-V-1 (MO F001), is signaled to open;

d. The test return valves HPCS-V-10 MO F010), HPCS-V-11 (MO FO011), and
HPCS-V-23 (MO F023) are signaled to close; and

e. The HPCS injection valve HPCS-V-4 (MO F004) is signaled to open.

If the pump is running but discharge flow is low enough that pump overheating may occur, the
minimum flow return line valve HPCS-V-12 (MO FO012) is signaled to open. The valve is
automatically closed if flow is normal.

If water level in the condensate storage tanks falls below a predetermined level, the
suppression pool suction valve HPCS-V-15 (MO F015) automatically opens. When
HPCS-V-15 (MO F015) is fully open the condensate storage tank suction valve HPCS-V-1
(MO FO001) automatically closes. Two level switches mounted on a Seismic Category I
standpipe in the reactor building are used to detect low water level in the condensate storage
tanks. Either switch can cause automatic suction transfer. If the condensate supply line fails,
the suction supply for HPCS-P-1 pump transfers to the suppression pool. Either of

two instruments mounted on the supply line in the reactor building sense a low water level in
the supply line as a broken pipe. The suppression pool suction valve also automatically opens
if high water level is detected in the suppression pool. Two level switches monitor suppression
pool water level and either switch can initiate opening of the suppression pool suction valve.
To prevent losing suction to the pump, the suction valves are interlocked so that one suction
path must be open before the other closes.

7.3-3
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The HPCS provides makeup water to the reactor until the vessel water level reaches the high
level trip (trip level 8) at which time the injection valve HPCS-V-4 (MO F004) is automatically
closed. The pump will continue to run on minimum flow recirculation. The injection valve
will automatically reopen if vessel level again drops to the low level (trip level 2) initiation
point.

The HPCS pump motor and injection valve are provided with manual override controls. These
controls permit the reactor operator to manually control the system following automatic

initiation.

7.3.1.1.1.2 Automatic Depressurization System.

Function

The ADS is designed to provide automatic depressurization of the reactor vessel by activating
seven safety/relief valves (SRVs). These valves vent steam to the suppression pool in the
event the HPCS cannot maintain reactor water level following a LOCA. The ADS reduces
reactor pressure so that flow from the low pressure ECCS, LPCI system and LPCS, can inject
into the reactor vessel in time to cool the core and limit fuel cladding temperature. See also
Section 6.3.2.2.2.

Operation

Schematic arrangements of system mechanical equipment is shown in Figure 10.3-2. The ADS
component control logic is shown in Figure 7.3-8. Instruments are listed in Table 7.3-2.
Operator information displays are shown in Figures 10.3-2 and 7.3-8.

The ADS is made up of two independent trip systems (A&B).

To prevent inadvertent actuation of the ADS, two channels of logic for each ADS trip system
are used. Both channels must be activated to actuate ADS. See Figure 7.3-5 for a schematic
representation of the ADS initiation logic.

One channel includes two differential pressure sensor inputs monitoring reactor vessel low
water level (trip level 3 and trip level 1). The low water level trip (trip level 3) provides
confirmation of a reactor vessel low water level condition. The other channel includes only a
single reactor vessel low water level (trip level 1) input.

To ensure that adequate makeup water is available after the vessel has been depressurized each
logic channel includes a pump discharge pressure permissive signal indicating RHR or LPCS
system available for vessel water makeup. Any one of the three RHR pumps or the LPCS
pump is sufficient to permit automatic depressurization.

7.3-4
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After receipt of the initiation signals and a time delay, one or both of the two solenoid pilot air
valves are energized. This allows pneumatic pressure from the accumulator to act on the air
cylinder operator. Each ADS trip system timer can be reset manually to delay system
initiation. If reactor vessel water level is restored by HPCS prior to the end of the time delay,
ADS initiation will be prevented. Also, either or both ADS trip systems may be initially
inhibited to eliminate resetting the timer.

The ADS trip system A actuates the “A” solenoid pilot valve on each ADS relief valve.
Similarly, the ADS trip system B actuates the “B” solenoid pilot valve on each ADS relief
valve. Actuation of either solenoid pilot valve causes the ADS valve to open and provide
depressurization.

Two control switches (one for each trip system solenoid) are located in the main control room
for each SRV associated with the ADS. Each switch controls one of the two solenoid pilot

valves.

7.3.1.1.1.3 Low-Pressure Core Spray.

Function

The purpose of the LPCS is to provide low-pressure reactor vessel core spray following a
LOCA when the vessel has been depressurized and vessel water level has not been restored by
the HPCS. The LPCS is functionally diverse to the LPCI mode of the RHR system (see
Section 6.3.2.2.3).

Operation

Schematic arrangements of system mechanical equipment is shown in Figure 6.3-4. The LPCS
component control logic is shown in Figure 7.3-9. Instruments are listed in Table 7.3-3.
Operator information displays are shown in Figure 7.3-9.

The LPCS is initiated automatically by either reactor vessel low water level and/or drywell

high pressure. | The system is designed to operate automatically for at least 10 minutes without |
| any actions required by the control room operator. | Once initiated the LPCS logic seals-in and

can be reset by the control room operator only when the initial conditions return to normal.

See Figure 7.3-9 for a schematic representation of the LPCS system initiation logic.

Reactor vessel water level (trip level 1) is monitored by two redundant differential pressure
switches. To provide diversity drywell pressure is monitored by two redundant pressure
switches. The vessel level switch contacts and the drywell pressure switch contacts are
connected in a one-out-of-two twice logic arrangement so that no single instrument failure can
prevent initiation of LPCS.

7.3-5
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The LPCS components respond to an automatic initiation signal simultaneously (or sequentially
as noted) as follows:

a. The Division 1 diesel generator is signaled to start,

b. The normally closed test return line to the suppression pool valve LPCS-V-12
(MO F012) is signaled closed,

C. If power from the normal auxiliary or backup transformer is available at the
pump motor bus, the LPCS pump is signaled to start. If the startup transformer
is supplying the pump motor buses, sequential starts of ECCS pumps are
required to prevent excessive voltage drops on the buses. | This is accomplished|
by delaying the start of LPCS pump by 9.5 sec.

d. Reactor pressure is monitored by a pressure switch which senses the reactor
vessel pressure. When the reactor vessel pressure is low enough to protect the
LPCS from over-pressure and power is available to the pump motor bus, the
injection valve is signaled to open.

The LPCS pump discharge flow is monitored by a flow indicating switch. When the pump is
running and discharge flow is low enough that pump overheating may occur, the minimum
flow return line valve LPCS-FCV-11 (MO F011) is opened. The valve is automatically closed
if flow is normal.

The LPCS pump suction from the suppression pool valve LPCS-V-1 (MO F001) is normally
open, the control switch is key locked in the open position, and thus requires no automatic

open signal for system initiation.

The LPCS pump and injection valve are provided with manual override controls. These
controls permit the operator to manually control the system subsequent to automatic initiation.

7.3.1.1.1.4 Residual Heat Removal System - Low Pressure Coolant Injection Mode.

Function

Low-pressure coolant injection is an operating mode of the RHR system. The purpose of the
LPCI system is to provide low-pressure reactor vessel coolant makeup following a LOCA
when the vessel has been depressurized and vessel water level is not restored by the HPCS (see
Section 6.3.2.2.4).
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Operation

Schematic arrangements of system mechanical equipment is shown in Figure 5.4-15. The
LPCI component control logic is shown in Figure 7.3-10. Instruments are listed in
Table 7.3-4. Operator information displays are shown in Figures 7.3-10 and 5.4-15.

