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7.0 INSTRUMENTATION AND CONTROLS

7.1 INTRODUCTION

This chapter presents the various plant instrumentation and control systems by relating
the functional performance requirements, design bases system descriptions, design
evaluations, and tests and inspections for each. The information provided in this
chapter emphasizes those instruments and associated equipment which constitute the
protection system as defined in IEEE Std. 279-1971 "IEEE Standard: Criteria for
Protection Systems for Nuclear Power Generating Stations."

The primary purpose of the instrumentation and control systems is to provide
automatic protection against unsafe and improper reactor operation during steady
state and transient power operations (Condition |) and to provide initiating signals to
mitigate the consequences of faulted conditions (Conditions Il I, IV). For a discussion
of the four conditions see Chapter 15. The information presented in this chapter
emphasizes those instrumentation and control systems which are essential to assuring
that the reactor can be operated to produce power in a manner that ensures no undue
risk to the health and safety of the public.

It is shown that the applicable criteria and codes, such as the General Design Criteria
and IEEE Standards, concerned with the safe generation of nuclear power are met by
these systems.

Definitions

The definitions below establish the meaning of words in the context of their use in
Chapter 7.

Channel - An arrangement of components and modules or software as required to
generate a single protective action signal when required by a plant condition. A
channel loses its identity where single action signals are combined.

DNBR (Departure from Nucleate Boiling Ratio) - The ratio of the critical heat flux
(defined as the transition from nucleate boiling, to film boiling) to the actual local heat
flux.

Module - An assembly of interconnected components which constitutes an identifiable
device, instrument, or piece of equipment. A module can be disconnected, removed
as a unit, and replaced with a spare. It has definable performance characteristics
which permit it to be tested as a unit. A module could be a card or other subassembly
of a larger device, provided it meets the requirements of this definition.

Software - The entire set of programs, procedures, and related documentation
associated with a system, especially a computer system.

Components - Iltems from which the system is assembled (e.g., resistors, capacitors,
wires, connectors, transistors, tubes, switches, springs, etc.).

INTRODUCTION 7.1-1
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7.1-2

Single Failure - Any single event which results in a loss of protective function of a
component or components of a system. Multiple failures resulting from a single event
will be treated as a single failure.

Protective Action - A protective action can be at the channel or the system level. A
protective action at the channel level is the initiation of a signal by a single channel
when the variable sensed exceeds a limit. A protective action at the system level is the
initiation of the operation of a sufficient number of actuators to effect a protective
function.

Protective Function - A protective function is the sensing of one or more variables
associated with a particular generating station condition, signal processing, and the
initiation and completion of the protective action at values of the variable established
in the design basis.

Type Tests - Tests made on one or more units to verify adequacy of design.

Degree of Redundancy - The difference between the number of channels monitoring
a variable and the number of channels which, when tripped, will cause an automatic
system trip.

Minimum Degree of Redundancy - The degree of redundancy below which operation
is prohibited or otherwise restricted by the Technical Specifications.

Reproducibility - This definition is taken from SAMA Standard PMC-20.1-1973.
Process Measurement and Control Terminology; "the closeness of agreement among
repeated measurements of the output for the same value of input, under normal
operating conditions over a period of time, approaching from both directions." It
includes drift due to environmental effects, hysteresis, long-term drift, and
repeatability. Long-term drift (aging of components, etc.) is not an important factor in
accuracy requirements since, in general, the drift is not significant with respect to the
time elapsed between testing. Therefore, long-term drift may be eliminated from this
definition. Reproducibility, in most cases, is a part of the definition of accuracy (see
below).

Accuracy - This definition is derived from SAMA Standard PMC-20.1-1973. An
accuracy statement for a device falls under Note 2 of the definition of accuracy, which
means reference accuracy or the accuracy of that device at reference operating
conditions: "Reference accuracy includes conformity, hysteresis and repeatability."
To adequately define the accuracy of a system, the term reproducibility is useful as it
covers normal operating conditions. The following terms, "trip accuracy," etc., will then
include conformity and reproducibility under normal operating conditions. Where the
final result does not have to conform to an actual process variable but is related to
another value established by testing, conformity may be eliminated, and the term
reproducibility may be substituted for accuracy.

Readout Devices - For consistency the final device of a complete channel is
considered a readout device. This includes indicators, recorders, isolators
(nonadjustable) and controllers.

INTRODUCTION
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Channel Accuracy - This definition includes accuracy of primary element, transmitter
and rack modules. It does not include readout devices or rack environmental effects,
but does include process and environmental effects on field mounted hardware. Rack
environmental effects are included in the next two definitions to avoid duplication due
to dual inputs.

Indicated and/or Recorded Accuracy - This definition includes channel accuracy,
accuracy of readout devices and rack environmental effects.

Trip Accuracy - This definition includes comparator accuracy, channel accuracy for
each input, and rack environmental effects. This is the tolerance expressed in process
terms (or % of span) within which the complete channel must perform its intended trip
function. This includes all instrument errors but no process effects such as streaming.
The term "actuation accuracy" may be used where the word "trip" might cause
confusion (for example, when starting pumps and other equipment).

Actuation Accuracy - Synonymous with trip accuracy, but used where the word "trip"
may cause ambiguity.

Cold Shutdown - The reactor is in the cold shutdown condition when the reactor is
subcritical by at least 1% Ak/k and T(avg) is < 200°F with T(avg) defined as the
average temperature across a reactor vessel as measured by the hot and cold leg
temperature detectors.

Hot Shutdown Condition - When the reactor is subcritical by an amount greater than or
equal to the margin to be specified in the applicable technical specification and T(avg)
is within the temperature range specified in the applicable technical specification.

Phase A Containment Isolation - Closure of all nonessential process lines which
penetrate containment, initiated by the safety injection signal.

Phase B Containment Isolation - Closure of remaining process lines, initiated by
containment Hi-Hi pressure signal (process lines do not include Engineered Safety
Features lines).

System Response Time

Reactor Trip System Response Time: The time delays are defined as the time
required for the reactor trip (i.e., the time the rods are free and begin to fall) to be
initiated following a step change in the variable being monitored from at least 5% below
(or above) to at least 5% above (or below) the trip setpoint.

Engineered Safety Features Actuation System Response Time: The interval required
for the Engineered Safety Features sequence to be initiated subsequent to the pointin
time that the appropriate variable(s) exceed setpoints. The response time includes
sensor (analog) and process/logic (digital) delay.

INTRODUCTION 7.1-3
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Normal Operating Conditions - For this document, these conditions cover all normal
process temperature and pressure changes. Also included are ambient temperature
changes around the transmitters and racks.

Control Accuracy - This definition includes channel accuracy, accuracy of readout
devices (isolator, controller), and rack environmental effects. Where an isolator
separates control and protection signals, the isolator accuracy is added to the channel
accuracy to determine control accuracy, but credit is taken for tuning beyond this point;
i.e., the accuracy of these modules (excluding controllers) is included in the original
channel accuracy. Itis simply defined as the accuracy of the control signal in percent
of the span of that signal. This will then include gain changes where the control span
is different from the span of the measured variable. Where controllers are involved,
the control span is the input span of the controller. No error is included for the time in
which the system is in a non-steady state condition.

7.1.1 ldentification of Safety-Related Systems

7111

711141

71.1.1.2

71113

71114

7.1-4

Safety-Related Systems

The Nuclear Steam Supply System (NSSS) instrumentation required to function to
achieve the system responses assumed in the safety evaluations and those needed to
shut down the plant are given in this section.

Reactor Trip System

The Reactor Trip System (RTS) is a functionally defined system described in Section
7.2. The equipment which provides the trip functions is identified and discussed in
Section 7.2. Design bases for the reactor trip system are given in Section 7.1.2.1.
Figure 7.1-1 is a block diagram of this system.

Engineered Safety Features Actuation System

The engineered safety features actuation system (ESFAS) is a functionally defined
system and is described in Section 7.3. The equipment which provides the actuation
functions is identified and discussed in Section 7.3. Design bases for the Engineered
Safety Features Actuation System are given in Section 7.1.2.1.

Vital Instrumentation and Control Power Supply System
Design bases for the vital control power supply system are given in Section 7.1.2.1.
Further description of the system is provided in Section 8.3.

Auxiliary Control Air System

The auxiliary control air system supplies essential control air to safety-related
equipment such as the auxiliary feedwater control valves, dampers in the auxiliary
building gas treatment system and the emergency gas treatment system; and the
Control Building HVAC system. Further description of the system is given in Section
9.3.1.

INTRODUCTION
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7.1.1.2 Safety-Related Display Instrumentation

The Post Accident Monitoring System (PAMS) provides essential information required
by the operator to diagnose and monitor significant accident conditions. The
accident-monitoring instrumentation is designed with redundant channels so that a
single failure does not prevent the operator from determining the nature of an accident,
the functioning of the engineered safety features, the need for operator action, and the
response of the plant to the safety measures in operation. This system is described in
Section 7.5.1.8.

Other safety-related, along with non safety-related display instrumentation is
discussed in Section 7.5..

7.1.1.3 Instrumentation and Control System Designers

All systems discussed in Chapter 7 have definitive functional requirements developed
on the basis of the Westinghouse NSSS design. TVA is responsible for the total design
of the WBN instrumentation and controls systems. The RTS, ESFAS, and SSPS are
generally the instrumentation and controls systems within the scope of the
Westinghouse supply. Figures 7.2-1 and 7.3-3 show the logic for the Reactor
Protection System (RPS).

7.1.1.4 Plant Comparison

System functions for all systems discussed in Chapter 7 are similar to those of
Sequoyah Nuclear Plant. Detailed comparison is provided in Section 1.3.

7.1.2 ldentification of Safety Criteria

Section 7.1.2.1 gives design bases for the systems given in Section 7.1.1.1, except for
the auxiliary control air system which is described in Section 9.3.1 and the safety-
related display instrumentation systems which are described in Section 7.5. Design
bases for non safety-related systems are provided in the sections which describe the
systems. Conservative considerations for instrument errors are included in the
accident analyses presented in Chapter 15. Functional requirements, developed on
the basis of the results of the accident analyses, which have utilized conservative
assumptions and parameters are used in designing these systems and a
preoperational testing program verifies the adequacy of the design. Accuracies are
discussed in Sections 7.2, 7.3 and 7.5.

The documents listed below were considered in the design of the systems given in
Section 7.1.1. In general, the scope of these documents is given in the document itself.
This determines the systems or parts of systems to which the document is applicable.
A discussion of compliance with each document for systems within its scope is
provided in the referenced sections.

Because some documents were issued after design and testing had been completed,
the equipment documentation may not meet the format requirements of some
standards. Table 7.1-1 and Notes 1 through 20 identify the degree of conformance to
applicable documents and justify exceptions. In addition to the documents listed in
Table 7.1-1, the documents considered are:
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(1) General Design Criteria for Nuclear Power Plants, "Appendix A to Title 10
CFR Part 50, July 7, 1971." (See Sections 7.2, 7.3, 7.4, and 7.6).

(2) The Institute of Electrical and Electronic Engineers, Inc.," IEEE Standard for
Electrical Penetration Assemblies in Containment Structures for Nuclear
Fueled Power Generating Stations," IEEE Standard 317-1976. (See Section
8.3.1.2.3).

(3) The Institute of Electrical and Electronic Engineers, Inc., "IEEE Standard
Installation, Inspection, and Testing Requirements for Instrumentation and
Electric Equipment During the Construction of Nuclear Power Generating
Stations," IEEE Standard 336-1971. (See Section 8.3.1.2.2).

(4) The Institute of Electrical and Electronic Engineers, Inc, "IEEE
Recommended Practices for Seismic Qualification of Class 1E Equipment for
Nuclear Power Generating Stations," IEEE Std. 344-1975. (See Section
3.10.1)

7.1.2.1 Design Bases

71.211

7.1-6

The technical design bases for the protection systems are provided by Westinghouse
equipment specifications which consider the functional requirements for these systems
and applicable criteria as identified in Table 7.1-1.

Reactor Trip System

The reactor trip system acts to limit the consequences of Condition Il events by, at
most, a shutdown of the reactor and turbine, with the plant capable of returning to
operation after corrective action. The reactor trip system features impose a limiting
boundary region to plant operation which ensures that the reactor safety limits
analyzed in Chapter 15 are not exceeded during Condition Il events and that these
events can be accommodated without developing into more severe conditions.

The design requirements for the reactor trip system are derived by analyses of plant
operating fault conditions where automatic rapid control rod insertion is necessary in
order to prevent or limit core or reactor coolant boundary damage. The design bases
addressed in IEEE Standard 279-1971 are discussed in Section 7.2.1. The design
limits for this system are:

(1) Minimum DNBR shall not be below the limiting value as a result of any
anticipated transient or malfunction (Condition Il faults).

(2) Power density shall not exceed the rated linear power density for Condition Il
events. See Chapter 4 for fuel design limits.

(3) The stress limit of the RCS for the various conditions shall be as specified in
Chapter 5.

INTRODUCTION
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(4) Release of radioactive material shall not be sufficient to interrupt or restrict
public use of those areas beyond the exclusion distance or to exceed the
guidelines of 10 CFR 100 as a result of any Condition lll fault.

(5) For any Condition IV fault, release of radioactive material shall not result in
an undue risk to public health and safety nor shall it exceed the guidelines of
10 CFR 100, "Reactor Site Criteria."

7.1.2.1.2 Engineered Safety Features Actuation System (ESFAS)

The ESFAS acts to limit the consequences of Condition Il events (infrequent faults
such as primary coolant spillage from a small rupture which exceeds normal charging
system makeup and requires actuation of the safety injection system). The ESFAS
acts to mitigate Condition 1V events (limiting faults which include the potential for
significant release of radioactive material).

The design bases for the ESFAS are derived from the design bases given in Chapter
6. Design bases requirements of IEEE 279-1971 are addressed in Section 7.3.1.2.
General design requirements are given below.

(1) Automatic Actuation Requirements

The primary functional requirement of the ESFAS is to receive input signals
(information) from the various on-going processes within the reactor plant
and containment and automatically provide, as output, timely and effective
signals to actuate the various components and subsystems comprising the
engineered safety features system. These signals must assure that the
engineered safety features system will meet its performance objectives as
outlined in Chapter 6.

Figure 7.3-3 (Sheets 1 through 4) shows the logic associated with the ESF
actuation system.

(2) Manual Actuation Requirements

The ESFAS has provisions for manually initiating from the main control room
the functions of the engineered safety features system. Manual actuation
serves as backup to the automatic initiation and provides control of selective
engineered safety features service features.

7.1.2.1.3 Vital Control Power Supply System

The vital control power supply system provides continuous, reliable, regulated single
phase ac power to all instrumentation and control equipment required for plant safety.
Details of this system are provided in Section 8.3.

7.1.2.1.4 Standby Power

Design bases and system description for the standby power supply are provided in
Chapter 8.
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71.21.5

7.1.21.6

7.1.21.7

7.1.2.1.8

7.1-8

Interlocks

Interlocks are discussed in Sections 7.2, 7.3, 7.6, and 7.7. The protection (P)
interlocks are given on Tables 7.2-2 and 7.3-3. The safety analyses demonstrate that
even under conservative critical conditions for either postulated or hypothetical
accidents, the protective systems ensure that the NSSS will be putinto and maintained
in a safe state following an ANS Condition Il, Ill, or IV accident commensurate with
applicable technical specifications and pertinent ANS Criteria. Therefore, the
protective systems have been designed to meet IEEE Standard 279-1971 and are
entirely redundant and separate, including all permissives and blocks. All blocks of a
protective function are automatically cleared whenever the protective function would
be required to function in accordance with General Design Criteria 20, 21, and 22, and
Paragraphs 4.11, 4.12, and 4.13 of IEEE Standard 279-1971. Control interlocks (C)
are identified on Table 7.7-1. Because control interlocks are not safety related, they
have not been specifically designed to meet the requirements of IEEE Protection
System Standards.

Bypasses

Bypasses are designed to meet the requirements of IEEE 279-1971, Sections 4.11,
4.12,4.13 and 4.14. A discussion of bypasses provided is given in Sections 7.2 and
7.3.

Equipment Protection

The criteria for equipment protection are given in Chapter 3. Equipment related to safe
operation of the plant is designed, constructed and installed to protect it from damage.
This is accomplished by working to accepted standards and criteria aimed at providing
reliable instrumentation which is available under varying conditions. As an example,
certain equipment is seismically qualified in accordance with IEEE 344-1971. During
construction, independence and separation are achieved, as required by IEEE
279-1971, either by barriers or physical separation. This serves to protect against
complete destruction of a system by fires, missiles or other natural hazards.

Diversity

Functional diversity has been designed into the system. Functional diversity is
discussed in WCAP 7706, "An Evaluation of Solid State Logic Reactor Protection in
Anticipated Transients," Reference [1]. The extent of diverse system variables has
been evaluated for a wide variety of postulated accidents as discussed in WCAPs 7306
and 13869, "Reactor Protection System Diversity in Westinghouse Pressurized Water
Reactors," Reference [2] and Reference [6]. Generally, two or more diverse protection
functions would automatically terminate an accident before unacceptable
consequences could occur.

For example, there are automatic reactor trips based upon nuclear flux measurements,
reactor coolant loop temperature and flow measurements, pressurizer pressure and
level measurements, reactor coolant pump under frequency and under voltage
measurements, and steam generator water level measurements, as well as manually,
and by initiation of a safety injection signal.
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Regarding the engineered safety features actuation system for a loss-of-coolant
accident, a safety injection signal can be obtained manually or by automatic initiation
from diverse parameter measurements as shown in Table 7.3-1.

7.1.2.1.9 Trip Setpoints

The scope of TSTF-493 includes setpoints within the reactor protection system (RPS)
which includes the Reactor Trip System (RTS) and the Engineered Safeguards
Features Actuation System (ESFAS). The specific setpoints within the scope of TSTF-
493 are identified in Technical Specifications 3.3.1 and 3.3.2. These trip setpoints
have been selected to ensure that core damage and loss of integrity of the reactor
coolant system are prevented during anticipated operational events. These setpoints
were analytically determined in accordance with the methodology described in
References 3 and 5. The TVA instrument setpoint methodology is based on ISA
standard 67.04 (Reference 3) and is incorporated into TVA technical instructions. The
Westinghouse setpoint methodology is described in Reference 5. Both the nominal
(trip setpoint) and limiting (allowable value) settings have been incorporated into the
Technical Specifications. Nominal settings are more conservative than the limiting
setpoints. This allows for measurement and calibration uncertainties and instrument
channel drift which may occur between periodic tests without exceeding the allowable
value. Trip setpoint values are monitored by periodic performance of surveillance tests
in accordance with Technical Specification requirements.

The setpoint calculations include the effects of both measurable and unmeasurable
uncertainties to ensure the associated protective actions are performed before
analytical limits are exceeded. The square root sum of the squares (SRSS) method is
used for combining uncertainty terms to meet the following three criteria: random,
independent, and normal distribution. The probability that all of the independent
processes would simultaneously be at their maximum value (i.e., + or -) is very small.
The SRSS method provides a means to combine individual random uncertainty terms
to establish a net random uncertainty term. All other uncertainties that do not meet any
of the three criteria are arithmetically summed. Single-sided correction factors are not
used in setpoint calculations within the scope of TSTF-493.

The following describes the methodology used for the setpoint calculations within the
scope of TSTF-493 revision 4 as incorporated into the WBN Unit 2 Technical
Specifications.

Safety Limit (SL) - A safety limit is specified to protect the integrity of physical barriers
that guard against the uncontrolled release of radioactivity. The safety limit for a
parameter is typically provided in the plant safety analyses in accordance with 10 CFR
50.36(c).1.ii.A.

Analytical Limit (AL) - The analytical limit represents the parameter value at which a
safety action is assumed to be initiated to ensure that the safety limits are not
exceeded during either accidents or anticipated operational occurrences.

Nominal Trip Setpoint (NTSP) - The NTSP is the nominal value at which the instrument
is set when it is calibrated. Since most instruments cannot be set to an exact value, the
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instrument is set to the nominal setpoint within an allowed tolerance band defined as
Acceptable As Left (AAL).

Operational Limit (OL) - The operational limit is a value which the operating parameter
is not expected to exceed during normal operation. The NTSP is set beyond the OL so
that spurious trips of the instrument do not occur.

Acceptable As Found Tolerance (AAF) - A tolerance band on either side of the NTSP
which defines the limits of acceptable instrument performance, beyond which the
channel may be considered degraded and must be evaluated for operability prior to
returning it to service. Channels which exceed the AAF will be entered into the
Corrective Action Program for further evaluation and trending. The Acceptable As
Found tolerance is the SRSS combination of drift, maintenance and test equipment
(M&TE) accuracy and readability, and calibration/reference accuracy. Other
uncertainties may be included in the AAF if applicable.

Acceptable As Left Tolerance (AAL) - A tolerance band on either side of the NTSP
within which an instrument or instrument loop is left after calibration or setpoint
verification. The Acceptable As Left tolerance is equal to or less than the SRSS
combination of reference accuracy, M&TE accuracy and M&TE readability. Other
uncertainties may be included in the AAL if applicable.

The trip setpoint must be adjusted within the AAL tolerance prior to returning the
channel to service.

Allowable Value (AV) - The limiting value of the as-found trip setting used during
surveillance testing for the portion of the channel being tested, beyond which the
channel is inoperable. The AV ensures that sufficient margin exists to the AL to
account for unmeasurable uncertainties such as process effects to ensure that the
protective action is performed under worst case conditions before the analytical limit is
exceeded when the channel is reset to within the AAL tolerance.

