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7.1 INTRODUCTION

Chapter 7 presents specific detailed design and performance
information for instrumentation and control of safety-related and
major plant control systems utilized throughout the plant. In
addition, nonsafety-related major plant control systems are
presented in Section 7.7. The design and performance
considerations of these systems, safety functions, and their
mechanical aspects are described in other chapters. Equipment
arrangement drawings are identified in Section 1.2;
instrumentation location drawings and elementary diagrams are
identified in Section 1.7.

7.1.1 Identification of Safety-Related Systems

The systems presented in Chapter 7 are classified according to
the NRC Regulatory Guide 1.70, Revision 3; namely, reactor
protection (trip) system (RPS), engineered safety feature (ESF)
systems, safe shutdown systems, safety-related display
instrumentation, all other instrumentation systems required for
safety, and control systems not required for safety. Table 7.1-1
lists safety-related systems and identifies the designer and the
supplier. Tables 7.1-2 and 7.7-2 identify nuclear power plants
of similar instrumentation and control design that have recently
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 the reactor protection
(trip) system, ESF systems, safe shutdown systems, safety-related
display instrumentation, and other systems required for safety,
as described in Chapter 7.

1. Reactor Protection (Trip) System (RPS)

The RPS instrumentation and controls 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.
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2. Emergency Core Cooling Systems (ECCS)

The ECCS instrumentation and controls 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)
mode of the residual heat removal (RHR) system. This
provides adequate core cooling following a loss-of-coolant
accident (LOCA) to prevent fuel cladding failure due to
excessive temperatures.

3. Containment and Reactor Vessel Isolation Control System
(CRVICS)

The CRVICS instrumentation and controls initiate automatic
closure of various reactor coolant pressure boundary and
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
drywell or the containment.

4. Main Steam-Positive Leakage Control System (MS-PLCS)

The MS-PLCS instrumentation and controls are provided to
prevent the release of fission products to the atmosphere
following a design basis LOCA by establishing a pressurized
barrier between the containment and the environs.

5. Standby Gas Treatment System (SGTS)

The SGTS processes potentially radioactive materials
following a design basis accident (DBA).

6. Combustible Gas Control System

The combustible gas control system provides three
safety-related systems: the hydrogen analyzer system, the
hydrogen mixing system, and the hydrogen recombiner system.
Sufficient instrumentation is provided to monitor the
concentration of free hydrogen in the drywell and
containment, and to reduce the hydrogen concentration to a
safe level.
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7. Reactor Plant Ventilation System 

 The reactor plant ventilation system provides an ESF system:  
the containment ventilation system.  Instrumentation is 
provided to limit the temperature buildup within the 
containment, and to divert the annulus exhaust through a 
filtration system when a high radiation or LOCA condition is 
present.  Monitoring of the annulus exhaust for 
radioactivity is provided by the radiation monitoring system 
(RMS).

8. RHR Suppression Pool Cooling Mode (SPCM) 

 The SPCM is a manually initiated mode of the RHR system that 
is provided to cool suppression pool water to avoid elevated 
pool temperature. 

9. Standby Service Water (SSW) System 

 The SSW system instrumentation and controls provide backup 
for the normal service water system and reactor plant 
component cooling water system to ensure an adequate supply 
of cooling water to safety-related equipment. 

10. Control Building Air Conditioning System 

 The control building air conditioning system instrumentation 
and controls assure that the control building has adequate 
heat, air conditioning, and ventilation during normal 
operation and during all accident conditions. 

11. Control Building Chilled Water System 

 The control building chilled water system instrumentation 
and controls assure that the main control room area, the 
standby switchgear room, and the chiller equipment room air 
conditioning units have adequate chilled water during 
normal, shutdown, or accident conditions. 

12. Standby Power Support Systems 

 Standby power support systems instrumentation and controls 
ensure the availability of the diesel generator auxiliary 
systems.  Manual controls for diesel startup are provided 
locally at the diesel generators and remotely in the main 
control room. 
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13. Diesel Generator Building Ventilation System

The diesel generator building ventilation system provides
instrumentation to maintain the diesel generator building
within its design temperature to ensure proper operation of
the diesel generators.

14. SSW Pump House Ventilation System

The SSW pump house ventilation system instrumentation and
controls are provided to maintain the proper ambient
temperature around the SSW pumps and to provide an adequate
flow of cool air around the electrical switchgear and
transformer.

15. Auxiliary Building Ventilation System

The auxiliary building ventilation system provides
instrumentation to maintain the ESF areas within the
auxiliary building within design temperature and to divert
the exhaust air through a filtration system when a high
radiation condition is present.

16. Fuel Building Ventilation System
•→14

The fuel building ventilation system instrumentation and
controls monitor and control the supply of filtered and
tempered air to various operating areas. The fuel building
ventilation system processes potentially radioactive
materials following a fuel handling accident (FHA) in the
fuel building.

14←•
17. Reactor Core Isolation Cooling (RCIC) System
•→15

The RCIC instrumentation and controls provide makeup water
to the reactor vessel in the event the reactor becomes
isolated from the main condensers during normal plant
operation by closing the main steam isolation valves
(MSIVs).

15←•
18. RHR Reactor Shutdown Cooling Mode (RSCM)

The RSCM of the RHR system is manually initiated to provide
cooling to remove the decay and sensible heat from the
reactor vessel so that the reactor can be refueled and
serviced.
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19. Standby Liquid Control System (SLCS)

The SLCS instrumentation and controls provide manual
initiation of a reactivity control system which can shut
down the reactor from rated power to the cold condition, in
the event that a sufficient number of control rods cannot be
inserted manually by the rod control and information system
(RCIS) to achieve reactor shutdown.

20. Remote Shutdown System (RSS)

The RSS provides the capability to assure safe shutdown of
the reactor in the event the main control room should become
uninhabitable.

21. Safety-Related Display Instrumentation (SRDI)

The SRDI provides information to the operator enabling him
to monitor transient reactor plant behavior and to verify
proper safety system performance.

22. Recirculation Pump Trip (RPT)

The RPT instrumentation and controls are provided to reduce
the severity of thermal transients on fuel due to a
turbine/generator trip and load rejection by tripping the
recirculation pumps early in the event, thus rapidly
reducing core flow and increasing void content and thereby
reducing reactivity in conjunction with the control rod
scram.

23. Leak Detection System (LDS)

The LDS uses various temperature, pressure, level, flow
sensors, and fission product monitors to detect, annunciate,
alarm, and isolate (in certain cases) water and steam
leakage paths in selected reactor systems.

24. Neutron Monitoring System (NMS)

The NMS instrumentation and controls use incore neutron
detectors to monitor core neutron flux. The NMS provides
signals to the RPS trip channels to scram the reactor. Core
average neutron flux or average simulated thermal power 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 plant operation.
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25. Radiation Monitoring System (RMS)

The RMS instrumentation and controls measure, evaluate, and
report radioactivity in process streams in liquid and
gaseous effluents, and in selected plant areas, and function
to limit the release of radioactive materials to the
environs.

26. Fuel Pool Cooling (FPC) System

The FPC system instrumentation and controls monitor water
temperature and provide cooling of the spent fuel storage
pool.

27. Penetration Valve Leakage Control System (PVLCS)
•→10

The PVLCS provides instrumentation to ensure adequate air
supply to the main steam and drain lines containment
isolation valves to prevent leakage of fission products
through the valve seats after a LOCA.

10←•
28. Rod Pattern Control System (RPCS)

The RPCS instrumentation and controls are provided to reduce
the consequences of a postulated rod drop accident by
preventing control rod movement into unacceptable rod
patterns.

29. Safety Relief Valves (SRV) - Relief Function

The SRV instrumentation and controls provide a relief
function to relieve high pressure conditions in the nuclear
system that could lead to the failure of RCPB.

7.1.2 Identification of Safety Criteria

Instrumentation and control equipment design is based on the need
to have the system perform its intended function while meeting
applicable sections of Title 10 Code of Federal Regulations,
Part 50 (10CFR50), Industry Codes and Standards, and NRC
Regulatory Guides. Refer to Sections 7.2 through 7.6 for
discussion of design bases for each safety-related system. The
degree of conformance to NRC Regulatory Guides is provided in
Section 1.8.

7.1.2.1 Regulatory Requirements

The plant safety-related systems have been examined with respect
to specific regulatory requirements which are
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applicable to the instrumentation and controls of these systems.
These regulatory requirements include:

1. 10CFR50

2. Industry Codes and Standards

3. NRC Regulatory Guides.

The specific regulatory requirements pertaining to each system's
instrumentation and control 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 Conformance to Title 10, Code Of Federal Regulations,
Part 50 (10CFR50) Appendix A - General Design Criteria
(GDC)

The conformance discussions provided in Section 3.1 for the GDC
apply to the safety-related systems in Chapter 7 as identified in
Table 7.1-3.

7.1.2.3 Conformance to IEEE Standards

The following are compliance discussions for those IEEE standards
which apply generically to the safety-related systems indicated
in Table 7.1-3. Those IEEE standards which do not apply
generically to the safety-related systems in Chapter 7 are
discussed for each system in the analysis portions of
Sections 7.2 through 7.6. Where schedules permitted, later
issues of IEEE standards were used (Table 7.1-3).
•→10
1. Conformance to IEEE 279-1974 - Protection Systems for

Nuclear Power Generating Stations

Conformance to IEEE 279-1974 is discussed in Regulatory
Guide 1.75 of Section 1.8 and applies to each system in the
analysis portion of Sections 7.2-7.6. The independence and
separation criteria for redundant systems in accordance with
IEEE 279-1971 has been address as part of IEEE 384-1974.

Bypass/inoperative indication system for automatic safety
systems is designed to satisfy the requirements of IEEE 279-
1971 and further described in conformance to Regulatory
Guide 1.47.

Manual initiation of the completion of the automatic and
protective function is designed to satisfy the requirements
of IEEE 279-1971. See Section 7.1.2.4.5 for further
compliance discussions.

10←•
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•→10
Adjustments, calibration, and test point methodology used in
determining safety system setpoints are designed in
conformance to IEEE 279-1971. See Section 7.1.2.5 and River
Bend's position in Regulatory Guide 1.105 for further
conformance discussion.

2. Conformance to IEEE 308-1974 - Class 1E Power Systems for
Nuclear Power Generating Stations

10←•
All electrically operated breakers are provided with breaker
status indication in the main control room. All 13.8-kV,
4.16-kV, and 480-V breakers and 125-V dc switchgear breakers
alarm in the main control room when the breaker
automatically trips. For Class 1E and 120-V ac and 125-V dc
circuits, indication is provided in the main control room
for loss of power in accordance with Regulatory Guide 1.47.

Conformance to IEEE 308-1974 is described in Section 8.3.
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•→10
3. Conformance to IEEE 317-1976 - Electric Penetration

Assemblies in Containment Structures
10←•

Conformance to IEEE 317-1976 is described in Chapter 8.
•→10
4. Conformance to IEEE 323-1974 - Qualifying Class 1E

Equipment for Nuclear Power Generating Stations
10←•

Conformance to IEEE 323-1974 is described in Section 3.11.
•→10
5. Conformance to IEEE 336-1971 - Installation, Inspection, and

Testing Requirements for Instrumentation and Electric
Equipment During the Construction of Nuclear Power
Generating Stations

10←•
Where applicable, purchase and contract specifications
define installation, inspection, and testing requirements
for plant instrumentation and controls. Conformance to
IEEE 336-1971 is discussed in Section 8.1.

•→10
6. Conformance to IEEE 338-1971 - Periodic Testing of Nuclear

Power Generating Stations
10←•

Conformance to IEEE 338-1971 is presented on a system basis
in the analysis portions of Sections 7.2, 7.3, 7.4, and 7.6
as part of the discussion of Regulatory Guide 1.22
compliance.

•→10
7. Conformance to IEEE 344-1975 - Seismic Qualification of

Class 1E Equipment
10←•

Conformance to IEEE 344-1975 is described in Section 3.10.
•→10
8. Conformance to IEEE 379-1972 - Application of Single-Failure

Criterion to Nuclear Power Generating Stations
10←•

The extent to which the single-failure criteria of
IEEE 379-1972 are satisfied is specifically covered for each
system in the analysis of IEEE 279-1971, Paragraph 4.2 in
Sections 7.2, 7.3, 7.4, 7.6, and in the Failure Modes and
Effects Analysis, Books 1 and 2.

•→10
9. Conformance to IEEE 384-1974 - Independence of Class 1E

Equipment and Circuits
10←•

The safety-related systems described in Sections 7.2 through
7.6 meet the independence and separation
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 criteria for redundant systems in accordance with 
IEEE 279-1971, Paragraph 4.6. 

 The criteria and bases for the independence of 
safety-related instrumentation and controls, electrical 
equipment, cable, cable routing, marking, and cable 
derating, are discussed in Section 8.3.  Fire detection and 
protection in the areas where wiring is installed are 
described in Section 9.5.1 and in Appendix 9A. 

 RBS instrument cabinets and main control room boards meet 
the separation criteria defined in Sections 5.6 and 5.7 of 
IEEE 384-1974. 

 The preferred method of separation at RBS is by physical 
separation of redundant Class 1E systems by safety class 
structures.  Where physical separation by separate 
enclosures is not possible because of the  plant design, a 
barrier or 6-in minimum separation distance is provided.  
Instances where a barrier or 6-in separation is not 
provided, as required, have been analyzed to ensure 
compliance with Regulatory Guide 1.75, Revision 2, and 
IEEE 384-1974. 

 Control panels are physically separated so that hazards such 
as fire, missiles, pipe whip, and water sprays, including 
fire protection water systems, do not cause failures common 
to redundant Class 1E functions (Sections 9.5, 3.5, and 
3.6).  The station arrangement drawings shown in Section 1.2 
identify equipment locations which may be used to verify 
separation by physical location and safety class structures.  
A further description of the PGCC design is provided in 
Reference 2. 

10
10. Conformance to IEEE 387-1977 - Diesel-Generator Units 

Applied as Standby Power Supplies for Nuclear Power 
Generating Stations

10
 Design and qualification testing of the standby power system 

used to furnish electrical power to safety loads conforms to 
IEEE 387-1977 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 308-1974 as discussed in Section 8.3. 
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7.1.2.4 Conformance to NRC Regulatory Guides

The following are compliance discussions for those Regulatory
Guides which apply generically to the safety-related systems
described in Chapter 7. Those Regulatory Guides which do not
apply generically to the safety-related systems in Chapter 7 are
discussed for each system in the analysis portion of
Sections 7.2, 7.3, 7.4, and 7.6.

1. Conformance to Regulatory Guide 1.11

Conformance to Regulatory Guide 1.11 is discussed in
Section 1.8 and in Section 6.2.4.

2. Conformance to Regulatory Guide 1.29
•→10

All safety-related instrumentation and control equipment are
classified Seismic Category I, designed to withstand the
effects of the SSE and to remain functional during normal and
accident conditions. Qualification and documentation
procedures used for Seismic Category I equipment and systems
are identified in Sections 3.2 and 3.10. Conformance to
Regulatory Guide 1.29 is discussed in Section 1.8.

10←•
3. Conformance to Regulatory Guide 1.30
•→10 •→7

The quality assurance (QA) requirements of IEEE 336-1971 (see
previous discussion) are applicable during the plant design
and construction phases and are also to be implemented as an
Operations QA program during plant operation in response to
Regulatory Guide 1.30. The conformance to Regulatory
Guide 1.30 is further discussed in Chapter 17 and
Section 1.8.

7←• 10←•
4. Conformance to Regulatory Guide 1.47

The system of bypass/inoperative indication for automatic
safety systems is designed to satisfy the requirements of
IEEE 279-1971, paragraph 4.13 and Regulatory Guide 1.47. The
design of the bypass/inoperative indication system allows
testing during normal operation, and is used to supplement
administrative procedures by providing indication of
automatic safety system status.

The bypass/inoperative indication system is designed and
installed in a manner which precludes the possibility of
adverse effects on the plant safety systems. Those portions
of the system which when faulted could reduce
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the independence between redundant safety systems are
electrically isolated from the protection circuits.

Typically, the following bypasses or inoperabilities cause
automatic actuation of system level annunciation for the
affected system:

a. Pump motor breaker not in operate 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. Bypass or test switches actuated.

Automatic indication and annunciation are provided in the
main control room to indicate that a system or part of a
system is inoperable or bypassed. Bypass/inoperative
indication is provided for those automatic safety systems
indicated in Table 7.1-3 under Regulatory Guide 1.47. In
addition, bypass/inoperative indication is provided for the
following manually actuated systems:

a. Combustible gas control system

b. Standby liquid control system

c. Penetration valve leakage control system.

Details of the system inputs are provided in the logic
diagrams provided in Sections 7.3, 7.4, 7.5, and 7.6 and in
the discussion on diesel generator system protection and
surveillance in Section 8.3.1.1.4.

Bypasses of certain infrequently used pieces of equipment,
such as manual locked-open valves, are not automatically
annunciated in the main control room. However, capability for
manual activation of each system level bypass/inoperative
status indicator is provided by means of handswitches in the
main control room for those systems that have these
infrequently used bypasses.

Operation of manual valves, use of manual disconnects, or
other operations occurring once a year or less
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frequently which could impair plant safety system
performance, are controlled by administrative procedures and
followed by system testing when such infrequent operations
are completed. RBS administrative procedures contain shift
turnover instructions which provide for a positive assessment
of plant conditions and system status. These procedures
minimize the probability of system bypasses existing
undisclosed between periodic functional tests.

A summary of bypass and inoperable indication for auxiliary
and support systems is provided in Section 7.5.1.5 and shown
in Table 7.5-3.

5. Conformance to Regulatory Guide 1.62

Manual initiation of the protective action is provided at the
system level for all safety systems including RPS, ESF, and
all other systems required for safety. The manual controls
are easily accessible to the operator so that action can be
taken in an expeditious manner. Operation of the manual
initiation accomplishes all the actions performed by the
automatic initiation circuitry.

•→10
The amount of equipment common to initiation for both manual
and automatic protective functions is kept to a minimum
through implementation of the manual control as close as
practicable to the final actuator devices (scram contactors
or relays) of the protective systems. No single failure in
the manual, automatic, or common portion of the protection
system will prevent initiation by manual or automatic means.
The FPC system is manually initiated from the main control
room by actuation of system pump and valve controls. Manual
initiation of a protective function, once initiated, goes to
completion as required by IEEE 279-1971, Section 4.16. See
Section 1.8 for the general applicability of this Regulatory
Guide.

10←•
6. Conformance to Regulatory Guide 1.63

See Sections 1.8 and 8.3.1.

7. Conformance to Regulatory Guide 1.68

See Sections 1.8 and 14.2.
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8. Conformance to Regulatory Guide 1.70

See Section 1.8.

9. Conformance to Regulatory Guide 1.73

See Section 1.8.

10. Conformance to Regulatory Guide 1.75

See Sections 1.8 and 8.3 and Appendix 9A.

11. Conformance to Regulatory Guide 1.89

See Section 1.8.
•→10
12. Conformance to Regulatory Guide 1.97

Those devices needed to monitor plant status following an
accident are in compliance with Regulatory Guide 1.97.
Regulatory Guide 1.97 requires reliable indicators to the
operators to be able too respond in accident conditions.
Section Sections 1.8 and 7.2-7.6 for the River Bend position
on Regulatory Guide 1.97.

13. Conformance to Regulatory Guide 1.100
10←•

See Section 1.8.
•→10
14. Conformance to Regulatory Guide 1.105

Regulatory Guide 1.105 stipulates the system method for
specifying and reviewing the Technical Specifications on
allowable values and setpoints and ensuring that instrument
setpoints are initially within and remain within the
Technical Specification limits. Further guidance is
provided in GE Methodology 7.1.2.5.

10←•
The equipment manufacturers are required to meet the
requirements of regulatory position C.5 pertaining to
securing devices. Final qualification or hardware analyses
determine the need for provisions beyond those normally
provided by the equipment manufacturer.

•→10
15. Conformance to Regulatory Guide 1.118

See Section 8.3.1 and Section 1.8.
10←•
7.1.2.5 NSSS and BOP Safety-Related Set Point Methodology

The methodology used in determining BOP safety system set points
is in accordance with Regulatory Guide 1.105, Revision 1 and
IEEE 279-1971. See Table 1.8-1 for the River Bend Station
position on Regulatory Guide 1.105.
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The balance of plant (BOP) safety-related set points are
established based on the following:

1. A process safety limit (PSL) or safety limit is
selected to maintain the integrity of physical barriers
or other plant characteristics which must remain intact
or operational. A safety factor or allowance is
incorporated into the safety limit value.
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2. A limiting safety system setting (LSSS) is established
by providing an allowance between the PSL and the LSSS
equal to (as a minimum) instrumentation inaccuracies
such as instrument inaccuracies, power supply effects,
seismic effects, environmental effects (temperature,
radiation, etc) and calibration effects.

3. Set points are chosen such that the LSSS is not
exceeded, taking into account tolerances for drift and
adjustability. Additional allowance to account for
uncertainties in analysis is provided where possible.

The LSSS takes into account environmental error allowances as
required based on qualification testing and other sources of
design data. Where worst-case data are not available,
conservative engineering estimates are used until verified data
are obtained to validate or revise same. The present set points
are based on qualification data and, therefore, no exceptions are
taken at the present time.
•→8A •→8
The qualification times for each piece of equipment are included
in the Environmental Qualification Master Equipment List.
•←8 8A←•
•→7
The methodology used in determining NSSS safety system setpoints
is similar to that described above for BOP safety system
setpoints. This methodology is documented in NEDC-31336, General
Electric Instrument Setpoint Methodology, dated October 1986.
This document was developed by the Instrument Setpoint
Methodology Owners Group (ISMG) and approved by the Staff on
February 9, 1993.

An outline of the methodology used for the determination of NSSS
safety-related set points, as described in NEDC-31336, is as
follows:

1. A Licensing Safety Limit is established by licensing
requirements to provide conservative protection for the
integrity of physical barriers that guard against
uncontrolled release of radioactivity. Events of
moderate frequency, infrequent events, and accidents use
appropriately assigned licensing safety limits.
Overpressure events use appropriately selected criteria
for upset, emergency, or faulted ASME category events.

2. An Analytical Limit is established as part of the safety
analysis at a point prior to or at the point where a
desired action is to be initiated to

7←•
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•→7
prevent the safety process variable from reaching the
associated Licensing Safety Limit.

3. The Allowable Value (Technical Specification Limit) is
established based on the Analytical Limit by providing
allowances for the specified or expected calibration
capability and accuracy of the instrumentation and the
measurement errors. This value may then be defined as
a technical specification limit and prescribed as a
licensing condition for the plant.

4. A Nominal Trip Setpoint value is calculated from the
Analytical Limit by taking into account instrument
drift in addition to the instrument accuracy,
calibration and the measurement errors.

Not all safety system setpoints have an associated Analytical
Limit (e.g., Main Steam Line Radiation Monitors). An Allowable
Value, or design basis technical specification limit, may be
defined directly based on plant licensing requirements, previous
operating experience or other appropriate criteria. The Nominal
Trip Setpoint is then calculated from the Allowable Value,
allowing for instrument drift. Where appropriate, a Nominal Trip
Setpoint may be determined directly based on operating experience
or engineering judgment.
7←•
7.1.3 Plant Protection System - Electronic Trip System

This section is provided to describe the analog transmitter/trip
unit (AT/TU) system. The AT/TU system is a plant protection
system design feature generically applied to the reactor
protection (trip) system, ESF systems, and RCIC system(1). As a
design feature of instrument channels within the plant protection
systems, the AT/TU system complies with the Federal Regulations,
Regulatory Guides, and Industry Standards applicable to the
instrumentation and controls of the plant protection systems.

General Description

The AT/TU system utilizes analog instrument channels to monitor
important plant variables, e.g., reactor water level, reactor
pressure, drywell pressure, process flow,
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etc. The analog transmitter converts the process variable sensed
to a 4 to 20 mA linear signal. The minimum and maximum process
variable level is within the 4 to 20 mA signal range. The signal
is transmitted to electronic trip units located in the main
control room. The trip units compare the transmittal signal to a
fixed reference signal. When the transmitted signal increases
above or decreases below the fixed reference signal, the trip
unit trips an associated relay. The relay is selected to either
open or close on receipt of the trip signal.

The AT/TU system consists of master trip assemblies, slave trip
assemblies, and calibration units. The master trip unit also
contains a panel meter that represents transmitter current and is
scaled in units or relative percentages of the process variable
being monitored. A switch position selection internal to the
master trip unit allows for selection of either high trip point
or low trip point. This allows trip relays either to be
energized or deenergized during normal operation.

The slave trip unit is used in conjunction with a master trip
unit when different set points from a common transmitter are
desired. The slave trip unit receives its input signal from the
analog output of a master trip unit.

The calibration unit furnishes the means by which an in-place
calibration check of the master and slave trip units can be
performed. The calibrator contains a stable current source and a
transient current source. The stable current is for verification
of the calibration point of any given channel. The transient
current source is used to provide a step current input into a
selected trip unit such that the response time of that channel
can be determined.

Electrical system equipment protective relay trip set point
selection is based upon the worst manufacturer's relay tolerances
with proper margins applied to reflect any actual operating data.
These selection criteria and periodic surveillance avoid
premature tripping of safety-related circuits due to set point
drift.

7.1.4 Isolation Devices

Two general types of devices, relays, and optical isolators are
used to provide isolation between Class 1E circuits of different
divisions or between Class 1E and non-Class 1E circuits. Other
devices also are used in limited applications to provide
isolation.
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7.1.4.1 Relays
•→5
Relays are used to provide coil-to-contact isolation. Relays
qualified for use as isolation devices are tested to verify the
relays will satisfactorily perform their Class 1E safety
functions under: 1) the full usage of input voltages at given
environmental conditions; and 2) the full range input voltages
for normal environmental conditions at worst case seismic
accelerations for individual locations within the plant.
5←•
The acceptance criterion is that a failure would not occur in any
of the contact or coil circuits. Test results are acceptable.

7.1.4.2 Optical Isolators

Optical isolators consist of an input and output isolator card
which provide for an electrical and thermal barrier between the
input and output. Each signal transmitted from the input side to
the output side is optically coupled by means of a
light-emitting-diode, a quartz rod, and a phototransistor. The
quartz rod acts as a light pipe.

The acceptance criterion for isolators is their ability to
provide electrical isolation and thermal isolation in terms of
protection against the spread of fire.

Conductive electromagnetic interference (EMI) tests using 100 to
500 kHz, 300-V peak-to-peak test signals, and radiated EMI tests
using 0.5 to 100 MHz, 5-V peak-to-peak test signals are
performed.

The acceptance criterion is that no malfunction, undesired
response, degradation of performance, or permanent damage occur
during the EMI testing.
•→10
Photo-optic couplers are used in accordance with IEEE 384-1977 to
isolate class 1E and non-class circuitry. The coupler provides
an output to which a fiber optic cable can be attached and routed
to a non-safety related device.
10←•
7.1.4.3 Other Devices Used to Provide Isolation

1. Circuit Breakers

The circuit breakers within the RPS power supply
distribution cabinets are used as functional isolators for
the purpose of defining the transmission point from
nondivisional to divisional circuits.
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The RPS divisional circuits and loads fed from these circuit
breakers cannot introduce any unsafe failure mode but can
trip on overcurrent and give an RPS channel trip condition.
This is a safe direction trip condition.

The circuit breakers (although non-class 1E devices) are
acceptable functional isolators for purposes of defining the
transmission from nondivisional to divisional fail-safe
circuits. The transition point for RPS power is the
C71-P001/P002 cabinets (non-Class 1E) which contain the
functional isolators.

There is no credible event that would become a safety
concern to the RPS circuit feed or to the plant.

Circuit breakers, when interposed between two fail-safe
divisions, can prevent an unsafe failure mode from
propagating from one division to the other and the circuit
breakers provide functional isolation. The fail-safe
concept of the RPS system allows the use of non-Class 1E
circuit breakers and distribution cabinets. Divisional
isolation in the RPS power distribution cabinets is covered
by analysis.

2. Auxiliary Current Transformer

Class 1E auxiliary current transformers are used to input
Class 1E bus amperage to non-Class 1E current transducers
used for Wh meters. Auxiliary current transformers are
isolation devices in accordance with IEEE 384 (1977),
Section 6.2. Auxiliary current transformers, along with the
switchgear assembly, are tested and qualified in accordance
with IEEE 323 (1974).

•→10
3. Amplifier Isolation

The operational amplifiers in the auxiliary analog output of
Analog Transmitter/Trip Unit are used as an isolator to
provide isolated signals to non-Class 1E multiplex modules.
Auxiliary analog output is used to drive resistive loads by
using operational amplifiers. Any electrical malfunction
(fault) such as maximum credible voltage applied to the
output, or shorts, grounds or open circuits applied to the
output circuit will have not degrading impact on the trip
function.

10←•
7.1.5 Instrument Sensors/Transmitters Located in a Common

Tap/Line

For balance-of-plant safety systems, there are no cases where
instrument sensors or transmitters supplying information to more
than one protection channel or to both a protection channel and a
control channel are located in a common instrucment line or
connected to a common instrument tap.
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LRG-II position paper 1-ICSB is applicable to River Bend Station
for NSSS-supplied safety systems. This LRG-II position provides
an assessment of a break in a vessel level sensing line, common
to control and protective systems, in combination with the worst
single failure in a protective channel and shows the resulting
accident is less severe than, and bounded by, the accidents
described in Chapter 15.

7.1.6 Microprocessors, Multiplexers, or Computer Systems
Used in Safety-Related Systems

Microprocessors, multiplexers, or computer systems are used in,
or interface with, safety-related systems as follows:

1. A microprocessor-based temperature scanner monitors a
substantial number of inputs originating from RTD and
thermocouple type devices which monitor various
temperatures associated with Class 1E and non-Class 1E
equipment. The scanner serves no direct safety
function and consequently has been procured as
non-Class 1E. The following safety-related equipment
have RTDs and thermocouples which are used as inputs
to the subject scanner:

System Temperatures Monitored

High-Pressure Core Spray Pump Motor Stator and Bearing
Low-Pressure Core Spray Pump Motor Stator and Bearing
Residual Heat Removal Pump Motor Stator and Bearing
Standby Liquid Control Pump Bearing
Reactor Core Isolation Pump and Turbine Bearing
Cooling

Standby Diesel Engine Sleeve Bearing

A thermocouple is not essential to emergency reactor
shutdown, containment and reactor heat removal and
therefore is not a Class 1E device. However, it does
share a common enclosure (the motor case) with a Class
1E circuit (the motor windings).

In accordance with IEEE 384, paragraph 6.2.1.1, an
isolation device is not required on the thermocouple
circuits if the independence of redundant Class 1E
circuits (the motors) can maintain protection
functions required during and following any design
basis event as discussed below.

The operation of a motor can be expected to be
affected in the following manner:

a. During a high voltage spike from temperature
scanner. Thermocouple extension wire insulation
is tested to withstand 2,500 V for
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5 min while motor winding insulation is tested to
withstand 11,000-Vac for 1 minute. A high spike
from the scanner does not affect motor winding
insulation and its operation, but can damage
thermocouple winding insulation, thereby
disabling or damaging the temperature scanner
system.

b. Motor winding faults to thermocouples in one
motor cannot cause damage or otherwise affect the
operation of another motor. Any voltage that may
appear at a thermocouple of another motor due to
fault, as stated above, is much less than its
rated insulation strength (11,000 V) of that
motor. The existence of such a voltage and the
circumstances of its production may cause damage
or impair operation of an individual thermocouple
sensor, its scanner, or thermocouple in the
circuits. However, this affects monitoring and
not operation.

2. The plant computer inputs from safety-related circuits
are optically isolated. A description of the NSSS
process computer system is provided in Section
7.7.1.6.

3. The emergency response information system (ERIS) 
computer is isolated from interfacing safety systems 
using the isolation criteria of USAR Table 1.8-1 for 
Regulatory Guide 1.75. A description of ERIS is 
provided in Section 7.7.1.7.

•→10
4. The Digital Radiation Monitoring System (DRMS)

utilizes a multiplexer system. This system optically
couples digital and analog devices to provide up to
4000 Vac isolation of the input signal to the output
signal. The maximum voltage achievable in the panel
bays where the multiplexors are located is 120 Vac or
125 Vdc. This voltage is less than the maximum fault
voltage capability of the multiplexer and the
downstream device. The associated divisional cabling
between the multiplexer input modules and the output
of the downstream device is routed in conduit to meet
isolation requirements of IEEE 384-1974. The DRMS is
isolated from interfacing safety systems using the
isolation criteria of USAR table 1.8-1 for Regulatory
Guide 1.75. A description of DRMS is provided in
Section 7.7.1.8.

10←•
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7.1.7 Transient Monitoring
•→12 •→1
A computer-based data acquisition and analysis system (Emergency
Response Information System) as described in Section 7.7.1.7 is
used to perform emergency response facility functions (i.e.,
safety parameter display system) and startup transient monitoring
type functions.

The equipment monitoring safety-related functions is permanently
installed to the same standards as all other safety-related
equipment and complies with the separation requirements of
Regulatory Guide 1.75.
1←•
Isolation is accomplished by transmission via optical fiber
cable. The optical isolation is accomplished downstream of
signal conditioning and analog-to-digital conversion. The remote
DAS chassis are classified as Class 1E where Class 1E power is
furnished to the unit. Thus, within a given DAS cabinet, only
signals of one safety division are connected. Those portions of
the system that are required to meet Class 1E requirements for
electrical isolation are qualified in accordance with IEEE
323-1974 and IEEE 344-1975. Additional information on isolation
devices is provided in Section 7.1.4.

To maintain the signal conditioning and multiplexing equipment as
divisional devices where required, the power for these devices is
supplied from divisional power sources. In addition, each signal
input to the fiber optic repeaters is individually conditioned
and buffered from all other signals in the same DAS cabinet.
12←•
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7.2 REACTOR PROTECTION (TRIP) SYSTEM

7.2.1 Description

7.2.1.1 System Description

RPS Function

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

RPS Operation

Schematic arrangements of RPS mechanical equipment operator
information displays, and sensor channel arrangements are shown
in Fig. 7.2-1. Instrumentation location drawings and elementary
diagrams are identified in Section 1.7. The RPS power supply is
discussed in Chapter 8.

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

During normal operation, all trip channel relays essential to
safety are energized; channels, logics, and actuators are
energized.

There are at least four trip channels for each variable. The
trip channels are designated A, B, C, and D. Each trip channel
is associated with the trip logic of the same designation.

Trip logics A and C 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 percent of the total control rods). Trip logics
B and D control the B pilot scram valve solenoids in each of the
four rod groups.

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

There are two scram valves and one dual-coil pilot scram valve
for each control rod. The pilot scram valve is
solenoid-operated, with the solenoids normally energized. The
pilot scram valve controls the air supply to the scram
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valves for each control rod. With either one of the two pilot
scram valve coils energized, air pressure holds the scram valves
closed. The scram valves control the supply and discharge paths
for the control rod drive (CRD) water.

When trip logics A or C and B or D are tripped, the scram valves
are actuated, scramming all control rods. The water displaced by
the movement of each rod piston is exhausted into a scram
discharge volume.

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. Four reset switches (1 per trip channel) 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 valve solenoids are
energized (initiate scram) when trip logics A or C and B or D are
tripped.

Sensor trip channel inputs to the RPS causing reactor scram are
discussed in the following paragraphs.

1. Neutron Monitoring System (NMS)

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

NMS instrumentation is described in Section 7.6. The NMS
sensor channels are considered to be part of the NMS and not
the RPS; however, the NMS logics are considered to be part
of the RPS. Each NMS logic receives signals from one
Intermediate range monitor (IRM) channel and one average
power range monitor (APRM) channel.

The NMS logics are arranged so that failure of any one logic
cannot prevent the initiation of a high neutron flux or
simulated thermal scram. As shown in Fig. 7.6-2, there are
eight NMS logics associated with
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the RPS. Each RPS trip channel receives inputs from two NMS
logics.
•→15
15←•

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

IRM channels A, C, E, and G and channels B, D, F, and H are
bypassed in the same manner as the APRM channels.

Bypassing either an APRM or an IRM channel does not inhibit
the NMS from providing protective action when required.

a. Intermediate Range Monitors (IRM)

The IRM channels monitor neutron flux between the
upper portion of the SRM range and the lower portion
of the APRM range. The IRM detectors are positioned
in the core remotely from the main control room.

The IRM is divided into two groups of four IRM
channels. Two IRM channels are associated with each
of the trip channels of the RPS. The arrangement of
IRM channels allows only one IRM channel in each group
to be bypassed at one time.