The LPCI system is initiated automatically by either reactor vessel low water level or drywell
high pressure (one-out-of-two-twice logic). | The system is designed to operate automatically

| for at least 10 minutes without any actions required by the control room operator. | Once
initiated, the LPCI logic seals-in and can be reset by the control room operator only when
initial conditions return to normal. See Figure 7.3-10 for a schematic representation of the
LPCI initiation logic. To provide diversity, reactor vessel water level (trip level 1) and
drywell pressure are monitored by two redundant differential pressure switches.

To initiate the Division 2 LPCI (loops B and C) the vessel level switch contacts and the
two drywell pressure switch contacts are connected in a one-out-of-two-twice arrangement so
that no single instrument failure can prevent initiation of LPCI.

The Division 1 LPCI (loop A) receives its initiation signal from the LPCS logic.
The LPCI system components respond to an automatic initiation signal simultaneously (or
sequentially as noted) as follows (the loop A components are controlled from the Division 1

logic; the loop B and C components are controlled from the Division 2 logic):

a. The Division 2 diesel generator is signaled to start from the loop B and C
initiation logic;

b. If offsite power is not available and the diesel generators are supplying the

pump motor buses, sequential loading of the diesel generators is required. | This
is accomplished by delaying the start of LPCI pumps A and B by 5 sec while

allowing the LPCS and LPCI C pumps to start immediately. | The same start
sequence is maintained for the LPCS and LPCI pumps when the pump motor
buses are supplied from the normal auxiliary or backup transformer. If the
startup transformer is supplying the pump motor buses, sequential starts of
ECCS pumps are required to prevent excessive voltage drops on starting. | This
is accomplished by delaying the start of LPCS and LPCI C pumps by 9.5 sec
and delaying LPCI A and B pump starts by 19.4 sec;

C. Reactor pressure is monitored by a pressure switch for each LPCI injection
valve RHR-V-42A, RHR-V-42B, and RHR-V-42C (MO FO42A, B, C). When
the reactor pressure is low enough to protect the LPCI from overpressure and
power is available at the associated pump motor bus, the injection valve is
signaled to open,;
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d. The following normally closed valves are signaled closed to ensure proper
system lineup:

1. The test return line to the suppression pool valves RHR-V-24A
RHR-V-24B (MO F024 A, B), RHR-V-21, and

2. The suppression pool spray valves RHR-V-27A and RHR-V-27B
(MO F027 A, B).

e. The normally open heat exchanger bypass valves RHR-V-48A and RHR-V-48B
(MO F048 A, B) are signaled open. | The open signal is automatically removed
10 minutes after system initiation to allow operator control of the valve for
throttling purposes if cooling using RHR heat exchangers is required.

The flow in each LPCI discharge line is monitored when the pump is running. | Whenever the
discharge flow is below the minimum flow setpoint, the respective minimum flow valve
RHR-FCV-64A, RHR-FCV-64B, or RHR-FCV-64C (MO F064A, B or C) will automatically
start to|open in approximately 8 sec, to prevent pump overheating. | The valve is automatically
closed if the flow is above the minimum flow setpoint. The time delay is provided to limit
reactor vessel inventory loss during the shutdown cooling mode of the RHR system (see
Section 5.4.7.2.6).

The three RHR pump suction from the suppression pool valves RHR-V-4A, RHR-V-4B,
RHR-V-4C (MO F004 A, B, C) and the RHR heat exchanger inlet valves RHR-V-47A,
RHR-V-47B, (MO F047 A, B) which are locked open (with power removed) and outlet valves
RHR-V-3A, RHR-V-3B (MO F003 A, B) have their control switches in the open position, and
thus require no automatic open signal for system initiation.

The two series SW crosstie valves RHR-V-115 (MO F094) and RHR-V-116 (MO F093) have
their control switches key locked in the close position, and thus require no automatic close
signal for system initiation.

The two series containment spray valves RHR-V-16A, RHR-V-16B, (MO F016 A, B) and
RHR-V-17 and RHR-V-17B (MO F017 A, B), the two series RHR heat exchanger vent valves
RHR-V-73A, RHR-V-73B, RHR-V-74A, and RHR-V-74B (MO F073 A, B and

MO F074 A, B), and the RHR shutdown cooling mode suction valves RHR-V-6A and
RHR-V-6B (MO F006 A, B) are all normally closed and thus require no automatic close signal
for system initiation.

The LPCI pump motors and injection valves are provided with manual override controls.

These controls permit the operator to manually control the system subsequent to automatic
initiation.

LDCN-04-017 7.3-8
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7.3.1.1.2  Primary Containment and Reactor Vessel Isolation Control System (PCRVICS)
Function

The PCRVICS includes the instrument channels, trip logic, and actuation circuits that
automatically initiate valve closure providing isolation of the primary containment and/or
reactor vessel, and initiation of systems provided to limit the release of radioactive materials.

See Section 6.2.4 and Table 6.2-16 for a complete description of primary containment and
reactor vessel process lines and isolation signals applied to each.

Operation

Schematic mechanical arrangements of containment isolation valves and other components
initiated by PCRVICS are shown in Figures 5.4-15, 10.3—2,|5.4—7, 5.4-11, 5.4-22, 9.3-9, |
|9.3—12, and|3.2—2.| The PCRVICS component control logic is shown in Figures 7.3-1, 7.3-8,
7.3-10 and|7.4-1. | Instruments are listed in Table 7.3-5. Operator information displays are
shown on these figures.

During normal plant operation, the isolation control system sensors and trip logic that are
essential to safety are energized. When abnormal conditions are sensed, instrument contacts
open and deenergize the trip logic and thereby initiate isolation. Once initiated, then the
PCRVICS trip logic seals-in and may be reset by the operator when the initiating conditions
return to normal.

The PCRVICS trip logic provides isolation signals to the main steam line isolation valves
(MSIVs) MS-V-22A, MS-V-22B, MS-V-22C, MS-V-22D (AO F022 A, B, C, D) and
MS-V-28A, MS-V-28B, MS-V-28C, MS-V-28D (AO F028 A, B, C, D); to the main steam
line drain valves MS-V-16 (MO F016), MS-V-67A, MS-V-67B, MS-V-67C, MS-V-67D
(F067 A, B, C, D), and MS-V-19 (MO FO019); to the reactor water sample valves RRC-V-19
(MO F019) and RRC-V-20 (F020); to the RHR shutdown cooling system valves RHR-V-8
(MO F008), RHR-V-9 (F009), RHR-V-23 (F023), RHR-V-40 (F040), RHR-V-49 (F049),
RHR-V-53A, RHR-V-53B (F053 A, B), RHR-V-123A, RHR-123B (F099 A, B); to the reactor |
water cleanup (RWCU) system valves RWCU-V-1 (MO F001) and RWCU-V-4 (F004); to the
drywell equipment drain valves EDR-V-19 (AO F019) and EDR-V-20 (F020); to the drywell
floor drain valves FDR-V-3 (AO F003) and FDR-V-4 (F004); to the TIP system valves, TIP-
V-1, TIP-V-2, TIP-V-3, TIP-V-4, TIP-V-5, and TIP-V-15; and to the RCIC system valves,
RCIC-V-63 (MOF063), RCIC-V-8 (F008) and RCIC-V-76 (F076).

LDCN-12-028 7.3-9



COLUMBIA GENERATING STATION Amendment 61
FINAL SAFETY ANALYSIS REPORT December 2011

Each MSIV has two control solenoids. Each solenoid receives inputs from two redundant logic
channels. A signal from either can deenergize the solenoid. For any one valve to close
automatically, both of its solenoids must be deenergized.

