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Engineered Safety Features

AP6(0 provides instrumentation and controls (0 sense accident situations and initiate
engineered safety features. The occurrence of a limiting fault, such as a loss of coolant
accident or a secondary system break, requires a reactor trip plus actuation of one or more of
the enginecred safety features. This combination of events prevents or mitigates damage to
the core and reactor coolant system components, and provides containment integrity.

Description

The protection and safety monitoring system is actuated when safety system setpoints are
reached for selected plant parameters. The selected combination of process parameter setpoint
violations is indicative of primary or secondary system boundary ruptures. Once the requira
logic combination is generated, the protection and safety monitoring system equipment sends
the signals to actuate appropriate engineered safety features components. A block diagram
of the protection and safety monitoring system is provided in Figure 7.1-2.

Subsection 7.1.2 describes the equipment involved in engineered safety features actuation.
The equipment consists of the following:

Sensors and manual inputs

e lntegrated protection cabinets

e  Engineered safety features actuation cabinets

e Protection logic cabinets

*  Actuation devices (such as switchgear, motor control centers, and solenoids)
.

Actuated equipment (such as automatic depressurization valves)

The following paragraphs summarize the major functional elements of the protection and
safety monitoring system which are involved in generating an actuation signal to an
engineered safety features component.

Four sensors normally monitor each variable used for an engineered safety feature actuation.
(These sensors may monitor the same variable for a reactor trip function.) Analog
measurements are converted to digital form by analog-to-digital converters within each of the
four integrated protection cabinets. Following required signal conditioning or processing, the
measurements are compared against the setpoints for the engineered safety function to be
generated. When the measurement exceeds the setpoint, the output of the comparison results
in a channel partial trip condition. The partial trip information is transmitted over isolated
data links 10 the engineered safety features actuation cabinets to form the signals that result
in an engineered safety features actuation. The voting logic is performed twice within each
engineered safety features actuation cabhinet. Each voting logic element generates an actuation
signal if the required coincidence of partial trips exists at its inputs,
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Instrumentation and Controls
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Within each engineered safety features actuation cabinet, the signals are combined to generate
a system-level signal. System-leve! manual actions are also processed by the ‘ogic in each

engineered safety features actuation cabinet

ihe system-level signals are then broken down to the individual actuation signals through the
protection iogic cabinets to actuate each component associated with a system level engineered
safety feature. For example, a single safeguards actuation signal must trip the reactor and the
reactor coolant pumps, align core makeup tank and in-containment refueling water storage
tank valves, and initiate containment isolation. The interposing logic within each protection
logic cabinet accomplishes this function and also performs necessary interlocking so that
components are properly aligned for safety. Component-level manual actions are also
processed by this interposing logic. As described in subsection 7,1.2.10, the component level
logic, performed within the protection fogic cabinets, is triple redundant. The component
actuation outputs from the logic processors are combined with the power interface cards in
a two-out-of-three voting logic. The power interface also transforms the low level signals to
voltages and currents commensurate with the actuation devices they operate. The actuation
devices, in turn, control motive power to the final engineered safety feature component

Sut tion 7.3.1.2 provides a functional description of the signals and initiating logic for each
of the engineered safety featur.s. Figure 7.2-1 presents the functional diagrams for engineered

safety featuras actuation
Saleguards Actaation (S) Signal

A safeguards actuation (S) signal is used in the initiation logic of many of the engineered
saflety features discussed in subsection 7.3.1.2. In addition, as described in Section 7.2, the
saleguards actuation signal also initiates a reactor trip. The variables that are monitored and
used to generate a safeguards actuation signal are typically those that provide indication of

a significant plant transient that require a response by several engineered safety features
guards actuation signal 1s generated from any of the following initiating conditions

PressurnzZen l'l‘.'\‘-'\!.’"
steam line pressure

W reactor coolant inlet temperature
High containment pressur

Manual initiation

Condition 1 results from the coincidence of pressurizer pressure below the Low setpoint in

any two of the tour divisions

Condition 2 results from the coincidence of two of the four divisions of compensated steam
line pressure below the Low setpoint in either of the two steam lines. The steam line pressure

signal is lead-lag compensated to improve system response

Draft .
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7. Instrumentaticns and Controls

7.3.1.2

7.3.1.2.1

Condition 3 results from the coincidence of two of the four divisions of reactor coolant system
cold leg wemperature below the Low setpoint in any two of the four cold legs.

Condition 4 results from the coincidence of two of the four divisions of containment pressure
above the High-1 setpoint.

Condition § consists of two momentary controls. Manual actuation of either of the two
coatrols will trip the reactor and generate a safeguards actuation signal.

To permil startup and cooldown, the safeguards actuation signals generated from low
pressurizer pressure, low steam line pressure, or low reactor coolant inlet temperature can be
manually blocked when pressurizer pressure is below the P-11 setpoint. The signal is
automatically unblocked above P-11.

Two momentary controls are provided, either of which will manually reset the safeguards
actuation signal in all divisions. Manual reset of a safeguards actuation signal in coincidence
with reactor trip (P-4) latches (0 block automatic safeguards actuation. Absence of P-4
automatically resets the blocking function. The safeguards actuation signal is manually reset
hased on a preset delay following initiation. Resetting the signal docs not reposition any
safeguards actuated equipment, since individual components are required to latch in and seal
on the safeguards actuation signal. The operator can only take manual control of safeguards
components actuated by the safeguards actuation signal after the safeguards actuation signal
has been reset.

In addition to actuating safety-related functions, a safeguards actuation signal also resets the
pressurizer level control setpoint and biocks pressurizer heater operation.

The logic relating to the development of the safeguards actuation signal is illustrated in
Figure 7.2-1, sheets 9 and 11.

Engineered Safety Feature Descriptions

The following subsections provide a functional description of the signals and initiating logic
for each engineered safety feature. Table 7.3-1 lists the signals and summarizes the
coincidence logic used to generate the safeguards actuation signal or initiates each engineered
safety feature. Table 7.3-2 describes the permissives and interlocks relating to the engineered
safety features. Table 7.3-3 lists the system-level manual input to the engineered safety
features.

Containment Isolation
A signal 10 actuate containment isolation is generated from any of the following conditions:
Automatic or manual safeguards actuation signal (subsection 7.3.1.1)

!
2. Manual initiation
3. Manual actuation of containment cooling (subsection 7.3.1.2.14)

ossamevs\0T03a ROS-072798  Draft
@ Westinghouse 7.3:3 July 31, 1995




7. Instrumentation and Controls

Conditions 1 and 3 are discussed in other subsections as noted.

Condition 2 consists of the manual actuation of either of two momentary controls in the main
control room. Either control actuates all divisions and closes the nonessential flu:d system
paths from the containment. Manual reset of containment isolation latches to cefeat the
automatic actuation signal for containment isolation. Separate momentary cortrols are
provided for resetting each set of redundant isolation valves,

No interiocks or permissive signals apply directly to the containment isolation function.
Automatic actuation originates from a safeguards actuation (S) signal that does contain
interlock and permissive inputs.

The functional logic which actuates containment isolation is illustrated in Figwe 7.2-1,
sheets 11 and 13.

7.3.1.2.2  In-Containment Refueling Water Storage Tank Injection

Signals to align the in-containment refueling water storage tank for injection are g:2nerated
from the following conditions:

I, Acwation of the first stage of the automatic depressurization system
(subsection 7.3.1.2.5)

{a® ]

Actuation of the fourth stage of the automatic depressurization system
(subsection 7.3.1.2.5)

3. Coincidence loop 1 and loop 2 hot leg levels below setpoint for a duration excecding an
adjustable time delay

4. Manual initiation

Each of the above conditions provide a confirmatory open signa! to the in-conlainment
refueling water storage tank discharge isolation valves. These valves are normally open but
can be closed by the operator as discussed in subsection 7.6.2.2. The confirmatory open
signal automatically overrides any bypass features that are provided to allow the discharge
isolation valves to be closed for short periods of time.

Conditions 2, 3, and 4 also open the in-containment refueling water storage tank injection
valves, thereby providing a flow path to the reactor coolant system.