Each IRM channel includes four trip circuits. One
trip circuit is used as an instrument trouble trip.
It operates on three conditions: 1) when the high
voltage drops below a preset level, 2) when one of the
modules is not plugged in, or 3) when the
OPERATE-CALIBRATE switch is 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.
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With the reactor mode switch in REFUEL or STARTUP, an
IRM upscale or inoperative trip signal actuates an NMS
trip of the RPS. Only one of the IRM channels must
trip to initiate an NMS trip of the associated RPS
trip channel.

b. Average Power Range Monitors (APRM)

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 APRM channels supply trip signals to the RPS. The
APRM upscale thermal power scram trip set points vary
as a function of reactor recirculation loop flow.
Each APRM channel receives a flow signal
representative of total recirculation flow. This
signal is obtained by summing the flow signals from
the two recirculation loops. These flow signals are
sensed from four pairs of elbow taps, two in each
recirculation loop. The APRM signal for the thermal
power scram trip is passed through a 6-sec time
constant circuit to simulate thermal power. A faster
response (approximately 0.09 sec) APRM upscale trip
has a fixed set point, not variable with recirculation
flow. Any APRM upscale or inoperative trip initiates
an NMS trip in the RPS. Only the trip logic
associated with that APRM is affected. At least one
APRM channel in each trip system of the RPS must trip
to cause a scram. The operator can only bypass one
APRM channel in each trip system of the RPS at one
time.

In addition to the IRM upscale trip, a fast response
APRM trip function with a set point of 15 percent
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 and reactor vessel high
pressure trip signals. An increase in reactor power
initiates protective action from the NMS as discussed
in the above paragraphs. This increase in power
causes reactor pressure to increase due to a higher
rate of steam generation. Until the load limit of the
turbine generator occurs, the turbine control valve
opens. Once the pressure control limits are reached,
reactor



RBS USAR

7.2-5 August 1987

pressure increases until the resulting trip from
reactor vessel high pressure. These variables are
independent of one another and provide diverse
protective action for this condition.

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 barrier failure and reactor
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
transmitters, each of which provides a reactor high pressure
signal input to one of the four RPS trip logics.

3. Reactor Vessel Low Water Level

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

Reactor vessel water level is monitored by four redundant
differential pressure transmitters, 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 RCPB is
provided by reactor vessel low water level and high drywell
pressure trip signals.

4. Reactor Vessel High Water Level

Increasing water level while the reactor is at power
indicates an increase in feedwater flow and impending power
increase. The high water level trip causes a
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 scram prior to significant power increase, limiting neutron 
flux and thermal transient, so that the fuel design basis is 
satisfied.

 Reactor vessel high water level is monitored by four 
redundant differential pressure transmitters, each of which 
provides a reactor vessel high water level (trip level 8) 
signal input to one of the four RPS trip logics.  These are 
the same transmitters that provide the reactor vessel low 
water level trip. 

 Diversity of trip initiation for reactor vessel high water 
level is provided by reactor vessel high pressure trip 
signals and NMS trip signals. 

 An operating bypass of the reactor vessel high water level 
trip is provided in all reactor operating modes, except RUN. 

5. Turbine Stop Valve Position  

 A turbine trip initiates closure of the turbine stop valves, 
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 stop valve 
closure scram initiates a scram earlier than either the NMS 
or reactor vessel high pressure to provide a 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 reactor system, the turbine 
stop valve closure scram provides additional margin to the 
reactor vessel pressure limit. 

16
 Turbine stop valve closure inputs to the RPS originate from 

eight redundant valve stem position switches mounted on the 
four turbine stop valves.  Each of the double-pole, 
single-throw switches actuate during valve movement from 
open to 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 stop valve closure scram. 

16
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Diversity of trip initiation for increases in reactor vessel
pressure due to termination of steam flow by turbine stop
valve closure or control valve closure is provided by
reactor vessel high pressure and high neutron flux trip
signals.

Turbine stop valve closure trip bypass is effected by four
pressure transmitters sensing turbine first stage pressure.
The turbine stop valve closure scram is automatically
bypassed if the turbine first stage pressure is less than
that corresponding to 40 percent of rated reactor power.
The bypass is automatically removed above 40 percent of
reactor power.

6. Turbine Control Valve (TCV) Position

Generator load rejection with the reactor above 40 percent
power automatically initiates fast closure of the TCVs which
results in a significant addition of positive reactivity to
the core as nuclear system pressure rises. The TCV fast
closure scram initiates a scram earlier than either the NMS
or reactor vessel high pressure scrams 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 reactor vessel high pressure
scram, in conjunction with the pressure relief system, is
adequate to preclude overpressurizing the reactor vessel,
the TCV fast closure scram provides additional margin to the
reactor vessel pressure limit. The TCV fast closure scram
setting is selected to provide timely indication of control
valve fast closure.

TCV 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 trip channels. If
hydraulic oil pressure is lost, a TCV fast closure scram is
initiated.

Automatic TCV fast closure scram bypass is provided as
described above for the turbine stop valve.

7. Main Steam Isolation Valves (MSIV) Position

The MSIV closure can result in a significant addition of
positive reactivity to the core as reactor vessel pressure
rises.



RBS USAR 

Revision 16 7.2-8 March 2003

16
Two redundant position switches mounted on each of the eight 
MSIVs provide  MSIV closure signals to the RPS.  Each of the 
double-pole, single-throw switches provides the earliest 
positive indication of closure.  Both of the channels 
sensing isolation valve position will receive valve closure 
signals.

 Each RPS sensor trip channel receives signals from the 
valves associated with two steam lines.  The arrangement of 
signals within each channel requires a closure signal from 
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. 
16

 At plant shutdown and during plant startup, a bypass is 
required for the MSIV closure scram trip in order to 
properly reset the RPS.  This bypass is in effect when 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. 

8. Scram Discharge Instrument Volume Water Level  

 Water displaced by the CRD pistons during a scram goes to 
the scram discharge volume.  If the scram discharge volume 
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 instrument 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. 

 Four nonindicating float type level switches (one for each 
channel) provide scram discharge volume (SDV) high water 
level inputs to the four RPS channels.  In addition, a level 
transmitter and trip unit for each channel provide redundant 
SDV high water level inputs to RPS.  This arrangement 
provides diversity and redundancy to ensure that no single 
event could prevent a scram caused by SDV high water level. 
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The scram discharge instrument volume high water level trip
bypass is controlled by the manual operation of four
keylocked bypass switches 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 scram discharge
instrument volume may be drained. Resetting the trip
actuators opens the scram discharge volume vent and drain
valves. An instrument annunciator in the main control room
indicates the bypass condition.

9. 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 pressure transmitters.
Each transmitter provides an input to one of the four RPS
trip channels.

•→8
10. DELETED
•←8

11. Manual Scram

A scram can be initiated manually. There are four scram
switches, one for each of the four RPS trip channels. The
manual scram switches are arranged in two groups of two
switches. One group contains trip channels A and B, and C
and D are in the other group. To initiate a manual scram,
at least two switches, one in each group, must be actuated.
By operating the manual scram switch for one logic at a time
and then resetting that logic, each actuator logic can be
tested for manual scram capability.
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12. 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
electrically independent contact blocks. A SHUTDOWN
position contact from each of the four contact blocks
provides an input to one of the four RPS trip channels.

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

7.2.1.2 Design Basis Information

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 radioactivity material
releases, along with the methods by which abnormal events are
identified, are presented in that chapter.

The following variables are monitored in order to provide
protective actions to the RPS indicating the need for reactor
scram.

1. Variables Monitored to Provide Protective Actions:

a. Neutron flux

b. Reactor vessel high pressure

c. Reactor vessel low water level

d. Reactor vessel high water level

e. Turbine stop valve closure

f. Turbine control valve fast closure

g. Main steam isolation valve closure

h. Scram discharge instrument volume high water
level

i. Drywell high pressure
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The plant conditions which require protective action
involving the RPS are described in Chapter 15.

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 is discussed below.

Two transient analyses are used to determine the minimum
number and physical location of required LPRMs for each
APRM.

a. The first analysis is performed with operating
conditions of 100 percent reactor power and
100 percent 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 number and locations of detectors
needed to provide protective action are determined for
this condition.

b. The second analysis is performed with operating
conditions of 100 percent reactor power and
100 percent 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 number and locations of detectors needed to
provide protective action are determined for this
condition.

The results of the two analyses are analyzed and compared to
establish the actual minimum number and location of LPRMs
needed for each APRM channel. A minimum of 11 LPRMs per
APRM are required to provide adequate protective action.

3. Prudent Operational Limits

Prudent operational 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 material, following
postulated gross failures of the fuel or the RCPB is kept
within acceptable bounds.
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Design basis operational limits are based on operating
experience and constrained by the safety design basis and
the safety analyses. The selection of tentative scram trip
settings has been developed through analytical modeling,
experience, historical use of initial set points, and
adoption of new variables and set points as experience was
gained. The initial set point 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 barrier and RCPB. As additional information became
available or systems were changed, additional scram
variables were provided using the above method for initial
set point selection. The selected scram settings are
analyzed to verify that they are conservative and that the
fuel barriers and RCPB are adequately protected. In all
cases, the specific scram trip point selected is a
conservative value that prevents damage to the fuel or RCPB.

4. Margin

The margin between operational limits and the limiting
conditions of operation (scram) for the RPS are provided in
Chapter 16, Technical Specifications.

5. Levels

Levels requiring protective action are provided in
Chapter 16, Technical Specifications.

6. Range of Transient, Steady-State, and Environmental
Conditions

The environmental qualification of the safety-related RPS
instrumentation and controls is discussed in Section 3.11.
The RPS power supply range of steady-state and transient
conditions is provided in Chapter 8.

7. Malfunction, 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.
Chapter 15 and Appendix 15A describe the following credible
accidents and events: floods, storms, tornadoes,
earthquakes, fires, LOCAs, pipe break outside secondary
containment, feedwater line break, and
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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 stop valve position and TCV fast
closure are designed to the seismic and environmental
qualification requirements in Sections 3.10 and 3.11,
respectively, they are physically mounted on equipment which
is not designed to these requirements and is located in the
turbine generator building which is not designed to the
seismic qualification requirements in Section 3.10. For
this reason, other diverse variables (reactor pressure and
neutron flux trips) may be relied upon for reactor scram if
components in the turbine generator building fail.

a. Floods

The buildings containing RPS components have been
designed to meet the probable maximum flood (PMF) at
the site location. This ensures that the buildings
remain water-tight under PMF including wind-generated
wave action and wave runup.

b. 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.

c. Earthquakes

The structures containing RPS components, except the
turbine building, have been seismically qualified, as
described in Sections 3.7 and 3.8, to remain
functional during and following a SSE.

d. Fires

To protect the RPS in the event of a postulated fire,
the system has been divided into four separate panels.
If a fire were to occur within one of the panels or in
the area of one of the panels, the RPS functions are
not prevented by the fire. Use of separation and fire
barriers ensures that, even though some portion of the
system may be



RBS USAR

Revision 8 7.2-14 August 1996

affected, the RPS continues to provide the required
protective action. See Section 9.5.1.

e. LOCA

The following RPS system components are located inside
the drywell and would be subjected to the effects of a
design basis LOCA:

(1) NMS cabling from the detectors to the main
control room

(2) MSIV (inboard) position switches

(3) Reactor vessel pressure and reactor vessel water
level instrument taps and sensing lines, which
terminate outside the drywell

(4) Drywell pressure instrument taps.
•→8

Items 1 and 2 have been environmentally qualified to
remain functional during and following a LOCA as
discussed in Section 3.11.

•←8
f. Pipe Break Outside Containment

Protection is described in Section 3.6. A feedwater
line break does not affect the operation of the RPS.

g. Missiles

Protection from missiles is described in
Section 3.5.

8. Minimum Performance Requirements

See Technical Specifications.

7.2.1.3 Final System Drawings

The instrument and electrical drawings (IED) have been provided
for the RPS in this section.

Equipment arrangement drawings are provided in Section 1.2.
Elementary diagrams are listed in Section 1.7, and piping and
instrument diagrams are provided in Chapter 5.

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

The RPS is designed in such a way that loss of plant instrument
air, spurious control rod withdrawals, loss of cooling water to
vital equipment, a plant load rejection, or a turbine trip does
not prevent the completion of the safety function.

Chapter 15 identifies and evaluates events that jeopardize the
fuel barrier and reactor coolant pressure boundary. The methods
of assessing barrier damage and radioactive material releases,
along with the methods by which abnormal events are sought and
identified, are also presented in Chapter 15. A system
level/qualitative plant FMEA, the Nuclear Safety Operation
Analysis (NSOA), is presented in Appendix 15A.

7.2.2.1 Conformance to Title 10 Code of Federal Regulations,
Part 50 (10CFR50), Appendix A - General Design
Criteria (GDC)

The conformance discussions provided in Section 3.1 for the GDC
apply to the RPS, as identified in Table 7.1-3.

7.2.2.2 Conformance to IEEE Standards

The following is a discussion of conformance to those IEEE
standards which apply specifically to the RPS. Refer to
Section 7.1.2.3 for a generic discussion of IEEE standards which
apply to the RPS as identified in Table 7.1-3. The nonessential
RPS power and its electrical protection assembly (EPA) are
discussed in Section 8.3.1.1.3.8.1.

1. IEEE 279-1971

a. 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 this Section.

b. 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.
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  Independence of redundant RPS equipment, cables, 
instrument tubing, etc, is maintained, and 
single-failure criteria are preserved through the 
application of the RBS separation criteria as 
described in Section 8.3.1 to assure that no single 
credible event can prevent the RPS from accomplishing 
its safety function. 

 c. Quality of Components and Modules (IEEE 279-1971, 
Paragraph 4.3)

  For a discussion of the quality of RPS components and 
modules, refer to Chapter 17. 

 d. Equipment Qualification (IEEE 279-1971, Paragraph 4.4) 

  For a discussion of the equipment qualification, refer 
to Sections 3.10 and 3.11. 

 e. 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 
refer to Sections 3.10, 3.11, and 8.3.1. 

 f. Channel Independence (IEEE 279, Paragraph 4.6) 

  RPS channel independence is maintained through the 
application of the RBS separation criteria as 
described in Section 8.3.1.

 g. Control and Protection System 

  See Section 3.1, Compliance to GDC 24. 

 h. Derivation of System Inputs (IEEE 279-1971, Paragraph 
4.8)

16
  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: 

16
  (1) Due to the normal throttling action of the TCVs 

with changes in the plant power level, 
measurement of control valve position is not an 
appropriate variable from which to infer 
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the desired variable, which is rapid loss of the
reactor heat sink. Consequently, a measurement
of control valve closure rate is necessary.

(2) 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 control valves.

(3) Loss of hydraulic pressure in the
electrohydraulic control (EHC) oil lines which
initiates fast closure of the control valves is
monitored. These measurements provide indication
that fast closure of the control valves is
imminent.

(4) 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
control valve fast-closure rate.

i. Capability for Sensor Checks(IEEE 279-1971,
Paragraph 4.9)

Refer to Regulatory Guide 1.22 in
Section 7.2.2.3.

j. Capability for Test and Calibration IEEE 279-1971,
Paragraph 4.10)

Refer to Regulatory Guide 1.22 in
Section 7.2.2.3

k. Channel Bypass or Removal from Operation
(IEEE 279-1971, Paragraph 4.11)

The following RPS trip variables have no provision for
sensor removal from service because of the use of
valve position limit switches as the channel sensor:

(1) MSIV closure trip

(2) Turbine stop valve closure trip.
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During periodic test of any one trip channel, a sensor
or trip unit may be removed from service and returned
to service under administrative control procedures.
Since only one sensor or trip unit is removed from
service at any given time during the test interval,
protective action capability for RPS automatic
initiation is maintained through the remaining
rendundant instrument channels.

A sufficient number of IRM channels has been 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 279-1971 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. In order 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.

In a similar manner, one APRM manual bypass switch has
been provided for each RPS trip system to permit one
of the four APRMs to be bypassed at any time.
Mechanical interlocks have been provided with the
bypass switch and electrical interlocks have been
provided in the bypass circuitry to accommodate the
possibility of switch failure. With the maximum
number of APRMs bypassed by the switches, sufficient
APRM channels remain in operation to provide the
necessary protection for the reactor.

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

l. Operating Bypasses (IEEE 279-1971,
Paragraph 4.12)

For a discussion of RPS operating bypasses refer to
Section 7.2.1.1.
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m. Indication of Bypasses (IEEE 279-1971, Paragraph 4.13)

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

n. Access to Means for Bypassing (IEEE 279-1971,
Paragraph 4.14)

Access to means of bypassing any safety action or
function for the RPS is under the administrative
control of the main control room operator. The
operator is alerted to bypasses as described in
Section 7.1.2.4, Regulatory Guide 1.47.

•→14 •→7
Control switches which allow safety system bypasses
are keylocked. All keylock emergency switches in the
main control room are designed in such a way that
their keys can only be removed when the switches are
in the safe position. All keys are normally removed
from their respective switches during operation and
maintained under the control of the shift
superintendent.

7←• 14←•

o. Multiple Set Points (IEEE 279-1971,
Paragraph 4.15)

The reactor mode switch implements more restrictive
scram trip setpoints when it is shifted from RUN to
STARTUP. As the mode switch is moved to STARTUP:

(1) The APRM upscale neutron scram trip is replaced
by the restrictive APRM setdown scram trip at 15%
power.

(2) The IRM range switch dependent scram trips are
enabled.

Each IRM range switch enables successively more
restrictive scram trip setpoints as it is ranged down.

In addition to the mode switch dependent multiple
setpoints, the flow channels which supply control and
reference signals for the APRM upscale thermal scram
continually vary the scram setpoint as flow changes.
A sensed reduction in flow results in more restrictive
scram trip setpoints.
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The devices used to prevent improper use of the less
restrictive setpoints (the mode switch, IRM range
switches, the IRM and APRM signal conditioning
equipment, and the flow channels) are designed in
accordance with criteria regarding the performance
and reliability of protection system equipment.

p. Completion of Protective Action Once It Is Initiated
(IEEE 279-1971, Paragraph 4.16)

Once the RPS trip logic has been deenergized as a
result of a trip channel becoming tripped, or the
actuation of a manual scram switch, the trip logic
seal-in contact opens, and completion of protection
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). After the operator
resets the RPS logic, the associated ESF equipment
(pumps, valves, fans, and dampers) remains in the
emergency mode (safety feature condition) until
deliberate operator action is taken to return the
equipment to the normal mode of operation.

q. Manual Initiation (IEEE 279-1971, Paragraph 4.17)

Refer to the discussion of Regulatory Guide 1.22 in
Section 7.2.2.3.

r. Access to Set Point Adjustments, Calibration, and
Test Points (IEEE 279-1971, Paragraph 4.18)

During reactor operation, access to set point or
calibration controls is not possible for the
following RPS trip variables:

(1) MSIV closure trip

(2) Turbine stop valve closure trip

(3) TCV fast closure trip.

Access to set point adjustments, calibration
controls, and test points for all other RPS trip
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variables is under the administrative control of the
main control room operator.

s. Identification of Protective Actions (IEEE 279-1971,
Paragraph 4.19)

When any one of the RPS sensed variables exceeds its
trip unit set point value, a main control room
annunciator is initiated to identify that variable
and a typed record is available from the process

computer.

t. 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
confusing to the operator.

u. System Repair (IEEE 279-1971, Paragraph 4.21)

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

During reactor operation, the main control room
operator is able to determine failed sensors for the
following RPS trip variables for which subsequent
repair can only be accomplished during reactor
shutdown:

(1) MSIV closure trip

(2) Turbine stop valve closure trip

(3) Neutron monitoring (APRM) system trip

(4) Neutron monitoring (IRM) system trip.

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.
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v. Identification of Protection Systems (IEEE 279-1971,
Paragraph 4.22)

The identification scheme for the RPS system is
discussed in Section 8.3.1.

7.2.2.3 Conformance to NRC Regulatory Guides

The following is a discussion of conformance to those Regulatory
Guides which apply specifically to the RPS. Refer to
Section 7.1.2.4 for a generic discussion of Regulatory Guides
which apply to the RPS, as identified in Table 7.1-3.

1. Regulatory Guide 1.22

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

The manual scram test. The total test verifies the
ability to deenergize the scram pilot valve solenoids
without scram by using the manual scram push button
switches. By actuating the manual scram switches, the
trip logic is deenergized, opening contacts in the trip
actuator logic.

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

The single rod scram test, which verifies 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 or trip unit in turn and observing the trip
channel trip results. The test signals can be applied to
the processing sensing instrumentation (pressure and
differential pressure) through calibration taps.

A test of individual scram discharge instrument volume
water level sensors can be performed during full power
operation by valving out the sensor and injecting water
into a test tap. At plant shutdown, the level
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 transmitters may be calibrated by introducing a fixed volume 
of water into the discharge instrument volume and observing 
that all level transmitters operate at the specified trip 
points.

16
 During plant operation, the operator can set the turbine 

stop valve or MSIV 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 MSIV and 
turbine stop 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 main 
control room signal that the valve is fully open and fully 
closed.  This test does not confirm the exact set point, 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 MSIV and turbine 
stop valve limit switch nominal set points is possible by 
physical observation of the valve stem. 

 During reactor operation, a test and calibration of the 
individual EHC oil line pressure sensors associated with TCV 
closure when the plant is operating above 40 percent of 
rated power may be accomplished by valving one sensor 
out-of-service at a time and introducing a test pressure 
input.

16
 The APRMs are calibrated to reactor power by using a reactor 

heat balance and the TIP system to establish the relative 
local flux profile.  LPRM gain settings are determined from 
the local flux profiles measured by the TIP system once the 
total reactor heat balance has been determined. 

15
 The gain adjustment factors for the LPRMs are produced as a 

result of the ancillary core monitoring system nuclear 
calculations involving the reactor heat balance and the TIP 
flux distributions.  These adjustments, when incorporated 
into the LPRMs, permit the nuclear calculations to be 

15
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completed for the next operating interval and establish
the APRM calibration relative to reactor power.

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 scram discharge instrument
volume 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 scram discharge instrument volume 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 set
point value. When the condition for bypass has been
achieved on an individual sensor under test, the main
control room annunciator for this bypass function is
initiated. If the RPS trip channel associated with this
sensor were in its tripped state, the process computer
would log the return to normal state for the RPS trip
logic. When the plant is operating above 40 percent of
rated power, testing of the turbine stop valve and
control valve fast closure trip channels confirms that
the bypass function is not in effect.

A manual scram switch permits each individual trip logic
and trip actuator logic to be tested on a periodic basis.
Operation of the reset switch following a trip of each
RPS trip channel confirms that the switch is performing
its intended function. (Calibration of the time response
of the trip channel, relays, and trip actuators may be
accomplished by connection of external test equipment.)
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2. Regulatory Guide 1.53

See IEEE 279-1971, Paragraph 4.2, Section 7.2.2.2.
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7.3 ENGINEERED SAFETY FEATURE SYSTEMS

7.3.1 Description

Section 7.3 describes the instrumentation and controls for
the following ESF systems:

1. ECCS

2. CRVICS

3. MS-PLCS

4. SGTS

5. Combustible gas control system

6. Reactor plant ventilation system

7. RHR-SPCM

8. SSW system

9. Control building air conditioning system

10. Control building chilled water system

11. Standby power support systems

12. Diesel generator building ventilation system

13. SSW pump house ventilation system

14. Auxiliary building ventilation system

15. Fuel building ventilation system.

Refer to 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 System (ECCS)

The ECCS is a network of the following subsystems. See Sections
6.3.1 and 6.3.2.

1. HPCS system

2. ADS
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3. LPCS system

4. LPCI mode of the RHR system.

The purpose of ECCS instrumentation and controls is to initiate
appropriate responses from the system to ensure that the fuel is
adequately cooled in the event of a DBA. The cooling provided by
the system restricts the release of radioactive materials from the
fuel by preventing or limiting the extent of fuel damage following
situations in which coolant is lost from the RCPB.

The ECCS instrumentation detects a need for core cooling systems
operation, and the trip systems initiate the appropriate response.

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

1. 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 RCPB and that the core is in danger of becoming
overheated as the reactor coolant inventory diminishes.
Refer to Fig. 5.1-3 for a schematic arrangement of
reactor vessel instrumentation.

2. 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 (HPCS) System

System Function

The purpose of the HPCS is to provide high pressure reactor vessel
core spray for small line breaks which do not depressurize the
reactor vessel. In addition, HPCS is redundant to the RCIC system
for mitigation of the consequences of various events listed in
Appendix 15A. Refer also to Section 6.3.2.2.1.
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System Operation

Schematic arrangements of system mechanical equipment and operator
information displays are shown in Fig. 6.3-1. HPCS system
component control logic is shown in Fig. 7.3-1. Instrument
location drawings and elementary diagrams are identified in
Section 1.7. The HPCS power supply (HPCS diesel generator) is
discussed in Chapter 8.
•→14
The HPCS is initiated automatically by either reactor vessel low
water level (trip level 2) or drywell high pressure. The HPCS is
actuated automatically and requires no operator action during the
first 20 min following the accident. The system is designed to
operate automatically for at least 10 min without any actions
required by the main control room operator. During the long term
cooling period (after 10 min), the operator actions are as
specified in Section 6.2 and 6.3.2.8. Once initiated the HPCS
logic seals in and can be reset by the operator only when the
initiating conditions return to normal. Refer to Fig. 7.3-1 for a
schematic representation of the HPCS system initiation logic.
14←•
Reactor vessel water level (trip level 2) is monitored by four
redundant level transmitters. Each transmitter provides an input
to a trip unit. The trip unit relay contacts are arranged in a
one-out-of-two twice logic arrangement to assure that no single
failure can prevent the initiation of the HPCS.

Initiation diversity is provided by drywell pressure which is
monitored by four redundant pressure transmitters. The trip unit
relay contacts are electrically connected in a one-out-of-two
twice logic arrangement to assure 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):

1. The HPCS diesel generator is signaled to start.

2. The HPCS pump motor is signaled to start.

3. The normally open pump suction from the condensate
storage tank valve MO F001 is signaled to open.

4. The test return valves MO F010, MO F011, and MO F023 are
signaled to close.

5. The HPCS injection valve MO F004 is signaled to open.
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The HPCS pump discharge flow and pressure are monitored by
pressure switches. If pump discharge pressure is normal but
discharge flow is low enough that pump overheating may occur the
minimum flow return line valve MO F012 is signaled to open. The
valve is automatically closed if flow is normal. The HPCS reaches
its design flow rate within 27 sec following receipt of the
initiation signal.

If the water level in the condensate storage tank falls below a
predetermined level, the suppression pool suction valve MO F015
automatically opens. When MO F015 is fully open the condensate
storage tank suction valve MO F001 automatically closes. Two
level transmitters are used to detect low water level in the
condensate storage tank. Either transmitter can cause automatic
suction transfer. The suppression pool suction valve also
automatically opens if high water level is detected in the
suppression pool. Two level transmitters monitor suppression pool
water level and either transmitter 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.

The HPCS provides makeup water to the reactor until the vessel
water level reaches the high level trip (trip level 8). The
injection valve M0F004 is then automatically closed and the pump
continues to run on minimum flow recirculation. The injection
valve automatically reopens 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
control the system manually following automatic initiation.

7.3.1.1.1.2 Automatic Depressurization System (ADS)

System Function

The ADS is designed to provide automatic depressurization of the
reactor vessel by activating seven SRVs. These valves vent steam
to the suppression pool in the event that the HPCS cannot maintain
the reactor water level following a LOCA. ADS reduces the reactor
pressure so that flow from the RHR-LPCI mode and LPCS can inject
into the reactor vessel in time to cool the core and limit fuel
barrier temperature. Refer also to Section 6.3.
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System Operation

Schematic arrangements of system mechanical equipment and operator
information displays are shown in Fig. 5.1-3. ADS component
control logic and operator information displays are shown in Fig.
7.3-2. Instrument location drawings and elementary diagrams are
identified in Section 1.7.

The ADS consists of two redundant and independent trip systems,
trip systems A and B. ADS trip system A actuates the A solenoid
air pilot valve on each ADS SRV. Similarly, ADS trip system B
actuates the B solenoid air pilot valve on each ADS SRV.
Actuation of either solenoid pilot valve causes the ADS SRV to
open and provide depressurization. To prevent inadvertent
actuation of the ADS, two channels of logic for each ADS trip
system (A and B) are used. Both channels must be activated to
actuate an ADS trip system.

Each trip channel contains a single input from a drywell high
pressure transmitter. One trip channel includes two differential
pressure sensor inputs monitoring reactor vessel low water level
(trip levels 1 and 3). The low water level 3 trip provides
confirmation of a reactor vessel low water level condition. The
second trip channel is redundant, except the low water level
confirmation signal is omitted.
•→10
To ensure automatic depressurization for LOCAs or other postulated
events that do not produce a high drywell pressure signal, the ADS
trip system provides automatic backup to operator action. This
modification consists of adding a bypass to the drywell pressure
signal with a set time delay and the addition of a manual ADS
inhibit. The bypass is incorporated into the system logic by the
addition of a bypass timer actuated on reactor water level 1.
This timer provides a nominal 5-min time delay with the exact
timer set point determined based on not exceeding 10CFR50.46
acceptance criteria for LOCA events and still being compatible
with the RBS ATWS design. Starting of the bypass timer also
activates an alarm that the bypass logic has been activated.
After the time delay, the time delay relay contacts located in the
high drywell pressure signal bypass circuit are closed, effecting
the bypass. The existing 106-sec timer is then started and the
ADS solenoid energized, after the timer runout, provided that at
least one low pressure pump in that division is running. The
bypass timers are automatically reset when the low water level
signal has cleared or the reset pushbutton is pressed.
10←•



RBS USAR

Revision 10 7.3-6 April 1998

To assure that adequate makeup water is available after the vessel
has been depressurized, each trip channel includes a pump
discharge pressure permissive signal indicating LPCI or LPCS
system available for vessel water makeup. Any one of the three
LPCI pumps or the LPCS pump available for reactor coolant makeup
is sufficient to permit automatic depressurization (one pump each
per trip system).
•→10
After receipt of the initiation signals and after a 106-sec delay
provided by timers, each of the two solenoid air pilot valves is
energized. This allows pneumatic pressure from the accumulator to
act on the air cylinder operator. Each ADS trip system has a time
delay that can be reset manually by activating the timer reset
buttons to delay system initiation. The time delay is selected to
be within a period that allows the HPCS to perform its function
prior to ADS initiation. Resetting the ADS timers does not change
the state of the initiating circuits. It merely extends the time
delay before the ADS function takes place. In the event of HPCS
failure, the time delay period is selected to allow initiation of
ADS, LPCI, and LPCS in time to maintain the fuel barrier
temperature within acceptable limits. If reactor vessel water
level is restored by HPCS prior to the end of the time delay, ADS
initiation is prevented. The operator is procedurally constrained
from repeatedly resetting the timers and would base his decision
on information provided by safety-related displays; e.g., reactor
pressure, reactor water level, and water inventory makeup system
performance. In addition, he would have the HPCS, RCIC, and
feedwater systems at his disposal to provide makeup water.
10←•
Once initiated the ADS logic seals in and can be reset by the main
control room operator only when either drywell pressure or vessel
water level returns to normal.

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 air pilot
valves.

7.3.1.1.1.3 Low Pressure Core Spray (LPCS)

System 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.
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System Operation

Schematic arrangements of system mechanical equipment and operator
information displays are shown in Fig. 6.3-4. LPCS component
control logic and operator information displays are shown in Fig.
7.3-3. Instrument location drawings and elementary diagrams are
identified in Section 1.7.
•→14
The LPCS is initiated automatically by reactor vessel low water
level and/or drywell high pressure. The LPCS is actuated
automatically and requires no operator action during the first 20
min following the accident. The system is designed to operate
automatically for at least 10 min without any actions required by
the main control room operator. During the longer term cooling
period (after 10 min), the operator actions are as specified in
Section 6.2 and 6.3.2.8. Once initiated the LPCS logic seals in
and can be reset by the main control room operator only when the
initiating conditions return to normal. Refer to Fig. 7.3-3 for a
schematic representation of the LPCS system initiation logic.
14←•
Reactor vessel water level (trip level 1) is monitored by two
redundant level transmitters. Drywell pressure is monitored by
two redundant pressure transmitters. The vessel level trip unit
relay contacts and the drywell pressure trip unit relay contacts
are connected in a one-out-of-two twice logic arrangement so that
no single instrument failure can prevent initiation of LPCS.

Additionally, a reactor low pressure permissive is provided in
one-out-of-two twice logic before the injection valves are
signaled to open. Manual initiation of the LPCI is provided,
which bypasses the initiation logic except that the reactor low
pressure permissive must be present to open the injection valves.
Reactor pressure is monitored by eight pressure sensors, four per
division, mounted on racks in the reactor building. Division 1
provides the interlocks for the LPCS.

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

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

2. The normally closed test return line to the suppression
pool valve MO F012 is signaled closed.

3. When power (offsite or onsite) is available at the LPCS
pump motor bus, the LPCS pump is signaled to start after
a preset time delay.
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•→8
4. When power is available to the pump motor bus, the injection

valve E21 MOVF005 is signaled to open.
•←8 •→14
The LPCS pump discharge flow is monitored by a differential pressure
transmitter. When the pump is running and discharge flow is low enough
that pump overheating may occur, the minimum flow return line valve MOV-
F011 is opened. At the end of the open stroke, the close cycle start is
delayed to avoid possible breaker trip. The valve is automatically
closed if flow is normal.
14←• •→10
The LPCS pump suction from the suppression pool valve MOV-F001 is
normally open, the control switch is keylocked in the open position, and
thus requires no automatic open signal for system initiation.
10←• •→8
The LPCS pump and injection valve E21 MOVF005 is provided with manual
override controls. Manual opening of the injection valve is interlocked
on reactor low pressure, monitored by a pressure transmitter on the
vessel side of the LPCS injection valve. Once manual control of the
injection valve has been initiated by the operator causing the valve to
move toward the closed position, the automatic valve open logic is
bypassed and will be reset only upon loss of DC logic control power,
loss of power to the LPCS pump, or when the LPCS system initiation
signal has been manually reset. These controls permit the operator to
manually control the system subsequent to automatic initiation.
•←8
7.3.1.1.1.4 RHR - Low Pressure Coolant Injection (LPCI)

Mode

System Function

LPCI is an operating mode of the RHR system. See Section 5.4. 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.

System Operation

Schematic arrangements of system mechanical equipment operator
information displays are shown in Fig. 5.4-12. LPCI component control
logic and operator information displays are shown in Fig. 7.3-4.
Instrumentation location drawings and elementary diagrams are identified
in Section 1.7.
•→14
The LPCI mode is initiated automatically by reactor vessel low water
level and/or by drywell high pressure. The LPCI is actuated
automatically and requires no operator action during the first 20 min
following the accident. The system is designed to operate automatically
for at least 10 min without any actions required by the main control
room operator. During the longer term cooling period (after 10 min), the
operator actions are as specified in Section 6.2 and 6.3.2.8. Once
initiated the LPCI logic seals in and can be reset by the main control
room operator only when initiating conditions return to normal.
14←•
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Reactor vessel water level (trip level 1) is monitored by two 
redundant differential pressure transmitters.  Drywell pressure is 
monitored by two redundant pressure transmitters. 
 
Additionally, a reactor low pressure permissive is provided in 
one-out-of-two twice logic before the injection valves are to be 
signaled open.  Manual initiation of the LPCI mode is provided, 
which bypasses the initiation logic except that the reactor low 
pressure permissive must be present to open the injection valves.  
Reactor pressure is monitored by eight pressure sensors, four per 
division, mounted on racks in the reactor building.  Division I 
provides the interlocks for the LPCI A loop; Division II provides 
the interlocks for the LPCI B and LPCI C loops. 
 
To initiate the Division II LPCI (Loops B and C) the vessel level 
trip unit relay contacts and the two drywell pressure trip unit 
relay contacts are connected in a one-out-of-two twice arrangement 
so that no single instrument failure can prevent initiation of 
LPCI. 
 
The Division I 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 I logic; the 
Loop B and C components are controlled from the Division II logic): 
 

1. The Division II diesel generator is signaled to start from 
the Loop B and C initiation logic. 

 
2. If normal auxiliary (offsite) power is available at the 

pump motor buses the LPCI Loop A, B, and C pumps are 
signaled to start.  If offsite power is not available and 
the diesel generators are providing power to the pump 
motor buses, sequential loading of the diesel generators 
is required.  This is accomplished by delaying the start 
of the LPCI pumps A and B by 7 sec while allowing the LPCS 
and LPCI C pumps to start 2 sec after the closing of their 
associated DG air circuit breaker. 