Calculation of the allowable value by the Westinghouse setpoint methodology is
described in Reference 5. In the Westinghouse methodology, the AV is limited to rack
surveillance testing. Two values are calculated. The first value is the arithmetic sum of
the measurable rack uncertainties. The second value is based on the total allowance
between the trip setpoint and the safety analysis limit. This value is the difference
between the total allowance and those uncertainties which are not present during the
rack surveillance test. These uncertainties are combined in accordance with
Reference 5. The AV is the nominal trip setpoint plus or minus, dependent on the trip
setpoint direction, the minimum of the two calculated values.

The TVA methodology for the allowable value calculation is described in TVA technical
instructions based on Reference 3. An upper limit of AV is determined by subtracting
the unmeasurable uncertainties from the AL. A lower limit of AV is determined by
adding the measurable uncertainties to the NTSP. The actual AV is set within these
limits. This applies to a high setpoint with an upper Analytical Limit; the directions
would be reversed for a low setpoint with a lower AL.
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7.1.2.2 Independence of Redundant Safety-Related Systems

7.1.2.21

The safety-related systems in Section 7.1.1.1 are designed to meet the independence
and separation requirements Criterion 22 of the of General Design Criteria (GDC)
(Appendix A to 10CFR50) and Paragraph 4.6 of IEEE 279-1971. The administrative
responsibility and control provided during the design and installation is discussed in
Chapter 17 which addresses the Quality Assurance programs applied by
Westinghouse and TVA.

The electrical power supply instrumentation and control conductors for redundant
circuits of a nuclear plant have physical separation including PAM Category 1 and
protection set I, Il, lll and IV instrumentation and control. Their cables are run in
separate raceways to preserve divisional integrity and to ensure that no single credible
event will prevent operation of the associated function due to electrical conductor
damage. Detailed information pertaining to electrical cable for safety-related systems
is given in Section 8.3.1.4. Critical circuits and functions include: power, control, and
process protection channels associated with the operations of the reactor trip system
or engineered safety features actuation system. Failure events are evaluated for
credibility and credible events shall include, but not be limited to, the effects of short
circuits, pipe rupture, missiles, etc., and are considered in the basic plant design.
Control board details are given in Section 7.7.1.10. In the control board, separation of
redundant circuits is maintained as described in Section 7.1.2.2.2.

Instrument sensing lines (including capillary systems) which serve safety-related
systems identified in Section 7.1.1.1 are designed to meet the independence
requirements of criterion 22 of the 1971 General Design Criteria and IEEE 279-1971
Section 4.6. The requirements consider the following events: (1) normal activities in
the area (e.g., maintenance); (2) high and moderate energy jet streams, missiles, and
pipe whip; and (3) possible damage caused by falling loads from the plant lifting
systems (e.g., cranes, monorails). Exceptions to these requirements shall be
evaluated for technical adequacy and documented in Design Basis Documents.

General

Separation of cables and raceways of redundant circuits is described in Section 8.3.1.

7.1.2.2.2 Specific Systems

Channel independence is carried throughout the system, extending from the sensor
through to the devices actuating the protective function. Physical separation is used
to achieve separation of redundant transmitters. Separation of wiring is achieved
using separate wireways, cable trays, conduit runs and containment penetrations for
each redundant channel. Each redundant channel is energized from a separate ac
power feed.

Within the process protection system there are four separate protection channel sets.
Redundant protection channels are separated by locating the processing electronics
of the redundant channels in different protection channel rack sets. Separation of
redundant channels begins at the sensors and is maintained in the field wiring,
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containment penetrations, and process protection channel racks. Thus any single
failure within a channel will not prevent initiation of a required protection system action.

In the nuclear instrumentation system and the solid state protection system racks
where redundant channels of protection instrumentation are physically adjacent, there
are no wireways or cable penetrations which would permit, for example, a fire resulting
from electrical failure in one channel to propagate into redundant channels in the logic
racks.

Independence of the logic trains is discussed in Sections 7.2 and 7.3. Two reactor trip
breakers are actuated by two separate logic matrices which interrupt power to the
control rod drive mechanisms. The breaker main contacts are connected in series with
the power supply so that opening either breaker interrupts power to all control rod drive
mechanisms, permitting the rods to free fall into the core.

(1) Reactor Trip System

(a) Separate routing is maintained between the four reactor trip system
process protection channels, including the sensor signals, comparator
signals, and associated power supplies.

(b) Separate routing of the reactor trip signals from the two redundant logic
system cabinets is maintained. In addition, they are separated (by
spatial separation, by an approved barrier, or by separate cable trays or
wireways) from the four protection instrumentation channels.

(2) Engineered Safety Features Actuation System

(a) Separate routing is maintained for the four redundant sets of ESF
actuation system process protection channels, comparator output
signals and power supplies for such systems. The separation of these
four redundant and independent protection channel sets is maintained
from sensors through process protection racks to logic system cabinets.

(b) Separate routing of the ESF actuation signals from the two redundant
logic system cabinets is maintained. The ESF actuation signals are
also separated from the four process protection channels.

(c) Separate routing of redundant control and power circuits associated
with the operation of engineered safety features equipment is required
to retain redundancies provided in the system design and power
supplies.

(3) Vital Control Power Supply System

The separation criteria presented above also apply to the power supplies for
the load centers and buses distributing power to redundant components and
to the control of these power supplies. See Section 8.3.1 for the description
of the system.
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(4) Control Board

Control board switches and associated lights are generally furnished in
modules. Modules provide a degree of physical protection for the switches,
associated lights and wiring. Teflon wire is used within the module and
between the module and the first termination point.

Modular train column wiring is formed into wire bundles and carried to metal
wireways (gutters). Gutters are run into metal vertical wireways (risers). The
risers are the interface between field wiring and control board wiring. Risers
are arranged to maintain the separated routing of the field cable trays.

Wiring within control boards has been designed and installed to maintain
physical independence. Design features include enclosed modular switches,
metal wireways, use of metallic woven braid over approved insulation of
critical wires. PVC type tubing (Tygon) has been used in some installations
to insulate up to approximately 6 inches of the drain wire where signal cable
is broken out to terminate the cable at termination points.

Figure 7.1-2 shows the details of the control boards critical wiring braid
installation. Wiring for each train is routed from the field to separate vertical
risers, separated horizontally in enclosed horizontal wireways, and then
routed from the wireway to the enclosed switch module in metallic braid.
Maximum air space between cables of different trains has been maintained
and in no case do cables from different trains touch nor can they migrate with
time to touch.

In order to maintain separation between wiring associated with different logic
trains, mutually redundant safety train wiring is not terminated on a single
device. Backup manual actuation switches link the separate trains by
mechanical means to provide greater reliability of operator action for the
manual reactor trip function and manual engineered safety features
actuations. The linked switches are themselves redundant so that operation
of either set of linked switches will actuate safety trains "A" and "B"
simultaneously.

Safety-related indicators, e.g., post accident monitoring indicators are
separated by metallic barrier plates and/or air separation. Teflon insulated
wire is used between the indicators and the first termination point. The wire
routing method is similar to that used for the modules.

Reactor trip system and engineered safety features actuation system process
protection channels may be routed in the same wireways provided circuits have the
same power supply and channel set identity (I, Il, Ill or V).

7.1.2.2.3 Fire Protection

Refer to Section 9.5.1 for fire protection information.

INTRODUCTION 7.1-13



WATTS BAR WBNP-106

7.1.2.3 Physical Identification of Safety-Related Equipment

7.1-14

There are four separate sets of process protection channel racks identifiable with
equipment associated with the reactor trip system and with the engineered safety
features actuation system. A process protection channel set may consist of more than
one instrumentation rack. The color coding of each instrumentation rack nameplate
coincides with the color code established for the protection instrumentation channel of
which it is a part. Redundant channels are separated by locating them in different
protection channel racks. Separation of redundant channels begins at the process
sensors and is maintained in the field wiring, containment penetrations, and process
protection racks to the redundant trains in the logic racks. The solid state protection
system input cabinets are divided into four isolated compartments, each serving one
of the four redundant process protection channels. Horizontal 1/8-inch thick solid steel
barriers, coated with fire-retardant paint, separate the compartments. Four solid steel
wireways coated with fire-retardant paint enter the input cabinets vertically. The
wireway for a particular compartment is open into that compartment so that flame could
not propagate to affect other channels. At the logic racks the protection set color
coding for redundant channels is clearly maintained until the channel loses its identity
in the redundant logic trains. The color-coded nameplates described below provide
identification of equipment associated with protective functions and their channel set
association.

Protection Set Color Coding

I Red with white lettering
Il Black with white lettering
i Blue with white lettering

v Yellow with black lettering

Post accident monitoring and train-oriented modules are identified as follows:

Color

Train A Orange and white
Train B Brown and White
Special Gold and Black

Postaccident Monitoring Channel 1 Purple and White (outside MCR)
Black and White (inside MCR)

Postaccident Monitoring Channel 2 Green and Black (outside MCR)
Black and White (inside MCR)

Nondivisional White and Black

(Nonsafety-related)
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Color

Normal Offsite Power Supply White and Black
Alternate Offsite Power Supply White and Black

All nonrack-mounted protective equipment and components are provided with an
identification tag or nameplate. Small electrical components such as relays have
nameplates on the enclosure which houses them. All cables are numbered with
identification tags. In congested areas, such as under or over the control boards,
instrument racks, etc., cable trays and conduits containing redundant circuits are
identified using permanent markings. The purpose of such markings, discussed in
detail in Section 8.3.1.4, is to facilitate cable routing identification for future
modifications or additions. Positive permanent identification of field routed cables is
provided by nameplates on the input panels of the solid state logic protection system.

"The circuits requiring special separations are suffix S and described in Section 8.3.1.4.3.
7.1.2.4 Process Signal Isolation Relays

Criteria for Process Signal Isolation Relays

The following criteria are to be used in providing isolation between process signals and
safety circuits:

(1) A safety signal derived from the Solid-State Protection System (SSPS) shall
override the process signal.

(2) The isolation relays shall have a coil to contact rating equal to or greater than
the maximum credible ac or dc potential that could be applied to the non-1E
circuit at its end points or intermediate routing.

(3) The isolation relays and racks designated as Train A or Train B shall be
seismically qualified.

Implementation of Criteria

(1) The following is a listing of the Auxiliary Relay Racks (ARR) and the cable
routing scheme utilized

AUXILIARY RELAY RACKS (See Note.)

LOCATION TRAIN A NON-DIV TRAIN B
AUXILIARY CONTROL 1-L-11A 1-L-10 1-L-11B
BOP AUX INST ROOM 1-R-73,74 1-R-71,72,75,76,80  1-R-77,78
NSSS AUX INST ROOM 1-R-54 1-R-58 1-R-55
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AUXILIARY RELAY RACKS (See Note.)
LOCATION TRAIN A NON-DIV TRAIN B
(ARI) (AR3) (AR2)

(Note: Use Prefix “2” for Unit # 2.)

ROUTING SCHEME-AUXILIARY RELAY RACKS

TRAIN A NON-DIV TRAIN B
TR A — NON- - - J TR B
DIV
NON-DIV NON-DIV
ROUTED WITH ROUTED WITH
TRAIN A TRAIN B

(2) Figure 7.1-3 (Sheets 1-4) illustrates the various isolation configurations used
in the design of Watts Bar.
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Table 7.1-1 Watts Bar Nuclear Plant NRC Regulatory Guide Conformance
(Page 1 of 11)

The extent to which the recommendations of the applicable NRC regulatory guides and IEEE standards
are followed for the Class 1E instrumentation and control systems is shown below. The symbol (F)
indicates full compliance. Those which are not fully implemented are discussed in the referenced
sections of the FSAR and in the footnotes as indicated.

Regulatory Guide 1.22, Revision 0, February 1972 "Periodic Testing of Protection System Actuation
Functions" (F, see note 2).

Regulatory Guide 1.29, Revision 3, September 1978 "Seismic Design Classification" (F).

Regulatory Guide 1.30, Revision 0, August 1972 "Quality Assurance Requirements for the Installation,
Inspection, and Testing of Instrumentation and Electric Equipment." (See Section 7.1 for compliance.)

Regulatory Guide 1.45, Revision 0, May 1973 "Reactor Coolant Pressure Boundary Leakage Detection
Systems" (See Note 7).

Regulatory Guide 1.47, Revision 0,May 1973 "Bypassed and Inoperable Status Indication for Nuclear
Power Plant Safety Systems" (F see note 5).

Regulatory Guide 1.53, Revision 0, June 1973 "Application of the Single Failure Criterion to Nuclear
Power Plant Protection Systems" (F see note 3).

Regulatory Guide 1.62, Revision 0, October 1973 "Manual Initiation of Protective Actions" (F).

Regulatory Guide 1.63, Revision 2, July 1978 "Electrical Penetration Assemblies in Containment
Structures for Water-Cooled Nuclear Power Plants" (See Section 8.1.5.3 for compliance).

Regulatory Guide 1.68, Revision 2, August 1978 "Preoperational and Initial Startup Test Program for
Water-Cooled Power Reactors" (See Section 14.2.7).

Regulatory Guide 1.75, Revision 2, September 1978 "Physical Independence of Electric Systems" (See
Sections 8.1.5.3, 8.3.1.4, 8.3.2.4, and 8.3.2.5 for compliance, Note 8).
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Table 7.1-1 Watts Bar Nuclear Plant NRC Regulatory Guide Conformance
(Page 2 of 11)

Regulatory Guide 1.75, Revision 3, February 2005, “Criteria for Independence of Electrical Safety
Systems” (See Sections 8.1.5.3, 8.3.1.4, 8.3.2.4, and 8.3.2.5 for compliance) (See Notes 13, 14, and
15)

Regulatory Guide 1.79, Revision 1, September 1975 Preoperational Testing of Emergency Core Cooling
Systems for Pressurized Water Reactors” (See Section 6.3.4.1).

Regulatory Guide 1.68.3, Revision 0, April 1982"Preoperational Testing of Instrument Air Systems" (F).

Regulatory Guide 1.89, Revision 1, June 1984 "Environmental Qualification of Certain Electrical
Equipment Important to Safety for Nuclear Power Plants" (See note 4).

Regulatory Guide 1.97, Revision 2, December 1980 "Instrumentation for Light-Water Cooled Nuclear
Power Plants to Assess Plant Conditions During and Following an Accident" (See Section 7.5).

Regulatory Guide 1.100, Revision 1, August 1977 "Seismic Qualification of Electrical Equipment for
Nuclear Power Plants" (See Note 8).

Regulatory Guide 1.100, Revision 2, June 1988, “Seismic Qualification of Electric and Mechanical
Equipment for Nuclear Power Plants” (See Notes 13, and 20).

Regulatory Guide 1.100, Revision 3, September 2009,”Seismic Qualification of Electric and Mechanical
Equipment for Nuclear Power Plants” (See Notes 13, 14, and 16).

Regulatory Guide 1.105, Revision 2, February 1986 November 1976 "Instrument Setpoints for Safety-
Related Sytems" (See Note 8).

Regulatory Guide 1.133, Revision 1, May 1981 “Loose-Part Detection Program for the Primary System
of Light—-Water Cooled Reactors”, Revision 1 (See Note 12).

Regulatory Guide 1.118, Revision 2, June 1978 "Periodic Testing of Electric Power and Protection
Systems" (See Notes 8 and 11), (See Section 8.1.5.3, Note 8, for electric power systems).
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Table 7.1-1 Watts Bar Nuclear Plant NRC Regulatory Guide Conformance
(Page 3 of 11)

Regulatory Guide 1.152, Revision 0, November 1995 “Criteria for Programmable Digital Computer
System Software in Safety-Related Systems of Nuclear Power Plants” (See Notes 6, 8, and 14).

Regulatory Guide 1.152, Revision 3, July 2011 “Criteria for Digital Computers in Safety Systems of
Nuclear Power Plants: (See Note 13).

Regulatory Guide 1.153, Revision 0, December 1985 "Criteria For Power, Instrumentation and Control
Portions of Safety Systems" (See Notes 8 and 9).

Regulatory Guide 1.153, Revision 1, June 1996, “Criteria For Safety Systems” (See Note 13).

Regulatory Guide 1.168, Revision 1, February 2004, “Verification, Validation, Reviews, and Audits for
Digital Computer Software Used in Safety Systems of Nuclear Power Plants” (See Note 13).

Regulatory Guide 1.209, Revision 0, March 2007, “Guidelines for Environmental Qualification of Safety-
Related Computer-Based Instrumentation and Control Systems in Nuclear Power Plants” (See Note 13).

ANSVI/IEEE-ANS-7-4.3.2-1982 “Application Criteria for Programmable Digital Computer Systems in
Safety Systems of Nuclear Power Generating Stations” (See Notes 8, 10, and 14).

IEEE Std. 7-4.3.2-2003 “Application Criteria for Programmable Digital Computer Systems in Safety
Systems of Nuclear Power Generating Stations” (See Note 13).

IEEE Std. 279-1971, “Protection Systems for Nuclear Power Generating Stations” (F) (See Sections 7.2,
7.3, 7.6).

IEEE Standard 308-1971, "Class 1E Power Systems for Nuclear Power Generating Stations" (See
Section 8.1.5).

IEEE Std. 323-1971, “IEEE Trial-Use Standard: General Guide for Qualifying Class 1E Equipment for
Nuclear Power Generating Stations” (See Note 4).

IEEE Std. 323-1974, "IEEE Standard for Qualifying Class 1E Equipment for Nuclear Power Generating
Stations," (See Notes 4, 8, and 14).
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Table 7.1-1 Watts Bar Nuclear Plant NRC Regulatory Guide Conformance
(Page 4 of 11)

IEEE Std. 323-2003, "IEEE Standard for Qualifying Class 1E Equipment for Nuclear Power Generating
Stations," (See Note 13).

IEEE Standard 338-1971, "Periodic Testing of Nuclear Power Generating Station Safety Systems" (See
note 1 and Section 7.3.2.2.5 for compliance).

IEEE Standard 338-1977, "IEEE Standard Criteria for the Periodic Testing of Nuclear Power Generating
Station Safety Systems" (See Note 11).

IEEE-Std, 338-1987, "IEEE Standard Criteria for the Periodic Testing of Nuclear Power Generating
Station Safety Systems," (See Notes 8, 13, and 14).

IEEE Standard 344-1971, "Seismic Qualification of Class 1E Equipment for Nuclear Power Generating
Stations" (F) (For clarification of conformance to IEEE Standard 344-1975, See Section 3.10.1).

IEEE Std. 344-1987, "IEEE Recommended Practices for Seismic Qualification of Class 1E Equipment
for Nuclear Power Generating Stations," (See Notes 8 and 14).

IEEE Std. 344-2004, “IEEE Recommended Practice for Seismic Qualification of Class 1E Equipment for
Nuclear Power Generating Stations,” (See Notes 13 and 16).

IEEE Std. 352-1975, “IEEE Guide for General Principles of Reliability Analysis of Nuclear Power
Generating Station Protection Systems,” (See Note 8).

IEEE Std. 379-1972, “IEEE Trial-Use Guide for the application of the Single Failure Criterion to Nuclear
Power Generating Station Protection Systems,” (See Note 3).

IEEE Std. 379-1988, “IEEE Standard Application of the Single Failure Criterion to Nuclear Power
Generating Station Class 1E Systems,” (See Note 8).

IEEE Std. 384-1981, "IEEE Standard Criteria for Independence of Class 1E Equipment and Circuits,"
(See Note 8).
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Table 7.1-1 Watts Bar Nuclear Plant NRC Regulatory Guide Conformance
(Page 5 of 11)

IEEE Std. 384-1992, “IEEE Standard Criteria for Independence of Class 1E Equipment and Circuits,”
(See Notes 13 and 19).

IEEE Std. 603-1980, IEEE Standard Criteria For Safety Systems for Nuclear Power Generating
Stations," (See Note 8).

IEEE Std. 603-1991, “IEEE Standard Criteria For Safety Systems for Nuclear Power Generating
Stations," (See Note 13).

IEEE Std. 1012-1998, “IEEE Standard for Software Verification and Validation” (See Note 13).

IEEE Std. 1028-1997, “IEEE Standard for Software Reviews” (See Note 13).

NOTES

Note 1 Conformance to IEEE 338-1971

The periodic testing of the reactor protection systems conforms to the requirements of IEEE Standard
338-1971 with the following comments:

1. The surveillance requirements of the Technical Specifications for the protection system ensure that
the system functional operability is maintained comparable to the original design standards. Periodic
tests at frequent intervals demonstrate this capability for the system.

Protection systems response times from the sensor through the actuated device, as identified in the
Watts Bar Technical Requirements Manual, will be verified. Technical Specifications require periodic
testing on at least 18-month intervals. Each test shall include at least one logic train such that both
logic trains are tested at least once per 36 months and one channel per function such that all
channels are tested at least once every (N times 18) months, where N is the total number of
redundant channels in a specific protection function.

The measurement of response time at the specified frequencies provides assurance that the
protective and Engineered Safety Features action function associated with each channel is
completed within the time limit assumed in the accident analyses.
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2. .The test frequencies established for the reactor protection system, evaluated in WCAP 10271
Supplement 1 and WCAP 10271-P-A Supplement 2, “Westinghouse Evaluation of Surveillance
Frequencies and Out of Service Times for the Reactor Protection Instrument System,” are consistent
with the required reliability of the reactor protection system to provide acceptable risk results.

3. The periodic test frequency discussed in Paragraph 4.3 of IEEE Standard 338 and specified in the
plant Technical Specifications is conservatively selected to assure that equipment associated with
protection functions has not drifted beyond its minimum performance requirements. If any protection
channel appears to be marginal or requires more frequent adjustments due to plant condition
changes, the test frequency is accelerated to accommodate the situation until the marginal
performance is resolved.

4. The test interval discussed in Paragraph 5.2, IEEE Standard 388, is developed primarily on past
operating experience and modified if necessary to assure that system and subsystem protection is
reliably provided. Analytic methods for determining reliability are not used to determine test interval
except for the Eagle 21 system for which a reliability study was conducted and documented in
Westinghouse PCA (88)-129 “Eagle 21 Process Protection System Reliability Study” Rev. 1 dated
June 22, 1988 (Westinghouse Proprietary Class 2).