Condition 4 consists of two sets of two momentary controls, Manual actuatior of both
controls of either of the two control sets generate signals that open the in-containment
refucling water storage tank discharge isolation and injection valves. A two-control
simultaneous actuation prevents inadvertent actuation. Following manual initiation, manual
reset is available via redundant momentary controls in the main control room. Operating
either control resets all divisions.
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7. Instrumentation and Controls

No interlocks or permissive apply directly to the d ge isolation and injection valves of
the in-containment refueling water storage tank
[he functional logic relating 1o in-containment refueling water storage tank injection is

ilustrated in Figure 7.2-1, sheets 15 and 16
Core Makeup Tank Injection

Signals to align the core makeup tank for injection are generated from the following

conditions

Automatic or manual safeguards actuation (subsection 7.3.1.1)
Low pressurizer level

I i \ l Yo ( " OO y ] ] v ,‘. {3 ' ' ,,' t lero > » >
LOW WIde range steam generator ievel coincident with hagh hot leg temperature
Manual initiation

Pressurizer water level increasing above the P-12 interlock

Conditions 1, 2, 3, and 4 trip the reactor and reactor coolant pumps; initiate alignment of the
core makeup tank isolation valves for passive injection to the reactor coolant system; and

provide 2 confirmatory open signal to the cold leg balance line isolation valves. The balance

line isolation valves are normally open but can be closed by the operator, as discussed in

7

subsection 7.6.2.4. The confirmatory open signal automatically overrides any bypass features

that are provided to allow the cold leg balance line isolation valves to be closed for short
periods of tme. Condition § initiates a confirmatory open signal to the cold leg balance line
isolation valves. The motive force is provided by density differences between the fluids in

the cold leg balance line and the core makeup tank water

Condition 2 results from the coincidence of pressurizer level below the Low-2 setpoint in any
two of the four divisions. This function can be manually blocked when the pressurizer water
below the P-12 setpoint.  This function is automatically unblocked when the

er water level is above the P-12 selpoimt
3 18 derived from a coincidence

[he coincidence of both steam generator 1 and 2 wide range level below the low setpoint

derived from two of the four divisions of temperature compensated wide range level for

acn steam generator ), and

T'wo of the four divisions of hot leg temperature above the high (T, ) setpoint
Condition 4 consists of two momentary controls. Manual actuation of either of the two
controls will align the core makeup tanks for injection. A redundant manual reset provides

the operator with the ability to reset the manua! initiation after it has been actuated

makeup tank injection i1s illustrated in Figure 7
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Accumulator Injection Alignment

A signal 1o open the accumulator injection line isolation valves is generated from any of the

following condittons

Automatic or manual sateguards actuation (subsection

Pressurizer pressure increasing above the P-11 interlock

Condittons 1 and 2 each provide a confirmatory open signal (o the accumulator injection line
isolation valves. These valves are normally open but can be closed by the operator as
discussed in subsection 7.6.2.1 The confirmatory open signal provides a means to
automatically override any bypass features that are provided to allow an isolation valve to be
closed for short periods of time when the reactor coolant system pressure is greater than the
P-11 interlock. Once the isolation valves are opened, check valves direct the flow from the
accumulator to the reactor vessel. The motive force is provided by the pressure difference
between the accumulator tanks and the reactor coolant svstem and/or gravity

e functional logic relating to accumulator injection is illustrated in Figure 7
Automatic Depressurization System Actuation

\ signal to actuate the first stage of the automatic depressurization system is generated from

any of the following coaitions

Core makeup tank injection alignment signal (subsection 7.3.1.2.3) coincident with core
makeup tank level less than the Low-1 setpoint in two of the four divisions in either core

makeup tank

Manual initiation

Any actuation of the first stuge of the automatic depressurization system also trips the reactor
and reactor coolant pumps; actuates the passive residual heat removal heat exchanger; and
provides a confirmatory open signal to the in-containment refueling water storage tank

discharge isolation valves

The automatic depressurization system is arranged to sequentially open four parallel stages
of valves. Each of the first three stages consists of two parallel paths with each path
ontaining an isolation valve and a depressurization valve. The first three stages are
connected to the pressurizer and discharge into the in-containment refueling water storage
tank. The fourth stage paths are connected to the hot legs of the reactor coolant system and
discharge (o containment

m any actuation of the first stage ot the automatic

depressurization valves are opened following a preset
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time delay after the opening of the isolation valves. No interlocks or permissive signals apply
directly o the first stage depressurization. However, some safeguards actuation sigaals, fiom
which the core makeup tank injection actuation signal is derived, do contain interlock and
permissive inputs,

The second stage isolation valves are opened following a preset time delay after the first stage
depressurization valves open. The second stage depressurization valves are opened following
a preset time delay after the second stage isolation valves are opened, similar to stage one.
Actnation of the second stage depressurization valves is interlocked with the first stage
depressurization actuation signal so that the second stage is not actuated until after the first
stage has been actuated.

Similar to the second stage, the third stage isolation valves are opened following a preset time
delay after the opening of the second stage depressurization valves. The third stage
depressurization valves are opened following a preset time delay after the third stage isolation
valves are opened. Actuation of the third stage depressurization valves is interlocked with the
second stage depressurization actuation signal such that the third stage is not actuated until
afier the second stage has been actuated.

The fourth stage of the automatic depressurization system consists of four parallel paths. Each
of these paths consist of a normally open isolation valve and a depressurization valve. The
four paths are divided into two redundant groups with two paths in each group. Within each
group, one path is designated to he substage A and the second path is designated to be
substage B,

The fourth stage is actuated upon the coincidence of a low core makeup tank level and low
pressurizer pressure following a preset time delay after the third stage depressurization valves
are opened. The low core makeup tank level input is based on the core makeup tank level
being less than the Low-2 setpoint in two of the four divisions in either core makeup tank.
Upon a fourth stage actuation signal, a confirmatory open signal is immediately provided to
the substage-A isolation valves. The substage-A depressurization valves are opened following
a preset time delay after the substage-A isolation valve confirmatory open signal. The
sequence is continued with substage-B. A confirmatory open signal is provided to the
substage-B isolation valves following a preset time delay after the substage-A depressurization
valve has been opened. The signal to open the substage-B depressurization valve is provided
following a preset time delay after the substage-B isolation valves confirmatory open signal.
The pet effect is to provide a controlled depressurization of the reactor coolant system. In
addition to initiating this controlled depressurization sequence, the fourth stage actuation signal
also provides a signal that aligns the in-containment refueling water storage tank for injection,
as discussed in subsection 7.3.1.2.2.

The fourth stage can also be manually initiated. In this case the manual initiation signal is
interlocked with the low pressurizer pressure signal such that the fourth stage manual initiation
is prevented until the pressurizer pressure has decreased below a preset setpoint.
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Condition 2 results from the ioss of both 4160 vac busses for a period of time that approaches
the 24 hour Class 1E dc battery capability 1o activate the automatic depressurization system
valves. The timed output holds on restoration of ac power and is manually reset after the
batteries are recharged.

Condition 3 is achieved via either of two sets of two momentary controls. If both controls
of either set are operated simultancously, actuation of the automatic depressurization system
occurs. A two control simultaneous actuation prevents inadvertent actuation,

Following manual initiation of the automatic depressurization system, manual reset is available
via redundant momentary controls in the main control room. Operating either control resets

all divisions.

The functional logic relating to automatic depressurization operation is illustrated in
Figure 7.2-1, sheet 15.

7.3.1.2.6  Reactor Coolant Pump Trip
A signal to trip reactor coolant pumps is generated from any one of the following conditions:

1. Automatic or manual safeguards actuaticn signal (subsection 7.3.1.1)

r

Automatic or manual actuation of the first siage of the automatic depressurization system
(subsection 7.3.1.2.5)

3. Low pressurizer level
4. Low wide range steam generator level coincident with high hot 'eg temperature
5. Manual initiation of core makeup tank injection (subsection 7.3.1.2.3)

6. High reactor coolant pump bearing water temperature (trips only affected reactor coolant
pump)

Once a signal to trip a reactor coolant pump is generated, the actual tripping of the pump is
deiayed by a preset time delay. While conditions 1 through 5 trip all four reactor coolant
pumps, condition 6 only trips the reactor coolant pump with the high bearing waier
temperature condition.