The MSIV logic has a minimum of four redundant instrument channels for each measured
variable. One channel of each variable is connected to one trip logic. One group of redundant
logic (A, C) is used to control one solenoid of both inboard and outboard valves of all

four main steam lines, and the other group of redundant logic (B, D) is used to control the
other solenoid of both inboard and outboard valves. The four PCRVICS trip logic channels
are arranged in a one-out-of-two twice logic combination (trip logic A or C and B or D). See
Figure 7.3-2.

The main steam line drain valves, drywell equipment and floor drain valves, reactor water
sample valves, the RWCU system, and RHR system isolation valves also operate in pairs. The
outboard valves close if the Division 1 isolation logic (A and B) is tripped, and the inboard
valves close if the Division 2 logic (C and D) is tripped. See Figure 7.3-3. The RCIC system
isolation valves are initiated closed by the leak detection system signals listed in

Section 7.3.1.2.1.d. See Figure 7.4-1.

The PCRVICS also provides signals to start the SGT, to remove nonessential loads from
essential buses, and to isolate the reactor building ventilation system and the primary
containment purge and vent system.

The following variables provide inputs to the PCRVICS logics for initiation of reactor vessel
and drywell isolation, as well as the initiation or trip of other plant functions when
predetermined limits are exceeded. Combinations of these variables, as necessary, provide
initiation of various isolating and initiating functions as identified in Table 6.2-16 and
described below.

7.3.1.1.2.1 Reactor Vessel Low Water Level. A low water level in the reactor vessel could
indicate that reactor coolant is being lost through a breach in the RCPB and that the core is in
danger of becoming overheated as the reactor coolant inventory diminishes.

Reactor vessel low water level initiates closure of various valves. The closure of these valves
is intended to isolate a breach of the pipelines, conserve reactor coolant by closing off process
lines, and limit the escape of radioactive materials from the primary containment through
process lines that communicate with the primary coolant boundary or primary containment.

Three reactor vessel low water level isolation trip settings are used to complete the isolation of |
the primary containment and the reactor vessel. The first (and higher) reactor vessel low water
level isolation trip (trip level 3) initiates closure of all RHR system isolation valves. The main
steam lines are left open to allow the removal of heat from the reactor core. The second (and
lower) reactor vessel low-low water level isolation trip (trip level 2) isolates the Group 2, 3, 4 |

LDCN-09-007 7.3-10
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and 7 primary containment isolation valves and also provides inputs to logic which trips or
initiates other plant equipment.

The third (lowest) reactor vessel low-low-low water isolation trip (trip level 1) isolates the
Group 1 primary containment isolation valves which include MSIVs and main steam line drain
valves.

Reactor vessel low water level (Level 3) is monitored by four redundant differential pressure
switches. Each provides a low water level input to one of the four PCRVICS trip logic.

Reactor vessel water low-low (Level 2) and low-low-low (Level 1) are monitored by
four redundant differential pressure transmitters with dual trip units. Each trip unit provides a
Level 2 or Level 1 input to the PCRVICS trip logic.

Diversity of trip initiation for pipe breaks inside of primary containment is provided by drywell
high pressure sensors.

7.3.1.1.2.2 Drywell High Pressure. High pressure in the drywell could indicate a breach of
the RCPB inside the drywell and that the core is in danger of becoming overheated as reactor
coolant inventory diminishes.

Drywell pressure is monitored by four redundant pressure switches. Each switch provides an
input to one of the four trip logic channels.

7.3.1.1.2.3 Main Steam Line - High Radiation. The main steam line radiation monitors sense
the gross release of fission products from the fuel and initiates action to contain the released
fission products.

Four redundant detectors monitor the gross gamma radiation from the main steam lines. Each
provides an input to one of the four PCRVICS trip logic channels.

Each channel consists of a gamma-sensitive ion chamber and a log radiation monitor. Each log
radiation monitor has three trip circuits. One upscale trip circuit is used to initiate closure of
the reactor water sample valves, mechanical vacuum pump trip, gland seal condenser exhauster
trip, and an isolation alarm. The second circuit is used for a high alarm and is set at a level
below that of the upscale trip circuit. The third circuit is a downscale alarm. The inoperative
condition actuates the isolation alarm and produces the same isolation described above for the
upscale trip circuit.

7.3.1.1.2.4 Main Steam Line - Tunnel High Ambient Temperature or High Differential
Temperature. A leak in a main steam line is indicated by a high ambient temperature or a high
differential temperature for this area. The automatic closure of main steam line isolation and

LDCN-09-007 7.3-11
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drain valves prevents the excessive loss of reactor coolant and the release of a significant
amount of radioactive material from the RCPB.

There are four main steam line high ambient temperature channels within the steam tunnel and
four high differential temperature channels between the main steam line tunnel and the reactor
building. These eight channels monitor and actuate main steam line isolation logic which is
deenergized by high ambient or high differential temperature condition.

Diversity of trip initiation signals for the main steam line tunnel high ambient or high
differential temperature is provided by main steam line high flow and steam line low pressure
instrumentation.

7.3.1.1.2.5 Main Steam Line - High Flow. Main steam line high flow could indicate a breach
in a main steam line. Automatic closure of isolation valves prevents excessive loss of reactor
coolant and release of significant amounts of radioactive material from the RCPB.

Sixteen redundant differential pressure switches, four for each main steam line, monitor the
main steam line flow. Four differential pressure switches for each main steam line provide
inputs to each of the four trip logic channels.

When a significant increase in main steam line flow is detected, trip signals initiate closure of
all main steam line isolation and drain valves.

7.3.1.1.2.6 Main Steam Line - Low Pressure. Low steam pressure at the turbine inlet while
the reactor is operating could indicate a malfunction of the nuclear system pressure regulator in
which the turbine governor valves or turbine bypass valves become fully open, thus causing
rapid depressurization of the reactor vessel. From reduced power the rate of decrease of
nuclear system saturation temperature could exceed the allowable rate of change of vessel
temperature. A rapid depressurization of the reactor vessel while the reactor is near full power
could result in undesirable differential pressures across the channels (around some fuel
bundles) of sufficient magnitude to cause mechanical deformation of channel walls. Such
depressurizations without adequate preventive actions could require thorough vessel analysis or
core inspection prior to returning the reactor to power operation.

Four redundant pressure sensors, one for each main steam line, monitor main steam line
pressure and each provides an input to one of the four trip logic channels.

When a significant decrease in main steam line pressure is detected, the PCRVICS initiates
closure of all main steam line isolation and drain valves.

The main steam line low pressure trip is bypassed by the reactor mode switch in the shutdown,

refuel, and startup modes of reactor operation. In the run mode, the low pressure trip function
is active.
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7.3.1.1.2.7 Reactor Building Ventilation Exhaust Radiation Monitor. There are four
radiation monitors arranged in two sets of two channels each, (A, B) and (C, D), which make
up the process radiation monitor (PRM) reactor building vent radiation monitor isolation
system. Each channel has a trip signal output used for shutdown and isolation of the reactor
building ventilation system, startup of the SGT, and trip and/or isolation of various other plant
functions. The trip output is provided in response to either high radiation in the ventilation
exhaust plenum (upscale trip) or instrument failure (downscale trip). The downscale trip also
initiates an alarm to alert the operator to instrument trouble conditions. See Section 11.5 for
additional details.

7.3.1.1.2.8 Reactor Water Cleanup System - High Differential Flow. High differential flow
in the RWCU system could indicate a breach of the RCPB of the cleanup system. The flow at
the inlet to the system is compared with the flow at the outlets of the system.

A differential flow signal is developed from the compared inlet-outlet flow signals and applied
to the two (inboard or outboard) logic trip channels. When an increase in RWCU system
differential flow is detected, the PCRVICS initiates closure of the RWCU system isolation
valves. | This isolation function is not credited in the accident analysis.