13 
3. The normally open RHR injection valves MO F027A and MO 

F027B are signaled to open.  When power is available at 
the associated pump motor bus and reactor low-pressure 
injection permissive is satisfied, the injection valves MO 
F042A, MO F042B and MO F042C are signaled to open. 

13  
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4. The following normally closed valves are signaled closed
to ensure proper system lineup:

•→4
a. The RHR heat exchanger discharge to RCIC valves AO

F065A, and AO F065B.

b. The RHR heat exchanger flush to suppression pool
valves MO F011A and MO F011B.

c. DELETED

d. DELETED
4←•
•→10

e. The test return line to the suppression pool valves
MO F024A, and MO F024B.

10←•
5. The normally open heat exchanger bypass valves MO F048A

and MO F048B are signaled open. The open signal is
automatically removed 10 min after system initiation to
allow operator control of the valve for throttling
purposes.

•→10
6. The following normally open valves are signaled closed to

ensure proper system lineup:

a. The loop C test return line to the suppression pool
valve MO F021.

b. The suppression pool cooling and cleanup suction
valves RHS-AOV62 and RHS-AOV63. These valves will
also automatically close upon a loss of power or
loss of air.

c. The suppression pool cooling and cleanup discharge
valve RHS-AOV64. This valve will also automatically
close upon a loss of power or loss of air.

10←•
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15 14 9
Each LPCI pump is provided with a minimum flow recirculation line 
and a motor operated bypass valve which is initially open when the 
system is in the standby mode.  This discharge flow of each pump is 
monitored by a differential pressure transmitter which, when the 
pump is running, closes the minimum flow valves MO F064A, MO F064B, 
MO F064C if flow is normal.  The valve is automatically opened if 
the flow is low enough that pump overheating may occur. The valves 
MO F064A and MO F064B are provided with a time delay to prevent 
reactor vessel inventory loss during the shutdown cooling mode of 
the RHR system (Section 5.4.7). These valves are initially closed 
by operator action during the shutdown cooling mode. 
9  14  15 13
The three RHR suppression pool pump suction valves MO F004A, 
MO F004B, and MO F105 have their control switches key-locked in the 
open position, and thus require no automatic open signal for system 
initiation.

The RHR heat exchanger normally open inlet valves MO F047A, MO 
F047B have open/ close maintained control switches, and normally 
open outlet valves MO F003A and MO F003B have spring return to 
neutral throttle control switches. 
13
The two series service water crosstie valves MO F094 and MO F096 do 
not require an automatic close signal for system initiation, as MO 
F096 is keylocked in the closed position. 

14
The upper pool shutdown cooling valves MO F037A and MO F037B, the 
two series RHR heat exchanger vent valves MO F073A, MO F073B, MO 
F074A, and MO F074B, and the RHR shutdown cooling mode suction 
valves MO F006A and MO F006B are all 
14
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normally closed and thus require no automatic close signal for
system initiation.
•→8
The LPCI pump motors and injection valves are provided with manual
override controls. Manual opening of the LPCI injection valves
E12-MOVF042A, B, and C is interlocked with reactor low pressure
and monitored by pressure transmitters on the reactor vessel side
of the LPCI injection valve. Once manual control of injection
valves E12-MOVF042A, B, or C has been initiated by the operator
causing the valve to move toward the closed position, the
automatic valve open logic is bypassed and will be reset only upon
loss of DC logic control power, loss of power to its associated
LPCI pump, or when the LPCI initiation signal has been manually
reset. These controls permit the operator to control the system
manually subsequent to automatic initiation.
•←8
7.3.1.1.2 Containment and Reactor Vessel Isolation Control

System (CRVICS)

System Function

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

The CRVICS encompasses the following ESF subsystems:

1. Nuclear Steam Supply Shutoff System (NSSSS)

2. Containment Isolation System

3. Closed System Isolation Valves.

The NSSSS valves connect directly to the reactor vessel and are
located in pipelines which penetrate the drywell and containment
and are part of the reactor coolant pressure boundary (RCPB).

The containment isolation system valves connect to the drywell or
containment atmosphere and are located in pipelines which
penetrate the drywell or containment.

The closed system isolation valves are neither part of the RCPB
nor connect directly to the drywell or containment atmospheres.
However, these valves are located in pipelines which penetrate the
drywell or containment.

See Section 6.2.4 and Table 6.2-40 for a complete description of
containment and reactor vessel process lines and isolation signals
applied to each.
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System Operation

Schematic mechanical arrangements of containment isolation valves
and other components initiated by CRVICS and operator information
displays are shown in Fig. 5.4-12, 5.1-3, 6.2-63, 6.2-64, and
6.2-65. CRVICS component control logic and operator information
displays are shown in the functional control diagrams and logic
diagrams in Chapter 7. Instrument location drawings and
elementary diagrams are identified in Section 1.7.

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 channel relay
contacts open and deenergize the trip logic and thereby initiate
isolation. Once initiated, the CRVICS trip logics seal in and may
be reset by the operator only when the initiating conditions
return to normal.

Each MSIV has two control solenoids. Each solenoid receives
inputs from two redundant logics. 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 logics (A and
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 logics (B and D) is used to control the other solenoid
of both inboard and outboard valves. The four CRVICS trip logics
are arranged in a one-out-of-two twice logic combination (trip
logic A or C and B or D).

The main steam line drain valves, drywell equipment and floor
drain valves, reactor water sample valves, the reactor water
cleanup (RWCU) system, and RHR system isolation valves also
operate in pairs. The inboard valves close if the isolation
logics B and C are tripped, and the outboard valves close if the
isolation logics A and D are tripped.

The following variables provide inputs to the CRVICS logics for
initiation of reactor vessel and containment 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 described in Table 6.2-40 and as follows:
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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 containment through process lines that
communicate with the RCPB or the containment.

•→10
Reactor vessel water level is monitored by four redundant
differential pressure transmitters. Each provides a low water
level input to one of the four CRVICS trip channels. Three
reactor vessel low water level isolation trip settings are
used to complete the isolation of the containment and the
reactor vessel. The first and highest (trip level 3) reactor
vessel low water level isolation trip setting initiates
closure of RHR isolation valves. The second reactor vessel
low water level (trip level 2) initiates closure of all valves
in major process pipelines except the main steam lines and
drains. The main steam lines are left open to allow the
removal of heat from the reactor core. The third and lowest
(trip level 1) reactor vessel low water level completes the
isolation of the containment and pressure vessel by initiating
closure of the MSIVs and main steam line drain
valves.Diversity of trip initiation for pipe breaks inside the
drywell is provided by drywell high pressure.

10←•
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.
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Drywell pressure is monitored by four redundant pressure 
transmitters.  Each transmitter trip unit provides an input to 
one of the four trip channels. 

When a predetermined increase in drywell pressure is detected, 
the CRVICS initiates RHR system isolation and closure of the 
main steam line drain valves. 

3. Main Steam Line - High Radiation 
10

The main steam line radiation monitoring senses the gross 
release of fission products from the fuel and initiates 
appropriate actions to limit fuel damage and contain the 
released fission products. 

10
8

Two redundant detectors monitor the gross gamma radiation from 
the main steam lines.  Each provides an input to one of two 
CRVICS trip channels. 

10
Each monitoring channel consists of a gamma-sensitive ion 
chamber and a log radiation monitor.  Each log radiation 
monitor has four trip circuits.  Two trips are upscale 
(high-high and high), one downscale (low), and one is 
inoperative.  A high-high or inoperative produce an isolation 
signal and an alarm.  The other two are not used.  Also, each 
monitor has an analog module circuit that is set to alarm at a 
level (high rad) below that of the upscale trip circuit used 
for isolation and alarm at a downscale value. 

When the main steam line radiation level exceeds a 
predetermined value or an inop condition, CRVICS initiates 
closure of the group 9 valves (reactor water sample valves). 
Also, the condenser air removal system mechanical vacuum pumps 
are tripped, which in turn isolate the mechanical vacuum pump 
lines.

10 16
4. Main Steam Line - Tunnel High Ambient Temperature 

High ambient temperature in the steam tunnel could indicate a 
leak in a main steam line. 

8  16
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The automatic closure of valves prevents excessive loss of 
reactor coolant and release of a significant amount of 
radioactive material from the RCPB. 

16 8
The main steam line ambient temperature monitoring system 
consists of four redundant channels, each with one area 
temperature monitor, serving the main steam line tunnel.  A 
high ambient temperature condition, sensed by any one of the 4 
aforementioned temperature monitors, results in tripping that 
monitor's associated channel.  Each main steam isolation trip 
logic is deenergized by high ambient temperature in the main 
steam tunnel. 

16
When a predetermined increase in the main steam line tunnel 
ambient temperature is detected, trip signals initiate closure 
of all main steam isolation valves and main steam line drain 
valves.

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

8
5. Main Steam - High Flow 

Main steam 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 transmitters, four for 
each main steam line, monitor the main steam flow.  Four 
differential pressure transmitter trip units for each main 
steam line provide inputs to each of the four trip channels. 
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When excessive main steam flow is detected, trip signals
initiate closure of the main steam isolation and main steam
line drain valves.

6. Main Steam Turbine Inlet - Low Steam 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 TCVs or turbine bypass valves
become fully open, and cause rapid depressurizationof 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 depressurization, without adequate
preventive action, could require thorough vessel analysis or
core inspection prior to returning the reactor to power
operation.

Four redundant pressure transmitters, one for each main steam
line, monitor main steam pressure at the turbine inlet and
each provides an input to one of the four trip channels.

When a decrease in main steam pressure below a preselected
value is detected, the CRVICS initiates closure of all main
steam isolation valves and main steam line drain valves.

The main steam turbine inlet 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 operative.

7.Reactor Water Cleanup (RWCU)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 (suction from the recirculation lines) is
compared with the flow at the outlets of the system (flow
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return to feedwater or flow to the main condenser and/or
radwaste).

Two redundant differential flow sensors compare the RWCU
system inlet-outlet flow. Each of the flow monitoring
sensors provides an input to one of two (inboard or outboard)
logic trip channels.

When an increase in RWCU system differential flow is
detected, the CRVICS initiates closure of all RWCU system
isolation valves.

•→8
Diversity of trip initiation signals for an RWCU system line
break is provided by instrumentation for reactor water level,
differential flow, and ambient temperature in RWCU equipment
areas.

An automatic timing circuit is provided to bypass the RWCU
system high differential flow trip during normal RWCU system
surges. This time delay bypass prevents inadvertent system
isolations during system operational changes.

8. Reactor Water Cleanup System - Area High Ambient Temperature

High temperature in the equipment room areas of the RWCU
system could indicate a breach in the RCPB in the cleanup
system.

Fourteen ambient temperature instrument channels monitor the
RWCU system area temperatures. Eight space temperature
channels are associated with the same logic channel. The
remaining instrument channels are associated with a different
logic channel. Two ambient temperature elements are located
as shown in Fig. 7.6-1.

When a predetermined limit in RWCU system area ambient
temperature is detected, the CRVICS initiates closure of all
RWCU system isolation valves.

8←•
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The output trip signal of each sensor initiates a channel
trip and closure of either the inboard or outboard RWCU
system isolation valve.

•→8

9. RHR System - Area High Ambient Temperature

High temperature in the equipment room areas of the RHR
system could indicate a breach in the RCPB in the RHR system.

Four redundant ambient temperature sensors monitor the RHR
system area temperatures. Two ambient 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.

When a predetermined limit in RHR system area ambient
temperature is detected, the CRVICS initiates closure of the
RHR system isolation valves.

The output trip signal of each sensor initiates a channel
trip and closure of either the inboard or outboard RHR system
isolation valve. Both trip channels must trip to close both
the inboard and outboard isolation valves.

8←•
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10. 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 prevents excessive loss of reactor coolant and
the release of significant amounts of radioactive material.

Four redundant pressure transmitters monitor the main
condenser vacuum. The output trip signal of each instrument
channel initiates a trip channel. The output trip signals of
the channel logics are combined in one-out-of-two twice logic
for MSIVs and two-out-of-two logics for drain valves. All
four trip channels must trip to close both inboard and
outboard MSIVs.

When a significant decrease in main condenser vacuum is
detected, the CRVICS initiates closure of the main steam
isolation valves and main steam line drain valves. Main
condenser low vacuum trip can be bypassed manually from the
main control room by actuating a keylocked switch.

7.3.1.1.3 Main Steam - Positive Leakage Control
System (MS-PLCS)

System Function

The MS-PLCS is designed to minimize the release of fission
products which could leak through the closed MSIVs and bypass the
SGTS after a postulated LOCA. This is accomplished by
establishing a pressurized barrier between the containment with
the MSIVs and the environs.

System Operation
•→10
Schematic arrangements of system mechanical equipment and operator
information displays are shown in Fig. 6.7-1. MS-PLCS system
component control logic is shown in Fig. 7.3-6. Instrument
location drawings and elementary diagrams are identified in
Section 1.7. Also see Fig. 5.1-3.
10←•
The MS-PLCS is manually actuated after a LOCA has occurred and
after valves on the main steam lines have been fully closed,
provided that the pressure of the air supply and reactor are
within the permissive interlock set points. The
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outboard and inboard subsystems are provided with one remote
manual initiating switch each, which is located in the main
control room.

When the inboard system is initiated, the bypass air supply valve
F014 opens, the injection valve M0 F005 opens, the pressure
controller PC R603 is activated to control air supply valve PCV
F002, the drain valve M0 F006 closes, and a timer is initiated.
Provided that the main steam pressure is below the permissive
interlock set point, the isolation valves F007 and F008 open,
admitting air to raise the pressure of the main steam lines
between the inboard and outboard MSIVs B21-F022 and B21-F028. A
predetermined differential pressure is established between the
reactor and the steam lines. If the bypass valve has not closed
on establishing the differential pressure, 5 min after the drain
valve closed the timer (previously initiated) closes the bypass
valve and allows the MS-PLCS to isolate, if necessary, for high
flow or for low differential pressure.

The pressure-controller then maintains the required pressure
differential between the main steam system (outside containment)
and the reactor (inside containment). Main steam system pressure
is monitored from pressure taps in the inboard MS-PLCS process
line. The reactor pressure is monitored from taps in the main
steam lines upstream of the inboard MSIVs.

When the outboard system is initiated, the bypass air supply valve
M0 F034 opens, the injection valve M0 F025 opens, the pressure
controller PC R623 is activated to control air supply valve PCV
F022, the outboard MSIV stem leak-off and MS-PLCS header drain
valve M0 F026 closes, and a timer is initiated. Provided that the
steam pressure is below the permissive interlock set point, the
isolation valves F027 and F028 open, admitting air to raise the
pressure of the main steam lines between the outboard MSIVs F028A,
F028B, F028C, and F028D and the main steam shutoff valves
M0 21-F098A, M0 B21-F098B, M0 B21-F098C, and M0 B21-F098D and the
associated drain lines. A predetermined differential pressure is
established between the reactor and the steam lines. If the
bypass valve has not closed on establishing the differential
pressure, 5 min after the drain valve closed the timer closes the
bypass valve and allows the MS-PLCS (outboard) to isolate, if
necessary, for high flow or for low differential pressure.

The pressure controller then maintains the required pressure
differential between the main steam system (outside containment)
and the reactor (inside containment). Main
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steam system pressure is monitored by pressure taps in the
outboard MS-PLCS process line. The reactor pressure is monitored
from taps in the main steam lines upstream of the inboard MSIVs.

Each system has separate controls, and either inboard or outboard
subsystem alone establishes sufficient pressure barrier to prevent
fission product leakage through the MSIVs.

MSIVs and drain valve are provided with individual manual
controls, but an automatic CRVICS closure signal overrides manual.
The main steam shutoff valves (outboard) are closed by manual
control switches in the main control room.

7.3.1.1.4 Standby Gas Treatment System (SGTS)

System Function

The SGTS processes potentially radioactive exhaust air from the
following sources prior to discharging the air to the main plant
exhaust duct:

1. Annulus exhaust

2. Auxiliary building exhaust

3. Containment/drywell purge exhaust.

The instrumentation requirements for this system are
contained in Section 6.5.1.5.

System Operation

Schematic arrangements of system mechanical equipment and operator
information displays are shown in Fig. 6.2-58. The SGTS component
control logic is shown in Fig. 7.3-7. Instrument location
drawings and elementary diagrams are identified in Section 1.7.
•→13
The SGTS consists of two full capacity redundant filter trains and
associated fans and dampers. Automatic start signals initiate
both SGTS Filter trains. The filter train which is manually shut
down serves as a backup for the operating filter train. During
normal operating the annulus pressure control system maintains the
annulus at negative pressure (Section 9.4.6). The SGTS also
serves as a backup non-ESF system to the annulus pressure control
system (APCS) during normal operation. Upon loss of the APCS, a
high radiation signal from one of two radiation monitors located
in the annulus airstream, or an ESF signal (i.e., LOCA),
13←•
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•→13
the annulus air and air from the shielded compartments in the
auxiliary building are automatically diverted through the SGTS
filter train.
13←•
During containment/drywell purge and refueling operations, manual
initiation of both filter trains is possible. The SGTS may also
be manually lined up for annulus and/or auxiliary building exhaust
air purification.

Post-accident radiation monitoring is provided in the main control
room for the SGTS effluent.

Status lights in the main control room indicate the motor-driven
fans which are energized and the position of the SGTS dampers.

7.3.1.1.5 Combustible Gas Control

System Function

The combustible gas control system encompasses the following ESF
subsystems:

1. Hydrogen analyzer system

2. Hydrogen mixing system

3. Hydrogen recombiner system.

4. Hydrogen igniter system

The instrumentation requirements for this system are contained in
Section 6.2.5.5.

The purpose of the hydrogen analyzer system is to monitor the
hydrogen concentration of the atmospheres inside the containment
and drywell.

After a LOCA, the hydrogen mixing system serves to mix the
atmosphere within the drywell with that of the containment to
lower any local hydrogen concentration.

If the hydrogen concentration reaches a preset value, the hydrogen
recombiner system is used to reduce the hydrogen concentration
inside the containment to a safe nonexplosive level.
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The hydrogen igniter system is furnished to meet the interim
requirements related to the hydrogen control for degraded core
hydrogen generation events.

System Operation

1. Hydrogen Analyzer System

The hydrogen analyzer system component control logic is shown
in Fig. 7.3-22. Instrument location drawings and elementary
diagrams are identified in Section 1.7.

•→13
The hydrogen analyzer system measures the hydrogen
concentration of the atmosphere inside the containment and
drywell. Each system includes a sequence programmer for
automatic operation of the containment and drywell hydrogen
sampling valves. During emergency conditions (LOCA), high
drywell pressure or low reactor water level automatically
activates a post-accident hydrogen recorder in the main
control room. The hydrogen analyzer system will operate
continuously under automatic and manual operation. Prior to
day 11 of post accident operation, each operating analyzer
will be placed in the manual mode of operation to prevent
automatic sequencing between the drywell and containment.
This is necessary to preserve the environmental
qualifications of the solenoid-operated valves in each of the
sample lines. The hydrogen analyzers will be aligned to
continuously sample from either the drywell or containment,
or a combination of both, for the remainder of the event.
During normal plant operation, the hydrogen analyzer
isolation valves are open. Status lights in the main control
room indicate the position of the hydrogen sample and
isolation valves.

13←•
2. Hydrogen Mixing System

Schematic arrangements of system mechanical equipment and
operator information displays are shown in Fig. 6.2-66. The
hydrogen mixing system component control logic is shown in
Fig. 7.3-8. Instrument location drawings and elementary
diagrams are identified in Section 1.7.

The hydrogen mixing system consists of two full capacity
redundant hydrogen mixing fans and associated valves.
Initiation of the hydrogen mixing system is performed
manually. Status lights in the main control room indicate
the motor-driven fans which are energized and the position of
the hydrogen mixing inlet and vent valves.
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3. Hydrogen Recombiner System 

The hydrogen recombiner system component control logic is 
shown in Fig. 7.3-10.  Instrument location drawings and 
elementary diagrams are identified in Section 1.7. 

The hydrogen recombiner system consists of two full capacity 
redundant hydrogen recombiner units.  Each recombiner unit 
consists of an inlet preheater, a heater recombination 
section, and an exhaust chamber.  Initiation of the hydrogen 
recombiner system is performed manually.  Performance of the 
hydrogen recombiners is monitored in the main control room. 

4. Hydrogen Control System (Igniters) 

The hydrogen igniter system is described in Section 
6.2.5.2.5.  The system's electrical arrangement is shown on 
Fig. 7.3-25, and its electrical schematic is shown on Fig. 
7.3-26.

The hydrogen igniter system includes a total of 104 igniters, 
powered from two physically separate and electrically 
independent Class 1E sources of power.  The hydrogen igniter 
system derives its power from motor control centers which are 
ultimately connectable to either the preferred offsite power 
sources or to the standby diesel generators.  Its 
distribution system consists of combination starters with 
remote control switches for each electrical division located 
in the main control room.  This energizes the hydrogen 
igniters via 480-120/240-V transformers and distribution 
panelboards located outside the containment. 

7.3.1.1.6 Reactor Plant Ventilation System 

System Function

The reactor plant ventilation system encompasses the following ESF 
subsystems:

1. Containment ventilation system 

2. Annulus mixing system (Disabled).

In conjunction with the RHR suppression pool cooling mode of 
operation, the containment ventilation system is used in 
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preventing the containment atmosphere temperature from exceeding 
185 F.

System Operation

Schematic arrangements of system mechanical equipment and 
operational displays are shown in Fig. 9.4-7a through 9.4-7e.  The 
reactor plant ventilation system component control logic is shown 
in Fig. 7.3-9.  Instrument location drawings and elementary 
diagrams are identified in Section 1.7. 

1. Containment Ventilation System 

The containment ventilation system consists of three air 
recirculation cooling units, two of which are safety related. 
During normal operation, initiation of the containment unit 
coolers is performed manually.  In the emergency (LOCA) mode 
of operation, both safety-related unit coolers are 
automatically initiated by high drywell pressure or low 
reactor water level.  One unit cooler is selected by the 
operator for operation.  During a loss of offsite power (and 
existing LOCA signal), the unit cooler fans start 
automatically.  The unit cooler fan stops running when the 
containment-to-annulus differential pressure is negative. 
Status lights in the main control room indicate the 
motor-driven fans which are energized.  The instrumentation 
requirements for this system are contained in Section 
9.4.6.5.

2. Annulus Mixing System (Disabled)

The annulus mixing system fans HVR-FN11A/B and associated 
alarm functions are secured to disable the annulus mixing 
system per ER 02-0223.
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7.3.1.1.7 RHR Suppression Pool Cooling Mode (SPCM) 

System Function

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 SRV, or a LOCA.  
Thus the SPCM removes containment heat by cooling the suppression 
pool volume, in conjunction with cooling the containment atmosphere 
(Section 7.3.1.1.6). 

System Operation

Schematic arrangements of system mechanical equipment and operator 
information displays are shown in Fig. 5.4-12.  Component control 
logic and operator information displays are shown in Fig. 7.3-4.  
Suppression pool temperature is determined through the use of the 
suppression pool temperature monitors located as detailed in Table 
7.6-1.  Instrumentation location drawings and elementary diagrams 
are identified in Section 1.7. 

The SPCM is initiated by the main control room operator either 
during normal plant operation or following an SRV actuation or a 
LOCA, when the suppression pool temperature monitoring system 
(Section 7.5) indicates that pool temperature may exceed a 
predetermined limit. 

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

10
1. RHR heat exchanger service water discharge valves MO F068A 

and MO F068B are manually opened as needed.  The RHR Pump 
(A or B) is started. 

10
2. The RHR test return line valves MO F024A and MO F024B are 

opened.

3. The RHR heat exchanger inlet and outlet valves MO F047A, 
MO F047B, MO F003A, and MO F003B are 
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normally open. The heat exchanger bypass valves MO F048A
and MO F048B, and valves MO F003A and MO F003B are
throttled as necessary.

•→10
During normal plant operation, heat added to the suppression pool
as a result of safety relief valve leakage or RCIC testing may
also be removed by the suppression pool cleanup and cooling
configuration of the Suppression Pool Cleanup, Cooling, and
Alternate Decay Heat Removal system.
10←•
Subsequent to a LOCA the operator initiates the SPCM as follows:
•→13

1. Once reactor vessel water level has been restored, the
manual closing of the LPCI injection valves MO F042A and
MO F042B overrides auto-initiation (open) logic and
allows manual control of injection valves.

13←•
2. The RHR test return line valves MO F024A and MO F024B

control logic also has LOCA signal override provisions.
This allows the operator to open the valve.

•→10
3. The RHR heat exchanger inlet and outlet valves MO F047A,

MO F047B, MO F003A, and MO F003B are normally open. The
heat exchanger bypass valves MO F048A and MO F048B, after
a time delay (a 10-min timer keeps these valves open
following a LOCA) and valves MO F003A and MO F003B are
throttled as necessary.

10←•
7.3.1.1.8 Standby Service Water (SSW) System

System Function

The purpose of the SSW system is to provide a reliable source of
cooling water for plant auxiliaries that are essential to a safe
reactor shutdown following a design basis accident (LOCA). The
SSW system provides a backup for the normal service water and the
reactor plant component cooling water systems.

The instrumentation requirements for this system are contained in
the following sections:

Section 9.2.5.5 - Ultimate heat sink (standby cooling tower fans)

Section 9.2.7 - SSW System

System Operation

Schematic arrangements of system mechanical equipment and operator
information displays are shown in Fig. 9.2.1a through 9.2-1d. The
SSW system component control logic is shown in Fig. 7.3-11.
Instrument location drawings and elementary diagrams are
identified in Section 1.7.
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The SSW system consists of two redundant mechanical systems. Each
system consists of two 50-percent capacity service water pumps
with associated valves and standby cooling tower fans. One of the
redundant mechanical SSW systems contains Division I (1SWP*P2A)
and Division III (1SWP*P2C) pumps. The other mechanical SSW
system includes Division II (1SWP*P2B, P2D) pumps. Standby
cooling tower fans are divided between Divisions I and II only.
The SSW system is divided into two independent piping loops with
manual crossover capability between the loops.

Automatic initiation of the SSW system occurs when the normal
service water system pressure or the reactor plant component
cooling water (RPCCW) system pressure drops below preset values.
The initiation signal also activates the SSW system recorders in
the main control room. These recorders monitor the following
parameters:

1. SSW supply and return flow

2. SSW header pressure and standby cooling tower level.

Loss of RPCCW system pressure automatically isolates all lines
serving safety-related equipment from the RPCCW system.

A LOCA condition with adequate RPCCW system pressure allows the
RPCCW system to supply cooling water to the following pumps and
coolers:

1. RHR pump seal coolers

2. Fuel pool coolers

3. RWCU pump seal and motor bearing coolers.

4. Control rod drive pump coolers.

The remaining equipment serviced by the RPCCW system is isolated.

Low RPCCW system pressure automatically isolates all lines served
by the RPCCW system with the exception of the RWCU pumps and,
instead, allows the SSW system to provide cooling water to the
following equipment:
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1. RHR pump seal coolers

2. Fuel pool coolers

A LOCA condition (high drywell pressure or low reactor water
level) provides SSW to the two safety-related containment unit
coolers, provided the containment-to-annulus differential pressure
is positive. A LOCA condition automatically isolates the SSW
lines serving the drywell unit coolers.

Status lights in the main control room indicate the motor-driven
fans and pumps which are energized and the position of the SSW
system valves.

7.3.1.1.9 Control Building Air Conditioning System

System Function

The purpose of the control building air conditioning system
instrumentation and controls is to provide an environment in the
control building suitable for habitation.

The control building air conditioning system encompasses the
following ESF subsystems:

1. Main control room area ventilation system

2. Standby switchgear and chiller equipment rooms
ventilation system.

The instrumentation requirements for this system are contained in
Section 9.4.1.5.

System Operation

Schematic arrangements of system mechanical equipment and operator
information displays are shown in Fig. 9.4-1a through 9.4-1e. The
main control room area ventilation system component control logic
is shown in Fig. 7.3-12. The standby switchgear and chiller
equipment rooms ventilation systems component control logic is
shown in Fig. 7.3-13. Instrument location drawings and elementary
diagrams are identified in Section 1.7.

1. Main Control Room Area Ventilation System

The main control room area ventilation system consists of two
full capacity redundant air handling units with associated
filter train,
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electric heater, and dampers. Air-conditioning units can be
started manually or automatically when a control building
chilled water pump is running. Room temperature is
maintained and humidity is limited to within design limits.
In the emergency (LOCA) mode of operation a high drywell
pressure or low reactor water level, or high radiation
condition in the local outside air intake, automatically
diverts the supply air through the main control room charcoal
filter train. The operator has the option of selecting fresh
air supply for the control building from either the local
outside air intake or remote outside air intake. Status
lights in the main control room indicate the motor-driven
fans which are energized and the position of the control room
ventilation system dampers. In the purge mode, the system
removes smoke or noxious gases from the main control room
area. Initiation of the purge mode is performed manually.

2. Standby Switchgear and Chiller Equipment Rooms
Ventilation Systems

The standby switchgear and chiller equipment rooms
ventilation systems each consist of two full capacity
redundant air handling units with associated fan, heater, and
dampers. Air-conditioning units can be started manually or
automatically when a control building chilled water pump is
running. Room temperature is maintained within design
limits. Status lights in the main control room indicate the
motor driven fans which are energized and the positions of
the standby switchgear and chiller equipment rooms
ventilation system dampers.

7.3.1.1.10 Control Building Chilled Water System

System Function

The control building chilled water system supplies chilled water
to the control building air conditioning system (Section
7.3.1.1.9).

The instrumentation requirements for this system are contained in
Section 9.2.10.5.
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System Operation

Schematic arrangements of system mechanical equipment and operator 
information displays are shown in Fig. 9.2-9a and 9.2-9b.  The 
control building chilled water system component logic is shown in 
Fig. 7.3-14.  Instrument location drawings and elementary diagrams 
are identified in Section 1.7. 

16 3
The control building chilled water system consists of two redundant 
systems.  Each system consists of two 100-percent capacity water 
chillers with associated pumps and valves.  During normal operation 
the makeup water for the chilled water compression tank is 
automatically supplied by the plant makeup water system and water 
to the chiller condenser is supplied by the normal service water 
system.  During emergency conditions (LOCA), high drywell pressure 
or low reactor water level isolates the nonsafety-related supply of 
the makeup water system and allows the operator to switch to the 
SSW system.  Also, during LOCA, the chiller condenser is supplied 
by the SSW system.  Status lights indicate the motor-driven pumps, 
and the position of the chilled water system valves are provided in 
the main control room. 
3  16
7.3.1.1.11 Standby Power Support Systems 

System Function

The standby power support systems for the two standby diesel 
generators and the HPCS diesel generator encompasses the following 
ESF subsystems: 

1. Diesel generator fuel oil storage and transfer system 

2. Diesel generator starting system 

3. Diesel generator lubrication system 

4. Diesel generator cooling water system 

5. Diesel generator combustion air intake and exhaust system. 

The purpose of the diesel generator fuel oil storage and transfer 
system is to provide an adequate fuel oil supply for 7 days 
continuous operation of each diesel generator at its rated 
capacity.

14
The diesel generator starting system provides the required air 
pressure for startup of each diesel generator as described in 
Section 9.5.6.1. 
14
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•→14•→12
The starting system also provides control air for the two standby
diesel generators’ pneumatic logic, which is required for stopping
of the diesel generators. The air compressors powered from the
Class 1E power supply for the two standby diesel generators
provide the capability for a long term air supply for the
pneumatic logic.
12←•14←•
The purpose of the diesel generator lubrication system is to
circulate the lube oil and to maintain the lube oil temperature at
a value which ensures quick starting capability of the diesel
generator.

The purpose of the diesel generator cooling water system is to
provide cooling water to the diesel generator engine jacket and to
maintain the temperature of the water at a minimum temperature
when the engine is not running.

The diesel generator combustion air intake and exhaust system
provides the required combustion air pressure and temperature
conditions for operation of the diesel engines.

The diesel generator protection interlocks are described in
Section 8.3.

System Operation

Schematic arrangements of system mechanical equipment and operator
information displays are shown in Fig. 9.5-2 and 9.5-4a. The
diesel generator fuel oil storage and transfer system component
control logic is shown in Fig. 7.3-15. The diesel generator
starting system component control logic is shown in Fig. 7.3-16.
The diesel generator lubrication system component control logic is
shown in Fig. 7.3-17. The standby station service component logic
is shown in Fig. 7.3-23. Instrument location drawings and
elementary diagrams are identified in Section 1.7.

1. Diesel Generator Fuel Oil Storage and Transfer System

The fuel oil storage and transfer system consists of three
redundant systems. Each system consists of a fuel oil
storage tank, a fuel day tank, and associated pumps. The
fuel oil level in the day tank is maintained within limits by
automatic controls. Each diesel generator fuel oil transfer
system is monitored in the respective diesel generator
control room and main control room.

The instrumentation requirements for this system are
contained in Section 9.5.4.5.
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2. Diesel Generator Starting System
•→12

Each diesel generator is provided with two full capacity
redundant air starting systems. Each starting system
consists of a compressor with air dryer, two air receiver
tanks, and a startup solenoid. The system air pressure is
maintained within limits by automatic operation of the
compressor. A LOCA condition energizes to open the air
startup solenoid allowing the engine to start. If the engine
doesn't start automatically, a fail-to-start alarm is
activated in the main control room. A manual start control
switch is provided in the main control room. Control power
for operation of the diesel generator starting system is
supplied by the standby 125-v dc system. Control air for
operation of the pneumatic logic, which is required for
stopping of the two standby diesel generators, is supplied by
the air starting systems. Status lights and instruments in
the diesel generator control room monitor the operation of
the diesel generator starting system.

12←•
The instrumentation requirements for this system are
contained in Section 9.5.6.4.

3. Diesel Generator Lubrication System

Each diesel generator lubrication system consists of a lube
oil circulating pump and associated lube oil heater. The
lube oil circulating pump runs whenever its diesel engine is
idle. The lube oil heater is energized when the lube oil
temperature drops below a preset value while the circulating
pump is running. Status lights in the diesel generator
control room monitor the operation of the diesel generator
lubrication system.

The instrumentation requirements for this system are
contained in Section 9.5.7.4.

4. Diesel Generator Cooling Water System

Each diesel generator cooling water system consists of two
full capacity redundant cooling water pumps with associated
heat exchanger, heater, and expansion tank. The diesel
engine jacket cooling water is maintained at a minimum
temperature when the engine is idle. Status lights and
instruments in the diesel generator control room monitor the
operation of the diesel generator cooling water system.
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The instrumentation requirements for this system are 
contained in Section 9.5.5.4. 

5. Diesel Generator Combustion Air Intake and Exhaust System 

Each diesel generator combustion air system is monitored in 
the respective diesel generator control room and in the main 
control room. 

The instrumentation requirements for this system are 
contained in Section 9.5.8.5. 

7.3.1.1.12 Diesel Generator Building Ventilation System 

System Function

The purpose of the diesel generator building ventilation system is 
to maintain the temperature of the air inside each diesel generator 
room within the environmental limits listed in Table 9.4-1.

The instrumentation requirements for this system are contained in 
Section 9.4.5.5. 

System Operation

Schematic arrangements of system mechanical equipment and operator 
information displays are shown in Fig. 9.4-5.  The diesel generator 
building ventilation system component control logic is shown in 
Fig. 7.3-18.  Instrument location drawings and elementary diagrams 
are identified in Section 1.7. 

The diesel generator ventilation system is described in Section 
9.4.5.2.2.  Initiation of the exhaust fan occurs automatically when 
the diesel generator is running or the ambient room temperature 
exceeds 110 F.

7.3.1.1.13 SSW Pump House Ventilation System 

System Function

The purposes of the SSW pump house ventilation system are as 
follows:

1. To maintain the temperature of the air inside the pump 
rooms within the environmental limits listed in Table 
9.4-1.
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2. To ensure adequate air flow in the switchgear rooms. 

The instrumentation requirements for this system are contained in 
Section 9.4.5.5. 

System Operation

Schematic arrangements of system mechanical equipment and operator 
information displays are shown in Fig. 9.4-6b.  The SSW pump house 
ventilation system component control logic is shown in Fig. 7.3-19. 
 Instrument location drawings and elementary diagrams are 
identified in Section 1.7. 