Condition 3 results from the coincidence of pressurizer level below the Low-2 se*” . any
two of the four divisions. This function can be manually blocked when the pr _.arizer wa. -
level is below the P-12 setpoint. This function is automatically unblocked when the
pressurizer water level is above the P-12 setpoint.
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7. Instrumentation and Controls

7.3.1.2.7

Condition 4 is derived from a coincidence of:

e The coincidence of both steam generator-1 and -2 wide range level below the low
setpoint (derived fron two of the four divisions of temperature compensated wide range
level for each steam generator), and

e Two of the four divisions of hot leg temperature above the high (T, ) setpoint.

Condition 6 is derived from a coincidence of two of the four divisions of high reactor coolant
pump bearing water temperature for a single reactor coolant pump. Each reactor coolant
pump is tripped independently if Condition 6 is met for its own bearing water temperature.
This fusction is included for equipment protection. The high temperature setpoint and
dynamic compensation are the same as used in the high reactor coolant pump bearing water
temperature reactor trip (See subsection 7.2.1.1.3) but with the inclusion of preset time delay.

The functional logic relating to the tripping of the reactor coolant pumps is illustrated in
Figure 7.2-1, sheets 5, 12, and 15.

Main Feedwater Isolation

Signals 1o isolate the main feedwater supply to the steam generators are generated for any of
the following conditions:

Automatic or manual safeguards actuation (subsection 7.3.1.1)

Manual initiadon

High steam generator narrow-range water level

Low reactor coolant system average temperature coincident with P-4 permissive
Low-low reactor coolant system average temperature

}A&'.ﬂ_?d——

Conditions 1, 2 and 3 isolate the main feedwater supply by tripping the main feedwater pumps
and closing the main feedwater isolation and control valves. These conditions also initiate a
turbine trip.

Condition 2 consists of two momentary controls. Manual actuation of either of the two
controls will trip the turbine and isolate the main feedwater supply. A redundant manual reset
provides the operator with the ability to reset the manual initiation after it has been actuated.

Condition 3 is derived from a coincidence of two of the four divisions of compensated narrow
range steam generator water level above the High-2 setpoint for either steam generator. In
addition to tripping the turbine and isolating the main feedwater supply, condition 3 also
initiates a reactor trip, isolates the startup feedwater supply (subsection 7.3.1.2.15), and
isolates the chemical volume control system. '

Condition 4 results from a coincidence of two of the four divisions of reactor loop average
temperature (T,,) below the Low-1 setpoint coincident with the P-4 permissive (reactot trip).
This condition results in the closure of the main feedwater control valves, The feedwater
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7. Instrementaztion and Controls

isolation resulting from this condition may be manually blocked when the pressurizer pressure
is below the P-11 setpoint.

Condition 5 results from a coincidence of two of the four divisions of reactor loop average
temperature (T,,,) below the Low-2 setpoint. This condition results in the tripping of the main
feedwater pumps and closure of the main feedwater isolation valves. The feedwater isolation
resulting from this condition may be manually blocked when the pressurizer pressure is below
the P-11 setpoint. The block is automatically removed when the pressurizer pressure is above
the P-11 setpoint.

Condition § also blocks the steam dump valves and becomes an interlock to the steam dump
interlock selector switch. This is discussed in subsection 7.3.1.2.18.

The functional logic relating to the isolation of the main feedwater is illustrated in
Figure 7.2-1, sheet 10.

Passive Residual Heat Removal Heat ¥xchanger Alignment

A signal to align the passive heat removal heat exchanger to passively remove core heat is
generated from any of the following conditions:

Core makeup tank injection alignment signal (subsection 7.3.1.2.3)

First stage automatic depressurization system actuation (subsection 7.3.1.2.5)

Low wide range steam generator level

Low narrow range steam generator level coincident with low startup feedwater flow
Manual initiation

o 8 o L e

Each of these conditions open the passive residual heat removal discharge isolation valves and
provide a confirmatory open signal to the inlet isolation valve. The inlet isolation valve is
normally open but can be closed by the operator. These conditions override any closure
signal 10 this valve and also closes the blowdown isolation valves in both steam generators.

Condition 3 resuits from the coincidence of two of the four divisions of temperature
compensated wide range steam generator level below the Low setpoint in either of the two
steam generators.

Condition 4 results from the coincidence of two of the four divisions of temperature
compensated narrow range steam generator level below the Low setpoint, after a preset time
delay, coincident with a low startup feedwater flow in a particular steam generator, This
tunction is provided for each of the two steam generators. The low narrow range steam
genetator level also isolates blowdown in the affected steam generator.

Condition § consists of two momentary controls. Manual actuation of either of the two
controls will align the passive residual hear removal heat exchanger initiating heat removal
by this path. A redundant manual reset provides the operator with the ability 1o reset the
manual initiation after it has been actuated.
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7. Instrumentation and Controls

e funcuonal log alignment of the passive residual heat removal heat exchanger

in Figu

iHustrated i

Turbine Trip

A signal 1o mitiate turbrr  (rip 18 generated from any of the following conditions

Automati | safeguards actuaton signal (subsection
3-2. interlock P-4

Reactor trip (Table 7.3
High steam generator narrow-range water level
Manual feedwater isolation (subsectior 1.2.7)

1 turbine tnp to prevent or erminate an excessive cooldown
of steam

conditions 1nitiates
quipment damage caused by loss o

tach of these
the potential for

Ol the reactor or minimizes
the mrbine

four avisions ol (emperature

supply v
2 setpoint 1or either

of w0 Of the

comncidence
'l above the High

Irom 4

stearm

Conditon 3 results
i walet

compensated narrow range generat

steam generator
functional logic relating the tripping of the turbine is illustrated in Figure

In-Containment Pefueling Water Storage Tank Containment Recirculation
(IRWST) containment

7.3.1.2.10
storage tank

Signals to align the in-containment refueling water
recirculation isolation valves are generated from the following conditions
manual safeguards actuation (subsection 1.1} 1n coimncidence with low

|

* tank water level

1

Automatic

mtainment refueling storae

InN-Ci waler

Manual initation

tour parallel containment recirculation paths provided to permit the recirculation of
T'wo of these [\.l'!“‘-

provided by the in-containment refueling water storage tank
wided with two isolation valves in series while the remaining two paths are provided
ingle isolation valve in series with a check valve
isolation valves in all four

¢ opening O
isolation valves that are in series with the check

[

with a s
varallel paths

| and result in th

 ondition
sults 1in the

Condition 3 1o opemng of the two

valves
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7.3.1.2.11

Condition 1 results from the coincidence of two of the four divisions of in-containment
refucling water storage iank water level below the Low-5 setpoint, coincident with an
automaiic or manual safeguards actuation.

Condition 2 consists of two sets of two momentary controls. Manu) actuation of bhoth
controls of either of the two control sets initiates recircelation in all four paraliel paths. A
two control simultancous actuation prevents inadvertent actuation. A redundant manual reset
provides the operator with the ability 1o reset the manual initiation after it has been actuated.

Condition 3 results from the loss of both 4160 vac busses for a period of time that approaches
the 24 hour Class |E dc battery capability to activate the in-containment refueling water
storage tank containment recirculation isolation valves. The timed output holds en restoration
of ac power and is manually reset after the batteries are recharged.

No interlocks or permissives signals apply directly to the activation of the in-containment
refueling water storage tank containment recirculation isolation valves. However, automatic
actuation may originate from a safeg «arus actuation signal that does contain interlock and
permissive inputs.

The functional Jogic relating to activation of the in-containment refueling water storage tank
contair :ent recirculation isolation valves is illustrated in Figure 7.2-1, sheets 15 and 16.

Containment Sump pH Control Actuation

Signals 10 actuate the containment sump pH control tank are generated from the followiag
conditions:

1. Acwation of the automatic depressurization system (subsection 7.3.1.2.5) in coincidence
with low in-containment refueling water storage tank water level

2. Manual initiation

Conditions 1 and 2 result in signals that open the vent and injection line valves of the pH
tank, allowing the addition of sodium hydroxide to containment water. This maintains the pH
of the containment sump in the proper range 1o reduce the airborne iodine in the containment
building and to reduce the potential for stress corrosion cracking of the stainless steel
COMPONeNts,

Condition 1 results from the coincidence of two of the four divisions of in-containmen:
refucling water storage tank water level below the Low-3 setpoint, coincident with actuation
of the automatic depressurization system.