Note 2 Conformance to Regulatory Guide 1.22

Periodic testing of the reactor trip and engineered safety features actuation systems, as described in
Sections 7.2.2 and 7.3.2, complies with NRC Regulatory Guide 1.22, "Periodic Testing of Protection
System Actuation Functions." There are functions which will not be tested at power because to do so
would render the plant in a less safe condition. These include the following:

1. Turbine trip equipment that causes a reactor trip; the trip of turbine from this same turbine trip
equipment also is taken credit for on a safety injection or reactor trip;

2. Generation of a reactor trip by use of the manual trip switch;

3. Generation of a reactor trip by use of the manual safety injection switch;

4. Closing the main steam line stop valves;

5. Closing the feedwater control valves;
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6. Closing the feedwater isolation valves;

7. Reactor coolant pump component cooling water isolation valves (close);

8. Reactor coolant pump seal water return valves (close).

The actuation logic for the functions listed will be tested as described in Sections 7.2 and 7.3. As
required by Regulatory Guide 1.22, where actuated equipment is not tested during reactor operation it
has been determined that:

1. There is no practicable system design that would permit testing of the equipment without adversely
affecting the safety or operability of the plant;

2. The probability that the protection system will fail to initiate the operation of the equipment is, and can
be maintained, acceptably low without testing the equipment during reactor operation; and

3. The equipment will be routinely tested when the reactor is shutdown as defined in the Technical
Specification.

Where the ability of a system to respond to a bona fide accident signal is intentionally bypassed for
the purpose of performing a test during reactor operation, each bypass condition is automatically
indicated to the reactor operator in the main control room by a separate annunciator for the train in
test. SSPS test circuitry does not allow trains to be tested at the same time so that extension of the
bypass condition to redundant systems is prevented.

Note 3 Conformance to IEEE 379-1972 and Regulatory Guide 1.53

The principles described in IEEE Standard 379-1972 were used in the design of the Westinghouse
protection system. The system complies with the intent of this standard and the additional requirements
of Regulatory Guide 1.53. The formal analyses required by the standard have not been documented
exactly as outlined although parts of such analyses are published in various documents (e.g., WCP-
7486-L, December 1970, and WCP-7486, May 1971, W.C. Gangloff, “An Evaluation of Anticipated
Operational Transient in Westinghouse Pressurized Water Reactors”). Westinghouse has gone beyond
the required analyses and has performed a fault-tree analysis Section 7.1 Reference [1].
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The referenced Topical Reports provide details of the analyses of the protection systems previously
made to show conformance with single failure criterion set forth in Paragraph 4.2 of IEEE Standard 279-
1971. The interpretation of single failure criterion provided by IEEE-379 does not indicate substantial
differences with the Westinghouse interpretation of the criterion except in the methods used to confirm
design reliability. Established design criteria in conjunction with sound engineering practices form the
bases for the Westinghouse protection systems. The reactor trip and engineered safeguards actuation
systems are each redundant safety systems. The required periodic testing of these systems will
disclose any failures or loss of redundancy which could have occurred in the interval between tests, thus
ensuring the availability of these systems.

Note 4 Conformance to Regulatory Guide 1.89

Watts Bar Nuclear Power Plant 1E equipment within the scope of 10 CFR 50.49 is qualified in
accordance with IEEE 323-1971 or IEEE 323-1974. (See Reference [1] of Section 3.11). Section 7.1
Reference [4] provides additional information for the Eagle 21 process protection system.

Note 5 Conformance to Regulatory Guide 1.47

Watts Bar Nuclear Plant will be in full compliance with the intent of Regulatory Guide 1.47 (BISI)
Revision 0, as described in Section 7.5.2.2.

Note 6 Conformance to Regulatory Guide 1.152, Revision 0

Watts Bar Nuclear Plant process protection racks are qualified by procedures and testing to
Westinghouse's interpretation of Regulatory Guide 1.152 (WCAP-13191, Watts Bar Nuclear Plant Eagle
21 Process Protection System Replacement Hardware Verification and Validation Report, April 1992).
Regulatory Guide 1.152 endorses the guidance of ANSI/IEEE-ANSI-7-4.3.2-1982.

Note 7 Conformance to Regulatory Guide 1.45, Revision 0

Compliance to Regulatory Guide 1.45 is as identified in Section 5.2.7.3.

Note 8 Eagle 21 System Applicability
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These Rules, Regulations and standards are applicable to the design of the Eagle 21 process protection
system cabinets. Unless stated otherwise, the revision in effect on December 1, 1983 is applicable to
the design.

Note 9 Regulatory Guide 1.153 Revision 0 Clarification

Regulatory Guide 1.153, Revision 0 endorses the guidance of IEEE Std. 603-1980.

Note 10 ANSI/IEEE-ANS-7-4.3.2-1982 Clarification

ANSI/IEEE-ANS-7-4.3.2-1982 - expands and amplifies the requirements of IEEE Std. 603-1980.

Note 11 Conformance to Regulatory Guide 1.118

The design of the Eagle 21 process protection system cabinets complies with the requirements of
Regulatory Guide 1.118 Revision 2 except as follows:

Position C.6(a) - Where feasible, test switches or other necessary equipment will be installed
permanently to minimize the use of temporary jumpers in testing in accordance with the requirements in
IEEE Standard 338-1977.

Note 12 Conformance to Regulatory Guide 1.133

Conforms except as noted below. Refer to Section 7.6.7 for a discussion of the digital metal impact
monitoring system (DMIMS) which is the Watts Bar Unit 2 loose part monitoring system.

Posistion C.5.a. states that the sensor location should be noted in the Technical Specifications. The
Watts Bar Loose-Part Detection System Technical Specifications were relocated to the Technical
Requirements Manual. The Technical Requiremens Manual describes the sensor locations (TRM B
3.3.6, Loose-Part Detection System).

Positins C.3.a.(3) and C.5.c. recommend a channel calibration be performed at least once per 18
months. In lieu of this recommendation, the DMIMS is calibrated at the frequency stated in subsection
TSR 3.3.6.3 of TR 3.3.6 (Loose-Part Detection System) which is the 18 month frequency defined in Reg
Guide 1.133 Rev 1.
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Positions C.3.a.(2) (a) and (e) state that the alert levels for startup and power operation be submitted to
the Commission within 90 days (60 days for subsection (e)) following the completion of the startup test
program or when there is a change to the preexisting alert levels for power operation. Watts Bar Unit 2
will report changes in the alert level alarm to the Commission when they exceed the setpoint
determination criteria described in Section 7.6.7.

Note 13 Common Q Post Accident Monitoring System (PAMS) Applicability

These Rules, Regulations and standards are applicable to the design of the Common Q PAMS system
cabinets.

Note 14 Containment High Range Radiation Monitor Applicability

These Rules, Regulations and standards are applicable to the design of the digital containment high
range radiation monitors.

Note 15 Conformance to Regulatory Guide 1.75

Conformance to Regulatory Guide 1.75 is limited to the internal panel wiring provided by the equipment
manufacturer. Regulatory Guide 1.75 was issued after the Watts Bar design was complete. Separation
criteria for external cabling for WBNP are given in Sections 8.1.5.3, 8.3.1.4, 8.3.2.4, and 8.3.2.5.

Note 16 Conformance to Regulatory Guide 1.100, Revision 3 and IEEE 344-2004

The Common Q new design modules used in the PAMS; and the RM-1000 radiation monitors comply
with IEEE 344-2004 and with Regulatory Guide 1.100 Revision 3 with the exception of issues
associated with testing above 33Hz.

Note 17 NOT USED

Note 18 NOT USED

Note 19 Conformance to IEEE 384-1992
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Conformance to IEEE 384 is limited to the internal panel wiring provided by the equipment
manufacturer. Separation criteria for external cabling for WBNP are given in Sections 8.1.5.3, 8.3.1.4,
8.3.2.4, and 8.3.2.5.

Note 20 Conformance to Regulatory Guide 1.100 Revision 2

The Common Q legacy modules used in the PAMS meet the requirements of Regulatory
Guide 1.100 Revision 2.
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7.2 REACTOR TRIP SYSTEM
7.2.1 Description

7.2.1.1 System Description

The reactor trip system automatically keeps the reactor operating within a safe region
by shutting down the reactor whenever the limits of the region are approached. The
safe operating region is defined by several considerations such as
mechanical/hydraulic limitations on equipment, and heat transfer phenomena.
Therefore, the reactor trip system keeps surveillance on process variables which are
directly related to equipment mechanical limitations, such as pressure, pressurizer
water level (to prevent water discharge through safety valves, and uncovering heaters)
and also on variables which directly affect the heat transfer capability of the reactor
(e.g. reactor coolant flow and temperatures). Still other parameters utilized in the
reactor trip system are calculated from various process variables. In any event,
whenever a direct process or calculated variable exceeds a setpoint the reactor will be
shutdown in order to protect against exceeding the specified fuel design limit, gross
damage to fuel cladding or loss of system integrity which could lead to release of
radioactive fission products into the containment.

The following systems make up the reactor trip system:

(1) Process Protection and Control System [1] and [11]
(2) Nuclear Instrumentation System (NIS) [2] and [15]
(3) Solid State Logic Protection System [3]

(4) Reactor Trip Switchgear

(5) Manual Actuation Circuit

The reactor trip system consists of two to four redundant sensors and associated
process protection channels, which monitor various plant variables, and two redundant
logic trains, which receive input protection actuation signals from the process
protection and NIS channels to complete the logical decisions necessary to
automatically open the reactor trip breakers.

Each of the two trains, A and B, is capable of opening a separate and independent
reactor trip breaker, RTA and RTB, respectively. The two trip breakers in series
connect three phase ac power from the rod drive motor generator sets to the rod drive
power cabinets, as shown on Figure 7.2-1, Sheet 1. Normally both the dc undervoltage
trip coil and the shunt trip relay for each breaker are kept energized allowing power to
be available at the rod control power supply cabinets. For reactor trip, a loss of dc
voltage to the undervoltage coil releases the trip plunger and trips open the breaker
and the shunt trip relay drops out causing the shunt trip coil to energize and also trip
the breaker. When either of the trip breakers opens, power is interrupted to the rod
drive power supply, and the control rods fall, by gravity, into the core. The rods cannot
be withdrawn until the trip breakers are manually reset. The trip breakers cannot be
reset until the abnormal condition which initiated the trip is corrected or no longer

REACTOR TRIP SYSTEM 7.2-1
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7.21.11

7.21.1.2

7.2-2

requires a reactor trip. Bypass breakers BYA and BYB are provided to permit testing
of the trip breakers, as discussed in Section 7.2.2.2.

Functional Performance Requirements

The reactor trip system automatically initiates reactor trip:

(1) Whenever necessary to prevent fuel damage for an anticipated operational
transient (Condition 1),

(2) To limit core damage for infrequent faults (Condition 1l1),

(3) So that the energy generated in the core is compatible with the design
provisions to protect the reactor coolant pressure boundary for limiting fault
conditions (Condition V).

The reactor trip system initiates a turbine trip signal whenever reactor trip is initiated to
prevent the reactivity insertion that would otherwise result from excessive reactor
system cooldown and to avoid unnecessary actuation of the engineered safety
features actuation system.

The reactor trip system provides for manual initiation of reactor trip by operator action.

Reactor Trips

The various reactor trip circuits automatically open the reactor trip breakers whenever
a condition monitored by the reactor trip system reaches a preset level. To ensure a
reliable system, high quality design, components, manufacturing, quality control and

testing are used. In addition to redundant channels and trains, the design approach

provides a reactor trip system which monitors numerous system variables, therefore

providing protection system functional diversity. The extent of this diversity has been
evaluated for a wide variety of postulated accidents and is detailed in References [4]
and [5].

Table 7.2-1 provides a list of reactor trips which are described below. Protection
system interlocks are described in Table 7.2-2. The functional logic for reactor trips is
shown on Figure 7.2-1.

(1)  Nuclear Overpower Trips
The specific trip functions generated are as follows:
(a) Power range high neutron flux trip

The power range high neutron flux trip circuit trips the reactor when two
of the four power range channels exceed the trip setpoint.

There are two independent bistables, each with its own trip setting used
for a high and a low range trip setting. The high trip setting provides
protection during normal power operation and is always active. The low
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(b)

(c)

(d)

trip setting, which provides protection during startup, can be manually
bypassed when two out of the four power range channels read above
approximately 10% power (P-10). Three out of the four channels below
10% automatically reinstates the trip function.

Intermediate range high neutron flux trip

The intermediate range high neutron flux trip circuit trips the reactor
when one out of the two intermediate range channels exceeds the trip
setpoint. This trip, which provides protection during reactor startup, can
be manually blocked if two out of four power range channels are above
(P-10). Three out of the four power range channels below this value
automatically reinstates the intermediate range high neutron flux trip.
The intermediate range channels (including detectors) are separate
from the power range channels. The intermediate range channels can
be individually bypassed at the nuclear instrumentation racks to permit
channel testing during plant shutdown or prior to startup. This bypass
action is annunciated on the control board.

Source range high neutron flux trip

The source range high neutron flux trip circuit, trips the reactor when
one of the two source range channels exceeds the trip setpoint. This
trip, which provides protection during reactor startup and plant
shutdown, can be manually bypassed when one of the two intermediate
range channels exceeds the P-6 setpoint value and is automatically
reinstated when both intermediate range channels decrease below the
P-6 setpoint value. This trip is also automatically bypassed by two out
of four logic from the power range protection interlock (P-10). This trip
function can also be reinstated below P-10 by a manual action requiring
simultaneous manual actuation of two control board mounted switches,
one in each of the two protection logic trains. The source range trip
point is set between the P-6 setpoint and the maximum source range
power level. The channels can be individually bypassed at the nuclear
instrumentation racks to permit channel testing during plant shutdown
or prior to startup. This bypass action is annunciated on the control
board.

Power range high positive neutron flux rate trip

This circuit trips the reactor when a sudden abnormal increase in
nuclear power occurs in two out of four power range channels. This trip
provides DNB protection against rod ejection accidents of low worth
from midpower and is always active.
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Figure 7.2-1, Sheet 2, shows the logic for all of the nuclear overpower and
rate trips. Detailed functional descriptions of the equipment associated with
these functions are given in References [2] and [15].

(2) Core Thermal Overpower Trips
The specific trip functions generated are as follows:
(a) Overtemperature AT trip

This trip protects the core against low DNBR and trips the reactor on
two out of four coincidence with one set of temperature measurements
per loop. The setpoint for this trip is continuously calculated by the
Eagle-21 process protection circuitry for each loop by solving the
following equation:

l+1t,s
OTAT Setpoint = ATO{Kl_KZ[T:rJ—sj (T-TH+K;(P—-P")—f,(AD)
2

An overtemperature AT reactor trip occurs when

1+1,s )
AT > OTAT Setpoint
1 +14s

where:

AT = Measured temperature difference between hot and cold leg, °F
AT, =Indicated loop AT at rated thermal power (RTP), °F
K4y = Reference trip setpoint
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Ko = Penalty or benefit multiplier for deviation from indicated Tyq, /°F

K3 = Penalty or benefit multiplier for deviation from reference pressure, /psig
T,,T, = Lead/lag time constants for T,,4 compensation, seconds

T4Ts = Lead/lag time constants for AT compensation, seconds

s = Laplace transform operator, sec -1

T = Measured RCS average temperature (T,,q), °F
T"  =lIndicated loop T,g at RTP, °F

P = Measured pressurizer pressure, psig

P’ =Nominal RCS operating pressure, psig

f1(AI) = Power shaped penalty - function of the indicated difference between the
top and bottom detectors of the power range neutron ion chambers.

Values of these parameters are provided in the Technical
Specifications or are controlled by plant procedures. (i.e., loop
specific values of AT, and T’ determined at the beginning of each
fuel cycle are controlled by plant procedures)

Note: Additional information on associated tau values (tg and t7) is
provided in Section 7.2.1.1.4.

A separate long ion chamber unit supplies the flux signal for each
overtemperature AT trip channel.

Increases in Al beyond a predefined deadband result in a decrease in
trip setpoint. Refer to Figure 7.2-2.

The required one pressurizer pressure parameter per loop is obtained
from separate sensors connected to three pressure taps at the top of
the pressurizer. Four pressurizer pressure signals are obtained from
the three taps by connecting one of the taps to two pressure
transmitters. Refer to Section 7.1.2.2 for a discussion of independence
of redundant sense lines.

The logic for this function is shown on Figure 7.2-1, Sheet 3. A detailed
functional description of the process equipment associated with this
function is contained in Reference [11].

(b) Overpower AT trip

This trip protects against excessive power (fuel rod rating protection)
and trips the reactor on two out of four coincidence with one set of
temperature measurements per loop. The setpoint for each channel is
continuously calculated by the process protection circuitry using the
following equation:

An overpower AT reactor trip occurs when:
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. 1,8
OPAT Setpoint = AT K4_KS{ﬁJT_KdT_T")_fz(M)
3

1+1,8
AT > OPAT Setpoint

1+‘cSS

where: AT, AT ,T, 1,,7.and s are defined in Section 7.2.1.1.2(2)(a)
Overtemperature AT trip and

K4 = Reference Trip setpoint

Ks = Penalty multiplier for rate of change in T, /°F (T>T"))

Ke = Penalty or benefit multiplier for deviation from reference T,,4 /°F
T3 = Lag time constant for T, compensation, seconds

T" = Indicated loop T,,4 at RTP, °F

f, (AI) = Power shape penalty function, typically set to O for all Al

Values of these parameters are provided in the Technical Specifications
or are controlled by plant procedures. (i.e., loop specific values of AT, and
T’ determined at the beginning of each fuel cycle are controlled by plant
procedures)

Note: Additional information on associated tau values (tg and t7) is provided in
Section 7.2.1.1.4.

The source of temperature and flux information is identical to that of the
overtemperature AT trip and the resultant overpower AT setpoint is
compared to the same AT. The trip logic for this function is shown on Figure
7.2-1, Sheet 3. A detailed functional description of the process equipment
associated with this function is contained in Reference [11].

(3) Reactor Coolant System Pressurizer Pressure and Water Level Trips:
The specific trip functions generated are as follows:
(a) Pressurizer low pressure trip
The purpose of this trip is to protect against low pressure which could
lead to DNB. The parameter being sensed is reactor coolant pressure

as measured in the pressurizer. Above P-7 the reactor is tripped when
two out of four pressurizer pressure measurements (compensated for
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rate of change) fall below preset limits. This trip is blocked below P-7
to permit startup. The trip logic and interlocks are given in Table 7.2-1.

The trip logic is shown on Figure 7.2-1, Sheet 2. A detailed functional
description of the process equipment associated with the function is
contained in References [5] and [11].

(b) Pressurizer High Pressure Trip

The purpose of this trip is to protect the reactor coolant system against
system overpressure. The same sensors and transmitters used for the
pressurizer low pressure trip are used for the high pressure trip except
that separate comparators are used for trip. These comparators trip the
reactor when two out of four uncompensated pressurizer pressure
signals exceed preset limits as listed in Table 7.2-1. There are no
interlocks or permissives associated with this trip function.

The logic for this trip is shown on Figure 7.2-1, Sheet 2. The detailed
functional description of the process equipment associated with this trip
is provided in References [5] and [11].

(c) Pressurizer High Water Level Trip

This trip is provided as a backup to the high pressurizer pressure trip
and serves to prevent water relief through the pressurizer safety valves.
Above P-7, the reactor is tripped when two out of three pressurizer
water level measurements exceed preset limits. This trip is blocked
below P-7 to permit startup. The coincidence logic and interlocks of
pressurizer high water level signals are given in Table 7.2-1.

The trip logic for this function is shown on Figure 7.2-1, Sheet 2. A
detailed description of the process equipment associated with this
function is contained in References [5] and [11].

Reactor Coolant System Low Flow Trips

These trips protect the core from DNB in the event of a loss of coolant flow
situation. The means of sensing the loss of coolant flow are as follows:

(a) Low Reactor Coolant Flow Trip

Reactor coolant flow measurements are derived from elbow taps in
each coolant loop. The basic function of these devices is to provide
information as to whether or not a reduction in flow has occurred. An
output signal from two out of the three comparators in a loop would
indicate a low flow in that loop. Above P-8, low flow in one loop will trip
the reactor. Between P-7 and P-8, low flow in two out of four loops will
result in a reactor trip. This trip is blocked below P-7 to permit startup.
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(b)

(c)

The coincidence logic and interlocks are given in Table 7.2-1. The logic
for this trip is shown on Figure 7.2-1, Sheet 3. A detailed functional
description of the process equipment associated with the trip function is
contained in References [5] and [11].

Reactor Coolant Pump Undervoltage Trip

This trip is required in order to protect against low flow which can result
from loss of voltage to more than one reactor coolant pump motor (e.g.,
from plant loss of voltage or reactor coolant pump breakers opening).

This trip is blocked below P-7 to permit startup.

There is one undervoltage sensing relay for each pump motor
connected at the load side of each reactor coolant pump breaker.
These relays provide an output signal when the pump voltage goes
below setpoint. Signals from these relays are time delayed to prevent
spurious trips caused by short term voltage perturbations. The
coincidence logic and interlocks are given in Table 7.2-1. The trip logic
is shown on Figure 7.2-1, Sheet 3.

Reactor Coolant Pump Underfrequency Trip

This trip provides protection against low reactor coolant flow resulting
from bus underfrequency (e.g., power grid frequency transients).
Above the P-7 interlock setpoint, an underfrequency condition on two
out of four reactor coolant pump (RCP) motors will trip the reactor and
open all of the RCP circuit breakers.

