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7.0 INSTRUMENTATION AND CONTROLS

This chapter presents various plant instrumentation and control systems including
functions, design bases, system descriptions, design evaluations, and tests and inspections.
The information provided in this chapter emphasizes instruments and associated
equipment which constitute reactor protection and regulation systems. Particular attention
1s given to the instrumentation aspects of process systems, with the mechanical and nuclear
design bases presented in the chapter/section which addresses the process system. Chapter
7 includes a discussion of the instrumentation and controls for systems of major safety
significance and those that provide reactor and turbine control. Discussions of
Iinstrumentation and controls for other systems are contained within the sections that
address those systems.

7.1 INTRODUCTION

The equipment and evaluations presented in this chapter are applicable to either unit.
Instrumentation and controls are provided to perform protective and regulating functions.
Protective systems, consisting of the reactor protective circuitry and the instrumentation
and controls for engineered safety features (ESFs) , normally perform the most important of
the instrumentation and control safety functions. [7.1-1]

The regulating instrumentation and controls provide the ability to regulate the unit from
shutdown to full power and to monitor and maintain key unit variables, such as reactor
power, flow, pressure, level, temperature, and radioactivity levels within predetermined
limits both at steady-state and during normal unit transients.

The inputs to the protective and regulating controls are provided by a diversity of
instruments. The following sections in this chapter provide descriptions of instrumentation
and major components, evaluations of the instrumentation input adequacy, and analyses
from both functional and reliability viewpoints.

7.1.1 Identification of Systems

Section 3.2 discusses the identification of safety-related instrumentation and control
systems and equipment. The station’s work control system data base also contains
information on classifications of components. [7.1-2]

The reactor protection and ESF systems supplied by GE as the nuclear steam supply
system (NSSS) supplier are: [7.1-3]

A. Reactor protection system,
B. Primary containment isolation system,

C. Emergency core cooling system,

Revision 7, January 2003
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7.1.1.1 Protective Systems

Protective systems include electrical and mechanical devices and circuitry required to
initiate shutdown of the reactor and mitigate the consequences of an accident when
required. These include:

A. The reactor protection system (RPS) which acts to trip the reactor when
parameters exceed preset limits (RPS is described in Section 7.2);

B. The anticipated transient without scram (ATWS) system which trips the
recirculation pumps and provides an alternate method to scram the reactor in
the unlikely event that the RPS fails to do so (ATWS mitigation is described in
Section 7.8); and

Engineered safety feature (ESF) instrumentation and controls for emergency core cooling
and containment isolation functions which are addressed in Section 7.3 (other ESF systems
are discussed in Section 6.0): [7.1-4]
1. Emergency core cooling systems:
a. Core spray,
b. Low pressure coolant injection (LPCI),
c. High pressure coolant injection (HPCI), and
d. Automatic depressurization system (ADS).
2. Containment isolation systems:

a. Primary containment isolation system (PCIS), and

b. Secondary containment isolation.

7.1.1.2 Safe Shutdown

Section 7.4 includes a discussion of reactor shutdown from outside the control room.

7.1.1.3 Display Instrumentation

Display instrumentation provides information used by the operator for normal operation
and safe shutdown of the unit, including monitoring of post accident conditions.
Compliance with Regulatory Guide 1.97, Rev. 02, the safety parameters display system

Revision 6, October 2001
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(SPDS), and the process computer are discussed in Section 7.5. A summary of the detailed
control room design review (DCRDR) is also provided.

7.1.1.4 Core and Vessel Instrumentation

Section 7.6 describes additional instrumentation which provide both safety and non-safety
functions, and which includes nuclear instrumentation and reactor vessel instrumentation.

7.1.1.5 Other Instrumentation

Reactor and turbine generator instrumentation and controls not essential for the safety of the
plant are discussed in Section 7.7.

7.1.2 Identification of Safety Criteria

The design bases for the instrumentation and control systems include the safety criteria
pertinent to each of the systems described. The design basis for each of the systems is
presented in the respective section which discusses the system. The technical basis for the
various protective functions is provided with the description of the protective system. A
general discussion of Regulatory Guide compliance is provided in Section 1.8. Specific topics
relevant to more than a single system are addressed in the following sections. [7.1-5]

7.1.2.1 Instrumentation Setpoints

In the selection of the appropriate safety system setpoints, instrument error and accuracy are
considered [7.1-6]

The Technical Specification allowable values and the associated instrument setpoints have
been established consistent with the methods described in Exelon’s Instrument Setpoint
Methodology (Nuclear Engineering Standard NES-EIC-20.04, “Analysis of Instrument
Channel Setpoint Error and Instrument Loop Accuracy”) or NEDC-31336P-A, “General
Electric Instrument Setpoint Methodology,” dated September 1996 (for Nuclear
Instrumentation System Functions only).

The allowable values associated with reactor vessel water level Functions in the Technical
Specifications are referenced with respect to instrument zero. The top of active fuel is 360
inches above vessel zero and instrument zero is 503 inches above vessel zero. The allowable |
values associated with suppression chamber water level Functions in the Technical
Specifications are referenced to the bottom of the chamber.

7.1-3 Revision 8, October 2005
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7.1.2.2 Single Failure Criteria

The compliance of the reactor protection and emergency core cooling systems with, and the
justification for all exceptions to IEEE 279-1968, Proposed Criteria for Nuclear Power Plant
Protection Systems, are contained in GE Topical Report NEDO-10139, Compliance of |
Protection Systems to Industry Criteria: General Electric BWR Nuclear Steam Supply System.
Compliance of the protection systems is presented in the sections providing the system details.
These systems typically employ one-out-of-two-twice logic to allow the systems to
accommodate single failures without jeopardizing functionality. The GE topical report is a
generic report for an entire product line and these statements should be used concurrently with
design requirements described in other sections of the UFSAR (such as Section 3.5 for Missile
Protection, 3.6 for Pipe Break, etc.) that represent Quad Cities specific design requirements.
[7.1-7]

7.1-3a Revision 8, October 2005
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7.1.2.3 Instrument Line Design

The normal design practice for static instrument piping is to provide high point vents and
low point drains. [7.1-8]

Instrument and cable separation are described in Section 8.3.1.7

7.1.2.4 Qualification

The qualification of instrumentation and controls is described in Sections 3.10 and 3.11.
Additional discussion of display instrumentation qualification and separation for
Regulatory Guide 1.97 Category 1 variables is in Section 7.5. [7.1-9]

7.1.3 Other Control and Instrumentation

Controls and instrumentation for the following auxiliary and emergency systems are
described in the sections that describe the systems: [7.1-10]

System Section
Reactor building heating and ventilation system 9.4.7
Reactor water cleanup system 5.4.8
Reactor core isolation cooling system 5.4.6
Fire protection system 9.5.1
Station service water system 9.2.2
Demineralized water makeup system 9.2.4
Service and instrument air systems 9.3.1
Communication systems 9.5.2
Spent fuel pool cooling and cleanup system 9.1.3
Fuel handling system 9.14
High radiation sampling system 9.3.2

7.1-4
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7.2  REACTOR PROTECTION (TRIP) SYSTEM

The reactor protection system (RPS) monitors reactor operation and initiates protective
action in the event of a potentially unsafe condition that might cause reactor damage or
subject plant personnel to a potentially hazardous environment. Monitoring is performed
by two separately powered RPS trip systems, both of whose outputs are needed to initiate
protective action. Outputs from these systems initiate reactor scram (simultaneous rapid
insertion of control rods into the reactor core). [7.2-1]

Topics within this section include how RPS functions relate to IEEE-279-1968, Proposed
IEEE Criteria for Nuclear Power Plant Protection Systems, as summarized from GE Topical
Report NEDO-10139. The applicable IEEE-279-1968 paragraphs have been noted where
the discussion concerns this standard, although conformance was not required. For more
detailed information refer to the topical report.