Condition 2 consists of \wo sets of two momentary controls. Manual actuation of both
controls of either of the two control sets initiates the addition of sodium hydroxide to
containment water. A two control simultancous actuation prevents inadverient actuation. A
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APGKOD

redundant manual reset provides the operator with the ability to reset the manual initiation
after st has been actuated

No interlocks or permissives signals appiy directly to the activation of the in-comtainmeni
refucling water storage tank comtainment recirculation isolation valves However the
automatic depressurization actuation signal may originate from a safeguards actuation signal

that does contain interlock and permissive inputs

I'he functional logic relating 10 activation of the in-containment refueling water storage tank

comtainment recirculation isoaron valves is illustrated in Figure 7.2-1, sheet 16

Steam Line Isolation

A signal to 1solate the steam line 1s generate om any one of the following conditions
Manuai initiation
High containment pressure
Low steam line pressur
High steam line pressure negative raf

Low reactor coolant inlet temperature

I'he steam line isolation signal closes the main steam line isolation valves, and the stop and
bypass valves. In addition to manual system-level steam line isolation, steam line isolation

valves can be closed individually

Condiion 1 consists of twe momentary controls. Manual actuation of either of the two

s inihates steam line isolation for both steam generators. In addition, separate controls

are provided for steam line 1soiation of each individual steam generator

)

Condition 2 results from the coincidence of two of the four divisions of containment pressure
sCtpoint

of two of the four divisions of compensated steam

steam line pressure signal is lead-lag compensated

below this setpoint, in either steam line, both

operated rehiet valve for
! y »
I rate-lag compensated

| leg temperature below

. | Draft
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7.3.1.2.13

7.3.1.2.14

7. Instrumentation and Controls

is above P-11. Steam line isolation on condition 4 i» automatically blocked when pressurizer
pressure is above P-11 and is automatically unblocked on the manual blocking of the steam
line isolation for conditions 3 and 5. Under all plant conditions, steam line isolation is
automatically provided on either Condition 3 or S, or Condition 4.

Manual reset of automatically actuated steam line isolation signals is available. Operating
either of two redundant momentary controls resets all divisions.

The functional logic relating to main steam isolation is illustrated in Fignre 7.2-1, sheed 9,
Steam Generator Blowdown System Isolation

Signals 1o close the “solation valves of the steam generator blowdown system in both steam
generators are generated trom the followine conditions:

1. Passive residual heat removal heat exchanger alignment signal (subsection 7.3.1.2.8)
2. Low narrow range steam generator level

Condition 2 results from the coincidence of two of the four divisions of temperature
compensated narrow range steam generator level below the Low setpoint. This condition only
closes the blowdown system isolation valves of the affected steam generator.

The functional logic relating to steam generator blowdown isolation is illustrated in
Figure 7.2-1, sheets 7 and ¥,

Containmzent Cooling Actuation

A signal to actuate the passive containment cooling system is generated from either of the
following conditions:

1. Manual initiation
2. High containment pressure

The passive containment cooling system actuation signal opcns valves that initiate gravity flow
of cooling water from the passive containment cooling system: water storage tank 1o the top
of the containment shell. The evaporation of the water on the containment shell provides the
passive cooling.

Condition 1 consists of two sets of two momentary controls. Manual simultaneous actuation
of both controls in either of the two sets results in manual actuation of the passive
containment  cooling  system. This  action also initiates containment isolation
(subsection 7.3.1.2.1). A simultancous actuation prevents inadvertent operation. A redundant
manual reset provides the operator with the ability to reset the manual initiation after it has
been actuated.

M o \wsarrey SN ROS-GT270S
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Condiion 2 results from a comncidence of two of the four divisions of containment pressure

ybove the High setpoint

fhe functional logic relating to actuztion of the passive containment cooling system is

tHustrateG 1in Figure 7.2-1, sheet |2
7.3.L.2.15 Startup Feedwater Isolation

Signals (o 1solate the stan ip 1 edwater supply 1o the steam generators are generated from

either of the following conditions

Low reactor coolant inlet temperature

High steam generator narrow range water |

Either of these conditions isolate the startup feedwater supply by tripping the startup feedwater

pumps and closing the startup teedwater isolatucn and control valves

®

" Conditon 1 results from the coincidence of reactor coolant system cold leg temperature below
the Low setpoint 1in any two of the fo d legs tartup feedwater isolation on this
ondition may be manually blocked when the .« ssurizer pressure is below the P-11 setpoint
his function is automatically unblocked vhen the pressurizer pressure is above the P-11
POt
Condnton results from a concidenc i two of the four divisions of wemperature
ompensated narrow range steam generator water level above the High-2 setpoint for either
wcdin goeneratorn )
Ihe functional logic relating to the isolation of the startup feedwater is illustra
Figur I, sheet and |

7.3.1.2.16 Boron Dilution Block

Signals to block boron dilution are generated from either of the following conditions

3 F increasing raf urce range nuclear po

LN

S b Iy I'a (B § | K V-4
The block of bor fiiuti \ pushed by closing the chemical and vowume control

| aligning the boric acid tank

N

~ b Draft
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7.3.1.2.17

7.31.2.18

This source range flux doubling signal may be blocked manually above the P-6 power level.
It is automatically reinstated below P-6.

The functional logic relating to the boron dilution block is illustrated in Figure 7.2-1, sheet 3.
Chemical and Volume Control System Isolation

A signal to close the isolation valves of the chemical and volume control system is generated
from either of the following conditions:

. High pressurizer level
2. High steam generator narrow range waier level

Condition 1 results from the coincidence of pressurizer level above the High setpoint in any
two of the four divisions. This function is automatically blocked when the pressurizer
pressure is below the P-11 permissive setpoint 1o permit pressurizer water solid conditions
with the plant cold and to permit pressurizer level makeup during plant cooldowns. This
function is automatically unblocked when pressurizer pressure is above the P-11 setpoint.

Condition 2 results from a coincidence of two of the four divisions of temperature
compensated narrow range steam generator water level above the High-2 setpoint for either
steam generator.

The functional logic relating to chemical and volume control system isolation is illustrated in
Figure 7.2-1, sheet 6.

Steam Dump Block

Signals to block steam dump (turbine bypass) are generated from either of the following
conditions:

1. Low-low cactor coolant system average temperature
2. Manual initiation

Condition 1 results from a coincidence of two of the four divisions of reactor coolant system
temperature below the Low-2 setpoint.  This blocks the opening of the steam dump valves.
This signal also becomes an input to the steam dump interlock selector switch for unblocking
the steam dump valves used for plant cooldown. This function may be manually blocked
when the pressurizer pressure is below the P-11 setpoint. The block is automatically removed
when the pressurizer pressure is above the P-11 setpoint,

Condition 2 consists of two controls.  Either one of hese controls can be used 1o manually
inittate a steam dump block

The functiong! logic relating to the steam dump block is illustrated in Figure 7.2-1, sheet 10.
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7. Instrumentation and Controls

7.3.1.2.19

7.3.1.2.20

7.3.1.2.21

7.3.1.2.22

Control Room Isolation and Air Supply Initiation

Signals to initiate isolation of the main control room and to initiate the air supply are
generated from either of the foilowing conditions:

1. High control room air supply radioactivity level
2. Loss of ac power sources

Condition 1 is the occurrence one of two control room air supply radioactivity monitors
detecting a radioactivity level above the High-2 setpoint. The ability to reset this condition
is provided in the main control room.

Condition 2 resuits from the loss of both 4160 ac busses. This condition is delayed by a
preset time delay to permit the control room isolation and air supply initiation to be delaye 3
10 permit the restoration of ac power from the offsite sources or from the onsite diesel
generators.

The tunctional logic relating to control room isolation and air supply initiation is illustrated
in Figure 7.2-1, sheet 13.

Letdown Purification Line isolation

A signal to isolate the letdown purification line is generated upon the coincidence of
pressurizer level below the Low-2 setpoint in any two of four divisions. This helps to
maintain reactor coolant system inventory. The functional logic relating to this is illustrated
in Figure 7.2-1, sheet 12.