Diversity of trip initiation signals for RWCU system isolation is provided by instrumentation
for reactor water level, differential flow, high blowdown flow, and ambient or differential
temperature in RWCU equipment areas.

The RWCU system high differential flow trip is bypassed by an automatic timing circuit during
normal RWCU system surges. This time delay bypass prevents inadvertent system isolations
during system flow transients.

7.3.1.1.2.9 Reactor Water Cleanup System - Area High Ambient Temperature or High
Differential Temperature. High temperature in the equipment room areas of the RWCU
system could indicate a breach of the RCPB in the cleanup system.

Redundant ambient temperature or differential temperature sensors monitor the RWCU system
area temperatures. When a significant increase in RWCU system area ambient or differential
temperature is detected the PCRVICS initiates closure of RWCU system isolation valves.

The output trip signal of each sensor initiates a logic trip and closure of either the inboard or
outboard RWCU system isolation valve.

Diversity of trip initiation signals for high differential temperature is provided by two pair of
differential temperature elements and associated differential temperature switches. Each pair
of temperature elements and its differential temperature switch are associated with one of
two logic channels.
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7.3.1.1.2.10 Reactor Water Cleanup System - High Blowdown Flow. High flow conditions
in the RWCU blowdown to the main condenser or radwaste line is indicative of a high-energy
line break condition. Flow in this line is monitored by two redundant flow sensors which
measure flow at the same point and apply flow signals to the trip logic channels. One flow
signal is provided to the inboard trip channel and one to the outboard trip channel.

When an increase in RWCU blowdown flow is detected, the PCRVICS initiates closure of the
RWCU system isolation valves.

The high blowdown flow trip logic contains a time delay feature which prevents inadvertent
system isolations due to normal flow transients.

7.3.1.1.2.11 Residual Heat Removal System - Area High Ambient Temperature or High
Differential Temperature. High temperature in the equipment room areas of the RHR system
could indicate a breach in the RCPB in the RHR system.

Redundant ambient temperature or redundant differential temperature sensors monitor the RHR
system area temperatures. Half of the ambient and differential temperature sensors are
associated with one trip logic. The remaining temperature channels are associated with the
other trip logic. The ambient temperature elements are located in each RHR equipment area.
The differential temperature elements are located in the ventilation supply and ventilation
exhaust of RHR pump rooms A and B.

When an increase in RHR system area ambient temperature or differential temperature is
detected, the PCRVICS initiates closure of the RHR system isolation valves.

The output trip signal of each sensor initiates a trip logic and closure of either the inboard or
outboard RHR system isolation valve.

Diversity of trip initiation signals for RHR line break is provided by ambient temperature,
differential temperature, and shutdown cooling flow instrumentation. An increase in ambient
temperature, differential temperature, or flow will initiate RHR system isolation.

7.3.1.1.2.12 Residual Heat Removal System - Flow Rate Monitoring. High flow in the RHR
system suction line from the reactor vessel could indicate a breach in the RCPB in the RHR
system.

Two redundant differential pressure switches, one for each trip logic, monitor the RHR
shutdown cooling mode suction line. The output trip signal of each sensor initiates a logic trip
and closure of either the inboard or outboard RHR system isolation valve. The RHR suction
high flow trip is not credited within the Columbia Generating Station (CGS) accident analysis.
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7.3.1.1.2.13 Main Condenser Vacuum Trip. The main turbine condenser low vacuum signal
could indicate a leak in the condenser. Initiation of automatic closure of various valves will
prevent excessive loss of reactor coolant and the release of significant amounts of radioactive
material.

Four redundant vacuum switches monitor the main condenser vacuum. Each switch provides
an input to one of four trip logic channels.

When a significant decrease in main condenser vacuum is detected, the PCRVICS initiates
closure of all main steam line isolation and drain valves.

Main condenser low vacuum trip can be bypassed manually when the turbine throttle valve is
less than 90% open and reactor pressure is below 1060 psig.

7.3.1.1.2.14 Reactor Core Isolation Cooling System Isolation Signals. The RCIC isolation
signals for RCIC steam line high flow and RCIC pipe routing/equipment area high ambient
temperature or high differential temperature are a subset of the RCIC leak detection system and
are described in Section 7.6.1.3.4.

7.3.1.1.3 DELETED
7.3.1.1.4  Residual Heat Removal System - Containment Spray Cooling Mode
Function

The CSCM is an operating mode of the RHR system. It is designed to condense steam in the
suppression chamber air volume and/or the drywell atmosphere following a LOCA. See
Section 5.4.7. The drywell spray (with or without the RHR heat exchangers) is used to
remove airborne radioactivity from the containment atmosphere in response to a LOCA.
Drywell sprays are started within the first 15 minutes post-LOCA.

Operation

The RHR system control logic is shown in Figure 7.3-10. Instruments are listed in
Table 7.3-7. Operator information displays are shown in Figure 7.3-10.

The CSCM is initiated by the control room operator by diverting RHR flow to either the
suppression pool or the drywell by opening valves RHR-V-27A, RHR-V-27B (MO F027A, B)
or RHR-V-16A, RHR-V-16B (MO F016A, B), and RHR-V-17A, RHR-V-17B (MO FO017A,
B).
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The following conditions must exist before the operator can initiate the drywell spray cooling

loop:

7.3.1.1.5

Function

The LOCA signal which automatically initiated LPCI must still exist;

One of the two redundant drywell pressure switches must indicate high pressure;
and

The operator must close the LPCI injection valve RHR-V-42A, RHR-V-42B
(MO F042A, B).

Residual Heat Removal System - Suppression Pool Cooling Mode

The SPCM is an operating mode of the RHR system. It is designed to prevent suppression
pool temperature from exceeding predetermined limits following a reactor blowdown of the
ADS or SRVs. The SPCM mode is also used during RCIC operation and SRV testing.

Operation

Component control logic is shown in Figure 7.3-10. Instruments are listed in Table 7.3-8.
Operator information displays are shown in Figure 7.3-10.

The SPCM is initiated by the control room operator either during normal plant operation or
following a LOCA when the suppression pool temperature monitoring system (see Section 7.6)
indicates that pool temperature may exceed a predetermined limit.

During normal plant operation the operator initiates the SPCM as follows:

a.

The RHR pump (A or B) is started. The standby SW pump is started and the
RHR heat exchanger SW discharge valve RHR-V-68A, RHR-V-68B
(MO 0068 A, B) is signaled to open automatically when the SW pump starts.

The RHR test return line valve RHR-V-24A, RHR-V-24B (MO F024 A, B) is
opened.

The RHR heat exchanger inlet valves RHR-V-47A, RHR-V-47B (MO F047 A,
B) are locked open (with power removed) and outlet valves RHR-V-3A,
RHR-V-3B (MO F003 A, B) are throttled as necessary. The heat exchanger
bypass valve RHR-V-48A, RHR-V-48B (MO F048 A, B) and valve
RHR-V-24A, RHR-V-24B (MO F024 A, B) are throttled as necessary.
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Subsequent to a LOCA the operator initiates the SPCM as follows:

a. Once reactor vessel water level has been restored, the LPCI flow must be
terminated by closing the LPCI injection valve RHR-V-42A, RHR-V-42B
(MO F042 A, B). Closing the injection valve causes the LOCA initiation logic
to be overridden and allows operator control of the system;

b. The RHR test return line valve RHR-V-24A, RHR-V-24B (MO F024 A, B)
control logic also has LOCA signal override provisions. This allows the
operator to open the valve; and

C. The RHR heat exchanger inlet valves RHR-V-47A, RHR-V-47B (MO F047 A,
B) are locked open (with power removed) and outlet valves RHR-V-3A,
RHR-V-3B (MO F003 A, B) are throttled as necessary. The heat exchanger
bypass valve RHR-V-48A, RHR-V-48B (MO F048 A, B)|(a 10-minute timer |
|keeps this valve open following a LOCA) hnd valve RHR-V-24A, RHR-V-24B
(MO F024 A, B) are throttled as necessary.