The SSW pump house ventilation system consists of two full capacity 
fans for each pump room.  Pump rooms A and B contain Divisions I 
and II, and III equipment. Initiation of the SSW pump house fans
occurs automatically to ensure normal maximum space temperature
does not exceed the environmental value listed in Table 9.4-1.  The 
SSW pump house ventilation system also includes two full capacity 
redundant fans in each switchgear room (A and B).  Initiation of 
the switchgear room standby fan occurs automatically on operating 
fan failure. 

Status lights for the motor-driven fans are provided in the main 
control room. 

7.3.1.1.14 Auxiliary Building Ventilation System 

System Function
16

The purpose of the auxiliary building ventilation system 
instrumentation and controls is to prevent the ambient temperature 
inside each area in the auxiliary building from exceeding the 
environmental limits as described in Table 9.4-1. 
16
The instrumentation requirements for the auxiliary building 
ventilation system are contained in Section 9.4.3.5. 

System Operation

Schematic arrangements of system mechanical equipment and operator 
information displays are shown in Fig. 9.4-7a through 9.4-7c.  The 
auxiliary building ventilation system component control logic is 
shown in Fig. 7.3-20.  Instrument 
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location drawings and elementary diagrams are identified in
Section 1.7.

The auxiliary building ventilation system includes unit coolers
for those areas that contain equipment in ESF systems.  Operation
of the unit coolers is performed manually.  Redundant unit coolers
are provided for the SGTS area.  These coolers are interlocked
with their respective discharge dampers.

In the emergency (LOCA) mode of operation, high drywell pressure
or low reactor water level diverts the exhaust air through the
SGTS charcoal filter train.  A LOCA condition automatically shuts
down and isolates the auxiliary building supply air system which
is not a safety-related system.

A high radiation level in the auxiliary building exhaust is
annunciated in the main control room.  The operator must manually
divert the exhaust air to the SGTS and shut down the supply air
system.  Status lights in the main control room indicate the
motor-driven unit cooler fans which are energized and the position
of the auxiliary building ventilation system dampers.

7.3.1.1.15 Fuel Building Ventilation System

System Function
3

The fuel building ventilation system processes potentially
radioactive exhaust air prior to discharging the air to the
environment.
3
The instrumentation requirements for the fuel building ventilation
system are contained in Section 9.4.2.5.

System Operation

Schematic arrangements of system mechanical equipment and operator
information displays are shown in Fig. 9.4-2a and 9.4-2b.  The
fuel building ventilation system component control logic is shown
in Fig. 7.3-21.  Instrument location drawings and elementary
diagrams are identified in Section 1.7.

The fuel building ventilation system includes a post-accident
exhaust air system, consisting of two full capacity redundant
filter trains and associated fans and dampers and unit coolers for
those areas in the fuel building that require removal of heat
dissipated from equipment.  Operation of the unit cooler is
performed manually.
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During emergency conditions (LOCA), high drywell pressure, low
reactor water level, or high radiation in the fuel building
exhaust automatically diverts the fuel building exhaust air
through the fuel building exhaust filter train prior to releasing
the air to the environment. Also, a LOCA signal or a high
radiation signal automatically shuts down the nonsafety-related
normal exhaust air system and the normal supply air system.
Either a LOCA signal or a high radiation signal initiates both
filter trains. The filter train which is manually shut down
serves as a backup for the operating filter train. During fuel
handling mode of operation, the exhaust air is routed through the
filtration units.

Post-accident radiation monitoring is provided in the main control
room for the fuel building effluent.

Status lights for the heaters and motor-driven fans and the
position of the fuel building ventilation system dampers are
provided in the main control room.

7.3.1.2 Design Basis Information

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 that chapter.

1. Variables Monitored to Provide Protective Action

The following variables are monitored in order to provide
protective actions to 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)
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(2) Reactor vessel low water level (trip level 1)

(3) Drywell high pressure

c. LPCS and LPCI

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

(2) Drywell high pressure

d. CRVICS

(1) Reactor vessel low water level (trip level 3)

(2) Reactor vessel low water level (trip level 2)

(3) Reactor vessel low water level (trip level 1)

(4) Drywell high pressure

(5) Main steam high radiation

(6) Main steam line area high ambient and differential
temperature

(7) Main steam line high flow

(8) Main steam turbine inlet low steam pressure

(9) RWCU high differential flow
•→12

(10) RWCU area high ambient temperature

(11) RHR area high ambient temperature
12←•

(12) Main condenser low vacuum

e. MS-PLCS (manual)

Reactor vessel low pressure
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f. SGTS

(1) Reactor vessel low water level (trip level 2)

(2) Drywell high pressure
•→13
g. Combustible Gas Control System (manual)

Containment hydrogen concentration

h. Reactor Plant Ventilation System

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

(2) Reactor vessel low waterlevel (trip level 2)

(3) Drywell high pressure
13←•
I. SPCM (manual)

(1) Suppression pool temperature

(2) Drywell high pressure

(3) Reactor vessel low water level (trip level 1)

j. SSW

(1) Normal service water system header pressure

(2) RPCCW system header pressure

(3) Reactor vessel low water level (trip level 1)

(4) Drywell high pressure

k. Control Building Air Conditioning System
•→4

(1) Reactor vessel low water level (trip level 2)
4←•
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(2) Drywell high pressure

(3) Air intake high radiation

l. Control Building Chilled Water System

(1) Reactor vessel low water level (trip level 2)

(2) Drywell high pressure

(3) Control building air conditioning system status

m. Standby Power Support Systems

(1) HPCS and standby diesel generator systems

(Refer to Section 8.3.1.)

(2) HPCS and standby diesel generator support systems

(a) Fuel oil day tank level

(b) Fuel oil storage tank level

(c) Starting air receiver pressure

(d) Standby or HPCS diesel start

n. Diesel Generator Building Ventilation System

(1) Diesel generator room ambient temperature

(2) Diesel generator start signal

o. Standby Service Water Pump House Ventilation System

SSW pump house pump room temperature

p. Auxiliary Building Ventilation System

(1) Reactor vessel low water level (trip level 2)

(2) High drywell pressure
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(3) Auxiliary building exhaust high radiation signal
(manual)

q. Fuel Building Ventilation System

(1) Reactor vessel low water level (trip level 2)

(2) High drywell pressure

(3) Fuel building exhaust high radiation

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

•→8
2. Location and Minimum Number of Sensors

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

8←•

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.

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.

•→8
5. Levels

Levels requiring protective action are established in the
Technical Specifications/Requirements.

8←•
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6. Range of Transient, Steady State, and Environmental
Conditions

The environmental qualification of the safety-related ESF
instrumentation and controls is discussed in Section 3.11.
The ESF power supply range of steady state and transient
conditions is provided in Chapter 8.

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

a. Floods

The buildings containing ESF systems components have been
designed to meet the PMF at the site location. This ensures
that the buildings remain watertight under PMF conditions
including wind-generated wave action and wave runup. For a
discussion of internal flooding protection refer to Sections
3.4 and 3.6.

b. Storms and Tornadoes

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

c. Earthquakes

The structures containing ESF systems components have been
seismically qualified, as described in Sections 3.7 and 3.8,
to remain functional during and following an SSE. Seismic
qualification of instrumentation and electrical equipment is
discussed in Section 3.10.

d. Fires

To protect the ESF systems in the event of a postulated fire,
the redundant portions of the systems are separated by fire
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
separation and fire barriers ensures that even though some
portion



RBS USAR

Revision 8 7.3-43 August 1996

of the systems may be affected, the ESF systems continue to
provide the required protective action. Fire protection is
discussed in Section 9.5.

e. 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. Chapter
15 describes the effects of a LOCA.

f. Pipe Break Outside Secondary Containment

This condition does not prevent safe shutdown. Refer to
Section 3.6. Chapter 15 describes the effects of a pipe
break outside containment.

g. Missiles

Protection for safety-related components is described in
Section 3.5.

•→8
8. Minimum Performance Requirements

Minimum performance requirements for ESF instrumentation and
controls are provided in the Technical Specifications/
Requirements.

8←•

7.3.1.3 Final System Drawings

The final system drawings including:

1. Piping and instrumentation diagrams (P&ID) or instrument
and electrical diagrams (IED), and

2. Functional control diagrams (FCD) or logic diagrams
(LSK)

have been provided or referenced for the ESF systems in this
section.

ESF systems elementary diagrams are listed in Section 1.7.

Equipment arrangement drawings are provided in Section 1.2.

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

7.3.2.1 ESF Systems

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

The ESF systems are designed in such a way that a loss of
instrument air, loss of cooling water to vital equipment, a plant
load rejection, or a turbine trip does not prevent the completion
of the safety function.

A system-level/qualitative type plant FMEA, the Nuclear Safety
Operational Analysis (NSOA), is presented in Appendix 15A. In
addition, failure modes and effects analyses for balance-of-plant
(BOP) ESF instrumentation and control systems are contained in the
FMEA document.

All plant systems having ESF functions or providing support for
ESF functions were reviewed in the context of IE Bulletin 80-06.
It has been verified that, except as discussed below, 1)
protective action is completed once initiated; 2) all
safety-related equipment remains in its emergency mode upon reset
of an ESF actuation signal; and 3) return of a system to
nonsafety-feature operation requires subsequent deliberate
operator action.

1. a. HPCS Diesel Generator

•→8
A system level reset of the ESF actuation signal does not
shut down the diesel generator. However, a system level
reset does restore all of the protective trips provided
for diesel generator protection (i.e., high jacket water
temperature, low lubrication oil pressure, reverse power,
loss of excitation overcurrent) which are blocked during
an abnormal condition. If any of these protective trips
is present at the time of system level reset, the diesel
generator trips and a lockout occurs.

•←8
In the emergency mode, the HPCS diesel generator is a
source of onsite power. During emergencies, which
includes a LOCA, most of the protective trip functions
are blocked so that the diesel operates as long as
possible, regardless of the damage that it may incur.
Upon conclusion of the emergency, all protective
functions are restored as soon as the LOCA signal is
manually reset. This restoration of protective functions
is provided so
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that the diesel does not suffer any more damage than
necessary. Ths trips are not reinstated until the LOCA
signal is reset. Since this signal must be manually
reset, the trips are, in effect, manually reinstated.
Thus, after the LOCA, the diesel continues to run with
all trips functioning normally.

1. b. Standby Diesel Generators

The standby diesel generators (1EGS*EG1A and 1EGS*EG1B)
operate in a manner similar to the HPCS diesel. Upon
reset of the ESF actuation signal, the generator
protective trips are automatically restored, whereas the
engine protective trips must be manually restored. Refer
to Section 8.3.1.6.1.2 and 8.3.1.1.4.1 for a description
of the standby diesel generator protective interlocks.

It is the River Bend Station position that this method of
operation for the HPCS and standby diesel generator meets
the intent of IE Bulletin 80-06 and no modifications are
planned.

2. Automatic Depressurization System

A reset deenergizes the ADS solenoids, thus returning the
air-operated ADS valves to the normal closed condition.

The design of the ADS includes a dedicated reset button
in each of the two divisions. Pushing both buttons
causes all ADS valves to close, interrupting ADS action
for 120 sec. The reset pushbuttons are provided for
manually preventing or limiting inadvertent actuation of
the ADS. These are the only ADS shutoff switches
available to the operator.

It is the River Bend Station position that this design is
consistent with IEEE Standards and no change is
considered appropriate in response to IE Bulletin 80-06.
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7.3.2.1.1 Conformance to Title 10 Code of Federal
Regulations, Part 50 (10CFR50) Appendix A -
General Design Criteria (GDC)

The conformance discussions provided in Section 3.1 for the GDC
apply to the ESF Systems, as identified in Table 7.1-3.

7.3.2.1.2 Conformance to IEEE Standards

The following is a discussion of conformance to those IEEE
standards which apply specifically to the ESF systems. Refer to
Section 7.1.2.3 for a generic discussion of IEEE standards which
apply to the ESF systems, as identified in Table 7.1-3.

1. IEEE 279-1971

a. General Functional Requirement (IEEE 279-1971,
Paragraph 4.1)

The ESF systems automatically initiate the
appropriate protective actions, whenever the
parameters described in Section 7.3.1.2, item 1,
reach predetermined limits, with precision
and reliability assuming the full range of
conditions and performance discussed in Section
7.3.1.2.

b. Single Failure Criterion (IEEE 279-1971,
Paragraph 4.2)

ESF systems are not required to meet single failure
criteria on an individual system (division) basis.
However, on a network basis, the single failure criteria
does apply to assure the completion of a protective
function. Redundant sensors, wiring, logic, and
actuated devices are physically and electrically separated
in such a way that a single failure does not prevent
the protective function. Refer to Section 8.3.1.4
for a complete description of the independence of
redundant systems.

c. Quality Components (IEEE 279-1971, Paragraph 4.3)

For a discussion of the quality of ESF system
components and modules refer to Chapter 17.
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d. Equipment Qualification (IEEE 279-1971,
Paragraph 4.4)

For a discussion of equipment qualificaton, refer to
Sections 3.10 and 3.11.

e. Channel Integrity (IEEE 279-1971, Paragraph 4.5)

For a discussion of ESF systems channel integrity
under all extremes of conditions described in
Section 7.3.1.2 refer to Sections 3.10, 3.11, and
8.3.1.

f. Channel Independence (IEEE 279-1971, Paragraph 4.6)

ESF systems channel independence is maintained
as described in Section 8.3.1.4.

g. Control and Protection Interaction (IEEE 279-1971,
Paragraph 4.7)

There are no ESF system and control system
interactions.

h. Derivation of System Inputs (IEEE 279-1971, Paragraph
4.8)

The ESF variables are direct measures of the desired
variables requiring protective actions. Refer to

Sections 7.3.1.1.1 through 7.3.1.1.12.

i. Capability of Sensor Checks (IEEE 279-1971, Paragraph
4.9)

Refer to Section 7.3.2.1.3, Regulatory Guide 1.22.

j. Capability for Test and Calibration (IEEE 279-1971,
Paragraph 4.10)

Refer to Section 7.3.2.1.3, Regulatory Guide 1.22.
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k. Channel Bypass or Removal from Operation
(IEEE 279-1971, Paragraph 4.11)

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

l. Operating Bypasses (IEEE 279-1971, Paragraph 4.12)

The ESF systems contain the following
operating bypasses.

The CRVICS has two bypasses:

(1) The main steam line low pressure operating
bypass which is imposed by means of the
mode switch. In all modes except RUN, the
mode switch cannot be left in this position
above 15 percent of rated power without
initiating a scram. Therefore the bypass
is removed by the normal reactor operating
sequence, and

(2) The low condenser vacuum bypass which is
imposed by means of a manual bypass switch.

m. Indication of Bypasses (IEEE 279-1971,
Paragraph 4.13)

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

n. Access to Means for Bypassing (IEEE 279-1971,
Paragraph 4.14)

Access to means of bypassing any safety action
or function for the ESF systems is under
the administrative control of the operator.
The operator is alerted to bypasses as described
in Section 7.1.2.4, Regulatory Guide 1.47.
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o. Multiple Trip Settings (IEEE 279-1971,
Paragraph 4.15)

There are no multiple set points within the ESF
systems.

p. Completion of Protective Action Once Initiated (IEEE
279-1971, Paragraph 4.16)

The logic circuits of automatically initiated
ESF systems seal in and remain sealed in
after initiating conditions return to normal.
The operator must then take deliberate action to
return (reset) ESF system level logic circuits.
After the ESF system level logic is reset,
the associated ESF equipment (pumps, valves, fans,
and dampers) remains in the emergency mode
(safety feature condition) until deliberate
operator action is taken to return the equipment
to the normal mode of operation.

q. Manual Initiation (IEEE 279-1971, Paragraph 4.17)

Refer to the discussion of Regulatory Guide 1.62
in Section 7.1.2.4.

r. Access to Set Point Adjustments (IEEE 279-1971,
Paragraph 4.18)

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

s. Identification of Protective Actions (IEEE 279-1971,
Paragraph 4.19)

ESF protective actions are directly indicated
and identified by annunciators located in the
main control room, and a typed record is available
from the process computer.

t. 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
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introduce signals that could cause anomalous
indications confusing to the operator.

u. 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 are
accomplished during periodic testing or by
annunciation in the main control room.

v. 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 relay belongs is identified
on the relay panels.

All wiring and cabling outside the panels is labeled
to indicate its divisional assignment as well as
its system assignment. See Section 8.3.1.3.

2. IEEE 334-1974

Conformance to IEEE 334-1974 is described in Chapter 8.

7.3.2.1.3 Conformance to NRC Regulatory Guides

The following is a discussion of conformance to the
Regulatory Guides which apply specifically to the ESF
systems. Refer to Section 7.1.2.4 for a generic discussion
of Regulatory Guides which apply to the ESF systems, as
identified in Table 7.1-3.

1. Regulatory Guide 1.7

For control of combustible gas concentrations
in containment following LOCA refer to Section 1.8.

2. Regulatory Guide 1.22

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
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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. The main steam line radiation
sensors may be removed and test sources applied.
The combustible gas control system sensors are tested
by introducing sample gases of known analysis.
This verifies the operability of the sensor and
the associated logic components in the main
control room. 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.

Four test jacks are provided to allow ADS logic
testing (one for each logic channel). The
logic circuits are designed to allow the system
testing without actually opening any of the ADS
valves. During testing, to prevent opening of the
ADS valve, one of each pair of complementary
logic channels A and E or B and F is activated by a
test switch inserted into the logic panel in the
main control room. When the test plug is inserted
into one channel, the complementary channel of
that traip system is automatically rendered
inoperative. Therefore, inadvertent ADS actuation
cannot occur even if both channels are improperly
placed in the test mode simultaneously. An alarm
is provided if a test plug is inserted in both
channels in a division at the same time.
Operating the test switch through each of its
positions, in combinations with operation of the
trip units, allows verification of the proper ADS
logic response by observing indicating lamps
and activation of annunciator windows. The final
DAS valve-initiating logic is verified by neon lamps
connected across series logic contacts which allow
verification of operation without actually operating
the associated solenoid pilot valve.

Annunciation is provided in the main control
room whenever a test plug is inserted in a jack to
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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 main control room operator during
periodic system tests to verify component operability.

3. Regulatory Guide 1.40

See Section 1.8

4. Regulatory Guide 1.53

Refer to IEEE 279-1971, Paragraph 4.2,
Section 7.3.2.1.2.

5. Regulatory Guide 1.96

The MS-PLCS is designed to comply with this
regulatory guide. See Section 1.8.

6. Regulatory Guide 1.97

See Section 1.8.

7.3.2.1.4 Interlocks

Balance of plant ESF system interlocks which are common to both
manual and automatic initiation circuits are provided
for protection of seven safety-related systems. However, in
each case redundant equipment of a different Class 1E power
source division is available in the other division such that
no single failure in the manual, automatic, or common portion
of the protection system prevents initiation by manual or
automatic means of the system function.

Of the NSSS ESF systems, the HPCS, LPCS, LPCI, and ADS subsystem
of ECCS share permissive logic between automatic and system-
level manual initiation logic. Only the HPCS shares
permissive logic between automatic and component-level (switch
for injection valve control only) initiation.
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The design is acceptable since the individual subsystems of ECCS
are not required to meet the single failure criterion. The ECCS
function is met with one of its subsystems inoperative.

7.3.3 Response Time Testing

All River Bend Station safety-related systems have provisions for
response time testing with the exception of the following
component sensors:

1. Thermocouples

2. Neutron monitors (SPMs, IRMs, LPRMs)

3. Resistance temperature detectors (RTDs)
•→8
4. Reactor Protection System (RPS)

a. Reactor Steam Dome Pressure-High

b. Reactor Vessel Water Level-Low Level 3

c. Reactor Vessel Water Level-High Level 8

5. Main Steam Isolation Valve (MSIV) isolation instrumentation

6. Emergency Core Cooling System (ECCS) actuation instrumentation
8←•
The procedures which fulfill the technical specifications
surveillance requirements provide detailed requirements for the
operator to return a protection function actuator circuit to
normal operation after it is tested. When a protection function
actuator circuit is being tested and renders the protection system
inoperative, the system manual bypass is activated. This informs
main control room personnel of the status of the protection
systems.
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7.4 SYSTEMS REQUIRED FOR SAFE SHUTDOWN

Systems required for safe shutdown include those needed for hot
and cold shutdown which are defined as follows:

1. Hot Shutdown

A plant condition in which the reactor is subcritical,
and the primary system temperature is sufficient to
allow removal of decay heat by steam generation. This
temperature is theoretically greater than 212°F;
however, 300° to 350°F is the minimum practical range
for this mode.

2. Cold Shutdown

A plant condition in which the reactor is subcritical and
decay heat is removed by either the residual heat removal
system or by other decay heat systems. The primary
system temprature is reduced to below 212°F and the heat
sink is a heat exchanger with a secondary coolant loop.

A safe hot shutdown condition is achieved when the following
functions are satisfied:

1. Reactivity is controlled

2. Reactor coolant inventory makeup is provided

3. Decay heat removal is established and reactor pressure
is controlled

4. Suppression pool cooling is established

5. System status monitoring is provided.

Once the reactor is placed in a hot shutdown condition, station
personnel are able to provide equipment lineups, connections,
and/or temporary repairs as needed to achieve and maintain a cold
shutdown condition within 72 hours.
•→10 •→8
Numerous methods are available to achieve safe shutdown. Normal
reactor shutdown and cooldown utilizes the main condenser;
off-normal reactor shutdown uses RCIC or combinations of
redundant ECCS equipment. Figure 7.4-3 shows this normal method
and two alternate methods of achieving shutdown using Category I
redundant equipment which is
10←• 8←•
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operable from onsite power. Electrical circuit protection,
comprehensive definition of equipment and cables, use of
separation and approved protection measures ensure that systems
are available for safe shutdown after single postulated events.

7.4.1 Description

This section discusses the instrumentation and controls of the
following systems required for safe plant shutdown:

1. RCIC

2. RHR-RSCM

3. SLCS

4. RSS

Refer to Chapter 8 for a complete discussion of the
safety-related power sources.

7.4.1.1 Reactor Core Isolation Cooling (RCIC) System

System Function

The RCIC system (Section 5.4.6) instrumentation is designed to
maintain or supplement reactor vessel water inventory during the
following conditions:

1. When the reactor vessel is isolated from its primary
heat sink (the main condenser) and maintained in the hot
standby condition.

2. When the reactor vessel is isolated and accompanied by a
loss of normal coolant flow from the reactor feedwater
system.

•→10
3. Deleted
10←•
•→15
4. Deleted

15←•
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System Operation

Schematic arrangements of system mechanical equipment and
operator information display are shown in Fig. 5.4-8. RCIC
system component control logic is shown in Fig. 7.4-1.

Instrument location drawings, and elementary diagrams are
identified in Section 1.7.
•→14 •→12
The RCIC system can be initiated either manually or
automatically. The initiation signal logic is then sealed-in for
a fixed time duration to allow system startup. The MCC circuitry
maintains the components sealed in after initiation. The main
control room operator can initiate RCIC by operating the manual
initiation switch which simulates an automatic initiation or by
activating each piece of equipment sequentially as required. The
initiation signal for steam flow to the RCIC turbine and water
injection to the reactor vessel is sealed in for a specified time
period and then drops out. This initiation signal to the gland
seal compressor is sealed in and remains sealed in until manually
reset.
12←• 14←•
RCIC is automatically initiated by four redundant differential
pressure transmitters/trip relay contacts, arranged in a
one-out-of-two-twice logic configuration, which sense reactor
vessel low water level (trip level 2).

The RCIC steam line isolation and the turbine steam exhaust
motor-operated (MO) valve control switches are keylocked in the
open position. The turbine trip and throttle valve is normally
open and requires no change of position for automatic system
initiation.

The RCIC system responds to an automatic initiation signal and
reaches design flow rate within 30 sec as follows (actions are
simultaneous unless stated otherwise):

1. The pump suction from the condensate storage tank
valve MO F010 is signaled open.

2. To ensure pump discharge flow is directed to the reactor
vessel only, the test return lines to the condensate
storage tank valves MO F022 and MO F059 are signaled
closed.
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•→10
3. The turbine steam inlet valve MO F045 is signaled open.
•→9

4. When the turbine steam inlet valve MO F045 begins to
open, the RCIC pump discharge to reactor vessel
valve MO F013 is signaled open. Valve MO F013 is
prohibited from opening or if open, automatically closes
when MO F045 or the turbine trip and throttle valve is
closed.

9←• 10←•
5. The turbine gland seal compressor is signaled to start.

6. When valve MO F045 leaves the closed position the RCIC
turbine is accelerated in speed until the automatic flow
controller set point is reached and the system discharge
flow is controlled by the turbine electronic governor
mechanism.

In the event that the water level in the condensate storage tank
should become low, the RCIC pump suction is automatically
transferred from the condensate storage tank to the suppression
pool by opening valve MO F031. A time delay is incorporated in
the design to prevent inadvertent transfer that could be caused
by a transient pressure disturbance (reduction) in the suction
line where the sensors are located. Once valve MO F031 is fully
open the condensate storage tank valve MO F010 is automatically
closed.
•→8
8←•
The RCIC system includes design features which provide system
equipment protection or accomplish containment isolation if
certain types of abnormal events occur. The turbine is either
manually trip actuated by the main control room operator or
automatically shut down by closing the turbine trip and throttle
valve if any of the following conditions are detected:

1. Turbine overspeed

2. High turbine exhaust pressure

3. RCIC isolation signal

4. Low pump suction pressure
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In addition, the steam supply valve MO F045 is closed on reactor
vessel high water level (trip level 8). This permits an
automatic restart of the RCIC system if the reactor water level
drops to level 2.

To protect the RCIC pump from overheating during low flow
conditions the pump discharge flow and pressure are monitored.
If the pump discharge pressure transmitter indicates the pump is
running and the pump discharge flow transmitter indicates low
flow, the minimum flow return line valve MO F019 is automatically
opened. The minimum flow valve is automatically closed when flow
is normal, or when either the turbine trip and throttle valve or
the steam supply valve MO F045 is closed.

The water level in the steam line drain condensate pot is
controlled by a level switch and a valve AO F054 which energizes
to allow condensate to flow out of the drain pot by bypassing the
steam trap.
•→7
Air operated (AO) valves F025, F026, and F054 and a condensate
drain pot are provided in a drain pipeline arrangement just
upstream of the turbine supply valve. The drainage path is
isolated by closing AO F025 and AO F026 upon receipt of an
M0 F045 not-closed signal.
7←•
RCIC system turbine exhaust line vacuum breaker valves MO F077
and MO F078 are normally open but close automatically following
system trip on low steam line pressure if drywell pressure
exceeds the set point.
•→7
The leak detection portion of RCIC system automatically signals
the steam line warmup valve MO F076 closed, the inboard steam
isolation valve MO F063 and the outboard steam isolation
valve MO F064 closed if any of the following abnormal conditions
exist. For a complete description of the RCIC system leak
detection isolation signals, see Section 7.6.1.
7←•
•→8

1. Redundant ambient temperature switches indicate RCIC and
RHR equipment area high ambient temperature.

•←8

2. Redundant differential pressure transmitters sense RCIC
or RHR/RCIC steam high flow or instrument line break.
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3. Redundant pressure transmitters sense RCIC turbine
exhaust diaphragm high pressure. Both transmitters in
one of two trip channels must sense high pressure to
cause isolation.

4. A pressure transmitter senses RCIC low steam supply
pressure.

The RCIC system may be isolated after initiation by the main
control room operator by actuation of a switch which causes the
outboard steam isolation valve to close.

7.4.1.2 RHR Reactor Shutdown Cooling Mode (RSCM)

RSCM Function

The RSCM (Section 5.4.7) of the RHR system is used during a
normal reactor shutdown or for long term cooling after vessel
water level has been restored following accident conditions.

The RSCM consists of instrumentation designed to provide decay
heat removal capability for the reactor core by accomplishing the
following:

1. Reactor cooling during shutdown operation after the
vessel pressure is reduced to approximately 110 psig.

2. Cooling the reactor water to a temperature of 125°F at
which reactor refueling and servicing can be
accomplished.

•→12 •←12
RSCM Operation

Schematic arrangements of system mechanical equipment and
operator information displays are shown in Fig. 5.4-12. RSCM
component control logic is shown in Fig. 7.3-4. Instrument
location drawings and elementary diagrams are identified in
Section 1.7.

The reactor shutdown cooling system contains two loops. Either
loop is sufficient to satisfy the cooling requirements for
shutdown cooling. However, both loops share a common suction
line with two suction valves in
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series.  In the event one of the suction valves fails closed and 
normal shutdown cooling is not available, an alternate shutdown 
cooling loop may be established.  The normal shutdown suction 
path may be bypassed by manually switching to take suction water 
from the suppression pool, returning through the LPCI nozzle, and 
manually opening the ADS valves to allow reactor water to flow 
back through the suppression pool line to the suppression pool.  
The ADS valves may be actuated by either Division 1 or Division 2 
power thus providing redundancy in the event of a divisional 
power failure.  See Section 5.4.7 for a complete description of 
RSCM operation.  
 
7.4.1.3  Standby Liquid Control System (SLCS)  
 
SLCS Function 
��1 
The SLCS (Section 9.3.5) instrumentation is designed to initiate 
injection of a liquid neutron absorber into the reactor.  Other 
instrumentation is provided to heat the neutron absorber solution 
should the ambient area temperature be insufficient to maintain 
the solution well above saturation temperature in readiness for 
injection. 
1�� 
The SLCS is a redundant method of manually inserting enough 
negative reactivity to shut down the reactor to cold shutdown 
conditions from normal operation or from anticipated transient 
conditions when control rod insertion capability is lost.  The 
Standby Liquid Control System sodium pentaborate solution also 
functions to control suppression pool pH following a design basis 
LOCA event with no functioning ECCS injection.  This function was 
added to the Standby Liquid Control System in conjunction with 
the River Bend implementation of Alternate Source Term (AST) per 
Regulatory Guide 1.183. 
 
SLCS Operation 
 
Schematic arrangements of system mechanical equipment and 
operator information display are shown in Fig. 9.3-9.   SLCS 
component control logic is shown in Fig. 7.4-2.  Instrument 
location drawings and elementary diagrams are identified in 
Section 1.7.  
 
The SLCS is initiated by the main control room operator by 
turning a keylocked switch for system A, or a different keylocked 
switch for system B to the RUN position.  The key is removable in 
the center NORMAL position.  Should the selected pump fail to 
start, the other key switch may be used to select the alternate 
pump loop.  
 
When the SLCS is initiated, the explosive-operated valve in the 
selected loop fires and the tank discharge valve starts to open 
immediately.  The pump that has been selected for injection does 
not start until the tank discharge valve is open.  
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When the SLCS is initiated from system A, the outboard isolation 
valve of the RWCU system is automatically closed. Initiation from 
system B closes the inboard isolation valve automatically 
(Table 6.2-40).

Pumps are interlocked so that either the storage tank discharge 
valve or the test tank discharge valve must be open for the pump to 
run.

7.4.1.4  Remote Shutdown System (RSS)

RSS Function

The RSS is designed to achieve and maintain hot reactor shutdown and 
subsequently  to achieve cold shutdown from outside the main control 
room following these postulated conditions:

 1. The plant is at normal operating conditions, all plant 
personnel have been evacuated from the main control room, 
and it is inaccessible for control of the plant.

 2. The initial event that causes the main control room to 
become inaccessible is assumed to be such that the reactor 
operator can manually scram the reactor before leaving the 
main control room. 

The RSS is required only during times of main control room 
inaccessibility when normal plant operating conditions exist, i.e., 
no transients or accidents are occurring.  For this reason, only the 
equipment which interfaces directly with safety-related equipment 
(RHR, RCIC, etc) is required to be of safety-related quality.  
Transfer and control switches at the RSS panels and other selected 
control points, are provided for equipment which is controlled 
during remote shutdown.  The controls and indications at these 
panels are listed in Table 7.4-1.

The main steam isolation valves and the ADS valves represent 
potential fire-induced LOCA pathways that are accounted for in the 
design of the RSS.  Isolation is assured through the respective 
deenergization of the RPS breakers in the RPS distribution panels at 
el 115 in the control building and the ADS breakers in the dc 
distribution panels at el 98 in the control building.

The initiating event that causes the main control room to become 
inaccessible could be a large transient fire that includes shorts 
and/or spurious signals producing potential 
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7
LOCA pathways and/or incorrect system lineup for shutdown. 
Transfer and control switches exist at the RSS Division I panel 
(single failure criteria is not applicable for a fire event), the 
diesel generator local control panels, and Division I 4.16 KV 
standby switchgear to achieve and maintain hot shutdown; while 
local transfer and control switches for the diesel generator fuel 
oil transfer pump, the standby service water pump house 
ventilation fan, the standby cooling tower fans, and the 
penetration valve leakage control air compressor exist to achieve 
and maintain cold shutdown.  For all remaining initiating events 
requiring a main control room evacuation, i.e., other than a 
transient fire, functional redundancy is provided by the RSS 
Division I and Division II panels, both at el 98 in the control 
building.
7
RSS Operation

Instrument location drawings and elementary diagrams are 
identified in Section 1.7.

7
Some of the existing systems used for normal reactor shut-down 
operation are also utilized in the remote shutdown capability to 
shut down the reactor from outside the main control room.  The 
functions needed for remote shutdown control are provided with 
manual transfer switches which override controls from the main 
control room and transfer the controls to the remote shutdown 
panel or other selected control points.  Remote shutdown  control 
is not possible without actuation of the transfer switches.  
Power supplies and control logic are transferred and isolated.  
The isolated Division I and III control logic circuits required 
to shutdown the plant in the event of a main control room fire 
are furnished  power  from independently fused  power supplies.  
Access to the remote shutdown panel is administratively and 
procedurally controlled via the plant security system.  Local 
transfer switch positions are monitored via remote annunciation 
in the main control room, while proper system lineup (local 
control switches) is monitored via remote indication at the RSS 
Division I panel for transfer switches located at this panel.  
System control is available from the RSS panels or other selected 
control points.
7
Manual activation of SRVs, along with the initiation of RCIC 
system and/or the automatic initiation of the HPCS system, 
maintains reactor water inventory and brings the reactor to a hot 
shutdown condition after scram.  During this phase of shutdown, 
the suppression pool is cooled by operating the RHR system in the 
suppression pool cooling mode.  Reactor pressure is controlled 
and core decay and sensible heat are 
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rejected to the suppression pool by relieving steam pressure 
through the relief valves.

Manual operation of the relief valves cools the reactor and 
reduces its pressure at a controlled rate until a method of 
long-term heat removal is established.  The RHR system can be 
operated in the shutdown cooling mode using the RHR system heat 
exchanger to cool reactor water and bring the reactor to the cold 
shutdown condition.

7
Remote shutdown component control logic and operator information 
displays for the Division I remote shutdown panel are shown in 
Figure 7.4-4. 
7
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7.4.1.5  Design Basis Information

The safe shutdown 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 that 
chapter.

 1. Variables Monitored to Provide Protective Actions  

  The following variables are monitored in order to 
provide protective actions to the safe shutdown 
systems:

  a. RCIC - Reactor vessel low water level (trip 
level 2)

   All other safe shutdown systems are initiated by 
operator actions.

   The plant conditions which require protective 
action involving safe shutdown are described in 
Chapter 15 and Appendix 15A.

 2. Location and Minimum Number of Sensors  

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

 3. Prudent Operational Limits  

  Prudent operational limits for each safety-related 
variable trip setting are selected with sufficient 
margin so that a spurious safe shutdown 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.
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4. Margin

The margin between operational limits and the limiting
conditions of operation of safe shutdown systems are
those parameters listed in the Technical
Specifications.

5. Levels

Levels requiring protective action are established in
the Technical Specifications.

6. Range of Transient, Steady State, and Environmental
Conditions

The environmental qualification of the safety-related
instrumentation and controls safe shutdown systems is
discussed in Section 3.11. The safe shutdown systems
power supply range of steady-state and transient
conditions is provided in Chapter 8.

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

a. Floods

The buildings containing safe shutdown system
components have been designed to meet the PMF at
the site location. This ensures that the
buildings remain water-tight under PMF conditions
including wind-generated wave action and wave
runup. For a discussion of internal flooding
protection refer to Sections 3.4 and 3.6.

b. Storms and Tornadoes

The buildings containing safe shutdown system
components have been designed to withstand
meteorological events described in Section 3.3.

c. Earthquakes

The structures containing safe shutdown system
components have been seismically qualified, as
described in Sections 3.7 and 3.8, to remain
functional during and following an SSE. Seismic
qualification of instrumentation and
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electrical equipment is discussed in Section 3.10.

d. Fires
•→10

To protect the safe shutdown systems in the event of a
postulated fire, the redundant portions of the
systems are separated by fire barriers or
physical distance. The use of separation and fire
barriers ensures that even though some portion of
the systems may be affected, the safe shutdown
systems continue to provide the required
protective action. See Section 9.5.1 for a
discussion of fire protection.