Containment Air Filtration System Isolation

A signal 1o isolate the containment air filtration system is generated upon the coincidence of
contginment radioactivity above the High-1 setpoint in any two of four divisions. This limits

sty release to the environment. The functional logic relating to this is illustrated in
t ipure 7.2-1, sheet 13,

Normal Residual Heat Removal System Isolation

A signal for isolating the normal residual heat removal system lines is generated upon the
comncidence of containment radioactivity above the High-2 setpoint in any two of four
divisions. This limits activity release to the environment. The functional logic relating to this
is illustrated in Figure 7.2-1, sheet 13,

Blocks, Permissives, and Interlocks for Engineered Safety Features Actuation

The interlocks used for engineered safety leatures actuation are designated as "P-xx"
permissives. and are listed in Table 7.3-2.

o \ssarrevSVIT0%, RUS. 072768 Drm
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73.14 Bypasses of Engineered Safety Features Actuations

The channels used in engineered safety features actuation that can be manually bypassed are
indicated in Table 7.3-1. A description of this bypass capability is provided in
subsection 7.1.2.10, The actuation logic is not bypassed for test. During tests, the actuation
logic is fuily tested by blocking the actuation logic output before it results in component
actuations.

7.3.1.5 Design Basis for Engineered Safety Features Actuation

The following subsections provide the design bases information for engineered safety features
actuation, including the information required by Section 3 of IEEE 279-1971. Engineered
safety features are initiated by the protection and safety monitoring system. Those design
hases relating to the equipment that initiates and accomplishes engineered safety features are
given in subsection 7.1.2.3. The design bases presented here concern the variables monitored
for engineered safety features actuation and the minimum performance requirements in
generating the actuation signals,

7.3.1.5.1  Design Basis: Generating Station Conditions Requiring Engineered Safety Features
Actuation (Paragraph 1 of Section 3 of IEEE 279-1971)

Generating station conditions requiring protective action are identified in Table 7.2-5, that
summarizes the engineered safety features as they relate to Condition II, I, or IV events
analyzed in Chapter 15.

731,52  Design Basis: Variables, Ranges, Accuracies, and Typical Response Times used in
Engineered Safety Features Actuation (Paragraphs 2, 5, 6, and 9 of Section 3 of
IEEE 279-1971)

The variables monitored for engincered safety features actuations are:

Pressurizer pressure

Pressurizer water level

Reactor coolant temperature (T, & T, in each loop
Containment pressure

Containment radioactivity level

Steam line pressure in each steam line

Water level in each steam generator (narrow and wide ranges)
Source range neutron flux

Core makeup tank level

Reactor coolant level in each of the two hot legs

Loss of ac power sources

In-containment refueling water storage tank level
Main control room supply air radioactivity level
Reactor coolant pump bearing water temperature
Startup feedwater flow

Dl‘m o \ssarrey SO0 ROS.O72708
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Instrumentation and Controls

Subsections 7.3.1.1 and 7.3.1.2 provides a discussion on levels that result in engineered safety
features actuation. The allowable values for the limiting conditions for operation and the trip

\ setpoints for engineered safety features actuations are given in the technical specifications
Chapter 16)

I'ypical ranges, accuracies, and response times for the variables used in engincered safety

‘ features actuations are listed in Table 7.3-4. The time response is the maximum allowable

bme penod for an actuation signal to reach the necessary components. It is based on

following a step change in the applicable process parameter from five percent below to five

\ percent above (or vice versa) the actuation setpoint with externally adjustable time delays set
to OFF

7.3.1.53  Design Basis: Spatially Dependent Variables used for Engineered Safety Features
Actuation (Paragraph 3 of Section 3 of IEEE 279-1971)

\ No spatally dependent variables are used for engineered safety features actuation
\ 7.3.1.54 Design Basis: Limits for Engineered Safety Features Parameters in Various Reactor

Operating Modes (Paragraph 4 of Section 3 of IEEE 279-1971)

During startup or shutdown, vanous engineered safety features actuations can be manually
blocked if the pressurizer pressure is below the P-11 setpoint. These functions are listed in
lable 7.3-2

During testing or maintenance of the protection and safety monitoring system cabinets, certain
Channels used tor enginecred safety features may be bypassed. Although no setpoints are
changed for bypassing, the logic is automatically adjusted, as described in subsection 7.3.1.4
e safeguards channels that can be bypassed in the protection and safety monitoring system

wre listed in Table 7.3-1

7.3.155 Design Basis: Engineercd Safety Features for Malfunctions, Accidents., Naturai
Phenomena, or Credible Events (Paragraph 8 of Section 3 of IEEE 279-1971)

|

I'he accidents that the various engineered safety features are designed to mitigate are detailed

Chapter 15, Table 7.2-6 contains a summary listing of the engineered safety features
wiuated for vanious Condition I, 1L or 1V events. It relies on provisions made to protect
quipment  aganst damage from natural phenomena and credible internal events
Consequently, there are no engineered safety features actuated by the protection and safety
momtonng system o ppugate the consequences of events such as fires

Functional diversity is used in determining the actuation signals for engineered safety features

For example, a safeguards actuation signal is generated from high containment pressure, low
pressunizer pressure and low compensated steam lhine pressure. Engineered safety features are
ool normally actuated by a sinele sienal e extent of this diversity is seen from th
imtiatin signals presented i subsectons : | and 1.2 abl A also hists the

vin thelr actuation

oo ! Draft
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Redundancy provides confidence that engineered safety features are actuated on demand, even
when the protection and salety monitoring system is degraded by 2 single random failure

T'he single-failure criterion is met even when engineered safety features channels are bypassed
Final System Drawings
Functional diagrams are provided in Figure
Analysis for Engineered Safety Features Actuation
Failure Modes and Effects Analyses
fatlure modes and effects analysis (Reterence 1 of Section 7.2) provides an analysis of

s of the protection and safety monitoring system. The protection and safety monitoring

designed to address common mode failures
Conformance of Engineered Safety Features to the Regquirements of IEEE 279-1971

e discussions presented in this subsection address only the functional aspects of actuating
‘ngineered safety features. Requirements addressing equipment in the protection and safety

)

monttoring system are presented 1n subsection

Conformance to the General Functional Requirements for Engineered Safety Features
Actuation (Paragraph 4.1 of IEEE 279-197)

he protection and safety monitering system automatically generates an actuation signal for
an engineered safety feature whenever a monitored condition reaches a preset value. The

speciiic engineered salety features actuation functions are listed in Table 7.3-1 and are

(iscuss n subsection 7.3.1

Fable 7 3-4 lists the ranges, accuracies, and response times of the parameters monitored. The
features, 1n conjunction with a reactor trip, prowccts against damage to the

Mant system components, as well as mai Maining containment integrity

IV event. Table 7.2-6 summn, wizes the events that normally

features. The setj oints that actuate engineered

al specifications (Chapier 16

Conformance to the Single Failure Criterion for Engineered Safety Features Actuation
(Paragraph 4.2 of IEEE 279-1971)

Iy monitoring system does not prevent an actuation

features when the monitored condition reaches the preset value that
1 actuation signal. The single fatlure criterion is met even when one
atures ¢ n cabinets 18 CINg sl as discussed in
vpass conditon ir won with test or

) and salety monitor
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7. Instrumentation and Controls

7.3.2.23

73224

732258

7.3.2.2.6

Conformance to the Requirements for Channel Independence of the Engineered Safety
Features Actuation (Paragraph 4.6 of IEEE 279-1971)

A discussion of channel independence is presented in subsection 7.1.4.2.6. The signals 1o
initiate Division A of the engineered safety features are electrically isolated from the signals
10 initigie the redundant Divisions (B, C, and D). Divisions of the safeguards actuation
system are electrically independent anc redundant, as are the power supplies for the divisions
up to and including the final actuated equipment.

Conformance to the Requirements Governing Coutrol and Protection System Interaction
of the Engineered Safety Features Actuation (Paragraph 4.7 of IEEE 279-1971)

Discussions are presented on this subject in subsection 7.1.4.2.7.

Derivation of Sy« Input for Engineered Safety Features Actuation (Paragraph 4.8 of
IEEE 279-1971

To the extent feasible and practical, the protection and safety monitoring system inputs used
for actuation of engineered safety features are derived from signals that are direct measures
of the desired parameters. The parameters are listed in Table 7.3-4,

Capability for Sensor Checks and Equipment Test and Calibration of the Engineered
Safety Features Actuation (Paragraph 4.9 and 4.10 of IEEE 279-1971)

The discussion of system testability provided in Section 7.1 is applicable to the sensors, signal
processing, and actuation logic that initiate engineered safety features actuation.