7.3.1.1.6  Standby Service Water System
Function
The SW system provides cooling water to the diesel generators, the RHR heat exchangers, the

HPCS, RCIC, LPCI, and LPCS auxiliary equipment (e.g., room cooler, pump motor bearing
cooler, pump seal cooler), and the essential HVAC chillers. See Section 9.2.

Operation

Schematic arrangements of system mechanical equipment is shown in Figure 9.2-12. The SW
component control logic is shown in Figure 7.3-12. Instruments are listed in Table 7.3-9.
Operator information displays are shown in Figures 7.3-12 and 9.2-12.

The SW system is automatically initiated as follows:

a. The Division 1 SW pump P-1A is started automatically when either the
RHR A pump, the LPCS pump, or the Division 1 diesel generator is started,

b. The Division 2 SW pump P-1B is started automatically when either the
RHR B pump, RHR C pump, the Division 2 diesel generator, or the RCIC
pump is started, and

C. The HPCS SW pump HPCS-P-2 (C002) is automatically started when the
HPCS diesel generator is started.
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Once the SW pumps are started the following occurs:

a. The RHR heat exchanger SW discharge valves RHR-V-68A and RHR-V-68B
are signaled open, and

b. After the SW pumps discharge pressure exceeds a minimum value the pump
discharge valves SW-V-2A, SW-V-2B, and SW-V-29 are signaled to open.

7.3.1.1.7 Main Control Room and Critical Switchgear Rooms Heating, Ventilating, and Air
Conditioning System

Schematic arrangements of system mechanical equipment are shown in Figure 9.4-1.
Component control logic is shown in Figure 7.3-13. Instruments are listed in Table 7.3-10.

Operator information displays are shown in Figure 9.4-1 and Figure 7.3-13.

For a complete description of the main control room and critical switchgear rooms HVAC
instrumentation and controls see Section 9.4.1.

7.3.1.1.8  Standby Gas Treatment System

Schematic arrangements of system mechanical equipment are shown in Figure 3.2-2. The
SGT component control logic is shown in Figure 7.3-14. Instruments are listed in

Table 7.3-11. Operator information displays are shown in Figure 3.2-2 and Figure 7.3-14.
For a complete description of the SGT instrumentation and controls see Section 6.5.1.
7.3.1.1.9  Reactor Building Ventilation and Pressure Control System

Function

The reactor building ventilation and pressure control system automatically maintains the

reactor building or secondary containment at a negative pressure below atmospheric pressure
by controlling the reactor building exhaust or SGT fan units. See Section 9.4.2.

Operation

Schematic arrangements of system mechanical equipment are shown in Figure 9.4-2. System
component control logic is shown in Figure 7.3-14. Instruments are listed in Table 7.3-12.
Operator information displays are shown in Figure 9.4-2 and Figure 7.3-14.

The differential pressure is monitored by eight redundant differential pressure transmitters,
four in Division 1 and four in Division 2, which measure the differential pressure across the

7.3-18



COLUMBIA GENERATING STATION Amendment 61
FINAL SAFETY ANALYSIS REPORT December 2011

exterior of four sides of the reactor building to inside the reactor building (572 ft el.). The
signal indicating the least differential pressure from the four differential pressure transmitters
in one division is selected and is used to control the position of the blades of the normal reactor
building exhaust fan unit in that division. On the initiation of the SGT by containment
isolation signals high drywell pressure, low reactor water level, or reactor building exhaust
high radiation, the reactor building pressure control system then controls the secondary
containment pressure by controlling the SGT fan units (see Section 6.5.1).

7.3.1.1.10 Containment Instrument Air System
Function

The purpose of the CIA system is to provide clean, dry, pressurized gas to the main steam
relief valves and isolation valves inside primary containment. The pressurized nitrogen or air
is normally provided by a non-safety-related source to a single header which delivers the
operating gas to the relief and isolation valves. Under normal conditions, the
non-safety-related source also provides working pressure to two headers which serve as the
safety-related backup system for seven relief valves designated for the ADS function.
However, a safety-related, bottled nitrogen source is available to maintain operating pressure
to the seven divisionally separated ADS valves, in the event that the non-safety-related sources
fail (see Figure 9.3-2).

In the event of failure of the non-safety-related portions of the system, which is indicated by
low header pressure and detected by three pressure switches, the bottled nitrogen automatically
maintains header pressure to the ADS valves. The non-safety-related portion of the system is
isolated from the safety-related ADS portion upon receipt of the low header pressure signal.
See Section 9.3.1.5.2.

The local stepping controller used for sequential nitrogen bottle opening is equipped with a
local wheel index counter. A remote counter display is also located near the backup N2 supply
bottles inside of the reactor building (see Section 9.3.1.2.2). In addition, a low-header
pressure alarm is provided to alert the operator to the loss of the ADS pneumatic supply.

Operation

Schematic arrangements of system mechanical equipment is shown in Figure 9.3-2. The CIA
component control logic is shown in Figure 7.3-15. Instruments are listed in Table 7.3-13.
Operator information displays are shown in Figures 7.3-15 and 9.3-2.

The CIA system is always in operation. The instrumentation and controls of the system
perform the following functions:

a. Monitor CIA system header pressure,

7.3-19



COLUMBIA GENERATING STATION Amendment 61
FINAL SAFETY ANALYSIS REPORT December 2011

b. Isolate the non-safety-related portion of system in the event of failure in this
portion, and

C. Maintain CIA system header pressure in the event of item b by sequentially
opening nitrogen bottles.

7.3.1.2  Design Basis

The ESF systems are designed to provide timely protection against the onset and consequences
of conditions that threaten the integrity of the fuel barrier and the RCPB. Chapter 15 identifies
and evaluates events that jeopardize the fuel barrier and RCPB. The methods of assessing
barrier damage and radioactive material releases, along with the methods by which abnormal
events are identified, are presented in Chapter 15.
7.3.1.2.1 Variables Monitored to Provide Protective Action
The following variables are monitored to provide protective actions by the ESF systems:
a. HPCS
1.  Reactor vessel low water level (trip level 2),
2. Drywell high pressure;
b. ADS
1.  Reactor vessel low water level (trip level 3),
2. Reactor vessel low water level (trip level 1);

C. LPCS and LPCI

1.  Reactor vessel low water level (trip level 1),
2. Drywell high pressure;

d. PCRVICS
1.  Reactor vessel low water level (trip level 3),
2. Reactor vessel low-low water level (trip level 2),
3. Reactor vessel low-low-low water level (trip level 1),
4.  Main steam line high radiation,

5.  Main steam line tunnel high ambient or high differential temperature,
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6. Main steam line high flow,

7.  Main steam line low pressure,

8. Reactor building ventilation exhaust high radiation,

9.  RWCU high differential flow or high blowdown flow,

10.  RWCU pipe routing and equipment area high ambient temperature or
high differential temperature,

11.  RHR area high ambient temperature or high differential temperature,
12.  RHR shutdown cooling suction high flow,

13. Main condenser low vacuum,

14.  Drywell high pressure,

15. RCIC steam line high flow, and

16.  RCIC pipe routing area high temperature, or equipment area high
ambient temperature or high differential temperature;

e. DELETED;

f. CSCM - drywell high pressure,
- suppression chamber high pressure;

g. SPCM
1. Suppression pool temperature,
2. Drywell high pressure,
3. Reactor vessel low water level (trip level 1);

h. SW System - RHR, LPCS, RCIC, or diesel generator start;
i Main control room and critical switchgear room HVAC

1. High room temperature;
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] Reactor building ventilation and pressure control - reactor building to fuel pool
area differential pressure;

k. SGT
1. Reactor vessel low water level (trip level 2),
2. Drywell high pressure,
3. Reactor building ventilation high radiation;
1. CIA System - instrument air header low pressure;

The plant conditions which require protective action involving the ESF systems are
described in Chapter 15.