There is one underfrequency sensing relay connected to the load side
of each RCP breaker. The signals from these relays are time delayed
to prevent spurious trips caused by short-term frequency perturbations.
The coincidence logic and interlocks are given in Table 7.2-1. The trip
logic is shown on Figure 7.2-1, Sheet 3.

Westinghouse analysis of loss of flow accidents caused by power
system frequency transients [Reference 6] has shown that the reactor
is adequately protected by the underfrequency reactor trip for frequency
decay rates of less than 6.8 Hz/sec without taking credit for the RCP
breaker trip. A grid analysis of the TVA power system determined the
maximum system frequency decay rate to be less than 5 Hz/sec.
Consequently, no credit is taken for the underfrequency trip.

Low-Low Steam Generator Water Level Trip (including Trip Time Delay)

This trip protects the reactor from loss of heat sink in the event of a loss of
feedwater to one or more steam generators or a major feedwater line rupture
outside containment. This trip is actuated on two out of three low-low water
level signals occurring in any steam generator. If a low-low water level
condition is detected in one steam generator, signals are generated to trip the
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reactor and start the motor-driven auxiliary feedwater pumps. If a low-low
water level condition is detected in two or more steam generators, a signal is
generated to start the turbine-driven auxiliary feedwater pump as well.

The signals to actuate the reactor trip and start auxiliary feedwater pumps are
delayed through the use of a Trip Time Delay (TTD) system for reactor power
levels below 50% of RTP. Low-Low water level in any steam generator will
generate a signal which starts an elapsed time trip delay timer. The allowable
trip time delay is based upon the prevailing power level at the time the low-
low level trip setpoint is reached and the number of steam generators that are
affected. If power level rises after the trip time delay setpoints have been
determined, the trip time delay is re-determined (i.e., decreased) according
to the increase in power level.

At this point the timer will continue timing from the original timer initiation.
However, the trip time delay setpoints are not increased if the power level
decreases after the TTD timer has started. The use of this delay allows
added time for natural steam generator level stabilization or operator
intervention to avoid an undesirable inadvertent protection system actuation.

There are no interlocks or permissives associated with this trip function. The
logic for this protective function is shown on Figure 7.2-1, Sheet 4. A detailed
functional description of the process equipment associated with this function
is contained in References [11] and [14].

Reactor Trip on a Turbine Trip

The reactor trip on a turbine trip is actuated by two out of three logic from low
autostop oil pressure signals or by closed signals from all four turbine steam
stop valves. A turbine trip causes a direct reactor trip above P-9.

The reactor trip on turbine trip provides additional protection and
conservatism beyond that required for the health and safety of the public.
This trip is included as part of good engineering practice and prudent design.
No credit is taken in any of the accident analyses (Chapter 15) for this trip.

Channel separation is maintained from the sensors to the reactor protection
system logic input cabinets for both the low autostop oil pressure signals and
the steam stop valves closed signals. This design meets the redundancy and
separation requirements identical to those for Class 1E circuits. Mounting
and location is in non-seismic Category | structures.

The turbine provides anticipatory trips to the reactor protection system from
contacts which change position when the turbine stop valves close or when
the turbine autostop oil pressure goes below its setpoint.

One of the design bases considered in the protection system is the possibility
of an earthquake. With respect to these contacts, their functioning is
unrelated to a seismic event in that they are anticipatory to other diverse

7.2-9



WATTS BAR

WBNP-106

(7)

(8)

parameters which cause reactor trip. The contacts are closed during plant
operation and open to cause reactor trip when the turbine is tripped. No
power is provided to the protection system from the contacts; they merely
serve to interrupt power to cause reactor trip.

This design functions in a de-energize-to-trip fashion to cause a reactor trip if
power is interrupted in the trip circuitry. This ensures that the protection
system will in no way be degraded by this anticipatory trip because seismic
design considerations do not form part of the design bases for anticipatory
trip sensors. (The reactor protection system cabinets which receive the
inputs from the anticipatory trip sensors are seismically qualified as
discussed in Section 3.10.). The anticipatory trips thus meet the intent of
IEEE-279-1971, including redundancy, separation, single failure, etc.
Seismic qualification of the contacts sensors is not required.

The logic for this trip is shown on Figure 7.2-1, Sheet 3.
Safety Injection Signal Actuation Trip

A reactor trip occurs when the Safety Injection System is actuated. The
means of actuating the Safety Injection System are described in Section 7.3.
This trip protects the core against a loss of reactor coolant or heat sink.

Figure 7.3-3, Sheet 3, shows the logic for this trip. A detailed functional
description of the process equipment associated with this trip function is
provided in References [5] and [11].

Manual Trip

The manual trip consists of two switches with two outputs on each switch.
One output is used to actuate the train A reactor trip breaker, the other output
actuates the train B reactor trip breaker. Operating a manual trip switch
removes the voltage from the undervoltage trip coil and energizes the shunt
trip coil.

There are no interlocks which can block this trip. Figure 7.2-1, Sheet 2,
shows the manual trip logic.

7.2.1.1.3 Reactor Trip System Interlocks

7.2-10

(1)

Power Escalation Permissives

The overpower protection provided by the excore nuclear instrumentation
consists of three overlapping, ranges. Continuation of startup operation or
power increase requires a permissive signal from the higher range
instrumentation channels before the lower range level trips can be manually
blocked by the operator.
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A one of two intermediate range permissive signal (P-6) is required prior to
source range trip blocking. Source range level trips are automatically
reactivated when both intermediate range channels are below the permissive
(P-6) level. There are two manual reset switches for administratively
reactivating the source range trip when between permissive P-6 and P-10 if
required. Source range trip block is always maintained when above
permissive P-10.

The intermediate range trip and power range (low setpoint) trip can only be
blocked after satisfactory operation and permissive information are obtained
from two of four power range channels. Four individual blocking switches are
provided so that the low range power range trip and intermediate range trip
can be independently blocked (one switch for each train). These trips are
automatically reactivated when any three of the four power range channels
are below permissive P-10, thus ensuring automatic activation to more
restrictive trip protection.

The development of permissives P-6 and P-10 is shown on Figure 7.2-1,
Sheet 2. These permissives are derived from analog signals in the nuclear
power range and intermediate range channels.

See Table 7.2-2 for the list of protection system interlocks.
(2) Blocks of Reactor Trips at Low Power

Interlock P-7 blocks a reactor trip below approximately 10% of full power on
a low reactor coolant flow in more than one loop, reactor coolant pump
undervoltage, reactor coolant pump underfrequency, pressurizer low
pressure, or pressurizer high water level. The low power block signal is
derived from three out of four power range neutron flux signals below the
setpoint in coincidence with two out of two turbine impulse pressure signals
below the setpoint (low plant load). See Figure 7.2-1, Sheets 2 and 3, for the
derivation and application of P-7.

The P-8 interlock blocks a reactor trip when the plant is below approximately
48% of full power, on a low reactor coolant flow in any one loop. The block
action (absence of the P-8 interlock signal) occurs when three out of four
neutron flux power range signals are below the setpoint. Thus, below the P-8
setpoint, the reactor trip will not occur until two loops are indicating low flow.
See Figure 7.2-1, Sheet 3, for derivation of P-8 and applicable logic.

The P-9 interlock blocks a reactor trip on a turbine trip when the plant is below
approximately 50% of full power. The block action (absence of the P-9
interlock signal) occurs when three out of four neutron flux power range
signals are below the setpoint. Thus, below the P-9 setpoint, the reactor will
not trip directly from a turbine-tripped signal but will allow the reactor control
system, utilizing steam dump to the condenser as an artificial load, to bring
the reactor to zero power. See Figure 7.2-1, Sheet 2, for derivation of P-9,
and Sheet 3 for logic applications.
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See Table 7.2-2 for the list of protection system blocks.

7.2.1.1.4 Reactor Coolant Temperature Sensor Arrangement and Calculational

7.2-12

Methodology

The individual narrow range cold and hot leg temperature signals required for input to
the reactor trip circuits and interlocks are obtained using RTDs installed in each reactor
coolant loop.

The cold leg temperature measurement on each loop is accomplished with two narrow
range RTDs mounted in thermowells. The cold leg sensors are inherently redundant
in that either sensor can adequately represent the cold leg temperature measurement.

The hot leg temperature measurement on each loop is accomplished with three narrow
range RTDs mounted in thermowells spaced 120 degrees apart around the
circumference of the reactor coolant pipe for spatial variations.

These cold and hot leg narrow range RTD signals are input to the process protection
system digital electronics and are processed as follows:

The two cold leg temperature signals are subjected to range and consistency checks
and then averaged to provide a group value for T cold.

A consistency check is performed on the T4 input signals. If these signals agree
within an acceptance interval (DELTAC), the group quality is set to GOOD. If the
signals do not agree within the acceptance tolerance DELTAC, the group quality is set
to BAD and the individual signal qualities are set to POOR. The average of the two
signals is used to represent the group in either case. If an input signal is manually
disabled or subject to a diagnosed hardware failure, the group is represented by the
active signal. DELTAC is a fixed input parameter based on operating experience. One
DELTAC value is required for each loop/protection set.

The following parameters are used in conjunction with the Overtemperature AT and
Overpower AT reactor trips:

T, =narrow range Tcqq input signal
TL = Filtered Ty signal; = To(1/(1 + 1s))
where:
17 = Time constant utilized in the lag compensator for T, 4. Typically set to 0.0 sec.
TE ave = Group average of the valid input signals
s is defined in Section 7.2.1.1.2

Each of the three hot leg temperature signals is subjected to a range check, and
utilized to calculate an estimated average hot leg temperature which is consistency
checked against the other two estimates for average hot leg temperature.
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Then an average of the three estimated hot leg temperatures is computed and the
individual signals are checked to determine if they agree within +DELTAH of the
average value. If all of the signals do agree within +DELTAH of the average value, the
group quality is set to GOOD. The group value is set to the average of the three
estimated average hot leg temperatures.

If the signal values do not all agree within +DELTAH of the average, the algorithm will
delete the signal value which is furthest from the average. The quality of this signal will
be set to POOR and a consistency check will then be performed on the remaining
GOOD signals. If these signals pass the consistency check, the group value will be
taken as the average of these GOOD signals and the group quality will be set to
POOR. However, if these signals again fail the consistency check (within +DELTAH),
then the group value will be set to the average of these two signals; but the group
quality will be set to BAD. All of the individual signals will have their quality set to
POOR. If one or two input signals is manually disabled or subject to a diagnosed
hardware failure, the group value is based on the unaffected signal(s). DELTAH is a
fixed input parameter based on temperature distribution tests with the hot leg and
operating experience. One DELTAH value is required for each loop/protection set.

The following parameters are used in conjunction with the Overtemperature AT and
Overpower AT reactor trips:

Th= narrow range Ty, input signal

T', = Filtered Ty,o; signal = T, (1/(1 + 1¢8))

where:

16 = Time constant utilized in the lag compensator for Ty,o;. Typically set to 0.0 sec

Tfh ave = Group average of the valid Ty, input signals

The estimated average hot leg temperature is derived from each Ty, input signal as
follows:

- f
Th=T, - PgS°

where:

Pg - power fraction being used to correct the bias value being used for any power level

REACTOR TRIP SYSTEM 7.2-13



WATTS BAR WBNP-106

7.2-14

Pg AT,

[Tfhave — T(f:ave]
AT. = the indicated loop AT at rated thermal power.

S° = manually input bias which corrects the individual T,,,; RTD value to the loop
average.

AT and T,,4 are calculated as follows:

AT = TLave — T];ave

B (TLave + Tgave)

Tavg 2.0

The calculated values for AT and T, are then utilized for both the remainder of the
Overtemperature and Overpower AT protection channel and channel outputs used for
control purposes.

The accuracy of the narrow range RTD loop temperature measurements will be
demonstrated during plant startup tests and periodically with surveillance tests.
Testing compares temperature measurements from the narrow range RTDS with one
another as well as with the temperature measurements obtained from the wide range
RTDs located in the hot leg and cold leg piping of each loop. The comparisions are
done with the reactor coolant system in an isothermal condition. The narrow range
RTD signals will also be compared with the core exit thermocouple signals during plant
start up test.

During plant startup test, AT measurements obtained from the hot leg and cold leg

narrow range loop RTDs will be compared to plant power, and if required normalized
to plant power. The absolute value of AT versus plant power is not important, per se,
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7.21.1.5

7.21.1.6

7.21.1.7

as far as reactor protection is concerned. Reactor trip system setpoints are based upon
percentages of the indicated AT at nominal full power rather than on absolute values
of AT. This is done to account for loop differences which are inherent. Therefore the
percent AT scheme is relative, not absolute, and thus provides better protective action
without sacrificing accuracy.

Pressurizer Water Level Reference Leg Arrangement

The pressurizer water level instrumentation consists of three independent, redundant
instrument channels which provide reactor trip and control functions. The associated
high and low pressure sense lines for each level channel connect to the upper (vapor-
filled) and lower (liquid-filled) regions of the pressurizer, respectively, and satisfy the
independence requirements specified in Section 7.1.2.2. The high pressure sense line
is called a reference leg because the line must be liquid filled and the fill elevation must
be maintained at a known point which is the pressurizer process connection. The main
portion of the reference leg consists of a remote-seal/capillary system (integral to the
level transmitter) which provides a mechanical seal (bellows) between the process
fluid and the capillary line fill-fluid. The location of the remote seal is required to be 12-
inches or less (measured vertically) below the process connection. The sense line
downstream of the root valve in un-insulated to ensure the line remains filled with
condensate. This remote seal location requirement minimizes the potential adverse
effects of a loss of condensate between the process connection and the remote seal
due to a sudden RCS depressurization event. During reactor operation, the
condensate could contain a high concentration of dissolved hydrogen gas. Upon a
rapid RCS depressurization event, the resulting dissolution of the hydrogen gas would
force the condensate from the line segment between the remote seal and the process
connection. The sense line routing without the use of a condensing chamber, will
minimize the potential for hydrogen buildup. This remote seal location requirement
limits the maximum head pressure loss error for this event to approximately 12-inches.

Pressurizer level channel maintenance features include transmitter/remote seal
isolation and equalization capability without affecting other redundant channels.

Process Protection System

The process protection instrumentation system is described in References [1] and [11].
The nuclear instrument system is described in References [2] and [15]. Reference [2]
is applicable to the power range only.

Solid State Logic Protection System

The solid state logic protection system takes binary inputs from the process protection
and nuclear instrument channels and other plant equipment corresponding to
conditions (normal/abnormal) of plant parameters. The system combines these
signals in the required logic combination and generates a trip signal (no voltage) to the
undervoltage coils and the shunt trip relays (which energize the shunt trip coils) of the
reactor trip circuit breakers when the necessary combination of signals occurs. The
system also provides annunciator, status light and computer input signals which
indicate the condition of partial trip and full trip functions and the status of the various
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blocking, permissive (See section 10.4.4.3 for exception on P-12 and actuation
functions). In addition, the system includes means for semi-automatic testing of the
logic circuits. A detailed description of this system is given in Reference [3].

7.2.1.1.8 Isolation Devices

In certain applications, control signals and other non-protective functions are derived
from individual protection channels through isolation devices contained in the
protection channel, as permitted by IEEE Standard 279-1971. The isolation devices
are part of the protection system and are located in the process protection racks. By
definition, non-protective functions include those signals used for control, remote
process indication, and computer monitoring.

Isolation device qualification type tests are described in References [7], [8], and [11].

7.2.1.1.9 Energy Supply and Environmental Variations

The energy supply for the reactor trip system is described in Chapter 8. The
environmental variations, throughout which the system will perform, are given in
Section 3.11 and Chapter 8.

As documented in Reference [7], testing was performed on the Eagle 21 Process
Protection System to demonstrate that the Eagle 21 system remained operational
before, during and after applied noise, fault, surge withstand, electro-magnetic
interference (EMI) and Radio Frequency Interference (RFI) operating conditions.
Objectives accomplished by the test demonstrated that the physical independence of
the non-class 1E and Class 1E circuitry was maintained and that the system was
designed to withstand worst-case noise environment conditions.

7.2.1.1.10 Setpoints

The setpoints that require trip action are given in the Technical Specifications. The
methodology used to derive the setpoints is described in References [13], [16] and
[18]. See Section 7.1.2.1.9 for additional discussion.

7.2.1.1.11 Seismic Design

The seismic design considerations for the reactor trip system are given in Section 3.10.
This design meets the requirements of Criterion 2 of the 1971 General Design Criteria
(GDCQC).

7.2.1.2 Design Bases Information

The information given below presents the design bases information requested by
Section 3 of IEEE Standard 279-1971, Reference [9]. The reactor trip logic is
presented in Figure 7.2-1, Sheets 1 through 4.

7.2.1.2.1 Generating Station Conditions

The following are the generating station conditions requiring reactor trip.
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7.2.1.2.2

7.21.2.3

7.21.24

(1) DNBR approaching the limiting value.

(2) Power density (kilowatts per foot) approaching rated value for Condition Il
events (See Chapter 4 for fuel design limits).

(3) Reactor coolant system overpressure creating stresses approaching the
limits specified in Chapter 5.

Generating Station Variables

The following are the variables required to be monitored in order to provide reactor trips
(see Table 7.2-1).

(1) Neutron flux

(2) Reactor coolant temperature

(3) Reactor coolant system pressure (pressurizer pressure)
(4)  Pressurizer water level

(5) Reactor coolant flow

(6) Reactor coolant pump bus voltage and frequency

(7)  Steam generator water level

(8)  Turbine-generator operational status (autostop oil pressure and stop valve
position).

Spatially Dependent Variables
Reactor coolant temperature is a spatially dependent variable. See Section 7.3.1.2.3
for a discussion.

Limits, Margins and Levels

The parameter values that will require reactor trip are given in the Technical
Specifications. Chapter 15 demonstrates that the setpoints used in the Technical
Specifications are conservative.

The setpoints for the various functions in the reactor trip system have been analytically
determined such that the operational limits so prescribed will prevent fuel rod clad
damage and loss of integrity of the reactor coolant system as a result of any ANS
Condition Il incident. As such, during any ANS Condition Il incident, the reactor trip
system limits the following parameters to:

(1) Minimum DNBR - limiting value.

(2) Maximum system pressure = 2750 psia
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(3) Fuel rod maximum linear power - maximum rated power

The accident analyses described in Section 15.2 demonstrate that the functional
requirements as specified for the reactor trip system are adequate to meet the above
considerations, even assuming, for conservatism, adverse combinations of instrument
errors (Refer to Table 15.1-3). A discussion of the safety limits associated with the
reactor core and reactor coolant system, plus the limiting safety system setpoints, are
presented in the Technical Specifications. The Technical Specifications incorporate
both nhominal and limiting setpoints. Nominal settings of the setpoints are more
conservative than the limiting settings. This allows for calibration uncertainty and
instrument channel drift without violating the limiting setpoint. Automatic initiation of
protective functions occurs at the nominal setpoints (plus or minus the allowed
tolerances). The methodology used to derive the setpoints is documented in
References [13], [16], and [18]. A further discussion on trip setpoints is given in
Section 7.2.2.1.1.

7.2.1.2.5 Abnormal Events

The malfunctions, accidents or other unusual events which could physically damage
reactor trip system components or could cause environmental changes are as follows:

(1) Earthquakes (see Sections 2.5 and 3.7).

(2) Fire (see Section 9.5)

(3) Explosion (hydrogen buildup inside containment) (see Section 6.2).
(4) Missiles (see Section 3.5).

(5) Flood (see Sections 2.4 and 3.4).

(6) Wind and Tornadoes (see Section 3.3).

The reactor trip system fulfills the requirements of IEEE Standard 279-1971 to provide
automatic protection and to provide initiating signals to mitigate the consequences of
faulted conditions. The reactor trip system provides protection against destruction of
the system from fires, explosions, floods, wind, and tornadoes (see each item above).
The discussions in Section 7.1.2.1.7 and this section adequately address or reference
the Safety Analysis Report coverage of the effects of abnormal events on the reactor
trip system in conformance with applicable General Design Criteria.

7.2.1.2.6 Minimum Performance Requirements

7.2-18

(1) Reactor Trip System Response Time

Reactor trip system response time is defined in Section 7.1. The maximum
allowable time delays in generating the reactor trip signal are provided in the
Technical Requirements Manual. These values are verified in accordance

with the Technical Specifications and are consistent with the safety analyses.
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See Table 7.1-1 Note 1 for a discussion of periodic response time verification
capabilities.

(2) Reactor Trip Accuracies

Accuracy is defined in Section 7.1. Reactor trip accuracies are given in
References [13] and [18].

(3) Protection System Ranges
Typical Protection System ranges are tabulated in Table 7.2-3.

7.2.1.3 Final Systems Drawings

Functional logic diagrams, electrical schematics and other drawings documenting the
protection system design are listed in Table 1.7-1.

7.2.2 Analyses

A reliability study for the reactor trip and engineered safety features function of the
Eagle 21 process protection system hardware was performed to compare the
availability of the Eagle 21 digital system with the previous implementation of the same
function using analog hardware. Availability is defined as the probability that a system
will perform its intended function (e.g., actuate a partial trip) at a randomly selected
instant in time. Results of the availability study determined that the Eagle 21 digital
system is commensurate with an equivalent analog process protection system
availability although no credit was given to the Eagle 21 process protection features of
automatic surveillance testing, self calibration and self diagnostics when the study was
performed. It is expected that if credit were given to the Eagle 21 self diagnostic
features, automatic surveillance testing and self calibration capabilities, system
availability would be improved. Therefore, the impact on the system operation due to
channel drift being corrected by the Eagle 21 self-calibration feature and the impact on
system downtime because of the automatic surveillance/self-diagnostic features, will
be minimized. Additionally, with the MMI test unit provided with the Eagle 21 system,
the amount of technician and engineering time required for maintenance and
troubleshooting is minimized. Thus, large quantities of engineering time required for
the review of the periodic functional tests, prior to restoring the channel to an operable
condition, are eliminated because of the user-friendly printout provided from the MMI.
In total, interface with the Eagle 21 process protection system is reduced, resulting in
a decreased potential for technician induced error which results in improved system
reliability and availability.