The testing program meets Regulatory Guide 1.22 as discussed in subsection 7.1.4.2.10. The
program is as follows;

e Prior to initial plant operations, engineered safety features tests are conducted.

*  Subsequent to initial startup, engineered safety features tests are conducted during each
regularly scheduled refueling outage.

*  During online operation of the reactor, the protection and safety monitoring system is
fully tested as described. In addition, the engineered safety features final actuators,
~hose operation is compatible with continued online plant operation, are tested at power.

*  Continuity of the wiring is verified for those devices that cannot be tested at power
without damage or upsetting the piant. Operability of the final actuated equipment is
demonstrated at shutdown

During reactor operation, the basis for acceptability of engineered safety features actuation is
the successtul completion of the overlapping tests performed on the protection and safety
monitoring system. Process indications are used to verify operability of sensors.

owsumevSO703a R0S-072705  Draft
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7. Instrumentation and Controls

7.32.2.7 Conformance to Requirements on Bypassing of Engineered Safety Features Actuation
Functions (Paragraph 4.11, 4.12, 4.13, and 4.14 of IEEE 279-1971)

Discussions on bypassing are provided in subsections 7.1.4.2.11 through 7.1.4.2.14, and
subsection 7.3.1.4,

73228 Conformance to the Reguirement for Completion of Engineered Safety Features
Actuation Once Initiated (Paragraph 4.16 of IEEE 279-1971)

Once initiated, engineered safety features proceed to completion unless deliberate operator
action is taken to terminate the function on a component-by-component basis. The ability to
terminate operation of engineered safety features components is necessary. Components must
be turned off and properly aligned if inadveriently actuated. Also, a component may have to
be removed from operation for repair or maintenance.

Equipment actuated on a safeguards actuation signal cannot be returned to its previouvs
posiion for a predetermined number of seconds following initiation of the safeguards
actuation signal. At this time a block of the automatic safeguards signal is permitted if the
reactor is tripped. This interlock is shown in Figure 7.2-1, sheet 11,

Resetting a system-level safeguards signal does not terminate any safeguards function. Rather,
it permits the operator to individually reposition equipment. Equipment cannot be reset until
the system-level signal is reset

7.3.2.29  Conformance to the Requirement to Provide Manual Initiation at the System-Level for
All Safeguards Actuations (Paragraph 4.17 of IEEE 279-1971)

Manual initiation at the system level exists for the engineered safety features actuations. These
system level manual initiations are discussed in subsections 7.3.1.1 and 7.3.1.2.

As a minimum, two controls are provided for each system-level manual initiation so that the
protective function can be manually initiated at the sysiem level, despite a single random
failure in one control. In certain applications, such as automatic depressurization, two pairs
of controls are provided. One pair must be actuated simultaneously. This reduces the
likelihood of inadvertent actuation while providing a design that meets the single failure
criterion,

7.33 Combined License Information

This section has no requirement for information to be provided in support of the Combined
License application
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7. Instrumentation and Controls

Table 7.3-1 (Sheet 1 of 8)

ENGINEERED SAFETY FEATURES ACTUATION SIGNALS

No, of
Channels/ Actuation
Actuation Signal Switches Logic Permissives and Interlocks

1. Safeguards Actuation Signal (Figure 7.2-1, Sheets 9 and 11)

a. Low pressurizer pressure 4 2/4-BYP' Manual block permitted below P-11.
Automatically unblocked above P-11.

b. Low lead-lag compensated 4/steam hine 2/4-BYP' m Manual block permitted below P-11.

steam line pressure either steam Automatically unblocked above P-11.
line

¢. Low resctor coolant inlet 4/loop 2/4-BYP' Manual block permitted below P-11.
temperature cither loop” Automatically unblocked above P-11.
(Low T_ )

d. High-1 containment 4 2/4-BYP' None
pressure

e. Manual safeguards 2 switches 1/2 switches Can be manually reset to block
initiation safeguards actuation upon P-4,

Block automatically removed on
absence of P-4,

2. Containment Isolation (Figure 7.2-1 Sheets 11 and 13)

a. Automatic or manual (See items la through le)
safeguards actuation signal

b. Manual mitation 2 switches 172 switches None

¢. Manual mitiation of (See item 10a)
contaimment cooling

3. Automatic Depressurization System (Figure 7.2-1, Sheet 15)

(Initiate Stages 1, 2, and 3)

a. Core makeup tank (See items 6a through 6d)
mnjecton comcudent with
(“”rc makcup uu'k lc\:c' 4“}““ 2/4‘BYP' Nﬂ!lt
less than Low-1 setpoint either tank”

o ssamev SO 700 RDS.O72795 bran
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Table 7.3-1 (Sheet 2 of &)

ENGINEERED SAFETY FEATURES ACTUATION SIGNALS

Nao. of
Channels/ Actuation
Actuation Signal Switches Logic Permissives and Interlocks

b. Extended undervoltage on 4/bus 2/4-BYP' both None

4160V ac buses ECS ES | busses’

and 2
¢. Stages 1, 2, and 3 manual 4 switches 2/4 switches’ None

intiation

(Initiate Stage 4)

d. Stage 4 manual initiation 4 switches 2/4 switches’ None

comacident with

Low pressurizer pressure - 2/4 BYP' None
e. Core makeup tank level 4/tank 2/4 BYP' None
less than Low-2 setpoint either tank’

comcident with
4 2/4 BYP' None
Low pressurizer pressure
and comncident with
3rd stage depressurization

4. Main Feedwater Isolation (Figure 7.2-1, Sheet 10)

(Closure of Control Valves)

a. Safeguards actuation signal (See items la through le)
fautomatic or manual)
b. Manual mitation 2 switches 172 switches None
¢. High-2 temperature 4/steam 2/4-BYP' in None
compensated steam generator either steam ’
FENCIALOr DAITOW range generator
level
d. Low reactor coolant 2/loop 2/4 -BYP' Manual block permitted below P-11,

temperature (Low-1 T
coancident with

Automatically unblocked above P-11.

)

Reactor trip (P-4) L/division 2/4 None
(Trip of Main Feedwater Pumps and Closure of Isolation Valves)

a. Safeguards actuation signal (See nems la through le)
(automatic or manual)

Dfm o wearmey S070% ROS.O72708
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No. of
Channels/
Actuation Signal Switches
b. Manual initiation 2 swilches
¢. High-2 temperature 4/steam
compensated steam generator
gEnerator GAITow range
level
e. Low reactor coolant 2Nloop

temperature (Low-2 T

n')

a. Safeguards actuation signal
(automatc or manual)

b. Automati: reactor coolant
system depressurization

water beanng emperature

a. Safeguards actuation signal
(automatic or manual)

Table 7.3-1 (Sheet 3 of &)

ENGINEERED SAFETY FEATURES ACTUATION SIGNALS

Actuation
Logic Permissives and Interlocks
1/2 switches None
2/4-BYP' in None
either steam
generator
2/4-BYP' Manual block permitted below P-11.

Automatically unblocked above P-11.