7.3.1.2.2  Location and Minimum Number of Sensors

See the Technical Specifications for ESF systems, which identifies the minimum number of
sensors to monitor safety-related variables. There are no sensors in the ESF systems which
have a spatial dependence.

7.3.1.2.3  Prudent Operational Limits

Operational limits for each safety-related variable trip setting are selected with sufficient
margin so that a spurious ESF system initiation is avoided. It is then verified by analysis that
the release of radioactive materials, following postulated gross failures of the fuel or the
nuclear system process barrier, is kept within acceptable bounds.

7.3.1.2.4 Margin

The margin between operational limits and the limiting conditions of operation of ESF systems
are listed and the bases stated in the Technical Specifications.

7.3.1.2.5 Levels

Levels requiring protective action are specified in the Technical Specifications.

7.3.1.2.6  Range of Transient, Steady State, and Environmental Conditions

See Section 3.11 for environmental conditions. See Sections 8.2.1 and 8.3.1 for the maximum
and minimum range of energy supply to ESF instrumentation and controls. All ESF

instrumentation and controls are specified and purchased to withstand the effects of energy
supply extremes.
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7.3.1.2.7 Malfunctions, Accidents, and Other Unusual Events Which Could Cause Damage
to Safety System

Chapters 3, 6, 9, 15, and Appendix F describe the following credible accidents and events:
floods, storms, tornadoes, earthquakes, fires, LOCA, and pipe break outside containment.
Each of these events is discussed below for the ESF systems.

7.3.1.2.7.1 Floods. The buildings containing ESF systems components have been designed to
meet the probable maximum flood (PMF) at the site location. See Section 2.4. For a
discussion of internal flooding protection see Sections 3.4.1.4.1.2, 3.4.1.5.2, and 3.6.

7.3.1.2.7.2 Storms and Tornadoes. The buildings containing ESF systems components have
been designed to withstand meteorological events described in Section 3.3.

7.3.1.2.7.3 Earthquakes. The structures containing ESF systems components have been
seismically qualified as described in Sections 3.7 and 3.8 and will remain functional during and
following a safe shutdown earthquake (SSE). Seismic qualification of instrumentation and
electrical equipment is discussed in Section 3.10.

7.3.1.2.7.4 Fires. To protect the ESF systems in the event of a postulated fire, the redundant
portions of the systems are isolated by electrical separation barriers. If a fire were to occur
within one of the sections or in the area of one of the panels, the ESF systems functions would
not be prevented by the fire. The use of spatial separation and barriers ensures that even
though some portion of the systems may be affected, the ESF systems will continue to provide
the required protective action. A fire detection system using heat detectors and combustion
product detectors is provided in Power Generation Control Complex (PGCC) floor sections
and in panels containing ESF systems components mounted on these floor sections. A Halon
fire suppression system is provided in the same areas.

7.3.1.2.7.5 LOCA. The ESF systems components functionally required during and/or
following a LOCA have been environmentally qualified to remain functional as discussed in
Section 3.11.

7.3.1.2.7.6 Pipe Break Outside Primary Containment. The ESF systems are designed and
qualified to remain functional during and/or following these events. See Section 3.6.

7.3.1.2.7.7 Missiles. Protection for safety-related components is described in Section 3.5.
7.3.1.2.8 Minimum Performance Requirements

Minimum performance requirements for ESF instrumentation and controls are provided in the
Technical Specifications.
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7.3.1.3  Final System Drawings

Functional and architectural design differences between the PSAR and FSAR are listed in
Table 1.3-8.

7.3.2  ANALYSIS

7.3.2.1 Engineered Safety Feature Systems - Instrumentation and Controls

Chapter 15 and Chapter 6 evaluate the individual and combined capabilities of the ESF
systems.

The ESF systems are designed such that a loss of instrument air, plant load rejection, or
turbine trip will not prevent the completion of the safety function.

7.3.2.1.1 Conformance to 10 CFR 50 Appendix A

The following provides information regarding conformance to those General Design Criteria
(GDC) which apply specifically to the ESF systems. See Section 3.1 for a discussion of GDC
which apply equally to all safety-related systems.

GDC 33

See Sections 7.3.1.1.1.1 and 3.1.2.4.4.

GDC 34

See Section 7.3.1.1.6 and 3.1.2.4.5.

GDC 35

See Sections 7.3.1.1.1, 7.3.1.1.6, and 3.1.2.4.6.

GDC 36, 37, 39, 40, 42, 43, 45, 46, and 61

See Section 7.3.2.1.3, Regulatory Guide 1.22.

GDC 38

See Sections 7.3.1.1.4, 7.3.1.1.5, and 7.3.1.1.6, and 3.1.2.4.9.
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GDC 41
See Sections 7.3.1.1.8 and 3.1.2.4.12.
GDC 44
See Sections 7.3.1.1.6 and 3.1.2.4.15.

GDC 60 and 61

See Sections 7.3.1.1.8, 7.3.1.1.3,3.1.2.6.1, and 3.1.2.6.2.

GDC 64

See Sections 7.3.1.1.2 and 7.3.1.1.8.

7.3.2.1.2  Conformance to IEEE Standards

The following provides information regarding conformance to IEEE 279-1971, Criteria for
Protection Systems for Nuclear Power Generating Stations, which apply specifically to the
ESF systems. See Section 7.1.2.3 for a discussion of IEEE standards which apply equally to

all safety-related systems.

General Functional Requirement (IEEE 279-1971, paragraph 4.1)

The ESF systems that automatically initiate appropriate protective actions, whenever the
parameters described in Section 7.3.1.2.1 reach predetermined limits, with precision and
reliability assuming the full range of conditions and performance are discussed in
Sections 7.3.1.2 and Chapter 15.

Single Failure Criterion (IEEE 279-1971, paragraph 4.2)

The ESF systems are not required to meet the single failure criterion on an individual system
(division) basis. However, on a network basis, the single failure criteria does apply to ensure
the completion of a protective function. Redundant sensors, wiring, logic, and actuated
devices are physically and electrically separated such that a single failure will not prevent the
protective function. See Section 8.3.1.4 for a discussion of the CGS separation criteria.

Quality Components (IEEE-279-1971, paragraph 4.3)

For a discussion of the quality of ESF system components and modules see Section 3.11.
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Equipment Qualification (IEEE 279-1971, paragraph 4.4)

Vendor certification requires that the sensors associated with the ESF system variables, manual
switches, and trip logic components located in mild environments perform in accordance with
the requirements listed on the purchase specification as well as in the intended application.
This certification, in conjunction with the existing field experience with these components in
this application, will serve to qualify these components.

For a complete discussion of ESF equipment seismic and harsh environment qualification see
Sections 3.10 and 3.11.

Channel Integrity (IEEE 279-1971, paragraph 4.5)

For a discussion of ESF systems channel integrity under extreme conditions described in
Section 7.3.1.2, see Sections 3.10, 3.11, 8.2.1, and 8.3.1.