In the Eagle 21 process protection system design, there are failure modes which could
result in the failure of an entire protection rack. During these conditions, the rack will
fail to the preferred failure mode (tripped/not tripped condition) providing maximum

protection for the plant. The failure of a single rack is considered to be bounded by the
loss of an entire protection set, which is the existing licensing basis. This failure has
been shown not to adversely impact plant safety due to the existence of redundancy,
functional diversity and defense-in-depth design measures employed in the design of
the process protection system. Use of these design measures ensures that in the
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event of a single failure, the remaining protection system channels would be available
for plant protection if required. Additional discussion of the defense-in-depth,
redundancy and functional diversity design measures used in the design of the Eagle
21 process protection system can be found in References [5] and [14].

A failure mode and effects analysis (FMEA) of the logic portion of the reactor trip
system was performed. The basis of the FMEA is that the reactor protection system is
designed to sense abnormal plant conditions and to initiate action necessary to assure
that acceptable fuel design limits are not exceeded for anticipated operational
occurrences. Results of this study and a fault tree analysis are presented in Reference
[4]. The results of the study show that the probability of protection system failure in
anticipated transients is sufficiently low that no provision need be made in plant design
to accommodate such hypothetical failure.

7.2.2.1 Evaluation of Design Limits

While most setpoints used in the reactor protection system are fixed, there are variable
setpoints, most notably the overtemperature AT and overpower AT. All setpoints in the
reactor trip system have been selected on the basis of engineering design or safety
studies. The capability of the reactor trip system to prevent loss of integrity of the fuel
cladding and/or reactor coolant system pressure boundary during Condition Il and Il
transients is demonstrated in Chapter 15. These accident analyses are carried out
using those setpoints determined from results of the engineering design studies.
Setpoint limits are presented in the Technical Specifications. A discussion of the intent
for each of the various reactor trips and the accident analyses (where appropriate)
which utilize this trip is presented, in Section 7.2.1.1.2 and in Table 7.2-4 The selection
of trip setpoints provides for margin before protection action is actually required to
allow for uncertainties and instrument errors References [13], [16] and [18]. The design
meets the requirements of Criteria 10, 15, 20, and 29 of the 1971 GDC.

7.2.2.1.1 Trip Setpoint Discussion

7.2-20

It has been pointed out previously that below the limiting value of DNBR there is likely
to be significant local fuel cladding failure. The DNBR existing at any point in the core
for a given core design can be determined as a function of the core inlet temperature,
power output, reactor coolant operating pressure and flow. Consequently, core safety
limits in terms of the limiting value of DNBR for the hot channel can be developed as a
function of core AT, T,,q, and pressure for a specified flow as illustrated by the dashed
lines in Figure 15.1-1. Shown as a dashed line in Figure 15.1-1 are the loci of
conditions designed to prevent exceeding 121% of power as a function of AT and T,g,
thus representing the overpower (KW/ft) limit on the fuel. The solid lines indicate the
maximum permissible setpoints (AT) as a function of T4 and pressure for the
overtemperature and overpower reactor trips. Actual setpoint constants in the equation
representing the solid lines are as given in the Technical Specifications. These values
are conservative to allow for instrument errors. The design meets the requirements of
Criteria 10, 15, 20 and 29 of the 1971 GDC.

DNBR is not a directly measurable quantity; however, the process variables that
determine DNBR are sensed and evaluated. Small isolated changes in various
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process variables may not individually result in violation of a core safety limit, whereas
the combined variations, over sufficient time, may cause the overpower or
overtemperature safety limit to be exceeded. The design concept of the reactor trip
system takes cognizance of this situation by providing reactor trips associated with
individual process variables in addition to the overpower/overtemperature safety limit
trips. Process variable trips prevent reactor operation whenever a change in the
monitored value is such that a core or system safety limit is in danger of being
exceeded should operation continue. Basically, the high pressure, low pressure and
overpower/overtemperature AT trips provide sufficient protection for slow transients as
opposed to such trips as low flow or high flux which will trip the reactor for rapid
changes in flow or flux, respectively, that would result in fuel damage before actuation
of the slower responding AT trips could be effected.

Therefore, the reactor trip system has been designed to provide protection for fuel
cladding and reactor coolant system pressure boundary integrity where: 1) a rapid
change in a single variable or factor which will quickly result in exceeding a core or a
system safety limit, and 2) a slow change in one or more variables will have an
integrated effect which will cause safety limits to be exceeded. Overall, the reactor trip
system offers diverse and comprehensive protection against fuel cladding failure
and/or loss of reactor coolant system integrity for Condition 1l and Il accidents. This is
demonstrated by Table 7.2-4 which lists the various trips of the reactor trip system, the
corresponding technical specification on safety limits and safety system settings and
the appropriate accident discussed in the safety analyses in which the trip could be
utilized.

The plant is prohibited by Technical Specifications from operating with an inactive loop
for extended periods of time, and administrative procedures require that the unit be
brought to a load of less than 25% of full power prior to starting the pump in the inactive
loop in order to bring the inactive loop hot leg temperature closer to the core inlet
temperature.

The P-8 interlock acts essentially as a high nuclear power reactor trip when operating
in this condition.

The reactor trip system design was evaluated in detail with respect to common mode
failure and is presented in References [4] and [5]. The design meets the requirements
of Criterion 23 of the 1971 GDC.

Preoperational testing will be performed on reactor trip system components and
systems to determine equipment readiness for startup and to serve as confirmation of
the system design.

Analyses of the results of Condition Il, lll and IV events, including considerations of
instrumentation installed to mitigate their consequences, are presented in Chapter 15.
The instrumentation installed to mitigate the consequences of load rejection and
turbine trip is given in Section 7.7.
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7.2.2.1.2 Reactor Coolant Flow Measurement

Elbow taps installed in each loop of the primary coolant system are used to measure
reactor coolant flow. The correlation between flow and elbow tap differential pressure
signal is given by the following equation:

where AP is the pressure differential at the reference flow wg, and AP is the pressure
differential at the corresponding flow, w. Nominal full power flow is established at the
beginning of each fuel cycle by either elbow tap methodology or, performance of the
RCS calorimetric flow measurement. Unit 1 utilizes elbow tap methodology Reference
[17]. Unit 2 utilizes the RCS calorimetric flow measurement. The results are used to
normalize the RCS flow indicators and provide a reference point for the low flow reactor
trip setpoint.

7.2.2.2 Evaluation of Compliance to Applicable Codes and Standards

7.2-22

The reactor trip system meets the requirements of the General Design Criteria and
Section 4 of IEEE Standard 279-1971[%] as indicated below.

(1) General Functional Requirement

The protection system automatically initiates appropriate protective action
whenever a condition monitored by the system reaches a preset value.
Functional performance requirements are given in Section 7.2.1.1.1. Section
7.2.1.2.4 presents a discussion of limits, margins and setpoints; Section
7.2.1.2.5 discusses unusual (abnormal) events; and Section 7.2.1.2.6
presents minimum performance requirements.

(2) Single Failure Criterion

The protection system is designed to provide two, three, or four redundant
process protection channels for each protective function and two logic train
circuits. These redundant channels and trains are electrically isolated and
physically separated. Thus, any single failure within a channel or train will not
prevent protective system action when required. Loss of input power, the
most likely mode of failure, to a channel or logic train will result in a signal
calling for a trip. This design meets the requirements of Criteria 21, 22 and 23
of the 1971 GDC.
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(3)

(4)

(5

(6)

REACTOR TRIP SYSTEM

To prevent the occurrence of common mode failures, such additional
measures as functional diversity, physical separation, and testing as well as
administrative control during design, production, installation and operation
are employed, as discussed in references [4] and [5]. The design meets the
requirements of Criteria 21 and 22 of the 1971 GDC.

Quality of Components and Modules

For a discussion on the quality of the components and modules used in the
reactor trip system, refer to Chapter 17. The quality assurance applied
conforms to Criterion 1 of the 1971 GDC.

Equipment Qualification

For a discussion of the type tests made to verify the performance
requirements, refer to Section 3.11. The test results demonstrate that the
design meets the requirements of Criterion 4 of the 1971 GDC.

Channel Integrity

Protection system channels required to operate in accident conditions
maintain necessary functional capability under extremes of conditions
relating to environment, energy supply, malfunctions, and accidents. The
energy supply for the reactor trip system is described in Chapter 8. The
environmental variations, throughout which the system will perform is given
in Section 3.11. The design meets the requirements of Criteria 21 and 22 of
the 1971 GDC.

Independence

Channel independence is carried throughout the system, extending from the
sensor through the devices actuating the protective function. Physical
separation is used to achieve separation of redundant transmitters.

Separation of wiring is achieved using separate wireways, cable trays,
conduit runs and containment penetrations for each redundant channel.
Redundant protection channels are separated by locating the processing
electronics of the redundant channels in different protection rack sets. Each
redundant protection channel set is energized from a separate AC power
feed. This design meets the requirements of Criteria 21 and 22 of the 1971
GDC.

Independence of the logic trains is discussed in Reference[3]. Two reactor
trip breakers are actuated by two separate logic matrices which interrupt
power to the control rod drive mechanisms. The breaker main contacts are
connected in series with the power supply so that opening either breaker
interrupts power to all control rod drive mechanisms, permitting the rods to
free fall into the core. See Figure 7.1-1.
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7.2-24

(7)

(8)

9)

The design philosophy is to make maximum use of a wide variety of
measurements. The protection system continuously monitors numerous
diverse system variables. The extent of this diversity has been evaluated for
a wide variety of postulated accidents and is discussed in Reference [5].
Generally, two or more diverse protection functions would terminate an
accident before intolerable consequences could occur. This design meets the
requirements of Criterion 22 of the 1971 GDC.

Control and Protection System Interaction

The protection system is designed to be independent of the control system.
In certain applications the control signals and other non-protective functions
are derived from individual protective channels through isolation devices.
The isolation devices are classified as part of the protection system and are
located in the process protection racks. Non-protective functions include
those signals used for control, remote process indication, and computer
monitoring. The isolation devices are designed such that a short circuit, open
circuit, or the application of credible fault voltages on the isolated output
portion of the circuit (i.e., the non-protective side of the circuit) will not affect
the input (protective) side of the circuit. The signals obtained through the
isolation devices are never returned to the process protection racks.

A detailed discussion of the design and testing of the protection system
isolation devices is given in References [7], [8], and [11]. These reports
include the results of applying various malfunction conditions on the output
portion of the isolation devices. The results show that no significant
disturbance to the isolation devices' input signal occurred.

Where failure of a protection system component can cause a process
excursion which requires protective action and can also prevent the channel
from performing its protective action, the protection system can withstand a
second independent failure without loss of the protection function. The
means of achieving this are provided in the discussions of specific control and
protection system interactions in Section 7.2.2.3. Typically this requirement
is satisfied by utilizing 2/4 logic for the trip function or by providing a diverse
trip. This design meets the requirements of Criterion 24 of the 1971 GDC and
paragraph 4.7 of IEEE Standard 279-1971 [Ref. 9].

Derivation of System Inputs

To the extent feasible and practical, protection system inputs are derived
from signals which are direct measures of the desired variables. Variables
monitored for the various reactor trips are listed in Section 7.2.1.2.2.

Capability for Sensor Checks

The operational availability of each system input sensor during reactor
operation is accomplished by cross checking between channels that bear a
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known relationship to each other and that have read-outs available. Channel
checks are discussed in the Technical Specifications.

(10) Capability for Testing

The reactor trip system is capable of being tested during power operation.
Where only parts of the system are tested at any one time, the testing
sequence provides the necessary overlap between the parts to assure
complete system operation. The testing capabilities are in conformance with
Regulatory Guide 1.22 as discussed in Table 7.1-1.

The protection system is designed to permit periodic testing of the signal
processing portion of the reactor trip system during reactor power operation
without initiating a protective action unless a trip condition actually exists.
This is because of the coincidence logic required for reactor trip. Source and
intermediate range high neutron flux trips must be bypassed during testing.
These tests may be performed at any plant power from cold shutdown to full
power. Before starting any of these tests with the plant at power, all
redundant reactor trip channels associated with the function to be tested must
be in the normal (untripped) mode or bypass mode according to the Technical
Specifications, in order to avoid spurious trips.

The Protection System is also designed to permit periodic response time
testing of the reactor trip system, excluding neutron detectors.

Process Protection Channel Tests

The Eagle 21 process protection system accommodates automatic or manual
surveillance testing of the digital process protection racks via a portable Man Machine
Interface (MMI) test cart. The MMI test cart is connected to the process rack test panel
with a cable/connector assembly . The rack installed test processor permits
performance of operations such as channel calibration, channel response time tests,
partial trip actuation tests, and maintenance activities.

Administrative controls and multiple levels of security are provided to limit access to
setpoint and tuning constant adjustments. The system is designed to permit testing of
any protection channel during power operations without initiating a protective action at
the systems level.

Individual channels can be tested in either the "Channel Trip" or "Bypass" mode:

The Channel Trip mode interrupts the individual channel comparator output.
Interruption of a comparator output in this mode for any reason (test, maintenance
purposes or removed from service) causes that portion of the logic to be actuated and
initiates a channel trip alarm and status light in the control room. Status lights on the
process rack test panel indicate when the associated comparators have tripped.

The Bypass mode disables the individual channel comparator trip circuitry.
Interruption of a comparator output in this mode effectively "bypasses" the channel in
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7.2-26

test causing the associated logic relays to remain in the non-tripped state until the
"bypass" is removed. This feature of the protection system eliminates the potential for
an unwarranted actuation in the event of a failure. This condition is also accompanied
by an alarm in the control room.

Nuclear Instrumentation Channel Tests

The power range channels of the nuclear instrumentation system are tested by using
the actual detector input to the channel and injecting test currents obtained from the
detector response curves at various power levels. The output of the bistable is not
placed in a tripped condition prior to testing. Also, since the power range channel logic
is two out of four, bypass of this reactor trip function is not required.

Testing of a power range channel requires deliberate operator action and is
annunciated in the control room. Bistable operation is tested by increasing the test
signal up to its trip setpoint and verifying bistable relay operation by control board
annunciator and trip status lights.

It should be noted that a valid trip signal would cause the channel under test to trip at
a lower actual reactor power. A reactor trip would occur when a second bistable trips.
No provision has been made in the channel test circuit for reducing the channel signal
below that signal being received from the nuclear instrumentation system detector.

A nuclear instrumentation system channel which can cause a reactor trip through one
of two protection logic (source or intermediate range) is provided with a bypass
function which prevents the initiation of a reactor trip from that particular channel during
the short period that it is undergoing test. These bypasses are annunciated in the
control room.

Periodic tests of the source, intermediate, and power range channels of the nuclear
instrumentation system are performed in the applicable modes/power levels in
accordance with the Technical Specifications.

For a detailed description of the nuclear instrumentation system see References [2]
and [15]. Reference [2] is applicable to the power range only.

Solid State Logic Testing

The logic trains of the reactor trip system are designed to be capable of complete
testing at power. Logic matrices are tested from the Train A and Train B logic rack test
panels. During this test, the logic inputs are actuated automatically in all combinations
of trip and non-trip logic. Trip logic is not maintained sufficiently long enough to permit
opening of the reactor trip breakers. The reactor trip undervoltage coils are 'pulsed' in
order to check continuity. During logic testing of one train, the other train can initiate
any required protective functions. Annunciation is provided in the control room to
indicate when a train is in test (train output bypassed) and when a reactor trip breaker
is bypassed. Details of the logic system testing are given in Reference [3].

A direct reactor trip resulting from undervoltage or underfrequency on the pump side
of the reactor coolant pump breakers is provided as discussed in Section 7.2.1.1.2 and
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shown on Figure 7.2-1, Sheet 3. The logic for these trips is capable of being tested
during power operation. When parts of the trip are being tested, the sequence is such
that an overlap is provided between parts so that a complete logic test is provided.

This design complies with the testing requirements of IEEE Standard 279-1971 and
IEEE Standard 338-1971% as discussed in Table 7.1-1. Details of the method of
testing and compliance with these standards are provided in References [l], [3], and
[11].

The permissive and block interlocks associated with the reactor trip system and
engineered safety features actuation system are given on Tables 7.2-2 and 7.3-3 and
designated protection or 'P' interlocks. As a part of the protection system, these
interlocks are designed to meet the testing requirements of IEEE Standards 279-1971
and 338-1971 as discussed in Table 7.1-1.

Testability of the interlocks associated with reactor trips for which credit is taken in the
accident analyses is provided by the logic testing and semi-automatic testing
capabilities of the solid state protection system. In the solid state protection system the
undervoltage coils (reactor trip) and master relays (engineered safeguards actuation)
are pulsed for all combinations of trip or actuation logic with and without the interlock
signals. Interlock testing may be performed at power.

Testing of the logic trains of the reactor trip system includes a check of the input relays
and a logic matrix check. The following sequence is used to test the system:

(1) Check of input relays

During testing of the process protection system and nuclear instrumentation
system channels, each channel comparator/bistable is placed in a trip mode
causing one SSPS input relay in train A and one in train B to de-energize
except when individual channels are tested in bypass with the reactor at
power. A contact of each relay is connected to a universal logic printed circuit
card. This card performs both the reactor trip and monitoring functions. Each
reactor trip input relay contact causes a status lamp and an annunciator on
the control board to operate. Either the Train A or Train B input relay
operation will light the status lamp and annunciator.

Each train contains a multiplexing test switch, one of which (either train)
normally remains in the A + B position. The A + B position allows information
to be transmitted alternately from each train to the control board. During
testing a steady status lamp indicates that both trains are receiving a trip
mode logic input for the channel being tested. A flashing lamp indicates a
failure in one train. Contact inputs to the logic protection system such as
reactor coolant pump bus underfrequency relays operate input relays which
are tested by operating the remote contacts as described above and using
the same type of indications as those provided for comparator/bistable input
relays.
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(2)

Actuation of the SSPS input relays provides the overlap between the testing
of the logic protection system and the testing of those systems supplying the
inputs to the logic protection system. These tests are performed periodically
in accordance with the Technical Specifications. Test indications are status
lamps and annunciators on the control board. Inputs to the logic protection
system are checked one channel at a time, leaving the other channels in
service. For example, a function that trips the reactor when two out of four
channels trip becomes a one out of three trip when one channel is placed in
the trip mode. Both trains of the logic protection system remain in service
during this portion of the test.

Check of logic matrices

Logic matrices are checked one train at a time. Input relays are not operated
during this test. Partial reactor trips to the train being tested are inhibited with
the use of the input error inhibit switch on the semi-automatic test panel in the
train. Details of semi-automatic tester operation are given in Reference [3].
At the completion of the logic matrix tests, closure of the input error inhibit
switch contacts is checked using an appropriate test method such as
verification of existing trip status lamps/computer points.

The logic test scheme uses pulse techniques to check the coincidence logic.
All possible trip and non-trip combinations are checked. Pulses from the
tester are applied to the inputs of the universal logic card at the same
terminals that connect to the input relay contacts. Thus there is an overlap
between the input relay check and the logic matrix check. Pulses are fed back
from the reactor trip breaker undervoltage coil to the tester. The pulses are of
such short duration that the reactor trip breaker undervoltage coil armature
cannot respond mechanically.

Test indications provided are an annunciator in the control room indicating
that reactor trips from the train have been blocked and that the train is being
tested, and green and red lamps on the semi-automatic tester to indicate a
good or bad logic matrix test. Protection capability provided during this
portion of the test is from the train not being tested.

The general design features and details of the testability of the logic system
are described in Reference [3]. The testing capability meets the requirements
of Criterion 21 of the 1971 GDC.

Testing of Reactor Trip Breakers

Normally, reactor trip breakers RTA and RTB are in service, and bypass breakers BYA
and BYB are withdrawn (out of service). In testing the protection logic, pulse
techniques are used to avoid tripping the reactor trip breakers thereby eliminating the
need to bypass them during this testing. Each of the reactor trip breakers is tested with
the corresponding bypass breaker in service.
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Auxiliary contacts of the bypass breakers are connected into the SSPS General
Warning Alarm System of their respective trains such that if either train is placed in test
while the bypass breaker of the other train is closed, both reactor trip breakers and both
bypass breakers will automatically trip.

Aukxiliary contacts of the bypass breakers are also connected in such a way that if an
attempt is made to close the bypass breaker in one train while the bypass breaker of
the other train is already closed, both bypass breakers and both reactor trip breakers
will automatically trip.

The Train A and Train B alarm systems operate separate annunciators in the control
room. The two bypass breakers also operate an annunciator in the control room.
Bypassing of a protection train with either the bypass breaker or with the test switches
will result in audible and visual indications.

The complete reactor trip system is normally required to be in service. However, to
permit online testing of the various protection channels or to permit continued
operation in the event of a subsystem instrumentation channel failure, the Technical
Specifications define the minimum number of operable channels. The Technical
Specifications also define the required restriction to operation in the event that the
channel operability requirements cannot be met.

(11) Channel Bypass or Removal from Operation

The Eagle 21 Process Protection System is designed to permit any channel
to be maintained in a bypassed condition and, when required, tested during
power operation without initiating a protective action at the systems level.
This is accomplished without lifting electrical leads or installing temporary
jumpers. Bypass of any channel in an Eagle 21 protection system rack for
any purpose will be continuously indicated in the control room via the plant
annunciator at the protection set level. In addition, the Eagle 21 design has
provided for administrative controls and multiple levels of security for
bypassing a protection channel.

The channel bypass feature of the Eagle 21 system will be used for the
following purposes:

(1) To allow for an inoperable Reactor Trip (RT) or Engineered Safety
Features Actuation System (ESFAS) channel to be maintained in a
bypassed condition up to the time limit specified in the Technical
Specifications, for the purpose of troubleshooting.

