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7. INSTRUMENTATION AND CONTROL

Supervision of the operation of the nuclear and turbine-generator portions of
each unit is accomplished by the instrumentation and control systems which
provide the control room operator with required information to operate the units
in a safe and efficient manner. The systems are designed to permit periodic on
Tine tests to demonstrate the operability of the reactor protection system.

7.1 GENERAL DESIGN CRITERIA

Criteria applying in common to all instrumentation and control systems are given
in the following listing. Thereafter, criteria which are specified to any one
of the instrumentation and control systems are discussed in that section in
which the system is described.

7.1.1 INSTRUMENTATION AND CONTROL SYSTEMS CRITERIA

Instrumentation and Control Systems

Criterion: Instrumentation and controls shall be provided as required to
monitor and maintain within prescribed operating ranges essential
reactor facility operating variables. (GDC 12)
Instrumentation and controls are provided to monitor and maintain all
operationally important reactor parameters within prescribed operating ranges as
required by the stated criterion. Process variables which are required on a
continuous basis for the startup, power operation and shutdown are indicated,
recorded, and controlled from the control room which is a controlled access
area. The quantity and types of instrumentation provided is adequate for safe
and orderly operation of all systems and processes over the full operating
range.

NUREG-0700 "Guidelines for Control Room Design Review"

The control room design shall consider the control room workspace,
instrumentation, controls, and other equipment from a Human Factors Engineering
point of view that takes into account both system demands and operator
capabilities.

7.1-1 Rev 6 7/88




Regulatory Guide 1.97, Revision 3, "Instrumentation for Light-wWater Cooled
Nuclear Power Plants to Assess Plant and Environs Conditions During and
Following an Accident"

Regulatory Guide 1.97, Revision 3, divides all instrumentation used to monitor
Post Accident variables into five functional types as defined in Subsection
7.5.4.1. The requirements for this instrumentation are listed in Table 1 of
Regulatory Guide 1.97, Revision 3. The criteria are separated into three
separate groups or categories that provide a graded approach to requirements
depending on the importance to safety of the measurement of a specific
variable. Category 1 provides the most stringent requirements and is intended
for key variables. Category 2 provides less stringent requirements, and
generally applies to instrumentation designated for indicating system
operating status. Category 3 1is intended to provide requirements that will
ensure that high-quality off-the-shelf instrumentation is obtained and applies
to backup and diagnostic instrumentation. It is also used where the state of
the art will not support requirements for higher qualified instruments.
Subsection 7.5.4 provides an in depth description of Regulatory Guide 1.97,
Revision 3.

7.1-1a Rev 6 7/88




7.1.2 RELATED CRITERIA

Several criteria are related to all instrumentation and control systems but

are more specific to other features or systems.
discussed in other chapters or references, as listed.

Criterion

Suppression of Power Oscillations
Reactor Core Design

Quality Standards

Performance Standards

Fire Protection

Missile Protection

Emergency Power

7.1.3 REFERENCES

1. STDb-M-006, Engineering Guidelines for Fire Protection for Turkey Point

Units 3 & 4.

(GbC-7)
(GDbC-6)
(Gbc-1)
(Gbc-5)
(Gbc-3)
(GDC-40)

(GbC-39)

7.1-2

These are therefore

Discussion

Section 3.1
Section 3.1
Section 4.1
Section 4.1

Reference 1
Section 5.1

Section 8.1
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7.2 PROTECTIVE SYSTEMS

The protection systems consists of the control and instrumentation associated
with the Engineered Safety Features and the Reactor Protection System. The
Engineered Safety Features Instrumentation is discussed further in Section
7.5.

This section contains Figures 7.2-5, 7.2-8a, 7.2-8b, 7.2-8c, 7.2-8d, 7.2-8e,
7.2-8f and 7.2-8g which illustrate logic along with the nominal trip
setpoints. The trip setpoint values are also contained in the Technical
Specifications and Table 7.2-1.

