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7.3 ENGINEERED SAFETY FEATURE SYSTEMS

Safety-related instrumentation and controls for engineered safety feature (ESF) systems, i.e., the
actuation system (AS) from sensor to actuation device and controls for the ESF system, which are
engineered safety feature actuation systems (ESFAS), are described in this section.
Instrumentation and controls for systems which support ESF systems are also described.

This section is divided by responsibility as to supply, with NSSS and non-NSSS in Subsections A
and B respectively.

7.3.1 DESCRIPTION

A) ESF Actuation Systems Supplied with the NSSS
1) Emergency Core Cooling Systems (ECCS)
2) Primary Containment and Reactor Vessel Isolation Control Systems (PCRVICS)
3) RHRS/Containment Spray Cooling System
4) RHRS Suppression Pool Cooling
B) ESF Actuation Systems and ESF Aux Support Systems Not Supplied with the NSSS.
1) Containment Isolation (AS)
2) Combustible Gas Control Systems (AS)
3) Primary Containment Vacuum Relief (AS)
4) Standby Gas Treatment System (AS)
5) Reactor Building Recirculation (AS)
6) Reactor Building Isolation (AS) and HVAC Support
7) Habitability Systems (AS), Control Room Isolation and Supporting HYAC Systems
8) ESF Auxiliary Support Systems
a) Emergency Service Water
b) RHR Service Water
c) Containment Instrument Gas

d) Standby Power
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9) Heating, Ventilating and Air Conditioning for ESF Areas:
a) Standby Gas Treatment Equipment Room
b) Diesel Generator Buildings
c) ESSW Pumphouse
d) ESF Switchgear Room
e) ECCS Unit Coolers
f) Drywell Unit Coolers
9) Control Structure Chilled Water System

7.3.1.1a System Description (NSSS)

7.3.1.1a.1 Emergency Core Cooling Systems (ECCS) Instrumentation and Control

7.3.1.1a.1.1 Network Identification

The ECCS is a network of the following subsystems:

(1) High Pressure Coolant Injection (HPCI) System

(2) Automatic Depressurization (ADS) System

(3) Core Spray (CS) Systems

4) Low Pressure Coolant Injection (LPCI) Mode of the Residual Heat Removal System (RHR)
The purpose of ECCS instrumentation and controls is to initiate appropriate responses from the
system to ensure that the fuel is adequately cooled in the event of a design basis accident. The
cooling provided by the system restricts the release of radioactive materials from the fuel by
preventing or limiting the extent of fuel damage following situations in which coolant is lost from the

reactor coolant pressure boundary (RCPB).

The ECCS instrumentation detects a need for core cooling systems operation, and the trip systems
initiate the appropriate response.

Successful core cooling for a specified line break accident is discussed in Chapter 15.

7.3.1.1a.1.2 Network Power Sources

The instrumentation and controls of the ECCS network system are powered by the 125 VDC and
120 VAC systems. The redundancy and separation of these systems are consistent with the
redundancy and separation of the ECCS functional requirements. These power sources are
described in detail in Chapter 8.0.
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7.3.1.1a.1.3 High Pressure Coolant Injection (HPCI) System —
Instrumentation and Controls

7.3.1.1a.1.3.1 System Identification

When actuated, the HPCI system pumps water from either the condensate storage tank, the
primary source, or the suppression chamber to the reactor vessel via the feedwater lines. The
HPCI system includes one turbine-driven pump, one DC motor-driven auxiliary oil pump, one gland
seal condenser and associated condensate pump, one gland seal condenser blower, automatic
valves, control devices for this equipment, sensors, and logic circuitry. The arrangement of
equipment and control devices is shown in Dwgs. M-155, Sh. 1 and M-156, Sh. 1.

7.3.1.1a.1.3.2 Equipment Design

Pressure and level switches used in the HPCI system are located on racks in the reactor building
and at the condensate storage tank. The only active component for the HPCI system that is
located inside the primary containment is one of the two HPCI system turbine steam supply line
isolation valves and its associated warm-up value. The rest of the HPCI system control and
instrumentation components are located outside the primary containment. Cables connect the
sensors to control circuitry in the control structure. The system is arranged to allow a full flow
functional test of the system during normal reactor power operation. The test controls are arranged
so that the system can operate automatically to fulfill its safety function regardless of the test being
conducted except for the conditions discussed in Section 6.3.4.2.1.

7.3.1.1a.1.3.3 Initiating Circuits

Reactor vessel low water level is monitored by four indicating type level switches that sense the
difference between the pressure due to a constant reference column of water and the pressure due
to the actual height of water in the vessel. Two lines (one attached to a tap above and one to a tap
below the water level on the reactor vessel) are required for the differential pressure measurement
for each switch. The two pairs of lines terminate outside the primary containment and inside the
reactor building. The pairs are physically separated from each other and tap off the reactor vessel
at widely separated points. These same lines are also used for pressure and water level
instruments for other systems. A one-out-of-two twice logic arrangement of the switches sensing
low water level can initiate the HPCI system. This arrangement assures that no single event can
prevent the initiation of the HPCI system due to reactor vessel low water level.

Primary containment pressure is monitored by four non-indicating pressure switches which are
mounted on instrument racks outside the drywell, but inside the reactor building. Each instrument
is connected to the drywell atmosphere by a redundant sensing line. The switches are grouped in
pairs in a manner similar to the level sensors, and are electrically connected so that no single event
can prevent the initiation of the HPCI system due to primary containment high pressure.

The HPCI system controls automatically start the HPCI system from the receipt of a reactor vessel
low water level signal or primary containment high pressure signal and bring the system to its
design flow rate in approximately 30 seconds. The controls then function to provide design
makeup water flow to the reactor vessel until the amount of water delivered to the reactor vessel is
adequate, at which time the HPCI system automatically shuts down. The controls are arranged to
allow remote-manual startup, operation, and shutdown.
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The HPCI turbine is functionally controlled as shown in Dwgs. M1-E41-65, Sh. 1, M1-E41-65, Sh.
2, M1-E41-65, Sh. 3, M1-E41-65, Sh. 4, and M1-E41-65, Sh. 5. A turbine governor control
system controls turbine speed during normal operation. A control governor receives a HPCI
system flow signal and adjusts the turbine steam control valve so that design HPCI system pump
discharge flow rate is obtained. Manual control of the governor is possible. The flow signal used
for automatic control of the turbine is derived from a differential pressure measurement across a
flow element in the HPCI system pump discharge line. The governor controls the pressure applied
to the hydraulic operator of the turbine control valve which, in turn, controls the steam flow to the
turbine. Hydraulic pressure is supplied for both the turbine control valve and the turbine stop valve
by the DC powered oil pump during startup and then by the shaft driven hydraulic oil pump when
the turbine reaches operating speed.

Upon receipt of an initiation signal, the auxiliary oil pump starts, providing hydraulic pressure for the
turbine stop valve and turbine control valve hydraulic operator. As hydraulic oil pressure is
developed, the turbine stop valve and the turbine control valve open and the turbine accelerates
toward the speed setting of the control governor. As HPCI system flow increases, the flow signal
adjusts the control governor setting so that design flow is maintained. The turbine is automatically
shut down by tripping the turbine stop valve closed if any of the following conditions are detected:

(1) Turbine overspeed

(2) High turbine exhaust pressure

(3) Low pump suction pressure

4) Reactor vessel high water level

(5) HPCI isolation signal from logic "A" or "B"

Turbine overspeed indicates a malfunction of the turbine control mechanism. High turbine exhaust
pressure indicates a condition that threatens the physical integrity of the exhaust line. Low pump
suction pressure warns that cavitation and lack of cooling can cause damage to the pump which
could place it out of service. A turbine trip is initiated for those conditions so that if the causes of
the abnormal conditions can be found and corrected, the system can be restored to service. The
trip settings are selected far enough from normal values so that a spurious turbine trip is unlikely,
but not so close that damage occurs before the turbine is shut down. Turbine overspeed is
detected by a standard turbine overspeed mechanical-hydraulic device. Two pressure switches
are used to detect high turbine exhaust pressure; either switch can initiate turbine shutdown. One
pressure switch is used to detect low HPCI system pump suction pressure.

High water level in the reactor vessel indicates that the HPCI system has performed satisfactorily in
providing makeup water to the reactor vessel. Further increase in level could result in HPCI
system turbine damage caused by gross carryover of moisture. The reactor vessel high water
level setting which trips the turbine is near the top of the steam separators and is sufficient to
prevent gross moisture carryover to the turbine. Two level switches that sense differential pressure
are arranged to require that both switches trip to initiate a turbine shutdown.

For both a manual and automatic initiation, the HPCI system logic provides for automatic cycling of
HPCI operation from a high water level tripped condition to a restart upon again reaching low water
level. This action is afforded through the absence of a latch (seal-in) in the turbine trip logic, and a

conditional (on low water level) latch in the high water level trip logic. Upon (again) returning to low
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water level, the latch high water level trip is cleared, thereby defeating the turbine tripped condition
and re-establishing turbine operation.

The control scheme for the turbine auxiliary oil pump is shown in Dwg. M1-E41-65, Sh. 5. The
controls are arranged for automatic or manual control. Upon receipt of an HPCI system initiation
signal, the auxiliary oil pump starts and provides hydraulic pressure to open the turbine stop valve
and the turbine control valve. As the turbine gains speed, the shaft-driven oil pump begins to
supply hydraulic pressure. After about 1/2 minute during an automatic turbine startup, the pressure
supplied by the shaft driven oil pump is sufficient, and the auxiliary oil pump automatically stops
upon receipt of a high oil pressure signal. Should the shaft-driven oil pump malfunction, causing oil
pressure to drop, the auxiliary oil pump restarts automatically.

Operation of the gland seal condenser components (gland seal condenser condensate pump (DC),
gland seal condenser blower (DC), and gland seal condenser water level instrumentation) prevent

out-leakage from the turbine shaft seals. Startup of this equipment is automatic, as shown in Dwg.
M1-E41-65, Sh. 5. Failure of this equipment will not prevent the HPCI system from providing water
to the reactor vessel.

7.3.1.1a.1.3.4 Loqgic and Sequencing

Either reactor vessel low water level or primary containment (drywell) high pressure can
automatically start the HPCI system as indicated in Dwg. M1-E41-65, Sh. 1. A 3 sec. time delay in
each logic division prevents inadvertent system isolations due to pressure spikes. Reactor vessel
low water level is an indication that reactor coolant is being lost and that the fuel is in danger of
being overheated. Primary containment high pressure is an indication that a breach of the nuclear
system process barrier has occurred inside the drywell.

The scheme used for initiating the HPCI system is shown on Figure 7.3-6. One trip system logic
actuates the trip system upon receipt of a low water level signal. The other actuates upon receipt
of a high drywell pressure signal. Either trip system logic can start the HPCI system. The HPCI
system is powered by DC buses.

Instrument functions, type, range and number of channels provided for the HPCI system controls
and instrumentation are listed in Table 7.3-1. The reactor vessel low water level setting for HPCI
system initiation is selected high enough above the active fuel to start the HPCI system in time both
to prevent excessive fuel cladding temperatures and to prevent more than a small fraction of the
core from reaching the temperature at which gross fuel failure occurs. The water level setting is
sufficiently below normal levels such that spurious HPCI system startups are avoided. The primary
containment high pressure setting is selected to be as low as possible without inducing spurious
HPCI system startup.

7.3.1.1a.1.3.5 Bypasses and Interlocks

To prevent the turbine pump from being damaged by overheating at reduced HPCI pump
discharge flow, a pump discharge bypass is provided to route the water being discharged from the
pump to the suppression pool. The bypass is controlled by an automatic, DC motor operated valve
whose control scheme is shown in Dwg. M1-E41-65, Sh. 4. At high HPCI flow, the valve is closed
and at low flow, the valve is opened. Flow switches that measure the pressure difference across a
flow element in the HPCI pump discharge pipeline provide the signals used for flow indication.
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To prevent the HPCI steam supply pipeline from filling up with water and cooling, a drain pot,
steamline drain, and appropriate valves are provided in a drain pipeline arrangement just upstream
of the turbine supply valve. The control scheme is shown in Dwg. M1-E41-65, Sh. 2. The controls
position valves so that during normal operation steamline drainage is routed to the main
condenser. Upon receipt of a HPCl initiation signal, the drainage path is isolated. The water level
in the steamline drain pot is controlled by a level switch and air operated valve.

During test operation, the HPCI pump discharge is routed to the condensate storage tank. Two
DC motor-operated valves are installed in the pump discharge to the condensate storage tank
pipeline. The piping arrangement is shown in Dwgs. M-155, Sh. 1 and M-156, Sh. 1. The control
scheme for the two valves is shown in Dwg. M1-E41-65, Sh. 4. Upon receipt of an HPCI system
initiation signal, the two valves close and remain closed except for the conditions discussed in
Section 6.3.4.2.1. The valves are interlocked closed if the suppression pool suction valve is not
fully closed. Indications pertinent to the operation and condition of the HPCI system are available
to the main control room operator as shown in Dwgs. M-155, Sh. 1, M-156, Sh. 1 and M1-E41-65,
Sh. 4.

7.3.1.1a.1.3.6 Redundancy and Diversity

The HPCI system is actuated either by reactor vessel low water level or by primary containment
high pressure. Both of these conditions could result from a LOCA. The redundancy of the HPCI
system initiating circuits is consistent with the design of the HPCI system.

7.3.1.1a.1.3.7 Actuated Devices

The HPCI actuated devices are automatically controlled by logic or manually by switches in the
main control room. Motor-operated valves are provided with appropriate limit or torque switches to
turn off the motors when the full open or full closed positions are reached. Valves that are
automatically closed on isolation or turbine trip signals are equipped with remote manual reset
devices, so that they cannot be reopened without operator action. All essential HPCI system
controls operate independent of AC power.

To assure that the HPCI system can be brought to design flow rate within 30 seconds from the
receipt of the initiation signal, the following maximum operating times for essential HPCI system
valves are provided by the valve operation mechanisms:

(1) HPCI system turbine steam supply valve 20 seconds
(2) HPCI system pump discharge valves 20 seconds
(3) HPCI system pump minimum flow bypass valve 10 seconds

The operating time is the time required for the valve to travel from the fully closed to the fully open
position or vice versa. Because the two HPCI system steam supply line isolation valves are
normally open and because they are intended to isolate the HPCI system steamline in the event of
a break in that line, the operating time requirements for them are based on isolation specifications.
These are described in Subsection 7.3.1.1a.2. A normally closed DC motor-operated isolation
valve is located in the turbine steam supply line just upstream of the turbine stop valve. The control
scheme for this valve is shown in Dwg. M1-E41-65, Sh. 5. Upon receipt of an HPCI system
initiation signal, this valve opens and remains open until closed by operator action from the main
control room.
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Two normally open isolation valves are provided in the steam supply line to the turbine. The valve
inside the drywell is controlled by an AC motor. The valve outside the drywell is controlled by a DC
motor. The control diagram is shown in Dwg. M1-E41-65, Sh. 2. The valves close automatically
upon receipt of an HPCI signal. An isolation signal results from HPCI steam line high differential
pressure (flow), HPCI turbine exhaust diaphragm high pressure, low reactor vessel pressure (low
steam supply to turbine), or high temperature around the steamline. The isolation signal resulting
from steam line high differential pressure incorporates a time delay to prevent inadvertent isolation
due to transient events. The instrumentation for isolation is described in Subsection 7.3.1.1a.2.

