TABLE OF CONTENTS

12.4 Plant Protection System...........ccccciiiii s 1
P20 T [ 1 o Yo 18 o 1o o PRSPPI 2
12.4.2 Reactor Protection System.........cooooiiiiiii 3

12.4.2.1 DeSign BasiS .....ccooeiiiiiiiiiiei e 3
L S =Y T (o] o1 TSP 4
12.4.2.3 Reactor Trip Methodology ........ccovvviiiiiiiiiiiiiiiiiiiiieeeeeeeeeeeee 8
12.4.2.4 LOQIC MatriCeS ....ccovveiieeiie e 12
12.4.2.5 Operating BypasSes........ccovuuiiiiieiiiiieeeecee e 17
12.4.2.6 Trip Channel Bypass...........ccoiieiiiiiiiiiiiicee e 19
12.4.2.7 CEA Withdrawal Prohibits .............ccoooviiiiiiiiiiiiiiiiiieiieeeeeeeee, 20
L A T o S T =T (] o [ 21
12.4.2.9 PPS Testing Design Features.............ccceeeiiiiiiiiiiiiiiicceeeeee, 21
12.4.3 Engineered Safety Features Actuation System...........cccooeveiiiiiiiinnnnnn. 23
12.4.3.1 DeSign Bases .......cccuuiiiiiiiiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeeeeeeee 25
12.4.3.2 ESFAS Signals.....cccooviiiiiiiiiiieieieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e 25
12.4.3.3 Operating and Trip Channel Bypasses..........ccccccvvvvvveeeeennnnn. 27
12.4.3.4 ESFAS TeSting.....coevviiiiiiiiiiiiiiiieeeieeeeeeeeeeeeeeeeeeeeeeeeeeeee 28
1244 SUMMEAIY ... e e e e e e e e e e e e ns 28

Rev 10/08

12.4-1 USNRC HRTD



LIST OF FIGURES

Figure 12.4-1 Plant Protection System Block Diagram

Figure 12.4-2 Reactor Trip Logic Diagram

Figure 12.4-3 Bistable Comparator and CPC Process

Figure 12.4-4 Low Pressurizer Pressure Variable Setpoint Operation
Figure 12.4-5 Low Steam Generator Pressure Variable Setpoint Operation
Figure 12.4-6 Reactor Trip Status Panel

Figure 12.4-7 RPS Trip Signal Flowpath

Figure 12.4-8 Bistable Control Panel Channel A

Figure 12.4-9 RPS Trip Path Status With Trip on the AB Matrix

Figure 12.4-10 RPS AB Logic Matrix — Normal (untripped)

Figure 12.4-11 RPS Logic Matrix With High Linear Power Channel A Tripped

Figure 12.4-12 RPS Logic Matrix With Linear Power Channel A and High Log Power
Channel B Tripped.

Figure 12.4-13 RPS AB Logic Matrix With High Linear Power Channel A and Channel
B Tripped

Figure 12.4-14 PPS Remote Operator's Module

Figure 12.4-15 CPC Remote Operator's Module

Figure 12.4-16 Trip Channel Bypass Electrical Interlock

Figure 12.4-17 CEA Withdrawal Prohibit Logic Diagram

Figure 12.4-18 ESFAS Logic Diagram

Figure 12.4-19 ESFAS Functional Diagram

Figure 12.4-20 ESFAS Actuation Relay Cabinet Schematic — SIAS Circuit

Rev 10/08 12.4-2 USNRC HRTD



12.4 Plant Protection System

Learning Objectives:

State the purpose of the reactor protection system (RPS).

State the purpose of the engineered safety features actuation system (ESFAS).
Explain the purpose of each reactor trip.

Explain how the two out of four RPS trip logic is derived.

Explain the reactor trip circuit breaker trip logic.

List the operating bypasses incorporated into the Plant Protection System.
Explain the effect of placing an RPS trip in trip bypass.

Explain the operation of the low pressurizer pressure trip circuitry.

Explain the operation of the low Steam generator pressure trip circuitry.
Explain the ESFAS logic.

Explain the purposes of the ESFAS signals.
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12.4.1 Introduction
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Figure 12.4-1 Plant Protection System Basic Block Diagram

The severity of a reactor accident depends on the extent of fuel damage, the extent of
any release of radioactive fission products from the Reactor Coolant System (RCS)
boundary, and the extent of any release of this radioactive material to the environment
where it then threatens the health and safety of the general public. There are several
ways to limit the severity of an accident in these terms. One way is to prevent or
minimize fuel damage during an accident, another is to contain any radioactive release
such that it never reaches the general environment.

The Plant Protection System (PPS) is designed to sense abnormal occurrences and/or
accidents in the reactor plant and to initiate automatic actions to place the plant in a
safe condition to maximize the capability of plant systems to maintain the integrity of the
three fission product barriers. The PPS can be broken down into two subsystems; the
Reactor Protection System (RPS) and the Engineering Safety Features Actuation
System (ESFAS).

The PPS recognizes and protects the three boundaries between the radioactive fission
products in the reactor core and the general public; the fuel cladding, the RCS system
piping, and the Containment Building. Engineered Safety Feature (ESF) systems are
specifically designed to protect the integrity of these boundaries, thereby ensuring that
the health and safety of the public is protected. Specified Acceptable Fuel Design Limits
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(SAFDLS), Safety Limits, and Limiting Safety System Settings (LSSS) have been
established for this purpose.

During an emergency, the RPS rapidly inserts the Control Element Assemblies (CEASs)
to shutdown the nuclear chain reaction to reduce the heat generation rate. This action
limits peak fuel centerline and cladding temperatures along with RCS temperatures and
pressures. The ESFAS actuates valves, pumps, fans, and other plant equipment to
enhance the ability of the plant to protect the three fission product barriers.

12.4.2 Reactor Protection System

The Reactor Protection System (RPS) monitors various plant parameters, such as
reactor power, Reactor Coolant System (RCS) temperature, pressurizer pressure,
steam generator water levels and pressures and trips the reactor when a limit is
approached. A reactor trip under these circumstances is intended to maintain the
integrity of the fuel cladding and RCS boundaries during any Anticipated Operational
Occurrence (AOO) and limit offsite radiation doses to within the limits of 10CFR100
during any design basis accident. In addition, the RPS aids the Engineered Safety
Features (ESF) in the event of an accident by shutting down the reactor.

12.4.2.1 Design Basis
The RPS is designed to perform the following:
1. Prevent exceeding any SAFDLs during any AOO. SAFDLs are limits on
monitored plant parameters which will assure the integrity of the fuel clading.

Combustion Engineering has defined Linear Heat Rate (LHR) and Departure
from Nucleate Boiling Ration (DNBR) as the two SAFDLs of interest.

2. Comply with 10CFR50, Appendix A, Criterion 21, which addresses protection
system reliability, testability, redundancy, and independence. These features
are designed into the PPS such that:

a. No single failure will result in the loss of protective function, and

b. Removal of any channel or component from service will not result in loss
of the required minimum redundancy, and

c, The PPS can be periodically tested at power without tripping the reactor or
causing any protective actuation signals.

d. To comply with the following provisions of IEEE-279 Criteria for Nuclear
Power Plants:

1.) Four independent measurement channels are provided
2.) No single failure will prevent protective action.
3.) System actuation on selected plant variables will be 2/4 coincidence.