7.2.1 DESIGN BASES

Core Protection Systems

Criterion: Core protection systems, together with associated equipment, shall
be designed to prevent or to suppress conditions that could result
in exceeding acceptable fuel damage Timits. (1967 Proposed GDC
14)

If the reactor protection system receives signals which are indicative of an
approach to unsafe operating conditions, the system actuates alarms, prevents
control rod withdrawal, and/or opens the reactor trip breakers. ’

The basic reactor operating philosophy is to define an allowable region of
power and coolant temperature conditions. This allowable range is defined by
the primary tripping functions, the overpower AT trip, the over-temperature
AT trip and the nuclear overpower trip. The operating region below these
trip settings is designed so that no combination of power, temperatures and
pressure could result in DNBR less than the safety analysis Timit value with
all reactor coolant pumps in operation. A complete list of tripping
functions may be found in Table 7.2-1.

7.2-1 Revised 04/06/2018



RCCA (rod cluster control assemblies) withdrawal is prevented by a dropped
RCCA signal to provide additional core protection. The dropped RCCA is
indicated from individual RCCA position indicators, rod bottom bistables or
by a rapid flux decrease on any of the power range nuclear channels.

Rod stops from nuclear overpower, overpower AT and overtemperature AT
deviation are provided to prevent abnormal power conditions which could
result from excessive control rod withdrawal initiated by operator violation
of administrative procedures. Automatic rod withdrawal by the reactor
control system has been permanently disabled. The overpower AT and
overtemperature AT rod stop setpoints are the same as the reactor trip
setpoints, effectively negating these functions.

Engineered Safety Features Protection Systems

Criterion: Protection systems shall be provided for sensing accident
situations and initiating the operation of necessary engineered
safety features. (1967 Proposed GDC 15)

Instrumentation and controls provided for the protective systems are designed
to trip the reactor, when necessary, to prevent or Timit fission product
release from the core and to Timit energy release; to signal containment
isolation; and to control the operation of engineered safety features
equipment.

The engineered safety features systems are actuated by the engineered safety
features actuation channels. Each coincidence network energizes an
engineered safety features actuation device that operates the associated
engineered safety features equipment, motor starters and valve operators.

The channels are designed to combine redundant sensors, and independent
channel circuitry, coincident trip logic and different parameter measurements
so that a safe and reliable system is provided in which a single failure will
not defeat the channel function. The action initiating sensors, comparators
and Togic is shown in the figures included in the detailed

7.2-2 Revised 04/17/2013



Engineered Safety Features instrumentation description given in Section
7.5.2. The Engineered Safety Features instrumentation system actuates
(depending on the severity of the condition) the Ssafety injection System, the
Containment Isolation System, containment Emergency Containment Cooling
System and Containment Spray System.

The passive accumulators of the Safety Injection System do not require signal
or power sources to perform their function. A description of the actuation
of the active portion of the Safety Injection System may be found in Table
7.2-1. Containment isolation is as tabulated in Table 7.2-1.

Protection Systems Reliability

Criterion: Protection system shall be designed for high functional
reliability and in-service testability necessary to avoid undue
risk to the health and safety of the public. (1967 Proposed GDC
19)

Protection channels are designed with sufficient redundancy for individual
channel calibration and test to be made during power operation without
degrading the reactor protection. 1In general, removal of the channel for
calibration/surveillance is accomplished by placing the channel 1in a
partial-trip mode. For example, a two-out-of-three channel becomes a
one-out-of-two channel. Testing will not cause a trip unless a trip
condition exists in a concurrent channel. Channel bypass capability exists

for Eagle 21 (overpower AT, overtemperature AT and Hi Pressurizer Level) and

the Nuclear Instrumentation System (Source Range and Intermediate Range)
utilizes channel bypass for calibration/surveillance.