Two pump suction valves are provided in the HPCI system. One valve provides pump suction from
the condensate storage tank; the other one provides suction from the suppression chamber. The
condensate storage tank is the preferred source. Both valves are operated by DC motors. The
control arrangement is shown in Dwgs. M1-E41-65, Sh. 4 and M1-E41-65, Sh. 2. Although the
condensate storage tank suction valve is normally open, an HPCI system initiation signal opens it if
it is closed and the suppression pool suction valve is not full open. If the water level in the
condensate storage tank falls below a preselected level, during HPCI operation, an automatic
suction transfer is initiated. The suppression chamber suction valve receives a signal to open and
in parallel, the condensate storage tank suction valves receives a signal to close to complete the
transfer. Two level switches are used to detect the condensate storage tank low water level
condition. Either switch can initiate the automatic suction transfer from the condensate storage
tank to the suppression chamber. If open, the suppression chamber suction valve automatically
closes upon receipt of the signals that initiate HPCI system steamline isolation.

Two level switches monitor the suppression chamber water level and provide high level alarms.

Two DC motor-operated HPCI system pump discharge valves in the pump discharge line are
provided. The control schemes for these two valves are shown in Dwg. M1-E41-65, Sh. 4. Both
valves are arranged to open upon receipt of HPCI system initiation signals. The outboard valve
remains open upon receipt of a turbine trip signal until closed by operator action in the main control
room.

To prevent damage by overheating at reduced HPCI system pump flow, a pump discharge
minimum flow bypass is provided. The bypass is controlled by an automatic, DC motor-operated
valve whose control scheme is shown in Dwg. M1-E41-65, Sh. 2. At HPCI system high flow, the
valve is closed; at low flow, the valve is opened. Flow switches that measure the pressure
difference across a flow element in the HPCI system pump discharge line provide the signals used
for flow indication. There is also an interlock provided to shut the minimum flow bypass whenever
the turbine is tripped. This is necessary to prevent drainage of the condensate storage tank into
the suppression pool.

To prevent the HPCI system steam supply line from filling up with water and cooling, a drain pot,
steamline drain, and appropriate valves are provided in a drain line arrangement just upstream of
the turbine supply valve. The control scheme is shown in Dwgs. M1-E41-65, Sh. 2 and M1-E41-
65, Sh. 3. The controls position valves so that during normal operation steamline drainage is
routed to the main condenser. Upon receipt of an HPCI system initiation signal, the drainage path
is isolated. The water level in the steamline drain pot is controlled by a level switch and air
operated valve.

During test operation, the HPCI system pump discharge is routed to the condensate storage tank.

The DC motor-operated valves are installed in the pump discharge test lines. The piping
arrangement is shown in Dwgs. M-155, Sh. 1 and M-156, Sh. 1. The control scheme for the valves
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is shown in Dwg. M1-E41-65, Sh. 4. Upon receipt of an HPCI system initiation signal, the valves
close and remain closed except for the conditions discussed in Section 6.3.4.2.1. The valves are
interlocked closed if the suppression chamber suction valve is not fully closed. Indications
pertinent to the operation and condition of the HPCI system are available to the plant operator as
shown on Dwgs. M-155, Sh. 1, M-156, Sh. 1, M1-E41-65, Sh. 1, M1-E41-65, Sh. 2, M1-E41-65,
Sh. 3, M1-E41-65, Sh. 4, and M1-E41-65, Sh. 5.

7.3.1.1a.1.3.8 Separation

The HPCI system is a Division Il system. The system equipment is part of Division Il except that
the initiation sensors are from Division | and Division Il in order to develop the one-out-of-two twice
logic. Additionally the system has Division | and Division Il isolation logic and controls. Relay coil
to contact isolation is used to assure separation between the divisions. The HPCI system is
functionally redundant to the ADS and the low pressure core cooling system (ADS and low
pressure ECCS systems have redundant functions in Division | and II).

7.3.1.1a.1.3.9 Testability

The HPCI system is designed to be completely testable during reactor operation. Systems
providing core cooling water are arranged with bypass valves so that pumps may be operated at
design flow. Control design is such that the system automatically returns from the test to the
operating mode if system initiation is required except for the conditions discussed in

Section 6.3.4.2.1. Controls and instrumentation are designed to establish that the following
functions are met.

(1) Each instrument channel functions independently of all others.

(2) Sensing devices will respond to process variables and provide channel trips at correct
values.

(3) Sensors and associated instrument channels will respond to both steady-state and
transient changes in the process variable within specified accuracy and time limitations,
and will provide channel trips at correct values even when affected by process variations
that may extend grossly beyond the expected trip setpoint.

4) Paralleled circuit elements can perform their intended function independently.

(5) Series circuit elements are free from shorts that can abrogate their function.

(6) Redundant instrument or logic channels are free from interconnecting shorts that could
violate independence if a single malfunction should occur.

(7) No element of the system is omitted from the test if it can impair system operability in any
way. If the test is done in parts, then the parts must overlap sufficiently to ensure
operability of the entire system.

(8) Each monitoring alarm or indication function is operable.
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The HPCI system is provided with a test jack so that the reactor low water level or drywell high
pressure one-out-of-two twice circuits can be tested. Completeness of tests can be assured if all
instrument channels are tested, actuating one instrument channel at a time. Insertion of the test
plug at the logic relay panel is indicated in the control room.

7.3.1.1a.1.3.10 Environmental Considerations

The only HPCI system control component located inside the primary containment that must remain
functional in the environment resulting from a LOCA is the control mechanism for the inboard
isolation valve on the HPCI system turbine steamline. The environmental capabilities of this valve
are discussed in Subsection 7.3.1.1a.2. The HPCI system control and instrumentation equipment
located outside the primary containment is selected in consideration of the normal and accident
environments in which it must operate. These conditions are discussed in Section 3.11.

7.3.1.1a.1.3.11 Operational Considerations

7.3.1.1a.1.3.11.1 General Information

The HPCI system is not required for normal operations. Under the abnormal or accident conditions
when it is required, initiation and control are provided automatically for at least 10 min. After that
time, operator action may be required to sustain core cooling. The HPCI system may also be used
for reactor pressure control when the MSIVs are closed. This mode of operation may only be used
when it has been determined that HPCI is not required for core cooling.

7.3.1.1a.1.3.11.2 Reactor Operator Information

Indications pertinent to the operation and condition of the HPCI system are available to the main
control room operator, as shown in Dwgs. M-155, Sh. 1, M-156, Sh. 1, M1-E41-65, Sh. 1, M1-E41-
65, Sh. 2, M1-E41-65, Sh. 3, M1-E41-65, Sh. 4, and M1-E41-65, Sh. 5.

7.3.1.1a.1.3.11.3 Setpoints

Refer to the Technical Requirements Manual for safety trip setpoints; and the plant Technical
Specifications for the Allowable Values.

7.3.1.1a.1.4 Automatic Depressurization System (ADS) - Instrumentation and Controls

7.3.1.1a.1.4.1 System Identification

The automatic depressurization system (ADS) has six automatically controlled safety/relief valves
that are installed on the main steamlines inside the primary containment. These six valves perform
both the ADS and the SRV function. The valves are dual purpose in that they will relieve pressure
by normal mechanical action or by automatic action of an electric-pneumatic control system. The
relief by normal mechanical action is intended to prevent overpressurization of the reactor vessel.
The depressurization by automatic action of the control system is intended to reduce reactor vessel
pressure during a LOCA in which the HPCI system is not available so that the CS system or LPCI
system can inject water into the reactor vessel. The instrumentation and controls for one of these
safety/relief valves are discussed. The remaining five safety/relief valves equipped for automatic
depressurization are identical. Ten additional safety/relief valves providing only the SRV function
are discussed in Subsection 7.7.1.12.
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7.3.1.1a.1.4.2 Equipment Design

The control system consists of drywell pressure and reactor water level sensors arranged in trip
systems that control two solenoid-operated pilot air valves (one for each ADS system) for each
safety relief valve. Each of these two air valves controls pneumatic pressure for safety relief valves
actuation. (A third solenoid-operated pilot air valve with each safety relief valve is used for the
Relief Valve function. See Subsection 7.7.1.12 for details of Relief Valve control.) An accumulator
is included with the control equipment to store pneumatic energy for actuation of the ADS piston
type pneumatic actuator via the solenoid valves following failure of the pneumatic supply. The
accumulator is sized to provide one ADS safety/relief valve actuation peak calculated drywell
pressure or two ADS actuations at 70% of peak calculated drywell pressure. Additional design
information is provided in section 5.2.2.4. Cables from the sensors lead to the control structure
where the logic arrangements are formed in cabinets. The electrical control circuitry is powered by
DC from the plant batteries. The power supplies for the redundant control circuits are selected and
arranged to maintain tripping ability in the event of an electrical power circuit failure. Electrical
elements in the control system energized to cause opening of the safety/relief valve.

7.3.1.1a.1.4.3 Initiating Circuits

The pressure and level switches used to initiate one ADS logic are separated from those used to
initiate the other logic on the same ADS valve. Reactor vessel low water level is detected by six
switches that measure differential pressure. Primary containment high pressure is detected by four
pressure switches, which are located outside the primary containment and inside the reactor
building. The level instruments are piped individually so that an instrument pipeline break will not
inadvertently initiate auto blowdown. The primary containment high pressure signals are arranged
to seal into the control circuitry; they must be manually reset to clear.

Two separate time delays are used in each ADS logic. The ADS Logic delay is long enough that
the HPCI system has time to operate, yet not so long that the LPCI and CS systems are unable to
adequately cool the fuel if the HPCI system fails to start. An alarm in the main control room is
annunciated when either of the ADS Logic timers is timing. Resetting the ADS initiating signals
recycles the timers. An eight (8) minute time delay is provided in each trip system so that the ADS
trip logic will initiate on RPV Low Low Low Level 1 (Drywell Pressure Bypass Timer) after the 8
minute time delay even if high drywell pressure is not present. The remaining trip logic must be
satisfied in order to actuate either division of ADS. In addition, a manual inhibit switch is installed to
permit overriding ADS actuation in the event that the actuation signals are due to an ATWS rather
than a LOCA.

7.3.1.1a.1.4.4 Logic and Sequencing

Three initiation signals are used for the ADS; namely, reactor vessel low water level, drywell high
pressure, and RHR and/or CS pumps running. All signals must be present to cause the
safety/relief valves to open, as shown in Figure 7.3-5. Reactor vessel low water level indicates that
the fuel is in danger of becoming uncovered. The second (lower) low water level initiates the ADS.
Primary containment high pressure indicates a breach in the RCPB inside the drywell. A
permissive signal indicating LPCI or CS pump discharge pressure is also required. Discharge
pressure on any one of the RHR pumps or either pair of the CS pumps (A&C) or (B&D) is sufficient
to give the permissive signal, which permits automatic depressurization when the LPCl and CS
systems are operable.
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After receipt of the initiation signals and after a delay provided by timers, each of the pilot gas
solenoid valves is energized. This allows pneumatic pressure from the accumulator to act on the
gas cylinder operator. The gas cylinder operator holds the relief valve open. Lights in the main
control room indicate when the solenoid-operated pilot valves are energized to open a safety/relief
valve.

Manual reset circuits are provided for the ADS initiation signals. By manually resetting the initiation
signal the delay timers are recycled. The operator can use the reset pushbuttons to delay or
prevent automatic opening of the relief valves if such delay or prevention is prudent.

Control switches are available in the main control room for each safety/relief valve associated with
the ADS. The OPEN position is for manual safety/relief valve operation.

Two ADS logics trains are provided as shown in Dwg. M1-B21-92, Sh. 4. Division | sensors for low
reactor water level and high drywell pressure initiate ADS A (logics A & C), and Division Il sensors
initiate ADS B (logics B & D). One of the two solenoid-operated pilot air valves associated with
each safety relief valves is controlled by ADS A and the other is controlled by ADS B. The reactor
vessel low water level initiation setting for the ADS is selected to depressurize the reactor vessel in
time to allow adequate cooling of the fuel by the LPCI system or CS system following a LOCA in
which the HPCI system fails to perform its function adequately. The primary containment high
pressure setting is selected as low as possible without inducing spurious initiation of the automatic
depressurization system. This provides timely depressurization of the reactor vessel if the HPCI
system fails to start, or fails after it successfully starts following a LOCA.

Each LPCI and CS pump discharge line is monitored by pressure switches with setpoints selected
to indicate that the pumps are running and capable of delivering water to the reactor vessel. The
switches are arranged to provide a permissive to the initiation of ADS Division 1, logic A, when
either of the RHR A or C pump is running or when the CS pump A is running. Initiation of the
Division 1, logic C, occurs when either the RHR A or C pump is running or when the CS pump C is
running. Division 2 ADS initiation is similar to the above except that RHR pump B and D,
respectively. The setting is high enough to ensure that the pump will be delivering at near rated
flow, yet not be so low as to provide an erroneous signal that the pump is running when it actually
is not.

As discussed in Subsection 18.1.24.3, each of the 16 safety/relief valves are provided with an
acoustic monitoring system to detect flow through the valve.

7.3.1.1a.1.4.5 Bypasses and Interlocks

It is possible for the operator to manually delay the depressurizing action by the trip system reset
switches. This would reset the timers to zero seconds and prevent depressurization for another
timer delay period. The operator would make this decision based on an assessment of other plant
conditions. ADS is interlocked with the CS and RHR by means of pressure switches located on
the discharge of these pumps. These are the "AC interlock." Although the "AC interlocks" are
common to automatic and manual ADS initiation circuits, the independence of manual and
automatic initiation is not compromised because each of the logics is duplicated (ADS A and

ADS B) and for a failure of the ADS to occur both the AC interlocks would have to fail. At least one
of the RHR pumps or one pair of the CS pumps must be capable of delivering water into the
vessel. In addition, a manual inhibit switch is installed to permit overriding ADS actuation in the
event that actuation signals are due to an ATWS rather than a LOCA.
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7.3.1.1a.1.4.6 Redundancy and Diversity

The ADS, when CS or LPCI permissive signals are present, is initiated by high drywell pressure
and low reactor vessel water level. The initiating circuits for each of these parameters are
redundant, as verified by the circuit description of this section.

Instrument types functions, ranges and number of channels provided are listed in Table 7.3-2
according to system functions.

7.3.1.1a.1.4.7 Actuated Devices

All safety/relief valves in the ADS are equipped with remote manual switches so that the entire
system can be operated manually as well as automatically. The valves will also relieve pressure
by built-in mechanical action.