4.) When one channel is out of service, coincidence logic is reduced to
2/3.

5.) Protective logic assumes the de-energized state to trip.

6.) Manual reset is necessary once actuation is initiated.
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e.

f.

7.)
actuation.

8.)

9.)
plant operations are displayed and/or controlled on
Board (MCB).

Manual actuation is available and independent of automatic

System can be tested with the plant shutdown or operating.

System functions requiring operator attention or action during routine

the Main Control

10.) Selected plant variables may be manually blocked or bypassed

during plant startup and shutdown evolutions.

11.) All manually blocked or bypassed variables are automatically
unblocked when permissive conditions no longer exist.

To provide adequate protection during AOOs.

To alert the operator when any monitored plant condition is approaching a

condition that would initiate protective action.

g. To ensure that protective action will not be initiated due to normal

operation of the generating station.

12.4.2.2 Reactor Trips
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Figure 12.4-3 Bistable Comparator and CPC Process AOO Thls trlp SetpOInt IS
calculated in the Core Protection Calculators (CPCs) and is variable depending on plant
parameter combinations at any given time.

Low Departure from Nucleate Boiling Ratio (DNBR)

The Low Departure from Nucleate Boiling Ratio trip prevents the DNBR in the limiting
coolant channel in the core from exceeding the fuel design limit in the event of any
AOO. This trip setpoint is calculated in the CPCs and is variable depending on plant
parameter combinations at any given time.

High Pressurizer Pressure

The High Pressurizer Pressure Trip, in conjunction with the Pressurizer and Main Steam
safety valves, provides RCS over pressure protection during a loss of load without
reactor trip.
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Figure 12.4-4 Low Pressurizer Pressure Variable Setpoint Operation

to a minimum of 100 psia. Below 400 psia the trip may be bypassed.

Low Steam Generator Pressure Trip
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will occur before the Steam Generator heat sink is lost.

Figure 12.4-5 Low Steam Generator Pressure Variable Setpoint Operation

The Low Pressurizer
pressure Trip assists the
ESF systems in the event of
a Loss of Coolant Accident
(LOCA) by tripping the
reactor early in anticipation
of reaching the ESF
protective action setpoint. In
addition to a LOCA, the Low
pressure trip could be
caused by an excessive
cooldown or a Main
Steamline Break (MSLB).
During plant
depressurizations and
cooldown, this setpoint can
be manually reset to a new
setpoint 400 psia below
existing pressurizer pressure

A Low Steam Generator
Pressure Trip provides
protection against an
excessive heat removal from
the Steam Generators and
subsequent RCS cooldown.
The resulting RCS cooldown
represents an uncontrolled
positive reactivity addition.

Low Steam Generator
Level Trip

A Low Steam Generator
Level Trip from each Steam
Generator provides
protection against events
involving a mismatch
between steam and
feedwater flow. This trip
ensures that a reactor trip

It also ensures that RCS design
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pressure will not be exceeded prior to the time that Emergency Feedwater can be
supplied for decreased heat removal events.

High Steam Generator Water Level Trip

A High Steam Generator Water Level Trip protects the turbine from excessive moisture
carryover.

High Containment Pressure Trip

The High Containment Pressure Trip provides assurance that a reactor trip is initiated
concurrently with safety injection, containment isolation, and main steam isolation
signals. This aids in preventing exceeding the containment internal design pressure
during a design basis LOCA or MSLB.

Steam Generator Low Flow Trip

The Steam Generator Low Flow Trip provides protection against a Reactor Coolant
Pump (RCP) sheared shaft event and a steam line break event concurrent with a loss of
offsite power. It monitors RCS flow on the primary side of the Steam Generator to trip
the reactor on loss of RCS flow. This trip is necessary because the Core Protection
Calculator (CPC) generated DNBR protection uses RCP speed sensors for RCS flow
indication and can’t sense a loss of flow due to a sheared shaft incident.

Reactor Trip on Turbine Trip

Normally this trip is supplied to remove the heat source from service by reactor trip
when the turbine is tripped in anticipation of a possible loss of heat sink. The setpoint
and need for this trip is plant dependent. The need is determined by the existence of
the Reactor Power Cutback (RXC) system and the capacity of the Steam Dump and
Bypass Control system.

For plants that have the RXC system installed this trip is not required for plant safety
and is normally disabled.

Manual Reactor Trip

Manual reactor trip is provided to permit the operator to trip the reactor manually from
the Main Control Room per the design bases requirements.
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12.4.2.3 Reactor Trip Methodology
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Figure 12.4-6 Reactor Trip Status Panel

Process instrumentation sensors monitor selected plant parameters and send status to
the RPS. This information is compared to bistable setpoints for each input parameter to
determine if an unsafe plant condition is being approached, such as Pressurizer
pressure decreasing or reactor power increasing above operating limits. The bistables
convert the analog inputs into digital outputs for use by the RPS coincidence logic
circuits to determine if a trip is necessary.
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Figure 12.4-7 RPS Trip Signal Flowpath

Coincidence logics are used to prevent a single instrument failure from causing an
unnecessary reactor trip or preventing a needed one. This is done by using four
independent and electrically separate sensor channels to compare critical plant
parameters to trip setpoints and by basing protective action on at least two of the four
sensors exceeding their trip setpoints. These channels, designated “A”, “B”,”C”, and “D”
each have their own sensor with physically and electrically separated signal leads,
power supplies, and bistables. A trip on one channel out of four will only cause an
alarm, but two or more channels must trip to satisfy the 2/4 trip coincidence logic and
establish a reactor trip path. Four input channels require six logic circuits to check for a
two-out-of-four coincidence. These six coincidence circuits are called matrices. Each
two-out-of-four coincidence matrix has four normally energized matrix output relays
associated with it (6AB1, 6AB2, 6AB3, 6AB4 where the “6" prefix is the designation for
the RPS portion of the PPS; the ESFAS portion has a different prefix).
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Figure 12.4-9 RPS Trip Path Status With Trip in the AB Matrix
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The four output relays for each matrix each operate one fail-open (energized closed)
contact in each of four reactor trip paths (e.g., contacts 6AB1, 6AB2, 6AB3, 6AB4). A
reactor trip path consists of six contacts in series, one for each associated matrix output
relay. For example, trip path 1 has six normally closed contacts (6AB1, 6BC1, 6BD1,
6AC1, 6CD1, and 6AD1) wired in series. These contacts are fed from normally
energized matrix output relays of the same designation.
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Figure 12.4-8 Bistable Control Panel Channel A
There are 15 different reactor trip bistables in each of the four PPS channels. They can
be readily identified by the three red RPS bistable relay indicating lamps immediately
beneath them that correspond to each bistable’s trip status in the associated logic
coincidence matrices. Assume that trip bistables for channels “A” and “B” monitor the
same reactor trip parameter. When this parameter exceeds its trip setpoint, bistables
“‘A” and “B” will trip, the “AB” matrix will detect a 2/4 coincidence and de-energize its four
matrix output relays (6AB1, 6AB2, 6AB3, and 6AB4). Contacts 6AB1, 6AB2, 6AB3, and
6AB4 will fail open in the four trip paths and remove power to four Solid State Relays
(SSRs) which drive normally energized relays K1, K2, K3, and K4. Note that just one
coincidence logic matrix will trip all four reactor trip paths. The purpose of a trip path is
to let the Reactor Trip Switchgear (RTSG) circuits know that at least one matrix has
tripped, indicating a coincidence trip in at least 2/4 channels. Note that each relay
operates two reactor trip circuit breakers (TCBs).