Channel Independence (IEEE 279-1971, paragraph 4.6)

The ESF systems channel independence is maintained through the application of the CGS
separation criteria as described in Section 8.3.1.4.

Control and Protection Interaction (IEEE 279-1971, paragraph 4.7)

There are no ESF system and control system interactions.

Derivation of System Inputs (IEEE 279-1971, paragraph 4.8)

The ESF variables are direct measures of the desired variables requiring protective actions.
See Sections 7.3.1.1.1 through 7.3.1.1.10.

Capability of Sensor Checks (IEEE 279-1971, paragraph 4.9)

See Section 7.3.2.1.3, Regulatory Guide 1.22.

Capability for Test and Calibration (IEEE 279-1971, paragraph 4.10)

See Section 7.3.2.1.3, Regulatory Guide 1.22.

Channel Bypass or Removal from Operation (IEEE 279-1971, paragraph 4.11)

During periodic tests of any one ESF system channel, a sensor may be valved out of service
and returned to service under the administrative control procedures. Since only one sensor is
valved out of service at any given time during the test interval, protective action capability for
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ESF system automatic initiation is maintained through the remaining redundant instrument
channels.

Operating Bypasses (IEEE 279-1971, paragraph 4.12)

The ESF systems contain the following operating bypasses.

The PCRVICS has two bypasses: (1) main steam line low pressure operating bypass which is
imposed by means of the mode switch in the “startup” position (not in “run”). The mode
switch cannot be left in this position above approximately 15% of rated power without
initiating a scram. Therefore, the bypass is removed by placing the mode switch in the “run”

position via the normal reactor operating sequence,|and (2) the low condenser vacuum bypass

which is imposed by means of four manual bypass switches in conjunction with closure of the
turbine throttle valves, the reactor mode switch in any position other than “run,” and reactor
pressure below the low-pressure setpoint. Bypass removal is accomplished automatically by
the opening of the turbine throttle valves or raising reactor pressure above the interlock
pressure setpoint or manually by placing any of the four bypass switches in normal position or
by placing the mode switch in the “run” position.

Indication of Bypasses (IEEE 279-1971, paragraph 4.13)

For a discussion of bypass and inoperability indication see Section 7.1.2.4, Regulatory
Guide 1.47.

Access to Means for Bypassing (IEEE 279-1971, paragraph 4.14)

Access to means of bypassing any safety action or safety function is under the administrative
control of the control room supervisor/shift manager. Other approved methods of controlling
access to bypasses are also used. These include key locks with administrative control of the
access to keys, procedurally controlled equipment lineups, e.g., locked valve checklists, and
the use of mechanical locking devices and annunciators and other indications, e.g., BISI
(Regulatory Guide 1.47, Bypass and Inoperable Status Indication for Nuclear Power Plant
Safety Systems, described in Section 7.1.2.4). These additional methods help to prevent
inadvertent bypasses or to alert the plant operators to safety function bypasses occurring either
from equipment failures or from manually induced bypasses that result as part of testing,
maintenance, or equipment repair activities.

Key-locked control switches that provide a means of controlling the access to a safety function
bypass are designed to allow key removal only in the “safe” or “accident” positions. Access
to the associated keys is procedurally controlled. When not in use, keys are under the
administrative control of the control room supervisor/shift manager and stored in a key locker.
The keys are audited once per day by the control room supervisor/shift manager. When
operation of a key-locked control switch is required to be immediate, such as in the case of the
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reactor mode switch, the key may be left in the lock during normal plant operation to ensure
timely actuation.

Multiple Trip Settings (IEEE 279-1971, paragraph 4.15)

There are no multiple set points within the ESF systems.

Completion of Protective Action Once Initiated (IEEE 279-1971, paragraph 4.16)

Each of the automatically ESF system initiation control logic channels seal-in electrically and
remain energized after initial conditions return to normal. Deliberate operator action is
required to return (reset) an ESF system logic to normal.

Manual Initiation (IEEE 279-1971, paragraph 4.17)

See the discussion of Regulatory Guide 1.62 in Section 7.3.2.1.3.

Access to Setpoint Adjustments (IEEE 279-1971, paragraph 4.18)

All access to ESF system setpoint adjustments, calibration controls, and test points are under
the administrative control of the control room operator.

Identification of Protective Actions (IEEE 279-1971, paragraph 4.19)

The ESF protective actions are directly indicated and identified by annunciators located in the
main control room and a printed record is available from the process computer and transient
data acquisition system.

Information Readout (IEEE 279-1971, paragraph 4.20)

The ESF systems are designed to provide the operator with accurate and timely information
pertinent to their status. They do not introduce signals that could cause anomalous indications
confusing to the operator.

System Repair (IEEE 279-1971, paragraph 4.21)

The ESF systems are designed to permit repair or replacement of components.

Recognition and location of a failed component will be accomplished during periodic testing or
by annunciation in the main control room.
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Identification (IEEE 279-1971, paragraph 4.22)

The ESF panels are identified by nameplates. The nameplate shows the division to which each
panel or rack is assigned and also identifies the function in the system of each item of the
control panel. The system to which each externally mounted relay belongs is identified on the
relay panels.

Wiring and cabling outside of panels are labeled to indicate its divisional assignment as well as
its system assignment (see Section 8.3.1.3).

7.3.2.1.3  Conformance to Regulatory Guides
The following is a discussion of conformance to those Regulatory Guides which apply
specifically to the ESF systems. See Section 7.1.2.4 for a discussion of Regulatory Guides

which apply equally to all safety-related systems.

Regulatory Guide 1.22 - 1972

The ESF systems instrumentation and controls are capable of being tested during normal plant
operation (unless that testing is detrimental to plant availability) to verify the operability of
each system component. Testing of safety-related sensors is accomplished by valving out each
sensor, one at a time, and applying a test pressure source or as in the case of the main steam
line radiation sensors, the sensors may be removed and test sources applied. This verifies the
operability of the sensor, sensor contacts, and the sensor setpoint. Associated logic
components are typically tested during plant shutdown conditions when component activation is
not detrimental to plant operation. Functional operability of temperature sensors may be
verified by readout comparisons, applying a heat source to the locally mounted temperature
sensing elements or by continuity testing.

For the HPCS, LPCS, and LPCI, testing for functional operability of the control logic relays
can be accomplished by use of plug-in test jacks and switches in conjunction with single sensor
tests. Annunciation is provided in the main control room whenever a test plug is inserted in a
jack to indicate to the operator that an ECCS is in a test status.

Operability of air-operated, solenoid-operated, and motor-operated valves is verified by
actuating the valve control switches and monitoring the position change by position indicating
lights at the control switch.

The ESF systems are provided with indications, status displays, annunciation, and computer

printouts which aid the control room operator during periodic system tests to verify component
operability.
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Regulatory Guide 1.53 - 1973

See IEEE 279 paragraph 4.2 in Section 7.3.2.1.2.

Regulatory Guide 1.62 - 1973

The HPCS, LPCS, and the Division 2 LPCI system can be manually initiated at the system
level from the main control room by actuation of armed push buttons. The LPCS push button
also initiates the Division 1 LPCI system.

The ADS and the PCRVICS|(except RCIC is manually isolated at the system level by its

“Manual Isolation Push Button”)[are manually initiated at the system (division) level by

actuation of two armed push buttons (one for each logic channel). The CIA system provides
pneumatic pressure for opening of the ADS valves and is normally in service. A safety-related
source of pressurized nitrogen will automatically come on line if the normal supply cannot
maintain system pressure above a preset pressure. There is no remote manual initiation of the
CIA system.

The CSCM is manually initiated at the system (division) level by actuation of the RHR pump
start control switch and by opening the containment spray or suppression chamber spray

valves.