7.3.1.1a.1.4.8 Separation

ADS is a Division 1 (ADS A) and Division 2 (ADS B) system except that only one set of relief
valves is supplied. Each relief valve can be actuated by either of two pilot solenoid valves
supplying gas to the relief valve piston operators. One of the pilot solenoid valves is operated by
trip system A and the other by trip system B. Logic relays, manual controls, and instrumentation
are mounted so that Division | and Division 2 separation is maintained.

7.3.1.1a.1.4.9 Testability

The ADS has two trip systems and either one can initiate automatic depressurization. Each trip
system has two trip logics, both of which must trip to initiate ADS. Four test jacks are provided,
one in each trip logic. To prevent spurious actuation of the ADS during testing, only one trip logic
should be actuated at a time. An alarm is provided if a test plug is inserted in both trip logics.
Operation of the test plug switch along with actuation of the ADS reactor level interlock and with the
RHR or CS pump running, will close one of the two series relay contacts in the valve solenoid
circuit. This will cause a panel light to come on indicating proper trip logic operation and also
continuity of the solenoid electrical circuit. Testing of the other trip logic and trip system is similar.
Annunciation is provided in the main control room whenever a test plug is inserted in a jack to
indicate to the reactor operator that the ADS is in a test status. Testing of the one division does not
interfere with automatic operation of the redundant division if required by an initiation signal.

7.3.1.1a.1.4.10 Environmental Considerations

The signal cables, solenoid valves, and safety/relief valve operators are the only control and
instrumentation equipment for the ADS located inside the primary containment. These items will
operate in the most severe environment resulting from a LOCA. Gamma and neutron radiation
have been considered in the selection of these items. Equipment located outside the primary
containment will also operate in its normal and accident environments. See Section 3.11.
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7.3.1.1a.1.4.11 Operational Considerations

7.3.1.1a.1.4.11.1 General Information

The instrumentation and controls of the ADS are not required for normal plant operations. When
automatic depressurization is required, it will be initiated automatically by the circuits described in
this section.

7.3.1.1a.1.4.11.2 Reactor Operator Information

A temperature element is installed on the safety/relief valve discharge piping several feet from the
valve body. The temperature element is connected to a multi-point recorder in the back row panels
of the main control room to provide a means of detecting safety/relief valve leakage during plant
operation. When the temperature in any safety/relief valve discharge pipeline exceeds a preset
value, an alarm is sounded in the main control room. This alarm setting is high enough above
normal rated power temperatures to avoid spurious alarms, yet low enough to give early indication
of safety/relief valve leakage.

As discussed in Subsection 18.1.24.3, each of the 16 safety/relief valves are provided with an
acoustic monitoring system to detect flow through the valve.

7.3.1.1a.1.4.11.3 Setpoints

Refer to the Technical Requirements Manual for safety trip setpoints; and the plant Technical
Specifications for the Allowable Values.

7.3.1.1a.1.5 Core Spray (CS) System - Instrumentation and Controls

7.3.1.1a.1.5.1 System Identification

The CS system consists of two independent spray loops as illustrated in Dwg. M-152, Sh. 1. Each
loop is capable of supplying cooling water to the reactor vessel to cool the core following a LOCA.

7.3.1.1a.1.5.2 Equipment Design

The two CS loops are physically and electrically separated so that no single physical event makes
both loops inoperable. Each loop includes two AC motor-driven pumps, appropriate valves, and
the piping to route water from the suppression pool to the reactor vessel. The controls and
instrumentation for the CS system includes the sensors, relays, wiring, and valve operating
mechanisms used to start, operate, and test the system. Except for the testable check valve in
each spray loop, which is inside the primary containment, the sensors and valve closing
mechanisms for the CS system are located in the reactor building. Testable check valves are
described in Chapter 6. Cables from the sensors are routed to the control structure where the
control circuitry is assembled in electrical panels. Each CS loop is powered from a different AC
bus which is capable of receiving standby power. The power supply for automatic valves in each
loop is the same as that used for the CS pumps in that loop. Control power for each of the CS
loops come from separate DC buses. The electrical equipment in the control structure for one core
spray loop is isolated from that used for the other loop.
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7.3.1.1a.1.5.3 Initiating Circuits

Primary containment pressure is monitored by four non-indicating pressure switches mounted on
instrument racks outside the primary containment, but inside the reactor building. Cables are
routed from the switches to the relay logic cabinets. Figure 7.3-5 shows the initiating logic typical
for each CS loop. Each drywell high pressure trip channel provides an input into the appropriate
trip logic shown in Figure 7.3-5. Pipes that terminate in the reactor building allow the switches to
communicate with the drywell interior. Two diverse automatic initiations are provided for each CS
loop: 1) Reactor Vessel Low Water Level; or, 2) Drywell High Pressure coincident with Low
Reactor Vessel Pressure. Each low reactor vessel pressure switch is electrically connected in
series with a high drywell pressure switch so that high drywell pressure alone cannot initiate the CS
automatic functions in a one-out-of-two-twice circuit arrangement as shown by Figure 7.3-5.
Contacts from the primary containment high pressure signal relays are also used in the HPCI
system. Reactor vessel low water level initiation signal uses low level switches as described for
the HPCI system. A manual system initiation is also included.

7.3.1.1a.1.5.4 Loqic and Sequencing

The control scheme for the CS system is illustrated in Dwgs. M1-E21-3, Sh. 1, M1-E21-3, Sh. 2,
and M1-E21-3, Sh. 3. The overall operation of the system following the receipt of an initiating
signal and required permissive signal is as follows:

(1 Test bypass valves are closed and interlocked to prevent opening.

(2) If normal AC power is available, the CS pumps in both spray loops start after a 15 Second
delay.
(3) If normal AC power is not available, the CS pumps in both spray loops start 10.5 seconds

after standby power becomes available for loading.

4) When reactor vessel pressure drops to a preselected value, valves open in the pump
discharge lines allowing water to be sprayed over the core.

(5) When sufficient pump discharge flow is indicated, the pump low flow bypass valves shut
directing full flow into the reactor vessel.

The initiation logic for one CS loop is depicted in Figure 7.3-5 in a one-out-of-two-twice network
using level and pressure sensors. The initiation signal will be generated when:

(1) both level sensors are tripped, or

(2) two high drywell pressure sensors and two low reactor vessel pressure sensors are tripped,
or

(3) two of the four possible combinations of one level sensor and one high drywell pressure
sensor together with its associated low reactor vessel pressure sensor.

Once an initiation signal is received by the CS control circuitry, the signal is sealed in until manually
reset. The seal-in feature is shown in Dwg. M1-E21-3, Sh. 1.
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Reactor vessel low water level indicates that the core is in danger of being overheated due to the
loss of coolant. Drywell high pressure indicates that a breach of the RCPB has occurred inside the
drywell. The reactor vessel low water level and primary containment high pressure settings and
the instruments that provide the initiating signals are selected and arranged so as to assure
adequate cooling for the LOCA without inducing spurious system startups.

7.3.1.1a.1.5.5 Bypasses and Interlocks

SSES is designed to withstand a LOCA simultaneous with a loss of offsite power assuming the
most severe active single failure. This means the plant must withstand a LOCA on one unit
combined with a false or spurious LOCA signal on the non-accident unit. Interlocks between the
Unit 1 and Unit 2 Core Spray Systems prevent electrical system overloads by limiting the number
of CS pumps that can start because of a LOCA/False LOCA signal.

Any time a LOCA signal (low reactor water level or high drywell pressure combined with low
reactor pressure) is generated in Unit 1, a trip signal is sent to Unit 2 CS pumps A and C. Similarly,
if a LOCA signal is generated in Unit 2, Unit 1 CS pumps B and D receive a trip signal. The pumps
receiving a trip signal are also prevented from starting. Therefore, a LOCA in one unit and a false
LOCA signal in non-accident unit will start A and C CS pumps on Unit 1 and the B and D CS
pumps on Unit 2. A single LOCA signal on either unit will start all four CS pumps of the affected
unit and will trip and prevent operation of two CS pumps of the unaffected unit.

To prevent pump overheating at reduced CS pump flow, a pump discharge minimum flow bypass
is provided from each loop. The bypass routes the discharge from the pump in a loop back to the
suppression pool. The bypass is controlled by an automatic motor-operated valve whose control
scheme is shown in Dwg. M1-E21-3, Sh. 2. At CS flow above setpoint, the bypass valve is closed.
At low flow, and with at least one pump in the loop running, the bypass valve is opened. A flow
switch measures the flow in each of the two loops. During test operation, each CS loop discharge
can be routed to the suppression pool. Motor-operated valves are installed in the test lines. The
piping arrangement is shown in Dwg. M1-152, Sh. 1. The control scheme for the two valves is
shown in Dwg. M1-E21-3, Sh. 2. On receipt of a CS initiation signal, the bypass valve closes and
remains closed.

To permit opening of the CS inboard injection valves in the event of a loss of the CS logics or
failure of the low reactor pressure signals, a capability has been provided in the injection valve
control circuit to bypass the low reactor pressure permissive. Operation of this bypass switch in
conjunction with placing the injection valve control switch in the OPEN position will permit CS
injection if reactor pressure is below the CS pump discharge design pressure. Operation of the
bypass switch provides an input to the CS bypass indication system (BIS) display panel.

7.3.1.1a.1.5.6 Redundancy and Diversity

The CS is actuated by either reactor vessel low water level and/or drywell high pressure coincident
with reactor low pressure permissive. The redundancy and diversity inherent in the CS
one-out-of-two-twice initiation logic are described in Subsection 7.3.1.1a.1.5.4. Each pair of CS
pumps is backed up by RHR (LPCI Mode) within ECCS Division 1.

7.3.1.1a.1.5.7 Actuated Devices

The control arrangements for the CS pumps are shown in Dwg. M1-E21-3, Sh. 1. The circuitry
provides for detection of normal power available, so that all pumps are automatically started in
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sequence. Each pump can be manually controlled by a main control room remote switch, or the
automatic control system. A pressure transducer on the discharge line from each set of CS pumps
provides a signal in the main control room to indicate the successful startup of the pumps. Ifa CS
initiation signal is received when normal AC power is not available, the CS pumps start

10.5 seconds after AC power is available for loading. The CS pump motors are provided with
overload and undervoltage protection. Overload relays are applied so as to maintain power as
long as possible without immediate damage to the motors or standby power system.

Undervoltage trips are provided with time delays to permit power transfer from one startup
transformer to the other.

Flow-measuring instrumentation is provided in the discharge line of each set of core spray pumps.
The instrumentation provides flow indication in the main control room.

Except where specified otherwise, the remainder of the description of the CS system refers to one
CS loop. The second CS loop is identical. The control arrangements for the various automatic
valves in the CS system are indicated in Dwgs. M1-E21-3, Sh. 1, M1-E21-3, Sh. 2, and M1-E21-3,
Sh. 3. All motor-operated valves are equipped with limit and torque switches to turn off the valve
motor when the valve reaches the limits of movement and provide control room indication for valve
position. Each automatic valve can be operated from the main control room. Valve motors are
protected by overload devices during test only.

Upon receipt of an initiation signal, the test bypass valve is interlocked shut. The core spray pump
discharge valves are automatically opened when reactor vessel pressure drops to a preselected
value; the setting is selected low enough so that the CS system is not over-pressurized, yet high
enough to open the valves in time to provide adequate cooling for the fuel. Four pressure switches
in each loop are used to monitor reactor vessel pressure. Contacts from four switches are wired in
a one-out-of-two/twice configuration and permits valve opening any time reactor pressure is below
the switches setpoint. The full stroke operating times of the motor-operated valves are selected to
be rapid enough to assure proper delivery of water to the reactor vessel in a DBA.

A flow switch on the discharge of each set of pumps provide a signal to operate the minimum flow
bypass line valve for each pump set. When the flow reaches the value required to prevent pump
overheating, the valves close and all flow is directed into the sparger.

7.3.1.1a.1.5.8 Separation

The CS System consists of four CS Pumps powered from four independent 4.16kV buses. Each
CS Pump (A through D) is powered from its respective 4.16 kV bus (A through D). Class 1E

125 VDC Bus A (Channel A) provides logic control power to the Division | relay logic. The Division
I relay logic provides a start signal to CS Pumps A and C. Class 1E 125 VDC Bus B (Channel B)
provides logic control power to the Division Il relay logic. Division Il relay logic provides a start
signal to CS Pumps B and D. The two divisionalized logics are located in separate panels. Each
CS Pump (A through D) obtains its breaker control power from its respective Class 1E 125 VDC
Bus (A through D).

7.3.1.1a.1.5.9 Testability

The CS system is provided with a test jack in both logics A and B. The reactor low water level or
high drywell pressure one-out-of-two-twice circuit can be completely tested by actuating one
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instrument channel at a time. Completeness of tests can be assured if all instrument channels are
tested. Insertion of the test plug at either logic relay panel is indicated in the control room.

7.3.1.1a.1.5.10 Environmental Considerations

There are no control and instrumentation components for the CS system that are located inside the
primary containment that must operate in the environment resulting from a LOCA. All components
of the CS system that are required for system operation are outside the drywell and are selected in
consideration of the normal and accident environments in which they must operate.

7.3.1.1a.1.5.11 Operational Considerations

7.3.1.1a.1.5.11.1 General Information

The CS system is not required for normal plant operation. When it is required for accident
conditions, it will be initiated automatically by the circuitry described in this section. No operator
action will be required for at least 20 minutes following initiation.

7.3.1.1a.1.5.11.2 Reactor Operator Information

Core Spray System pressure between the two pump discharge valves is monitored by a pressure
switch to permit detection of leakage from the RCPB into the CS system outside the primary
containment. A detection system is also provided to continuously confirm the integrity of the core
spray piping between the inside of the reactor vessel and the core shroud. A differential pressure
switch measures the pressure difference between the top of the core support plate and the inside
of the CS sparger pipe just outside the reactor vessel. If the CS sparger piping is sound, this
pressure difference will be the pressure drop across the core resulting from interchannel leakage.
If integrity is lost, this pressure drop will include the steam separator pressure drop. An increase in
the normal pressure drop initiates an alarm in the main control room. Pressure in each core spray
pump suction line is monitored by a local pressure indicator to determine suction head and pump
performance. Pressure in the discharge line of the pair of pumps is monitored by a pressure
indicator in the control room to determine pump performance.

7.3.1.1a.1.5.11.3 Setpoints

Refer to the Technical Requirements Manual for safety trip setpoints; and the plant Technical
Specifications for the Allowable Values.

7.3.1.1a.1.6 Low Pressure Coolant Injection (LPCI) System
- Instrumentation and Controls

7.3.1.1a.1.6.1 System Identification

Low pressure coolant injection (LPCI) is an operating mode of the residual heat removal system
(RHR). The RHR system and its operating modes are discussed in Chapters 5 and 6. Because
the LPCI system is designed to provide water to the reactor vessel following the LOCA, the
controls and instrumentation for it are discussed here.
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7.3.1.1a.1.6.2 Equipment Design

Dwgs. M-151, Sh. 1, M-151, Sh. 2, and M-151, Sh. 3 show the entire RHR system, including the
equipment used for LPCI operation. Control and instrumentation for the following equipment is
essential:

Four RHR main system pumps

(1)

(2) Pump suction valves

(3) LPCI injection valves

4) Vessel level switches

(5) Drywell pressure switches
(6) Vessel pressure switches.