1. K1 operates TCB1 and TCB5
2. K2 operates TCB2 and TCB6
3. K3 operates TCB3 and TCB7
4. K4 operates TCB4 and TCB8

A reactor trip is accomplished by removing electrical power from the Control Element
Drive Mechanism Control System (CEDMCS), which will cause the CEDMs to release
the Control Element Assemblies (CEAs) and allow them to drop into the core by gravity.
The CEDMs are powered from two 100% capacity CEDM Motor Generator sets (CEDM
MGs), both of which are normally running in parallel. The power must pass through the
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eight TCBs, arranged in four parallel sets of two breakers in series. The function of the
K relays is to trip the TCBs when required to remove power from the CEAs, tripping the
reactor.

G SET The breaker tripping arrangement is called a selective two-

| out-of-four scheme because not all possible 2/4 TCB pair

| ) | s | 3 | ; combinations will cause a reactor trip. For example, if K1
-- a- - and K2 trip TCBs 2,6,1,and 5, the reactor will not trip since

the CEDMs will remain energized via TCBs 3, 7, 4, and 8.
- - However, if K2 and K3 trip TCBs 2, 6, 3, and 7, then both
I g power paths are interrupted and a reactor trip will occur. In
| other words, to trip the reactor, two of the four K relays
CEDMS must be de-energized as follows: (K1 or K2) AND (K3 or
K4). De-energizing only the K1 and K2 relays will not trip
the reactor, nor will de-energizing only relays K3 and K4 trip the reactor.

Note that the reactor trip function is de-energize to trip as required by the design bases.
The bistable outputs de-energize, which de-energizes the matrix output relays, which
de-energizes the K relays, which de-energizes the TCB undervoltage coils and
energizes the shunt trip coils, which opens the TCBs and de-energizes the CEDM coils,
tripping the reactor.

12.4.2.4 Logic Matrices

Once a logic matrix has determined a 2/4 coincidence, it must actuate a reactor trip
path. The six logic matrices are designated “AB”, “AC”, “AD”, “BC”, “BD”, and “CD”.
The “AB” matrix monitors all trip signals from the RPS channel “A” and channel “B” trip
bistables. For example, if a trip in channel “A” Hi Linear Power occurs coincident with a
trip in channel “B” Hi Linear Power, the matrix will trip. The remaining matrices function
in the same manner, comparing their respective channels bistable trip relays for a
coincident trip condition.

Each matrix consists of bistable relay contacts connected in the form of a ladder.
Auctioneered DC power supplies from each channel are connected in parallel to one
end of the ladder. Four matrix output relays, 6AB1, 6AB2, 6AB3, and 6AB4, are
connected in parallel at the other end. With this configuration, a failure of one of the
power supplies will not result in a complete matrix trip; however, two relays will trip and
cause two K relays to de-energize, tripping half the RTBs (this is not enough to trip the
reactor). This situation can occur on loss of a single 120 VAC power supply failure.
When a logic matrix does trip, its four matrix output relays will de-energize. The matrix
output relays open contacts in four trip paths and de-energize the four K relays to
initiate a reactor trip.
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Figure 12.4-10 RPS AB Logic Matrix - Normal (untripped)

In Figure 12.4-10, the “AB” matrix for reactor trip is shown with no trip signals present.
Current flows down both legs of the ladder through the closed bistable relay contacts,
energizing the four matrix output relays, 6AB1 through 6AB4, at the bottom of the
ladder. All of the bistable relay indicating lamps are off. Note that the bistable relay
lamps are red light emitting diodes (LEDs). These red LEDs turn on when the bistable
trips. This differs from other RPS indicating lights which usually de-energize, or go off,
on a trip.
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TESTING CIRCUITRY
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Figure 12.4-11 shows the “AB” matrix with a Hi Linear Power Trip in channel “A”. The
channel “A” Hi Linear Power Trip bistable relay contacts at the top of the ladder have
opened. The four matrix output relays remain energized through the right side of the
logic matrix. The “AC” and “AD” matrices would be in the same configuration with a trip
in channel “A” High Linear Power.
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Figure 12.4-12 RPS Logic Matrix With Linear Power Channel A and High Log Power Channel B Tripped
In Figure 12.4-12, the effect of adding a High Logarithmic Power Trip in channel “B” with
a High Linear Power Trip in channel “A” is shown. The path across the matrix ladder
allows the matrix output relays to stay energized, preventing a reactor trip in the case
where tripped bistables are not for the same trip function. The three LED bistable relay
indicating lamps will be illuminated under the HI LN PWR window in channel “A” and
three under the HI LOG PWR window in channel “B”.
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Figure 12.4-13 RPS AB Logic Matrix With High Linear Power Channel A and Channel B Tripped
Figure 12.4-13 depicts a valid reactor trip condition in which both channels “A” and “B”
have a High Linear Power trip condition (bistables A1 and B1 tripped). When the A1
and B1 bistables trip, they each de-energize three bistable relays. The contacts for
bistable relay A1-1 are in the “AB” matrix. Those for A1-2 and A1-3 are in the “AC” and
“AD” matrices, respectively. Similarly, the B1-1, B1-2, and B1-3 bistable relay contacts
are in the “AB”, “BC”, and “BD” matrices, respectively.
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As a result of the A1-1 and B1-1 contacts being opened, power is lost to the four matrix
output relays, 6AB1, 6AB2, 6AB3, and 6AB4. The de-energized matrix output relays
will open contacts in trip paths 1, 2, 3, and 4 (refer to figure 14), de-energizing the four K
relays, which will trip open the RTSG TCBs.

It should be noted that if two or more different trips come in on a matrix ladder at the
same time, only the highest (uppermost) bistable indicating lights will be illuminated due
to the matrix contact arrangement. For example, if the reactor trips on Low Steam
Generator Level, then initially the bistable relay indicating lights for Low Steam
Generator Level will come on. If, as the reactor trips, the Hi LPD trip also comes in,
then the final state will show the bistable relay indicating lamps on for only the Hi LPD
trip but not for the low Steam Generator Level trip. This means that the RPS front panel
indication related to the matrix output relay lamps cannot be used as a “first out”
indication.

12.4.2.5 Operating Bypasses

Operating bypasses have the

CHANNEL C . T
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The following is a list of the PPS operating bypasses:

1.