10←•
e. LOCA

The safe shutdown systems components located
inside the drywell and containment which are
functionally required following a LOCA have been
environmentally qualified to remain functional as
discussed in Section 3.11. Chapter 15 describes
the effect of a LOCA.

f. Pipe Break Outside Secondary Containment

This condition does not affect the safe shutdown
systems. Refer to Section 3.6. Chapter 15
describes the effects of a pipe break outside
containment.

g. Missiles

Protection for safe shutdown systems is described
in Section 3.5.

8. Minimum Performance Requirements

Minimum performance requirements for safe
shutdown systems instrumentation and controls are
provided in Chapter 16, Technical Specifications.

7.4.1.6 Final System Drawings

The final system drawings including:

1. Piping and instrumentation diagrams (P&ID)
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2. Functional control diagrams (FCD) or logic diagrams
(LSK)

The above have been provided or referenced for the safe shutdown
systems.

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

7.4.2 Analysis

The safe shutdown systems are designed in such a way that loss of
instrument air, loss of cooling water to vital equipment, a
plant load rejection, or a turbine trip does not prevent the
completion of the safety function.

The RSCM of the RHR system utilizes the same equipment used by
the LPCI mode. Therefore, refer to Section 7.3.2 for the RSCM
standards and regulatory compliance.

Conformance of the RSS to IEEE Standards and Regulatory Guides is
provided in the analysis section for each system whose
instrumentation and controls are part of the RSS (Sections 7.3,
7.5, and 7.6) and as noted below.

7.4.2.1 Conformance to Title 10 Code of Federal
Regulations, Part 50 (10CFR50) Appendix A - General
Design Criteria (GDC)

The conformance discussions provided in Section 3.1 for the GDC
apply to the safe shutdown systems as identified in Table 7.1-3.

7.4.2.2 Conformance to IEEE Standards

The following is a discussion of conformance to those IEEE
Standards which apply specifically to the safe shutdown systems.
Refer to Section 7.1.2.3 for a generic discussion of IEEE
Standards which apply to the safe shutdown systems as identified
in Table 7.1-3.

1. IEEE 279-1971

a. General Functional Requirement (IEEE 279-1971,
Paragraph 4.1)

The RCIC is automatically initiated when reactor
vessel water level is determined to be below a
predetermined limit.
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The SLCS is initiated by the main control room
operator. Display instrumentation in the main
control room provides the operator with
information on reactor vessel water level,
pressure, neutron flux level, control rod
position, and scram valve status allowing
assessment of the need for initiation of the SLCS.

b. Single-Failure Criterion (IEEE 279-1971,
Paragraph 4.2)

The RCIC system is not required to meet the
single-failure criterion. The RCIC initiation
sensors and associated logic do, however, meet the
single-failure criterion for automatic system
initiation. The single-failure criterion is
met through physical and electrical separation of
equipment as described in Section 8.3.1.4.

The SLCS serves as backup to the CRD system for
controlling reactivity if the CRD fails. It is not
necessary for SLCS to meet the single-failure
criterion. However, the pumps and motors, the
explosive valves, and the storage tank outlet
valves are redundant so that no single failure in
these components prevents initiation of SLCS.

c. Quality of Components and Modules (IEEE 279-1971,
Paragraph 4.3)

Refer to Chapter 17 for RCIC, SLCS, and RSS
conformance.

d. Equipment Qualification (IEEE 279-1971,
Paragraph 4.4)

For a discussion of the RCIC and SLCS equipment
qualification, refer to Sections 3.10 and 3.11.

e. Channel Integrity (IEEE 279-1971, Paragraph 4.5)

For a discussion of RCIC, SLCS, and RSS channel
integrity under all extremes of conditions
described in Section 7.4.1.2, refer to
Section 3.11.
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f. Channel Independence (IEEE 279-1971,
Paragraph 4.6)

Channel independence is maintained as described in
Section 8.3.1.4.

g. Control and Protection Interaction (IEEE 279-1971,
Paragraph 4.7)

•→14
The SLCS and RCIC system has no interaction with
plant control systems.

For further discussion on compliance to GDC 24,
see Section 3.1.

14←•
h. Derivation of System Inputs (IEEE 279-1971,

Paragraph 4.8)

All inputs to the RCIC system that are essential
to its operation are direct measures of
appropriate variables.

SLCS display instrumentation in the main control
room provides the operator with directly measured
information on reactor vessel water level,
pressure, neutron flux level, and control rod
position and scram valve status. Based on this
information the operator can assess the need for
SLCS.

i. Capability for Sensor Checks (IEEE 279-1971,
Paragraph 4.9)

Refer to Section 7.4.2.3, Regulatory Guide 1.22.

j. Capability for Test and Calibration (IEEE
279-1971, Paragraph 4.10)

Refer to Section 7.4.2.3, Regulatory Guide 1.22.

k. Channel Bypass or Removal from Operation (IEEE
279-1971, Paragraph 4.11)
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Calibration of a sensor which introduces a single
instrument channel trip does not cause a protective
action without the coincident trip of a second
channel. Removal of a sensor from operation during
calibration does not prevent the redundant
instrument channel from functioning.

The discharge pumps for the SLCS are redundant, so
that one may be removed from service during normal
plant operation.

l. Operating Bypasses (IEEE 279-1971, Paragraph 4.12)

There are no operating bypasses within the RCIC
system or the SLCS.

m. Indication of Bypasses (IEEE 279-1971,
Paragraph 4.13)

For a discussion of bypass and inoperability
indication refer to Section 7.1, Regulatory
Guide 1.47.

n. Access to Means for Bypassing (IEEE 279-1971,
Paragraph 4.14)

Access to means of bypassing any safety action or
function for the RCIC and SLCS is under the
administrative control of the main control room
operator. The operator is alerted to bypasses as
described in Section 7.1, Regulatory Guide 1.47.

•→14 •→7
Control switches which allow safety system bypasses
are keylocked. All keylock emergency switches in
the main control room are designed in such a way
that their keys can only be removed when the
switches are in the safe position. All keys are
normally removed from their respective switches
during operation and maintained under the control
of the shift superintendent. Should a key be
required to change a valve position, it is obtained
from the shift superintendent via approved key
control procedures.

7←• 14←•
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o. Multiple Set Points (IEEE 279-1971,
Paragraph 4.15)

There are no multiple set points within the RCIC
or SLCS systems.

p. Completion of Protective Action Once It Is
Initiated (IEEE 279-1971, Paragraph 4.16)

Once RCIC is initiated by reactor vessel low water
level, the logic seals in for a specified time
period to allow the initiation logic to go to
completion. System operation may be terminated by
the operator at any time after initiation. The
system is automatically stopped on high vessel
water level, system malfunction trip signals, or
if steam supply pressure drops below that
necessary to sustain turbine operation.

The SLCS explosive valves remain open once fired.
The injection valves do not close, and discharge
pump motors continue to run unless terminated by
operator action.

q. Manual Initiation (IEEE 279-1971, Paragraph 4.17)

Refer to Section 7.4.2, Regulatory Guide 1.62, for
a discussion of the manual initiation of the RCIC
and SLCS.

r. Access to Set Point Adjustment (IEEE 279-1971,
Paragraph 4.18)

All access to set point adjustments for RCIC is
under administrative control.

The operation of SLCS is not dependent on or
affected by any set point adjustment or
calibration.

s. Identification of Protective Actions (IEEE
279-1971, Paragraph 4.19)

The explosive valve status of the SLCS, once
fired, is indicated in the main control room.
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t. Information Readout (IEEE 279-1971,
Paragraph 4.20)

The RCIC system is designed to provide the
operator with accurate and timely information
pertinent to its status. It does not give
anomalous indications confusing to the operator.

The SLCS discharge pressure of sodium pentaborate
pumps and storage tank level for the SLCS is
indicated in the main control room.

u. System Repair (IEEE 279-1971, Paragraph 4.21)

The RCIC and SLCS systems are designed to permit
repair or replacement of components during normal
plant operation.

Recognition and location of a failed component are
accomplished during periodic testing or by
annunciation in the main control room.

v. Identification (IEEE 279-1971, Paragraph 4.22)

All controls and instruments for RCIC and SLCS are
located in separate sections of the main control
room panel and clearly identified. Relays are
located in separate panels for RCIC and SLCS use
only. All wiring and cabling is labeled to
indicate its divisional assignment as well as its
system assignment (Section 8.3.1.3).

7.4.2.3 Conformance to NRC Regulatory Guides

Regulatory Guide conformance for remote shutdown control and
instrumentation is provided in the analysis sections of
Chapter 7 for each system whose instrumentation and controls are
part of the RSS.

Conformance to Regulatory Guides for the RHR shutdown cooling
mode is discussed in Section 7.3.2.

The following is a discussion of conformance to those Regulatory
Guides which apply specifically to the RCIC system and/or the
SLCS. Refer to Section 7.1.2.4 for a generic discussion of
Regulatory Guides which apply to the RCIC and/or the SLCS systems
as identified in Table 7.1-3.
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1. Regulatory Guide 1.22

The RCIC system is capable of being completely tested
during normal plant operation to verify that each
element of the system is capable of performing its
intended safety function.

All sensors for the RCIC are installed with calibration
taps and instrument valves to permit testing during
normal plant operation by valving out the sensors and
supplying a test pressure source.

The SLCS explosive valves may be tested during plant
shutdown. The explosive valve control circuits are
continuously monitored and annunciated in the main
control room. The remainder of the SLCS may be tested
during normal plant operation to verify that each
element is capable of performing its intended function.

Testing of RCIC system and SLCS sensors during normal
plant operation is accomplished by taking each sensor
from its process line and applying a test pressure
source. This verifies the operability of the sensor,
its calibration range, and the operability of
associated main control room logic components.

2. Regulatory Guide 1.53

See IEEE 279-1971, Paragraph 4.2, in Section 7.4.2 for
RCIC and SLCS.
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7.5 SAFETY-RELATED DISPLAY INSTRUMENTATION

7.5.1 Description

7.5.1.1 General

This section describes the instrumentation which provides
information to the operator to enable him to assess the status of
safety-related systems, and the need to perform required safety
functions. Figures 7.5-1 through 7.5-11 show the safety-related
display instrumentation (SRDI) for the safety related components
not shown in other sections of Chapter 7.
•→1
The safety-related display instrumentation (SRDI) is listed in
Table 7.5-1. It tabulates equipment and operator information
displays illustrated on the various safety-related system
drawings and figures located in Sections 7.2, 7.3, 7.4, and 7.6
and on the nonsafety-related system figures located in
Section 7.5 and 7.7. Instrumentation for post accident
monitoring recommended by Regulatory Guide 1.97 is addressed in
Table 7.5-2.
1←•
The sources which supply power to the instrumentation described
in this section are discussed in Chapter 8.
•→8
The instrumentation, power source classification, and ranges
shown in Table 7.5-1 are selected on the basis of giving the
reactor operator the necessary information to perform normal
plant operations and the capability to track process variables
pertinent to safety. Instrument accuracies and number of
channels provided for SRDI are given in the technical
specifications/requirements.
8←•
The following information is provided to the main control room
operator to monitor reactor conditions and allow assessment of
safety system status.

7.5.1.1.1 Transmitter/Trip Unit Main Control Room Indication

The plant protection system electronic trip system
(Section 7.1.3) provides continuous main control room indication
of each variable monitored by the RPS, ESF, and RCIC systems.
Each variable is sensed by an analog transmitter that continually
transmits a signal, proportional to the variable range, to a trip
unit located in the main control room. An ammeter, located on
each master trip unit, displays the transmitted signal. The
ammeter allows visual cross-checking between instrument
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channels to verify operability and variable level. All trip
units display trip status, using an indicator light located on
the trip unit.

7.5.1.1.2 Reactor Water Level

Reactor water level information is obtained from physically and
electrically separated differential pressure (dp)
instrumentation. A cold reference leg design is utilized for
RBS with a minimum amount of elevation change inside the drywell
to minimize instrument channel error. The dp instruments operate
an analog current loop which transmits level information to the
main control room. Table 7.5-1 identifies reactor water level
displays.

A comprehensive report discussing the effects of high
temperatures on water level reference legs for BWR water level
instrumentation has been submitted to the NRC Staff for review by
the BWR Owners' Group. The report is entitled "Review of BWR
Reactor Vessel Water Level Measurement Systems" and is identified
as S. Levy Report No. SLI-8211. River Bend Station endorses the
content and findings of this report where applicable to the
design of RBS Unit 1.

The following design features have been implemented at River Bend
Station to improve control room operator and safety system
response where accurate reactor vessel water level measurements
are required:

1. The vertical drop of the water level reference leg
instrument lines does not exceed 18 inches where the
lines are subject to temperature excursions capable of
causing erroneous readings. The area of primary concern
for this design improvement is the drywell.

RBS procedures delineate for operator information the
maximum expected errors for water level measurements
given the unlikely event of drywell heatup beyond normal
ambient conditions.

•→12
2. Annunciation is provided in the main control room to

alert the operator to potential or actual water level
measurement anomalies owing to high reference/variable
leg temperatures. Two redundant Class 1E instrument
channels which monitor drywell temperature provide high
temperature annunciation.

•←12
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3. The control room operator is furnished with redundant,
Class 1E reactor vessel water level instrument channels
for two overlapping regions of the vessel. The first
region covers water level over a wide range from the
dryer down to near the top of the fuel zone. The second
region overlaps the first but extends down to the bottom
of the core region. This safety-related display
instrumentation and other water level measurement
readings are deemed sufficient to provide the operator
with an accurate appraisal of reactor vessel water
level.

•→12
4. ECCS initiating signals are generated from analog

circuitry which provides a switching function. Water
level instruments used for ECCS actuation are grouped
according to range (narrow or wide) and electrical
channel separation. This allows individual instrument
channels to be observed for proper operation. This
design feature greatly reduces the possibility of either
a failed channel being unnoticed or erroneous channel
information being used for system actuation.

•←12
5. Reactor water level information from several sources

within the main control room is monitored by the Safety
Parameter Display System (SPDS). The SPDS alerts control
room operators to water level measurement anomalies
should the situation arise. The SPDS performs this
function by performing a channel check by comparing two
or more channels for equivalence within a given error
margin.

6. River Bend Station utilizes restriction orifices in the
variable and reference leg sensing lines for RPV water
level measurements. The orifices are located in close
proximity to the drywell instrument penetrations. This
design feature effectively obviates oscillatory water
level readings when flashing occurs in the drywell
portion of sensing lines.

•→7
7. The four safety related reactor water level reference

legs are provided with a continuous backfill system.
The function of the system is to purge out or keep out
dissolved non-condensible gases from the reference legs;
such that, upon a depressurization, non-condensible
gas induced

•←7



RBS USAR

Revision 12 7.5-3a December 1999

7→•
level errors will not occur. This system resolves the
issues described in Generic Letter 92-04 and NRC
Bulletin 93-03 concerning level errors created by non-
condensible gases coming out of solution and causing
reference leg water inventory losses.

The continuous backfill system consists of instrument
tubing, isolation valves, vent and drain valves, two
parallel 15 micron filters, and four channels each
containing the following: flow indicator, flow
restrictor, a metering valve, two series check valves,
test/drain valves and vent valves. The total system
nominal flow is 0.032 gpm. Each channel's nominal flow
is 0.008 gpm. All components are located in the safety
related, seismically qualified containment building.
All components, safety and non-safety, are mounted
seismically. Refer to Figure 5.1-3c for a schematic
representation of the backfill system.

7←• 12→•
Additional information is provided in Appendix 1A, Item II.F.2.
12←•
7.5.1.1.3 Reactor Pressure

Two reactor pressure signals are transmitted from two independent
differential pressure transmitters and are
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recorded on two, two point recorders.  One point records pressure 
and the other point records the wide range level.  The range of 
recorded pressure is from 0 to 1,500 psig. 
 
7.5.1.2  Reactor Shutdown Indication 
 
The following information is provided to the main control room 
operator to monitor reactor shutdown. 
 

1. Control rod status lights indicate each rod fully 
inserted.  Control rod scram pilot valve position 
status lights indicate open valves. 

 
2. Neutron monitoring power range channels and recorders 

downscale.  The power sources are from RPS MG sets.  A 
loss of offsite power would result in all scram valve 
solenoids being deenergized and reactor scram. 

 
3. Annunciators and indicators for RPS variables and trip 

logic in the tripped state. 
 

4. The process computer provides logging of trips and 
control rod position and provides thermal-hydraulic 
information to the operator which he uses to keep the 
plant operating within technical specification limits.  
Redundant capability exists in case of process computer 
failure.  The power source for the process computer is 
a Normal UPS. 

 
7.5.1.3  Containment and Reactor Vessel Isolation Indication 
 
The following information is provided to the main control room 
operator to monitor the integrity of the containment. 
 

1. Isolation valve position lights indicate valve closure. 
 

2. Main steam flow indication. 
 

3. Annunciators and indicators for the containment and 
reactor vessel isolation system variables and trip 
logic in the tripped state. 

 
4. Process computer logs trips. 

 
7.5.1.4  ECCS and RCIC Indication 
 
The following information is provided to the main control room 
operator to monitor ECCS and RCIC system status. 
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1. Indicators for HPCS, LPCS, RHR, ADS, and RCIC variables
and trip logic in the trip state.

2. Flow and/or pressure indications for each ECCS and RCIC
are provided.

3. ECCS and RCIC valve position indication.

4. Process computer logging of trips in the ECCS and RCIC.

5. SRV position indication including those in ADS. The
power source is instrument AC.

6. SRV discharge pipe temperature monitors.

7.5.1.5 Bypass and Inoperable Status Indication

The design of automatically initiated engineered safety feature
(ESF) systems at RBS is such that the system, or a portion of the
system, may be placed in an inoperable status or bypassed during
the performance of periodic tests or maintenance. To alert the
operator(s) of the inoperable or bypassed status of these and
other manually actuated safety systems, administrative procedures
are supplemented with automatic indication of system
inoperability. The automatic indication consists of annunciator
points (visual and audible indication) in the main control room
(MCR) to alert the operator to an inoperable condition. This
indication is provided at the system level for each division or
train by indication on an annunciator panel. Beneath this system
inoperable indication, more specific indication provides the
basis for the inoperable status. This indication consists of
component or subsystem inoperable/bypass status indication on the
vertical portion of the benchboards. This design has been
implemented to meet the intent of Regulatory Guide 1.47, which is
to provide automatic indication of inoperable status of
automatically initiated ESF systems.

Position C.2 of Regulatory Guide 1.47 provides guidance for
control room design that expands on this criteria to include
automatic indication at the system level of the bypassing or
deliberately induced inoperability of any auxiliary or supporting
system that effectively bypasses or renders inoperable the
protection system and the systems actuated or controlled by the
protection system. Auxiliary or support systems necessary to
ensure operability of automatically initiated ESF systems are
indicated in Table 7.5-3. This table also identifies those
auxiliary/support systems which
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are cascaded into the bypass/inoperable indication of the ESF
systems.

7.5.1.6 Other System Indications

Control room display and indication information for systems in
addition to those listed above is provided in Table 7.5-1.

7.5.2 Analysis

The safety-related display instrumentation provides adequate
information to allow the operator to perform the necessary manual
safety functions during normal operation, transients, and
accident conditions. The SRDI that is part of a safety- related
system and used for safety-related operator information or the
redundant reactor pressure and water level instrumentation are in
compliance with the requirements applicable to safety-related
systems.

1. Normal Operation

The information channel ranges and indicators were
selected on the basis of giving the reactor operator
the necessary information to perform all the normal
plant startup, steady-state maneuvers, and to be able
to track all the process variables pertinent to safety.

2. Abnormal Transient Occurrences

The ranges of indicators and recorders provided are
capable of covering the extremes of process variables
and provide adequate information for all abnormal
transient events.

3. Accident Conditions

Information readouts are designed to accommodate all
credible accidents for operator actions, information,
and event tracking requirements, and cover all other
design basis events or incident requirements.

4. Post-Accident Monitoring
•→1

Post-accident monitoring instrumentation is
provided in accordance with the River Bend Station
position on Regulatory Guide 1.97, (Table 1.8-1) and
Table 7.5-2.

1←•
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7.5.3 Review of IE Bulletin 79-27 and IE Circular 79-02

A review of the buses supplying power to instrumentation and
control systems which could affect the ability to achieve a cold
shutdown condition has been performed for River Bend Station in
accordance with IE Bulletin 79-27, as follows:

1. All instrument and control systems utilized to achieve
a cold shutdown by normal and emergency means, as
described in Section 7.4 and Fig. 7.4-3, were
considered.

2. All ac and dc buses supplying power to these systems
were reviewed to determine the effects of loss of power
to each bus and its associated devices on the ability
to achieve cold shutdown.

3. Alarms and/or indications provided in the main control
room to alert the operator to the loss of power to
these buses were identified.

4. Control room indicators were reviewed to determine if
any fail as is or at midscale such that erroneous
information is provided to the operator.

The results of this review indicate the following:

1. For each ac and dc bus supplying power to instrument
and control systems utilized to achieve a cold shutdown
by normal or emergency means:

a. Cold shutdown can be achieved assuming loss of
power to the bus.

b. Clear, unambiguous annunciation is provided in the
main control room to alert the operator of an
undervoltage condition on the bus. Upon receipt
of an undervoltage alarm while the plant is in the
normal shutdown path, the operator can switch to
an alternate shutdown path as governed by the
emergency operating procedures.

2. No main control room indicators for the systems
identified above fail as is. This, in accordance with
IEEE Standard 279-1971 paragraph 4.20, prevents
erroneous information from being presented to the
operator.
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The River Bend Station emergency operating procedures have been 
reviewed to identify the instrumentation and controls which could 
affect the ability to achieve a cold shutdown condition.  Further 
review has confirmed that these instrumentation and controls are 
powered from buses which were considered in the review.  These 
instrumentation and controls are included in the following 
systems:

Automatic depressurization 
Containment isolation 
Containment monitoring 
Control rod drive 
Heating, ventilation and air-conditioning 
High pressure core spray 
Low pressure core spray 
Nuclear boiler 
Neutron monitoring 
Radiation monitoring 
Reactor core isolation cooling 
Reactor protection 
Reactor recirculation 
Residual heat removal 
Safety and relief valves 
Service water 
Spent fuel cooling 
Standby liquid control 

The review of IE Circular 79-02 has been extended to include both 
Class 1E and non-Class 1E power supply inverters.  There are four
safety-related uninterruptible power supply systems (1ENB-INV01A
or 1ENB-INV01A1 and 1ENB-INV01B or 1ENB-INV01B1) and seven
nonsafety-related (UPS) systems (BYS-INV03, 1IHS-INV01,
1BYS-INV01A, 1BYS-INV01B, 1BYS-INV02, 1BYS-INV04, and 1BYS-INV06) 
at River Bend Station.  All eleven UPS systems are identical in 
design.  This design, as discussed in Section 8.3.1.1.3.7, 
differs from the subject of IE Circular 79-02, and therefore does 
not fail in a similar manner. 
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7.6  ALL OTHER INSTRUMENTATION SYSTEMS REQUIRED FOR SAFETY

7.6.1  Description

Section 7.6 describes the instrumentation and control systems required for safety not discussed in
other sections. The systems include:

1. Recirculation Pump Trip (RPT)

2. Leak Detection System (LDS)

3. Neutron Monitoring System (NMS)

4. Radiation Monitoring System (RMS)

5. Fuel Pool Cooling (FPC) System

6. Penetration Valve Leakage Control System (PVLCS)

7. Rod Pattern Control System (RPCS)

8. Safety Relief Valves - Relief Function.

9. Suppression Pool Temperature Monitoring System

10. Suppression Pool Pumpback System.

Refer to Chapter 8 for a complete description of the safety-related systems power sources.

7.6.1.1  Recirculation Pump Trip (RPT)

System Function

The RPT is provided to supplement shutdown at the end of a fuel cycle when rodworths are
reduced by core  nuclear characteristics.

The RPT is designed to aid the RPS in protecting the integrity of the fuel barrier.  Turbine stop
valve closure or turbine control valve fast closure initiates a scram and concurrent RPT in order
to keep the core within the thermal-hydraulic safety limits during operational transients.

System Operation

Initiating circuitry is shown on Fig. 7.2-1.  RPS inputs sense turbine stop valve closure (turbine
trip) or turbine
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control valve fast closure (load rejection).  The devices utilized to sense turbine trip and full load
rejection are discussed in Section 7.2.1.

The basic logic arrangement is a two-divisional two-out-of-two design for the turbine control
valve and the turbine stop valve.  It receives signals from each of four RPS divisions.  Initiation
requires confirmation by sensors located in two or more RPS divisions.  Failure to initiate
requires failure in more than two RPS divisions.  Inputs according to division are combined in
two-out-of-two configurations.

Each RPT division causes both recirculation pumps to trip off the main power supply and
initiates the low frequency motor generator automatic transfer sequence.  Refer to Section 7.7.1.

7.6.1.2  Leak Detection System (LDS)

The safety-related portions of the LDS are as follows:

• Main steam system leak detection

• RCIC system leak detection

• RHR system leak detection

• RWCU system leak detection.

System Function

The LDS instrumentation and controls are designed to monitor leakage from the RCPB and
initiate alarms and/or isolation when predetermined limits are exceeded.  Refer to Section 5.2.5
for a complete description.

System Operation

Schematic arrangements of system mechanical equipment and operator information displays are
shown in Fig. 7.6-1.  LDS functional control diagram is shown in Fig. 7.6-9. Instrument location
drawings and elementary diagrams are identified in Section 1.7.

Systems or parts of systems which contain water or steam and which are in direct communication
with the reactor vessel are provided with LDS.
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•→8
Each of the required LDSs inside the drywell is designed with a capability to detect leakage less than
the established leakage rate limits.  Refer to Technical Specifications/Requirements.
8←•

Major components within the drywell that, by the nature of their design, are sources of leakage
(e.g., pump seals, valve stem packing, equipment drains).  The leakage is collected ultimately in
an equipment drain sump.

Equipment associated with systems within the drywell (e.g., vessels, piping, fittings) share a
common volume.  Steam or water leaks from such equipment are collected ultimately in the floor
drain sumps.

Each sump is protected against overflowing to prevent leaks of an identified source from
masking those from unidentified sources.
•→8
Outside the containment, the piping within each system monitored for leakage is in
compartments or rooms separate from other systems wherever feasible so that leakage may be
detected by sump level, ambient area temperature, or high process flow.

Sensors, wiring, and associated equipment of the LDS which are associated with the isolation
valve logic are designed to withstand the conditions that follow a design basis LOCA
(Section 3.11).

The operator is kept aware of the status of the LDS variables through meters and recorders which
indicate the measured variables in the main control room.  If a trip occurs, the condition is
annunciated in the main control room.

1. MSL Leak Detection
•→10

The main steam lines are  monitored for leaks by the leak detection system.  Leaks in
the MSL are detected by any one or a combination of the following monitored
parameters:

10←•
a. Reactor vessel low water level

b. Main steam line high flow

c. Main steam line area high ambient temperature.
•←8



RBS USAR

Revision 10 7.6-4 April 1998

For a detailed description, see Section 7.3.1.1.2.

2. RCIC System Leak Detection

The steam lines of the RCIC system are monitored for leaks by the LDS.  Leaks from
the RCIC cause a change in at least one of the following monitored parameters:

•→8
a. Equipment area high ambient temperature

•←8
b. High flow rate (differential pressure) through the steam line

c. Turbine exhaust diaphragm high pressure

d. Low steam line inlet pressure.

Outputs from all four monitoring circuits are used to generate the RCIC auto-isolation
signals (one for each division) to isolate the inboard and outboard isolation valves.

The following is a description of each RCIC leak detection method.
•→8

a. RCIC Area Temperature Monitoring

The RCIC area ambient temperature monitoring circuits are similar to those
described for the main steam line tunnel temperature monitoring system
(Section 7.3.1).

•→10
Two redundant temperature monitoring channels are provided.  Each redundant
instrument provides input to one of two logic channels (ESF Division I or II).

Using one-out-of-two logic, any RCIC equipment area high area ambient
temperature initiates an isolation of the RCIC system after a time delay.  The time
delay prevents false isolations that may occur from a loss of power or restoration
of power to the temperature monitors.

•←8
A bypass/test switch is provided in each logic channel for the purpose of testing the
10←•



RBS USAR 

Revision 20 7.6-5 

temperature monitor without initiating RCIC system isolation.  

Diversity is provided by RCIC steam line flow and pressure monitoring.  

b. RCIC Flow Rate Monitoring  
10

The steam line flow rate in the steam supply line leading to the RCIC turbine is 
monitored by two differential pressure transmitters.  During high flow conditions, 
the flow rate trip unit initiates the auto-isolation signal (Section 7.4.1).  A time 
delay is incorporated in the circuit to prevent inadvertent isolation due to pressure 
spikes during start. High flow in the steam line initiates isolation of the RCIC 
system.  

10
8

Diversity is provided by ambient temperature and RCIC steam line pressure 
monitoring.  

c. RCIC Turbine Exhaust Diaphragm Pressure Monitoring  

The RCIC turbine exhaust diaphragm pressure monitored by four redundant 
pressure transmitters. In the presence of a leak, the RCIC system responds by 
generating the isolation signal (Section 7.4.1).

High turbine exhaust diaphragm pressure initiates isolation of the RCIC system 
using two-out-of-two logic.

Diversity is provided by ambient temperature monitoring. 
8

d. RCIC Pressure Monitoring  

The steam line pressure from the reactor vessel leading to the RCIC turbine is 
monitored by two redundant pressure transmitters.  In the presence of a leak, 
resulting in low line pressure, the RCIC pressure trip unit initiates the 
auto-isolation signal (Section 7.4.1).  The pressure transmitters are equipped with a 
sensing line backfill system.
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Diversity is provided by ambient temperature and RCIC steam line flow 
monitoring.  

3. RCIC/RHR System Leak Detection  

 The common steam line to the RHR heat exchangers and the RCIC turbine is monitored 
for leaks by the LDS.  Leaks from the RHR system are detected by the following 
monitored parameters:  

a. Equipment area high ambient temperature.  

b. High flow rate through the common RCIC/RHR steam line.  

Outputs from both circuits are used to generate the RHR auto-isolation signal (one for 
each division) to isolate the inboard and outboard isolation valves.  The following is a 
description of each RHR leak detection method.  

a. RHR Area Temperature Monitoring  

The RHR area temperature monitoring circuit is similar to the one described for the 
main steam line tunnel temperature monitoring system (Section 7.3.1).  

Two redundant temperature monitoring channels are provided.  Each redundant 
instrument provides input to one of two logic channels (Division 1 or 2). 

8
High RHR area ambient temperature initiates an RHR isolation signal closing the 
RHR inboard and outboard isolation valves. 

8
RHR temperature monitoring isolation signals also provide input to the RCIC 
isolation system.  A bypass/test switch is provided in each logic channel for the 
purpose of testing the temperature monitor without initiating RHR system 
isolation.

Diversity is provided by RCIC/RHR steam line high flow rate monitoring. 
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b. RCIC/RHR Flow Rate Monitoring  
 
Flow rate monitoring is provided on the RCIC/RHR steam line to the RHR 
condensing heat exchanger by redundant differential pressure transmitters.  
 
Flow rates in excess of predetermined limits indicate a line leak or break.  A time 
delay is incorporated into the circuit to prevent inadvertent isolation due to 
pressure spikes.  
 
Two redundant differential pressure transmitters monitor flow, and each provides 
an input to one of the two logic channels (Division I or II).  The differential 
pressure transmitters are equipped with a backfill system on both transmitter legs. 
 
The steam line high flow rate initiates an isolation of the RHR inboard and 
outboard isolation valves using one-out-of-two logic.  

8 
Diversity is provided by area ambient temperature monitoring.  
 

4. Reactor Water Cleanup (RWCU) System Leak Detection  
 
The RWCU leak detection system consists of the following:  
 
a. Leakage monitoring by the flow comparison of RWCU system water inlet and 

outlet flow rate  
 
b. Ambient temperature monitoring.  

8 
Automatic isolation of the RWCU system isolation valves is initiated when monitored 
parameters indicate leakage exists.  
 
The following is a description of each RWCU leak detection method.  
 
a. RWCU Differential Flow Monitoring  
 

Refer to Section 7.3.1.  
 
b. RWCU Area Temperature Monitoring  
 

Refer to Section 7.3.1.  
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7.6.1.3  Neutron Monitoring System (NMS)

The safety-related portions of the NMS are as follows:

1. Intermediate Range Monitor (IRM)

2. Power Range Monitors (PRM)

a. Local Power Range Monitor (LPRM)

b. Average Power Range Monitor (APRM).

System Function

The NMS instrumentation and controls are designed to monitor reactor power (neutron flux)
from startup through full power operation.

System Operation

The NMS uses incore detectors, either fixed (LPRM) or removable (IRM), to determine neutron
flux levels.

The NMS initiates a scram when predetermined limits are exceeded and provides operator
information during and after accident conditions.

The NMS component control logic is shown in Fig. 7.6-2.

7.6.1.3.1  Intermediate Range Monitor (IRM)

IRM Function

The IRM monitors neutron flux from the upper portion of the SRM range to the power portion of
the power range as shown in Fig. 7.6-3.

IRM Operation

The IRM has eight channels, each of which includes one detector that can be positioned in the
core by remote control.  Refer to Fig. 7.6-4.  The detectors are inserted into the core for a reactor
startup and are withdrawn after the reactor mode selector switch is placed in the RUN position.

Each detector assembly consists of a fission chamber attached to a low-loss,
quartz-fiber-insulated transmission cable.  When coupled to the signal conditioning equipment,
the detector produces a reading of full scale on the most
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sensitive range.  The detector cable is connected underneath the reactor vessel to a triple-shielded
cable that is connected to the preamplifier.

The preamplifier converts current pulses to voltage pulses, modifies the voltage signal, and
provides impedance matching.  The preamplifier output signal is then sent to the IRM signal
conditioning electronics.

Each IRM channel input signal from the preamplifier can be amplified and attenuated.  IRM
preamplification is selected by a remote range switch that provides 10 ranges of increasing
attenuation (the first 6 called low range and the last 4 called high range).  As the neutron flux of
the reactor core increases, the signal from the fission chamber is attenuated to keep the input
signal to the inverter in the same range.  The output signal, which is proportional to neutron flux
at the detector, is amplified and supplied to a locally mounted meter, a remote meter, and
recorder.

The IRM scram trip functions are discussed in Section 7.2.1.1.  The IRM trips are in the
Technical Specifications.

The IRM range switches must be upranged or downranged to follow increases and decreases in
power within the range of the IRM to prevent either a scram or a rod block.  The IRM detectors
must be inserted into the core whenever these channels are needed, and withdrawn from the core,
when permitted, to prevent unnecessary burnup.

7.6.1.3.2  Power Range Monitor (PRM)

7.6.1.3.2.1  Local Power Range Monitor (LPRM)

LPRM Function

The LPRMs provide localized neutron flux detection over the full power range for input to the
APRM.

LPRM Operation

The LPRM includes 132 detectors located at 33 locations at different axial heights in the core;
each detector location contains four fission chambers.  Fig. 7.6-5 shows the LPRM detector
radial layout scheme.

The LPRM assembly consists of four neutron detectors installed in a housing (Fig. 7.6-6).
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The chambers are vertically spaced in a way that gives adequate axial coverage of the core,
complementing the radial coverage given by the horizontal arrangement of the LPRM detector
assemblies.

Each chamber consists of two concentric cylinders, which act as electrodes.  The inner cylinder
(the collector) is mounted on insulators and is separated from the outer cylinder by a small gap.
The gas between the electrodes is ionized by the charged particles produced as a result of neutron
fissioning of the uranium-coated outer electrode. The chamber is operated at a polarizing
potential of approximately 100 V dc.  The negative ions produced in the gas are accelerated to
the collector by the potential difference maintained between the electrodes.  In a given neutron
flux, all the ions produced in the ion chamber can be collected if the polarizing voltage is high
enough.  When this situation exists, the ion chamber is considered to be saturated.  Output
current is then independent of operating voltage.

Each location contains a calibration tube for a traversing incore probe.  The enclosing tube
around the entire assembly contains holes that allow circulation of the reactor coolant water to
cool the tubes containing the ion chambers.