The instrumentation for LPCI operation controls other valves in the RHR. This ensures that the
water pumped from the suppression pool by the main system pumps is routed directly to the
reactor. These interlocking features are described in this subsection. LPCI operation uses two
identical pump loops, each loop with two pumps in parallel. The two loops are arranged to
discharge water into different reactor recirculation loops. A cross-connection containing two
keylocked normally closed valves in series exists between the pump discharge lines of each loop.
Dwgs. M-151, Sh. 1, M-151, Sh. 2, and M-151, Sh. 3 show the locations of instruments, control
equipment, and LPCI components. Except for the RHR testable check valves and the reactor
recirculation loop valves, the components pertinent to LPCI operation are located outside the
primary containment.

Power for the main system pumps is supplied from AC buses that can receive standby AC power.
Motive power for the injection valves (one in each loop) used during LPCI operation comes from a
bus which can be automatically connected to alternate standby power sources. Refer to
Subsection 8.3.1.3.5 for discussion of this bus. Control power for the LPCI components, except
valves, comes from the DC buses. Redundant trip systems are powered from different DC buses.

LPCIl is arranged for automatic operation and for remote manual operation from the main control
room. The equipment provided for manual operation of the system allows the operator to take
action independent of the automatic controls in the event of a LOCA.

7.3.1.1a.1.6.3 Initiating Circuits

Two diverse automatic initiation signals are provided for the RHR (LPCI) pumps; namely, reactor
vessel low water level (Level 1) or drywell high pressure coincident with low reactor pressure. The
low reactor pressure permissive is provided to prevent a high drywell pressure condition which is
not accompanied by low reactor pressure, i.e., a false LOCA signal, from disabling two RHR
pumps on the other unit. (This would otherwise occur due to the interlocks between the Unit 1 and
Unit 2 RHR pumps as discussed in Subsection 7.3.1.1a.1.6.5.) After system initiation, the LPCI
injection valve is opened when the low reactor pressure permissive is present.

The RHR (LPCI) pump initiation logic is cross connected between divisions; i.e., a start signal from
either division will start all four pumps. This feature is essential to ensuring that the ECCS
equipment specified in Table 6.3-5 will be available in the event of a discharge side break and the
single failure of a DC power source. The cross connection logic ensures that the RHR pump
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assumed to remain is available, and this pump is necessary to meet minimum ECCS criteria (see
Subsection 6.3.3.2).

The low water level or high drywell pressure initiation signal for the LPCI system is a
one-out-of-two-twice circuit arrangement as described in Subsection 7.3.1.1a.1.5.3 for the CS
system. A manual system initiation is provided by armed pushbutton switches show as ltem (6)
RHR A/RHR C and Item (7) RHR B/RHR D of Subsection 7.3.2a.1.2.1.9.

Dwgs. M-151, Sh. 1, M-151, Sh. 2, and M-151, Sh. 3 can be used to determine the locations of
sensors and Dwgs. M1-E11-51, Sh. 1, M1-E11-51, Sh. 2, M1-E11-51, Sh. 3, M1-E11-51, Sh. 4,
and M1-E11-51, Sh. 5 can be used to determine the functional use of each sensor in the control
circuitry for LPCI components. Instrument function, type, ranges and number of channels provided
are given in Table 7.3-4.

7.3.1.1a.1.6.4 Logic and Sequencing

The overall LPCI operating sequence following the receipt of an initiation signal is as follows:

(1 The valves in the suction paths from the suppression pool are kept open and require no
automatic action to line up suction.

(2) If normal AC power is available, the A and B RHR pumps start immediately, taking suction
from the suppression pool. The other two pumps start after a 7.5-second delay to limit the
loading of the power sources. In the event the normal AC power is lost, standby power
sources become available and all pumps start after a 3-second time delay.

(3) Valves used in other RHR modes are automatically positioned so the water pumped from
the suppression pool is routed correctly.

4) The LPCI injection valves automatically open when reactor pressure decreases to the
setpoint.

(5) When reactor vessel pressure has dropped to a value at which the main system pumps are
capable of injecting water into the recirculation loops, water is delivered to the reactor
vessel via the recirculation loop until the vessel water level is adequate to provide core
cooling and the RHR pumps are manually shut off.

When the RHR system is operating in the shutdown cooling mode below the pressure where LPCI
is not required, receipt of an initiation signal will not automatically open the LPCI injection valves.
The low water level signal, however, will isolate the shutdown cooling valves to prevent further loss
of water; the CS system will operate to provide cooling makeup water.

7.3.1.1a.1.6.5 Bypasses and Interlocks

To protect the pumps from overheating at low flow rates, a minimum flow bypass pipeline is
provided which routes water from the pump discharge to the suppression chamber, for each pair of
pumps. A single motor-operated valve controls the conditions of each bypass line. The minimum
flow bypass valve automatically opens upon sensing low flow in the discharge lines from both
pumps of the associated pump pair. The valve automatically closes whenever the flow from the
main system pumps is above the low flow setting. Flow indications are derived from flow switches
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that sense the pressure differential across a length of the pump discharge lines. Dwgs. M-151, Sh.
1, M-151, Sh. 2, and M-151, Sh. 3 show the location of the flow switches. One switch is used for
each pair of pumps.

The valves that allow the diversion of water for containment cooling are automatically closed upon
receipt of a low water level and/or high drywell pressure (LOCA) signal, or a system level manual
initiation of the LPCI mode. The manual controls for these valves are interlocked so that opening
the valves is possible only if there is no LOCA or manual initiation signal present. A keylock switch
in the main control room allows a manual override of the LOCA interlock for containment cooling
valve operation.

Interlocks are provided between Susquehanna Units 1 and 2 within the LPCI systems. The Unit 1
and Unit 2 RHR pumps are interlocked such that a Unit 1 and corresponding Unit 2 pump cannot

operate at the same time. The interlock assures that the shared Emergency Power Supplies are

not overloaded.

Additional interlocks are provided for the following conditions:

1. LOCA/false-LOCA - The interlocks stop and prevent the manual or automatic starting of
one pump in each RHR Loop as follows: Unit 1 LOCA initiation logic stops RHR pumps A
and B in Unit 2, similarly, Unit 2 LOCA initiation logic stops RHR Pumps C and D in Unit 1.
The purpose of these interlocks is to assure that adequate core cooling pump capacity
exists in the Unit with the actual LOCA.

2. LOCA in one Unit, Non-LOCA in the other Unit - The interlocks stop and prevent the
manual or automatic starting of all four of the non-LOCA Unit's RHR pumps, thus assuring
that all four RHR pumps on the LOCA unit will operate, providing adequate core cooling
pump capacity in the unit with the LOCA. Analyses were performed on the non-LOCA Unit,
assuming the following initial conditions one at a time:

a. Normal power generation with or without suppression pool cooling.
b. High Pressure, hot standby.
C. Low pressure, hot standby.

d. Cold shutdown with RPV head on.

e. Cold shutdown with RPV head off.
In addition, the analysis assumed the RHR system was inoperable on the non-LOCA Unit for a
period of twenty minutes. The non-LOCA unit response has been determined to be bounded by

existing Chapter 15 events.

7.3.1.1a.1.6.6 Redundancy and Diversity

The LPCI system is redundant in that two separate loops are provided, with pumps A and C
feeding into recirculation loop A, and pumps B and D feeding into recirculation loop B. Loops A
and B are connected together by means of a cross header containing two series mounted valves
which are keylocked closed and have their power removed except during cold shutdown. Failure
of A or B logic would still allow two pumps to supply water to the reactor.
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7.3.1.1a.1.6.7 Actuated Devices

The functional control arrangement for the RHR pumps is shown in Dwg. M1-E11-51, Sh. 1. When
AC power is available, two of the RHR pumps start immediately, while the remaining two pumps
start after a 7.5 second delay. The operator can manually control the pumps from the main control
room, thus permitting the operator to use the pumps for other purposes, such as containment
cooling. Two pressure switches are installed in each pump discharge pipeline to verify that the
pumps are operating following an initiation signal. The pressure signal is used in the ADS to verify
availability of low pressure core cooling. The pressure instruments are located upstream of the
pump discharge check valves to prevent the operating pump discharge pressure from concealing a
pump failure. The main system pump motors are provided with overload protection. The overload
relays maintain power on the motors as long as possible without harming the motors or
jeopardizing the emergency power system.

All automatic valves used in the LPCI function are equipped with remote manual test capability.
The entire system can be operated from the main control room. Motor operated valves have limit
switches to turn off the motors when the full open positions are reached and are torque seated in
the closing direction. Valves that have vessel and containment isolation requirements are
described in Subsection 7.3.1.1a.2.

The RHR pump suction valves from the suppression pool are normally open. To reposition the
valves, a key lock switch must be turned in the main control room. On receipt of an LPCI system
initiation signal, other RHR system valves are signaled to close, even though they may normally be
closed, to ensure that the RHR pump discharge is correctly routed. The normally closed valves
that provide suction from the recirculation loop during RHR shutdown cooling mode are signaled
closed by the low water level signal.

A 'LOCA OVERRIDE' switch when manually operated cancels the LPCI open signal to the heat
exchanger bypass valves. The signal override allows the operator to control the flow through the
heat exchangers for other post-accident or ATWS conditions. Overriding the open signal does not
cause the bypass valve to close.

7.3.1.1a.1.6.8 Separation

The LPCI System consists of four RHR Pumps powered from four independent 4.16 kV buses.
Each RHR Pump (A through D) is powered from its respective 4.16 kV bus (A through D).

Class 1E 125 VDC Bus A (Channel A) provides logic control power to the Division | relay logic.

The Division | relay logic provides a start signal to all four RHR Pumps. Class 1E 125 VDC Bus B
(Channel B) provides logic control power to the Division Il relay logic. Division Il relay logic also
provides a start signal to all four RHR Pumps. The two divisionalized logics are located in separate
panels. Each RHR Pump (A through D) obtains its breaker control power from its respective Class
1E 125 VDC Bus (A through D).

7.3.1.1a.1.6.9 Testability

The LPCI system is provided with test jacks in each logic. The reactor vessel low water level or
high drywell pressure one-out-of-two-twice circuit can be tested by actuating one instrument
channel at a time. Completeness of tests can be assured if all instrument channels are tested.
The other test jacks are used in the logic to facilitate testings as required. Insertion of the test plug
in any jack actuates an alarm in the main control room to indicate that the LPCI system is in test
status and the system is inoperative.
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7.3.1.1a.1.6.10 Environmental Considerations

The only control components pertinent to LPCI operation that are located inside the drywell are
those controlling the gas-operated check valves on the injection lines. Other equipment, located
outside the primary containment, is selected in consideration of the normal and accident
environments in which it must operate (see Section 3.11).

7.3.1.1a.1.6.11 Operational Considerations

7.3.1.1a.1.6.11.1 General Information

The LPCI mode is not required for normal operation.

7.3.1.1a.1.6.11.2 Reactor Operator Information

Initiation of this mode is automatic and no operator action is required for at least 20 minutes
following initiation. Under certain conditions, automatic opening of LPCI injection valves on low
RW level is blocked. These conditions include: reactor pressure <135 psig and the RHR system is
aligned for the shutdown cooling mode, RHR Reactor Pump suction from RPV valves HV-1F008
and HV-1F009 not fully closed, and an isolation signal exists. The operator may control the RHR
system manually after initiation to use its capabilities in the other modes of the RHR system, if the
core is being cooled by other ECCS. Temperature, flow, pressure, and valve position indications
are available in the main control room for the operator to assess the IPCI system operation
accurately. Valves have indications of full open, intermediate, and full closed positions. Pumps
have indications for pump running and pump stopped. Alarm and indication devices are shown in
Dwgs. M-151, Sh. 1, M-151, Sh. 2, M-151, Sh. 3, M1-E11-51, Sh. 1, M1-E11-51, Sh. 2, M1-E11-
51, Sh. 3, M1-E11-51, Sh. 4, and M1-E11-51, Sh. 5.

7.3.1.1a.1.6.11.3 Setpoints

Refer to the Technical Requirements Manual for safety trip setpoints; and the plant Technical
Specifications for the Allowable Values.

7.3.1.1a.2 Primary Containment and Reactor Vessel Isolation Control System — for NSSS
Instrumentation and Controls

7.3.1.1a.2.1 System Identification

The PCRVICS includes the instrument channels, logics and actuation circuits that activate valve
closing mechanisms associated with the valves, which, when closed, effect isolation of the primary
containment or reactor vessel or both.

The PCRVICS include the following instrumentation and control subsystems:

(1) Reactor Vessel - Low Water Level

(2) Main Steamline - High Radiation

(3) Main Steamline Tunnel - High Temperature and Differential Temperature (high differential

temperature isolation and isolation alarm function have been removed but equipment still
remains in the field).
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4) Main Steamline - High Flow

(5) Main Turbine Inlet - Low Steam Pressure

(6) Drywell - High Pressure

(7) Reactor Water Cleanup System - High Differential Flow

(8) Reactor Water Cleanup System - Area - High Temperature and Differential Temperature
(high differential temperature isolation and isolation alarm function has been removed but
equipment still remains in the field).

(9) Main Steamline - Leak Detection

(10)  Main Condenser - Vacuum Trip

(11)  Reactor Water Cleanup System - High Flow

This system provides initiation to non-NSSS systems as follows:

(1 Containment Isolation (see Subsection 7.3.1.1b.1)

(2) Standby Gas Treatment System (see Subsection 7.3.1.1b.4)

(3) Reactor Building Isolation and HVAC Support System (see Subsection 7.3.1.1b.6)

The purpose of the system is to prevent the gross release of radioactive material in the event of a

breach in the RCPB by automatically isolating the appropriate pipelines that penetrate the primary

containment. The power generation objective of this system is to avoid spurious closure of

particular isolation valves as a result of single failure. Identification of NSSS and non-NSSS valves

closed by the PCRVICS is provided in Table 6.2-12.

7.3.1.1a.2.2 System Power Sources

Power for the system channels and logics of the isolation control system and main steamline
isolation valves are supplied from the two electrical buses that supply the reactor protection system
trip systems. Each bus has its own motor-generator set and can receive alternate power from the
preferred power source. Each bus can be supplied from only one of its power sources at any given
time. Motor-operated isolation valves receive power from emergency buses. Power for the
operation of any two valves mounted series is supplied from separate or different sources. Inboard
isolation valves are powered from the Division | AC power source. Outboard isolation valves use a
Division Il DC power source.