Protection and operational reliability is achieved in part by providing
redundant instrumentation channels for each protective function. These
redundant channels are electrically independent and physically separated.
The channel design incorporates separate sensors, separate power supplies,
separate rack and panel mounted equipment and separate relays for the
actuation of the protective function. For protective functions where
two-out-of-three or two-out-of-four redundant-coincident actuation is
provided, a single channel failure will not impair the protective function
nor will it cause an unnecessary unit shutdown.

7.2-3 Revised 08/17/2016



Two of the three high-high containment pressure channels are powered from the
same source. However, loss of either power source will not impair the
protective function nor will it cause an unnecessary actuation of containment
spray.

Protection Systems Redundancy and Independence

Criterion: Redundancy and independence designed into protection systems
shall be sufficient to assure that no single failure on removal
from service of any component or channel of such a system will
result in Toss of the protection function. The redundancy
provided shall include, as a minimum, two channels of protection
for each protection function to be served. (1967 Proposed GDC
20)

The reactor protection system (for which credit is taken in the accident
analyses), is designed so that the most probable modes of failure in each
channel result in a signal calling for the protective trip. The protection
system design combines redundant sensors and channel independence with
coincident trip philosophy so that a safe and reliable system is provided, in
which a single failure will not defeat the channel function, cause a spurious
trip, or violate reactor protection criteria.

Channel independence is carried throughout the system, extending from the
sensor to the relay actuating the protective function. The protective and
control functions when combined are combined only at the sensor. The
protective and control functions are fully isolated in the remaining part of
the channel, control being derived from the primary protection signal path
through an isolation device. A failure in the control circuit, therefore,
does not affect the protection channel.

A discussion of Engineered Safety Features (ESF) instrumentation may be found
under Section 7.5.1.

In the Reactor Protection System, two reactor trip breakers are provided to
interrupt power to the RCCA drive mechanisms. The breaker main contacts are
connected in series with each other and with the power supply so that opening
either breaker dinterrupts power to all full Tength RCCA drive mechanisms
permitting the RCCAs to free fall into the core.

7.2-4 Revised 04/17/2013



Further detail on redundancy is provided through the descriptions of the
respective systems covered by the various subsections in this section.
Required continuous power supply for the protection systems 1is discussed 1in
Section 8.

In summary, reactor protection 1is designed to meet all presently defined

reactor protection criteria and is in accordance with the proposed IEEE 279
"Standard for Nuclear Plant Protection Systems" August 1968. The Eagle 21
instrumentation system is compliant with IEEE 279-1971 (see Section 7.2.6)

Protection Against Multiple Disability for Protection Systems

Criterion: The effects of adverse conditions to which redundant channels or
protection systems might be exposed in common, either under
normal conditions or those of an accident, shall not result in
Toss of the protection function or shall be tolerable on some
other basis. (1967 Proposed GDC 23)

The components of the protection system are designed and laid out so that
adverse environment accompanying an emergency situation, in which the
components are required to function, does not interfere with that function.

Separation of redundant process protection channels originates at the process
sensors and continues through the field wiring and containment penetrations
to the process protection racks. Physical separation is used to the maximum
practical extent to achieve separation of redundant transmitters. Separation
of field wiring is achieved using separate wireways, cable trays, conduit
runs and containment penetrations for each redundant channel. Redundant
process equipment is separated by Tocating components in different protection
racks. Each channel is energized from a separate instrument bus.

Two of the three high-high containment pressure channels are powered from the
same source. However, loss of either power source will not result in loss of
the protective function nor will it cause unnecessary actuation of
containment spray.

wiring between vital elements of the system outside of equipment housing is

routed and protected so as to maintain the true redundancy of the systems
with respect to physical hazards.
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Demonstration Of Functional Operability Of Protection Systems

Criterion: Means shall be included for suitable testing of the active
components of protection systems while the reactor is 1in
operation to determine if failure or loss of redundancy has
occurred. (1967 Proposed GDC 25)

The signal conditioning equipment of each protection channel in service at
power is capable of being calibrated and tested independently by simulated
analog input signals to verify 1its operation without tripping the reactor.
For the RPS, the logic testing scheme includes checking through the trip
logic relays to the trip breakers. For the ESF, the logic testing scheme
includes checking through the trip logic relays, but does not include the
master and slave relays. The master and slave relays are tested during
Engineered Safeguards Integrated Testing. Thus, the operability of each trip
channel can be determined conveniently and without ambiguity.