The CPC trips (DNBR and LPD) have an operating bypass to allow system
tests at low power when pressurizer pressure may be low or the RCPs may
be off. The bypasses are accomplished by key switches on each of the four
CPC Remote Operators Modules. The trip will automatically reinstate,

The High Logarithmic Power Trip has an operating bypass to allow the reactor
to be brought to the power range in a controlled manner during a reactor
startup. The bypass is accomplished by depressing pushbuttons on each of

the four PPS Remote Operators Modules. The trip will automatically reinstate.
The RPS/ESFAS Pressurizer Pressure Trip/Safety Injection Signal (SIAS) has
an operating bypass to allow system testing at low pressure and to allow

heatups and cooldowns with shutdown CEAs withdrawn and without actuating

an unnecessary SIAS. The bypasses are accomplished by key switches on
each of the four PPS Remote Operators Modules.

The Low Steam Generator Flow Trip is bypassed to allow CEDMCS
maintenance with a low flow condition in the RCS. The bypass is
accomplished by key switches on each of the four PPS Remote Operators
Modules.

The High Steam Generator Water Level Trip is bypassed to accommodate
Steam Generator level control swings during startup without causing a reactor
trip. The bypass is accomplished by key switches on the PPS Remote

Operators Module.
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6. The Reactor Trip on Turbine Trip is bypassed if the Reactor Power Cutback
System is available. The trip is bypassed in total from the reactivity control
station. Individual channels may be bypassed by key switches on the PPS
Remote Operators Module.

12.4.2.6 Trip Channel Bypass

TRIP BYPASS BYPASS BYPASS BYPASS
BYPASS SWITCH SWITCH SWITCH SWITCH
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Figure 12.4-16 Trip Channel Bypass Electrical Interlock
Trip channel bypasses have the following characteristics:

1. May be done to only one channel at a time for a particular trip function for
testing, maintenance, or removal from service due to inoperability.

2. Affects 1/4 protection channels for a particular trip function. Attempting to
bypass two channels at the same time unbypasses both channels.

3. All trip channel bypasses annunciate a common alarm in the control room.

All trip bistables have Trip Channel Bypass capability to remove them from service for
maintenance or testing. When one channel’s bistable, for a particular trip function, is in
Trip Channel Bypass, the trip logic is converted to 2/3 by relying on the three remaining
channels. This bypass is both initiated and removed manually by toggle action
pushbuttons (shown on Figure 12.4-8). There is an electrical interlock which allows only
one channel for a given trip function to be bypassed at a time. Attempting to place two
bistables in Trip Channel Bypass for a given trip function will result in both bistables
defaulting to an unbypassed condition.
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12.4.2.7 CEA Withdrawal Prohibits
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Figure 12.4-17 CEA Withdrawal Prohibit Logic Diagram

CEA Withdrawal Prohibit (CWP) signals are designed to increase plant availability by
prohibiting CEA withdrawal when certain pretrip conditions exist. No credit is taken for
CWPs in the safety analysis. A CWP signal is sent to the Control Element Drive
Mechanism Control System (CEDMCS) where it blocks CEA withdrawal in all mode
except MANUAL INDIVIDUAL. CWPs are processed via the PPS and include a CWP
generated by 2/4 Hi Pressurizer Pressure pretrips and several CWPs generated within
the CPCs.

CPC-generated CWPs are:

2/4 low DNBR or High LPD Pretrips.
Regulating subgroups deviation.
Regulating group out of sequence.
Excessive Part-Length CEA insertion.
Single CEA deviation (CEACSs).

The CPC generated CWPs are automatically bypassed if power decreases below the
range of 7.0x10°% and 10x10™% power to allow reactor startup operations since the
CPCs cannot accurately calculate DNBR and LPD pretrips below that power level to
actuate CWPs in a reliable manner. The Hi Pressurizer Pressure CWP is not
bypassable.

abhwd~
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12.4.2.8 PPS Testing
Power Trip Test Interlock

Since the Four Nuclear Instrumentation system safety channels input to the CPCs, an
inoperable safety channel would render the affected trip circuits inoperable. To ensure
conservatism, there is an interlock between the CPCs and the safety channels such that
an inoperable safety channel will force the DNBR and LPD trip circuits to the tripped
condition.

Safety channel trouble conditions that will actuate the Power Trip Test Interlock are:

Safety channel high voltage low.

Loss of safety channel drawer voltage.

Loose or removed circuit card in the safety channel drawer.

Calibrate or test safety channel drawer switches out of either the “OFF” or
“OPERATE” positions.

In addition to the Power Trip Test interlock, there are other trip test interlocks associated
with the safety channels. Since the safety channels input to the PPS for Hi Linear
Power and Hi Log Power Trips, taking the LINEAR CALIBRATE switch out of “OFF” will
cause a HI Linear Power trip in the affected channel and taking the LOG CALIBRATE
switch out of “OFF” will cause a Hi Log Power trip in the affected channel.

CPC Test Enable

Before going into test mode, both the DNBR and LPD functions are placed in Trip
Channel Bypass. This enables power to the CPC test circuitry and bypasses the DNBR
and LPD channel trips to allow testing. A key switch allows access to the CPC for
testing. A test teletype is connected to the CPC channel to facilitate the testing. The
teletype may also be used to to dump a CPC trip buffer report following a reactor trip.

12.4.2.9 PPS Testing Design Features

The RPS has been designed to be functionally testable both at power and shutdown.
The entire protective signal flow path is testable. The input sensors are continually
checked during normal operation by comparing the outputs of similar channels and
cross-checking them with related instruments. During extended shutdown and refueling
periods, the sensors are checked and calibrated against known standards. This testing
covers the sensor up to where it enters the RPS. RPS testing covers the entire RPS
scope beginning with the sensor output where it enters the RPS, extending all the way
through the protective system, and ending with the final actuation devices (TCBs). For
convenience of testing, the protection circuit (signal flow path) testing is done in an
overlapping fashion by dividing the protection circuit testing into three segments:
bistable testing, logic matrix testing, and trip path testing. Each segment overlaps
adjacent segments such that performing all three segments individually ensures that the
overall circuit path is tested and operable and that no part of the circuit is omitted

b=

Bistable Testing

The bistable testing will verify that the bistable comparator cards actuate their
respective trip relays at the proper setpoints. The bistable relays, the matrix relays and
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the ESFAS actuation relays are double-coil relays; that is they have both primary and
secondary coils. The primary coil is fed by the normal actuation input signal. The
secondary coil is a test coil that can generate a flux that is either the same polarity as
the primary coil (“aiding”) or the opposite polarity (“bucking”). For a bistable relay, the
primary coil is fed from a process input sensor via a driver, while the test coil generates
a bucking magnetic flux. Thus, energizing the test relay will cause the magnetic fluxes
to “cancel out” and the relay will go to its de-energized, tripped position. Any bistable
can then be “tripped” by energizing the test coil for that particular bistable trip function
without affecting the primary coil or its input sensor signals.

Matrix Testing

Each matrix and each pair of ladder contacts within the matrix is individually tested by
manipulation of switches and pushbuttons located on the six Matrix Test Modules
(MTMs). The MTMs are separate and independent such that each MTM only tests one
matrix. Additionally testing is limited to a single RPS trip function at a time due to the
hardwiring of switches. Like the bistable trip relays, the matrix output relays are also
double-coil relays. To allow testing, these test coils are wired as aiding coils (same
polarity as the primary coils); that is, they will maintain the matrix output relay contacts
in the energized state even if the primary coil is de-energized. The design intent of the
test switches is to increase testing reliability and minimize the probability of a spurious
reactor trip. The testing process checks that the bistable trips are capable of opening
the necessary contacts in the matrix ladder to de-energize the matrix output relays. The
test coils energizing ensure that the K relays stay energized and that the TCBs remain
closed.