7.3.1.1a.2.3 System Equipment Design

Pipelines that penetrate the primary containment and drywell and directly communicate with the
reactor vessel generally have two isolation valves, one inside the primary containment and one
outside the primary containment. These automatic isolation valves are considered essential for
protection against the gross release of radioactive material in the event of a breach in the RCPB.
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Power cables run in raceways from the electrical source to each motor-operated isolation valve.
Solenoid valve power goes from its source to the control devices for the valve. The main steamline
isolation valve controls include pneumatic piping, and an accumulator for the gas operated valves
as the emergency motive power source in addition to the springs. Pressure, temperature, and
water level sensors are mounted on instrument racks or locally in either the secondary containment
or the turbine building. The location of these sensors is shown on FSAR Dwgs:

J-2-4, Sh. 1 J-6-3, Sh. 1 J-6-4, Sh. 1 J-10-3, Sh. 1 J-11-4, Sh. 1
J-25-1, Sh. 1 J-25-3, Sh. 1 J-25-4, Sh. 1 J-26-2, Sh. 1 J-26-3, Sh. 1
J-26-4, Sh. 1 J-26-6, Sh. 1 J-26-12, Sh. 1 J-27-1, Sh. 1 J-27-2, Sh. 1
J-27-3, Sh. 1 J-27-4, Sh. 1 J-27-5, Sh. 1 J-27-6, Sh. 1 J-28-1, Sh. 1
J-28-2, Sh. 1 J-28-3, Sh. 1 J-28-4, Sh. 1 J-28-5, Sh. 1 J-28-6, Sh. 1
J-29-1, Sh. 1 J-29-3, Sh. 1 J-29-4, Sh. 1 and J-29-5, Sh. 1

Valve position switches are mounted on motor and gas-operated valves. Switches are encased to
protect them from environmental conditions. Cables from each sensor are routed in raceways to
the control structure. All signals transmitted to the main control room are electrical; no piping from
the reactor pressure coolant boundary penetrates the main control room. The sensor cables and
power supply cables are routed to cabinets in the control or electrical equipment rooms, where the
sensor signals and supplied power are arranged according to system logic requirements.

7.3.1.1a.2.4 System Initiating Circuits

During normal plant operation, the isolation control system sensors and trip controls that are
essential to safety are energized. When abnormal conditions are sensed, contacts in the trip logic
initiate isolation. Loss of both power supplies also initiates isolation.

Each main steamline isolation valve is fitted with two control solenoids. For any valve to close
automatically, both of its solenoids must be deenergized. Each solenoid receives inputs from two
logics; a signal from either can deenergize the solenoid.

For the main steamline isolation valve control, four instrument channels are provided for each
measured variable. The four channels (A, B, C, and D) are independent and separate. One output
of the Channels A and C logic actuators control one solenoid in both the inboard and outboard
valves of all four main steamlines. One output of the Channels B and D logic actuators control the
other solenoid in both inboard and outboard valves for all four main steamlines.

The main steamline drain valves and inboard valves close if two of the main steamline isolation
logics are tripped, and the outboard valves close if the other two logics are tripped.

The reactor water cleanup system and RHR system isolation valves are each controlled by two
logic circuits; one for the inboard valve and a second for the outboard valve.

7.3.1.1a.2.4.1 Isolation Functions and Settings

The isolation function, instrument type, range and number of channels provided of the PCRVICS
are listed in Table 7.3-5. The functional control diagram Dwgs. M1-B21-92, Sh. 1, M1-B21-92, Sh.
2, M1-B21-92, Sh. 3, M1-B21-92, Sh. 4, M1-B21-92, Sh. 5, and M1-B21-92, Sh. 6 illustrate how
these signals initiate closure of isolation valves.
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7.3.1.1a.2.4.1.1 Reactor Vessel Low Water Level

7.3.1.1a.2.4.1.1.1 Subsystem Identification

A low water level in the reactor vessel could indicate that reactor coolant is being lost through a
breach in the RCPB and that the core is in danger of becoming overheated as the reactor coolant
inventory diminishes.

Reactor vessel low water level initiates closure of various valves. The closure of these valves is
intended to isolate a breach in any of the pipelines in which the valves are contained, conserve
reactor coolant by closing off process lines, or prevent the escape of radioactive materials from the
primary containment through process lines that communicate with the primary containment interior.

Three reactor vessel low water level isolation trip settings are used to complete the isolation of the
primary containment and the reactor vessel.

The first low water level setting (which is the RPS low water level scram setting, Low Level 3) is
selected to initiate isolation at the earliest indication of a possible breach in the reactor coolant
pressure boundary, yet far enough below normal operational levels to avoid spurious isolation.
Isolation of the following pipelines is initiated when reactor vessel low water level falls to Level 3:
(1) RHR-Reactor Vessel head spray

(2) RHR shutdown cooling suction

(3) TIP guide tube

4) Non-NSSS system isolation as described in Subsection 7.3.1.1b.

The second (and lower) reactor vessel low water level isolation setting (the same water level
setting at which the RCIC system is placed in operation, Low, Low Level 2) is selected low enough
to allow the removal of heat from the reactor for a predetermined time following the scram and high
enough to complete isolation in time for ECCS operation in the event of a large break in the RCPB.
Isolation of the following pipelines is initiated when the reactor vessel water level falls to Level 2:
(1) Reactor water sample line

(2) RWCU system suction

(3) Non-NSSS system isolation as described in Subsection 7.3.1.1b

The third (and lowest) reactor vessel low water level isolation setting (Low Low Low Level 1) is
selected low enough to allow operation of those systems which may alleviate the effects of a LOCA
inside of containment, yet high enough to allow isolation of those systems when an uncovered core
may be imminent. Isolation of the following pipelines is initiated when the reactor vessel water
level falls to Level 1:

(1 Main steamlines

(2) Main steamline drain
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(3) RHR - Drywell Spray

4) RHR - Suppression Pool Spray/Suppression Pool Cooling
(5) Core Spray Test Line

(6) Non-NSSS System isolation as described in Section 7.3.1.1b

Reactor vessel low water level signals are initiated from indicating type differential pressure
switches. One contact on each of four redundant switches per trip system is used to indicate that
water level has decreased to Low Level 3; one contact on each of four other redundant switches
per trip system are used to indicate that water level has decreased to Low, Low Level 2 or low, low,
low level 1 as required.

Three instrument lines, one common line above water level and one from each differential pressure
switch to the below water level taps, are provided for each redundant pair of level switches. Each
switch pair provides signals into one trip logic. There is a different trip logic for each switch pair.
The three lines of each pair terminate outside the primary containment and inside the reactor
building; they are physically separated from each other and tap off the reactor vessel at widely
separated points. The reactor vessel low water level switches sense level from these pipes. This
arrangement assures that no single physical event can prevent isolation, if required. Cables from
the level sensors are routed to the control structure. Temperature equalization is used to increase
the accuracy of the level measurements.

7.3.1.1a.2.4.1.1.2 Subsystem Power Supplies

For the power supplies for main steamline isolation valves and other isolation valves,
see Figures 7.3-2 and 7.3-3, respectively.

7.3.1.1a.2.4.1.1.3 Subsystem Initiating Circuits

Four level sensing circuits monitor the reactor vessel water level. One level circuit is associated
with each of four logic channels. Four level switches at two separate locations on the reactor
vessel allow the earliest possible detection of reactor vessel low water level.

7.3.1.1a.2.4.1.1.4 Subsystem Logic and Sequencing

When a significant decrease in reactor water level is detected, trip signals are transmitted to the
PCRVICS, which initiates closure of the main steamline isolation valves, main steamline drain
valves, RHR process sampling valve, RHR discharge valve to radwaste, reactor water sample
valve, and TIP system valves.

There are four instrumentation channels provided to assure that protective action occurs when
required but prevents inadvertent isolation resulting from instrumentation malfunctions. The output
trip signal of each instrumentation channel initiates a logic channel trip. Logic channel trips are
combined as shown in Figures 7.3-2 and 7.3-3.
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7.3.1.1a.2.4.1.1.5 Subsystem Redundancy and Diversity

Redundancy of trip initiation for each reactor vessel low water level setpoint is provided by four
level switches installed at separate locations in secondary containment. Each trip system is
powered from diverse and redundant power supplies.

Diversity to reactor vessel low water level (level 3) for pipe breaks inside the primary containment is
provided by drywell high pressure. RHR leak detection instrumentation provide diversity to reactor
vessel low water level for pipe breaks outside of primary containment. No diversity is provided for
pipe breaks outside the primary containment for TIP guide tube isolation.

Diversity to reactor vessel low low water (Level 2) which results in isolation as indicated in
Subsection 7.3.1.1a.2.4.1.1.1, for pipe breaks outside the primary containment, is provided by main
steamline and RWCS leak detection instrumentation. No diversity is provided for breaks inside the
primary containment.

7.3.1.1a.2.4.1.1.6_Subsystem Bypasses and Interlocks

The low water level (Level 1) initiation of the MSIVs (Div. 1) Control Logic "A" and Control Logic "C"
can be manually bypassed from the Control Room following an ATWS event, or during beyond
design basis conditions (e.g., Rapid Depressurization or Primary Containment Flooding).
Bypassing of the low water level isolation signal interlock will not prevent MSIV closure since other
diverse isolation signal interlocks are available.

Reactor vessel low water level trip has provisions to initiate the standby gas treatment system.

7.3.1.1a.2.4.1.1.7 Subsystem Testability

Testability is discussed in Subsections 7.3.2a.2.2.3.1.9 and 7.3.2a.2.2.3.1.10.

7.3.1.1a.2.4.1.2 Main Steamline High Radiation

7.3.1.1a.2.4.1.2.1 Subsystem Identification

High radiation in the vicinity of the main steamlines could indicate a gross release of fission
products from the fuel. High radiation near the main steamlines initiates isolation of the following
pipelines:

(1 Reactor water sample line

The high radiation trip setting is selected high enough above background radiation levels to avoid
spurious isolation, yet low enough to promptly detect a gross release of fission products from the
fuel.

Refer to Section 11.5 for subsystem description.

The objective of the main steamline radiation monitoring subsystem is to monitor for the gross
release of fission products from the fuel and, upon indication of such release, the control room

operators manually initiate appropriate action to limit fuel damage and contain the released fission
products.
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This subsystem classification is provided in Table 3.2-1.

7.3.1.1a.2.4.1.2.2 Subsystem Power Sources

The 120 VAC RPS Buses A and B are the power sources for the main steamline radiation
monitoring subsystem. Two channels are powered from one RPS bus and the other two channels
are powered from the other RPS bus.

7.3.1.1a.2.4.1.2.3 Subsystem Initiating Circuits

Four gamma-sensitive instrumentation channels monitor the gross gamma radiation from the main
steamlines. The detectors are physically located near the main steamlines just downstream of the
outboard main steamline isolation valves. The detectors are geometrically arranged to detect
significant increases in radiation level with any number of main steamlines in operation. Their
location along the main steamlines allows the earliest practical detection of a gross fuel failure.

Each monitoring channel consists of a gamma-sensitive ion chamber and a log radiation monitor,
as shown in Dwgs. M1-D12-1, Sh. 1, M1-D12-1, Sh. 2, M1-D12-1, Sh. 3, M1-D12-1, Sh. 4, and
M1-D12-1, Sh. 5. Capabilities of the monitoring channel are listed in Table 11.5-1. Each log
radiation monitor has three trip circuits. One upscale trip circuit is used to initiate, isolation, and
alarm. The second circuit is used for an alarm and is set at a level below that of the upscale trip
circuit used for isolation. The third circuit is a downscale trip that actuates an alarm in the main
control room and produces an isolation trip signal. The output from each log radiation monitor is
displayed on a six-decade meter on back row panel in the main control room.

7.3.1.1a.2.4.1.2.4 Subsystem Logic and Sequencing

When a significant increase in the main steamline radiation level is detected, trip signals are
transmitted to the reactor protection system, the PCRVICS, and to condenser air removal systems.
Upon receipt of the high radiation trip signals, the PCRVICS initiate closure of the reactor coolant
sample valves.

Four instrumentation channels are provided to assure protective action when needed and to
prevent inadvertent scram and isolation resulting from instrumentation malfunctions. The output
trip signals of each monitoring channel are combined as shown in Figures 7.3-2 and 7.3-3. Failure
of any one monitoring channel does not result in inadvertent action.

7.3.1.1a.2.4.1.2.5 Subsystem Bypasses and Interlocks

No operational bypasses are provided with this subsystem. However, the individual log radiation
monitors may be bypassed for maintenance or calibration by the use of test switches on each
monitor. Bypassing one log radiation monitor will not cause an isolation, but will cause a single trip
system trip to occur.

The main steamline radiation monitor isolation signals provide interlocks to prevent operation of the
condenser mechanical vacuum pump.

7.3.1.1a.2.4.1.2.6 _Subsystem Redundancy and Diversity

The number of monitoring channels in this subsystem provides the required redundancy and is
verified in the circuit description.
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The single failure criterion has been met in the design by providing redundant sensors, channels,
division logics and trip systems, which are seismically and environmentally qualified. The failure of
a single component will not prevent the system from functioning in the event protective action is
required. In addition, a single failure will not initiate an isolation function, due to the use of two
independent trip systems.

7.3.1.1a.2.4.1.2.7 Testability

A built-in source of adjustable current is provided with each log radiation monitor for test purposes.
The operability of each monitoring channel can be routinely verified by comparing the outputs of
the channels during power operation.

7.3.1.1a.2.4.1.2.8 Environmental Considerations

This subsystem is designed and has been qualified to meet the environmental conditions indicated
in Section 3.11. In addition, this subsystem has been seismically qualified as described in Section
3.10a.

7.3.1.1a.2.4.1.2.9 Operational Considerations

In the event of a high or low radiation level trip within any of the channels, the subsystem will
automatically activate the appropriate alarm annunciator and provide a meter indication in the main
control room. Similarly, the occurrence of a high-high or an inoperable trip within any of the
channels of the system will result in a signal being sent to the PCRVICS.

The panels in the main control room, associated with the PCRVICS, are identified by colored
nameplates which indicate the panel function and identification of the contained logic channels.

The only direct support required for the PCRVICS is the electrical power system, which is provided
from 120 VAC RPS Buses A and B as described in Subsection 7.3.1.1a.2.4.1.2.2 and Chapter 8.0.

7.3.1.1a.2.4.1.3 Main Steamline Tunnel High Temperature and Differential Temperature

7.3.1.1a.2.4.1.3.1 Subsystem Identification

High temperature in the tunnel in which the main steamlines are located outside of the primary
containment could indicate a breach in a main steamline. Also, such a breach may be indicated by
high differential temperature between the outlet and inlet ventilation air for this steamline tunnel
(note the high differential temperature isolation and isolation alarm function has been removed but
a pre-isolation alarm will still be initiated for high differential temperature). The automatic closure of
various valves prevents the excessive loss of reactor coolant and the release of a significant
amount of radioactive material from the RCPB. Main steamline tunnel temperatures are monitored
in the Reactor Building and Turbine Building portions of the steam tunnel; steam tunnel differential
temperature is monitored only in the Reactor Building portion of the steam tunnel and the
differential temperature does not provide an isolation or isolation alarm function. When high
temperatures occur in the main steamline tunnel, the following pipelines are isolated:

(1) Main steamlines

(2) Main steamline drain
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The main steamline tunnel high temperature trips are set far enough above the temperature
expected during operation at rated power to avoid spurious isolation, yet low enough to detect a
pipe crack well below the size that would become unstable and rupture (critical crack size).