(2) To allow for a failed RT or ESFAS channel to be bypassed up to the
time limit specified in the Technical Specifications, for the purpose of
surveillance testing a redundant channel of the same function.

(3)  To routinely allow testing of a RT or ESFAS channel in the bypassed
condition instead of the tripped condition for the purpose of
surveillance testing.
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(12)

(13)

(14)

(15)

The Nuclear Instrumentation System (NIS) is designed to permit routine
periodic testing of the Source Range and Intermediate Range portion of the
reactor trip system during reactor power operation. To enable testing of the
one-out-of-two channel logic for the NIS Source Range and Intermediate
Range during reactor power operation, a channel bypass feature has been
provided. Use of this feature will permit routine required surveillance testing
to be completed without initiating a protective action unless a trip condition
exists.

Operating Bypasses

Where operating requirements necessitate automatic or manual bypass of a
protective function, (See Section 10.4.4.3 for exception on P-12), the design
of the protection system is such that the bypass is removed automatically
whenever permissive conditions are not met. Devices used to achieve
automatic removal of the bypass of a protective function are considered part
of the protection system and are designed in accordance with the criteria of
this section. Indication is provided in the control room if some part of the
system has been administratively bypassed or taken out of service.
Bypasses associated with the reactor trip system are identified in Table 7.2-2.

Indication of Bypasses

Bypass of a process protection channel during testing is indicated by an
alarm in the control room. This is discussed further in Section 7.2.2.2,
subsections 10 and 11. Operating bypasses are discussed in Section 7.2.2.2
subsection 12.

Access to Means for Bypassing

The design provides for administrative control of access to the means for
manually bypassing channels or protective functions. For details, refer to
References [1] and [11].

Multiple Setpoints

For monitoring neutron flux, multiple setpoints are used. When a more
restrictive trip setting becomes necessary to provide adequate protection for
a particular mode of operation or set of operating conditions, the protective
system circuits are designed to provide positive means or administrative
control to assure that the more restrictive trip setpoint is used. The devices
used to prevent improper use of less restrictive trip settings are considered
part of the protective system and are designed in accordance with the criteria
of this section.
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(16)

(17)

(18)

(19)

(20)

REACTOR TRIP SYSTEM

Completion of Protective Action

The protection system is so designed that, once initiated, a protective action
goes to completion. Normal operation is restored in accordance with
established procedures.

Manual Initiation

Switches are provided on the control board for manual initiation of protective
action. A single failure in the automatic system will not prevent the manual
actuation of the protective functions. Manual actuation relies on the operation
of a minimum of equipment. Additional discussion of manual actuation of
protective functions is provided in Section 7.3.2.2.6.

Access to Setpoint Adjustments, Calibration and Test Points

The design provides for administrative control of access to all setpoint
adjustments, processing electronics calibration adjustments, and test points.
For details refer to References [1], [2], [11] and [15].

Identification of Protective Actions

Indication and identification of protective actions is discussed in ltem 20
below.

Information Read Out

The protective system provides the operator with complete information
pertinent to system status and safety. All transmitted signals (flow, pressure,
temperature, etc.) which can cause a reactor trip are either indicated,
recorded or displayed on the plant computer for every channel, including
neutron flux power range currents (top detector, bottom detector, algebraic
difference and average of bottom and top detector currents).

Any reactor trip will actuate an alarm and an annunciator. Such protective
actions are indicated and identified by the parameter being measured.

Alarms and annunciators are also used to alert the operator of deviations
from normal operating conditions so that he may take appropriate corrective
action to avoid a reactor trip. Actuation of any rod stop or trip of any reactor
trip channel will actuate an alarm, except for the source and intermediate
range channels which have one out of two reactor trip logic. For these two
functions, a channel trip alarm is not provided since a channel trip will also
initiate reactor trip and rector trip alarm as described above.
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(21) System Repair

The system is designed to facilitate the recognition, location, replacement,
and repair of malfunctioning components or modules. Refer to the discussion
in Section 7.2.2.2, subsection 10 above.

(22) Identification

Identification of protection system equipment is discussed in Section 7.1.2.3.

7.2.2.3 Specific Control and Protection Interactions

7.2.2.3.1

7.2.2.3.2

7.2-32

A general discussion of control and protection system interaction criteria and
compliance is provided in Section 7.2.2.2, subjection 7.

Neutron Flux

Four power range neutron flux channels are provided for overpower (high flux)
protection. Isolated outputs are provided to a distributed control system (DCS) for rod
control. An auctioneered high signal is developed from the four channels in the DCS
for automatic rod control. If any channel fails in such a way as to produce a low output,
that channel is incapable of proper overpower protection but will not cause control rod
movement because of the auctioneer. Two out of four overpower trip logic will ensure
an overpower trip if needed even with an independent failure in another channel.

In addition, channel deviation signals in the control system will give an alarm if any
neutron flux channel deviates significantly from the average of the flux signals or from
the auctioneered high value. Also, the control system will respond only to rapid
changes in indicated neutron flux; slow changes or drifts are compensated by the
temperature control signals. Finally, an overpower signal from any nuclear power
range channel will block manual and automatic rod withdrawal. The setpoint for this rod
stop is below the reactor trip setpoint.

Reactor Coolant Temperature

Reactor control is based upon signals derived from protection system channels
through isolation devices such that no feedback effect from the control system can
perturb the protection channels. The isolated outputs are provided to a distributed
control system (DCS) where an auctioneered high signal is developed for automatic
rod control.

Since control is based on the highest of the loop average temperatures, the control
rods are always moved based upon the most pessimistic temperature measurement
with respect to margins to DNB. A spurious low average temperature measurement
from any loop temperature control channel will cause no control action. A spurious high
average temperature measurement will cause rod insertion (safe direction). If a failed
channel is detected by the DCS, it will not be used in the control algorithm. The 2/4 trip
logic ensures that the overpower and overtemperature AT trip functions can provide
the required protection even if degraded by a second random failure.

REACTOR TRIP SYSTEM
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7.2.2.3.3

7.2.2.3.4

Channel deviation signals in the control system will give an alarm if any temperature
channel deviates significantly from the auctioneered (highest) value. Automatic rod
withdrawal blocks and turbine runback (power demand reduction) will also occur prior
to reaching the reactor trip setpoint if any two of the AT channels indicate an
overtemperature or overpower condition.

A discussion of reactor coolant temperature measurement is provided in Section
72114

Pressurizer Pressure

The pressurizer pressure protection channel signals are used for high and low
pressure protection and as inputs to the overtemperature AT trip protection function.
Isolated output signals from these channels are provided to the DCS for pressure
control. From these, two median signals are developed in independent control groups
of the DCS, each with dual redundant control processors. One of the median signals
is used to control pressurizer spray and heaters; both are used for pressurizer PORV
actuation. A spurious high or low signal from any one channel will not cause a control
action. If a failed channel is detected by the DCS, it will not be used in the control
algorithm. A coincident high pressure signal from both processors is needed for the
actuation of each pressurizer PORV.

Failure of a DCS processor pair could result in a high or low control signal. A spurious
high pressure signal can cause decreasing pressure by turning off the heaters and
actuating spray. The two out of four low pressurizer pressure reactor trip logic ensures
low pressure protection even with two independent channel failures.

Overpressure protection is based upon the positive surge of the reactor coolant
produced as a result of turbine trip under full load, assuming the core continues to
produce full power. The self-actuated safety valves are sized on the basis of steam
flow from the pressurizer to accommodate this surge at a setpoint of 2500 psia and an
accumulation of 3%. Note that no credit is taken for the relief capability provided by
the power-operated relief valves during this surge.

In addition, operation of any one of the power-operated relief valves can maintain
pressure below the high pressure trip point for most transients. The rate of pressure
rise achievable with heaters is slow, and ample time and pressure alarms are available
to alert the operator of the need for appropriate action.

Pressurizer Water Level

Three independent, redundant instrument channels are provided for pressurizer high
water level protection. This reactor trip condition is generated based on a 2-out-of-3
logic and serves to prevent water discharge through the pressurizer safety relief
valves. The pressurizer level channels also provide isolated output signals to the DCS
which are used for pressurizer water level control (reference Section 7.7). A median
signal selector in the DCS selects the median of the three signals for pressurizer level
control so that a spurious high or low signal from any one channel will not cause a
control room action. If a failed channel is detected by the DCS, it will not be used in the
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7.2.2.3.5

7.2-34

control algorithm and the average of the two remaining channels will be used for
control.

A DCS failure resulting in a high or low control signal output could increase or decrease
pressurizer level at a slow rate. The high water level trip setpoint provides sufficient
margin such that the undesirable condition of discharging liquid coolant through the
safety valves is avoided. Even at full power conditions, which would produce the worst
thermal expansion rates, a failure of water level control would not lead to any liquid
discharge through the safety valves. This is due to the automatic high pressurizer
pressure reactor trip actuating at a pressure sufficiently below the safety valve setpoint.

In addition, alarms are actuated on high or low water level and on significant deviations
from programmed level or from the median signal. Channel failure can also be
detected by comparison to the other two redundant level channel indicators located in
the main control room. A discussion of the pressurizer water level reference leg
arrangement is provided in Section 7.2.1.1.5.

Steam Generator Water Level

The basic function of the reactor protection circuits associated with low steam
generator water level is to preserve the steam generator heat sink for removal of long
term residual heat. Should a complete loss of feedwater occur, the reactor would be
tripped on low-low steam generator water level. In addition, redundant auxiliary
feedwater pumps are provided to supply feedwater in order to maintain residual heat
removal after trip. This reactor trip acts before the steam generators are dry to reduce
the required capacity and increase the starting time requirements of the auxiliary
feedwater pumps and to minimize the thermal transient on the reactor coolant system
and steam generators.

Therefore, a low-low steam generator water level reactor trip is provided for each
steam generator to ensure that sufficient initial thermal capacity is available in the
steam generator at the start of the transient. It is desirable to minimize thermal
transients on a steam generator for a credible loss of feedwater accident.
Implementation of the Median Signal Selector (MSS) feature in the feedwater
distributed control system prevents failure of a single steam generator water level
channel from causing a feedwater control system disturbance requiring subsequent
protective action. Isolated outputs from all three narrow range level channels are input
to the MSS. The MSS selects the median signal for use by the control system and
control system actions are then based on this signal. Since the high and low signals
are rejected, the control system is prevented from acting on a single, failed protection
system instrument channel. If a failed channel is detected by the DCS, it will not be
used in the control algorithm and the average of the two remaining channels will be
used for control. Since no adverse control system action can then result from a failed
protection channel, the potential for a control and protection system interaction is
eliminated and it is not necessary to consider a second random protection system
failure as would otherwise be required by IEEE 279-1971.
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7.2.2.4 Additional Postulated Accidents

Loss of plant instrument air or loss of component cooling water is discussed in Section
7.3.2. Load rejection and turbine trip are discussed in further detail in Section 7.7.

The control interlocks and permissives, called rod stops, are provided to inhibit
automatic and/or manual rod withdrawal and initiate turbine runback. The rod stops
indicate certain abnormal reactor operating conditions exist. The rod stop control
action is used to stop positive reactivity additions due to rod withdrawal and to prevent
reactor system parameters from reaching a condition requiring protective action (i.e.,
reactor trip actuation). The rod stops are not considered a protective feature. A listing
of the initiating input signal and control function of each rod stop is provided in Section
7.7.1.4.1 and Table 7.7-1.

7.2.3 Tests and Inspections

The reactor trip system meets the testing requirements of IEEE Standard 338-1971,
Reference [10], as discussed in Section 7.1.2. The testability of the system is
discussed in Section 7.2.2.2. The test intervals are specified in the Technical
Specifications. Written test procedures and documentation, conforming to the
requirements of Reference [10], are utilized in the performance of periodic tests.
Periodic testing complies with Regulatory Guide 1.22 as discussed in Section 7.1.2.

To ensure the Median Signal Selector (MSS) functions as described in Section
7.2.2.3.5, operability of the MSS is verified commensurate with the Technical
Specification surveillance interval for the associated narrow range steam generator
level channels.

The steam generator level MSS is a software function in the feedwater DCS. Proper
operation of the MSS can be determined by verifying that the output signal
corresponds to the median of the three input signals. The MSS function is tested
concurrently with the process protection channels which provide the inputs. Test
signals are received from the protection system, as would normal process signals,
when the individual protection channels are placed in the test mode. As the test signal
magnitude is varied, the MSS will select a different input as the median signal, allowing
proper operation of the MSS to be verified. As long as the other two channels are
functioning properly and they have not been tripped or bypassed, a single steam
generator level channel can be tested during power operation without causing a
feedwater control system upset.
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Table 7.2-2 Protection System Interlocks

(Page 1 of 2)

Designation Derivation

Function

| POWER ESCALATION PERMISSIVES

P-6 Presence of P-6: 1/2 neutron flux
(intermediate range) above setpoint

Absence of P-6: 2/2 neutron flux
(intermediate range) below setpoint

P-10 Presence of P-10: 2/4 neutron flux (power
range) above setpoint

Absence of P-10: 3/4 neutron flux (power
range) below setpoint trip

Allows manual blocks of Source
Range reactor trip.

Defeats the block of source
range reactor trip

Allows manual block of power
range (low setpoint) reactor trip

Allows manual block of
intermediate range reactor trip
and intermediate range rod stops
(C-1)

Blocks source range reactor trip
(back up for P-6)

Input to P-7

Defeats the block of power range
(low setpoint) reactor trip

Defeats the block of an
intermediate range reactor trip
and intermediate range rod stops
(C-1)

Input to P-7

7.2-40

REACTOR TRIP SYSTEM




WATTS BAR

WBNP-106

Table 7.2-2 Protection System Interlocks

(Page 2 of 2)

Designation

Derivation

Function

P-7

P-8

P-9

P-13

[ BLOCKS OF REACTOR TRIPS

Absence of P-7: 3/4 neutron flux (power
range) below setpoint (from P-10) and 2/2
turbine impulse pressure below setpoint
(from P-13) pressurizer low pressure, and
pressurizer high level

Absence of P-8: 3/4 neutron
flux (power range) below set point

Absence of P-9: 3/4 neutron flux (power
range) below setpoint

Presence of P-9

Absence of P-13: 2/2 turbine impulse
pressure below setpoint

Blocks rector trip on: Low
Reactor Coolant Flow in more
than one loop. Undervoltage,
Underfrequency, pressurizer low
pressure, and pressurizer high
level.

Blocks reactor trip on low reactor

coolant flow from one loop only

Block reactor trip on turbine trip

Defeats block of reactor trip on
turbine trip

Input to P-7

REACTOR TRIP SYSTEM

7.2-41



WATTS BAR

WBNP-106

Table 7.2-3 Reactor Trip System Instrumentation

Reactor Trip Signal

Power range high neutron flux

Typical Range

1 to 120% power

2. Intermediate range high 10 decades of neutron
neutron flux flux overlapping source
range by 2 decades and
including 100% power
3. Source range high neutron 6 decades of neutron
flux flux (10 -" to 2x10° counts/sec)
4. Power range high positive +2 to +30% of full power
neutron flux rate
5. Overtemperature AT: Ty 530 to 650°F
Tc 510 to 630°F
Tavg 530 to 630°F
Pprzr 1700 TO 2500 PSIG
F(Al) -60 to + 60%
AT Setpoint 0 to 150% power
6.  Overpower AT Ty 530 to 650°F
Tc 510 to 630°F
Tavg 530 to 630°F
AT Setpoint 0 to 150% power
7. Pressurizer low pressure 1700 to 2500 psig
8. Pressurizer high pressure 1700 to 2500 psig
9. Pressurizer high water Entire cylindrical
level portion of pressurizer
10. Low reactor coolant flow 0 to 110% of rated flow
1. Reactor coolant pump bus 0 to 100% rated voltage
undervoltage
12.  Reactor coolant pump bus 50 to 65 Hz
underfrequency
13.  Low-low steam generator + 6ft., - 12 ft. from
water level nominal full load water level
14.  Turbine Trip (1)
NOTES:

(1) The reactor trip on turbine trip is anticipatory in that no credit is taken for it in the accident analyses.
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Table 7.2-4 Reactor Trip Correlation
(Page 1 of 5)
TRIPE ACCIDENT] TECH SPEC
1. Power Range Uncontrolled Rod Cluster Control  3.3.1
High Neutron Assembly Bank Withdrawal From a Table 3.3.1-1 #2
Flux Trip Subcritical Condition (15.2.1)
(Low Setpoint)
Excessive Heat Removal Due to
Feedwater System Malfunctions
(15.2.10)
Rupture of a Control Rod Drive
Mechanism Housing (Rod Cluster
Control Assembly Ejection)
(15.4.6)
2. Power Range Uncontrolled Rod Cluster Control  3.3.1
High Neutron Assembly Bank Withdrawal From a Table 3.3.1-1 #2
Flux Trip Subcritical Condition

(High Setpoint)

3. Intermediate Range High
Neutron Flux Trip

4. Source Range High Neutron
Flux Trip

(15.2.1)

Uncontrolled Rod Cluster Control
Assembly Bank Withdrawal at
Power

(15.2.2)

Excessive Heat Removal Due to
Feedwater System Malfunctions
(15.2.10)

Excessive Load Increase
Incident (15.2.11)

Rupture of a Control Rod Drive
Mechanism Housing (Rod Cluster
Control Assembly Ejection)
(15.4.6)

Uncontrolled Rod Cluster Control  3.3.1
Assembly Bank Withdrawal From a Table 3.3.1-1 #4
Subcritical Condition (15.2.1)

Uncontrolled Rod Cluster Control  3.3.1
Assembly Bank Withdrawal From a Table 3.3.1-1 #5
Subcritical Condition (15.2.1)

Uncontrolled Boron Dilution
(15.2.4)
(Modes 2, 3, 4, and 5)

Excessive heat removal due to
feedwater malfunction (15.2.10)

REACTOR TRIP SYSTEM
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Table 7.2-4 Reactor Trip Correlation
(Page 2 of 5)

TRIPI?]

ACCIDENTIY!

TECH SPEC

Power Range High Positive 1. Uncontrolled Rod Cluster Control

Neutron Flux Rate Trip

Overtemperature
AT Trip

Overpower AT Trip

Assembly Bank Withdrawal From a
Subcritical Condition (15.2.1)

2. Rupture of a Control Rod Drive
Mechanism Housing (Rod Cluster
Control Assembly Ejection)
(15.4.6)

1. Uncontrolled Rod Cluster Control
Assembly Bank Withdrawal at
Power
(15.2.2)

2. Uncontrolled Boron Dilution
(15.2.4)

3. Loss of External Electrical
Load and/or Turbine Trip
(15.2.7)

4. Excessive Load Increase
Incident (15.2.11)

5. Accidental Depressurization of
the Reactor Coolant System
(15.2.12)

6. Single Rod Cluster Control
Assembly Withdrawal at Full Power
(15.3.6)

7. Excessive Heat Removal Due to
Feedwater Sytem Malfunctions
(15.2.10)

8. Steam Generator Tube Rupture
(15.4.3)

1. Uncontrolled Rod Cluster Control
Assembly Bank Withdrawal at
Power (15.2.2)

2. Excessive Heat Removal Due to
Feedwater System Malfunctions
(15.2.10)

3. Accidental Depressurization of
the Main Steam System (15.2.13)

4. Maijor Rupture of a Main Steam

Line (15.4.2.1)

3.3.1
Table 3.3.1-1 #3

3.3.1
Table 3.3.1-1 #6

3.3.1
Table 3.3.1-1 #7
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Table 7.2-4 Reactor Trip Correlation
(Page 3 of 5)

TRIPI?]

ACCIDENTIY!

TECH SPEC

Trip

Trip

5. Excessive Load Increase Incident
(15.2.11)

8. Pressurizer Low Pressure 1. Excessive Load Increase Incident

(15.2.11)

2. Accidental Depressurization of
the Reactor Coolant System
(15.2.12)

3. Accidental Depressurization of the
Main Steam System (15.2.13)

4. Inadvertent Operation of
Emergency Core Cooling System
(15.2.14)

5. Loss of Reactor Coolant From
Small Ruptured Pipes or From
Cracks in Large Pipes Which
Actuates ECCS (15.3.1)

6. Major Reactor Coolant System
Pipe Ruptures (LOCA) (15.4.1)

7. Maijor Rupture of a Main Steam
Line (15.4.2.1)

8. Major Rupture of a Main Feedwater
Pipe (15.4.2.2)

9. Steam Generator Tube Rupture
(15.4.3)

9. Pressurizer High Pressure 1. Uncontrolled Rod Cluster Control

Assembly Bank Withdrawal at
Power
(15.2.2)

2. Loss of External Electrical
Load and/or Turbine Trip
(15.2.7)

3. Major Rupture of a Main Feedwater
Pipe (15.4.2.2)

10. Pressurizer High Water Level 1. Uncontrolled Rod Cluster Control

Assembly Bank Withdrawal at
Power (15.2.2)

2. Loss of External Electrical
Load and/or Turbine Trip
(15.2.7)

3.3.1
Table 3.3.1-1 #8

3.3.1
Table 3.3.1-1 #8

3.3.1
Table 3.3.1-1 #9

REACTOR TRIP SYSTEM
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Table 7.2-4 Reactor Trip Correlation

(Page 4 of 5)
TRIP[ ACCIDENT] TECH SPEC
3. Major Rupture of a Main Feedwater
Pipe (15.4.2.2)
11. Low Reactor 1. Partial Loss of Forced Reactor 3.31
Coolant Flow Coolant Flow (15.2.5) Table 3.3.1-1 #10
2. Complete Loss of Forced Reactor  3.3.1
Coolant Flow (15.3.4) Table 3.3.1-1 #11
3. Single Reactor Coolant Pump
locked rotor (15.4.4)
12. Reactor Coolant Pump Bus 1. Complete Loss of Forced 3.3.1
Undervoltage Trip Reactor Coolant Flow (15.3.4) Table 3.3.1-1 #11
2. Partial Loss of Forced Reactor 3.3.1
Coolant Flow(15.2.5) Table 3.3.1-1 #10
13. Reactor Coolant Pump Bus 1. Complete Loss of Forced 3.3.1
Underfrequency Trip Reactor Coolant Flow (15.3.4) Table 3.3.1-1 #12
2. Partial Loss of Reactor coolant flow
(15.2.5)
14. Low-low Steam 1. Loss of Normal Feedwater 3.3.1
Generator Water (15.2.8) Table 3.3.1-1 #13
Level Trip
2. Loss of Offsite Power to the
Station Auxiliaries (Station
Blackout)(15.2.9)
3. Major Rupture of a Main Feedwater
Pipe (15.4.2.2) Outside
Containment
4. Loss of External Electrical load
and/or Turbine trip (15.2.7) Note ¢
15. Turbine Trip- 1. Loss of External Electrical 3.3.1
Reactor Trip Load and/or Turbine Trip Table 3.3.1-1 #14
(15.2.7) Note c
16. Safety Injection 1. Accidental Depressurization of 3.3.1
Signal Actuation the Main Steam System (15.2.13)  Table 3.3.1-1 #15
Trip
2. Maijor Rupture of a Main Steam
Line (15.4.2.1)
3. Major Rupture of a Main Feedwater

Pipe (15.4.2.2)

7.2-46 REACTOR TRIP SYSTEM
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Table 7.2-4 Reactor Trip Correlation

(Page 5 of 5)
TRIPE ACCIDENTI! TECH SPEC
17. Manual Trip 1. Available for all Accidents 3.3.1
(Chapter 15) Table 3.3.1-1 #1

NOTES:
a. Trips are listed in order of discussion in Section 7.2

b. References refer to Chapter 15 accident analyses in which the trip may be utilized, either as
primary or backup trip.

c. The Reactor trip on Turbine trip is an anticipatory trip and is not credited in the accident
analyses.