The current signals from the LPRM detectors are transmitted to the LPRM amplifiers in the main
control room.  The current signal from a chamber is transmitted directly to its amplifier through
coaxial cable.  The amplifier is a linear current amplifier whose voltage output is proportional to
the current input and therefore proportional to the magnitude of the neutron flux.  Low level
output signals are provided that are suitable as an input to the computer, recorders, etc.  The
output of each LPRM amplifier is isolated to prevent interference of the signal by inadvertent
grounding or application of stray voltage at the signal terminal point.
•→2
When a central control rod is selected for movement, the output signals from the amplifiers
associated with the 4 LPRM detectors adjacent to the selected control rod are displayed on the
reactor control display module.  The 4 LPRM detector signals from the selected LPRMS are
displayed in four windows.  The operator can readily obtain readings of all the LPRM amplifiers
by selecting the control rods in order.
2←•
The trip circuits for the LPRM provide trip signals to activate lights, instrument inoperative
signals, and annunciators.   These  trip  circuits use  the 24-V dc power
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supply and are set to trip on loss of power.  They also trip when power is not available for the
LPRM amplifiers.

The trip levels can be adjusted to within +0.5 percent of full-scale deflection and are accurate to
within +1 percent of full-scale deflection in the normal operating environment.

Each LPRM channel may be individually bypassed.  When the maximum number of bypassed
LPRMs associated with any APRM channel has been exceeded, an inoperative trip is generated
by that APRM.

Each individual chamber of the assembly is a moisture-proof, pressure-sealed unit.  The
chambers are designed to operate up to 600°F and 1,250 psig.

Power for the LPRM is supplied by the two RPS buses. Approximately half of the LPRMs are
supplied from each bus. Each LPRM amplifier has a separate power supply in the main control
room, which furnishes the detector polarizing potential.  This power supply is adjustable from 75
to 200 V dc.  The maximum current output is 3 milliamps.  This ensures that the chambers can be
operated in the saturated region at the maximum specified neutron fluxes.  For maximum
variation in the input voltage or line frequency, and over extended ranges of temperature and
humidity, the output voltage varies no more than 2 V.  Each rack of amplifiers is supplied
operating voltages from a separate low voltage power supply.
•→12 •→9
PBDS Function

The Average Power Range Monitoring (APRM) Pages A and B house a Period Based Detection
System (PBDS) cards which are designed to detect and provide indication of significant
reductions in reactor stability performance.

The PBDS cards are installed in response to NRC GL 94-02, Long-term Solutions and Upgrade
of Interim Operating Recommendations for Thermal Hydraulic Instabilities in BWRs.

The function of the Period-Based Detection System (PBDS) cards is to detect conditions
consistent with significant reduction in stability performance consistent with the imminent onset
of neutronic/thermal hydraulic instability.  Each PBDS card independently analyzes a maximum
of sixteen (16) pre-selected individual LPRM neutron flux signals utilizing the Period-Based
Algorithm.  The PBDS cards are designed to provide alarming capabilities, however, they can be
placed in bypass until full implementation of the Enhanced Option 1 Stability solution.

The PBDS cards are installed in the Class 1E APRM Pages A and B.  Sixteen (16) separate
LPRM analog signals are connected to the inputs of each PBDS card.  A remote data acquisition
system located in the Main Control Room monitors and stores data from
9←•12←•
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•→12 •→9
each PBDS card.  A fiber optic transmitter on each PBDS card provides for a digital fiber optic
link to the non-Class 1E data acquisition system.

The various parameters recorded by the data acquisition system will be utilized to monitor
LPRM noise data which will aid in determining the corner frequency and period tolerance.  This
information will be used for input signal filtering.  The decay ratio alarm outputs are not utilized.
9←•
7.6.1.3.2.2  Average Power Range Monitor (APRM)
•→11
FCTR Function

In response to NRC GL 94-02, Long-term Solutions and Upgrade of Interim Operating
Recommendations for Thermal Hydraulic Instabilities in BWRs, the hardware installation for the
RBS long term solution has been implemented.  This hardware installation includes two Period
Based Detection System (PBDS) cards and the replacement of the analog Flow Control Trip
Reference (FCTR) cards with new Enhanced Option 1A (E1A) digital FCTR cards in APRM
pages A through H.

The new E1A FCTR card defines the reactor operating domain stability regions that have been
determined to be susceptible to reactor power instabilities.  Reactor operation in these regions is
excluded or controlled automatically with the new E1A FCTR card.  The E1A FCTR card
implements this safety-related stability function by preventing reactor operation in the Exclusion
Region, and by limiting reactor operation within the Restricted Region.  The Exclusion Region
boundary is the APRM core flow-biased Neutron Monitoring System (NMS) scram trip
reference.  The Restricted Region boundary is the APRM upscale alarm and associated core
flow-biased NMS control rod block trip referenced.  Both trip references have associated trip
reference trip setup, single/two loop recirculation loop operation features, which are
accommodated by individual trip reference setpoint options, power-based trip reference
adjustments, and alternate trip reference selections.
12←•
The E1A FCTR card determines the specific trip reference setpoint, based upon the alternate trip
reference selection, the single/two recirculation loop selector, and the trip reference setup
selection.  The modification of the scam and control rod block trip reference setpoints, which
exhibit non-linear relationships to the input recirculation drive flow signal,
11←•
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•→12 •→11
increase the complexity of the trip reference function.  For this reason, the existing analog FCTR
cards are replaced with digital FCTR cards that use a microcontroller to implement and control
all card features.

The remote data acquisition system originally provided for the PBDS cards monitors and stores
data from the E1A FCTR cards.  A fiber optic transmitter on each E1A FCTR card provides for a
digital fiber optic link to the non-Class 1E data acquisition system.
11←• 12←•

APRM Function

The function of the APRM is to average signals from the LPRMs and provide a flow reference
reactor scram when neutron flux exceeds predetermined limits.

APRM Operation

The APRM has eight redundant channels.  Each channel uses input signals from a number of
LPRM channels.  Four APRM channels are associated with each trip system of the RPS.

The APRM channel uses electronic equipment that averages the output signals from a selected
set of LPRMs, trip units that actuate automatic devices, and signal readout equipment. Each
APRM channel can average the output signals from as many as 24 LPRMs.  Assignment of
LPRMs to an APRM follows
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the pattern shown in Fig. 7.6-6.  Position A is the bottom position, Positions B and C are above
Position A, and Position D is the topmost LPRM detector position.  The pattern provides LPRM
signals from all four core axial LPRM detector positions.

The APRM amplifier gain can be adjusted by combining fixed resistors and potentiometers to
allow calibration.  The averaging circuit automatically corrects for the number of unbypassed
LPRM amplifiers providing inputs to the APRM.

Refer to Section 7.2.1 for a further description of the APRM inputs to the RPS.

The APRM channels receive power from the 120 V ac RPS motor-generator sets.

7.6.1.4  Radiation Monitoring System (RMS)

The safety-related portions of the RMS that perform a control function are:

1. Fuel building ventilation exhaust radiation monitors (Section 7.3.1.1.15)

2. Main control room local outside air intake radiation monitors (Section 7.3.1.1.9)

3. Reactor building annulus exhaust radiation monitors (Section 7.3.1.1.4)
•→8

4. Main steam line radiation monitors (Section 7.3.1.1.2).
•←8

The  safety-related  portions  of  the RMS that provide indication to the operator only, and are
discussed in Section 7.5, are:

1. Main plant exhaust duct radiation monitors

2. RHR heat exchanger service water radiation monitors

3. Standby gas treatment effluent radiation monitors

4. Containment atmosphere radiation monitor

5. Drywell atmosphere radiation monitor

6. Main  control  room  remote  outside air intake radiation monitors
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7. Reactor building containment post-accident area radiation monitors.

7.6.1.5  Fuel Pool Cooling (FPC) System

System Function

The function of the FPC system is to remove decay heat from the spent fuel storage pool to
ensure adequate cooling of irradiated store fuel assemblies.

System Operation

Schematic arrangements of the FPC system mechanical equipment and operator information
displays are shown in Fig. 9.1-23a and 9.1-23b.  The FPC system component control logic is
shown in Fig. 7.6-7.  Instrument location drawings and elementary diagrams are identified in
Section 1.7.

The FPC system consists of two redundant cooling loops.  The system is manually initiated, and
one loop runs continuously when the pool contains spent fuel.

Instrumentation is provided to monitor the spent fuel storage pool temperature and level to allow
the main control room operator to assess system operations.  Instrumentation is also provided to
monitor the level of the fuel storage pool in the containment.

During a LOCA the FPC system containment isolation valves are automatically closed, thereby
isolating the containment pools from the FPC system.

Status lights in the main control room indicate the motor-driven pumps which are energized and
the position of the FPC system valves.

The instrumentation requirements for this system are contained in Section 9.1.3.5.

7.6.1.6  Penetration Valve Leakage Control System (PVLCS)

System Function
•→10
The function of the PVLCS is to minimize the release of fission products which could leak
through the associated penetrations of main steam and drain lines that penetrate the containment
and terminate in an untreated area.  Instrumentation requirements with associated pressure
control for this system are contained in Section 9.3.6.5.
10←•
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System Operation
•→10
The PVLCS component control logic is shown in Fig. 7.6-8.  Instrument location drawings and
elementary diagrams are shown in Section 1.7.

The PVLCS is manually actuated approximately 20 min after a LOCA.
Although manually actuated, instrumentation is provided to assure that there is sufficient air
supply at the normal pressure to open the injection valves when the pressure is normal, and that
the isolation valves open only when the main steam and drain lines pressure is below a certain
value.
10←•
Status lights in the main control room indicate the status of the motor-driven compressor and the
position of the PVLCS valves.

7.6.1.7  Rod Pattern Control System (RPCS)

System Function

The RPCS is a subsystem of the RC&IS.

The purpose of the RPCS is to reduce the consequences of the postulated rod drop accident to an
acceptable level by restricting the patterns of control rods that can be established to
predetermined sets.

System Operation

Schematic arrangements of the RPCS mechanical equipment and operator information displays
are shown in Fig. 7.7-2.  The RPCS component control logic is shown in Fig. 7.7-1. Instrument
location drawings and elementary diagrams are identified in Section 1.7.

The RPCS is a dual channel system designed as a safety-related system.  The control logic for the
RPCS is contained in the rod activity control cabinets, one cabinet for each division.  These
electronic circuits have, in permanent storage, the identification of all rod groups and logic
control information required to prevent movement of rods into unacceptable rod patterns.  The
logic is hardwired
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is not site programmable except through engineering design change requiring new electronic
circuit cards.

There is a dual rod position probe for each drive.  Each probe has two sets of reed switches for
rod position information and provides, through different connectors, inputs to different rod
position multiplexers.  Two rod position multiplexers are provided, one for each channel. These
multiplexers transmit rod position data to the rod action controls.  These controls decode the
multiplexed data and provide rod position data to the RPCS controller for all rods.  The rod
position multiplexers and controls are arranged in two divisions.

Rod position is the primary data input for RPCS.  Other inputs to the RPCS controllers include
reactor power level, mode of operation, identification of selected rod, drive mode requested by
the operator, and special modes of operation such as shutdown margin test.

A means of comparing the outputs of the RPCS logic devices is provided as a way of monitoring
the performance of the two channels.  Both channels must be operable and have identical outputs
before rod motion is permitted.  Failed comparison and circuit failures or inoperable conditions
are indicated in the main control room.  RPCS outputs are transmitted to the two activity control
sections of the RC&IS in the form of a rod select and drive permissive interlock.  The two RPCS
channels provide inputs separately to the two separate activity controls.  These two inputs are
then treated as other rod block interlocks and further compared in the nondivisional rod drive
portion of the RC&IS.

From 0 percent power and 100 percent rod density (all rods full-in) either sequence A or B may
be used for startup. The first rod selected determines which sequence will be used.  This rod
belongs to one of four rod groups (Section 4.3).  These groups must be withdrawn from full-in to
full-out and always from a checkerboard pattern in the core.  Any group number (1, 2, 3, 4) may
be selected as the first group selected for withdrawal.  Groups 1 and 2 must be fully withdrawn
before group 3 or 4, or groups 3 and 4 before 1 or 2.
•→12
The first two groups are always moved from full-in to full-out.  These motions can be either
single notch or continuous withdrawal.  One-fourth of all the control rods are full-out when this
criteria is accomplished.
12←•
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•→12
The next two groups are moved into banked or intermediate positions between full-in and
full-out.  There are three bank positions (N1, N2, N3) which are determined by physics analysis.
These positions are part of the permanent logic of the RPCS but may vary from fuel cycle to fuel
cycle, requiring new circuit cards.  All control rods within a group must be withdrawn to their
designated positions before proceeding to the next bank positions.

All control rods within a group must be withdrawn to full-out before proceeding to the next rod
group.  Thus, all rods in the first four groups are fully withdrawn and form a checkerboard
pattern establishing 50 percent rod density.

Two insert errors are allowed; that is, a rod which should be at N1 is either full-in or between
full-in and N1.  More than two insert errors and/or one withdraw error leads to a rod block.
Correction of errors is allowed, but withdraw errors must be corrected before insert errors.

From 50 percent rod density to the low power set point (LPSP), groups 5-10 are to be withdrawn
as follows: rod groups 5 and 6 are to be withdrawn to notch positions 00->N1->48.  N1 is to be a
flexible input which may vary from fuel cycle to fuel cycle.

Any group may be selected next; however, if rods in group 7 or 8 are moved first, rods in groups
9 and 10 cannot be moved until all rods contained in groups 5 and 6 and 7 or 8 are at notch
position >N1.  If rods in group 9 or 10 are moved first, rods in groups 7 and 8 cannot be moved
until all rods contained in groups 5 and 6 and 9 or 10 are at notch position >N1.
12←• •→15
When the LPSP is reached, restrictions on rod movement to minimize the consequences of a rod
drop accident are no longer imposed.  This setpoint is well above the point at which the rod drop
accident consequences are no longer limiting and is determined to be at 10 percent power level.
This power level is derived by measuring first stage turbine pressure using transmitters and alarm
units.  There are two channels of instruments which are redundant and separated divisionally.
These trip functions are input to the proper rod activity control cabinet, and both instrument
channels must trip to switch the RPCS to the rod withdrawal limitor mode.  These instruments
are continuously monitored, and any
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instruments out of service or gross failure is alarmed and indicated in the main control room.

From the LPSP on up in power, rod withdrawals are restricted to prevent excessive change in the
heat flux rate.  The minimum setpoint of 10 percent power level is well below the analytical
maximum for this setpoint.  From the LPSP to the high power setpoint (HPSP), rod motion is
limited to four notches (2 ft) and from the HPSP on up in power, rod motion is limited to two
notches (1 ft).  The HPSP, which has been determined to be at 70 percent power level, provides
adequate margin from the analytical point at which the 1-ft restriction on rod motion is required.
15←• •→14
An exception to the rod withdrawal limits is possible for a single control rod that is selected,
subsequently inserted, to be withdrawn back to its original position without a rod block and
withdrawn 1 or 2 feet beyond its original position as limited by the RWL.  For this situation
administrative controls are utilized to ensure that assumptions for the RWL design remain
consistent with existing analysis that supports the Rod Withdrawal Error event described in SAR
section 15.4.2.
14←•
Shutdown follows the same rules previously stated but in reverse.  The only difference is that an
approach alarm, called the low power alarm point, is provided so that the operator may prepare
valid rod positions for proper shutdown below the LPSP.
•→12
Because of the possibility of stuck rods, provisions are made to bypass failed inputs according to
the following rules.  Substitute rod positions may be entered into the RPCS providing:
12←•

1. Only one entry per channel per subgroup is allowed.

2. The same position cannot be entered into both channels.

3. Upon rod motion and a new position scan, the substitute rod position is
overlayed with new data.

4. Unknown and substitute positions are logged and indicated in the main control
room.

Failed drives may be bypassed entirely.  Bypassed rods are not checked by the RPCS.  All bypass
switches are under keylock control.  All bypass conditions including substitute rod positions are
alarmed, indicated, and logged in the main control room and process computer.

In addition to the periodic self-test mode of system operation, the RC&IS can be routinely
checked for correct operation by manipulating control rods using the various methods of control.
Detailed testing and calibration can be performed by using standard test and calibration
procedures for the various components of the reactor manual control circuitry.
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7.6.1.8  Safety Relief Valves (SRV) - Relief Function

SRV Relief Function

The relief function of the SRV is to relieve high pressure conditions in the nuclear system that
could lead to the failure of the reactor coolant pressure boundary.  The system activates the
safety relief valves to vent steam to the supression pool and reduce reactor pressure.  See
Section 5.2.2 for further details.  Also, see Section 7.3.1.1.1.2 for the ADS function of selected
SRV.

SRV Relief Operation

Schematic arrangement of system mechanical equipment and operator information displays are
shown in Figure 5.1-3. The SRV component control logic is shown in Figure 7.3-2. Instrument
location drawings and elementary diagrams are identified in Section 1.7.

The relief function of the SRV is provided by two redundant and independent trip systems, "A"
and "B." Relief trip system "A" actuate the "A" solenoid air pilot valve on each SRV.  Similarly,
relief trip system "B" actuates the "B" solenoid pilot valve on each SRV.  Either or  both
solenoid actuations allow pneumatic pressure from the accumulator to act on the air cylinder
operator and open the valve.

Operation of the SRV is initiated by high reactor vessel pressure.  Redundant reactor vessel
pressure channels are provided in each trip system which operate in a two-out-of-two
configuration in order to prevent inadvertent SRV actuation.  Each trip system provides the
following capabilities:

1. Initiate operation of three groups of SRVs at the respective pressure set points.
This feature automatically adjusts the relief capacity to the size of the
overpressure condition.  The reclose pressure setpoint (reset) for any group is
separately adjusted, and adequate deadband is provided to eliminate rapid
open/close operation and minimize system stresses.

2. Alter set points on selected valves to minimize the number of valves that reopen
following the initial pressure surge.  In order to assure that no more than one
relief valve reopens following a reactor isolation event, five SRV valves are
provided with lower opening and closing set points.  These set



RBS USAR

Revision 10 7.6-19 April 1998

points override the normal set points following the initial opening of the relief
valves and act to hold these valves open longer, thus preventing more than a
single valve from reopening subsequently. This system logic is referred to as the
low-low set point relief logic and functions to ensure that the containment
integrity is not threatened on subsequent ADS actuations.  This logic is armed
when two or more valves are signaled to open from their normal relief pressure
switches.  At this time, the low-low set logic automatically seals itself into
control of the five selected valves and actuates the annunciator.  This logic
remains sealed in until manually reset by the operator.

•→10
Since the valves have already opened from their original pressure relief signals,
the low-low set logic acts to hold them open past their normal reclose point until
the pressure decreases to a predetermined low-low setpoint.  Thus these valves
remain open longer than the other safety/relief valves.  This extended relief
capacity assures that no more than one valve reopens a second time.  Also, the
sealed-in logic provides the low-low set valves with new reopening set points
which are lower than their original safety/relief set points.  The "medium"
low-low set valve acts as a backup for the "low" low-low set valve, should it
mechanically fail.  See Section 5.2.2 for further system description.

10←•
The low-low set logic is designed with redundancy and single failure criteria,
i.e., no single electrical failure 1) prevents any low-low set valve from opening,
or 2) causes inadvertent seal-in of low-low set logic.

The five valves associated with low-low set are arranged in three independent
secondary set point groups or ranges (low, medium, high).  The low and medium
pressure ranges consist of one valve each, having both reopen and reclose set
points independently and uniquely adjustable.  These are set considerably lower
than their normal SRV set points.  The remaining valves are individually
controlled by new pressure switches which have an independently adjustable
reclose set point.  The normal SRV opening set points are slightly lower for this
valve group though reclose is extended in the low-low set operating mode.
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The pressure switches are arranged in two divisions for each low-low set valve.
The single-failure criterion is thus met for this function.

The SRV system has two low-low set point logics, one in Division 1 and the
other in Division 2.  Either one can perform the low-low set function. Each valve
has its own set of pressure switches.  A key-locked switch which has a normal
and a test position is provided for each division.  The key is removable only in
the normal position.  When the key is inserted and switched to test, an
annunciator alerts the operator of the test status of that division.  In the test
mode, all of the valves except the specific one under test remain responsive to
the high reactor pressure signals should they occur.  Indicator lights are switched
in series with the solenoid coils on the low-low set valve to facilitate logic
testing.

Manual system level initiation capability is included in each trip system.  Remote manual
switches are installed in the main control room.  Lights in the main control room indicate when
the solenoid-operated pilot valves are energized to open a safety relief valve.

7.6.1.9  Suppression Pool Temperature Monitoring System

The suppression pool temperature monitoring system is provided so that trends in suppression
pool temperature may be established in sufficient time for appropriate action to be taken to
prevent steam quenching vibration in the suppression pool and to maintain the available heat sink
required for reactor shutdown without exceeding the design bulk pool temperature of 185°F.

The suppression pool temperature monitoring system consists of 14 dual element resistance
temperature detectors (RTDs) powered from Class 1E electrical power (see Table 7.6-1 for the
electrical division, mark number, and location of each monitor).  Of these 14 monitors, 4 are used
for post-LOCA monitoring.  The output of both normal pool temperature monitoring sensors and
post-LOCA sensors are recorded in the main control room.  The temperature sensors and their
supports will withstand pool dynamic forces and operate in a post-LOCA environment.  The
sensors for normal and post-accident suppression pool temperature monitoring are located below
the normal low water level and the post-LOCA ECCS drawdown water level of the suppression
pool, respectively.
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7.6.1.10  Design Basis Information

The safety-related systems described in Section 7.6 are designed to provide timely protective
action inputs to other safety systems to protect 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 also presented in Chapter 15.

The station conditions which require protective actions are described in Chapter 15 and
Appendix 15A.

1. Variables Monitored to Provide Protective Actions

The following variables are monitored in order to provide protective action
inputs:

a. Recirculation Pump Trip

(1) Turbine stop valve closure

(2) Turbine control valve fast closure
•→8

b. Leak Detection System

(1) RCIC area temperatures - ambient

(2) RHR/RCIC steam line flow rate

(3) RCIC turbine exhaust diaphragm pressure

(4) RCIC steam line pressure

(5) RHR area temperatures - ambient

(6) RWCU area temperatures - ambient

(7) RWCU differential flow
8←•

c. Neutron Monitoring System

(1) IRM neutron flux

(2) APRM neutron flux
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d. Radiation Monitoring System
•→13

(1) Fuel building ventilation exhaust radiation level

(2) Main control room local air intake radiation level

(3) Main steam line radiation level
13←•

e. Fuel Pool Cooling System

(1) High drywell pressure

(2) Reactor vessel low water level (trip level 2)

(3) Fuel pool high temperature

(4) Fuel pool high and low water level

(5) Containment pool high and low water level

f. Penetration Valve Leakage Control System

(1) Reactor drywell pressure
•→10
10←•

g. Rod Pattern Control System

(1) Reactor power level

(2) Control rod selection

h. Safety Relief Valves: Relief Function

(1) Reactor vessel pressure
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The plant conditions which require protective action involving the safety-related
systems  discussed in Section 7.6 are described in Chapter 15 and
Appendix 15A.

2. Location and Minimum Number of Sensors

See Technical Specifications for the minimum number of sensors required to
monitor safety-related variables.  The IRM and LPRM detectors are the only
sensors which have spatial dependence.

3. Prudent Operational Limits

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

4. Margin

The margin between operational limits and the limiting conditions of operation
of the safety-related systems are those parameters listed in the Technical
Specifications.

5. Levels

Levels requiring protective action are established in the Technical
Specifications.

6. Range of Transient, Steady State, and Environmental Conditions

The environmental qualification of the safety-related instrumentation and
controls for the systems is discussed in Section 3.11.  The power supply range of
steady-state and transient conditions for these systems are provided in Chapter 8.
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7. Malfunctions, Accidents, and Other Unusual Events Which Could Cause
Damage to Safety Systems

a. Floods

The buildings containing safety-related components have been designed
to meet the PMF at the site location.  This ensures that the buildings
remain watertight under PMF, including wind-generated wave action
and wave runup.  Therefore, none of the functions are affected by
flooding.  For a discussion of internal flooding protection refer to
Sections 3.4 and 3.6.

b. Storms and Tornadoes

The buildings containing safety-related components have been designed
to withstand all credible meteorological events including tornadoes, as
described in Section 3.3.

c. Earthquakes

The structures containing safety-related system components have been
seismically qualified as described in Sections 3.7 and 3.8 to remain
functional during and following an SSE.  Seismic qualification of
instrumentation and electrical equipment is described in Section 3.10.

d. Fires

To protect the safety systems in the event of a postulated fire, the
components have been separated by distance or fire barriers.  The use of
separation and fire barriers ensures that, even though some portion of the
system may be affected, the safety function is not prevented
(Section 9.5).

e. LOCA

The safety-related systems components described in this section which
are functionally required during and/or following a LOCA have been
environmentally qualified to remain functional as discussed in
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Section 3.11.  Chapter 15 describes the effects of a LOCA.

f. Pipe Break Outside Secondary Containment

Protection for these components is described in Section 3.6.  Chapter 15
describes the effects of a pipe break outside containment.

g. Missiles

Protection for safety-related components is described in Section 3.5.

h. Minimum Performance Requirements

Minimum performance requirements for safety-related systems
instrumentation and controls are provided in Technical Specifications.

7.6.1.11  Final System Drawings

The final system drawings, including:

1. Piping and Instrumentation Diagrams (P&ID) or Instrument and Electrical
Drawings (IED), and

2. Functional Control Diagrams (FCD) or Logic Diagrams (LSK)

have been provided or referenced for the safety-related systems in this section.

Elementary diagrams are in listed in Section 1.7.  Equipment arrangement drawings are provided
in Section 1.2.

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

7.6.1.12  Suppression Pool Pumpback System

System Function

The suppression pool pumpback system (SPPS) provides the operator with the means to identify
and control potential post-LOCA leakage from the ECCS equipment and piping in the auxiliary
building crescent area at el 70.  The design basis and system description are contained in
Section 9.3.7.
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System Operation

Control logic for the SPPS is shown on Fig. 7.6-10.
•→10
During normal plant operation, the level sensor 1DFR*LE8A(B) in auxiliary building floor drain
sump 1DFR-TK5A(B) operates sump pumps 1DFR*P5A(B) and 1DFR*P5D(E) as required to
discharge sump contents through air-operated valve 1DFR*AOV145(144) to the liquid radwaste
system.
10←•
Following a postulated LOCA event, the control room operator can open by remote manual
switch the suppression pool pumpback valve 1DFR*MOV146 which automatically closes
1DFR*AOV144(145) thereby isolating the sump pump discharge from the liquid radwaste
system and directing sump pump discharge to the suppression pool.

Pump running status and valve position are indicated in the main control room.  Extreme high
sump level and high-high sump level are annunciated in the main control room.

Pump and valve inoperative status is indicated and system inoperative status is annunciated in the
main control room.

Pumps, valves, and level instrumentation for this system are powered from Class 1E power.

7.6.2  Analysis

7.6.2.1  Safety-Related Systems

Chapter 15 evaluates the individual and combined capabilities of the safety-related systems
described in this section.

The safety-related systems described in this section are designed in such a way that a loss of
instrument air, cold water slug injections, overpressurization, fires, a plant load rejection, or a
turbine trip does not prevent the completion of the safety function.

7.6.2.2 Conformance to Title 10 Code of Federal Regulations, Part 50 (10CFR50) Appendix A -
General Design Criteria (GDC)

The conformance discussion provided in Section 3.1 for the GDC applies to the safety-related
systems as identified in Table 7.1-3.
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7.6.2.3 Conformance to IEEE Standards

The following is a discussion of conformance to those IEEE standards which apply specifically
to the safety-related systems described in this section.  Refer to Section 7.1.2.3 for a generic
discussion of IEEE standards which apply to the safety-related systems as identified in
Table 7.1-3.

1. IEEE 279-1971 Criteria for Protection Systems for  Nuclear Power
Generating Stations

a. General Functional Requirement 
(IEEE 279-1971, Paragraph 4.1)

The safety-related systems described in this section automatically
(except as noted) initiate  protective actions when a condition monitored
reaches a preset level for all conditions described in Section 7.6.1.  For
example, the LDS initiates containment isolation by closure of
containment isolation valves when area temperatures exceed preset
limits.

b. Single Failure Criterion (IEEE 279-1971, 
Paragraph 4.2)

The safety-related systems described in Section 7.6 are not required to
meet single failure criteria on an individual system basis.  However, on a
network basis, the single failure criteria does apply to assure the
completion of a protective function. Redundant sensors, wiring, logic,
and actuated devices are physically and electrically separated such that a
single failure does not prevent the protective function.  Refer to
Section 8.3.1 for a complete description of the RBS separation criteria.

c. Quality of Components and Modules (IEEE 
279-1971, Paragraph 4.3)

Refer to Chapter 17 for a discussion of Safety
system component quality.
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d. Equipment Qualification (IEEE 279-1971, Paragraph 4.4) 

For a discussion of the equipment 
                          qualification refer to Sections 3.10 and 3.11.

e. Channel Integrity (IEEE 279-1971, Paragraph 4.5)

For a discussion of channel integrity for the safety-related systems
described in this section under all extremes of conditions described in
Section 7.6.1.8 refer to Sections 3.10, 3.11, 8.2.1, and 8.3.1.

f. Channel Independence (IEEE 279-1971, Paragraph 4.6)

System channel independence is maintained as 
                          described in Section 8.3.1.4.

g. Control and Protection System Interaction 
                           (IEEE 279-1971, Paragraph 4.7)

There are no control and protection system 
                          interactions for the systems described in this section.

h. Derivation of System Inputs (IEEE 279-1971, 
                          Paragraph 4.8)

The variables discussed in this section are direct
                                       measures of the desired variables indicating the need for
                                       protective action.

i. Capability for Sensor Checks (IEEE 279-1971, 
                          Paragraph 4.9)

For a discussion of sensor checks for the safety-related systems
described in this section refer to Regulatory Guide 1.22 in
Section 7.6.2.4.

j. Capability for Test and Calibration 
                          (IEEE 279-1971, Paragraph 4.10)

For a discussion of the test and calibration capability of the
safety-related systems described in this section refer to Regulatory
Guide 1.22 in Section 7.6.2.4.
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k. Channel Bypass or Removal from Operation 
(IEEE 279-1971, Paragraph 4.11)

See Section 7.2.2.2 for NMS compliance with  
      IEEE 279-1971.

The LDS logic is provided with a bypass/test switch for the purpose of
testing temperature sensors without initiating associated system
isolation.  Operation of one switch at a time does not prevent the
remaining redundant isolation logic from providing system isolation if
required.

l. Operating Bypasses (IEEE 279-1971, Paragraph 4.12)

There are no operating bypasses for any of the safety-related systems
described in this section.

m. Indication of Bypasses (IEEE 279-1971, Paragraph 4.13)

For a discussion of automatic bypass indication for the safety-related
systems described in this section refer to Section 7.1.8, Regulatory
Guide 1.47.

n. Access to Means for Bypassing (IEEE 279-1971, Paragraph 4.14)

Access to bypassing any safety action or function is under administrative
control.  The operator is alerted to bypasses as described in Section 1.8,
Regulatory Guide 1.47.

o. Multiple Set Points (IEEE 279-1971, Paragraph 4.15)

There are no multiple set points within the safety-related systems
described in this section.

p. Completion of Protective Action Once It Is Initiated (IEEE 279-1971,
Paragraph 4.16)

Each control logic for the safety-related systems described in this section
seals in electrically and remains energized or
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deenergized.  After initial conditions return to normal, deliberate
operator action is required to return (reset) the safety system logic to
normal.

The FPC system is initiated manually for continuous pool cooling when
the pool contains spent fuel.

•→10
10←•

q. Manual Initiation (IEEE 279-1971, Paragraph 4.17)

For a discussion of the manual initiation capability for the safety-related
systems described in this section refer to Regulatory Guide 1.62 in
Section 1.8.

r. Access to Set Point Adjustments, Calibration, and Test Points (IEEE
279-1971, Paragraph 4.18)

During reactor operation access to set point adjustments, calibration
controls, and test points for the safety-related systems variables
described in this section is under administrative control.

s. Identification of Protective Actions (IEEE 279-1971, Paragraph 4.19)

When any sensor of the safety-related systems described in this section
exceeds its predetermined set point a main control room annunciator is
initiated to identify that variable, and a typed record is available from the
process computer.

t. Information Readout (IEEE 279-1971, Paragraph 4.20)

The safety-related systems described in this section are designed to
provide the operator with accurate and timely information pertinent to
their status.  This information does not give anomalous indications
confusing to the operator.
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u. System Repair (IEEE 279-1971, Paragraph 4.21)

During periodic testing of the safety-related systems described in this
section (except as noted) the operator can determine any defective
component and replace it during plant operation.

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.

v. Identification of Protection Systems (IEEE 279-1971, Paragraph 4.22)

The identifications scheme for the safety systems is discussed in
Section 8.3.1.

7.6.2.4  Conformance to NRC Regulatory Guides

The following is a discussion of conformance to those Regulatory Guides which apply
specifically to the safety-related systems discussed in this section.  Refer to Section 7.1.2.4 for a
generic discussion of Regulatory Guides which apply to the safety-related systems, identified in
Table 7.1-3.

1. Regulatory Guide 1.21

Online monitors are provided for all potentially significant paths for
release of radioactive material.  For those effluent paths having two or
more significant contributing sources, online monitoring of the
contributing sources is also provided as suggested.

2. Regulatory Guide 1.22

See Section 7.2.2.3 for NMS conformance.

The IRMs are calibrated by comparison with the APRMs.

The proper operation of the sensors and the logics associated with the
LDSs is verified during the LDS preoperational test and during
inspection tests
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that are provided for the various components during plant operation.
Each temperature switch, both ambient and differential types which
provide isolation signals, is connected to one element of a dual
thermocouple element.

Each temperature switch contains a trip light which illuminates when the
temperature exceeds the set point. To verify the thermocouple (sensor)
input, a comparison of the redundant sensor readings, one from each trip
channel, and the recorded channel is made.  The recorded channel
monitors the second of the dual thermocouples.  The first element is part
of the division one trip channel.  To test the temperature trips a
simulated trip level signal is input to the device from an external source.
In addition, keylock switches are provided so that instrument and logic
channels can be tested without sending an isolation signal to the system
involved. Thus, a complete system check can be confirmed by checking
actuation of the trip logic relay associated with each temperature switch.

RWCU differential flow leak detection alarm units are tested by
inserting an electrical signal to simulate a high differential flow.  Alarm
and indicator lights monitor the status of the trip circuit.

All other system instrumentation is tested and calibrated during normal
reactor operation by valving out the instrumentation and supplying a test
pressure source or by comparison of redundant analog channels and
introducing a trip signal at the trip unit.

3. Regulatory Guide 1.45

Provisions are made to monitor systems connected to the RCPB for signs
of intersystem leakage, including radioactivity monitoring of process
fluids and reactor vessel water level monitoring.

The LDS is qualified for operation following an OBE.

Indicators and alarms for each leakage detection subsystem are provided
in the main control room.
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4. Regulatory Guide 1.53

See IEEE 279-1971, Paragraph 4.2, Section 7.6.2.3.

7.6.3  Safety-Related Instruments/Channels Located in
Nonseismic Structures

The reactor protection system (RPS), reactor recirculation system (RCS), and the rod control and
information system (RCIS) have Class 1E, fail-safe instrument channels originating in the turbine
building, which is a nonseismic Category I structure.  The sending instruments are identified as
follows:

Instrument No. (GE MPL) Associated System

C71-N005A through D RPS, RCS
(Turbine Control Valve
Fast Closure)

C71-N006A through H RPS, RCS
(Turbine Stop Valve
Closure)

C11-N054A through D RCIS
(First State Turbine
Pressure)

B21-N075A through D CRVICS
(Main Condenser
Vacuum)

B21-N076A through D CRVIS
(Main Steam Line
Pressure)

C71-N052A through D RCS
(First Stage Turbine
Pressure)

The subject instrument channels are classified as Class 1E in the function that each performs.
The components associated with each channel are qualified in accordance with the River Bend
Station equipment qualification program.

All of the subject channels are designed to fail in a safe condition.  The circuitry opens a contact
to perform its safety function.  Wiring for these instrument channels is routed in rigid metallic
conduit for protection and to avoid
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inadvertent connection of the subject channels to a low or medium voltage power source.