7.2.1 Design Bases

The reactor protection system is designed to: [7.2-2]
A. Prevent, in conjunction with the containment and containment isolation system,
the release of radioactive materials in excess of the limits of 10 CFR 100 (or 10
CFR 50.67 as applicable) as a consequence of any of the design basis accidents
(Chapter 15);

B. Prevent fuel damage following any single equipment malfunction or single
operator error;

C. Function independently of other plant controls and instrumentation;
D. Function safely following any single component malfunction; and

E. Meet the requirements of IEEE-279, "Standard for Nuclear Power Plant
Protection Systems," Sept. 13, 1966.

In order to meet its design requirements, the reactor protection system, under various
conditions, initiates a reactor scram.

7.2.2 System Description

7.2.2.1 General

The RPS is classified as a safety-related system. It includes the motor-generator (M-G)
power supplies with associated control and indicating equipment, certain sensors, relays,
bypass circuitry, and switches that cause rapid insertion of control rods (scram) to shut
down the reactor. The process computer system and annunciators are not part of the RPS.
Scram signals received from the neutron monitoring system and the analog trip cabinets
are discussed in Section 7.6. [7.2-3]

Revision 9, October 2007
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7.2.2.2 Power Sources

A simplified diagram of the RPS power distribution and sources is shown on Figure 7.2-1.
The reactor protection system consists of two independent trip systems powered by
independent electrical buses. [7.2-4]

Power to each of the two reactor protection trip system buses (A and B) is supplied by its
own high-inertia (flywheel-equipped) ac M-G set (A and B). The station 125-V batteries
supply dc power to the backup scram valve solenoids. [7.2-5]

The RPS bus breakers are equipped with mechanical interlocks to prevent both an M-G set
and the reserve power source from simultaneously supplying power to a RPS bus. The
normal feed for RPS bus A (M-G set A) is MCC 18-2(28-2). The normal feed for RPS bus B
(M-G set B) is MCC 19-2(29-2). Either bus may be fed from the reserve feed from MCC 15-
2(25-2).

A key interlock system, consisting of two locking devices on the reserve power supply
breakers that require the same key, prevents reserve power from supplying more than one
RPS bus at a time. It prevents cross-connecting the independent buses and overloading the
reserve power instrument transformer.

During a power loss to the M-G set, the high-inertia flywheel is designed to maintain
generator output within 5% of rated values for at least one second to keep the RPS bus
energized. The non-Class 1E RPS M-G sets are provided with relaying to trip on
undervoltage and underfrequency conditions. [7.2-6]

In addition, two Class 1E electrical protection assemblies (EPAs) are in series between each
RPS power supply and its RPS bus breaker (see Figure 7.2-1). The EPAs protect the Class
1E components powered by the RPS buses from abnormal voltage and frequency conditions
resulting from failures of the non-Class 1E power supplies (RPS M-G sets or reserve power
supply). Each EPA includes a breaker and associated monitoring module consisting of
overvoltage, undervoltage, and underfrequency relays which trip the EPA breaker. [7.2-7]

7.2.2.3 Instrumentation

A. Sensors

The reactor protection system receives the following inputs. Table 7.2-1 contains the
analytical limits utilized in determining the RPS setpoints. [7.2-8]

1. The purpose of the neutron monitoring system scram trip as it applies to
IEEE-279-1968 General Functional Requirements (paragraph 4.1) is to
protect the fuel against high heat generation rates.

Those portions of the neutron monitoring systems that provide a gross
power protective function are:

A. Average power range monitor (APRM) with either fixed scram or flow
reference scram

Revision 6, October 2001
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B. Intermediate range monitor (IRM)

The portion of the neutron monitoring system that provides a power

oscillation protective function is the Oscillation Power Range Monitor
(OPRM).

Eight channels of IRM with retractable detectors, six channels of APRM,
and four channels of OPRM are provided. The APRM and OPRM receive
input signals from local power range monitor (LPRM) detector assemblies
containing detectors located at fixed geometric coordinates and at four
vertical elevations within the reactor core.

The neutron monitoring system instrumentation is described in
Section 7.6.

The purpose of the reactor high pressure scram trip is to limit the positive
pressure effect on reactor power. This reactor scram trip is established to
reduce the heat generation within the reactor whenever the high-pressure
setpoint is reached. In this way, the high pressure scram trip meets the
IEEE-279-1968 General Functional Requirements (paragraph 4.1). [7.2-9]

The reactor high pressure scram works in conjunction with the pressure
relief system in preventing reactor pressure from exceeding the pressure
safety limit. This high pressure scram setting also protects the core from
exceeding the thermal hydraulic safety limit as a result of pressure
increases for some events that occur when the reactor is operating at less
than rated power and flow. The reactor high pressure scram also provides
backup protection to the high neutron flux scram.

Two locally mounted pressure transmitters monitor the pressure and are
arranged so that each pair provides input into the A & B trip systems.
The transmitter signal serves as an input to an analog trip unit for each
channel, the contacts of which are used in the RPS trip logic. The analog
trip unit supplies a signal to the analog channel trip relays. The logic for
these contacts is one-out-of-two-twice. [7.2-10]

When the signal from the transmitter exceeds a preset value, the analog
trip unit monitoring this signal trips to send a reactor vessel high
pressure trip signal to the RPS. Additional information on reactor vessel
instrumentation can be found in section 7.6.

The purpose of the reactor vessel low water scram trip as it applies to the
IEEE-279-1968 General Functional Requirements (paragraph 4.1), is to
protect the reactor core by reducing fission heat generation in the core.
[7.2-11]

To meet this requirement, the reactor vessel low water level is monitored
by four differential pressure transmitters which sense the difference
between the pressure due to a constant reference column of water and the
pressure due to the actual water level in the vessel.
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The transmitter signal serves as an input to an analog trip unit for each
channel, the contacts of which are used in the RPS trip logic. The analog
trip unit supplies a signal to the analog trip relays. The logic for these
contacts is one-out-of-two-twice.

When the signal from the transmitter deviates from a preset value, the
analog trip unit monitoring this signal trips to send a reactor vessel low
water level signal to the respective RPS trip channel. Additional analog
trip units and trip relays are provided for PCIS and HPCI. Additional
information on reactor vessel instrumentation can be found in Section 7.6.
[7.2-12]

The purpose of the turbine stop valve closure scram trip, as summarized
by NEDO-10139 for the IEEE-279-1968 General Functional Requirements
(paragraph 4.1), is to protect the reactor whenever it is sensed that its
link to the heat sink is in the process of being removed. [7.2-13]

To meet these requirements, the valve stem position of each turbine stop
valve is monitored by limit switches. The limit switch allowable value is
less than or equal to 9.7% from the full-open position. In this way the trip
channel signals to the reactor protection system anticipate imminent
closure of the stop valves. Each RPS trip logic receives inputs from two
stop valves. The logic arrangement is established to enhance frequent
testing of these valves without causing a trip of one RPS trip system for
each valve test. The logic arrangement to produce a reactor scram is
three-out-of-four stop valve closures rather than one-out-of-two twice.

The purpose of the turbine control valve fast-closure scram trip, as
summarized by NEDO-10139 for the IEEE-279-1968 General Functional
Requirements (paragraph 4.1), is to protect the reactor whenever it senses
that its link to the heat sink is in the process of being removed. [7.2-14]

To meet the general functional requirements, the turbine control valve
fast closure is monitored by pressure switches connected between each
fast-closure solenoid valve and its associated control valve disk dump
port.