Trip Path Testing

The trip path testing will open one of the four trip paths (six series contacts) and actually
trip one set of two series TCBs. However, the remaining three sets of TCBs will
maintain power to CEDMCS and the reactor will not trip. The methodology uses matrix
testing but allows the output aiding test coil for the matrix under test to be de-energized.
The bistable relay bucking test coils then will be energized simulating a trip condition
which then will de-energize the appropriate K relay and open one set of TCBs.

Manual Trip Test

The Manual Trip Test is accomplished by simply pushing one of the four manual
REACTOR TRIP pushbuttons. Pushing only one pushbutton will open the two
associated TCBs without causing a reactor trip. This function is done direct from the
Control Board to the RTSG and does not pass through the PPS.

The four REACTOR TRIP pushbuttons are arranged in two sets of two, each set on a
different control panel. Pressing both pushbuttons at either location will cause an actual
reactor trip.
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12.4.3 Engineered Safety Features Actuation System
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Figure 12.4-19 ESFAS Functional Diagram
The Engineered Safety Features Actuation System (ESFAS) and associated
Engineered Safety Features (ESF) systems are designed to ensure that accident
consequences are kept within acceptable limits. The ESFAS generates actuation
signals for the ESF and ESF support systems.

Like the RPS, the ESFAS receives sensor inputs to feed bistables, 2/4 coincidence logic
matrices, and trip paths to actuate devices. However, the RPS and ESFAS differ in
their trip actuation devices. While the RPS trip signals actuate the RTSG TCBs, the
ESFAS trip signals actuate various ESF system components, such as valves, pumps,
and fans. Additionally, some of the RPS trip bistables are shared between the RPS and
the ESFAS. These can be readily identified by refering to the Bistable Control Panel
(BCP) bistable relay matrix trip status lamp section of the BCP as shown in Figure 12.4-
8. Note that the shared bistables have a total of six RPS and ESF matrix trip status
lamps and include the LO PZR PRESS, LO SG-1 PRESS and LO SG-2 PRESS
bistables. In addition, there are five trip bistables that are used exclusively by the
ESFAS. These are indicated on the BCP by having only three ESF matrix trip status
lamps and include HI CTN PRESS, HH CTN PRESS, LO RWT LEVEL, HI SG-1 DP,
and HI SG-2 DP bistables.

Sensor inputs are sent to trip normally energized bistables. These bistables use the
same type of bistable comparator cards and bistable relay cards that the RPS bistables
use. However, while RPS bistables use two bistable relay cards, ESF bistables use
three bistable relay cards due to the additional outputs required for the two selective 2/4
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logic schemes. Like the RPS the ESFAS bistables de-energize to actuate ladder
contacts in six different matrices with each matrix having four normally energized matrix
output relays that open normally closed trip paths. Each trip path consists of six
contacts in series, with each contact being fed from a 2/4 coincidence matrix. An open
trip path actuates redundant SSRs (except SIAS and CIAS which use mechanical
relays) which then send two independent trains of ESFAS signals to relays in each of
the two Auxiliary Relay Cabinets.
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Figure 12.4-20 ESFAS Actuation Relay Cabinet Schematic - SIAS Circuit

The Auxiliary Relay Cabinet relays then independently actuate their two trains of ESF
system components. CIAS and SIAS use mechanical relays versus solid-state relays
due to the larger current-carrying capacity of the mechanical relays which then support
the larger number of plant loads operated by the CIAS and SIAS functions.

Unlike the RPS, all ESFAS signals (except Emergency Feedwater Actuation Signal),
once actuated, de-energize a “lockout” relay that opens a contact in the trip path to
maintain the ESFAS actuation relays de-energized even if the actuating bistables reset
and the matrix relays later re-energize. This ensures that the ESF system remains in its
safeguards lineup until deliberate manual action is taken to reset its lockout relay and
restore the associated ESF lineup.

All ESFAS signals except RAS may be manually initiated from the Control Room from
two physically separated portions of the Main Control Board via pushbuttons
(Emergency Feedwater Actuation System has switches). These pushbuttons are
normally closed contacts in the trip paths. Depressing either set of pushbuttons will
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initiate both trains of ESFAS. The two ESFAS pushbuttons for a given function need not
be pushed simultaneously due to the action of the lockout relays. All ESFAS signals,
including RAS, can be manually actuated at the Auxiliary Relay Cabinets. However, the
two ESFAS MANUAL TRIP pushbuttons for a given function must be pushed
simultaneously.

Note: Even though SIAS and CIAS share the same trip paths, they have separate
manual actuations, and manual SIAS does NOT cause CIAS.

12.4.3.1 Design Bases

Since both the RPS and the ESFAS are part of the PPS, they have the same design
bases.

12.4.3.2 ESFAS Signals
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Figure 12.4-18 ESFAS Logic Diagram
Safety Injection Actuation (SIAS)

The SIAS is generated by high containment pressure or by low pressurizer pressure.
Low pressurizer pressure is interpreted as either an RCS Loss of Coolant Accident
(LOCA) or a Main Steam Line Break (MSLB) induced RCS cooldown, which could be
adding positive reactivity in an uncontrolled manner. High containment pressure is
interpreted as either an RCS LOCA or a MSLB. In either case, SIAS will isolate RCS
letdown, shift the charging pumps into emergency boration mode, start two high head
safety injection pumps and two low head safety injection pumps to inject cool borated
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RWT water into the core to keep the core cooled, covered, and shutdown. In doing so,
it will minimize the damage to the fuel cladding due to excessive decay heat relative to
heat removal capabilities. It will also reduce reactor power and decay heat generation
rates to very low levels, thereby limiting the peak pressure and temperature in the
containment. This is done to maintain the integrity of the containment boundary and
preclude releases of radioactivity to the environment.

Containent Isolation Actuation Signal (CIAS)

The CIAS is generated by high containment pressure or by low pressurizer pressure.
The CIAS interprets the low pressurizer pressure event as either an RCS LOCAor a
MSLB. High containment pressure is also interpreted as either an RCS LOCA or a
MSLB. It automatically closes valves in non-essential piping lines penetrating the
containment boundary to maintain containment integrity and preclude releases of
radioactivity to the environment. It also precludes releases of radioactivity to the reactor
auxiliary building and the control room, which would restrict operator accessibility and
hamper post-accident recovery efforts.