High temperature in the vicinity of the main steamlines is detected by four dual element
thermocouples in each portion of the steam tunnel with remote readout in the control room. These
thermocouples are located along the main steamlines between the drywell wall and the Reactor
Building wall, and between the Turbine Building wall and the turbine. The detectors are located or
shielded so that they are sensitive to air temperature and not the radiated heat from hot equipment.
The temperature sensors activate an alarm at high temperature. The main steamline tunnel
temperature detection system is designed to detect leak rates well below the flow corresponding to
critical crack size in a main steam line. A total of four main steamline space high temperature
channels are provided in each portion of the steam tunnel. Each main steamline isolation logic
receives an input signal from one main steamline Reactor Building tunnel high temperature and
one Turbine Building tunnel high temperature channel.

7.3.1.1a.2.4.1.3.2 Subsystem Power Supplies

For the power supplies for the main steamline isolation valves and other isolation valves, see
Figures 7.3-2 and 7.3-3, respectively.

7.3.1.1a.2.4.1.3.3 Subsystem Initiating Circuits

Four space and four differential temperature sensing circuits monitor the Reactor Building main
steamline area temperatures. Four space temperature sensing circuits monitor the Turbine
Building main steamline area temperatures. One space temperature circuit from each portion of
the steam tunnel and one Reactor Building differential temperature circuit is connected to each of
four instrumentation channels. Both sets of space temperature elements are physically located
near the main steamlines in the main steamline tunnel. The eight temperature elements for
differential temperature monitoring are located in the ventilation supply and exhaust ducts for the
Reactor Building portion of the main steamline tunnel. The locations of the temperature elements
provide the earliest practical detection of main steamline breaks. Note that the high differential
temperature isolation and isolation alarm function have been removed but the above equipment is
still located in the field. A pre-isolation alarm will still be initiated for high differential temperature.

7.3.1.1a.2.4.1.3.4 Subsystem Logic and Sequencing

When a significant increase in main steamline tunnel temperature is detected, trip signals are
transmitted to the PCRVICS. The PCRVICS initiate closure of all main steamline isolation and
drain valves.

Four instrumentation channels are provided to assure protective action when needed and to
prevent inadvertent isolation resulting from instrumentation malfunctions.

The output trip signal of each instrumentation channel initiates a logic trip. The output trip signals

of the logic are combined as shown in Figure 7.3-2 and 7.3-3. Failure of any one logic does not
result in inadvertent action.
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7.3.1.1a.2.4.1.3.5 Subsystem Redundancy and Diversity

Redundancy of trip initiation signals for high space temperature is provided by four temperature
elements installed at different locations within both portions of the main steamline tunnel. Each
device is associated with one of four logic divisions. Temperature elements A and B are supplied
from one power source, and C and D are supplied from a different power source.

Redundancy of trip initiation signals for high differential temperature is provided by four
temperature element pairs installed at different locations within the ventilation supply and exhaust
areas of the Reactor Building portion of the main steamline tunnel. Each pair of temperature
elements is associated with one of four logic divisions. Note that the high differential temperature
isolation and isolation alarm function have been removed but the above equipment is still located in
the field. A pre-isolation alarm will still be initiated for high differential temperature.

Diversity of trip initiation signals for main steamline break is provided by main steamline tunnel
temperature, main steamline high flow, low pressure instrumentation and reactor vessel low low
water level, Level 1. An increase in tunnel temperature, main steamline flow, or a decrease in
pressure will initiate main steamline and main steamline drain valve isolation.

7.3.1.1a.2.4.1.3.6_Subsystem Bypasses and Interlocks

No operational bypasses are provided with this subsystem. However, the temperature switches
may be bypassed by the use of bypass switches provided for surveillance and calibration
purposes. Bypassing of a temperature switch will not cause nor prevent a logic channel trip.
Interlocks to other systems are not provided.

7.3.1.1a.2.4.1.3.7 Subsystem Testability

Testability is discussed in Subsections 7.3.2a.2.2.3.1.9 and 7.3.2a.2.2.3.1.10.

7.3.1.1a.2.4.1.4 Main Steamline High Flow

7.3.1.1a.2.4.1.4.1 Subsystem Identification

Main steamline high flow could indicate a break in a main steamline. Automatic closure of various
valves prevents excessive loss of reactor coolant and release of significant amounts of radioactive
material from the RCPB. On detection of main steamline high flow, the following pipelines are
isolated:

) Main steamlines
(2) Main steamline drain

The main steamline high flow trip setting was selected high enough to permit isolation of one main
steamline for test at rated power without causing an automatic isolation of the other steamlines, yet
low enough to permit early detection of a steamline break.

High flow in each main steamline is sensed by four indicating type differential pressure switches
that sense the pressure difference across the flow element in that line.
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7.3.1.1a.2.4.1.4.2 Subsystem Power Supplies

For power supplies, refer to Figures 7.3-2 and 7.3-3.

7.3.1.1a.2.4.1.4.3 Subsystem Initiating Circuits

Sixteen differential pressure sensing circuits, four for each main steamline, monitor the main
steamline flow. One differential pressure circuit for each main steamline is associated with each of
four logics. Four differential pressure indicating switches are installed on each main steamline and
provide the earliest practical detection of a main steam line break.

7.3.1.1a.2.4.1.4.4 Subsystem Logic and Sequencing

When a significant increase in main steamline flow is detected, trip signals are transmitted to the
PCRVICS. The PCRVICS initiate closure of all main steamline isolation and drain valves.

Four instrumentation logics are provided to assure protective action when required and to prevent
inadvertent isolation resulting from instrumentation malfunctions. The output trip signal of each
instrumentation channel initiates a logic trip. The output trip signals of the logics are combined as
shown in Figures 7.3-2 and 7.3-3 in a one-out-of-two-twice and two-out-of-two logics. Logic A or C
and B or D are required to initiate main steamline isolation. Logics A and B or C and D are
required to initiate main steamline drain isolation. Failure of any one logic does not result in
inadvertent action.

7.3.1.1a.2.4.1.4.5 Subsystem Redundancy and Diversity

Redundancy of trip initiation signals for high flow is provided by four differential pressure switches
for each main steamline. Each differential pressure switch for each main steamline is associated
with one of four logics. Two differential pressure switches for each main steamline are supplied
from one power source and two are supplied from a different power source.

Diversity of trip initiation signals is described in Subsection 7.3.1.1a.2.4.1.3.5.

7.3.1.1a.2.4.1.4.6 _Subsystem Bypasses and Interlocks

There are no bypasses associated with this Subsystem or interlocks to other systems from main
steamline high flow trip signals.

7.3.1.1a.2.4.1.4.7 Subsystem Testability

Testability is discussed in Subsections 7.3.2a.2.2.3.1.9 and 7.3.2a.2.2.3.1.10.

7.3.1.1a.2.4.1.5 Main Turbine Inlet - Low Steam Pressure

7.3.1.1a.2.4.1.5.1 Subsystem Identification

Low steam pressure at the turbine inlet while the reactor is operating could indicate a malfunction
of the steam pressure regulator in which the turbine control valves or turbine bypass valves
become fully open, and causes rapid depressurization of the reactor vessel. From part-load
operating conditions, the rate of decrease of saturation temperature could exceed the allowable
rate of change of vessel temperature. A rapid depressurization of the reactor vessel while the
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reactor is near full power could result in undesirable differential pressures across the channels
around some fuel bundles of sufficient magnitude to cause mechanical deformation of channel
walls. Such depressurizations, without adequate preventive action, could require thorough vessel
analysis or core inspection prior to returning the reactor to power operation. To avoid these
requirements following a rapid depressurization, the steam pressure at the turbine inlet is
monitored. Pressure falling below a pre-selected value with the reactor in the RUN mode initiates
isolation of the following pipelines:

(1 Main steamlines
(2) Main steamline drain

The low steam pressure isolation setting was selected far enough below normal turbine inlet
pressures to avoid spurious isolation, yet high enough to provide timely detection of a pressure
regulator malfunction. Although this isolation function is not required to satisfy any of the safety
design bases for this system, the discussion is included to complete the listing of isolation
functions.

Main steamline low pressure is sensed by four bourdon-tube-operated pressure switches that
sense pressure downstream of the outboard main steamline isolation valves. The sensing point is
located at the header that connects the four steamlines upstream to the turbine stop valves. Each
switch is part of an independent channel. Each channel provides a signal to one isolation logic.

7.3.1.1a.2.4.1.5.2 Subsystem Power Supplies

For power supplies, refer to Figures 7.3-2 and 7.3-3.

7.3.1.1a.2.4.1.5.3 Subsystem Initiating Circuits

Four pressure sensitive circuits, one for each main steamline, monitor main steamline pressure.
One pressure circuit is associated with each of four logics. The locations of the pressure switches
provide the earliest practical detection of low main steamline pressure.

7.3.1.1a.2.4.1.5.4 Subsystem Logic and Sequencing

When a significant decrease in main steamline pressure is detected, trip signals are transmitted to
the PCRVICS. The PCRVICS initiate closure of all main steamline isolation and drain valves.

Four instrumentation channels are provided to assure protective action when required and to
prevent inadvertent isolation resulting from instrumentation malfunctions. The output trip signal of
each instrumentation channel initiates a logic division trip. The output trip signals of the logics are
combined as shown in Figures 7.3-2 and 7.3-3. Failure of any one channel does not result in
inadvertent action.

7.3.1.1a.2.4.1.5.5 Subsystem Redundancy and Diversity

Redundancy of trip initiation signals for low pressure is provided by four pressure switches, one for
each main steamline. Each pressure switch is associated with one of four logics. Two pressure
transmitters are supplied from one power source and the other two are supplied from a different
power source.
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Diversity of trip initiation signals is described in Subsection 7.3.1.1a.2.4.1.3.5.

7.3.1.1a.2.4.1.5.6 _Subsystem Bypasses and Interlocks

The main steamline low pressure trip is bypassed by the reactor mode switch in the Shutdown,
Refuel, and Startup modes of reactor operation. In the RUN mode, the low pressure trip function is
operative.

There are no interlocks to other systems for main steamline low pressure trip signals.

7.3.1.1a.2.4.1.5.7 Subsystem Testability

Testability is discussed in Subsections 7.3.2a.2.2.3.1.9 and 7.3.2a.2.2.3.1.10.

7.3.1.1a.2.4.1.6 _Containment Drywell-High Pressure

7.3.1.1a.2.4.1.6.1 Subsystem Identification

High pressure in the drywell could indicate a breach of the RCPB inside the drywell. The automatic
closure of various valves prevents the release of significant amounts of radioactive material from
the primary containment. On detection of high drywell pressure, the following pipelines are
isolated:

(1) HPCI, RCIC Vacuum Relief Valves

(2) RHR-Reactor Vessel Head Spray Valves

(3) Traversing in-core probe guide tubes

4) RHR-Drywell, Suppression Pool Sprays, Suppression Pool Cooling

(5) Core Spray Test Line Valve

(6) Non-NSSS System isolation valves as described in Subsection 7.3.1.1b

The drywell high pressure isolation setting was selected to be as low as possible without inducing
spurious isolation trips.

7.3.1.1a.2.4.1.6.2 Subsystem Power Supplies

For power supplies, refer to Figures 7.3-2 and 7.3-3.

7.3.1.1a.2.4.1.6.3 Subsystem Initiating Circuits

Drywell pressure is monitored by locally mounted pressure switches which are located outside of
containment. Three separate sets of pressure switches, consisting of four switches each, monitor
Drywell pressure for various isolation valves. Instrument sensing lines connect the switches with
the Drywell interior. All Drywell pressure sensing lines are wholly contained within the Reactor
Building/secondary containment. The switches are divisionally separate such that no single failure
will prevent isolation trip system initiation on high Drywell pressure.
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7.3.1.1a.2.4.1.6.4 Subsystem Logic and Sequencing

When a significant increase in drywell pressure is detected, trip signals are transmitted to the
PCRVICS. The PCRVICS initiate closure of those system isolation valves identified in
Subsection 7.3.1.1a.2.4.1.6.1.

Four instrumentation channels are provided to assure protective action when required and to
prevent inadvertent isolation resulting from instrumentation malfunctions. The output trip signals of
the instrumentation channels are combined as shown in Figures 7.3-2 and 7.3-3. Failure of any
one channel does not result in inadvertent action.

7.3.1.1a.2.4.1.6.5 Subsystem Redundancy and Diversity

Redundancy of trip initiation signals for drywell high pressure is described in
Subsections 7.3.1.1a.2.4.1.6.3and 7.3.1.1a.2.4.1.6 4.

Diversity of trip initiation signals for line breaks inside of the primary containment is provided by
drywell high pressure and reactor low water level. An increase in drywell pressure or a decrease in
reactor water level will initiate isolation, except for HPCI and RCIC vacuum relief isolation valves
which isolate on Drywell Pressure-high or Reactor Vessel/System Steam Supply low pressure. In
these cases, Reactor Vessel low pressure provides the diverse isolation signal.

7.3.1.1a.2.4.1.6.6 Subsystem Bypasses and Interlocks

There are no bypasses for drywell high pressure trip signals.

7.3.1.1a.2.4.1.6.7 Subsystem Testability

Testability is discussed in Subsections 7.3.2a.2.2.3.1.9 and 7.3.2a.2.2.3.1.10.

7.3.1.1a.24.1.7and 7.3.1.1a.2.4.1.8

These Subsection numbers were not used.

7.3.1.1a.2.4.1.9 Reactor Water Cleanup (RWCU) System -
High Differential Flow and High Flow

7.3.1.1a.2.4.1.9.1 Subsystem Identification

High differential flow or high flow in the reactor water cleanup system could indicate a breach of the
RCPB in the cleanup system. The RWCU system flow at the inlet to the heat exchanger is
compared with the flow at the outlet of the filter/demineralizer; high flow in the RWCU suction line is
also monitored. High differential flow or high flow initiates isolation of the cleanup system.

7.3.1.1a.2.4.1.9.2 Subsystem Power Supplies

For power supply arrangements, see Figures 7.3-2 and 7.3-3.
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7.3.1.1a.2.4.1.9.3 Subsystem Initiating Circuits

Two differential flow actuation devices (FDSH-G33-1N603A, FDSH-G33-1N603B) provide an
isolation signal A or isolation signal B, respectively, to isolate the reactor water cleanup system on
high differential flow. High RWCU system differential flow is measured between the system inlet
flow to the heat exchanger (FT-G33-1N036) and combined outlet of the filter/deminerializer
(FT-G33-1N041) flow and drain flow (FT-G33-1N012) to either the condenser or radwaste.

The two differential flow actuation devices (FDSH-G33-1N603A, FDSH-G33-1N603B) receive an
input signal from a common summer (FY-G33-1K604). The summer receives its inputs from
FT-G33-1N036, FT-G33-1N041 and FT-G33-1N012. The locations of the flow transmitters provide
the earliest practical detection of a RWCU system line break.