The electrohydraulic control (EHC) system compares generator stator
current to the high pressure turbine exhaust (crossaround) pressure
and operates these valves upon a mismatch indicative of a turbine
generator load rejection (see Section 10.4). These pressure switches
on each fast-acting solenoid provide signals to both RPS trip systems.
The logic is a one-out-of-two-twice arrangement so that operation of
any solenoid causes a single system trip, and the operation of one or
more solenoids in each trip system initiates a scram. [7.2-15]

The purpose of the main steam line isolation valve closure scram trip, as
it applies to IEEE-279-1968 General Functional Requirements
(paragraph 4.1), is to protect the reactor whenever its lines to the heat
sink (turbine or condenser) is in the process of being removed. [7.2-16]
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The valve stem position of each of the eight main steam line isolation
valves is monitored by limit switches. The limit switch allowable value is
less than or equal to 9.8% from the full open position.

Each RPS trip logic receives input from both valves in two main steam
lines. The logic arrangement is established to enhance frequent testing of
these valves without causing a trip of one RPS trip system for each valve
test. The logic arrangement to produce reactor scram is three-out-of-four
steam lines isolated rather than a one-out-of-two twice arrangement.

The purpose of the scram discharge volume high water level scram trip,
as it applies to IEEE-279-1968 General Functional Requirements
(paragraph 4.1), is to assure that adequate volume remains to
accommodate the water discharged from the withdrawn control rod drives
in the event that a reactor scram occurs. [7.2-17]

Scram discharge volume (SDV) high water level inputs to the RPS are
from two float-type and two differential pressure-type level sensors on
each of the SDVs. They are arranged such that a float-type and a
differential pressure-type level sensor for each channel are connected
to each SDV. An actuation of any level switch causes a channel trip; an
actuation of two level switches, one in each trip system, causes a
scram. A scram is initiated when sufficient capacity remains in the
SDV to accommodate the displacement of water for one scram. [7.2-18]

The purpose of the primary containment (drywell) high pressure scram
trip, as it applies to the IEEE-279-1968 General Functional Requirements
(paragraph 4.1), is to detect an increase in the primary containment
gauge pressure and produce protective action. [7.2-19]

Primary containment pressure is monitored by four non-indicating
pressure switches which are mounted on instrument racks outside the
drywell in the reactor building. Each switch provides an input to one trip
channel. Pipes that terminate in the secondary containment (reactor
building) connect the switches with the drywell interior. The switches are
grouped in pairs, physically separated, and electrically connected to the
RPS so that no single event will prevent a scram due to drywell high
pressure. [7.2-20]

Deleted.

The turbine-generator condenser vacuum is monitored by four
nonindicating pressure switches which are mounted on instrument
racks in the turbine building. Cables are routed from each switch
to the control room. Each switch provides an input to
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one of the trip channels. The physical location of each switch is
such that no single failure can prevent a scram due to a low
vacuum signal from the turbine-generator condenser.

11. Deleted. [7.2-22]

B. Relays

Sensor trip channel and trip logic relays are fast-response, high-reliability
relays. Power relays for interrupting the scram pilot valve solenoids are type
CR105 magnetic contactors, made by GE. The contactor has three main poles
which are operated directly by the armature. Several auxiliary poles are also
provided. The auxiliary poles are used for nonessential functions. Two main
poles are used to break power to the scram solenoids and the third main pole is
used to seal-in the scram. The seal-in contact operates at the same time as the
scram contacts which operate the scram solenoids, since both are directly
operated by one mechanical unit (armature). Therefore, seal-in occurs
simultaneously with scram actuation. All RPS relays are selected so that the
continuous load will not exceed 50% of their continuous duty ratings.
Component electrical characteristics are selected so that the system response
time, from the opening of a sensor contact up to and including the opening of the
trip actuator contacts is less than 50 milliseconds. The time from the opening of
the trip actuator contacts until the control rods have inserted by 10% of their full
stroke is no more than 700 milliseconds. [7.2-23]

7.2.2.4 Logic

The complexity of the control and instrumentation systems necessitates the use of the
definitions below. These definitions are most appropriate to safety-related systems. Figure
7.2-2 illustrates the use of the defined terms. [7.2-24]

A. Trip System

A trip system is an interconnected arrangement of components making use of
instrument channel outputs, trip logics, and trip actuators to accomplish a
trip function when appropriate logic is satisfied.

B. Trip

A trip is the change of state of a bistable device from one state to another.
A trip is generated by a trip channel, trip logic, or trip system, and
represents recognition of an abnormal condition.

C. Trip Channel

A trip channel is an arrangement of components required to originate a single
signal. The channel includes the sensor and wiring up to the point where the
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trip signal is generated. A channel loses its identity where channel trip signals are
combined.

D. Trip Logic
A trip logic is an arrangement of components designed to recognize specific

combinations of signals from trip channels. A trip logic generates a trip signal
by actuating a trip actuator.

E. Trip Actuator
A trip actuator is the mechanism that carries out the final action of a trip logic.

F. Trip Actuator Logic

A trip actuator logic is an arrangement of components designed to recognize
specific combinations of signals from trip logics. This term is needed to clearly
define portions of a complex trip system having more than one trip logic.
Because trip actuators are the mechanism by which trip logics generate trip
signals, the use of the term trip actuator logic is appropriate. When tripped, a
trip actuator logic carries out the function of the trip system.

A typical logic arrangement of the system is illustrated in Figures 7.2-3 through 7.2-5. The
reactor protection system is arranged as two separately powered trip systems. Each trip
system has three trip logics, two of which are used to produce automatic trip signals. The
remaining trip logic is used for a manual trip signal. Each of the two trip logics used for
automatic trip signals receives input signals from at least one trip channel for each monitored
variable. Thus, at least four independent trip channels exist for each monitored variable.

The trip actuators associated with one trip logic provide inputs into each of the trip actuator
logics for the associated trip system. Thus, either of the two automatic trip logics associated
with one trip system can produce a trip system trip. The logic is a one-out-of-two
arrangement. To produce a scram, the trip actuator logics of both trip systems must be
tripped. The overall logic of the RPS is therefore, one-out-of-two-twice, since at least one of
the two automatic trip logics in each of the two trip systems must actuate in order to cause an
automatic RPS trip (scram).

The two RPS trip systems are called trip system A and trip system B. The automatic trip
logics of trip system A are Al and A2; the manual trip logic of trip system A is A3. Similarly,
the trip logics for trip system B are B1, B2, and B3. The trip actuators associated with any
particular trip logic are identified by the trip logic identity (such as trip actuators B2). The
trip actuator logics associated with a trip system are identified with the trip system identity
(such as trip actuator logic A). Trip channels are identified by the name of the monitored
variable and the trip logic identity with which the channel is associated (such as reactor vessel
high pressure trip channel B1).

During operation, all sensor and trip contacts essential to safety are closed; trip channels, trip
logics, and trip actuators are normally energized.
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Each control rod has two scram valves, and either two individual scram solenoid pilot valves
(SSPVs) or one SSPV with two solenoid coils, arranged functionally as shown in Figure 7.2-3.
Each SSPV is solenoid operated, with both SSPV solenoids normally energized. The SSPVs
control the air supply to both scram valves for the associated control rod. With either SSPV
solenoid energized, air pressure holds the scram valves closed. The scram valves control the
supply and discharge paths for control rod drive (CRD) water (refer to Section 4.6 for
discussion of the CRD system).

One of the SSPV solenoids for each control rod is controlled by the reactor protection system
(RPS) logic Channel A, the other valve by RPS logic Channel B. There are two DC solenoid-
operated backup scram valves that provide a second means of controlling the air supply to the
scram valves for all control rods. The DC solenoid for each backup scram valve is normally de-
energized. The backup scram valves are energized to initiate a scram when both trip system
A and trip system B are tripped. [7.2-25]

The functional arrangement of sensors and trip channels that make up a single trip logic is
shown in Figure 7.2-4. Whenever a trip channel sensor contact opens, its auxiliary relay de-
energizes, causing contacts in the trip logic to open. The opening of contacts in the trip logic
de-energizes its trip actuators. When de-energized, the trip actuators open contacts in all the
trip actuator logics for that trip system. This action results in de-energizing the scram pilot
valve solenoids associated with that trip system (one scram pilot valve solenoid for each
control rod). Unless the other scram pilot valve solenoid for each rod is de-energized, the rods
are not scrammed. If a trip then occurs in any of the trip logics of the other trip system, the
remaining scram pilot valve solenoid for each rod is de-energized, blocking the air supply and
venting the air pressure from the scram valves. The scram valves then reposition allowing
accumulator water to act on the CRD piston. Thus, all control rods are scrammed. The water
displaced by the movement of each rod piston is vented into a scram discharge volume (SDV).