Containment Spray Actuation System (CSAS)

The CSAS is generated by high-high containment pressure coincident with an automatic
SIAS (a manual SIAS will not permit an automatic actuation of CSAS; however, an
automatic SIAS should have actuated before the CSAS). This ensures that failure of
both CSAS high-high containment pressure transmitters would not, by itself, cause a
CSAS. Protection against this particular instrument failure scenario is necessary
because the caustic spray solution can cause significant damage to components and
electrical cabling inside containment and require significant amounts of time and money
for cleanup and restoration purposes. Recall that the containment is the third and final
fission product barrier protecting the health and safety of the general public. As long as
its internal design pressure is not exceeded, the containment leakage rates under
accident conditions will maintain offsite doses within acceptable ranges as assumed in
the safety analyses. However, any large RCS LOCA or MSLB inside containment with
its resulting steam release to the containment atmosphere could possibly over
pressurize the containment and compromise its integrity. To protect against these
DBAs, containment high-high pressure is interpreted as a large RCS LOCA or MSLB,
and containment spray is initiated to condense atmospheric steam in the containment
atmosphere, thereby reducing peak pressure and temperature for containment integrity
purposes.

Main Steam Isolation Signal (MSIS)

The MSIS is generated by either high containment pressure or low steam pressure on
either steam generator. Both of these conditions are interpreted as MSLBs; therefore,
MSIS will close the main steamline isolation valves and the main feedwater isolation
valves to isolate and terminate the steam release to the maximum extent possible. In
addition, emergency feedwater isolation valves and flow control valves are closed in an
attempt to stop feeding the break and to minimize the high energy mass
release/blowdown to the containment.

Emergency Feedwater Actuation Signal (EFAS-1 and EFAS-2)
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The EFAS is generated by a low steam generator level (in the narrow range) coincident
with that steam generator’s pressure being above the MSIS setpoint (variable) OR that
steam generator being the highest pressure generator if an excessive steam generator
pressure differential pressure exists. The level and pressure logic is designed to feed
an intact steam generator and to prevent feeding a faulted steam generator. For
preservation of heat sink, if an MSIS (closes emergency feedwater isolation valves) and
a EFAS (opens emergency feedwater isolation valves) are present at the same time,
the EFAS will override an MSIS in the higher pressure steam generator. The higher
pressure steam generator is interpreted to be intact as long as its steam pressure
exceeds the other steam generator by a set amount.

There are two separate actuation signals, one for steam generator number one and one
for steam generator number two. Each EFAS has two trains. The actuation signals are
interpreted as MSLBs and will start the emergency feedwater pumps, close the steam
generator blowdown isolation valves, open the emergency feedwater isolation valves,
and send a permissive open to the flow control valves, which will then cycle on steam
generator level.

Since the EFAS systems must be capable of starting and stopping feed automatically
based on steam generator level, the emergency feedwater flow control valves and
isolation valves do not lock out (and do not need to be reset manually). To
accommodate this design, the EFAS manual actuation pushbuttons are maintained
contact switches rather than momentary contact pushbuttons like the other ESFAS
signals.

Recirculation Actuation Signal (RAS)

The RAS is generated by RWT low water level and is interpreted to mean that a large
LOCA is in progress since that is the most likely cause for a large drop in the RWT
level. It is further assumed that this water has been transferred via safety injection into
the ESF sump. In either case, any pumps taking suction from the RWT will soon lose
net positive suction head and suffer cavitation damage. Therefore, this signal will trip
the low pressure safety injection pumps, to prevent vortexing in the ESF sump due to
their high capacity flow rate, and shift the suctions of the containment spray pumps and
the high pressure safety injection pumps to the ESF sump to allow a long-term water
source for the operating ESF system pumps. The RWT suction valves must be shut
manually to isolate the emptying tank from the pump suctions.

12.4.3.3 Operating and Trip Channel Bypasses

There are only two bypasses associated with the ESFAS; an operating bypass on SIAS
(low pressurizer pressure) and a trip channel bypass.

The low pressurizer pressure SIAS is operationally bypassable to allow controlled plant
cooldowns (which would otherwise be interpreted as accident-induced
depressurizations) without invoking protective action that is not needed.

The trip bypass is identical to the reactor trip bypass for the corresponding low
pressurizer pressure trip functions. In fact, the RPS and ESFAS bypasses on this
function are integral. When the trip on low pressurizer pressure is operationally
bypassed at the RPS the SIAS is also bypassed.
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12.4.3.4 ESFAS Testing

Like RPS testing, ESFAS testing is performed in an overlapping manner such that the
overall protection circuit is functionally tested. The final actuation devices in this case,
however, are not the TCBs but the plant components actuated by the ESFAS signals.

Bistable Testing
ESFAS bistable testing is identical to RPS bistable testing.
Matrix Testing

ESFAS matrix testing is identical to RPS matrix testing except that the ESFAS positions
of the test switches are used instead of the RPS positions.

Trip Path Testing

ESFAS trip path testing is identical to RPS trip path testing except that the ESFAS
positions of the test switches are used instead of the RPS positions. With the exception
of ESFAS, no components are actuated by trip path testing since only 1/4 trip paths are
tripped at a time which does not satisfy the selective 2/4 logic scheme employed in the
ESFAS.

ESFAS Actuation Relay Test

This test verifies proper operation of a single actuation relay at a time by de-energizing
its coil. The actuation relay is de-energized and its components are actuated. Once the
test circuits are removed the individual actuated components may be reset.

ESFAS Lockout Reset Test

This test verifies proper operation of the lockout relays and pushbuttons. The test
enables both ESF actuated equipment and control room annunciation. Each Lockout
relay and pushbutton is tested separately.

ESFAS Manual Actuation Test

This test is performed simply by depressing one manual ESFAS actuation switch and
observing that the ESFAS function’s local on indication goes out with appropriate
control room annunciation due to the trip path being opened. No components should
actuate since the 2/4 logic is not met.

1244 Summary

The Plant Protection System is comprised of the Reactor Protection System and the
Engineered Safety Features Actuation System.

The Reactor Protection System monitors various plant parameters and trips the reactor
when a parameter limit is being approached. A reactor trip is intended to maintain the
integrity of the fuel cladding and Reactor Coolant System boundaries during any
Anticipated Operational Occurrence and limit offsite radiation doses to within 10CFR100
limits during any design basis accidents.

The Reactor Protection System aids the Engineered Safety Features Actuation System
in the event of an accident by shutting down the reactor. This reduces the reactor heat
generation and steam generation rates to ensure that the heat loads are maintained
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within the capabilities of the Engineered Safety Features Actuation Systems design
requirements.

The Engineered Safety Features Actuation System and associated Engineered Safety

Features systems are designed to keep the consequences of an accident within
acceptable limits.