REACTOR TRIP SYSTEM 7.2-47
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7.3 ENGINEERED SAFETY FEATURES ACTUATION SYSTEM

In addition to the requirements for a reactor trip for anticipated abnormal transients, the
facility is provided with adequate instrumentation and controls to sense accident
situations and initiate the operation of necessary engineered safety features (ESF).
The occurrence of a limiting fault, such as a loss-of-coolant accident (LOCA) or a
steamline break, requires a reactor trip plus actuation of one or more of the engineered
safety features in order to prevent or mitigate damage to the core and reactor coolant
system components, and ensure containment integrity.

In order to accomplish these design objectives the engineered safety features system
has proper and timely initiating signals which are supplied by the sensors, transmitters
and logic components making up the various protection system channels and trains of
the engineered safety features actuation system (ESFAS).

7.3.1 Description

The engineered safety features actuation system uses selected plant parameters,
determines whether or not predetermined limits are being exceeded and, if they are,
combines the signals into logic matrices sensitive to combinations indicative of primary
or secondary system boundary ruptures (Class Il or IV faults). Once the required logic
combination is completed, the system sends actuation signals to the appropriate
engineered safety features components. The engineered safety features actuation
system meets the requirements of Criteria 13, 20, 27, 28 and 38 of the 1971 General
Design Criteria (GDC).

7.3.1.1 System Description

The engineered safety features actuation system is a functionally defined system
described in this section. The equipment which provides the actuation functions
identified in Section 7.3.1.1.1 is listed below and discussed in this section and the
references.

(1) Process Protection and Control System (References [1] and [5])
(2) Solid State Logic Protection System (Reference [2])

(3) Engineered Safety Features Test Cabinet

(4) Manual Actuation Circuits

The engineered safety features actuation system consists of two discrete portions of
circuitry: 1) A process protection portion consisting of three or four redundant channels
per parameter or variable to monitor various plant parameters such as the reactor
coolant system and steam system pressure and temperatures and containment
pressures; and 2) a logic portion consisting of two redundant trains which receive
inputs from the process protection channels and perform the logic needed to actuate
the engineered safety features. Each logic train is capable of actuating the engineered
safety features equipment required. The intent is that any single failure within the

ENGINEERED SAFETY FEATURES ACTUATION SYSTEM 7.3-1
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7.3.1.1.1

7.3-2

engineered safety features actuation system shall not prevent system action when
required.

The redundant concept is applied to both the process protection and logic portions of
the system. Separation of redundant process protection channels begins at the
process sensors and is maintained in the field wiring, containment vessel penetrations
and process protection racks terminating at the redundant safeguards logic racks. The
design meets the requirements of Criteria 20, 21, 22, 23 and 24 of the 1971 GDC.

The variables are sensed by the process protection circuitry as discussed in
References [1] and [5] and in Section 7.2. The outputs from the process protection
channels are combined into actuation logic as shown in Figure 7.3-3,

Figure 7.2-1 Sheet 4 and Figure 7.6-6 Sheet 1. Tables 7.3-1 and 7.3-2 give additional
information pertaining to logic and function.

The interlocks associated with the engineered safety features actuation system are
outlined in Table 7.3-3. These interlocks satisfy the functional requirements discussed
in Section 7.1.2.

Controls provided on the control board for manual initiation of protective actions are
discussed in Section 7.3.2.2.6.

Function Initiation

Functions which rely on the engineered safety features actuation system for initiation
include:

(1) A reactor trip, provided one has not already been generated by the reactor
trip system.

(2) Emergency Core Cooling System (ECCS) pumps, and associated valving
which provide emergency makeup water to the cold legs of the reactor
coolant system following a loss-of-coolant accident.

(3) Essential raw cooling water and component cooling water pumps start and
heat exchanger valve realignment.

(4) Auxiliary feedwater pumps and associated valves which maintain the steam
generator heat sink during emergency or accident conditions.

(5) Phase A containment isolation, whose function is to prevent fission product
release (isolation of all lines not essential to reactor protection).

(6) Steamline isolation to prevent the continuous, uncontrolled blowdown of
more than one steam generator and thereby uncontrolled reactor coolant
system cooldown.

(7) Main feedwater isolation as required to prevent or mitigate the effect of
excessive cooldown and the effects of Main Steam Valve Vault flooding due
to a main feedwater line break.

ENGINEERED SAFETY FEATURES ACTUATION SYSTEM
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(8) Start the emergency diesels to assure backup supply of power to emergency
and supporting systems components.

(9) Isolate the control room intake ducts to meet control room occupancy
requirements following a loss-of-coolant accident.

(10) Emergency gas treatment system actuation.
(11) Containment ventilation isolation.

(12) Containment spray actuation to reduce containment pressure and
temperature on a loss-of-coolant accident or steamline break inside
containment.

(13) Phase B containment isolation which isolates the containment following a
loss-of-coolant accident or a steam or feedwater line break within
containment to limit radioactive releases, and starts the containment air
return fans to cool containment and reduce pressure following an accident.
(Phase B isolation together with Phase A isolation results in isolation of all but
safety injection and spray lines penetrating the containment.)

(14) Automatic switchover of the RHR pumps from the injection to the recirculation
mode (Post-LOCA).

(15) Auxiliary Building isolation.

7.3.1.1.2 Process Protection Circuitry

The process protection system sensors and racks for the engineered safety features
actuation system are described in References [1] and [5]. Discussed in these reports
are the protection system parameters to be measured including pressures, flows, tank
and vessel water levels, and temperatures as well as the measurement and signal
transmission considerations. These latter considerations include the transmitters, flow
elements, and resistance temperature detectors, as well as automatic calculations,
signal conditioning/processing and location and mounting of the devices.

The sensors monitoring the primary system are located as shown on the system flow
diagrams in Chapter 5, Reactor Coolant System. The secondary system sensor
locations are shown on the feedwater and steam system flow diagrams given in
Chapter 10, Main Steam and Power Conversion Systems.

Containment pressure is sensed by four physically separated, seismically mounted
transmitters outside of the containment. The distance from penetration to transmitter
is kept to a minimum, and separation is maintained.

The following is a description of those functions not included in the reactor trip or
engineered safety features actuation systems which enable additional monitoring in
the post loss-of-coolant accident recovery period.

(1) High head and low head ECCS pumps flow.
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These channels clearly show that the ECCS pumps are operating. The
transmitters are located outside the containment.

(2) ECCS Pumps Status

ECCS pumps status is provided by red (running) and green (stopped)
indicating lights on the control board. These lights are operated by pump
motor circuit breaker auxiliary contacts.

(3) Valve position

Engineered safety features remote operated valves are provided position
indication on the control board to show proper positioning of the valves.
Valve position typically is displayed by red (open) and green (closed) lights
actuated by limit switches integral to the valve operator, or in some instances
by valve stem mounted limit switches which are independent of the valve
operator. The RHR heat exchanger outlet flow control valves (FCV-74-16 and
28) are exceptions in that each valve has only a red light that is on when the
valve is fully open. For the accumulator isolation valves, in addition to the
valve position lights, annunciation is provided on the control board if the
valves are not correctly positioned for ESF actuation.

7.3.1.1.3 Analog Instrumentation

7.3-4

The miscellaneous safety-related analog process control and indication loops are
made up of discrete analog modules that have been tested and qualified for use in
safety related systems. The various components have been qualified to IEEE Standard
323-1983 (R-1996) "IEEE Standard for Qualifying Class |IE Equipment for Nuclear
Power Generating Stations", IEEE Standard 344-1987 (R-1993) "IEEE Standard
Recommended Practices for Seismic Qualification of Class IE Equipment for Nuclear
Power Generating Stations", and IEEE Standard 384-1984 (R-1992) "IEEE Standard
Criteria for Independence of Class IE Equipment and Circuits". The modules are
arranged in instrument loops to provide the safety functions listed below:

m  Turbine driven AFW Pump Flow Control

= Motor driven AFW pump differential pressure indication and recirculation valve
control

m  Steam generator AFW flow and level indication and control

= Containment Pressure indication

m  Upper and Lower Compartment Containment Ambient Temperature indication
s RHR Heat Exchanger CCS Supply Header Flow

»  Sample Heat Exchanger Header CCS Differential Flow

m  ERCW Strainer Differential Pressure, Backwash and Flush Control

m  CCS Heat Exchanger B Inlet Pressure

m  CCS Surge Tank Level Control

m  CCS Heat Exchanger B Outlet Temperature

»  Reactor Vessel Head Vent Throttle Manual Loading Station (Unit 2 Only)
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7.31.1.4

7.3.1.1.5

s EGTS Annulus Differential Pressure Control

The components are physically arranged in the racks to meet the requirements of
IEEE-279 and Watts Bar Design Criteria WB-DC-30-4, Separation/Isolation. (Unit 2
Only) Two IE analog modules are used to isolate IE to Non-IE signals. These are the
Contact Output Isolator and Voltage-to-Current Converter, both of which have the
Input and Output signals isolated.

EMI testing and acceptance by TVA of the Foxboro Spec 200 hardware is documented
in Reference [8].

Logic Circuitry

The engineered safety features logic racks are discussed in detail in Reference [2].
The description includes the considerations and provisions for physical and electrical
separation as well as details of the circuitry. Reference [2] also covers certain aspects
of on-line test provisions, provisions for test points, considerations for the instrument
power source, and considerations for accomplishing physical separation. The outputs
from the process protection channels are combined into actuation logic as shown on
Figure 7.3-3, Figure 7.2-1, Sheet 4, and Figure 7.6-6, Sheet 1.

To facilitate engineered safety features actuation testing, two cabinets (one per train)
are provided which enable operation, to the maximum practical extent, of safety
features loads on a group by group basis until actuation of all devices has been
checked. Testing of the ESFAS and actuated devices is discussed in Section 7.3.2.2.5.

Final Actuation Circuitry

The outputs of the solid state logic protection system (the slave relays) are energized
to actuate, as are most final actuators and actuated devices. These devices include
the following:

(1) ECCS pumps and valve actuators (see Chapter 6).

(2) Containmentisolation: Phase A signal isolates all non-essential process lines
on receipt of safety injection signal; Phase B signal isolates remaining
process lines (which do not include safety injection and containment spray
lines) on receipt of 2/4 high-high containment pressure signal (see
Chapter 6).

(3) Essential raw cooling water and component cooling water pumps and valve
actuators (see Chapter 9).

(4) Auxiliary feedwater pumps and valve actuators (see Chapter 10).
(5) Diesel generators start (see Chapter 8).

(6) Feedwater Isolation (see Chapter 10).
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(7)

(8)

9)

(10)
(11)
(12)
(13)
(14)

Containment ventilation isolation valve and damper actuators (see Chapters
6 and 9).

Steamline isolation valve actuators (see Chapter 10).
Containment spray pump and valve actuators (see Chapter 6).
Control room isolation (see Chapters 6 and 9).

Auxiliary building isolation (see Chapters 6 and 9).

Auxiliary Building Gas Treatment System (see Chapter 6).
Emergency Gas Treatment System (see Chapter 6).

Motor-Operated Valve Thermal Overload Bypass (see Chapter 8).

In the event of an accident concurrent with a station electrical blackout, the engineered
safety features loads are sequenced onto the diesel generators to prevent overloading
them. This sequence is discussed in Chapter 8. The design meets the requirements
of Criterion 35 of the 1971 GDC.

7.3.1.1.6 Support Systems

The following systems are required for support of the Engineered Safety Features:

(1)
(2)
(3)
(4)
)

Essential Raw Cooling Water System - heat removal (see Chapter 9).
Component Cooling Water System - heat removal (see Chapter 9)
Electrical Power Distribution Systems (see Chapter 8).

Auxiliary Control Air System (see Chapter 9).

Heating, Ventilating and Air Conditioning Systems (see Chapter 9).

7.3.1.2 Design Bases Information

The functional diagrams presented in Figure 7.3-3, Figure 7.2-1, Sheet 4, and Figure
7.6-6, Sheet 1 provide the functional logic associated with requirements for the
engineered safety features actuation system. Requirements for the engineered safety
features system are given in Chapters 6, 9 and 10. Given below is the design bases
information required in IEEE Standard 279-1971031,

7.3.1.21

7.3-6

Generating Station Conditions

Chapter 15 identifies the generating station conditions which require protective action.
These conditions include primary system breaks, such as LOCA and steam generator
tube rupture, and secondary system breaks such as steamline rupture and feedwater
line break.
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7.3.1.2.2 Generating Station Variables

The generating stationvariables thatare monitored by the ESFAS for the automatic
initiation of protective actionsfor the events identified in Chapter 15 include the
following:

(a) Pressurizer pressure

(b) Containment pressure

(c) Steamline pressure

(d) Steamline pressure rate

(e) Steam generator level

()  Reactor coolant temperature (Tayg)

(g) Containment Purge air exhaust radiation monitors
(h) Main steam valve vault level switches

(i)  Containment sump level

7.3.1.2.3 Spatially Dependent Variables

The only variable sensed by the engineered safety features actuation system which
has spatial dependence is reactor coolant temperature. The effect on the
measurement is negated by taking multiple samples from the reactor coolant hot and
cold legs and electronically averaging these samples in the process protection system.

7.3.1.2.4 Limits, Margin and Levels

Prudent operational limits, available margins and setpoints before onset of unsafe
conditions requiring protective action are discussed in Chapter 15 and the Technical
Specifications. See Section 7.1.2.1.9 for additional discussion.

7.3.1.2.5 Abnormal Events

The malfunctions, accidents, or other unusual events which could physically damage
protection system components or could cause environmental changes are as follows:

(1) Loss-of-Coolant Accident (see Section 15.3 and 15.4)

(2) Steamline and feedwater line Breaks (see Sections 15.3 and 15.4)
(3) Earthquakes (see Sections 2.5 and 3.7)

(4) Fire (see Section 9.5.1)

(5) Explosion (Hydrogen buildup inside-containment) (see Section 6.2.5)

ENGINEERED SAFETY FEATURES ACTUATION SYSTEM 7.3-7



WATTS BAR

WBNP-106

(6)
(7)
(8)

Missiles (see Section 3.5)
Flood (see Sections 2.4 and 3.4)

Wind and tornadoes (See Section 3.3)

7.3.1.2.6 Minimum Performance Requirements

Minimum performance requirements are as follows:

(1)

(2)

(3)

System Response Times:
The ESFAS response time is defined in Section 7.1.

The maximum allowable engineered safety features response times are
provided in the Technical Requirements Manual. These values are verified
in accordance with the Technical Specifications and are consistent with the
safety analyses. See Table 7.1-1, Note 1, for a discussion of periodic
response time verification capabilities.

System accuracies:

Accuracies required for generating the required ESFAS signals for mitigation
of the design basis events considered in Chapter 15 are provided in
References [6] and [7].

Ranges of sensed variables to be accommodated until conclusion of
protective action is assured:

Typical ranges of instrumentation used in generating the required ESFAS
signals for protection against the postulated events given in Chapter 15 are
as follows:

(a) Pressurizer pressure 1700 to 2500 psig

(b) Containment pressure -2 to 15 psig

(c) Steamline pressure 0 to 1300 psig

(d) Steam generator level 0 to 100% (see Table 7.2-3)
(e) Tayg 530 to 630° F

7.3.1.3 Final System Drawings

7.3-8

The functional logic diagrams, electrical schematic diagrams and other drawings for
the systems discussed in this section are referenced in Table 1.7-1.
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7.3.2 Analysis

7.3.2.1 System Reliability/Availability and Failure Mode and Effect Analyses

A discussion on the reliability/availability of the Eagle 21 process protection system is
provided in Section 7.2.2.

A failure mode and effects analysis (FMEA) was performed [Reference 4] on a generic
ESFAS similar to the Watts Bar ESFAS including sensors, signal processing
equipment, and Solid State Protection System (SSPS) logic. The results of the FMEA
show that the ESFAS complies with the single failure criterion of IEEE 279-1971. No
single failure was found which could prevent the ESFAS from generating the proper
actuation signal on demand for an engineered safety feature. Failures are either in the
safe direction, or a redundant channel or train ensures the necessary actuation
capability. The actuation functions are essentially the same for the Watts Bar Nuclear
Plant as for the generic system analyzed . The Watts Bar ESFAS has been designed
to safety design criteria equivalent to the generic system analyzed. This ESFAS FMEA
applies to all Watts Bar engineered safety features, both NSSS and BOP related, that
are automatically actuated by the dry contacts of the slave relays in the output cabinets
of the SSPS.

7.3.2.2 Compliance With Standards and Design Criteria

Discussion of the General Design Criteria (GDC) is provided in various sections of
Chapter 7 where a particular GDC is applicable. Compliance with certain IEEE
Standards and Regulatory Guides is presented in Section 7.1, Table 7.1-1. The
discussion given below shows that the engineered safety features actuation system
complies with IEEE Standard 279-1971, Reference [3].

7.3.2.2.1 Single Failure Criterion

The discussion presented in Section 7.2.2.2 (item 2) is applicable to the engineered
safety features actuation system, with the following exception.

In the ESFAS, a loss of input power to a channel or logic train will result in a signal
calling for a trip (except containment spray and switchover from injection to
recirculation following a safety injection). The ESFAS slave relay outputs are
energized to actuate the ESF equipment. In the event of a loss of instrument power to
one ESFAS train, and independent, redundant train is available to actuate the required
ESF equipment. The power supply for the protection systems is discussed in Chapter
8. For the noted exceptions, the final comparators are energized to trip to avoid
spurious actuation. In addition, manual containment spray requires a simultaneous
actuation of two manual controls. Two sets of manual containment spray controls are
provided (2 switches/set). Simultaneous operation of both switches in either set will
actuate containment spray in both trains. (Section 7.3.2.2.6 provides a discussion of
protective action manual initiation capability.) This is considered acceptable because
spray actuation on high-high containment pressure signal provides automatic initiation
of the system via protection channels meeting the criteria in Reference [3]. Moreover,
most ESF equipment (valves, pumps, etc.) can be individually manually actuated from
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7.3.2.2.2

7.3.2.2.3

7.3.2.2.4

7.3.2.2.5

7.3-10

the control board. Hence, a third mode of containment spray initiation is available. The
design meets the requirements of Criteria 21 and 23 of the 1971 GDC.

Equipment Qualification

Equipment qualifications are discussed in Sections 3.10 and 3.11.

Channel Independence

The discussion presented in Section 7.2.2.2 (Item 6) is applicable. The ESF slave
relay outputs from the solid state logic protection cabinets are redundant, and the
actuations associated with each train are energized up to and including the final
actuators by the separate ac power supplies which power the logic trains.

Control and Protection System Interaction

The discussions presented in Section 7.2.2.2 (Iltem 7) are applicable.

Capability for Sensor Checks and Equipment Test and Calibration

The discussions of system testability in section 7.2.2.2 (Items 9,10, and 11) are
applicable to the sensors, process protection system circuitry, and logic trains of the
ESFAS.

The following discussions cover those areas in which the testing provisions differ from
those for the reactor trip system.

Testing of ESFAS

The ESF systems are tested to provide assurance that they will operate as designed
and will be available to function properly in the unlikely event of an accident. The
testing program meets the requirements of Criteria 21, 37, 40, and 43 of the 1971 GDC
and RG 1.22 as discussed in Table 7.1-1. The tests described in this section and
further discussed in Section 6.3.4 meet the requirements on testing of the ECCS as
stated in GDC 37 except for the operation of those components that will cause an
actual safety injection. The test, as described, demonstrates the performance of the
full operational sequence that brings the system into operation, the transfer between
normal and emergency power sources and the operation of associated cooling water
systems. The safety injection and RHR pumps are started and operated and their
performance verified in a separate test discussed in Section 6.3.4. When the pump
tests are considered in conjunction with the ECCS test, the requirements of GDC 37
on testing of the ECCS are met as closely as possible without causing an actual safety
injection.