Figure 7.2-3 shows that when the solenoid for either backup scram valve is energized, the
backup scram valve vents the air supply for the scram valves; this action initiates insertion of
every control rod regardless of the action of the scram pilot valves.

A scram can also be manually initiated. There are two scram buttons, one for trip logic A3
and one for trip logic B3. Depressing the scram button on trip logic A3 de-energizes trip
actuator A3 and opens corresponding contacts in trip actuator logics A. Only trip system A
will trip. To effect a manual scram, the buttons for both trip logic A3 and trip logic B3 must
be depressed. By operating the manual scram button for one trip logic at a time, followed by a
reset of that trip logic before actuating the other manual trip logic, each trip system can be
tested for manual scram capability.

The trip system requires manual reset by the operator; however, in the event of concurrent
trips of both trip systems A and B, manual reset is automatically inhibited for a minimum
time delay of 10 seconds. The time delay circuit prevents an incident such as has been
experienced at another BWR plant where during intermediate range monitoring (IRM)
calibration, a full scram signal was initiated and then inhibited by actuation of the scram
reset switch prior to the insertion of all control rods. [7.2-26]

To restore the RPS to normal operation following any single trip system trip or scram, the trip
actuators must be manually reset. Reset is possible only if the conditions that caused the trip
or scram have been cleared and is accomplished by operating switches in the main control
room. To reset the air dump system, the scram must be reset and the SDV high level bypass
switch must be placed in the bypass position. The SDV is addressed in Section 4.6.
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The IEEE-279-1968 requirement for Completion of Protective Action Once It Is Initiated
(paragraph 4.16) is addressed by the RPS in the following ways: [7.2-27]

For the reactor protection system trip logic, actuators, and trip actuator logic, the
interface of the RPS trip logic and the trip actuators assures that this design
requirement is accomplished. The trip actuator is normally energized and is sealed-
in by one of the power contacts to the trip logic string. Once the trip logic string has
been open-circuited as a result of a process sensor trip channel becoming tripped, the
scram contactor seal-in contact opens. At this point in time, the completion of
protection action is directed regardless of the state of the initiating process sensor
trip channel.

The reactor protection system reset switch (when enabled) bypasses the seal-in

contact to permit the RPS to be reset to its normally energized state when all

process sensor trip channels are within their normal (untripped) range of operation.

In the event of concurrent trips of both trip systems A and B, manual reset is

automatically inhibited for a minimum time delay of 10 seconds. The time delay

prevents reset prior to the insertion of all control rods.
This requirement applies to all of the following functions:

Neutron monitoring system scram trip

Reactor vessel high pressure scram trip

Reactor vessel low water level scram trip

Turbine stop valve closure scram trip

Turbine control valve fast closure scram trip

Main steam line isolation valve closure scram trip

Scram discharge volume high water level scram trip

Primary containment high pressure scram trip

Manual scram pushbuttons
The turbine stop valve closure and turbine control valve fast closure trip bypass function is
placed into effect only when the turbine first-stage pressure is at or below the setpoint
value. For plant operation above this setpoint, the trip channels will initiate protective
action once the scram contactors have de-energized and opened the seal-in contact
associated with the RPS trip logic.
The scram discharge volume high water level trip bypass function is only required after a
reactor scram when the discharge volume has accumulated water and must be drained.
Consequently, this bypass function permits completion of protective action once it is

initiated and satisfies this design requirement.

The main steam line isolation valve closure trip bypass is in effect only when the reactor
mode switch is in the SHUTDOWN, REFUEL, or STARTUP/HOT STANDBY position.
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Completion of protective action is not influenced by the reactor mode switch, trip logic test
switch, or the Neutron monitoring system trip bypass.

This design requirement is not applicable for the reactor protection system motor-generator
sets and power distribution and reactor protection systems outputs to other systems.

7.2.2.5 Initiating Signals and Circuits

Table 7.2-1 lists the analytical limits utilized in determining the scram setpoints of the
protection system. Figure 7.2-4 shows the scram functions in block form. [7.2-28]

A. Neutron Monitoring System High Flux and Core Power Oscillations

Four IRM channels and three APRM channels are connected to each of the two RPS
trip systems. IRM and APRM trip logic is modified by the position of the mode
switch as indicated in Table 7.2-1.

Two OPRM channels are connected to each of the two RPS trip systems. The
OPRM trip logic is enabled (armed) manually by operator action or automatically
during certain reactor core power and reactor recirculation flow conditions.

Under certain circumstances, such as initial startup or refueling, shorting links in
the manual scram circuits may be removed to provide either coincident or non-
coincident source range monitoring (SRM) trip capability. Shorting links will be
removed from the RPS circuitry whenever more than one control rod will be
removed from fueled cells with the vessel head less than fully tensioned. (For
Example. During shutdown margin demonstrations.) This requirement is not
applicable during withdrawal of control rods controlled by the control rod removal
Technical Specifications. Single rod withdrawal with the shorting links installed
and the head not tensioned is allowed provided that the core loading has been
verified to match an analyzed shutdown margin configuration and the one-rod-out
refueling interlock has been demonstrated operable. Verification of the removal of
the shorting links during these conditions will be performed within 8 hours of
withdrawal of control rods and once per 12 hours thereafter. Removing both
shorting links in both manual scram circuits enables the nuclear instrument non-
coincident trips, allowing a single trip from any of the nuclear instruments to cause
a scram. Coincident trips may be enabled by removing one shorting link in one
scram channel and the shorting link for the opposite nuclear instrument channel in
the other scram channel. Four SRM channels are provided with retractable
detectors.

The neutron monitoring system is discussed in detail in Section 7.6.

B. Reactor High Pressure

High pressure within the reactor system poses a direct threat of rupture to the
reactor coolant system pressure boundary. A pressure increase while the reactor is
operating compresses the steam voids and results in a positive reactivity insertion
causing increased core heat generation that could lead to a violation of the core
thermal-hydraulic safety limit. [7.2-29]

The reactor high pressure scram setting is chosen slightly above the reactor
vessel maximum normal operating pressure to permit normal operation without
spurious scrams, yet provide a wide margin to the pressure safety limit.
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C. Reactor Vessel Low Water Level

A low water level in the reactor vessel indicates that the reactor is in danger
of being inadequately cooled. Should water level decrease too far, fuel
damage could result as steam forms around fuel rods. [7.2-30]

The reactor vessel low water level scram setting prevents fuel damage
following abnormal operational transients caused by single equipment
malfunctions or single operator errors that result in a decreasing reactor
vessel water level.

Specifically, the scram setting is chosen far enough below normal operational
levels to avoid spurious scrams but high enough above the top of the active
fuel to assure that enough water is available to account for evaporation losses
and displacements of coolant following the most severe abnormal operational
transient involving a level decrease. (See Section 15.6.)

D. Turbine Stop Valve Closure

Closure of the turbine stop valves with the reactor at power can result in
a significant addition of positive reactivity to the core as the nuclear
system pressure rise collapses steam voids. [7.2-31]

The turbine stop valve closure scram, which initiates a scram earlier than either
the neutron monitoring system or high reactor pressure, is required to provide a
satisfactory margin below the core thermal hydraulic safety limit for this
category of abnormal operational transients.