Two high flow (differential pressure switches (PDIS-G33-1N044A and PDIS-G33-1N044B) sensors
monitor the suction line to detect the line break.

The single failure criterion applies at the system or function level and not at the signal input or
channel level (see response to FSAR Question 032.74). The RWCU isolation valves will receive a
system isolation signal from the space temperature trip channels or the high flow signal where
PDIS-G33-N044A or N044B provide a RWCU system isolation signal on high flow in the RWCU
suction line if a breach occurs in the RWCU system reactor coolant pressure boundary and the
flow summer (FY-G33-1K604) was to fail. Thus, single failure of the summer, any of the three flow
transmitters or the common power supply for the two isolation actuation devices
(PDIS-G33-1N044A, PDIS-G33-1N044B) will not preclude RWCU system isolation.

7.3.1.1a.2.4.1.9.4 Subsystem Logic and Sequencing

When a significant increase in reactor water cleanup system differential flow or high flow is
detected, trip signals are transmitted to the PCRVICS. The PCRVICS initiate closure of all RWCU
system isolation valves.

Two instrumentation channels are provided to assure protective action when required. The output
trip signal of each instrumentation channel initiates a division logic trip and closure of either the
inboard or outboard RWCU system isolation valve.

7.3.1.1a.2.4.1.9.5 Subsystem Redundancy and Diversity

Diversity of trip initiation signals for RWCU system line break is provided by high differential flow,
high flow, ambient temperature, and Reactor Vessel low, low water level, Level 2. An increase in
differential flow, space temperature, or low Reactor vessel water level will initiate RWCU system

isolation.

As described in Subsection 7.3.1.1a.2.4.1.9.3, the single failure criterion applies at the system or
function level and not at the channel level.

7.3.1.1a.2.4.1.9.6 Subsystem Bypasses and Interlocks

A time delay is provided for the RWCU Differential Flow — High and RWCU Flow — High Functions
to prevent spurious trips during RWCU transients. Bypass switches for the RWCU Differential
Flow — High and RWCU Flow — High Functions with a status annunciator are located in the control
room. The bypass switches are designed to permit testing during normal operation and the
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annunciator is used to supplement administrative procedures by providing system status in
accordance with Regulatory Guide 1.47 requirements.

There are no interlocks to other systems from reactor water cleanup system high differential flow,
or high flow trip signals.

7.3.1.1a.2.4.1.9.7 Subsystem Testability

Testability is discussed in Subsection 7.3.2a.2.2.3.1.10.

7.3.1.1a.2.4.1.10 Reactor Water Cleanup (RWCU) System-Area
High Temperature and Differential Temperature

7.3.1.1a.2.4.1.10.1 Subsystem Identification

High temperature in the area of the RWCU system could indicate a breach in the RCPB in the
cleanup system. High area temperature initiates isolation of the RWCU system. Note that the high
differential temperature isolation and isolation alarm function have been removed but the above
equipment is still located in the field. A pre-isolation alarm will still be initiated for high differential
temperature.

7.3.1.1a.2.4.1.10.2 Power Supplies

For the power supply arrangements, see Figures 7.3-2 and 7.3-3.

7.3.1.1a.2.4.1.10.3 Subsystem Initiating Circuits

Six space temperature and six differential temperature sensing circuits monitor the RWCU system
area temperatures. Three space and three differential temperature circuits are associated with
each of two instrumentation channels. Redundant space temperature measurements and inlet and
outlet differential temperatures of the Reactor Water Cleanup pump room, heat exchanger room
and penetration room are used to detect system line breaks. Note that the high differential
temperature isolation and isolation alarm function have been removed but the above equipment is
still located in the field. A pre-isolation alarm will still be initiated for high differential temperature.

7.3.1.1a.2.4.1.10.4 Subsystem Logic and Sequencing

When a significant increase in RWCU system area space temperature is detected, trip signals are
transmitted to the PCRVICS. The PCRVICS initiate closure of all reactor water cleanup system
isolation valves.

Two instrumentation channels are provided to assure protective action when required. The output
trip signal of each instrumentation channel initiates a division logic trip and closure of either the
inboard or outboard RWCU system isolation valve. In order to close both the inboard and outboard
isolation valves, both division logics must trip. Protection against inadvertent isolation due to
instrumentation malfunction is not provided.
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7.3.1.1a.2.4.1.10.5 Subsystem Redundancy and Diversity

Redundancy of trip initiation signals from high space temperature is provided by two space
temperature elements installed in each RWCU system area, and which are associated with one of
two division logics.

Redundancy of trip initiation signals for high differential temperature is provided by four
temperature elements in each RWCU system area. Each pair of sensors is associated with one of
two division logics. Note that the high differential temperature isolation and isolation alarm function
have been removed but the above equipment is still located in the field. A pre-isolation alarm will
still be initiated for high differential temperature.

Diversity is discussed in Subsection 7.3.1.1a.2.4.1.9.5.

7.3.1.1a.2.4.1.10.6 _Subsystem Bypasses and Interlocks

The RWCU system high space temperature trips have no automatic bypasses associated with
them.

There are no interlocks to other systems from the RWCU system high space temperature trip
signals.

7.3.1.1a.2.4.1.10.7 Subsystem Testability

Testability is discussed in Subsection 7.3.2a.2.2.3.1.10.

7.3.1.1a.2.4.1.11 (This subsection has been deleted

7.3.1.1a.2.4.1.12 Main Steamline-Leak Detection

7.3.1.1a.2.4.1.12.1 Subsystem Identification

The main steamlines are constantly monitored for leaks by the leak detection system Dwgs. M-141,
Sh. 1, M-141, Sh. 2, and M-142, Sh. 1. Steamline leaks will cause changes in at least one of the
following monitored operating parameters: Reactor Building steam tunnel ambient temperature,
flow rate, low turbine inlet pressure, or low water level in the reactor vessel. If a leak is detected,
the detection system responds by triggering an annunciator and initiating a steamline isolation trip
logic signal.

The main steamline break leak detection subsystem consists of three types of monitoring circuits:
a) ambient temperature monitors, which cause an alarm and main steamline isolation to be initiated
when an observed temperature rises above a preset maximum, b) steamline mass flow rate
monitors, which initiate an alarm and closure of isolation valves when the observed flow rate
exceeds a preset maximum, and c) reactor vessel water level detectors which send a trip signal to
the isolation valve logic when level decreases below a pre-selected setpoint.

The area temperature monitoring feature is discussed in Subsection 7.3.1.1a.2.4.1.3.

The main steamline flow monitoring feature is discussed in Subsection 7.3.1.1a.2.4.1 4.

The reactor vessel level monitoring feature is discussed in Subsection 7.3.1.1a.2.4.1.1.
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The main steamline pressure monitoring feature is discussed in Subsection 7.3.1.1a.2.4.1.5.

7.3.1.1a.2.4.1.13 Main Condenser Vacuum Trip

7.3.1.1a.2.4.1.13.1 Subsystem Identification

In addition to the present turbine stop valve trip resulting from low condenser vacuum which is a
standard component of turbine system instrumentation, a main steamline isolation valve trip from a
low condenser vacuum instrumentation system is provided, and meets the safety design basis of
the PCRVICS.

The main turbine condenser low vacuum signal would indicate a leak in the condenser. Initiation of
automatic closure of various Class A valves will prevent excessive loss of reactor coolant and the
release of significant amounts of radioactive material from the RCPB. Upon detection of turbine
condenser low vacuum, the following lines will be isolated:

) Main steamline

(2) Main steamline drain

The turbine condenser low vacuum trip setting was selected far enough above the normal
operating vacuum to avoid spurious isolation, yet low enough to provide an isolation signal prior to
the rupture of the condenser and subsequent loss of reactor coolant and release of radioactive

material.

7.3.1.1a.2.4.1.13.2 Subsystem Power Supplies

For power supply arrangements, see Figures 7.3-2 and 7.3-3.

7.3.1.1a.2.4.1.13.3 Subsystem Initiating Circuits

Four pressure sensing circuits monitor the main condenser vacuum. One pressure circuit is
associated with each of four instrumentation channels. Four pressure switches are installed to
provide the earliest practical detection of main condenser leak.

7.3.1.1a.2.4.1.13.4 Subsystem Logic and Sequencing

With a significant decrease in main condenser vacuum is detected, trip signals are transmitted to
the PCRVICS. The PCRVICS initiate closure of all main steamline isolation and drain valves.

Four instrumentation channels are provided to assure protective action when required, and to
prevent inadvertent isolation resulting from instrumentation malfunctions. The output trip signal of
each instrumentation channel initiates a logic trip. The output trip signals of the logics are
combined as shown in Figures 7.3-2 and 7.3-3. Failure of any one channel does not result in
inadvertent isolation action.

7.3.1.1a.2.4.1.13.5 Subsystem Redundancy and Diversity

Redundancy of trip initiation signals for low condenser vacuum is provided by four pressure
switches. Each pressure signal is associated with one of four logics. Two pressure switches are
supplied by one power source and the other two are supplied from a different power source.
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Diversity of trip initiation signals is not provided.

7.3.1.1a.2.4.1.13.6 Subsystem Bypasses and Interlocks

Each main condenser low vacuum trip system isolation signal can be bypassed manually when the
appropriate turbine stop valve is not full open, the reactor pressure is below the high pressure
scram initiation setpoint, and the reactor mode switch not in run.

There are no interlocks to other systems from the main condenser low vacuum trip signals.

7.3.1.1a.2.4.1.13.7 Subsystem Testability

Testability is discussed in Subsection 7.3.2a.2.2.3.1.10.

7.3.1.1a.2.4.1.14 RHR System High Flow

7.3.1.1a.2.4.1.14.1 Subsystem Identification

High flow in the RHR system suction line could indicate a breach in the RCPB in the RHR system.
High flow initiates closure of either the inboard or outboard RHR-Shutdown Cooling system
isolation valve.

7.3.1.1a.2.4.1.14.2 Subsystem Power Supplies

For power supply arrangements, see Figures 7.3-2 and 7.3-3.

7.3.1.1a.2.4.1.14.3 Subsystem Initiating Circuits

Two redundant differential pressure switches monitor the RHR shutdown cooling mode suction
line. The output trip signal of each sensor initiates closure of either the inboard or outboard RHR
system isolation valve.

7.3.1.1a.2.4.1.14.4 Subsystem Logic and Sequencing

When RHR system high low is detected, trip signals are transmitted to the RHR system suction line
isolation valves. Two instrumentation channels are provided to assure protective action when
required. The output trip signal of each instrumentation channel initiates a division logic trip and
closure of either the inboard or outboard RHR system suction line isolation valve.

7.3.1.1a.2.4.1.14.5 Subsystem Redundancy and Diversity

Each of two instrumentation channels are supplied from a different power source. One channel is
supplied to inboard logic and the other to outboard logic.

Diverse signals for isolation of the RHR system suction line isolation valves are provided by vessel
low level (level 3in addition to excess flow.

7.3.1.1a.2.4.1.14.6 Subsystem Bypasses and Interlocks

There are no interlocks or bypasses associated with RHR system high flow trip signals.
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7.3.1.1a.2.4.1.14.7 Subsystem Testability

Testability is discussed in Subsection 7.3.2a.2.2.3.1.10.

7.3.1.1a.2.4.2 System Instrumentation

Sensors providing inputs to the PCRVICS are not used for the automatic control of the process
system, thereby achieving separation of the protection and process systems. Channels are
physically and electrically separated to reduce the probability that a single physical event will
prevent isolation. Redundant channels for one monitored variable provide inputs to different
isolation trip systems. The functions of the sensors in the isolation control system are shown in
Figures 7.3-2 and 7.3-3. Table 7.3-5 lists instrument characteristics.

7.3.1.1a.2.5 System Logic

The variables and logic arrangements that initiate automatic actuation of all subsystems associated
with the PCRVICS are provided in Subsection 7.3.1.1a.2.4.

7.3.1.1a.2.6_System Sequencing

A discussion of all sequencing of all subsystems of the PCRVICS is provided in
Subsection 7.3.1.1a.2.4.

7.3.1.1a.2.7 System Bypasses and Interlocks

Bypasses and interlocks for all subsystems associated with the PCRVICS are detailed in
Subsection 7.3.1.1a.2.4.1.

7.3.1.1a.2.8 System Redundancy and Diversity

The variables which initiate isolation are listed in the circuit description, Subsection 7.3.1.1a.2.4.1.
Also listed there are the number of initiating sensors and channels for the isolation valves.

7.3.1.1a.2.9 System Actuated Devices

To prevent the reactor vessel water level from falling below the top of the active fuel as a result of a
pipeline break, the valve closing mechanisms are designed to meet the closure times specified in
Table 6.2-12.

The main steamline isolation valves are spring-closing, pneumatic, piston-operated valves. They
close on loss of pneumatic pressure to the valve operator. This is fail-safe design. The control
arrangement is shown in Figure 7.3-4. Closure time for the valves is adjustable between 3 and
10 seconds. Each valve is piloted by two three-way, packless, direct-acting, solenoid-operated
pilot. An accumulator located close to each isolation valve provides pneumatic pressure for valve
closing in the event of failure of the normal gas supply system.

The sensor trip channel and trip logic relays for the instrumentation used in the systems described
are high reliability relays. The relays are selected so that the continuous load will not exceed 50%
of the continuous duty numbers of trip channels needed to ensure that the isolation control system
retains its functional capabilities.
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7.3.1.1a.2.10 System Separation

Sensor devices are separated physically such that no single failure (open, closure, or short) can
prevent the safety action. By the use of separated raceways, the single failure criterion is met from
the sensors to the logic cabinets in the relay control rooms. The logic cabinets are so arranged
that redundant equipment and wiring are not present in the same bay of a cabinet except as noted
in Section 3.12. A bay is a cabinet section separated from other cabinet sections by a fire barrier.
Normally the barrier is of full cabinet height and depth. Redundant equipment and wiring may be
present in control room bench boards, where separation is achieved by surrounding redundant
wire and equipment in metal encasements. From the logic cabinets to the isolation valves,
separated raceways are employed to complete adherence to the single failure criterion.

7.3.1.1a.2.11 System Testability

The main steamline isolation valve instrumentation is capable of complete testing during power
operation. The isolation signals include low reactor water level, high main steamline flow, high
main steamline tunnel temperature, low condenser vacuum, and low turbine pressure. The water
level, turbine pressure, and steamline flow sensors are pressure or differential pressure type
sensors which may be valved out of service one at a time and functionally tested using a test
pressure source. The radiation measuring amplifier is provided with a test switch and internal test
source by which operability may be verified.

Functional operability of the temperature switches may be verified by applying a heat source to the
locally mounted temperature sensing elements. Control room indications include annunciation and
panel lights. The condition of each sensor is indicated by at least one of these methods in addition
to annunciators common to sensors of one variable. In addition, the functional availability of each
isolation valve may be confirmed by completely or partially closing each valve individually at
reduced power using test switches located in the control structure.