Testing as described in Sections 6.3.4, 7.2.2.2 (Item 10) and this section provides
complete periodic testability during reactor operation of all logic and components
associated with the ECCS. The program is as follows:

(1)  Prior to initial plant operation, ESF system tests are conducted. (See
Chapter 14.)
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(2) Subsequent to initial startup, periodic ESF system tests are conducted in
accordance with Technical Specification surveillance requirements.

(3) During on-line operation of the reactor, all of the ESFAS process protection
and logic circuitry are fully tested. ESFAS slave relays and ESF final
actuators are tested in accordance with Technical Specification Surveillance
requirements. The final actuators whose operation is not compatible with
continued on-line plant operation are checked by means of continuity testing.

Performance Test Acceptability Standard for the Safety Injection Signal and the
Automatic Demand Signal for Containment Spray Actuation

During reactor operation the basis for ESFAS acceptability is the successful
completion of the tests performed on the initiating system and the ESFAS. Checks of
process indications verify operability of the sensors. Protection system checks and
tests verify the operability of the circuitry. Solid state logic testing also checks the
signal path from logic input relay contacts through the logic matrices and master relays
and performs continuity tests on the coils of the output slave relays. Final actuator
testing operates the output slave relays and verifies operability of those devices which
require safeguards actuation and which can be tested without causing plant upset. A
continuity check is performed on the actuators of the untestable devices. Final
actuator testing of devices which cannot be tested online is performed during a
refueling outage in accordance with Technical Specification surveillance requirements.
Operation of the final devices is confirmed by control board indication and visual
observation that the appropriate pump breakers close and automatic valves have
completed their travel.

The basis for acceptability for the ESF interlocks is control board indication of proper
receipt of the signal upon introducing the required input at the appropriate setpoint.

Maintenance checks (performed in accordance with the plant procedures) such as
resistance to ground of signal cables in radiation environments, are based on
qualification test data which identifies what constitutes acceptable radiation, thermal,
etc., degradation.

Frequency of Performance of Engineered Safety Features Actuation Tests
Testing is performed on a periodic basis in accordance with the Technical
Specifications.

Engineered Safety Features Actuation Test Description

The following sections describe the testing circuitry and procedures for the on-line
portion of the testing program. The guidelines used in developing the circuitry and
procedures are:

(1) The test procedures must not involve the potential for damage to any plant
equipment.

(2) The test procedures must minimize the potential for accidental tripping.
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(3) The provisions for on-line testing must minimize complication of engineered
safety features actuation circuits so that their reliability is not degraded.

Description of Initiation Circuitry

Several systems comprise the total engineered safety features system, the maijority of
which may be initiated by different process conditions and be reset independently of
each other. The remaining functions are initiated by a common signal (safety injection)
which in turn may be generated by different process conditions. In addition, operation
of all other vital auxiliary support systems, such as auxiliary feedwater, component
cooling and essential raw cooling water, is initiated by the safety injection signal. Each
function is actuated by a logic circuit which is duplicated for each of the two redundant
trains of engineered safety features initiation circuits. The output of each of the
initiation circuits consists of a master relay which drives slave relays for contact
multiplication as required. The logic, master, and slave relays are mounted in the
SSPS cabinets designated Train A and Train B, respectively, for the redundant
counterparts. The master and slave relay circuits operate various pump and fan circuit
breakers or starters, motor operated valve contactors, solenoid operated valves,
emergency generator starting, etc.

Process Protection System Testing

Process protection system testing is identical to that used for reactor trip circuitry and
is described in Section 7.2.2.2 (Item 10). Exceptions to this are containment spray and
switchover from injection (RWST) to recirculation (containment sump), which are
energized to actuate 2/4 and reverts to 2/3 when one channel is in test.

Solid State Logic Testing

Except for the channels which actuate containment spray and switchover from the
refueling water storage tank to containment sump, solid state logic testing is the same
as that discussed in Section 7.2.2.2 (Item 10). Logic matrices are tested from the Train
A and Train B logic rack test panels. During this test, each of the logic inputs is
actuated automatically in all combinations of trip and non-trip logic. Trip logic is not
maintained sufficiently long enough to permit master relay actuation; master relays are
"pulsed" in order to check continuity. Following the logic testing, the individual master
relays are actuated electrically to test their mechanical operation. Actuation of the
master relays during this test will apply low voltage to the slave relay coil circuits to
allow continuity checking but not slave relay actuation. Annunciation is provided in the
control room to indicate when a train is in test. During logic testing of one train, the
other train can initiate the required engineered safety features function. Additional
details of the logic system testing are given in Reference [2].

Actuator Testing

At this point, testing of the initiation circuits through operation of the master relay and
its contacts to the coils of the slave relays has been accomplished. Slave relays do
not operate because of reduced voltage.
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The ESFAS final actuation device or actuated equipment testing is performed from the
engineered safeguards test cabinets, which are located near the SSPS logic cabinets.
One test cabinet is provided for each of the two protection Trains A and B. Each
cabinet contains individual test switches necessary to actuate the slave relays. To
prevent accidental actuation, test switches are of the type that must be rotated and
then depressed to operate the slave relays. Assignments of contacts of the slave
relays for actuation of various final devices or actuators have been made such that
groups of devices or actuated equipment can be operated individually during plant
operation without causing plant upset or equipment damage. In the unlikely event that
an ESFAS signal is initiated during the test of the final device that is actuated by this
ESFAS signal, the device will already be in its safeguard position.

During this last procedure, close communication between the main control room
operator and the operator at the test panel is required. Prior to the energizing of a slave
relay, the main control room (MCR) operator assures that plant conditions will permit
operation of the equipment that will be actuated by the relay. After the tester has
energized the slave relay, the MCR operator observes that all equipment has operated
as indicated by appropriate indicating lamps, monitor lamps, and annunciators on the
control board, and, using a prepared check list, records all operations. He then resets
all devices and prepares for operation of the next slave relay actuated equipment.

By means of the procedure outlined above, all ESF devices actuated by ESFAS
initiation circuits are operated by the test circuitry, except those devices which cannot
be operated at power without causing a plant upset (Reference Table 7.1-1, Note 2).

Actuator Blocking and Continuity Test Circuits

Those few final actuation devices that cannot be actuated during plant operation
(discussed in Section 7.1) have been assigned to slave relays for which additional test
circuitry has been provided to individually block actuation of a final device upon
operation of the associated slave relay during testing. Operation of these slave relays,
including contact operations, and continuity of the electrical circuits associated with the
final devices' control are checked in lieu of actual operation. The circuits provide for
monitoring of the slave relay contacts and the devices' control circuit cabling, control
voltage, and actuation solenoids. These continuity test circuits for components that
cannot be operated online are verified by proving lights on the safeguards test
cabinets. Interlocking prevents blocking the output from more than one output relay in
a protection train at a time. Interlocking between trains is also provided to prevent
continuity testing in both trains simultaneously; therefore the redundant device
associated with the protection train not under test will be available in the event
protection action is required.

Time Required for Testing

It is estimated that testing of a process protection system channel can be performed
within one hour. Logic testing of either Train A or B can be performed in less than 2
hours. Testing of actuated components (including those which can only be partially
tested) requires the involvement of a control room operator. It is expected to require
several shifts to accomplish these tests. During this procedure automatic actuation

ENGINEERED SAFETY FEATURES ACTUATION SYSTEM 7.3-13



WATTS BAR WBNP-106

7.3-14

circuitry will override testing, except for those few devices associated with a single
slave relay whose outputs must be blocked. It is anticipated that continuity testing
associated with a blocked slave relay could take several minutes. During this time the
redundant devices in the other train would be functional.

Summary of On-Line Testing Capabilities

The procedures described provide capability for checking completely from the process
signal to the logic cabinets and from there to the individual pump and fan circuit
breakers or starters, valve contactors, pilot solenoid valves, etc., including all field
cabling actually used in the circuitry called upon to operate for an accident condition.
For those few devices whose operation could adversely affect plant or equipment
operation, the same procedure provides for checking from the process signal to the
logic rack. To check the final actuation device a continuity test of the individual control
circuits is performed.

The procedure requires testing at various locations:

(1) Process protection system testing and verification of comparator setpoints
are accomplished at protection system racks. Verification of comparator
relay operation is done at the MCR status lights, except for those channels
which may be tested in bypass.

(2) Logic testing through operation of the master relays and low voltage
application to slave relays is done at the logic racks test panels.

(3) Testing of pumps, fans and valves is done at the safeguards test cabinets
located near the logic racks in combination with actions initiated by the control
room operator.

(4) Continuity testing for those circuits that can not be operated is also done at
the safeguards test cabinets.

Testing During Shutdown

Emergency core cooling system tests are performed as described in Section 6.3 and
in accordance with Technical Specifications at each major fuel reloading with the
reactor coolant system isolated from the emergency core cooling system by closing the
appropriate valves. A test safety injection signal will then be applied to initiate
operation of active components (pumps and valves) of the emergency core cooling
system. This is in compliance with Criterion 37 of the 1971 GDC.

Containment spray system tests are performed as described in Section 6.2 and in
accordance with Technical Specifications at each major fuel reloading. The tests will
be performed with the isolation valves in the spray supply lines at the containment
blocked closed and are initiated by tripping the normal actuation instrumentation.
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Periodic Maintenance Inspections

The maintenance procedures which follow may be accomplished in any order. The
frequency will depend on the operating conditions and requirements of the reactor
power plant. If any degradation of equipment operation is noted, either mechanically
or electrically, remedial action is taken to repair, replace, or readjust the equipment.
Optimum operating performance must be achieved at all times.

Typical maintenance procedures include the following:
(1) Check cleanliness of accessible exterior and interior surfaces.
(2) Check fuses for corrosion.
(3) Inspect for loose or broken control knobs and burned out indicator lamps.
(4) Inspect for moisture and condition of cables and wiring.

(5) Mechanically check connectors and terminal boards for looseness, poor
connection, or corrosion.

(6) Inspect the components of each assembly for signs of overheating or
component deterioration.

(7) Perform complete system operating check.

The balance of the requirements listed in Reference [3] (paragraphs 4.11
through 4.22) are discussed in Sections 7.2.2.2 and 7.3.2.2.6.

7.3.2.2.6 Manual Initiation, Reset and Blocks of Protective Actions

Capability is provided at the system level for manual initiation of reactor trip, safety
injection, Phase A containment isolation and containment spray (along with Phase B
containment isolation and containment ventilation isolation). Manual reset capability
of these protective actions is also provided. This design meets the requirements of
IEEE 279-1971, Section 4.17 and Regulatory Guide 1.62.

However, the manual initiation of both steamline isolation, and switchover from
injection to recirculation following a loss of primary coolant accident are performed at
the component level only, so that the initiation of these two systems is not specifically
designed to meet Section 4.17 of IEEE 279-1971.

The main steam isolation valves are included in the plant design to mitigate the
consequences resulting from steam line breaks, and protection logic is provided in the
plant design to automatically close the valves when necessary. There are four
individual main steam isolation valve control switches (one per loop) mounted on the
control board. Each switch when actuated will isolate one of the main steam lines.

The inadvertent manual closure of any single MSIV or the simultaneous closure of all
MSIV's both create Condition Il events. If all valves are closed simultaneously when
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the plant is operating at full power, a loss-of-load accident will result with a consequent
primary and secondary side pressure increase, reactor trip and secondary side safety
valve release (Refer to Section 15.2.7). In the event that only one valve closes on
inadvertent manual actuation when the plant is operating at full power, the steam flow
in the other loops will increase in an attempt to restore full power steam flow. The non-
symmetric steam flow can cause an increase in reactor power due to the non-
symmetric loop temperatures and to the moderator temperature coefficient of
reactivity. Consequently margins to DNB are reduced.

Since remote individual closure of the steam line isolation valves from the control room
is required for operational reasons, additional manual capabilities which could result in
the inadvertent closure of all steam isolation valves would not improve reactor safety.

The manual operations performed at the component level for switchover from safety
injection to cold leg recirculation following a loss of primary coolant accident are
described in Table 6.3-3. An evaluation of the associated time sequences is presented
in Table 6.3-3a.

The manual block features associated with pressurizer and steam line safety injection
signals provide the operator with the means to block initiation of safety injection during
plant startup or shutdown/cooldown. These block features meet the requirements of
Paragraph 4.12 of IEEE Standard 279-1971 in that automatic removal of the block
occurs when plant conditions require the protection system to be functional.

7.3.2.3 Further Considerations

In addition to the considerations given above, a loss of one train of auxiliary control air
or loss of a component cooling water train to vital equipment has been considered.
Neither the loss of an auxiliary control air train nor the loss of one component cooling
water train can cause safety limits as given in the Technical Specifications to be
exceeded. Likewise, loss of either one of the two trains will not adversely affect the
core or the reactor coolant system nor will it prevent safe shutdown if this is necessary.
Furthermore, in general, pneumatically operated valves and controls will assume a
preferred failure position upon loss of control air.

The reactor coolant pumps are not tripped on a loss of component cooling water.
However indication in the control room is provided whenever component cooling water
is lost. The reactor coolant pumps can run about 10 minutes after a loss of component
cooling water. This provides adequate time for the operator to correct the problem or
trip the plant if necessary.

In regards to the auxiliary feedwater system, there are two motor driven pumps and
one turbine driven pump. Starting of these pumps and closing of blowdown isolation
and sampling valves for all steam generators are initiated automatically by signals
listed in Table 7.3-1 item 3, Auxiliary Feedwater.

7.3.2.4 Summary

The effectiveness of the engineered safety features actuation system is evaluated in
Chapter 15, based on the ability of the system to contain the effects of Condition Il and
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7.3.2.41

IV faults, including loss of coolant and steam break accidents. The engineered safety
features actuation system parameters are based upon the component performance
specifications which are given by the manufacturer or verified by test for each
component. Appropriate factors to account for uncertainties in the data are factored
into the constants characterizing the system.

The engineered safety features actuation system must detect Condition Ill and IV
faults and generate signals which actuate the engineered safety features. The system
must sense the accident condition and generate the signal actuating the protection
function reliably and within a time determined by and consistent with the accident
analyses in Chapter 15.

Much longer times are associated with the actuation of the mechanical and fluid
system equipment associated with engineered safety features. This includes the time
required for switching, bringing pumps and other equipment to speed and the time
required for them to take load.

Operating procedures require that the complete engineered safety features actuation
system normally be operable. However, redundancy of system components is such

that the system operability assumed for the safety analyses can still be met with certain
protection channels out of service. Channels that are out of service are to be placed
in the tripped mode or bypass mode in accordance with the Technical Specifications.

Loss-of-Coolant Protection

By analysis of the loss-of-coolant accident and in system tests it has been verified that
except for very small coolant system breaks which can be protected against by the
charging pumps followed by an orderly shutdown, the loss-of-coolant accident is
reliably detected by the low pressurizer pressure signal; the emergency core cooling
system is actuated in time to prevent or limit core damage. (Refer to Section 15.3.1.)

For large coolant system breaks the passive accumulators inject first because of the
rapid pressure drop. This protects the reactor during the unavoidable delay associated
with actuating the active emergency core cooling system phase. (Refer to Section
15.4.1.)

High containment pressure also actuates the emergency core cooling system.
Therefore, emergency core cooling actuation can be brought about by sensing this
other direct consequence of a primary system break; that is, the engineered safety
features actuation system detects the leakage of the coolant into the containment. The
generation time of the actuation signal of about 1.5 seconds, after detection of the
consequences of the accident, is adequate.

Containment spray will provide additional emergency cooling of containment and also
limit fission product release upon sensing elevated containment pressure (high-high)
to mitigate the effects of a loss-of-coolant accident.

The delay time between detection of the accident condition and the generation of the
actuation signal for these systems is assumed to be about 1.0 second; well within the

ENGINEERED SAFETY FEATURES ACTUATION SYSTEM 7.3-17



WATTS BAR WBNP-106

capability of the protection system equipment. However, this time is short compared
to that required for startup of the fluid systems.

The analyses in Chapter 15 show that the diverse methods of detecting the accident
condition and the time for generation of the signals by the protection systems are
adequate to provide reliable and timely protection against the effects of loss-of-coolant.

7.3.2.4.2 Steam Line Break Protection

7.3-18

The emergency core cooling system is also actuated in order to protect against a
steam line break. About 2.0 seconds elapses between sensing low steam line
pressure and generation of the actuation signal. Analysis of steam break accidents
assuming this delay for signal generation shows that the emergency core cooling
system is actuated for a steam line break in time to limit or prevent further core damage
for steam line break cases. There is a reactor trip but the core reactivity is further
reduced by the borated water injected by the emergency core cooling system.

Additional protection against the effects of steamline break is provided by feedwater
isolation which occurs upon actuation of the emergency core cooling system.
Feedwater line isolation is initiated in order to prevent excessive cooldown of the
reactor vessel and thus protect the reactor coolant system boundary.

Additional protection against a steamline break accident is provided by closure of all
steam line isolation valves in order to prevent uncontrolled blowdown of all steam
generators. The generation of the protection system signal is short compared to the
time to trip the fast acting steam line isolation valves .

In addition to actuation of the engineered safety features, the effect of a steamline
break accident also generates a signal resulting in a reactor trip on overpower or
following emergency core cooling system actuation. However, the core reactivity is
further reduced by the borated water injected by the emergency core cooling system.

The analyses in Chapter 15 of the steam break accidents and an evaluation of the
protection system design shows that the Engineered Safety Features Actuation
Systems are effective in preventing or mitigating the effects of a steam break accident.
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Table 7.3-1 Instrumentation Operating Condition
For Engineered Safety Features

NO. OF CHANNELS

NO. FUNCTIONAL UNIT NO. OF CHANNELS TO TRIP
1. SAFETY INJECTION
1a. Manual 2 1
1b. Containment 3 2
Pressure High
1c. Pressurizer 3 2
Pressure Low (1)
1d. Steamline Pressure Low (Lead- 12 (3/steamline) 2/3 in any
Lag compensated) (1) steamline
2. CONTAINMENT SPRAY
2a. Manual (2) 2
2b. Containment Pressure 2
High-High
3. AUXILIARY FEEDWATER
3a. Manual 3 1/pump
3b. Safety Injection See Item No. 1
3c. Steam Generator Level Low-Low 12 (3/SG) 2/3 in any SG (motor driven
pumps); 2/3 in 2/4 SG (Turbine
driven pumps)
3d. Loss of Offsite Power 16 (4/6.9kv shutdown 1/2 twice on any shutdown
board) board
3e. Trip of Both Turbine Driven Main 2 2
Feedwater Pumps
4, SWITCHOVER FROM
INJECTION TO
RECIRCULATION AFTER SI
[See (3)]
4a. Safety Injection AND See item No. 1
4b. Refueling Water Storage Tank 4 2
Level Low AND
4c. Containment Sump Level High 4 2

(1) Interlocked with Permissive P-11; see functional description of P-11 in Table 7.3-3

(2) Manual actuation of containment spray is accomplished by actuating either of two sets (two

7.3-20

ENGINEERED SAFETY FEATURES ACTUATION SYSTEM



WATTS BAR WBNP-106

switches per set). Both switches in a set must be actuated to obtain a manually initiated spray
signal. The sets are wired to meet separation and single failure requirements of IEEE Standard
279-1971. Simultaneous operation of two switches is desirable to prevent inadvertent spray
actuation.

(3) All of the identified conditions (4a, 4b, 4c) must be present concurrently to satisfy the
switchover logic.
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Table 7.3-2 Instrumentation Operating Condition For Isolation Functions
(Page 1 of 2)

NO. OF CHANNELS

NO. FUNCTIONAL UNIT NO. OF CHANNELS TO TRIP
1. CONTAINMENT ISOLATION
1a. Safety Injection See Item No. 1
(Phase A) of
Table 7.3-1.
1b. Containment Pressure 4 9
High-High (Phase B)
1c. Manual 1
Phase A 2
Phase B See Item No. 2a
of Table 7.3-1.
2. STEAMLINE ISOLATION
2a. Steamline Pressure Low* 12 (3/Steamline) 2/3 in any Steamline

(Lead-lag compensated)

2b. High Steamline Pressure Negative 12 (3/Steamline) 2/3 in any steamline
Rate (Rate-Lag compensated)*

2c. Containment Pressure 4 9
High-High
3. FEEDWATER LINE ISOLATION
3a. Safety Injection See ltem No. 1
of Table 7.3-1.
3b. Steam Generator 12 (3/Steam 2/3 in any Steam
Level High-High Generator) Generator
3c. Main Steam Valve Vault 6 (3/MSVV) 2/3 in any MSVV
High Flood Level
3d. Low Tayg+ 4 2
4, CONTAINMENT VENTILATION
ISOLATION
4a. Manual
Containment Isolation Phase A See Item No. 1c above.
Containment Spray See Item No. 2a
of Table 7.3-1.
4b. Containment Purge Air Exhaust Gas 2 1
Monitor

Radioactivity High***
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Table 7.3-2 Instrumentation Operating Condition For Isolation Functions
(Page 2 of 2)

NO. OF CHANNELS

NO. FUNCTIONAL UNIT NO. OF CHANNELS TO TRIP
4c. Safety Injection See Item No. 1
of Table 7.3-1.

*Interlocked with Permissive P-11; see functional description of P-11 in Table 7.3-3.

** Interlocked with Permissive P-4: see functional description of P-4 in Table 7.3-3.

*** During refueling operations, a CVI may also be initiated by High Radiation Detection from the
Refueling Area Monitors in addition to the Containment Purge Exhaust Monitors, Sl signal from

the operating unit, or high temperature from the Unit 1 or Unit 2 Auxiliary Building air intake. The
Refueling Area Monitor has 2 channels and requires only 1 channel to trip.
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Table 7.3-3 Interlocks For Engineered Safety Features Actuation System

Designation

Input

Function
Performed

P-4

P-11

P-14

Reactor trip
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