The design of the wiring and instrument layout in the turbine building area for these instrument
channels is such that no single, credible event can degrade the ability of the RPS, RCS, or RCIS
to perform its safety function.  An analysis for the effects of a 480-V ac hot short on any RPS
channel has been performed and confirms that no safety functions are lost as a result.  River
Bend Station does not consider this event to be credible.
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7.7 CONTROL SYSTEMS NOT REQUIRED FOR SAFETY

7.7.1 Description

Section 7.7 describes instrumentation and controls of major plant
control systems whose functions are not essential for the safety
of the plant. The systems include:

1. Rod control and information system (RC&IS)

2. Recirculation flow control system

3. Feedwater control system

4. Steam bypass and pressure regulating system

5. Refueling interlocks

6. Process computer system

7. Emergency response information system (ERIS)

8. Digital radiation monitoring system (DRMS).
•→1

9. Alternate Rod Insertion (ARI)
1←•
Refer to Table 7.7-2 for similarity in system design to licensed
reactors.

7.7.1.1 Rod Control and Information System (RC&IS)

RC&IS Function

The RC&IS provides the operator with the means to make changes in
nuclear reactivity by manipulating control rods so that the
reactor power level and power distribution can be controlled.

This system includes the interlocks that inhibit rod movement
(rod block) under certain conditions. The RC&IS does not include
any of the circuitry or devices used to automatically or manually
scram the reactor; these devices are discussed in Section 7.2.
In addition, the mechanical devices of the CRDs and the control
rod hydraulic system are not included in the RC&IS. The latter
mechanical components are described in Section 4.1.3.

RC&IS Operation

The RC&IS includes the following:

1. CRD - control system
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2. Rod block interlocks

3. Rod position probes

4. Position indication electronics.

The rod pattern control system, a subsystem of RC&IS, is
safety-related and discussed in Section 7.6.1.
•→10
Fig. 4.6-5a and 4.6-5b show the layout of the CRD hydraulic
system. Fig. 7.7-1 shows the functional arrangement of devices
for the control of components in the CRD hydraulic system. The
logic diagram for the RC&IS is shown on Fig. 7.7-2. Although the
figures also show the arrangement of scram devices, these devices
are not part of the RC&IS. Control rods are moved by water
pressure, from a CRD pump, on the appropriate end of the CRD
cylinder. The pressurized water moves a piston, attached by a
connecting rod to the control rod. Three modes of control rod
operation are used: INSERT, WITHDRAW, and SETTLE. Four
solenoid-operated valves are associated with each control rod to
accomplish these actions.
10←•

1. Control Rod Drive Control System

When the operator selects a control rod for motion and
operates the rod insertion control switch, independent
messages are formulated in the A and B portions of the
rod drive control system. A comparison test is made of
these two messages and identical results confirmed;
then a serial message in the form of electrical pulses
is transmitted to all hydraulic control units (HCU).
The message contains two portions, 1) the identity or
"address" of the selected HCU, and 2) operation data on
the action to be executed. Only one HCU responds to
this message and it proceeds to execute the rod
movement commands.

On receipt of the transmitted signal the responding HCU
transmits three portions of a message back to the main
control room for comparison with the original message:

a. Its own hard-wire identity "address,"

b. Its own operations currently being executed, and
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c. Status indications of valve positions, accumulator 
conditions, and test switch positions.

 In a similar manner, rod withdrawal is accomplished by 
formulating a message containing a different operation 
code.  The responding HCU decodes the message and 
proceeds to execute the withdrawal command by operation 
of HCU valves shown on Fig. 7.7-2.

16
 In either rod motion direction, the A and B messages 

are formulated and compared and, if they agree, the A 
message is transmitted to the HCU selected by the 
operator. Continued rod motion depends on receipt of a 
train of sequential messages because the HCU insert, 
withdraw, and settle valve control circuits are 
ac-coupled.  The system must operate in a dynamic 
manner to effect rod motion.  Postulated failure within 
the system generally results in static conditions which 
prevent further rod motion.

 Any disagreement between the A and B formulated 
messages or the responding echo message prevents 
further rod motion.  Electrical noise disruptions have 
only a momentary effect on system operation.  Correct 
operation of the system resumes when the noise source 
ceases.

The RC&IS is designed such that 3 basic commands are 
transmitted automatically and continuously to the 
control rods.  The commands are as follows: 

1) OP FOLLOW 
2) TEST
3) SCAN

The selected rod command signal (OP FOLLOW) is 
processed approximately every 200 microseconds.  The OP 
FOLLOW command transmits rod movement requests (if any) 
from the control room to the directional control 
valves.

Alternating between OP FOLLOW commands, is a set of 
TEST commands generated for a control rod.  These are 
diagnostic tests for directional control valves and 
transponder circuit cards.  After 1 control rod is 
tested, the SCAN command replaces TEST.  SCAN gathers 
HCU and rod status information.  OP FOLLOW and SCAN 
alternate until information for all 145 rods has been 
updated on the core display.  This describes one 
complete “sub-test” and takes approximately 48 
milliseconds to complete. 

16
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16
A minimum of 3 “sub-tests” and a maximum of 15 are 
generated for each rod.  If no errors are returned for 
the first 3 “sub-tests,” the testing sequence will 
proceed for the next rod.  If any error is returned 
within the first 3 “sub-tests,” then 12 additional 
“sub-tests” will be completed before continuing to the 
next rod.  If 7 errors out of the additional 12 “sub-
tests” are returned then the RC&IS analyzer will stop 
and an alarm will be sounded. 

A complete SCAN and TEST cycle for all 145 rods takes 
between (approximately) 20 and 100 seconds to complete. 

16
 The rod selection circuitry is arranged so that a rod 

selection is sustained until either another rod is 
selected or separate action is taken to revert the 
selection circuitry to a no-rod-selection condition.  
Initiating movement of the selected rod prevents the 
selection of any other rod until the movement cycle of 
the selected rod has been completed.  Reversion to the 
no-rod-selected condition is not possible (except for 
loss of control circuit power) until any moving rod has 
completed the movement cycle. 
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16
 The direction in which the selected rod moves is 

determined by the position of four switches located on 
the reactor control panel.  These four switches 
(INSERT, WITHDRAW, IN-TIMER SKIP, and CONTINUOUS 
WITHDRAW) are pushbuttons which return by spring action 
to an off position. 

 The following is a description of the operation of the 
RC&IS during an insert cycle.  The cycle is described 
in terms of the INSERT, WITHDRAW, and SETTLE commands 
from the RC&IS. 

 With a control rod selected for movement, 
depressing the insert switch and then releasing 
the switch energizes the INSERT command for a 
limited time.  Just before the insert command is 
removed, the settle command is automatically 
energized and remains energized for a limited 
time.  The insert command time setting and the 
rate of drive water flow provided by the CRD 
hydraulic system determine the distance traveled 
by a rod.  The time setting results in a one-notch 
(6-in) insertion of the selected rod for each 
momentary application of a rod-in signal from the 
rod movement switch.  Continuous insertion of a 
selected control rod is possible by holding the 
IN-TIMER SKIP pushbutton. 

 The IN-TIMER SKIP mode is provided for control rod 
insertion in the event of a malfunction of the rod 
motion timer or a malfunction of any other device 
in the control system select insert or rod insert 
circuits.  Additionally, the IN-TIMER SKIP is used 
for various proceduralized control rod movements.  
This mode is initiated by selecting a particular 
control rod, and moving and holding the IN-TIMER 
SKIP pushbutton switch in the depressed position. 

 The contact action of this switch, when held, 
initiates the transmission of an alternate program 
directly to the HCU transponder, bypassing the rod 
motion timer, timer controlled circuits, and 
select in/out circuits.  Power is continuously 
applied to the solenoids of the insert directional 
control valves, with both the stabilizing valve 
insert solenoids deenergized.  Drive pressure is 
applied to the underpiston port of the selected 
CRD, causing continuous control rod insertion 
until the switch is released, which removes power 
from the directional control valves and 
reenergizes the stabilizing valve insert 
solenoids.

16
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 The following is a description of the operation of the 
RC&IS during a withdraw cycle.  The cycle is described 
in terms of the INSERT, WITHDRAW, and SETTLE commands.

16
 With a control rod selected for movement, 

depressing the WITHDRAW switch energizes the 
insert valves at the beginning of the withdrawal 
cycle to allow the collet fingers to disengage the 
index tube.  When the insert valves are 
deenergized, the withdraw and settle valves are 
energized for a controlled period of time.  The 
withdraw valve is deenergized before motion is 
complete; the drive then settles until the collet 
fingers engage.  The settle valve is then 
deenergized, completing the withdraw cycle.  This 
withdraw cycle is the same whether the withdraw 
switch is held continuously or momentarily in the 
depressed position.  The timers that control the 
withdraw cycle are set so that the rod travels one 
notch (6-in) per cycle.  Provisions are included 
to prevent further control rod motion in the event 
of timer failure.

 A selected control rod can be continuously 
withdrawn if the WITHDRAW switch is held in the 
depressed position at the same time that the 
CONTINUOUS WITHDRAW switch is held in the 
depressed position.  With both switches held in 
these positions, the WITHDRAW and SETTLE commands 
are continuously energized. 

16
12  12
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•→12 12←•

2. Control Rod Drive-Hydraulic System Control
•→10

Two motor-operated pressure control valves, one
air-operated flow control valve, and two
solenoid-operated stabilizer valves are included in the
CRD hydraulic system to maintain smooth and regulated
system operation. These devices are shown on
Fig. 4.6-5a and 4.6-5b. The motor-operated pressure
control valves are positioned by manipulating switches
in the main control room. The switches for these
valves are located close to the pressure indicators
that respond to the pressure changes caused by the
movements of the valves. The air-operated flow control
valve is automatically positioned in response to
signals from an upstream flow measuring device. The
stabilizer valves are automatically controlled by the
energization of the insert and withdraw commands. The
control scheme is shown on Fig. 7.7-2. There are two
drive water pumps which are controlled by switches in
the main control room. Each pump automatically stops
on indication of low suction pressure.

10←•
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3. Rod Block Interlocks  

 A portion of the RC&IS, upon receipt of input signals 
from other systems and subsystems, inhibits movement or 
selections of control rods. 

a. Grouping of Channels 
16 16

 Half of the total monitors (SRM, IRM, and APRM) 
provide inputs to one of the RC&IS rod block logic 
circuits and the remaining half provide inputs to 
the other RC&IS rod block logic circuit.  Scram 
discharge instrument volume high water level 
signals are provided as inputs into both of the 
two rod block logic circuits.  Both rod block 
logic circuits sense when the scram discharge 
instrument volume high water level trip is 
bypassed.

 The APRM rod block settings are varied as a 
function of recirculation flow.  Analyses show 
that the selected settings are sufficient to avoid 
both RPS action and local fuel damage as a result 
of a single control rod withdrawal error.  
Mechanical switches in the SRM and IRM detector 
drive systems provide the position signals used to 
indicate that a detector is not fully inserted.  
The rod block from scram discharge instrument 
volume high water level utilizes two differential 
transmitters installed on the scram discharge 
instrument volume.  A second trip unit on one 
transmitter provides a main control room 
annunciation of increasing level below the level 
at which a rod block occurs.

b. Rod Block Functions  

 The following discussion describes the various rod 
block functions and explains the intent of each 
function.   The instruments used to sense the 
conditions for which a rod block is provided are 
discussed in the following sections.  Fig. 7.7-2 
shows all the rod block functions on a logic 
diagram.
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(1) With the mode switch in the SHUTDOWN
position, no control rod can be withdrawn.
This enforces compliance with the intent of
the shutdown mode.

(2) The circuitry is arranged to initiate a rod
block regardless of the position of the mode
switch for the following conditions:

(a) Any APRM upscale rod block alarm. The
purpose of this rod block function is
to avoid conditions that would require
RPS action if allowed to proceed. The
APRM upscale rod block alarm setting is
selected to initiate a rod block before
the APRM high neutron flux scram
setting is reached.

(b) Any APRM inoperative alarm. This
assures that no control rod is
withdrawn unless the average power
range neutron monitoring channels are
either in service or correctly
bypassed.

(c) Scram discharge instrument volume high
water level. This assures that no
control rod is withdrawn unless enough
capacity is available in the scram
discharge volume to accommodate a
scram. The setting is selected to
initiate a rod block earlier than the
scram that is initiated on scram
discharge instrument volume high water
level.

(d) Scram discharge instrument volume high
water level scram trip bypassed. This
assures that no control rod is
withdrawn while the scram discharge
instrument volume high water level
scram function is out of service.

(e) Rod pattern control system. The
purpose of the rod pattern control
system is to limit the worth of any
control rod such that no undesirable



RBS USAR 

Revision 24 7.7-9 

 effects will result from a rod 
drop accident or a rod withdrawal 
error (RWE).  The rod pattern 
control system enforces 
operational procedural controls by 
applying rod blocks before any rod 
motion can produce high worth rod 
patterns. See Section 7.6.1 for 
further discussion of this system. 

 
(f) Rod position information system 

malfunction.  This assures that no 
control rod can be withdrawn 
unless the rod position 
information system is in service. 

 
(g) Rod measurement timer malfunction 

during withdrawal.  This assures 
that no control rod can be 
withdrawn unless the timer is in 
service. 

 
(3) With the reactor mode switch in the RUN 

position, any of the following 
conditions initiate a rod block: 

 
(a) Any APRM downscale alarm.  This 

assures that no control rod will 
be withdrawn during power range 
operation unless the average power 
range neutron monitoring channels 
are operating correctly or are 
correctly bypassed.  All 
unbypassed APRMs must be on scale 
during reactor operations in the 
RUN mode. 
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(4) With the mode switch in the STARTUP or REFUEL 
position, any of the following conditions 
initiate a rod block: 
 
(a) Any SRM detector not fully inserted 

into the core when the SRM count level 
is below the retract permit level and 
any IRM range switch on either of the 
two lowest ranges. This assures that no 
control rod is withdrawn unless all SRM 
detectors are correctly inserted when 
they must be relied on to provide the 
operator with neutron flux level 
information. 

 
(b) Any SRM upscale level alarm below IRM 

Range 8.  This assures that no control 
rod is withdrawn unless the SRM 
detectors are correctly retracted 
during a reactor startup. The rod block 
setting is selected at the upper end of 
the range over which the SRM is 
designed to detect and measure neutron 
flux. 

 
(c) Any SRM downscale alarm while IRMs are 

on Range 1 or 2 only.  This assures 
that no control rod is withdrawn unless 
the SRM count rate 
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is above the minimum prescribed for low
neutron flux level monitoring.

(d) Any SRM inoperative alarm below IRM
Range 8. This assures that no control
rod is withdrawn during low neutron
flux level operations unless neutron
monitoring capability is available.

(e) Any IRM detector not fully inserted
into the core. This assures that no
control rod is withdrawn during low
neutron flux level operations unless
proper neutron monitoring capability is
available.

(f) Any IRM upscale alarm. This assures
that no control rod is withdrawn unless
the intermediate range neutron
monitoring equipment is correctly
upranged during a reactor startup.
This rod block also provides a means to
stop rod withdrawal in time to avoid
conditions requiring RPS action (scram)
in the event that a rod withdrawal
error is made during low neutron flux
level operations.

(g) Any IRM downscale alarm except when
range switch is on the lowest range.
This assures that no control rod is
withdrawn during low neutron flux level
operations unless the neutron flux is
being correctly monitored. This rod
block prevents the continuation of a
reactor startup if the operator
upranges the IRM too far for the
existing flux level. Thus, the rod
block ensures that the IRM is on scale
if control rods are to be withdrawn.

(h) Any IRM inoperative alarm. This
assures that no control rod is
withdrawn during low neutron flux level
operations unless neutron monitoring
capability is available.
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c. Rod Block Bypasses 

 To permit continued power operation during repair 
or calibration of equipment for selected functions 
that provide rod block interlocks, a limited 
number of manual bypasses are permitted. 

 The IRMs, SRMs, and APRMs are arranged in two 
groups (A and B) of equal numbers of channels 
(i.e., two groups of IRMs, two groups of SRMs, and 
two groups of APRMs). 

 A bypass switch in the main control room allows 
either group A or B to be bypassed.  Any 
combination of IRM, SRM, or APRM bypasses can be 
effected.

16
 The IRMs are arranged as two groups of equal 

numbers of channels.  One manual bypass is allowed 
in each group.  The groups are chosen so that 
adequate monitoring of the core is maintained with 
one channel bypassed in each group.

The permissible APRM and IRM bypasses affect RC&IS 
logic differently than in the RPS (Section 7.2.1). 
Like RPS, half (4) of the APRM/IRM channels are 
assigned to Division I RC&IS and the other half is 
assigned to Division II.  A maximum of 2 channels 
out of 8 can be bypassed, however, it is possible 
that both could be in the same division. 

The SRM logic for RC&IS is such that 2 out of 4 
channels are assigned to each division.  Only 1 
SRM Channel can be bypassed at any given time. 

16
 These bypasses are effected by positioning 

switches in the main control room.  A light in the 
main control room indicates the bypassed 
condition.

 An automatic bypass of the SRM detector position 
rod block is effected as the neutron flux 
increases beyond a preset low level on the SRM 
instrumentation.

4. Rod Position Probes 

 The position probe is a long cylindrical assembly that 
fits inside the CRD.  Each CRD has two sets of reed 
switches for redundant indication of all information.  
These two sets of switches are electrically and 
mechanically separate within a common enclosure.  The 
reed switches are located along the length of the probe 
and operated by a 
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 permanent magnet fixed to the moving part of the 
hydraulic drive mechanism.  As the drive, and with it 
the control rod blade, moves along its length, the 
magnet causes reed switches to close as it passes over 
the switch locations.  The particular switch closed 
then indicates where the CRD, and hence the rod itself, 
is positioned. 

 The switches are located as follows:  one at each of 25 
notch (even) positions; one at each of 24 mid-notch 
(odd) positions; two at the fully inserted position 
(approximately the same location as the 00 notch); one 
at the fully withdrawn position (approximately the same 
location as the 48 notch position); and one at the 
overtravel or decoupled position. 

 All the mid-notch or odd switches are wired in parallel 
and treated as one switch (for purposes of external 
connections); the two full-in switches are wired in 
parallel and treated as one switch.  These and the 
remaining switches are wired in a 5 x 6 array (the 
switches short the intersections) and routed out in an 
11-wire cable to the processing electronics (the probe 
also includes a thermocouple which is wired out 
separately from the 5 x 6 array). 

5. Position Indication Electronics 
16

 The electronics consists of a set of probe multiplexer 
cards (one per 4-rod group), a set of file control 
cards (one per 10 multiplexer cards), and a set of 
master control and processing cards (per division) 
serving the whole system.  All probe multiplexer cards 
are the same except that each has a pair of plug-in 
daughter cards containing the identity code of one 
4-rod group (the probes for the corresponding 4 rods 
are connected to the probe multiplexer card).  The 
system operates on a continuous scanning basis with a 
complete cycle about every 30 milliseconds.

16
 The operation is as follows:  The control logic 

generates the identity code of one rod in the set and 
transmits it using time multiplexing to all the file 
control cards.  These in turn transmit the identity 
with timing signals to all the probe
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 multiplexer cards.  The one multiplexer card with the 
matching rod identity will respond and transmit its 
identity (locally generated) plus the raw probe data 
for that rod back through the file control card to the 
master control and processing logic. The processing 
logic does several checks on the returning data.  
First, a check is made to verify that an answer was 
received.  Next, the identity of the answering data is 
checked against that which was sent.  Finally, the 
format of the data is checked for legitimacy.  Only a 
single even position or full-in plus position 00, 
full-out plus position 48, odd, or overtravel, or blank 
(no switch closed) are legitimate.  Any other 
combination of switches is flagged as a fault. 

 If the data passes all these tests, it is 1) decoded 
and transmitted in multiplexed form to the displays in 
the main control panel, and 2) loaded into a memory to 
be read by the computer as required. 

 As soon as one rod's data is processed, the next rod's 
identity is generated and processed and so on for all 
the rods.  When data for all rods has been gathered, 
the cycle repeats.  The RC&IS is totally operable from 
the main control room.  Manual operation of individual 
control rods is possible with a pushbutton to effect 
control rod insertion, withdrawal, or settle.  Rod 
position indicators, described as follows, provide the 
necessary information to ascertain the operating state 
and position of all control rods.  Conditions which 
prohibit control rod insertion are alarmed with the rod 
block annunciator. 

 A rod information display on the reactor control panel 
is patterned after a top view of the reactor core.  The 
display allows the operator to acquire information 
rapidly by scanning. 

16
 Light-emitting diodes (LEDs) under windows on the Full 

Core Display provide an overall indication of rod 
pattern and allow the operator to identify quickly an 
abnormal indication.  The following information for 
each control rod window is presented in the display: 

16
Rod fully inserted (green) 
Rod fully withdrawn (red) 
Selected rod identification 
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16
Rod position (numeric) of selected rods 
Rod position (numeric) of all rods 

 Also dispersed throughout the display, in locations 
representative of the physical location of LPRM strings 
in the core, are LPRM LEDs as follows: 

LPRM Downscale (green) 
LPRM Upscale (red) 

16
 A continuous core rod position display is provided from 

both rod position information system cabinets. The data 
for the display is automatically alternated between the 
two RPIS outputs at a rate that is visible to the 
operator so that position data faults are easily 
detected.

12
 A separate, smaller display below the full core status 

display will provide the LPRM reading adjacent to the 
selected rod.  The associated LPRM for each rod gang 
may be selected and displayed so that the operator can 
easily observe proper motion of the gang rods.  Proper 
gang motion can be further confirmed by observing rod 
position changes indicated by the full core display.  
Note:  Ganged mode is not fully installed or tested at 
RBS and is therefore not used. 

12
 The position signals of selected control rods, together 

with a rod identification signal, are provided as 
inputs to the on-line process computer. The acquisition 
of the rod position signal does not interrupt the rod 
position indication signal in the main control room.  
The computer can, on demand, provide a full core 
printout of control rod positions. 

 The following main control room lights are provided to 
allow the operator to know the conditions of the CRD 
hydraulic system and the control circuitry: 

Insert command energized 
Withdraw command energized 
Settle command energized 
Insert not permissive 
Withdrawal not permissive 
Insert required 
Continuous withdrawal 
Pressure control valve position 
Flow control valve position 
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Drive water pump low suction pressure (alarm and
pump trip)

Drive water filter high differential pressure
(alarm only)

Charging water (to accumulator) low pressure
(alarm only)

CRD temperature (alarm only)
Scram discharge instrument volume not drained
(alarm only)

Scram valve pilot air header high/low pressure
(alarm only)

7.7.1.2 Recirculation Flow Control System

System Function

The recirculation flow control system controls reactor power
level, over a limited range, by controlling the flow rate of the
reactor recirculating water.

System Operation
•→13
Note: River Bend Station administratively chose not to operate

the recirculation flow control system in the master auto or
flux auto modes. These modes allow the system to
automatically respond and adjust reactor power due to changes
in turbine load or neutron flux.

13←•
Reactor recirculation flow is varied by throttling the
recirculation pumps discharge with control valves. The
recirculation pumps operate at constant speed, on either LFMG or
normal 60-cycle power. By adjusting the position of the
discharge throttling valves, the recirculation system can
automatically change the reactor power level (Fig. 7.7-4 and
7.7-5).

Control of core flow is such that, at various control rod
patterns, different power level changes can be automatically
accommodated. For a rod pattern where rated power accompanies
100 percent flow, power can be reduced to approximately
75 percent of full power by full automatic or manual flow
variation. At other rod patterns, automatic or manual power
control is possible over a range of approximately 25 percent of
the maximum operating power level for that rod pattern. Below
the 25 percent range, only manual control of power is available.

An increase in recirculation flow temporarily reduces the void
content of the moderator by increasing the flow of coolant
through the core. The additional neutron moderation increases
reactivity of the core, which causes reactor power level to
increase. The increased steam generation rate increases the
steam volume in the core with a consequent negative reactivity
effect, and a new steady-state power level is established. When
recirculation flow is reduced, the power level is reduced in the
reverse manner. The
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recirculation flow control system, operating in conjunction with
the main turbine pressure regulator controls, provides fully
automatic load following.

Each recirculation system loop flow control valve has its own
individual manual control system as well as the capability of
being controlled in unison by the master-flux controllers. The
master controller receives a load demand error signal from the
main turbine pressure regulator. Its output then demands a
certain neutron flux level in the reactor which is compared with
a filtered measurement of neutron flux. The resulting error is
fed into a flux controller, which, in turn, demands a drive flow
in each loop. Each loop has an individual flow controller that
causes adjustment of valve position to meet a demanded change in
loop flow and hence core flow and core power. This process
continues until both the errors existing at the inputs of flux
and master controllers are driven to zero. Fully automatic
control is provided by the master controller when in automatic
mode. The flux controller can remain in automatic even though
the master controller is in manual.

The reactor power change resulting from the change in
recirculation flow causes the pressure regulator to reposition
the TCVs. If the original demand signal was a turbine load/speed
error signal, the turbine responds to the change in reactor power
level by adjusting the control valves, and hence its power
output, until the load/speed error signal is reduced to zero.

1. Pump Motor Control

Each reactor water recirculating pump drive motor is a
4-pole ac induction motor that operates from the
normal plant electrical supply during normal plant
power operation. At plant low-power levels, the
recirculation pump/motor operates from the electrical
output of the low-frequency motor-generator (LFMG) set.
Since the LFMG set electrical output frequency is at
approximately one-fourth the normal plant electrical
frequency, the recirculation pump/motor is driven at
approximately one-fourth its rated speed.

The LFMG set is not intended to be capable of starting
the recirculation pump/motor with the pump/motor
initially at zero speed. At low reactor power levels,
the pump/motor start is initiated on the normal plant
electrical power supply. As the pump/motor speed
approaches rated full load speed,
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it is automatically tripped. When the pump/motor speed
coastdown is about 25 percent of rated full load speed,
the pump/motor is reenergized from the LFMG set and
driven at about 25 percent rated full load speed.
Preceding initiation of the pump/motor, the plant
operator may manually start the LFMG set. If the LFMG
set is not operating when the pump/motor start is
initiated, the LFMG is automatically started.

When pump/motor start is initiated at higher reactor
power levels, the LFMG set does not start
automatically, and the pump/motor continues to operate
at rated full load speed.

Certain trip functions, as defined on Fig. 7.7-4, trip
the pump/motor and automatically transfer it to the
LFMG set. Other trip functions trip the pump/motor
without transfer to the LFMG set.

•→1
In addition to the normal recirculation pump drive
motor protective trips and the RPS-initiated
recirculation pump trip (RPT) (Section 7.6.1.1), an
ATWS trip is initiated from high vessel pressure or low
reactor vessel water level (level 2). There are two
safety-grade trip logic circuits, each capable of
tripping both pump motors. Each logic circuit consists
of two dedicated level transmitters and two dedicated
pressure transmitters arranged in a redundant
two-out-of-two logic arrangement as shown on
Figure 7.7-4 (FCD). A trip signal trips both circuit
breaker 2 and circuit breaker 5 for each pump.
Tripping of circuit breaker 5 removes normal plant
electrical supply to the pump motors and tripping of
circuit breaker 2 removes the LFMG electrical supply.
The trip logic includes a testability feature that
allows testing of each transmitter/trip unit while the
recirculation system is in operation.

1←•
In the event of an anticipated transient with failure
to scram, recirculation pump trips are initiated from
high vessel pressure and/or reactor low water level.
This action is initiated to mitigate the effects of a
postulated plant transient, such as a turbine trip with
a failure to scram due to a common mode failure in the
RPS. Tripping the recirculation pumps minimizes the
pressure rise in the vessel in the first few seconds of
the event and reduces the reactor
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thermal power which, in turn, reduces steam flow to the
suppression pool.

2. Low-Frequency Motor-Generator (LFMG) Set

The LFMG set consists of a 16-pole ac induction motor
driving a 4-pole ac synchronous generator through a
flexible coupling. This arrangement provides
one-fourth normal plant frequency at the output of the
generator. The generator exciter is directly connected
to the generator to provide a brushless excitation
system. The voltage regulator for the excitation
system is located in the auxiliary relay panel which is
separate from the LFMG set.

Several permissives described on Fig. 7.7-4 must be
satisfied before the recirculation pump/motor can be
operated from either the normal plant electrical system
or the prevention of LFMG set. These permissives
prohibit pump start until conditions assure prevention
of damage to the system. Section 4.4.3 describes the
regions of the operational map where operation is not
permitted.

3. Valve Position Control Components

The main flow regulating valves can be controlled
individually or jointly. The turbine-generator
control system outputs a load/speed demand signal to
the reactor recirculation control system for automatic
control of the recirculation flow control valves. The
master controller, flux demand limiter, flux
controller, and total drive flow limiter are common to
the control of both valves. The signal from these
components is fed to two separate sets of control
systems components, one for each valve, which are: a
manual/automatic transfer station, an error limiter, a
flow controller, a high-low signal failure alarm, a
loss of signal valve "motion inhibit" interlock, a
drive flow feedback signal to each flow controller, a
valve actuator, and a limiter. The limiter closes the
main flow regulating valve if one of the reactor feed
pumps should trip, with a coincident or subsequent
reactor vessel low water level.

A drywell pressure transmitter which is independent of
any safety-related transmitters is actuated when the
drywell pressure increases to a level
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indicative of LOCA. During normal operation, actuation
of the pressure transmitter circuit prevents both
opening and closing capabilities of the discharge block
valve. It also actuates the "motion inhibit" interlock
to the flow control valve so that its position cannot
be changed. This circuit can be tested during
operation by placing the drywell high pressure test
switch in the test position and externally applying
pressure to the transmitter. Lockup of both valves
occurs during test. However, the hydraulic system of
the flow control valve is not shut down as occurs
during an actual disturbance. The position of the test
switch is annunciated.

4. Master Controller

The manual/automatic master controller provides a
signal to control reactor flux and an interlock to the
pressure regulator.

During automatic load following, the turbine-generator
control system supplies a demand signal to the master
controller. During normal automatic operation, the
master controller transmits an output signal through
the flux demand limiter to the flux controller. This
signal adjusts the flux controller set point according
to the load error signal requirement and allows fully
automatic control.

During automatic operation, a pressure set point
adjustment signal from the turbine control system goes
through the interlock switch on the master controller
to the pressure regulator. This signal allows the
turbine-generator to respond immediately to the changed
load demand during the time required for a new power
level to be established by the change in recirculation
flow (Section 7.7.1.5).

5. Flux Demand Limiter

The flux demand limiter is adjustable. Its purpose is
to limit the neutron flux demanded by the flux
controller, keeping it sufficiently below the high flux
scram point to prevent scrams during reactor power
increases.
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6. Flux Controller

The flux controller supplies a total drive flow demand
signal to a flow controller station, which in turn
supplies each flow loop with a demand signal. Under
automatic control, the flux controller output is
compared to the sensed loop flow from the feedback
proportional amplifiers in each loop. The error signal
is fed via the flow controller amplifier to the valve
position, resulting in a change of loop flow and
therefore core power.

Neutron flux is sensitive to changes in core flow in
the frequency range of approximately 0.015 to 0.31 Hz.
The flux controller is a lag/lead compensated
proportional-integral (PI) controller. The lag/lead
compensation removes the flux overshoot, and the PI
controller provides a high-gain output for
low-frequency input signal from feedwater or pressure
disturbance.

7. Drive Flow Limiter

The drive flow demand limiters are adjustable. The
high signal limiter is to establish the maximum drive
flow demand limit needed for the upper end of the
automatic load-following range. The low signal limit
is determined from a core stability criterion and
defines the lower end of the automatic load-following
range. There is no low flow limit, and the valve can
be closed to its minimum position when the flux
controller is in manual mode operation.

8. Flux Feedback Isolation Amplifier

The flux feedback isolation amplifier performs a dual
function. It is a secondary amplifier that completely
isolates the reactor flow control system from the
particular APRM that supplies its input signal. It
also filters process noise above approximately 1 Hz in
the flux signal. A failure in the amplifier cannot
interfere with the protection system function of the
APRMs. Each of the two APRM channels available for
flux feedback is further isolated or buffered by an
additional primary isolation amplifier, so that the
system complies with the requirements of Paragraph 4.7
of IEEE 279-1971.
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9. Manual/Automatic Transfer Stations

Switching between manual and automatic operation is
done on the master, flux, and individual flow
controllers, using a manually operated switch. To
automatically control loop flow by the flux controller,
the transfer switch on the flux and flow controllers
must be in the automatic position.

Setting the master control transfer switch to the
manual position provides ganged parallel manual
operation of the flow control loops. Switching to
manual control on the master controller sets the
cascade input or set point of the flux controller and
hence the signal to the valve. The individual flow
controllers must be in automatic. During startup, the
flux controller output signal is determined by the
manual signal level setting on the flux controller with
the controller in manual.

10. Flow Controller

The individual flow controller (one for each valve)
transmits the signal that adjusts the valve position.
During automatic operation, the input signal is
received from the flux controller. During manual
operation, each flow-regulating valve can be manually
positioned with the manual output signal raise/lower
pushbuttons provided on each flow controller.

11. Limiter

A limiting function is required (as briefly outlined in
foregoing paragraphs). Electronic limiting, with
reasonable range adjustment, is provided in each main
flow control loop. This limiter is normally held
bypassed by auxiliary devices such as relay contacts.
When the limiting permissive condition is reached, the
main regulating valve control signal is limited to
close the valve to the desired position.

12. Valve Actuator

The valve actuator (one on each valve) is the
electro-hydraulic device that moves the flow control
valve to the desired position and maintains it there.
The valve control system is designed to
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maintain the valve in the last position demanded if
control power is lost.

The valve actuator has an inherent rate-limiting
feature that will keep the resulting rate of change of
core flow and power to within safe limits in the event
of upscale or downscale failure of the valve position
or velocity control system.

Motor-operated valves provide drywell isolation between
the recirculation flow control valve hydraulic actuator
and the hydraulic power unit. The isolation valves
automatically close when a LOCA signal is present.
Controls in the main control room permit manual
operation of the isolation valves. The control logic
for the isolation valves is shown on Fig. 7.7-7.

7.7.1.3 Feedwater Control System

System Function

The feedwater control system controls the flow of feedwater into
the reactor vessel to maintain the vessel water level within
predetermined limits during all normal plant operating modes.
The range of water level is based upon the requirements of the
steam separators (this includes limiting carryover, which affects
turbine performance, and carryunder, which affects recirculation
pump operation). The feedwater control system utilizes vessel
water level, steam flow, and feedwater flow as a 3-element
control (Fig. 7.7-6).

Single-element control is also available based on water level
only. Normally, the signal from the feedwater flow is equal to
the steam flow signal; thus, if a change in the steam flow
occurs, the feedwater flow follows. The steam flow signal
provides anticipation of the change in water level that will
result from change in load. The level signal provides a
correction for any mismatch between the steam and feedwater flow
which causes the level of the water in the reactor vessel to rise
or fall accordingly.

System Operation

During normal plant operation, the feedwater control system
automatically regulates feedwater flow into the reactor vessel.
The system can be manually operated. The component control logic
for the feedwater system pumps and motor-operated valve is shown
on Fig. 7.7-8.
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The feedwater flow control instrumentation measures the water
level in the reactor vessel, the feedwater flow rate into the
reactor vessel, and the steam flow rate from the reactor vessel.
During automatic operation, these three measurements are used for
controlling feedwater flow.

The optimum reactor vessel water level is determined by the
requirements of the steam separators. The separators limit water
carryover in the steam going to the turbines and limit steam
carryunder in water returning to the core. The water level in
the reactor vessel is maintained within -2 in of the set point
value during normal operation and within the high and low level
trip set points during normal plant maneuvering transients. This
control capability is achieved during plant load changes by
balancing the mass flow rate of feedwater to the reactor vessel
with the steam flow from the reactor vessel.

The following is a discussion of the variables sensed for system
operation:

1. Reactor Vessel Water Level

Reactor vessel narrow range water level is measured by
three identical, independent sensing systems. For each
channel, a differential pressure transmitter senses the
difference between the pressure caused by a constant
reference column of water and the pressure caused by
the variable height of water in the reactor vessel.
The differential pressure transmitter is installed on
lines that serve other systems. Two of the
differential pressure signals are used for indication
and control, and the third for indication only. The
narrow range level signal from one of the two control
channels can be selected by the operator as the signal
to be used for feedwater flow control. A third narrow
range level sensing channel is used in conjunction with
the two control channels to provide failure tolerant
trips of the main turbine and feed pump prime movers.
All three narrow range reactor level signals and
reactor pressure are indicated in the main control
room. A fourth level sensing system (wide range)
provides level information beyond the span of the
narrow range devices. The selected narrow range water
level and wide range water level signals are
continuously recorded in the main control room.