Rev 10/08 12.4-29 USNRC HRTD






SHOIAHA
JALVLOV

DNILLSHL

SHANIVAA
ALTAVS
TIIHANIONA

WHLSAS NOLLVNLOV ASH

SHLVd d[4.L

6

SOIOO0T
HONHAIONIOO #/T

SVASH

WHLSAS

Q,

SHTVLSId

A

STANNVHO

INHINHINSVAIN A5

SHOIAHA
d4ILVLOV
NOILLOHLOYd
JOL1OVHY

WWHLSAS NOLLVNLOV 44

SHLVd dI¥.L

i

DNILLSHL
Sdd

SOIO0T
HONHAIONIOD /T

Q,

SHTIIVLSId

|

JNHNWNIVINOD
NV SSSN

Y

STANNVHO

LNHINHANSVHN Sd¥

Figure 12.4-1 Plant Protection System Block Diagram

USNRC HRTD

Rev 10/08



Rev 10/08 USNRC HRTD



(IvO0O'D
(WVAD HOLIMS 1 < ATddNS YIMOd - dILLIVANVIN Sdd
dNLIOLOVEY) dOHA VD WAI0 NIdO <
IOIATA
NOILIVNLOV

SONAID

USNRC HRTD

Nt—
AN

e dI4L TVINVIN Sdd
"
A

> N f—>
AN
AN
AN
AN
AN

215071 ¥ 14 12 v v v
ﬂ t ﬂ ﬂ } ﬂ ﬂ ﬁ ﬂ
ad1 VANa dMD
STIEVILSIH Amd SSHId MOTA TaAdT| [1aaa1| |1aaat| [ 1A SSHNd gsmid | | ssaad
AVANIT zd SOA H H 01 [e}1 o1 o1 INOD
H 1H MOT (420 1-98 D8 1-D8 798 1-DS H
aNVv r
A 1 A AA A
A
MA %0L < axv axv axv any ﬂ
%, 01 < N A A A A
HIHVNE 4 Yop-0L> » 18S9
,wwwﬂr/wwé ssvdid TYANVIN
O.
LASHA OV VISd 00b>
TVANVIN SSVArE
TVOANVIN
MANL md MO SSMId
10 D01 anv anv ¥Mzd
SSOT IH 01 Ssvdad
1 * + TVONVIA
1 | A
adl  ddNd
H 01 %yp-01> | 1ASTA
| TYONYIN
€ JOIVINDTIVO AMMMWWA % m..o?m..mv
T NOLLOHLONd HI0D sevaig
A ] TYONYN
MOLOVA
ALTVNED
AOLVINDTVO
AN AM AN
SAOSNAS @ @ m a @ SSAAd @ @ % @ TIAHT Ssid Ssadd
D8 1-58 DS 1-DS (43 1-DS
TIO0 dO1S dO¥ JAZrINsSsaud MOIVYIANID WVALS LINLD
OLNV IANIGYENL aiod LOH

Figure 12.4-2 Reactor Trip Logic Diagram

Rev 10/08




Rev 10/08 USNRC HRTD



INPUTS:

FROM SENSOR AND SIGNAL PROCESSING

BISTABLE
NUCLEAR FLUX "~ | COMPARATOR
POWER FROM
EXCORE
DETECTORS BISTABLE
| COMPARATOR
CEA POSITIONS—— |
RCS COLD CORE | BISTABLE
LEG TEMP
reE T PROTECTION
LEG TEMP
CALCULATORS L »| BISTABLE
RCS FLOW ———
- (Contact Outputs)
| BISTABLE
COMPARATOR
PRESSURIZER | BISTABLE
PRESSURE ~| COMPARATOR
| BISTABLE
SCIERESSTEE ™| COMPARATOR
BISTABLE
SG WATER LEVEL > COMPARATOR
| BISTABLE
COMPARATOR
BISTABLE
CONTAINMENT PRESSURE ™ COMPARATOR
RCS FLOW
(SG PRIMARY AP; CONTACT OUTPUT) >| BISTABLE
AUTO STOP OIL PRESSURE »| BISTABLE

(TURBINE TRIP; CONTACT OUTPUTS)

HIGH LINEAR POWER

HIGH LOGARITHMIC

POWER

HIGH LPD

LOW DNBR

HIGH PRESSURIZER
PRESSURE

LOW PRESSURIZER
PRESSURE

LOW SG PRESSURE

LOW SG WATER
LEVEL

HIGH SG WATER
LEVEL

HIGH CONTAINMENT
PRESSURE

LOW RCS FLOW

LOSS OF TURBINE

Figure 12.4-3 Bistable Comparator and CPC Process

120

Rev 10/08

USNRC HRTD



Rev 10/08 USNRC HRTD



SYNOH ‘ANILL
91 14! 4! 0T 8 9 14 C 0
f f } f 0
(ISd 00t - SSTId LS AS) = dNIL \ /
HOOTI VIS4 001
- Agmmm————— - + 00T
.T.O_L
"~ 80¢ e1sd oy
- papLieg 1 oot
Hpaord
eisd 0og 00¢
| HANSSTAd HIIM ey o 1 009
ESTd SLNIOdLES o0 79|
—={ 033
ot
YT + 008
anssaxd Surjsixs ~ "00s|
mofeq 1sd ot 15d pop + 0001
sdoap quodjeg
7601 JELER
- Ajpenuepq
9611 ssouppror | 00CT
sjuodieg
+ 00%1
+ 0091
ey dineid je
s1a52y] Jojeaedp +291
- ssLl T T T Relr T T 0081
eisd g/ [ je peuumsse duneig
eisd gl je + 000T
pawmssy Aperpur jwodjeg dug, wiodieg dug,
HION ymodipg dupld — — — — -
amssald Wajshs L 0072
0S8TT 0SZZT
Il Il Il

i 00T

VISd ‘TANSSTAd IHZINSSTAd

Figure 12.4-4 Low Pressurizer Pressure Variable Setpoint Operation

USNRC HRTD

Rev 10/08



Rev 10/08 USNRC HRTD



VISd ‘TANSSTAd JOLVIANAD IWVALS

USNRC HRTD

SYNOH ‘HNLL
91 14! 4! 0T 8 9 14 C 0
f f f f 0
i + 001
i 961 sy T 00¢
AJrenuepg
el ssa[un PIoH
| TINSSHEd HIIMN sjuodiag 1 o00¢
HSTd S LMNICdLES
BEE
1sdgc —
¥ amssaid Surstxa 5€ + 00%
mopaq 15d 00T
sdoap ymodpg
+ 00¢
+ 009
+ 00L
+ 008
||||| urey diraad je TTTTE T T
s1a52y] Jojeaedp
+ 006
e1sd 77 e pawnssy dineig ymodjeg durg, - 0001
e1sd g/ e penssy juodjag
dug amssalg DS MoT juodiag dinplq — — — = -
ALON 2INssalg Washs ———
1 + 0011
Il Il Il Il

00TI

Figure 12.4-5 Low Steam Generator Pressure Variable Setpoint Operation

Rev 10/08



Rev 10/08 USNRC HRTD



AOTTTED

18nd LHOT 1 end @
TYIIA T I SNLVLS TIIA
oW AOTL AVTHE A OV A 0TI
_ (@ _ _ Sa00] _
X1ddns X1ddns
JIMod JIMOd
4 -
T T
T T
= =
I I
T T @
TANYVA SOLVLS
NO XTT¥OISXAHd
1ON TIv Lnd
NOLLVINEOANT
= - @ 404 NN.OHS
T T SISTHINTIVI
T T NI SFTELL T
I I
I T ‘NOLLIONOD
T T IO
I - I¥ NOLLIANOD
X1ddns X1ddng dIEI-NON 304
piciiNert A0 NO XTTVINEON
SIHOTT aTd