The scram counteracts the addition of positive reactivity due to pressure
increases by inserting negative reactivity with the control rods. (See
Section 4.6.) Although the reactor high pressure scram, in conjunction with
the pressure relief system, is adequate to preclude overpressurizing the
nuclear system, the turbine stop valve closure scram provides additional
margin to the pressure safety limit.

The turbine stop valve closure scram setting is selected to provide the
earliest positive indication that the valves are closing. The trip logic was
chosen both to identify those situations in which a reactor scram is
required for fuel protection and to allow functional testing of this scram
function.

E. Turbine Control Valve Fast Closure (Turbine Generator Load Rejection)

With the reactor and turbine-generator at power, fast closure of the turbine
control valves can result in a significant addition of positive reactivity to the core
as nuclear system pressure rises.

The turbine control valve fast closure scram, which initiates a scram earlier than
either the neutron monitoring system or reactor high pressure, is required to
provide a satisfactory margin to the core thermal-hydraulic safety limit for this
category of abnormal operational transients. The scram counteracts the addition
of positive reactivity due to pressure by inserting negative reactivity with the
control rods. (See Section 4.6.) Although the reactor high pressure scram, in
conjunction with the pressure relief system, is adequate to preclude
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overpressurizing the nuclear system, the turbine control valve fast closure scram
provides additional margin to the pressure safety limit.

The turbine control valve fast closure scram setting is selected to provide
timely indication of control valve fast closure. The trip logic was chosen
to identify those situations in which a reactor scram is required for fuel
protection.

. Main Steam Line Isolation Valve Closure

The automatic isolation of the main steam lines on low pressure was provided to
give protection against rapid reactor depressurization and the resulting rapid
cooldown of the vessel. Advantage was taken of the main steam line isolation
valve closure scram feature in the RUN mode to ensure that high power
operation at low reactor pressures does not occur, thus providing protection for
the fuel cladding integrity safety limit. [7.2-32]

In addition, the main steam line isolation valve closure scram in the RUN mode
anticipates the pressure and flux transients which occur during normal or
inadvertent isolation valve closure.

The main steam line isolation valve closure scram setting is selected to give the
earliest positive indication that the valves are closing. The trip logic allows
functional testing of valve closure trip channels with one steam line isolated.

. Scram Discharge Volume High Water Level

During normal operation, the scram discharge volume will be empty due to

natural draining via normally open drain and vent valves. However, upon
initiation of a reactor scram, these drain and vent valves are closed to retain the
control rod drive discharge water and limit the loss of reactor water inventory. |
Due to the hydraulic design of the piping and the volume, the rate of change of
water level is relatively slow and is assumed to be negligible in terms of its
transient response influence on the sensor. [7.2-33]

Should the SDV fill to the point where not enough space remains for the water
displaced during a scram, control rod movement would be hindered in the event
a scram were required. [7.2-34]

The water level scram setpoint is set such that sufficient free volume remains to
accommodate the water displaced during a scram.

. Drywell High Pressure

A high pressure inside the drywell could indicate a loss of reactor coolant,
requiring a scram of the reactor to minimize the possibility of fuel damage and to
reduce the addition of energy from the core to the coolant. The reactor vessel low
water level scram also acts to scram the reactor for loss-of-coolant accidents. The
drywell high pressure scram setting is selected to be as low as possible without
inducing spurious scrams or isolations. [7.2-35]
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Turbine-Generator Condenser Low Vacuum

The reactor is protected from the effects of a complete loss of vacuum in the
turbine-generator condenser by closing the turbine stop valves and,
ultimately, the turbine bypass valves. Closure of the turbine stop and bypass
valves causes a pressure transient, a neutron flux rise, and an increase in
surface heat flux similar to that caused by turbine stop valve closure. The
turbine stop valve closure scram function is adequate to prevent the cladding
safety limit from being exceeded in the event of a turbine trip transient with
bypass closure. The scram on condenser low vacuum reduces the severity by
anticipating the transient and scramming the reactor at a slightly higher
vacuum than the setpoints that close the turbine stop valves and bypass
valves.

. Electro-Hydraulic Control Low Fluid Pressure

The EHC Low Fluid pressure scram function is provided by the pressure
switches that sense turbine control valve fast closure.

. Manual Scram

Manual Scram Pushbuttons: [7.2-37]

To provide the operator with means to shutdown the reactor independent
of the automatic functioning of the RPS, two pushbuttons located in the
control room initiate a scram when both are actuated by the operator.

The IEEE-279-1968 General Functional Requirements (paragraph 4.1) are not
applicable to RPS functions requiring intervention by the control room operator,
however, the manual scram pushbuttons do comply with the IEEE-279-1968
Manual Actuation (paragraph 4.17) design requirement. Failure of an automatic
RPS function affects the automatic portions of the system but the manual A3 and
B3 trip logics will still be able to initiate protective action. The manual scram
pushbuttons are implemented into the circuitry immediately
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above the manual scram contactors in order to minimize the dependence of
manual scram capability on other equipment. [7.2-38]

Trip Logic Test Switch:

The General Functional Requirements of IEEE-279-1968 are not applicable to
the trip logic test switch, however, the IEEE-279-1968 Manual Actuation
requirement is met as follows:

Operation of one test switch in the A trip system and one test switch in the B trip
system will initiate a reactor scram. This provision serves as a backup to the
normal manual scram pushbuttons. Due to its electrical connection at the
beginning of the trip logic strings, it does not meet a strict interpretation in
requiring operation of a minimum of equipment. However, due to its backup role
to the more direct manual scram pushbuttons, it is not necessary that these
switches meet this requirement in a literal sense. Furthermore, failure of any
given test switch will not interfere with the automatic RPS functions in any
manner.

. Reactor Mode Switch in SHUTDOWN

The General Functional Requirements of IEEE-279-1968 are addressed as
follows for the reactor mode switch: [7.2-39]

When the reactor mode switch has been placed in one of its four possible
positions, it selects the particular sensors for the scram functions and the
appropriate bypasses for certain sensors.

In addition, the mode switch performs certain interlock functions that are not
associated with the RPS. Among these interlock actions are restrictions on
control rod withdrawal and movement of refueling equipment.

The mode switch consists of a single manual actuator connected to distinct
switch banks. Each bank is housed within a fire retardant cover. Contacts from
each bank are wired to individual terminal boards by separate cable routing.
When the mode switch is set to a given position, it enables those protective
functions pertinent to that mode of operation to perform the necessary automatic
protective action.

As a backup function to the reactor scram pushbuttons, movement of the mode
switch to the SHUTDOWN position de-energizes the manual A3 and B3 RPS trip
logic strings to initiate reactor shutdown (IEEE-279-1968 Manual Actuation,
paragraph 4.17). An operating bypass is placed around the mode switch
contacts, after the scram time delay is complete, to permit manual reset of the
RPS when in the SHUTDOWN mode for an extended time. The RPS automatic
trip channels and trip logic are independent of the A3 and B3 manual trip logic
strings to provide assurance that the manual actuation will not interfere with
the automatic protective channels.

This scram is not considered a protective function because it is not required
to protect the fuel or nuclear system process barrier, and it does not act to
minimize the release of radioactive material from any barrier. [7.2-40]
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N. IEEE-279-1968 General Functional Requirements for Other Signals and Circuits

The RPS reset switch is under the administrative control of the control room
operator. Since the reset switch, through auxiliary delay contacts, is introduced
in parallel with the trip actuator seal-in contact, failure of the reset switch
cannot prevent initiation of protective action when a sufficient number of trip
channels are in the tripped condition. Hence, the automatic initiation
requirement for protective action is not invalidated by this reset switch. [7.2-41]

The reactor protection system motor-generator sets and power distribution
comply since the RPS is a normally energized system, and a loss of power from
both M-G sets will initiate reactor shutdown. Also, since the power source to the
RPS trip logic is introduced at the beginning of the series string of individual trip
channel outputs, the RPS power system does not interfere with the automatic
action requirements of the protection system.