Protection System Failure Analysis Design

Criterion: The protection systems shall be designed to fail into a safe
state or into a state established as tolerable on a defined
basis if conditions such as disconnection of the system, loss of
energy (e.g., electrical power, instrument air), or adverse
environments (e.g., extreme heat or cold, fire, steam, or water)
are experienced. (1967 Proposed GDC 26)

Each reactor protection channel (for which credit is taken in the accident
analyses), is designed on the "de-energize to operate" principle; an open
channel or a loss of power causes that channel to go into its trip mode. The
Turbine Emergency Trip Header Pressure (Low) is designed to energize the
associated Togic relays. A loss of DC control power to this relay matrix
will still result in a reactor trip.

Reactor trip is implemented by simultaneously interrupting power to the
magnetic Tatch mechanisms on each drive allowing the full length rod clusters
to insert by free fall. The entire reactor protection system is thus
inherently safe in the event of a loss of power.

Each engineered safety feature channel (Instrumentation and logic relay) is
designed on the “de-energized to operate” principle; an open channel or a
loss-of-power causes that channel to go into its actuate mode. To achieve
ESF actuation, the master and slave relays for each ESF feature (e.g., SI,
MSIS,AFW initiation, etc.) must energize to actuate that feature.
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The components of the protection system are designed and laid out so that
adverse environment accompanying an emergency situation, in which the
components are required to function, does not interfere with that function.
Refer to Appendix 8A for additional information pertaining to Environmental
Qualification.

Redundancy of Reactivity Control

Criterion: Two independent control systems, preferably of different
principles, shall be provided. (1967 Proposed GDC 27)

One of the two reactivity control systems employs rod cluster control
assemblies to regulate the position of the neutron absorbers within the
reactor core. The other reactivity control system employs the Chemical and
volume Control System to regulate the concentration of boric acid solution
neutron absorber in the Reactor Coolant System. These systems are described
in Sections 3.2 and 9.2, respectively.

Reactivity Control Systems Malfunction

Criterion: The reactor protection system shall be capable of protecting
against any single malfunction of the reactivity control system,
such as unplanned continuous withdrawal (not ejection or
dropout) of a control rod, by Timiting reactivity transients to
avoid exceeding acceptable fuel damage 1imits. (1967 Proposed
GDC 31)

Reactor shutdown with RCCA 1is completely independent of the normal control
functions since the trip breakers interrupt the power to the full Tength rod
mechanisms regardless of existing control signals. Effects of continuous
withdrawal of a RCCA and of deboration are described in Sections 7.3, 9.2,
and 14.1.

Principles of Design

Redundancy and Independence

The protective systems are redundant and independent for all vital inputs and
functions. Each channel is functionally independent of every other channel
and receives power from an independent source. Each train is functionally
independent of the other train and receives power from an independent source.
Separation of redundant protection channels is described in further detail in
Section 7.2.2.
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Mahual Actuation

Means are provided for manual initiation of protective system action.
Failure in the automatic system does not prevent the manual actuation of
protective functions. Manual actuation is designed to require the operation
of a minimum of equipment.

Channel Bypass or Removal from Operation

The system is designed to permit any one channel to be maintained, tested or
calibrated during power operation without system trip. During such operation
the active parts of the system continue to meet the single failure criterion,
since the channel under test is either tripped or makes use of superimposed
test signals which do not negate the process signal.

Channel bypass capability exists for Eagle 21 (overpower AT, overtemperature

AT and Hi Pressurizer Tevel) and the Nuclear Instrumentation System (Source
Range and Intermediate Range).