| (@o | ANV TIEHM TTV 1

[
Tsnd LEOTTALEN = @ © T snd STLON
TYLIA D TVLIA

IHOTT NETHD = @

USNRC HRTD

Figure 12.4-6 Reactor Trip Status Panel

Rev 10/08




Rev 10/08 USNRC HRTD



AVHOHOLIMS dT4L 901O0VHd

v

WALSAS

¥ 'ON HINd dTdL
dss

vave vade rave vade rOHEY PEVS

€4

dIdL

INHLSAS

£ 'ON HLVd dTdL
gs8

£aV¥9 £dD09 EDVO edd9 EDH9 EEVO

i

dI¥l

INELSAS

 OW HLYd dIdL
gsE8

ave a9 TOVe Idde I2d9 I9ve

9

dTiL

WALSAS

1 'ON HLYd dIdL
g8

1ave 1d29 [OVe 1d9% 1249 19ve

~
SHLVd dTdL

— — — — — ——

| — — — — ——

—

— — — — — — —

./| |I|\

% vavs quﬁ_ VS& Nﬁé

DID0T «

AONAJIDNIOD
/T
KAV AT |

-—

dlE.L XTIV

DID0OT

HINHJIONIOD
¥/T

KAV AD [

% a9 NE% %ﬁ.aou &o%

dlE.L XTIV

DIDOT

-,

HONAJIONIOD
¥IC
XIAIVIT OV

% ¥ave xmué #u«u xoé

dILL XTAINIT

anmu Nmmmm %mmu &omu

DIDOT

HONAdIONIOD
i
XTIV ad

-—

dlEL XTIV

%3%”8%%8% Namm_

DIDOT S
AINEAIDNIOD
/T
KTV 04

-~

dIAL XTIV

N $EVo Nmﬂs vnm% &33

PIDOT

HONAJIONIOD
¥Ie
XILIVINdY  |*

SLNIOdLES
a [e————— TV LS TT
TANNTHO
SEIIVLEII SHALHNYVAVd INHLSAS
dral [ T TINNVHD
T 4L
ATIVISIE
SINIOALHAS
o [e—————TTIVISTT
TENNVHO
SHTEV.LEIE SHELHNVAVd INHLE A8
draL [ O TINNVHD
O dIdlL
ATIVLEIE
SLNIOdLHES
q [——————TTIV IS TT
TANNYHD
SATIV.LEIE STALANVIVd ITALSAS
draL [ dTINNVHD
g4Il
CIpi= R AR SN

[l

L XTIV

|\

———

SHOTAIVIN

W dIdL
ATdV.LEId

ATV LSITT
SHALINVIVd ITILSAS
VTANNYHD

SLNIOdLES

Figure 12.4-7 RPS Trip Signal Flowpath

USNRC HRTD

Rev 10/08



Rev 10/08 USNRC HRTD



SNOLLOGHSNJ S5Vddd
TANNVHO dIdL

- -Q
Q-
Q-
°Q Q@

Q-0
Q-9
Q-

(TANVJ SIHL ONIHES IOV qyv)

(SIIYT ONLIVOIGNT
av I¥Ta¥ FI9VISTE

qFddIEL = NO
SN THWHON = 440
8y

& g 9 g L
a o || I < ) |

TIATT s5Fad 553dd g4nL SO 553dd 55348d 553ad TIATT TEART TIATT TEAFT §5Fdd $5F4dd HENT A amd amd
ALVE MﬂmE L 0T HLIHH HIJIH 5501 0Tas IWIIH 19507 19507 {OSIH T[95IH I950T7 149507 €Id0T H2dIH M0T TVIDTIH 9D0TIH HITIH

.~©©©

USNRC HRTD

LASTS LHI04LES IESEE IHI0dLES

: -4 LSEL Aot ouEz AT+
SEFAd D5 MOT SETAd IZd MOT
S w@® 6 0 0 0O
I = P i - @O |
i o i Vi ASIVOD WAQ .
r 440 1 — 5 dTAL THd ©
& &G & & N
S553ad d S5Had dav
as t-as 195 1-95
C® ™ L% ™ 103738 1aVLSIa LOA13S LNdNI LT ©
s
TVIYON = NO qIddTL - HIT
dAD = 440 TVITYON - IHDIIE
@ —| LSEL NOLLYNLIY |—

Figure 12.4-8 Bistable Control Panel Channel A

Rev 10/08




Rev 10/08 USNRC HRTD



o e—jp— TODNL
| INNHS 801

“_| TOD AN EEIL
I

—jp— TODNIL
| INOHS pEOL
"_| 0D AN PEDL

| @

2

didl
TV ANYIN

——

VA ST

7

SS ﬁ,M

v

a9
Fave
a9
a9
Fave o

©@

~_—| Alddns
4AMOd
="\ aaac
£r5d
{
WIMOd
OWANTT

L TOD dI™¥L
! LNOHS L90L

[
“T TOD AN LEIL
. __« TOD dIdl
| LNOHS €80L
“_| T0J ANEEIL

RO

A MO0 di¥L
I

- ;n TOJ dIr¥l
| LNMHS {901

MO0 didl

| LNOHS 980L
“T T0I ANDEIL
I

[
jF— TmooanzasL

| @

4
&__ LNAHS $90L

“T T0D ANSEIL
. ___n 02 dI¥L

| LNOHS 1601

I

= mooantEoL

L @

I | |
dral | dral | dril |
TYANYIN | ey TYANYIN | o TVANYIN | - ANV SALYLS
8-dd I g-dD (- L AVTE A
IVASTI VA ST VA ST
MO103LEd ¥OLOALAA ¥OLOALIA ¥OLOELIAA
— dNOOL o ﬂwwM _ aNDOolL _— Hw _ aNool _— WWM? _ anool
[~
/ dINY'T
SNLVLS
£-ave T-avoy Qv HLVd
£d29 a9 1-a09 L
£2Y9 -ave 1-2v9
£-aa T-aem -age
forol:o] u v eow a0 u v 0w Y40 u u @
£-9v9 = Tave = 1-Gv9 =
SHLVA dRIL SHLVA dRIL SHILVA dNiL SHILVA dilL
.d. HO @ 0. HD e 8. HD @ V. HD
WIHIO O1 ¥IHL0 OL f— 4IHLOOL WAH10 0L
M _— ATddns M _— ATddNs M_— ATddNs
dImod qIMmod dAMod
T\ nanit T\ nanit "\ oanit
0b-Sd 1§-8d pE-Sd
WAMOd WIMOd ¥IMNOd
AFANTT AYANCT AYANTT

Figure 12.4-9 RPS Trip Path Status With Trip on the AB Matrix
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Figure 12.4-10 RPS AB Logic Matrix — Normal (untripped)
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Figure 12.4-11 RPS Logic Matrix With High Linear Power Channel A Tripped
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Figure 12.4-12 RPS Logic Matrix With Linear Power Channel A and High Log Power Channel B
Tripped.
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Figure 12.4-13 RPS AB Logic Matrix With High Linear Power Channel A and Channel B Tripped
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Figure 12.4-14 PPS Remote Operator’s Module
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Figure 12.4-16 Trip Channel Bypass Electrical Interlock
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Figure 12.4-18 ESFAS Logic Diagram
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Figure 12.4-19 ESFAS Functional Diagram
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Figure 12.4-20 ESFAS Actuation Relay Cabinet Schematic — SIAS Circuit

USNRC HRTD

Rev 10/08




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