The reactor protection system trip logic, actuators, and trip actuator logic is
arranged with four trip logic strings in the reactor protection system in a one-
out-of-two-twice arrangement. Hence, the RPS trip logic and trip actuator
circuitry comply with the design requirement.

The RPS provides output signals from isolated relay contacts to initiate control
room annunciation, to process computer logging of trips as they occur, to actuate
electrically operated valves to provide for backup scram capability, and to
actuate electrically operated valves to isolate the discharge volume drain and
vent isolation valve. These individual outputs are isolated from the relay
contacts used to accomplish the protective actions to assure that the latter
portions are capable of accomplishing the automatic protective action when
required.

0. IEEE-279-1968 Manual Actuation Requirements for Other Signals and Circuits

Since the reactor protection system reset switch reset function does not initiate
protective action, the design complies with this design requirement.

For the reactor protection system trip logic, actuators, and trip actuator logic, the
trip actuator logic may be placed in a tripped condition from either one of the two
automatic trip logics, A1l or A2, or the manual trip logic A3 associated with one
RPS trip system. This action can be accomplished with the trip logic test switch,
manual scram pushbutton, reactor mode switch, or with removable fuses in the
RPS cabinets. As a result, the design meets this design requirement.

The IEEE-279-1968 Manual Actuation design requirement is not applicable to
the RPS automatic trip functions, bypass functions, motor-generator sets and
power distribution, or outputs to other systems.

7.2.2.6 Scram Bypasses

A number of scram bypasses are provided to account for the varying protection
requirements depending on reactor conditions and to allow for instrument service during
reactor operations. Some bypasses are automatic, others are manual. [7.2-42]
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Where automatic bypasses are employed, the bypass is automatically removed when the
conditions for bypass no longer exist. Other operating bypasses are manually installed and
are under the administrative control of the control room operator. These controls meet the
requirements of IEEE-279-1968 Operating Bypasses (paragraph 4.12) for the following
functions:

Neutron monitoring system scrams

Turbine stop valve closure scram

Turbine control valve fast closure scram

Main steam line isolation valve closure scram

Condenser low vacuum scram

Scram discharge volume high water level scram

Turbine stop valve closure and turbine control valve fast closure trip bypass

Main steam line isolation valve closure trip bypass
All manual bypass switches and the reactor mode switch are in the control room, under the
direct control of the control room operator. Manual bypasses are controlled by mechanical,
electrical, or administrative controls to maintain trip function operability through other
channels when one channel is bypassed. Trip functions which use inputs from fluid sensors
may also have individual sensors valved out-of-service and returned to service under the
administrative control of the operator. Trip functions which use limit switch or position
switch inputs cannot be manually bypassed. These administrative and design controls
meet the requirements of IEEE-279-1968 Channel Bypass or Removal from Operation
(paragraph 4.11) and Access to Means for Bypassing (paragraph 4.14) for the applicable trip
functions:

Neutron monitoring system scrams

Turbine stop valve closure and control valve fast closure scrams

Main steam isolation valve closure and condenser low vacuum scrams

Scram discharge volume high water level scram

Reactor vessel high pressure scram (bypass by valve isolation)

Reactor vessel low water level scram (bypass by valve isolation)

Primary containment high pressure scram (bypass by valve isolation)
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If the ability to trip some part of the system has been bypassed, this fact is continuously
indicated in the control room. The requirements of IEEE-279-1968 Indication of Bypass
(paragraph 4.13) are met for bypasses involving these RPS trip functions:

Neutron monitoring system IRM, APRM, and OPRM scram

Turbine stop valve closure and control valve fast closure, (Turbine Gen. Load Rejection)

Main steam line isolation valve closure and condenser low vacuum scram

Scram discharge volume high water level scram (f tripped)

Reactor vessel high pressure scram (if tripped, also provides computer record)

Reactor vessel low water level scram (if tripped, also provides computer record)

Primary containment high pressure scram (if tripped, also provides computer record)

Reactor mode switch (when conditions for bypass are satisfied)

Reactor protection functions that are not applicable to the IEEE-279-1968 requirements are
listed under the exceptions in Item I.

For short duration bypasses that are not a permanently installed, the requirements of IEEE-
279-1968 Indication of Bypass (paragraph 4.13) are met by Administrative Controls of the
bypass; i.e. Caution Card and/or Procedure. [7.2-42a]

The scram bypasses are as follows:

A. Neutron Monitoring System

Bypasses for the neutron monitoring system channels are described in Section
7.6.

To meet the IEEE-279-1968 General Functional Requirements (paragraph 4.1) and
Channel Bypass or Removal from Operation requirements (paragraph 4.11), a
sufficient APRM and IRM channels are provided in the design to permit continuous
bypass of one APRM channel in each trip system and continuous bypass of one IRM
in each trip system. The remaining APRM and IRM channels in service are
adequate in number and in their spatial coverage of the reactor core to comply with
the requirements. Also, a sufficient number of OPRM channels (each channel
consisting of two modules) have been provided to permit any one OPRM module in a
given trip system to be manually bypassed, while still ensuring that the remaining
operable OPRM channels comply with the IEEE 279 design requirements. [7.2-43]

In addition, when the reactor mode switch is in RUN, an IRM trip will not cause a
scram unless the corresponding APRM has a downscale trip. The OPRMs can be
manually enabled but are automatically enabled only during reactor power/flow map
conditions of high power and low flow. [7.2-44]

B. Turbine Control Valve Fast Closure and Turbine Stop Valve Closure

To meet the IEEE-279-1968 General Functional Requirements (paragraph 4.1), the
turbine control valve fast closure scram and turbine stop valve closure scram is
provided with a bypass to permit continued reactor operation at low power levels
when the turbine valves are closed. [7.2-45]
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Closure of these valves from such a correspondingly low initial power level does
not constitute a threat to the integrity of any barrier to the release of radioactive
material. [7.2-46]

Removal of this bypass 1s automatically accomplished as the reactor power and
turbine first-stage pressure become elevated to the setpoint value. The setpoint
for actuation of this bypass is determined from transient analysis considerations
taking into account the resultant consequences of a bypassed turbine RPS trip as
a function of reactor operating power. [7.2-47]

Two turbine first-stage pressure switches are provided for each trip system to
Initiate the automatic bypass. The switches are arranged so that no single
failure can prevent a turbine stop valve closure or turbine control valve fast
closure scram. [7.2-48]

. Main Steam Line Isolation Valves Closure and Condenser Low Vacuum

The General Functional Requirements of IEEE-279-1968 (paragraph 4.1) for
this function are addressed as follows: [7.2-49]

The main steam line isolation valve closure trip bypass function is a manual
bypass in that the reactor mode switch must be placed in SHUTDOWN,
REFUEL, or STARTUP/HOT STANDBY position to obtain the trip bypass. This
bypass is provided to permit the RPS to be manually reset when the plant is
operating in one of the three aforementioned modes with the isolation valves
closed. These conditions exist during startups, maintenance and certain
reactivity tests during refueling.

. Scram Discharge Volume High Water Level

A manual keylock switch located in the control room permits the operator to
bypass the SDV high water level scram if the mode switch is in SHUTDOWN
or REFUEL. This bypass allows the operator to reset the RPS and air dump
system, so that the system is restored to operation while the operator drains
the SDV (IEEE-279-1968 Operating Bypasses, paragraph 4.12). In addition
to allowing the scram relays to be reset, actuating the bypass initiates a
control rod block. Resetting the trip actuators opens the SDV vent and drain
valves.

The IEEE-279-1968 General Functional Requirements (paragraph 4.1) for
automatic response are not meaningful for the bypass channels, since the
discharge volume high water level trip is bypassed by manual operation of a
bypass switch and the reactor system mode switch. Administrative control must
be applied to remove the bypass once the water has been drained from the
instrument volume associated with the discharge piping.