RBS USAR

Revision 7 7.7-25 January 1995

2. Main Steam Line Steam Flow
•→7

Steam flow is sensed in each of the four main steam
line flow elbows by a differential pressure
transmitter. The signals from the four transmitters
are linearized, indicated in the main control room and
summed to produce a total steam flow signal for
feedwater flow control. The total steam flow signal is
recorded in the main control room.

7←•
3. Feedwater Flow

Feedwater flow is sensed at a flow element in each
feedwater line by differential pressure transmitters.
Each feedwater signal is linearized and then summed to
provide a total mass flow signal which is recorded in
the main control room. This flow is then compared with
the steam flow to obtain a total steam flow error. The
resulting error is used in conjunction with reactor
water level parameters to adjust feedwater control
valve actuators in the necessary direction. Individual
pump flow is sensed in the feedwater system by a sensor
in the suction line of each feed pump and is used to
control feedwater pump recirculation flow. This does
not affect the feedwater control system used to control
reactor level.

Three modes of feedwater flow control and thus level
control are provided:

a. Startup automatic level control

b. Run mode automatic flow control

c. Manual control.

Separate level controllers are provided for each
automatic mode. Each level controller contains set
point deviation meters, an output indicator, a manual
output control, manual automatic switching capability,
and a manually operated set point adjustment. In the
startup level control mode, measured level is compared
to level set point within the controller. The
resulting signal is conditioned by the proportional
plus integral controller circuits and transmitted to
the startup flow control valve. This is a hard-wired
system and cannot be selected to any other actuator.
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During normal operation 3-element automatic control is
provided. The reactor level signal, modified by the
conditioned flow error signal, provides a flow demand
signal to the feedwater flow control loop. The demanded
flow is compared to actual flow in each active pump.
The resulting flow error signal after conditioning by
the proportional plus integral flow controller changes
the feedwater flow control valve position, zeroing the
error signal.

Manual control is available by selecting manual on the
controller manual-automatic stations. Flow change is
accomplished by depressing the raise button or lower
button, depending on the desired flow change.
Automatic inventory control is available with any
single pump or any combination of two pumps.

The level control system also provides interlocks and
control functions to other systems. When one of the
reactor feed pumps is lost and coincident or subsequent
low water level exists, recirculation flow is reduced
to within the power capabilities of the remaining
reactor feed pumps. This reduction aids in avoiding a
low level scram by reducing the steaming rate. Reactor
recirculation flow is also reduced on sustained low
feedwater flow coincident with low recirculation flow
control valve position to ensure that adequate net
positive suction head (NPSH) is provided for the
recirculation system.

Alarms are provided for 1) high and low water level,
and 2) reactor high pressure. Interlocks trip the
plant turbine and feedwater pumps in the event of
reactor high water level.

Feedwater is delivered to the reactor vessel through a
parallel arrangement of three electric motor-driven
feedwater pumps. The electric motor-driven pumps
operate at constant speed; flow is controlled by a flow
control valve. During planned operation, the feedwater
control signal from three level-sensing circuits is fed
to the level controller. The output of the level
controller goes to the flow control valves, which
control the feedwater flow so that feedwater flow is
proportional to the feedwater demand signal. Included
among the four feedwater control valves is a low flow
control valve. If the feedwater control signal is
lost, an alarm unit in the feedwater
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•→7
control circuit initiates an alarm in the main control
room and locks the main feedwater control valve at its
position just prior to losing the signal. The control
valve can be manually controlled until the control
system failure has been resolved. Resetting of the
feedwater control to automatic is manually accomplished
from the main control room panel. Analog valve
position indication for each feedwater control valve is
provided in the main control room.

7←•
7.7.1.4 Steam Bypass and Pressure Regulation System

System Function

As a direct cycle BWR, the turbine is slaved to the reactor in
that all steam generated by the reactor (except steam to the
moisture separator reheaters) is normally accepted by the
turbine. The operation of the reactor requires that pressure
regulation be employed to maintain a constant (within the range
of the regulator controller proportional band setting) turbine
inlet pressure with load following ability accomplished by
variation of the reactor recirculation flow.

The turbine pressure regulator normally controls the TCVs to
maintain constant (within the range of the regulator controller
proportional band setting) turbine inlet pressure at a particular
value. In addition, the pressure regulator also operates the
steam bypass valves in such a way that a portion of nuclear
boiler rated flow can be bypassed when operating at steam flow
loads above those which can be accepted by the turbine as well as
during the startup and shutdown phases.

The overall turbine-generator and pressure control system
accomplishes the following:
•→13
Note: River Bend Station administratively chose not to operate

the recirculation flow control system in the master auto or
flux auto modes. These modes allow the system to
automatically respond and adjust reactor power due to changes
in turbine load or neutron flux.

13←•
1. Control turbine speed and turbine acceleration

2. Control the steam bypass system to keep reactor
pressure within limits, and avoid large power
transients

3. Control main turbine inlet pressure within the
proportional band setting of the pressure regulator

4. Match nuclear steam supply to turbine steam
requirements by the following functions:

a. Adjust recirculation system flow to the turbine
load demands when the recirculation
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 control is in the automatic load following mode 
 
b. Adjust the pressure set point of the pressure 

control unit in order to improve the load response 
of the plant when the recirculation control is in 
the automatic load following mode. 

 
System Operation 
 
Pressure control is accomplished by controlling main steam 
pressure immediately upstream of the main turbine stop and 
control valves through modulation of the turbine-control or 
steam-bypass valves.  Command signals to these valves are 
generated by redundant control elements using the sensed turbine 
inlet pressure signals as the feedback.  For normal operation, 
the TCVs regulate steam pressure; however, whenever the total 
steam flow demand from the pressure regulator exceeds the 
capacity of the TCVs, the pressure control system sends the 
excess steam flow directly to the main condenser, through the 
steam bypass valves.  The plant ability to follow grid-system 
load demands is enabled by adjusting reactor power level, by 
varying reactor recirculation flow (manually or automatically), 
or by manually moving control rods.  In response to the resulting 
steam production changes, the pressure control system adjusts the 
TCV to accept the steam output change, thereby regulating steam 
pressure.  In addition, when the reactor is automatically 
following turbine speed/load demands, the pressure control system 
permits an immediate steam flow response to fast changes in load 
demand, thus utilizing part of the stored energy in the vessel. 
 
1. Steam Pressure Control  

 
The pressure control system controls reactor pressure during 
plant startup, power generation and shutdown modes of 
operation.  The Turbine Control and Protection System (TCPS) 
pressure controllers act to ensure that the desired pressure 
is achieved through the positioning of the turbine control 
valves and the steam bypass valves in response to changes in 
reactor operating conditions. 
 
Under steady state operating conditions, the TCVs regulate 
steam pressure; however, whenever the total steam flow 
delivery exceeds the effective turbine steam flow need or 
capacity, the bypass valves are opened to regulate the 
pressure and send the excess steam directly to the 
condenser. 
 
The reactor operator maintains control over the rate of 
steam production to meet the plant’s steam demands – these 
control functions take place outside the TCPS controllers.  
The turbine operator uses the TCPS Human Machine Interface 
(HMI) to set the desired operating pressure set point.
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Pressure control is designed to control reactor 
pressure during the following conditions: 
 

reactor vessel heat up to rate pressure; 
when the turbine is being brought up to speed and 
synchronized; 
when reactor steam generation exceeds the turbine 
steam flow requirements during power operation; 
plant load rejections and turbine trip/generator 
trips; and 
reactor cool down/heat up 
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The reactor pressure control algorithm is designed to 
operate using three pressure transmitters tapped into 
the main steam line just upstream of the main stop 
valves and is called turbine inlet main steam 
(throttle) pressure control or MSP. 

 
The major functional components processed in the 
pressure controller: 
 

Controlling reactor pressure 
Controlling and monitoring the turbine steam 
bypass system 
Protecting against unsafe operating conditions 
Controlling reactor cool down 

 
The pressure regulator compares the measured steam 
supply pressure to the turbine operator entered 
pressure set point and develops the steam flow demand 
based on the magnitude of the pressure error. 
 
The output from the pressure regulator has the ability 
to drive the TCVs to their 100% open position plus the 
capability of continuing to drive the bypass valves to 
their 100% open position.  The regulation from the TCVs 
and the bypass valves in terms of percent change of the 
output from the pressure regulator versus the percent 
change of steam flow shall be uniform from TCVs closed 
to TCVs and bypass valves full open. 

 
 Control for the TCV is designed so that the valves 

close upon loss of control system electric power or 
loss of hydraulic system pressure. 

 
2. Steam Bypass System  
 
 The steam bypass equipment is designed to control steam 

pressure when reactor steam generation exceeds turbine 
requirements such as during startup (pressure, speed 
ramping, and synchronizing), sudden load reduction, and 
cooldown. 

 
 The bypass capacity of the system is 9.5 percent of 

NSSS rated steam flow; sudden load reductions of up to 
the capacity of the steam bypass can be accommodated 
without reactor scram. 

 
 Normally, the bypass valves are held closed and the 

pressure regulator controls the TCVs, directing all 
steam flow to the turbine.  If the speed governor
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or the load limiter restricts steam flow to the 
turbine, the regulator controls system pressure by 
opening the bypass valves.  If the capacity of the 
bypass valves is exceeded while the turbine cannot 
accept an increase in steam flow, the system pressure 
rises and RPS action causes shutdown of the reactor. 

The bypass valves are an automatically operated, 
regulating type which are proportionally controlled by 
the turbine pressure regulator and control system.  

Each bypass valve is independently operated.  Each loop 
has a position demand, a position error summer, a valve 
opening sequence bias, a position controller and a 
positioning sensor.  The bypass valves are opened 
sequentially, when needed, to control reactor system 
pressure.  A position demand bias (bypass jack) is 
provided for opening the bypass valves manually during 
reactor heat-up or as deemed necessary by plant 
operators.  An automated feature is also provided for 
cool-down and heat up using the bypass valves. 

The servo regulator bypass valve positioning reference 
starts with the summation of the bypass valve flow 
reference, the negative bypass valve sequencing bias, 
and the bypass valve test reference.  The bypass valve 
sequencing bias is used to control the opening sequence 
of all the bypass valves; it is different for each 
valve.  The bypass valve test reference is normally 
zero except during the bypass valves test.  After a 
gain is applied to the modified bypass valve flow 
reference, it is limit checked and the result becomes 
the bypass valve position reference. 

The bypass valve jack algorithm provides manual 
position control by the turbine operator using the 
appropriate HMI pushbuttons or by entering the set 
point and rate directly.  The bypass valve jack bias 
enters a maximum value select block along with the 
total bypass valve demand.  The maximum value of these 
two signals becomes the bypass valve flow reference. 
Assuming that the bypass valve jack bias is applied 
when the bypass valves are closed, the effect of the 
bias is to open the bypass valves in the order of their 
normal operating sequence. 

3. Turbine Speed/Load Control System

Upon generator breaker closure, the turbine speed
reference is at 1800 RPM.  At this point, the turbine
shaft speed is governed by the frequency of the power
transmission system.

The purpose of the load control algorithm is to
generate the load reference signal used to bias the
turbine control valve position during synchronizing
and, upon generator breaker closure, to set the turbine
control valve position corresponding to the desired
megawatt output.  It accepts inputs from other control
functions and combines these inputs to calculate the
appropriate load reference signal.
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The load reference signal is normally set higher than 
the steam flow demand signal from the pressure 
regulators to allow the pressure regulators to control 
the turbine control valves. 

 
4. Turbine Speed-Load Control Interfaces  
 
 Normal Operation 
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During base-load plant operation, the turbine load
reference is held above the desired load, in such a way
that the pressure regulation demand governs the TCVs.
During automatic load following operation, turbine
speed-load demand fluctuations cause the reactor
recirculation flow to vary the core flow and therefore
reactor steam generation and turbine power output.
When the turbine load demand increase exceeds the
limits of the reactor recirculation system
automatic-flow-control range, further increases in
turbine output are prevented by the pressure regulator
maintaining steam pressure.

Behavior of Turbine Outside of Normal Operation

Turbine Startup

Prior to turbine startup, sufficient reactor steam flow
is generated to permit the steam bypass valves to
maintain reactor pressure control while the turbine is
brought up to speed and synchronized under its
speed-load control.

Partial Load Rejection

During partial load rejection transients, which are
apparent to the reactor as a reduction in turbine load
demand resulting from an increase in generator (or
grid) frequency above rated, the turbine-pressure
control scheme allows the reduced turbine speed-load
demand to bias the pressure regulation demand and
thereby directly regulate the TCVs.

Turbine Shutdown or Turbine-Generator Trip

During turbine shutdown or turbine-generator trip
conditions, the main turbine stop valves and control
valves are closed. Reactor steam flow then passes
through the steam bypass valves under steam pressure
control, and through the reactor SRVs, as needed.

Steam Bypass Operation

Fast opening of the steam bypass valves during turbine
trips or generator load rejections requires coordinated
action with the turbine control system. When the TCVs
are under pressure control, no bypass
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 steam flow is demanded; conversely, when the turbine 
speed-load demand falls below the pressure regulation 
demand, a net bypass flow demand is computed.  During 
turbine or generator trip events resulting in 
fast-closure of the turbine stop or control valves, the 
TCV demand is immediately tripped to zero as an 
anticipatory response, causing the bypass steam flow 
demand to equal the initial pressure regulation demand. 

  Loss of Turbine Control System Power

 Turbine controls and valves are designed so that the 
turbine stop and control valves close upon loss of 
control system power or hydraulic pressure. 

7.7.1.5 Refueling Interlocks 

Refueling Interlocks Function

The purpose of the refueling interlocks is to restrict the 
movement of control rods and the operation of refueling 
equipment.  This reinforces operational procedures that prevent 
the reactor from becoming critical during refueling operations. 

Refueling Interlocks Operation

The refueling interlocks circuitry senses the condition of the 
refueling equipment and the control rods to prevent the movement 
of the refueling equipment or withdrawal of control rods (rod 
block).  Redundant circuitry is provided to sense the following 
conditions:

1. All rods inserted 

2. Refueling platform positioned near or over the core 
16
3. Refueling platform fuel grapple hoist, fuel loaded 

16
4. Reactor mode switch in REFUEL position. 

The indicated conditions are combined in logic circuits to 
satisfy all restrictions on refueling equipment operations and 
control rod movement (Table 7.7-1).  A two-channel circuit 
indicates that all rods are in.  The rod-in condition for each 
rod is established by the closure of a magnetically operated reed 
switch in the rod position 
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16
indicator probe.  The rod-in switch is generated.  Both channels 
of the circuit must indicate "all-rods-in" to allow refueling 
equipment to be used. 
16
During refueling operations, no more than one control rod is 
permitted to be withdrawn; this is enforced by a redundant logic 
circuit that uses the all-rods-in signal and a rod selection 
signal from the RC&IS to prevent the selection of a second rod 
for movement with any other rod not fully inserted.  Control rod 
withdrawal is prevented by comparison between the A and B 
portions of the RC&IS rod position with a subsequent rod 
withdrawal block if necessary.  With the mode switch in the 
REFUEL position, the circuitry prevents the withdrawal of more 
than one control rod and the movement of the loaded refueling 
platform over the core with any control rod withdrawn. 

Operation of refueling equipment is prevented by interrupting the 
power supply to the equipment.  The refueling platform is 
provided with two mechanical switches attached to the platform, 
which are tripped open by a long stationary ramp mounted adjacent 
to the platform rail.  The switches open before the platform or 
any of its hoists are physically located over the reactor vessel 
to indicate the approach of the platform toward its position over 
the core. 

16 10 6
Load sensing of fuel grapple hoist (main hoist) is by electronic 
load cell system.  Associated interlock and load functions are 
performed by switches activated by electronic load cells. 
6  10
The main hoist on the refueling platform is provided with 
switches that open when the hoist is fuel loaded.  The switches 
open at a load weight that is lighter than that of a single fuel 
assembly.  This indicates when fuel is loaded on the hoist.  The 
fuel grapple hoist interlocks with the rod block circuitry and 
refueling platform drive circuitry as well as hoist power. 
16
The rod block interlocks and refueling platform interlocks 
provide two independent levels of interlock action.  The 
interlocks which restrict operation of the platform hoist and 
grapple provide a third level of interlock action since they 
would be required only after a failure of a rod block and 
refueling platform interlock. 
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In the refueling mode, the main control room operator has 
indicator lights whenever all control rods are fully inserted.  
He can compare this indication with control rod position data 
from the computer as well as control rod in-out status on the 
full core status display.  Whenever a control rod withdrawal 
block situation occurs, the operator receives annunciation and 
computer logs of the rod block.  The operator can compare these 
outputs with the status of the variable providing the rod block 
condition.  Both channels of the control rod withdrawal 
interlocks must agree that permissive conditions exist in order 
to move control rods; otherwise, a control rod withdrawal block 
occurs.  Failure of one channel may initiate a rod withdrawal 
block, and does not prevent application of a valid control rod 
withdrawal block from the remaining operable channel 
(Table 7.7-1). 
16

8
In terms of refueling platform interlocks, the platform operator 
has digital readout indicators for the platform x-y position 
relative to the reactor core. 

10 4
The position of the grapple is shown in a digital indicator 
immediately below the platform position indicators.  Load cell 
indications of hoist loads are given for each hoist by locally 
mounted indicators. Individual pushbutton and rotary or joystick 
control switches are provided for local control of the platform 
and its hoists. The platform operator can immediately determine 
whether the platform and hoists are responding to his local 
instructions and can, in conjunction with the main control room 
operator, verify proper operation of each of the three categories 
of interlocks listed previously. 
4  10

7.7.1.6  NSSS Process Computer System 

System Function

The function of the process computer system is to provide inputs 
for determination of core thermal performance; to improve data 
reduction, accounting, and logging functions; and to supplement 
procedural requirements for control and manipulation during 
reactor startup and shutdown.  This function is performed by two 
computer systems: the Legacy Honeywell system and the Orbital 
Network Engineering (ONE) system. 
8
System Operation

Central Processor - The central processor performs various 
calculations, makes necessary interpretations, and provides for 
general input/output device control and buffered transmission 
between I/O devices and memory. 
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An automatic priority interrupt (API) module provides processor
capability to respond rapidly to important process functions and
to operate at optimum speed.

Core Memory - Core memory is a random access type utilizing a
24-bit word and operating at an 800 nanosecond cycle time. A
processor parity check feature is capable of stopping computer
operation subsequent to completing an instruction in which a
parity error is detected. The core memory has suitable shutdown
protection to prevent information destruction in the event of
loss of power or incorrect operating voltage. Capability is
provided to maintain real time by utilizing necessary calendar
type programs to compute year, month, day, hour, minute, second,
and cycle. This is done automatically except in the event of a
processor shutdown. In this case the operator is required to
update the computer with the correct time when restarting the
system.

Bulk Memory - Bulk memory is comprised of large core storage and
moving head disc, and is used for storing all programs and data.
Capability is provided to protect selectable portions of bulk
memory against information destruction caused by an inadvertent
attempt to write over the programs or by a system power failure.

I/O Hardware - The process I/O hardware consists of an analog
input scanner, a digital I/O controller, corresponding
I/O terminations and signal conditioners. The analog scanner
accepts analog signals from plant instrumentation and converts
them to digital representation for use in the computer. The
digital I/O controller senses plant contact actuations by groups
and is used to read status information from plant
instrumentation, including alarms and binary code signals.
Intermittent signals and pulse type inputs are sensed by
automatic program interrupt change detection hardware in the
central processor and allow immediate processing of information
that might otherwise be lost if digital scanning were used. The
controller also provides latched digital outputs to operate
displays, turn trend recorders on and off, turn on alarms, etc.

During routine operation the operator uses a keyboard located in
the main control room to enter information into the computer and
for requesting various special functions from it. Information
from the computer can be directed by the operator to video
terminal displays, digital displays, trend recorders, or alarm
typer.
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Testability - The process computer system has self-checking
provisions. It performs diagnostic checks to determine the
operability of certain portions of the system hardware and
performs internal programming checks to verify that input signals
and selected program computations are either within specific
limits or within reasonable bounds.

Environmental Considerations - All the computer equipment, except
for peripherals, is designed for continuous duty from 0°C to
50°C, and 5 to 95 percent relative humidity ambient. The
peripherals are designed to operate under more restrictive
environmental conditions. All components are installed in
air-conditioned rooms.

Operator Information - The processor is capable of checking each
analog input variable against two types of limits for alarm
purposes:

1. Process alarm limits are determined by the computer
during computation or as preprogrammed at some fixed
value by the operator.

2. A reasonable limit of the analog input signal level
programmed.

The alarming sequence consists of a typewriter message and video
monitor message for the variables that exceed process alarm
limits. A variable that is returning to normal is signified by a
typewritten message. The process computer provides to the
operator a means of monitoring, displaying, and recording both
NSSS and BOP events. These functions are performed by the
following software programs:

1. Status alarm monitor

2. Sequence annunciator

3. Digital trend

4. Post data recall
•→8

5. Process computer interface for collection and transfer
of data to an independant computer system. The
independant computer system performs core performance
calculations

8←•
6.    Balance of plant performance calculations

7. Turbine and generator log

8.    Vessel temperature change rate calculations
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9. Process computer interface with rod control and information 
system.

The ONE system consists of two independent servers.  These servers 
obtain data from: 

1. Analog & Digital I/O

2. Data Streams from the Rod Control & Information System, the 
Neutron Monitoring System and the LEFM data server. 

These servers produce data which is obtained by an independent 
computer system which performs core performance calculations and a 
human machine interface for operator interface. 

The ONE system is designed for and located in the Main Control Room 
and is non safety related.  The ONE system is a server system using 
central processor, random access memory, hard drives, analog and 
digital input/output modules, time standard synchronization, and 
self error checking. 

7.7.1.7 Emergency Response Information System (ERIS) 

7.7.1.7.1 ERIS Function 

The function of the ERIS is to gather plant data, store and process 
that data, generate visual displays of plant status information, and 
provide printed and plotted records of transient events. 

System Operation
12

Data Acquisition System (DAS) - The data acquisition system 
interfaces with existing plant sensors or devices, converts the 
acquired signals to digital data, and performs preprocessing of the 
data before passing it on to the process servers.  Self-test 
features are built into each element of the DAS.  Failure of the DAS 
self-test circuitry has been analyzed, and the results demonstrate 
that safety-related signals are not impaired.  Data is transmitted 
from the MCR DAS cabinets to a DAS cabinet in the computer room via 
a fiber optic network.  From the DAS cabinet, data is then sent to 
two (2) Alpha 4100 servers.  These servers compose the primary and 
backup process nodes of the ERIS computer system and are responsible 
for carrying out all functions associated with TRA and RTAD 
functions.  In addition to these inputs, the nodes receive data for 
the following:  gross output and station load, feedwater regulator 
valve position, ERDS compliance, Digital Radiation Monitoring System 
and Plant Process Computer inputs. 
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Input/Output Modules (I/O) – Input/Output (Analog and Digital) 
modules are part of the DAS and are mounted in the control room or 
in local panels to receive plant signals to be used in ERIS.  The 
I/O modules are installed in a VME bus arrangement which transmits 
data to a fiber optic repeater that then communicates this 
information to the primary/backup process servers.  I/O modules and 
repeaters that interface with safety-related devices are qualified 
to the same standards such that total system integrity is 
maintained.  The I/O modules are constructed with optical couplers 
which provide isolation between the incoming signals and ERIS.  
Additional isolation is achieved through use of fiber optic cable 
which can be used to connect the fiber optic repeaters to the 
primary and backup process servers.  Signal conditioning and 
digitizing are accomplished by the input modules. 
 
New ERIS Components – Due to aging components and a lack of 
available spare parts, the ERIS is being replaced.  The replacement 
process is being done in several phases.  The first phase installs 
the replacement ERIS processing network and equipment in the 
Technical Support Center (TSC) Computer Room, and in the Main 
Control Room (MCR) and the fiber optic communications network to 
connect these components.  In addition, several of the ERIS 
Input/Output (I/O) Modules located in the MCR are replaced with new 
and updated I/O modules.  These replacement I/O Modules are 
connected, via fiber optic cables, to the new ERIS network at the 
new Network Switches installed in the MCR.  The new ERIS processors 
provide signal translation and processing as necessary to provide 
replacement I/O data to the existing ERIS Data Processing System for 
the computer points which utilized the replaced I/O Modules.  The 
replacement of existing ERIS I/O Modules will continue, via future 
planned Engineering Changes (ECs), until all of the ERIS I/O data is 
being routed through the new ERIS system.  At that time, via future 
planned EC(s), all ERIS functions, including processing, display, 
printing, data storage and output functions will be migrated to the 
new ERIS system and the existing ERIS will be taken out of service.  
The new ERIS equipment and network conform to the same separation 
and power supply criteria, as described in section 7.7.1.7, for the 
current ERIS equipment and network. 
 
Fiber Optic Repeaters - The fiber optic repeaters are part of the 
DAS and receive inputs from several I/O modules and then transmit 
these signals to the primary and backup process servers. 
12 
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Data Processing System (DPS) - The data processing system 
receives data from the DAS and from the new ERIS I/O components, 
stores the data, performs calculations, validates the information 
by comparing redundant or secondary signals through appropriate 
calculations, and generates displays according to programmed 
formats.  DPS uses two processors to accomplish these tasks, the 
Transient Recording and Analysis (TRA) and the Real Time Analyses 
and Display (RTAD) processors.  The TRA processor receives ERIS 
data from the DAS and stores it on magnetic disks.  For 
post-event analysis, the TRA processor retrieves stored data and 
performs the necessary computations for formatting to provide 
outputs as requested from the graphic display console.  The RTAD 
processor receives ERIS data from the DAS and performs necessary 
computations to convert data to a format suitable for real time 
display on the CRTs.  It also performs the validation function of 
input signals.  The RTAD processor also stores data on magnetic 
disk.  This data can be retrieved to provide trend display 
information upon request.  If either processor fails, both 
functions can be accomplished by the remaining processor with 
minor diminished capacity.  
12 
Graphic Display Console - The existing SPDS video consoles (2) 
are replaced with two touch screen display stations.  The new 
display stations generate a variety of graphic real-time displays 
that are available on command from the keyboard. The displays 
provide the plant operator with a central display of critical 
"symptoms" of the plant condition that assist the operator in 
entering and following procedures developed from the Emergency 
Procedure Guidelines (EPG) and initiating the required actions.  
Different displays can be shown on each station simultaneously.  
 
Simulator - All devices identical to those in the plant MCR are 
provided in the simulator.  An additional display station is 
provided in the instructor’s office to monitor simulated system 
status and assist with any maintenance activities. 
 
Technical Support Center (TSC) - The technical support center has 
three (3) display stations equipped with keyboards and monitors.  
All of these stations have the same capabilities as those in the 
main control room with access to the outputs from ERIS.  
 
Emergency Operations Facility (EOF) - The emergency operations 
facility, as part of ERIS, consists of two (2) display stations 
with keyboards and monitors located remote from the main control 
room with access to outputs from ERIS and the simulator system.  
To facilitate the Backup EOF requirements, capability exists to 
support modem-connected display stations.  
 
Development System - This system is configured with the 
appropriate compilers, editors and support software to support 
the development of custom software, graphic displays and the 
system database. It is comprised of a server and one display 
station. 
12 
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ERIS Outputs - The ERIS is capable of the following outputs to
aid the operator when dealing with emergency situations:

1. Critical Plant Variables display - A concise display of
critical plant variables to provide for rapid
assessment of safety status of the plant is provided
for the operator. Plant parameters are displayed with
a mimic showing the RPV, containment, drywell, and
suppression pool. The display shows pressure, level,
temperature, power level, scram status, MSIV status,
safety relief valve status, and isolation valve status.
Limits are shown for variables adjacent to actual
values.
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16
2. Reactor Pressure Vessel Control display - Several 

displays are available showing detailed information on 
the RPV for "Narrow Range," "Wide Range," "Fuel Zone," 
"Shutdown Range," and "Full Range." Each of these 
displays shows reactor level, pressure, and power on a 
10-min trend plot with appropriate display of key 
values for these variables.  Also shown on the same 
display is status information of major systems such as 
LPCI, LPCS, HPCS, RCIC, CRD, RWCU, SLC, turbine 
control, and turbine bypass. Status information is also 
shown for diesel generator, safety relief valves, 
MSIVs, isolation valves, and control rods (scram).

16
3. Containment Control display - Several displays are 

available showing detailed information for containment 
such as "Narrow," "Upset-Lo," "Upset-Mid," "Upset-Hi," 
and "Full" range.  Each of these displays shows 
suppression pool level and temperature, drywell 
pressure and temperature, and containment temperature 
on 10-min trend plots with appropriate display of key 
values for these variables.  Also shown on the same 
display is status information of major systems such as 
suppression pool cooling, drywell cooling, containment 
cooling, and standby gas treatment. Status information 
is also shown for diesel generator, safety relief 
valves, MSIVs, isolation valves, and control rods 
(scram).

4. Plant Parameter Validation display - Displays 
validation information for critical plant parameters 
such as RPV level, pressure and temperature, reactor 
power, drywell pressure and temperature, containment 
pressure and temperature, suppression pool temperature 
and level.  Validation is accomplished through 
comparison with redundant or secondary signals with 
appropriate calculations. 

5. Trend Plot display - Trend plots for critical plant 
parameters are shown in a form similar to those on 
composite displays mentioned above, but in more detail 
with longer trend time. 

16
6. Two-Dimensional Plot display - The following 

two-dimensional plots are available on demand:  RPV 
Saturation Temperature-Drywell Temperature vs RPV 
Pressure and Heat Capacity Temperature Limit-
Suppression Pool Temperature vs RPV Pressure. 

16
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16
 These displays allow the operator to see at a glance 

available margins without having to perform manual 
calculations.

16
Verification and Validation

Verification and validation of ERIS is provided in GE Licensing 
Topical Report NEDE-30284-P. 

Isolation

To sample a Class 1E signal, a Class 1E data acquisition unit is 
utilized.   It is supplied with Class 1E power and the output is 
via fiber optic cable.  Additional information on optical 
isolators is provided in Section 7.1.4.2. 

7.7.1.7.2 Startup Testing and Transient Analysis and Recording 

The emergency response and information system (ERIS) provides for 
transient analysis and recording of startup test data.   The 
initial use of this system is for the transient tests performed 
during the startup test program. During commercial operation ERIS 
is used to aid in the following: 

1. Verification of plant transient performance 

2. Documentation based on data recovery of unplanned 
transient events 

3. Routine surveillance tests which require dynamic 
response support data 

4. Periodic check and adjustment of control systems for 
optimizing plant performance 

5. System diagnostic and analytical tests necessary during 
the life of the plant to support various activities 
(e.g., maintenance, licensing requirements). 

The following table summarizes the parameters in safety-related 
systems which are monitored for startup transient testing: 
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Parameter Applicable System

Valve Position NSSS RHR LPCS HPCS RCIC
ADS SLCS MSPLCS CRIVCS

Flow Rate RCIC HPCS LPCS RHR

System Pressure RCIC RHR RCS SLCS LDS
HPCS LPCS RPS NBS FWS

Fluid Level RPS RCS SLCS RHR FWS
NSSS

Electric Power All Safety-Related Systems
Availability

System Initiation ADS RPS CRIVCS RHR LPCS
Signal HPCS RCIC

System Temperature LDS NBS RCS SLCS CMS
RHR

7.7.1.8 Digital Radiation Monitoring System

The Class 1E portions of the digital radiation monitoring system
(DRMS) are identified in Section 7.6.1.4. The DRMS is further
discussed below and in Sections 11.5.2.1 and 13.3.

Software

The system is designed to operate without being affected by
failure of the non-Class 1E monitors or the non-Class 1E
computers. Software for the monitors has been developed in
INTEL's 8085 assembler code or in PLM. The software was
developed in these codes to ensure the minimum possible execution
time for each program and still have modular programming.

The DBM (Data Base Manager) module is the file task that controls
all external accesses to the monitor's data base. Error reporting
and access logging is provided in addition to the normal data
base reads and writes.
•→1
DBM is responsible for controlling who has access to which item
within the data and under what circumstances. DBM's control
prevents a Class 1E monitor's data base from being changed by a
device other than its local control panel (portable) or remote 1E
cabinet in the main control room.
1←•
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•→1
Each monitor is equipped with three separate communication ports.
All three ports are 0-30 mA current loops and operate
synchronously in a half duplex mode. Two ports are for
communicating to the non-Class 1E DEC 11/34 computer and operate
at 4800 baud via Class 1E communication isolation devices (see
Item B). The third port is in for communicating to the 1E
cabinets in the MCR or the local control panel (portable) at 1200
baud. In order to prevent blocking of transmission on the DEC
11/34 computer loop, the first two ports are equipped with
hardware relay bypasses which shunt the loop transmission around
the monitor in the cases of failure.
1←•
Validity checking is performed on all raw data before any further
action occurs. Usually it involves checking the values of the
data to insure that it is within acceptable limits of range. In
some cases the validity is dependent upon the value of the data
the previous time it was sampled.

Isolation

The communication isolation device provides physical separation
and electrical isolation between Class 1E circuits and non-Class
1E circuits and between circuits of different safety
classifications.

Circuits outside the isolation box are physically separated by
16 in. between input and output conduit entries.

Optically coupled isolators, each consisting of a 3-in. light
pipe between an infrared light-emitting diode (LED) and a silicon
photo-transistor, provide electrical isolation.

All IE equipment is fabricated to the applicable sections of
IEEE 323-1974, IEEE 384-1977, IEEE 344-1975, and Regulatory
Guides 1.75 (Rev. 2) and 1.89.
•→1
7.7.1.9 Alternate Rod Insertion (ARI)

1. System Function

The ARI system consists of redundant scram air header exhaust
valves and provides a means to scram the reactor when specific
variables exceed predeermined limits. Although non-safety
related, the system is designed to perform its function in a
reliable manner independent of the reactor protection system
(RPS).
1←•
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•→1
2. System Operation

The ARI system consists of seven DC powered solenoid operated
valves arranged to provide three redundant vent paths for the
scram air header and isolation of its air supply. Reference
Figure 4.6-5C for locations of valves C11-SOVF160, F162A, B, C,
D, F164A, B. The ARI function is initiated upon receipt of a
reactor high dome pressure, reactor low water level 2, or manual
initiation signal. Manual initiation and reset switches are
located in the control room on the P680 panel. Control room
display provides the operator with ARI system status and valve
position indication. The setpoints for ARI initiation are chosen
so that an RPS generated SCRAM should already have been initiated
by the above parameters. Following any of these initiation
signals, the ARI valves will energize to vent air pressure in the
header allowing individual scram inlet and outlet valves to open.
The control rod drive units then insert the control blades to
shut down the reactor.

The ARI system utilizes the same pressure and level
instrumentation used for recirculation pump trip on an ATWS
signal. A redundant two out of two logic arrangement for both
pressure and level provide both reliability and protection
against inadvertent trips. The number and size of the ARI valves
is selected to allow insertion of all control rods to begin
within approximately 15 seconds. All control rods reach their
full in position within approximately 25 seconds. Upon receipt
of an initiation signal a seal in occurs for approximately 32
seconds ensuring complete venting of the scram air header.

The ARI system is also designed to allow periodic surveillance of
all ARI valves at power. This is accomplished by having two
valves in series on each vent path and parallel air header supply
valves. The outboard valves are controlled by channel 1 and the
inboard valves and air supply valves are controlled by channel 2.
Each channel is tested independently and interlocked to prevent
simultaneous testing of both channels. Testing is automatically
overridden when ARI is initiated.

The ARI system is diverse, physically separated, and electrically
independent from the RPS. Diversity is achieved through the use
of energize-to-trip circuits and DC versus AC power supply. Use
of non-divisional non-interruptible power supply precludes the
need for isolation devices and provides for ARI capability during
a loss of offsite power event.
1←•
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7.7.1.10 Design Differences

Refer to Table 7.7-2 for a list of instrumentation and control
system designs and their similarity to designs of other nuclear
power plants.

7.7.2 Analysis

Refer to the safety evaluations in Chapter 15 and Appendix 15A.
Chapter 15 shows that the systems described in Section 7.7 are
not utilized to provide any DBA safety function. Safety
functions are provided by other systems.
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Chapter 15 also evaluates all credible control system failure
modes, the effects of those failures on plant functions, and the
response of various safety-related systems to those failures.