The systems with bypass capability are permitted to violate the single
failure criterion during channel bypass, since acceptable reliability has

been demonstrated and bypass time interval is short.

Capability for Test and cCalibration

The rack portions of the protective system (e.g., relays, comparators, etc.)
provide trip or actuation signals only after signals from process portions of
the system reach preset values. Capability is provided for calibrating and
testing the performance of the rack portion of protective channels and
various combinations of the logic networks during reactor operation.
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The operational availability of each system input sensor, during reactor
operation, 1is accomplished by cross checking between redundant channels or
between channels which bear a known relationship to each other and which have
readouts available. Provisions have been made for transmitter calibrations
during normal power operation, if deemed necessary.

The design provides for administrative control for the purpose of removing
the channels from service for test and calibration purposes and for
adjustment. The design provides for administrative control of access to all
trip settings, module calibration adjustments, test points, and signal
injection points.

Information Readout and Indication of By-Pass or Removal from Operation

The protective system provides the operator with complete information
pertinent to system status and safety.

Indication is provided by the annunciation system if some part of the system
has been administratively bypassed or taken out of service.

Trips are indicated and identified down to the channel Tlevel.

vital Protective Functions and Functional Requirements

The Reactor Protection System monitors all parameters related to safe
operation of the reactor. The system is designed to trip the reactor so as
to protect the core against fuel rod cladding damage caused by departure from
nucleate boiling (DNB), and to protect the Reactor Coolant System against
damage caused by over-pressure. The Engineered Safety Features
Instrumentation System monitors parameters to detect failure of the Reactor
Coolant System, and initiates Engineered Safety Features operation. The
Engineered Safety Features Instrumentation System is described in 7.5.1.
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completion of Protective Action

where operating requirements necessitate automatic or manual bypass of a
protective function, the design 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 part of
the protective system and are designed in accordance with the applicable
criteria of this section.

The protective systems are so designed that, once initiated, a protective
action goes to completion. Return to normal operation requires

administrative action by the operator.

Multiple Trip Settings

For monitoring nuclear flux, multiple trip settings are used. When it is
necessary to change to a more restrictive trip setting to provide adequate
protection for a particular mode of operation or set of operating conditions,
the design provides positive means of assuring that the more restrictive trip
setting is used. The devices used to prevent improper use of less
restrictive trip settings are considered a part of the protective system and
are designed in accordance with the applicable criteria of this section.

Interlocks
Interlocks required to limit the consequences of fault conditions other than
those specified as Timits for the protective function comply with the

applicable protective system criteria.

Protective Actions

The Reactor Protection System automatically trips the reactor when the
applicable conditions Tisted in Table 7.2-1 exist. 1Interlocking functions of
the Reactor Protection System prevent control rod withdrawal when certain
specified parameters reach values less than the values at which reactor trip
is initiated.
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For anticipated abnormal conditions, protective systems in conjunction with
inherent characteristics and engineered safety features are designed to

assure that 1limits for energy release to the containment and for radiation

exposure (as in 10 CFR 50.67) are not exceeded.

Indication

A1l transmitted signals (flow, pressure, temperature, etc) which can Tead to
a reactor trip are indicated and/or recorded for every channel.

ATT nuclear flux power range currents (top detector, bottom detector and
algebraic difference and average of bottom and top detector currents) are
indicated and/or recorded.

Annunciators

Annunciators are also used to alert the operator of deviation from normal
operating conditions so that he may take corrective action to avoid a reactor
trip. Further, actuation of any rod stop or trip of any reactor trip channel

will actuate an annunciator.

Digital Data Processing System (DDPS)

various plant signals are connected to the Digital Data Processing System

(bDPS), which is integrated in plant Distributed Control System (DCS). |
Information is displayed at consoles provided for the reactor control

operators in the control room.

The DDPS provides the following information:

1. Sequence of events.
2. Data collection and limited processing for:

a. Heat rate determination.

b. calorimetric reactor output measurement.