. Reactor Mode Switch

A reactor mode switch is provided to select the necessary scram functions for
various plant conditions. In addition to selecting scram functions from the
proper sensors, the mode switch provides appropriate bypasses. The mode
switch also interlocks such functions as control rod blocks and refueling
equipment restrictions, which are not considered here as part of the RPS. The
switch itself is designed to provide separation between the two trip systems.
[7.2-50]
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The mode switch positions and their related scram/scram bypass functions are as
follows:

1. SHUTDOWN - Initiates a reactor scram; selects neutron monitoring system
scram for low neutron flux level operation (enables the IRM high-high flux
and selects the 15% power APRM high-high flux scram signals); bypasses
main steam line isolation valve closure and condenser low vacuum scrams.

2. REFUEL - Selects neutron monitoring system scram for low neutron flux level |

operation (enables the IRM high-high flux and selects the 15% power APRM
high-high flux scram signals), bypasses main steam line isolation
valve closure and condenser low vacuum scrams.

3. STARTUP/HOT STANDBY - Selects neutron monitoring system scram for low |

neutron flux level operation (enables the IRM high-high flux and selects the
15% power APRM high-high flux scram signals); bypasses main steam line
isolation valve closure and condenser low vacuum scrams.

4. RUN - Selects neutron monitoring system scram for power range operation
(bypasses the IRM high-high flux scram when the companion APRM is not
downscale or inoperative, and selects the APRM flow-biased high-high flux
setpoint).

The reactor mode switch complies with IEEE-279-1968 Channel Bypass or
Removal from Operation (paragraph 4.11) in the following manner. [7.2-51]

The use of four banks of contacts for the mode switch permits any RPS trip
channel, which is connected into the mode switch, to be periodically tested in a
manner that is independent of the mode switch itself. Consequently, for any
stated position of the mode switch, a sufficient number of trip channels will
remain operable during the periodic test to fulfill this design requirement.
Movement of the mode switch handle from one position to another will disconnect
all redundant channels associated with the former position and will connect all
redundant channels pertinent to the latter position. In this manner, the mode
switch complies with this design requirement.

There are no operating bypasses that are imposed upon the RPS trip channels or
RPS trip logic as the result of the position of the mode switch itself IEEE-279-
1968 Operating Bypasses, paragraph 4.12).

The mode switch is under the administrative control of plant personnel. Since
other controls must be operated or other sensors must be in an appropriate state
to complete the operating bypass logic, the mode switch itself satisfies the
requirements of IEEE-279-1968 Access to Means for Bypassing (paragraph 4.14).

. Manual Scram Pushbuttons

Since actuation of one manual scram pushbutton places its entire RPS trip
system in a tripped condition, the automatic trip channels are ignored until such
time as the RPS is reset to its normally energized state. This particular result is
in compliance with IEEE-279-1968 Channel Bypass or Removal from Operation
(paragraph 4.11).
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G. Trip Logic Test Switch

The test switch is connected into the RPS trip logic preceding all individual trip
channel outputs. Consequently, operation of the test switch causes the entire
trip logic string to become de-energized and places one RPS trip system in a
tripped state. Hence, the test switch meets the IEEE-279-1968 Channel Bypass
or Removal from Operation (paragraph 4.11) design requirement.

The test switch does not fit the bypass definition, but since it is capable of
removing the trip logic from operation by placing it in a tripped state, it is
important that appropriate indication be given to the operator. In this situation,
the operator would receive annunciation that one RPS trip system is in a tripped
state, but no trip channels would be annunciated if they remained within their
setpoint limit. This combination would provide the operator with an indication
that the test switch operation was proper. In this way, the trip logic test switch
meets the requirements of IEEE-279-1968 Indication of Bypass (paragraph 4.13).

H. Trip Bypass Features

The trip bypass features and their applicability to IEEE-279-1968 requirements
are covered previously within the discussions for those specific trips.

1. Exceptions

The requirements of IEEE-279-1968 Channel Bypass or Removal from Operation
(paragraph 4.11) are not applicable for the following functions and equipment.
[7.2-51a]

Primary containment high pressure scram trip

Reactor protection system reset switch

Reactor protection system motor-generator sets and power distribution

Reactor protection system trip logic, actuators, and trip actuator logic

Reactor protection systems outputs to other systems

The requirements of IEEE-279-1968 Operating Bypasses (paragraph 4.12)
are not applicable to the following functions and equipment.

Reactor vessel high pressure scram trip
Reactor vessel low water level scram trip
Primary containment high pressure scram trip
Manual scram pushbuttons

Trip logic test switch
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Reactor protection system reset switch
Reactor protection system motor-generator sets and power distribution
Reactor protection system trip logic, actuators, and trip actuator logic
Reactor protection systems outputs to other systems

The requirements of IEEE-279-1968 Indication of Bypass (paragraph 4.13)
are not applicable for the following functions and equipment.

Manual scram pushbuttons

Reactor protection system reset switch

Reactor protection system motor-generator sets and power distribution
Reactor protection system trip logic, actuators, and trip actuator logic
Reactor protection systems outputs to other systems

The requirements of IEEE-279-1968 Access to Means for Bypassing
(paragraph 4.14) are not applicable to the following functions and equipment.

Reactor vessel high pressure scram trip

Reactor vessel low water level scram trip

Primary containment high pressure scram trip

Manual scram pushbuttons

Trip logic test switch

Reactor protection system reset switch

Reactor protection system motor-generator sets and power distribution
Reactor protection system trip logic, actuators, and trip actuator logic
Reactor protection systems outputs to other systems

7.2.2.7 Redundancy, Diversity, and Separation

Instrument piping that taps into the reactor vessel is routed through the drywell wall and
terminates inside the secondary containment (reactor building). Reactor vessel pressure
and water level information is sensed from this piping by instruments mounted on
instrument racks in the reactor building. [7.2-52]

Valve position switches are mounted on valves from which position information is required.
The sensors for RPS signals from equipment in the turbine building are mounted locally in
the turbine building. The two M-G sets that supply power for the RPS
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are located in the electrical equipment room in the service building in an area where they
can be serviced during reactor operations. Power and sensor cables are routed to two RPS
cabinets in the control room, where the logic circuitry of the system is formed. The trip
logics of each trip system are isolated in separate bays in each cabinet. The RPS, except for
the RPS power supplies upstream of the EPAs, was designed using Class I equipment to
assure a safe reactor shutdown during and after seismic disturbances.

The scram pilot valve solenoids are powered from eight trip actuator logic circuits: four
circuits from trip system A, and four from trip system B. The four circuits associated with
any one trip system are run in separate conduits. One trip actuator logic circuit from each
trip system may run in the same conduit; wiring for the two solenoids associated with any
one control rod may run in the same conduit.

7.2.2.8 Testability

Provisions are made for timely verification that each active or passive component in the
RPS is capable of performing its intended function as an individual component and/or in
conjunction with other components. In fulfillment of this general objective, tests are
provided to verify that the following specific conditions exist: [7.2-53]

A. Each instrument channel functions independent of all others;

B. Sensing devices will respond to process variables and provide channel trips at
correct values;

C. Paralleled circuit elements can independently perform their intended
function;

D. Series circuit elements are free from shorts that can nullify their function;

E. Redundant instrument or logic channels are free from interconnecting shorts
that could violate independence in the event of a single malfunction;

F. No element of the system is omitted from the test if it can in any way impair
operability of the system. If the test is done in parts, then the parts must be
overlapping to a sufficient degree to assure operability of the entire system;
and

G. Each monitoring alarm or indication function is operable.

The reactor protection system can be tested during reactor operation by five separate tests.
The first of these is the manual trip actuator test. By depressing the manual scram button
for one trip system, the manual trip logic actuators are de-energized, opening contacts in
the trip actuator logics. After resetting the first trip system tested, the second trip system
1s tripped with the other manual scram button. The total test verifies the ability to de-
energize all eight groups of scram pilot valve solenoids by using the manual scram
pushbutton switches. Scram group indicator lights verify that the trip actuator contacts
have opened.