The SPCM is manually initiated from the main control room by actuation of system pump and
valve controls.

The SW system is manually initiated at the system (division) level by actuation of the pump
start control switch.

The main control room and critical switchgear HVAC is manually initiated at the system
(division) level by actuation of individual fan start control switches.

The SGT is manually initiated at the system (division) level by actuation of the system start
control switch.

The actuation of the system level manual initiation switches simulates all the actions of
automatic or manual (individual equipment initiation) system actuation.
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Table 7.3-1

High-Pressure Core Spray
System Instrumentation

Function Instrument®

Reactor vessel low water level (level 2) Level switch
(B22-NO31A-D)
MS-LIS-31A-D

Drywell high pressure Pressure switch
(B22-N047A-D)
MS-PS-47A-D

Reactor vessel high water level (level 8) Level switch

(B22-N100A, B)
MS-LIS-100A, B

Pump minimum flow Flow switch
(E22-N006)
HPCS-FIS-6

Suppression pool high water level Level switch
(E22-N002A, B)
HPCS-LS-2A, B

Condensate storage tanks low level Level switch
(E22-NOO1A, B)
HPCS-LS-1A, B

Condensate supply line level Pressure switch
HPCS-PS-3A, B

? Instruments in parentheses are the GE designation.
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Table 7.3-2

Automatic Depressurization
System Instrumentation

Function Instrument®

Reactor vessel low water level (level 3) Level switch
(B22-NO38A, B)
MS-LIS-38A, B

Reactor vessel low water level (level 1) Level switch
(B22-N037A-D)
MS-LIS-37A-D

Low-pressure coolant injection permissive Pressure switch
(E12-N016A-C)
RHR-PS-16A-C
(E12-N019A-C)
RHR-PS-19A-C

Low-pressure core spray permissive Pressure switch
(E21-N001)
LPCS-PS-1
(E21-N009)
LPCS-PS-9

Automatic depressurization time delay Timer
B22-K5AA
(MS-RLY-ADKS5AA)
B22-K5BB
(MS-RLY-ADKS5BB)

% Instruments in parentheses are the GE designation.
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Table 7.3-3

Low-Pressure Core Spray
System Instrumentation

Function Instrument®

Reactor vessel low water level (level 1) Level switch
MS-LIS-37A, C
(B22-NO37A, C)

Drywell high pressure Pressure switch
MS-PS-48A, C
(B22-N048A, C)

Injection valve permissive Pressure switch
MS-PS-413C
(B22-N413C)

Pump minimum flow bypass Flow switch
LPCS-FIS-4
(E21-N004)

? Instruments in parentheses are the GE designation.
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Low-Pressure Coolant Injection
Instrumentation

Amendment 59
December 2007

Function

Instrument®

Reactor vessel low water level (level 1)

Drywell high pressure

Low-pressure coolant injection pump delay
(on loss of normal power)

Injection valve permissive

Pump minimum flow bypass

Level switch
MS-LIS-37A-D
(B22-N037A-D)

Pressure switch
MS-PS-48A-D
(B22-N048A-D)

Timer
RHR-RLY-K70A, B

Pressure switch
MS-PS-413A, B, D
(B22-N413A, B, D)

Flow switch
RHR-FIS-10A-C
(E12-NO10A-C)

? Instruments in parentheses are the GE designation.
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Table 7.3-5

Primary Containment and Reactor Vessel
Isolation Control System Instrumentation

Function

Instrument?®

Reactor vessel low water level (level 3)

Reactor vessel low-low water level (level 2)

Reactor vessel low-low-low water level
(level 1)

Main steam line high radiation
[closes RRC-V-19 (20)]

Main steam line tunnel high temperature
Main steam line tunnel high differential
temperature

Main steam line low pressure

Drywell high pressure

Reactor building ventilation exhaust high

radiation

Main condenser low vacuum

LDCN-09-007 7.3-35

Level switch
MS-LIS-24A-D
(B22-N024A-D)

Level transmitter
MS-LT-61A-D

Level switch
MS-LS-300A-D

Level transmitter
MS-LT-61A-D

Level switch
MS-LIS-200A-D

Radiation monitor
MS-RIS-610A-D
(D17-K610A-D)

Temperature monitor
LD-MON-2A (2B)

Pressure switch
MS-PS-15A-D
(B22-NO15A-D)

Pressure switch
RPS-PS-2A-D
(C72-N002A-D)

Radiation monitor
REA-RIS-609A-D
(D17-K609A-D)

Pressure switch
MS-PS-56A-D
(B22-N056A-D)
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Table 7.3-5

Amendment 61
December 2011

Primary Containment and Reactor Vessel
Isolation Control System Instrumentation (Continued)

Function

Instrument?®

Main steam line high flow

RWCU system high differential flow
RWCU blowdown line high flow

RWCU equipment areas high temperature
RWCU equipment areas high differential
temperature

RHR shutdown cooling suction high flow

RHR equipment areas high temperature
RHR equipment areas high differential
temperature

RCIC steam supply line high flow

RCIC equipment areas high temperature
RCIC equipment areas high differential
temperature

Differential pressure switch
MS-DPIS-8A-D
(E31-NOO8A-D)
MS-DPIS-9A-D
(E31-NO09A-D)
MS-DPIS-810A-D
(E31-NO10A-D)
MS-DPIS-11A-D
(E31-NO11A-D)

Flow Switch
LD-FS-605A,B

Flow Switch
LD-FS-15,16

Temperature Monitor
LD-MON-1A,1B

Differential Pressure Switch
RHR-DPIS-12A,B

Temperature Monitor
LD-MON-2A,2B

Differential pressure switch
RCIC-DPIS-13A,B
RCIC-DPIS-7B

Temperature Monitor
LD-MON-1A,1B

? Instruments in parentheses are the GE designation.
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Table 7.3-6

DELETED
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Table 7.3-7

Residual Heat Removal System - Containment Spray
Cooling Mode System Instrumentation

Function Instrument®

| Drywell high pressure Pressure switch
(B22-N048A-D)
MS-PS-48A-D

Reactor vessel low water level (level 1) Level switch
(B22-N037A-D)
MS-LIS-37A-D

? Instruments in parentheses are the GE designation.
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Table 7.3-8

Residual Heat Removal System - Suppression Pool
Cooling Mode System Instrumentation

Function Instrument®

Reactor vessel low water level (level 1) Level switch
(B22-N0O37A-D)
MS-LIS-37A-D

Drywell high pressure Pressure switch
(B22-N048A-D)
MS-PS-48A-D

Suppression pool temperature - high Temperature recorder
CMS-TR-5, 6
Temperature indicator
SPTM-TI-5

? Instruments in parentheses are the GE designation.
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Table 7.3-9

Standby Service Water System Instrumentation

Function Instrument
Standby service water discharge pressure Pressure switch
low SW-PS-1A, 1B, and 40B
Spray pond temperature Temperature switch

SW-TS-1A, 1B, 1C, and 1D
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Table 7.3-10

Main Control Room and Critical Switchgear
Room HVAC System Instrumentation

Function Instrument®
Control room temperature Temperature controller
WMA-TIC-11A, B
Switchgear rooms temperature Temperature controllers

WMA-TIC-52A, B
WMA-TIC-53A, B

Reactor vessel low-low water level (level 2) Level transmitter
MS-LT-61A-D
Level switch
MS-LS-300A-D

Drywell high pressure Pressure switch
(C72-NO02A-D)
RPS-PS-2A-D

Reactor building ventilation exhaust high Radiation monitor
radiation (D17-K609A-D)
REA-RIS-609A-D

* Instruments in parentheses are the GE designation.
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