5. Reactor Coolant Pump Trip (Figure 7.2-1, Sheets 5, 12 and 15)

(Trips All Reactor Coolant Pumps)

(See nems la through le)

(See items 3a through 3¢)

(first stage)
¢. Low-2 pressurizer level 4 2/4-BYP' Manual block permitted below P-12.
Automatically unblocked above P-12,
d. wide range steam 4/steamn 2/4-BY?' in None
. aerator water level generator both stcam
comeident wiih generators
High reactor coolant outlet 2Noop 214-BYP None
temperature (High T, )
¢. Manual core makeup tank (See em 6d)
imtiaton
(Trip Affected Pump)
f. High reactor coolant pump 4/pump 2/4-BYP' in None

affected pump

6. Core Makeup Tank Injection (Figure 7.2-1, Sheet 12)

(Sec items la through le)

b. Low-2 pressurizer level 4 2/4-BYP Manual block permitied below P-12,
Automatically unblocked above P-12.
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7. Instrumentation and Controls

Table 7.3-1 (Sheet 4 of 8)

ENGINEERED SAFETY FEATURES ACTUATION SIGNALS

No. of
Channels/ Actuation
Actuation Signal Switches Logic Permissives and Interlocks
¢. Low wide range steam 4/steam 2/4-BYP' None
generator water level generator both steam
comaident with LENCrators
' \
High reactor coolant outlet 2Moop 2/4-BYP Noune
temperature (High T, )
d. M ual imnation 2 swiiches 1/2 switches None
7. Turbine Trip (Figure 7.2-1, Sheet 14)
a. Safeguards actuation signal (Sec items la through le)
(automatc or manual)
b. Manual fecdwater isolation (See item 4b)
¢. Reactor tnp (P-4) /division 2/4 None
d. High-2 temperature 4/steam 2/4-BYP' in None
compensated steim generator cither steam
generator narrow range generator
level
K. Steam Line Isolation (Figure 7.2-1, Sheet 9)
a. Manuai mitiaton 2 switches 1/2 switches None
b, High-1 contamment 4 2/4-BYP' None
pressure
¢. Low lead-lag compensated  4/steam line 2/4-BYP' in Manual block permitted below P-11
steam line pressure’ either steam Automatically unblocked above P-11
line
d. High steam hne negative 4/steam line 24-BYP' Manual unblock permitted below P-11
pressure rate either steam Automatically blocked above P-11
line’
¢. Low reactor coolant inlet 4/1o0p 2/4-BYP Manual block permitted below P-11
temperare (Low T_ ) either loop” Automatically unblocked above P-11
[)fﬂﬂ o wsarrey SWTOAg ROSO72 708
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Iable 3-1 (Sheet 5 of X)

ENGINEERED SAFETY FEATURES ACTUATION SIGNALS

Na. of
Channels/ Actuation
Actuation Signal Switches 1. ogic Permissives and Interlocks

9. Steam Generator Blowdown System Isolation (Figure | Sheets 7 and 8)

. Passive residual heat (See items 12a through 12¢e)

removal heat exchanger
WALALION

row range steam 4/steam $ BYP None

V

i water level generator etther steam

generator

10, Containment Cooling (Fipurc I, Sheet 13)

" )

. Manual mibation 4 switches 4 switches

pau
b. High-2 contamment 2/4-BYP
pressure

11. Startup Feedwater Isolation (Figure 7.2-1, Sheets Y and 10)

. Low reactor coolant inlet 4/loop 2/4-BYP Manual block permitted below P-11
| either loop Automatically unblocked above P-11

temperaiure (Low 7
4/steam 2/4-BYP' Nonge

generator einer steam

b. High-2 temperature

compensated steam
ZENCralor narrow rangs generator

witer level

12. Passive Residual Heat Removal (Fipwr 2-1, Sheet ¥)

1, Manual muoation ! switches 2 switches

b. Low narrow mange steam }/steam 2/4-BYP' w
generator ither steam

generator water I

comcident witd

ltems 6a through 6d
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Table 7.3-1 (Sheet 6 of ¥)

ENGINEERED SAFETY FEATURES ACTUATION SIGNALS

No. of
Channels/ Actuation
Actuation Signc! Switches Logic Permissives and Interlocks
e. Automatic reactor coolamt (See items 3a through 3¢)

system depressurization
(first stage)

13, Accumulator Injection Unblock (Figure 7.2-1, Sheet 11)

a. Safeguards actuation signal (See items la through le)
(automatc or manual)

b. High pressurizer pressure R 2/4-BYP' Automatically close isolation valves
upon manual initiation of a
safeguards block below P-11.

14. Block of Boron Dilution (Figure 7.2-1, Sheet 3)

a. Flux doubimg calculation 4 2/4-BYP' Manual block permitied above P-6.
Automatically unblocked beiow P-6.

b. Reactor trip (P-4) 1/division 2/4 None
15. Chemical Volume Control System Isolation (See Figure 7.2-1, Sheet 6)

a. High pressurizer water 4 2/4-BYP' Automatically unblock above P-11,
level Automatically blocked below P-11.
b. High-2 temperature 4/steam 2/4-BYP' in None
compensated steam generator either sieam
generalorn narrow range generator
level

16. Block Steam Dump (Figure 7.2-1, Sheet 10)

a. Low reactor coolant 2/loop 2/4-BYP' Manual biock permitied below P-11.
temperature (Low-2 T, ) Automatically unblocked above P-11.
b, Manual block 2 swilches 1/dvision None

17. Main Control Room lsolation and Air Supply Initiation (Figure 7.2-1, Sheet 13)

4. High-2 contral room 2 12 None
supply air radiation

b. Extended undervoltage on 4/bus 2/4-BYP' both None
4160V ac buses ECS ES | busses’
and 2
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7. Instrumentation and Controls

Table 7.3-1 (Sheet 7 of 8)

ENGINEERED SAFETY FEATURES ACTUATION SIGNALS

No. of
Channels/ Actuation
Actuation Signal Switches Logic Permissives and Interlocks
18, Purification Line Isolation (Figure 7.2-1, Sheet 12)
a. Low-2 pressurizer ievel + 2/4-BYP Manual block permitted below P-12.

Automatically unhlocked above P-12.
19. Containment Sump pH Control (Figure 7.2-1, Sheet 16)

4. Low IRWST levei 4 2/4-BYP' None
(L-3 setpoint) comncident
with
Automatic reactor coclant (See items 3a through 3¢)

system depressunzanon
(first stage)

b. Manual initation 4 switches 2/4 switches' None
20. Containment Air Fiiteation System Isolation (Figure 7.2-1, Sheet 13)

a. High-i containment 4 2/4-BYP' None
radioactivity

21. Normai Residual Heat Removal System Isolation (Figure 7.2-1, Sheet 13)

a. High-2 containment 4 2/4-BYP' None
radioactivity

22. Confirmatory Opes IRWST Injection Isolation Valves (Figure 7.2-1, Sheets 15 and 16)

a. Automatic reuctor coolant (See items 3a through 3c¢)
System depressunzaton
(first stage)

b, Awicimatic reactor coolant (See ttems 3d through 3e)
system depressurization
(fourth stage)

¢. Comgcident loop 1 and 1 per loop 22 None
loop 2 Tow hot leg level
(after delay)

d. Manual mitiation 4 switches 2/4 switches’ None

asarevSVT3a k05072795 Draft
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Inctrumentation and Controls

| able | (Sheet B of ¥)
ENGINEERED SAFETY FEATURES ACTUATION SIGNALS
\u, Il'

Channels
Actuation Signal Switches
23, Open IRWST Injection Line Vaives (Figur

Actuation
Logi Permissives and Interiocks

I, Sheets 15 and ¢
1. Automatic reactor coolant

system depre
(fourth sta

SCe Hems
SSunzaton

b, Comcident ii“‘[‘ | and
¥op 2 low

hot leg le
fter delay)

vl

Manual mivation

4 switches /4 switches

N mne
Open IRWST Containment Recirculation Valves VI20A and VI20B (Figur

Exiended unden
$1CON

and 2

¢ 7.2-1, Sheet 16)
oltage on 4 bu /4-BYP' brith
ac buses ECS ES |

None
DUSSEeS

Open All IRWST Containment Fecirculation Valves (1

gure 7.2-1. Sheet 16)
b. Safeguards actuatnion signal (See 1ite
(automatc or manual )

18 la through 1
comacdent with

Low IRWST k

vel
(1

3 setporit

Manual mitation

| 24-BYP indicates automz4ic ass logic. The logic 1s 2
| out of 2 with two bypass wtomatically

wit of 4 with no bypasses; 2 out of 3 with one bypass
winated with three or four bypasses
n either tank not in same di

wctuated simultane

perated rehiet hiock

YK trom both bu

inne!s from ether loop not 1

nnels

fromn

Viraft
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Table 7.3-2 (Sheet 1 of 3)

INTERLOCKS FOR ENGINEERED SAFETY FEATURES ACTUATION SYSTEM

Designation
P-4

P-4

P-6

Derivation

Reactor tnp switchgear open (reactor trip)

Reactor tnip switchgear closed

Intermediate range neatron flux channels
above setpoint

Intenuediate range neutron flux channels
helow setpoint

Pressurizer pressure helow setpoint

Function

(a) Permits manual reset of safeguards
actuation signal to block automatic safeguards
actuation

(h) Isolates main feedwater if comncident with
low reactor coolant temperature

(¢) Trips turbine

(d) Blocks boron dilution

Automatically resets the manual block of
automatc safeguards actuation

Allows manual block of flux doubling
actuation of the boron diution block.