The second test is the automatic trip actuator test which is accomplished by operating the
keylocked test switches, one at a time, for each automatic trip logic. The switch de-
energizes the trip actuators for that trip logic, causing the associated trip actuator contacts
to open. The test verifies the ability of each trip logic to de-energize the trip

Revision 5, June 1999
7.2-22



QUAD CITIES — UFSAR

actuator logics associated with the parent trip system. The actuator and contact action can
be verified by observing the physical position of these devices.

The third test includes calibration of the neutron monitoring system and analog trip system
by means of internal simulated inputs from calibration signal units. Section 7.6 describes
the calibration procedures. Likewise, the main steam line radiation monitoring system
(Section 11.5) is calibrated using internal calibration signals. [7.2-54]

The fourth test is the single rod scram test which verifies the capability of each rod to
scram. It is accomplished by operating the toggle switches on the protection system
operations panel. Timing traces can be made for each rod scrammed.

The fifth test involves applying a test signal to each RPS trip channel in turn and observing
that a trip logic trip results at the required trip point. This test also verifies the electrical
independence of the trip channel circuitry. For trip channels which are initiated by position
switches, thermal switches, and radiation monitors, the appropriate method of applying a
test signal to the sensing instrument will be used. The test signals can be applied to the
process sensing instruments (pressure and differential pressure) through calibration taps.
The test is conducted as follows:

A. An instrument technician, following approved plant procedures, isolates specific
instruments using the instrument valve (or instrument manifold valve) and a
calibration set is attached to the instrument calibration taps which are arranged
to avoid spilling of water (if the instruments are normally filled).

B. A calibration signal sufficient to actuate the sensor contacts is applied while
reading the value of applied pressure on calibrated test equipment.

C. The trip point and reset point are compared to the required setpoint and the trip
values are logged.

D. Adjustments are made to the trip setting if necessary; and the adjustments are
logged stating the measured "as-left" setpoint.

E. Communication with the control room is established during the test to verify the
trip point as registered on control room instruments. The trip value is logged.

F. Proper protective relay operation is also verified by observation.

G. The calibration signal is then reduced to zero, the test set is removed, the
calibration taps plugged, and the sensors are valved into service in their
operating positions.

H. The test is logged as complete.

Reactor protection system response times are first verified during routine surveillance
testing. The elapsed times from sensor trip to each of the following events is measured:

A. Trip channel relay de-energized, and

B. Trip actuators de-energized.
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The EPAs are routinely tested to ensure proper operation. The testing includes calibration
as well as a verification that the breakers will trip during conditions of undervoltage,
underfrequency, and overvoltage. [7.2-55]

Reactor protection system safety-related HFA relays had their coils replaced with General
Electric Century Series coils. HFA relays are inspected on a sampling basis. [7.2-56]

The following text discusses the applicability of the RPS functions to IEEE-279-1968
Capability of Sensor Checks (paragraph 4.9).

Neutron monitoring system scram trip [7.2-57]

During reactor operation in the RUN mode, the IRM detectors are stored below
the reactor core in a low flux region. Movement of the detectors into the core
permits the operator to oversee the instrument response from the different IRM
channels and will confirm that the instrumentation is operable.

In the power range of operation, the individual LPRM detectors respond to local
neutron flux and provide the operator with an indication that these instrument
channels are responding properly. The six APRM channels may also be observed
to respond to changes in the gross power level of the reactor to confirm their
operation.

Each APRM instrument channel may also be calibrated with a simulated signal
introduced into the amplifier input, and each IRM instrument channel may be
calibrated by introducing an external signal source into the amplifier input.

Each OPRM module may be calibrated with simulated signals introduced into
the module utilizing the OPRM Maintenance Terminal.

During these tests, proper instrument response may be confirmed by observation
of instrument lights in the control room and trip annunciators.
Reactor vessel high pressure scram trip

One sensor may be valved out-of-service at a time to perform a periodic test of
the trip channel. During this test, operation of the sensor, its contacts, and the
balance of the RPS trip channel may be confirmed.

Reactor vessel low water level scram trip

Because of the one-out-of-two-twice configuration of the RPS trip logic for this
protective function, one level sensor may be removed from service to perform the
periodic test on any trip channel.

Turbine stop valve closure scram trip

The logic of the four RPS trips is as follows:
Al (tripped)

Turbine stop valve 1 partially closed, and turbine stop valve
2 partially closed

A2 (tripped) Turbine stop valve 3 partially closed, and turbine stop valve

4 partially closed

B1 (tripped) Turbine stop valve 1 partially closed, and turbine stop valve

3 partially closed
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B2 (tripped) = Turbine stop valve 2 partially closed, and turbine stop valve
4 partially closed

For any single stop valve closure test, two of the trip channels will be placed in a
tripped condition, but none of the trip logics will be tripped, and no RPS
annunciation or computer trip channel logging will be evident. This
arrangement permits single valve testing without corresponding tripping of the
RPS, and the observation that no RPS trips result is a valid and necessary test
result.

At reduced power levels, two valves may be tested in sequence to produce RPS
trips, annunciation of the trips, and computer printout of the trip channel
identification. These observations are another important test result that
confirms proper RPS operation.

In sequence, each combination of single valve closures and dual valve closures is
performed to confirm proper operation of all trip channels.

Turbine control valve fast closure scram trip

During any control valve fast-closure test, one RPS trip channel will be tripped
and will produce both control room annunciation and computer record of the trip
channel identification.

Main steam line isolation valve closure scram trip [7.2-58]

For any single valve closure test, two of the trip channels will be placed in a
tripped condition, but none of the trip logics will be tripped, and no RPS
annunciation or computer trip channel record will be evident. This arrangement
permits single valve testing without corresponding tripping of the RPS. The
observation that no RPS trips result is a valid and necessary test result. [7.2-59]

At reduced power levels, two valves may be tested in sequence to produce RPS
trips, annunciation of the trips, and computer printout of the trip channel
identification. These observations are another important test result that
confirms proper RPS operation.

In sequence, each combination of single valve closures in each of two main steam
lines is performed to confirm proper operation of all eight trip channels.

These test results confirm that the valve limit switches operate as the valves are
manually closed.

Scram discharge volume high water level scram trip
During reactor operation, the discharge volume level sensors may be tested by
using the instrument isolation valves in proper sequence in conjunction with
quantities of demineralized water.

Primary containment high pressure scram trip

During reactor operation one pressure switch may be valved out-of-service at a
time to perform periodic testing.
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Reactor mode switch

Operation of the mode switch may be verified by the operator during plant
operation by performing certain sensor tests to confirm proper RPS operation.
Movement of the mode switch from one position to another is not required for
these tests since the connection of appropriate sensors to the RPS logic, as well
as disconnection of inappropriate sensors, may be confirmed from the sensor
tests.

Turbine stop valve closure and turbine control valve fast closure trip bypass

Testing of individual pressure switches is permitted during plant operation by
valving out-of-service one pressure switch at a time. A variable pressure source
may then be introduced to the switch to confirm the setpoint value and switch
operation.

Neutron monitoring system trip bypass

At any time, the operator may confirm proper operation of the neutron
monitoring system bypass channels by placing the bypass switch for any given
trip system into specific positions and introducing trip conditions into one
neutron monitoring system trip channel at a time for that same trip system. A
sequential combination of these operations will provide for complete verification
of the neutron monitoring system bypass channels.

Scram discharge volume high water level trip bypass

During plant operation in the STARTUP/HOT STANDBY and RUN modes,
imposition of this bypass function is inhibited by the reactor mode switch. Under
these circumstances, operation of the bypass switch should not produce a bypass
condition for any single trip channel. Thi