Cc. Reactor core analysis.

d. Primary Coolant System Loose Parts Vibration.

e. Auxiliary Feedwater Pump Parameters
3. Data collection and storage for post trip review.

Information for sequence of events is printed on a printer, located in the
control room.
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Response Data Acquisition and Display System

Distributed Control System / Safety Parameter Display System / Emergency

The safety Parameter Display System (SPDS) / Emergency Response Data
Acquisition and Display System (ERDADS), Which is integrated in the plant
Distributed Control System (DCS), consists of plant process and environmental
signals that provide an electronic display of plant parameters, from which
the safety status of plant operation may be determined in the control room, c26
Technical Support Center (TSC) and Emergency Operations Facility (EOF). The
primary function of the Safety Parameter Display System (SPDS) is to aid
operating personnel in the control room in making rapid assessments of the
status of plant safety. Duplication of the SPDS / DCS displays in the
Technical Support Center and Emergency Operating Facility improves the
communication between these facilities and the control room and assists
corporate and plant management in the recovery decision-making process.

The Emergency Response Data Acquisition and Display System (ERDADS), which

includes the Ssafety Parameter Display System, is a real time computer based

data acquisition and display system designed to assist control room personnel

in evaluating the safety status of the plant. The ERDADS aids in the

coordinated control of the reactor during upset conditions, while

concurrently providing information of concern to the public. The SPDS

includes a set of predetermined displays designed to yield relevant, timely,
accurate, and unambiguous information to the control room operators, the

technical support advisors, and the offsite public safety officials. The

SPDS / DCS displays a small but critical subset of the parameters available
in the control room, thus reducing the problems associated with information
overload and parameter selection. At the same time, by preselecting and

grouping critical parameters for each display, the SPDS / DCS facilitates
comprehension of the prevailing plant and public safety conditions. This is
achieved by presenting high-Tevel displays which summarize plant safety

function status, plant system performance, and radiological and

meteorological data. Printers and plotters are available for hard copy

reports. For details on ERDADS refer to Section 7.5.4.
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7.2.2 SYSTEM DESIGN

Reactor Protection System Description

Figure 7.2-1 illustrates typical core limits and shows the maximum trip
points which are used for the protection system. The solid Tlines indicate a
typical locus of DNBR equal to the safety analysis Timit value (in this
example, 1.30) at four pressures, and the dashed lines indicate maximum
permissible trip points for the overtemperature AT reactor trip. Actual
setpoints (the final setpoints will be given in the Technical Specifications)
are lower to allow for measurement and instrumentation errors. The overpower
AT reactor trip limits the maximum core power independent of the DNBR.

Adequate margins exist between the maximum nominal steady state operating
point (which includes allowances for temperature, calorimetric, and pressure
errors) and required trip points to preclude a spurious trip during design
transients.

A block diagram of the Reactor Protection System showing various reactor trip
functions and interlocks 1is shown in Figure 7.2-2.

System Safety Features

Separation of Redundant Protection Channels

The Reactor Protection System is designed to achieve separation between
redundant protection channels. The channel design is applied to the process
and the logic portions of the protection system, and is shown in Figure 7.2-
3A. Also shown in Figure 7.2-3B is the configuration for the Engineered
Safety Features Actuation Logic. The reactor trip on loss of 4160V Bus
voltage and underfrequency (Trip of RCP breaker) differs from the typical RPS
scheme shown in Figure 7.2-3A. They are illustrated by Figure 7.2-8c.

Separation of redundant process channels originates at the process sensors
and continues along the field wiring and through containment penetrations to
the process protection racks. 1Isolation of field wiring is achieved using
separate wireways, cable trays, conduit runs and containment penetrations for
each redundant channel.
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Process equipment is isolated by locating redundant components in different
protection racks. Each channel is energized from a separate AC power feed.
Logic equipment separation is achieved by providing separate racks, each
associated with individual trip breakers. Physical separation is provided
between these racks.

The reactor trip comparators are mounted in the process protection racks and
are the fi