Prevents manual block of flux doubling
actuation, permitting block of boron dilution

(a) Permits manual block of safeguards

actuation on low pressunzer pressure,Jow
compensated steam line pressure, or fow

reactor coolant inlet temperature

(b) Permits manual block of steam line
1solation on low reactor coolant inlet
temperature

(¢) Permits manual block of steam line
1solation and steam generator power-operated
relief valve block valve closure on low
compensated steam line pressure

(d) Comcident with manual actions of (b) or
(), automatically unblocks steam line
isolation on high negative steam line pressure
rate

(¢) Permits manual block of mam feedwater
isolation on low reactor coolant temperature

@mmmse 7331
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7. Instrumentation and Controls

Table 7.3-2 (Sheet 2 of 3)

INTERLOCKS FOR ENGINEERED SAFETY FEATURES ACTUATION SYSTEM

Designation Derivation ¥Function
P-11 Pressurizer pressure below setpoint () Automatic block of chemical and volume
(contmued) control system isolation on high pressurizer
water level

(g) Permits manual block of startup
feedwater isolation on low reactor coolant
mnlet temperature

(h) Permuts manual block of steamn dump
block on low reactor coolant temperature

(1) Automatically close accumulator injection
isolation valves when safeguards block is
manually instated

P11 Pressurizer pressure above setpoint (a) Prevents manual block of safeguards
actuation on low pressurizer pressure, low
compensated steam line pressure, or low
reactor coolant mlet temperature

(b) Prevents manual block of steam line
isolation on low reactor coolant inlet
temperature

(¢) Prevents manual block of steam line
isolation and steam generator power-operated
relief valve block valve closure on low
compensated steam line pressure

(d) Automatic block of steam line isolation
on high negative steam line pressure rate

(¢) Prevents manual block of feedwater
isolation on low reactor coolant temperature

(1) Automatic unblock of chemical and
volume control system 1solation on high
pressurizer water level

(g) Prevents manual block of startup
feedwater isolation on low reactor coolant
inlet temperature

(1) Send confirmatory open signal to the
accumulator mjection hine solation valves

Drilﬂ vissarrey SOTR, ROSOTIT08
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Instrumentation and Controls

AP600O

! bl 1.2 (Sheet

HOCH

INTERLOCKS FOR ENGINEERED SAFETY FEATURES ACTUATION SYSTEM

Designation Derivation Function

setpoint (a) Permits manual block of core makeup

tank actuation on low pressurizer level
dlow mid-loop operation
b

b

) Permits manual block of reactor coolant
pump trip on low pressurizer level o allow

md ].n»!"- operauon

¢) Permuts manual block of purification line

isolation on low pressurizer level 10 aliow
i'vh‘ Iwu“v u[n[ ion

Prevents manual block of core makeup

tank actuation on low pressurizer level

(h) Prevents manual block of reactor coolant

pump trip on low pressurizer level

¢) Prevents manual block of punficaton line

isolation on low pressurizer level
s confirmatory open

i stgnal 1o the

ore makeup tank cold leg balance hines

/L '“w | Draft
Q;'\_/" ) Westinghouse :
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7. Instrumentation and Controls

APLRO0

Table

SYSTEM-LEVEL MANUAL INPUT TO THEF
ENGINEERED SAFETY FEATURES ACTUATION SYSTEM

fo Figure 7.2-1
Manual Control Hivisions Sheet

Manual safeguards actuation #] A B (

Manual safeguards actuation #2 ABC

Manual passive residual heat removal actuation #] A B

Manual passive residual beat removal actuation # \ B
Manual steamn hne isolation #)

Manual steam hine 1solation #2

Steam/feedwater 1solaton and safeguard control #1
Steam/feedwater 1solaton and safeguard ( control #2
Manual feedwater isolavon #1

Manual fesdwater isolation #.

41
i

Manual steam dump mterlock selector #
Manual steam dump interlock selector #2

Pressurizer pressure safeguards block control #1

Pressurizer pressure safeguards block control #2

Pressurizer pressure safeguards block control #3

Pressurizer pressure safeguards block control #4

Manual core makeup tank actuation #]

Manual core makeup tank actuation #2

Core makeup tank actuaton block control #1]

Core makeup tank actuaton block control #2

Caore makeup tank actuation block conc ol #3

Core makeup tank actuatnon block control #4

Manual contamment cooling actuation #1 & #2

Manual contanment cooling actuation #3 & #4

Manual containment solatton actuation #1

Manual contamment 1solation actuation #2

Manual depressurization syste Lage 2, and 3 actuation #
Manuw depressunzaton systen wwes 1, 2, and 3 actuaton #
Manual depressurzation sysi ag Winaton #| & #
Manual depressurization s Slay wWiluation #3 & #4
Manua! IRWST a fuabion #

Manual IRWST actuauon #3 & #4

Manual sump PH control actuation #1 &

Manual sump PH control actuation #3 &

Manua! contamment recirculation actuaty

Manu: ontamnment recircuiation actuat

Draft
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7. Instrumentation and Controls

Table 7.3-4 (Sheet 1 of 2)

ENGINEERED SAFETY FEATURES ACTUATIONS,
VARIABLES, LIMITS, RANGES, AND ACCURACIES

(NOMINAL)
Protective System Response Time
Variable to be M mitored Range of Variable Accuracy (Sec)
Pressurizer pressure 1700 w0 2500 psig + 14.5% of span B

(uncompensated signal)

Steam line pressure 0 1 1200 psig + 4.5% of span (inside 3
containment break)

+ 10.5% of span
(outside containment

break)

Steam line negative pressure 0 10 250 psig/sec £ 0.5% of span 1.6%
raie
Reactor coolant inlet 490 1 610°F + 3.0% of span 6.0
temperature (7,
Reactor coolant outlet 530 1o 650°F + 3.0% of span 6.0"
temperature (T,)
Containment pressure -5 to 10 psig + 4.5% of span ] 2%
Reactor coolant system hot leg 0-100% of span + 3.0% of span 16"
level
In-containment refueling water 0-100% of span + 3.0% of span 1.6
storage tank level
4160v ac buses ECS ES 1 and 2000 - 4000 v +6.5% of setpoint 1.0
2 voltage
Steam generator narrow range 0 - 100% of span £ 10.0% of span 16"
witer level (narrow range taps)
Steam generator wide range 0-100% of span (wide +15.5% of span 1.6"
water level range taps)
Core makeup tank level Not applicable %1.5 mches 180"

(Discrete points)
Reactor coolant pump bearing 70 - 450°F + 1.0% of span 200

temperature

o \ssarrev S0 704y ROS- 072708 Draﬂ
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7. Instrumentation and Controls

Table 7.3-4 (Sheet 2 of 2)

ENGINEERED SAFETY FEATURES ACTUATIONS,
VARIABLES, LIMITS, RANGES, AND ACCURACIES

(NOMINAL)
Protective System Response Time
Variables to he Monitored Range of Variables Accuracy (Sec)
Pressunzer water level 0 - 100% of + 6.0% of span P
cyhindrical portion of
pressurizer
Startup feedwater flow 0 - 500 gpm 4.0% of span 1.6
Neutron flux 1 to 10° c/sec + 5.0% of equivalent 10.0"
linear full scale output
Control room supply air 107 - 107 + 5.0% of full scale 5.0
radiation level u Ci/ce
Containment radioactivity 1 - = 5.0°% of full scale 50"
R/hr
Note:

(1) Listed response time 1s the time for a step change of variable, from 5% below 10 5% above the setpoint, o
reach the actuated device,

(2) Listed response time is the time for a negative 20% step change of steam line pressure o reach the actuated
device.,

(3) Lasted response tume is the time for a step decrease in level, from 1.5 inches above the sensor point to
1.5 inches below the sensor point, to reach the actuated device.

Drm o \ssarrev S04 ROS-072708 5
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