The RWCU system isolation signals include low reactor water level, equipment area high ambient
temperature, high flow, high differential flow, high temperature downstream of the non-regenerative
heat exchanger, and standby liquid control system actuation. The water level sensor is of the
differential pressure type and can be periodically tested by valving each sensor out of service and
applying a test pressure. The temperature switches may be functionally tested by removing from
service and applying a heat source to the temperature sensing elements. The differential flow
switches may be tested by applying a test input. The various trip actuation are annunciated in the
main control room. Also, valve indicator lights in the main control room provide indication of RWCU
isolation valve position.

7.3.1.1a.2.12 System Environmental Considerations

The physical and electrical arrangement of the PCRVICS was selected so that no single physical
event will prevent achievement of isolation functions. Motor operators for valves inside the drywell
are of the totally enclosed type; those outside the containment have weatherproof-type enclosures.
Solenoid valves, whether used for direct valve isolation or as a gas pilot, are provided with
watertight enclosures. All cables and operators are capable of operation in the most unfavorable
ambient conditions anticipated for normal operations. Temperature, pressure, humidity, and
radiation are considered in the selection of equipment for the system. Cables used in high
radiation areas have radiation-resistant insulation. Shielded cables are used where necessary to
eliminate interference from magnetic fields.
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Special consideration has been given to isolation requirements during a LOCA inside the drywell.
Components of the PCRVICS that are located inside the drywell and that must operate during a
LOCA are the cables, control mechanisms, and valve operators of isolation valves inside the
drywell. These isolation components are required to be functional in a LOCA environment (see
Section 3.11). Electrical cables are selected with insulation designed for this service. Closing
mechanisms and valve operators are considered satisfactory for use in the PCRVICS only after
completion of environmental testing under LOCA conditions or submission of evidence from the
manufacturer describing the results of suitable prior tests.

7.3.1.1a.2.13 System Operational Considerations

7.3.1.1a.2.13.1 _General Information

The PCRVICS are not required for normal operation. The system is initiated automatically when
one of the monitored variables exceeds preset limits. No operation action is required for at least 10
minutes following initiation.

All automatic isolation valves can be closed by manipulating switches in the main control room,
thus providing the reactor operator with control which is independent of the automatic isolation
functions.

7.3.1.1a.2.13.2 Reactor Operator Information

In general, once isolation is initiated, the valve continues to close even if the condition that caused
isolation is restored to normal. The reactor operator must manually operate switches in the main
control room to reopen a valve that has been automatically closed. Except where manual override
features are provided in the manual control circuitry, the operator cannot reopen the valve until the
conditions that initiated isolation have cleared.

A trip of an isolation control system channel is annunciated in the main control room so that the
reactor operator is immediately informed of the condition. The response of isolation valves is
indicated by OPEN-CLOSED status lights in the main control room. All motor-operated and
gas-operated isolation valves have OPEN-CLOSED status lights in the main control room.

Inputs to annunciators and indicators are arranged so that no malfunction of the annunciating or
indicating equipment can functionally disable the system. Direct signals from the isolation control
system sensors are not used as inputs to annunciating or indicating equipment. Relay isolation is
provided between the primary signal and the information output. (Refer to Section 7.7 for further
discussion of information available for the reactor operator.)

7.3.1.1a.2.13.3 Setpoints

Refer to the Technical Requirements Manual for safety trip setpoints; and the plant Technical
Specifications for the Allowable Values.
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7.3.1.1a.3 This Subsection Is Not Used

7.3.1.1a.4 RHRS/Containment Spray Cooling System - Instrumentation and Controls

7.3.1.1a.4.1 System Identification

The containment spray cooling system is an operating mode of the Residual Heat Removal
System. It is designed to provide the capability of condensing steam in the suppression pool air
volume and/or the drywell atmosphere and removing heat from the suppression pool water volume.
The system is manually initiated when necessary.

The RHR system is shown in Dwgs. M-151, Sh. 1, M-151, Sh. 2, M-151, Sh. 3, and M-151, Sh. 4.

7.3.1.1a.4.2 Power Sources

The power supplies for the RHR system are described in Subsection 7.3.1.1a.1.6.

7.3.1.1a.4.3 Equipment Design

Control and instrumentation for the following equipment is required for this mode of operation:
(1 Two RHR main system pumps

(2) Pump suction valves

(3) Containment spray discharge valves

Sensors needed for operation of the equipment are drywell pressure switches, reactor water level
indicating switches, and valve limit switches.

The instrumentation for containment spray cooling operation allows the operator to assure that
water will be routed from the suppression pool to the containment spray system for use in the
drywell and/or suppression pool air volumes.

Containment spray operation uses two pump loops, each loop with its own separate discharge
valve. All components pertinent to containment spray cooling operation are located outside of the
drywell. The system can be operated such that the spray can be directed to the drywell and/or
suppression pool air volume.

7.3.1.1a.4.4 Initiating Circuits

Loop A containment spray cooling mode of the RHR System may be initiated by the operator when
the LOCA interlock (reactor vessel low water level and/or drywell high pressure in a
one-out-of-two-twice logic configuration) has been satisfied.

This interlock may be bypassed by a manual override switch. The Loop B containment spray
cooling mode of the RHR System initiation is identical to that of Loop A.
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7.3.1.1a.4.5 Logic and Sequencing

The operating sequence of containment spray following receipt of the necessary initiating signals is
as follows:

(1) The RHR system pumps continue to operate.

(2) Valves in other RHR modes are manually positioned or remain as positioned during LPCI.
(3) The RHR service water pumps are started.

4) RHR service water discharge valves to the RHR heat exchanger are opened.

The containment spray system will continue to operate until the operator closes the containment
spray injection valves. The operator can then initiate another mode of RHR if appropriate

permissives are satisfied.

7.3.1.1a.4.6 Bypasses and Interlocks

No bypasses are provided for the containment spray system.

7.3.1.1a.4.7 Redundancy and Diversity

Redundancy is provided for the containment spray function by two separated logics, one for each
divisional loop. Redundancy and diversity of initiation permissive sensors is described in
Subsection 7.3.2a.4.

7.3.1.1a.4.8 Actuated Devices

Dwg. M1-E11-51, Sh. 4 shows functional control arrangement of the containment spray system.
The RHR A and RHR B loops are utilized for containment spray. Therefore, the pump and valves
are the same for LPCI and containment spray function except that each has its own discharge
valve. See Subsection 7.3.1.1a.1.6.7 for specific information.

7.3.1.1a.4.9 Separation

For separation, refer to Subsection 7.3.1.1a.1.6.8.

7.3.1.1a.4.10 Testability

Containment spray cooling system is capable of being tested up to the last discharge valve during
normal operation.

Testing for functional operability of the control logic relays can be accomplished by use of plug-in
test jacks and switches in conjunction with single sensor tests. Other control equipment is
functionally tested during manual testing of each loop. Adequate indication in the form of panel
lamps and annunciators is provided in the main control room.
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7.3.1.1a.4.11 Environmental Considerations

See Section 3.11 for environmental qualifications of the containment spray system components.

7.3.1.1a.4.12 Operational Considerations

7.3.1.1a.4.12.1 General Information

Containment spray is a mode of the RHR and is not required during normal operation.

7.3.1.1a.4.12.2 Reactor Operator Information

Sufficient temperature, flow, pressure, and valve position indications are available in the control
room for the operator to accurately assess containment spray operation. Alarms and indications
are shown in Dwgs. M-151, Sh. 1, M-151, Sh. 2, M-151, Sh. 3, M-151, Sh. 4, M1-E11-51, Sh. 1,
M1-E11-51, Sh. 2, M1-E11-51, Sh. 3, M1-E11-51, Sh. 4, and M1-E11-51, Sh. 5.

7.3.1.1a.4.12.3 Setpoints

Setpoints for the containment spray permissives (drywell pressure and reactor vessel water level)
are shown in the Technical Requirements Manual. Refer to the plant Technical Specifications for
the Allowable Values.

7.3.1.1a.5 RHRS/Suppression Pool Cooling Mode - Instrumentation and Controls

7.3.1.1a.5.1 System Identification

Suppression pool cooling is an operating mode of the Residual Heat Removal System. It is
designed to provide the capability of removing heat from the suppression pool water volume. The
system is manually initiated when necessary.

7.3.1.1a.5.2 Power Sources

Power for the RHR system pumps is supplied from four AC buses that can receive standby AC
power. Motive and control power for the two loops of suppression pool cooling are the same as
that used for the two LPCI loops; see Subsection 7.3.1.1a.1.6. Power for suppression pool cooling
instrumentation is from the Class 1E 125 VDC and 120 VAC systems, described in Chapter 8.

7.3.1.1a.5.3 Equipment Design

Control and instrumentation for the following equipment is required for this mode of operation:
(1 RHR pumps,

(2) Pump suction valves, and

(3) Suppression pool return valves.

Suppression pool cooling uses two pump loops, each loop containing two pumps. All components
pertinent to suppression pool cooling operation are located outside the drywell.
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The suppression pool cooling mode is manually initiated from the control room. This mode is put
into operation to maintain the water temperature in the suppression pool within specified limits.

7.3.1.1a.5.4 Initiating Circuits

Initiation of either suppression pool cooling loop is performed manually by the control room
operator.

7.3.1.1a.5.5 Logic and Sequencing

The operating sequence of suppression pool cooling mode is as follows:

(1) Valves are manually positioned.

(2) The RHR pumps operate.

(3) The RHR heat exchanger service water system is placed into service.

The suppression pool cooling mode will continue to operate until terminated by manual operator
action.

7.3.1.1a.5.6 Bypasses and Interlocks

No bypasses are provided for the suppression pool cooling mode. The suppression pool cooling
mode is interlocked with reactor water level and drywell pressure functions by the repositioning of
valves associated with the initiation of the LPCI mode on LOCA signal. See Subsection
7.3.1.1a.1.6.4.

7.3.1.1a.5.7 Redundancy and Diversity

Redundancy is provided for the suppression pool cooling mode by separate logics, one for each
loop.

7.3.1.1a.5.8 Actuated Devices

Dwgs. M1-E11-51, Sh. 1, M1-E11-51, Sh. 2, M1-E11-51, Sh. 3, M1-E11-51, Sh. 4, and M1-E11-
51, Sh. 5 show functional control arrangement of the pumps and valves used during the
suppression pool cooling mode.

7.3.1.1a.5.9 Separation

Suppression pool cooling is a two-divisional system. Manual control, logic circuits, cabling, and
instrumentation for suppression pool cooling are mounted so that divisional separation is
maintained.

7.3.1.1a.5.10 Testability

Suppression pool cooling is capable of being tested during normal operation.

Testing for functional operability can be accomplished during manual testing of each loop. Panel
lamps and annunciators provide control room indications.
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7.3.1.1a.5.11 Environmental Considerations

Refer to Section 3.11 and the Susquehanna SES Environmental Equipment Qualification Program
for environmental qualifications of the system components.

7.3.1.1a.5.12 Operational Considerations

7.3.1.1a.5.12.1 General Information

Suppression pool cooling is used to limit suppression pool temperature.

7.3.1.1a.5.12.2 Reactor Operator Information

Temperature, flow, pressure, and valve position indications are available in the control room for the
operator to assess suppression pool cooling operation. Annunciator identification and system logic
are shown in Dwgs. M1-E11-51, Sh. 1, M1-E11-51, Sh. 2, M1-E11-51, Sh. 3, M1-E11-51, Sh. 4,
and M1-E11-51, Sh. 5.

7.3.1.1a.5.12.3 Setpoints

There are no setpoints. The system is only manually initiated.

7.3.1.1b_System Description (Non-NSSS)

7.3.1.1b.1 Primary Containment Isolation Control System for
Non-NSSS-Instrumentation and Control

The isolation described in this subsection as non-NSSS and that described in
Subsection 7.3.1.1a.2 as NSSS provide the complete containment isolation ESF.

7.3.1.1b.1.1 System Description

The primary containment isolation for non-NSSS is designed to ensure the containment integrity in
the event of a LOCA. The system includes divisionalized logic and actuation circuits that initiate
the closing of non-NSSS containment isolation valves.

The initiating contact for each division is provided by the NSSS initiating logic for the primary
containment isolation control system and is a combination of the following:

(1 Reactor vessel - low water level
(2) Drywell - high pressure

In addition, containment purge supply and exhaust lines isolate on high radiation measured at the
SGTS exhaust stack.

Sensors and initiating circuits are provided in the NSSS-PCRVICS. Referto 7.3.2a.2.2.3.1.9 and
7.3.2a.2.2.3.1.10 for discussion of calibration and testing. For discussion of test provisions of the
non-NSSS circuits refer to Subsection 7.3.2b.2-4.10. For description of the SGTS exhaust
radiation monitors, refer to Subsection 11.5.2.1 4.
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The objective of the system is to provide automatic isolation of all non-NSSS pipeline penetrations
of the primary containment upon a LOCA.

A specific identification of containment isolation valves is provided in Table 6.2-12.
Isolation of the following pipelines is initiated by this system:

Reactor Building Closed Cooling Water Supply and Return
Drywell & Suppression Chamber Purge Supply and Exhaust Lines
Drywell & Suppression Chamber Gas Sampling and Return Lines
Instrument Gas Supply and Return Lines

Drywell Floor Drain to Radwaste

Equipment Drain to Radwaste

Chilled Water Supply and Return Lines

Suppression Pool Cleanup

AN AN N N N S S~
ONO O WN -
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7.3.1.1b.1.2 Initiating Circuits and Logic

The non-NSSS isolation logics are derived from inputs from the PCRVICS and Core Spray
System. Refer to Subsection 7.3.1.1a.2 for description of initiating circuits, logic, bypasses,
interlocks, redundancy and diversity of the NSSS portion of this system.

Eight sets of contacts on six relays, four sets of contacts and three relays per division, represent
the interface from NSSS to non-NSSS containment isolation. These relays will be de-energized
and initiate isolation on any of the following conditions:

(1) Manual Isolation

(2) Low low Reactor Water Level 2.

(3) Low low low Reactor Water Level 1.

4) High Drywell Pressure

For Containment Purge lines, there signals are combined with trip signals from the SGTS Exhaust
Radiation - high sensors.

Normally energized relays are used to multiply these signals. The assignment of electrical
divisions to containment isolation valves is as shown in Table 6.2-12.

7.3.1.1b.1.3 Bypasses, Interlocks, and Sequencing

No sequencing is required for this system.

A timing circuit is implemented to allow manual opening of isolation valves after the isolation signal
is received and the timer times out. These timing circuits reset when the isolation signal is
manually reset to ensure closure upon receiving the next isolation signal. The time varies to meet
post-LOCA monitoring of the containment. Refer to Subsection 6.2.4.3.3.1 and Table 6.2-12,
Remarks column, for identification of valves, times, and bypasses.
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The Low Reactor Water Level/High Drywell Pressure isolation signal initiation of CIG valves
HV-12603, HV-22603, SV-12651, SV-22651, SV-12605 and SV-22605 control logics can be
manually bypassed from the Control Room following an ATWS event, or during beyond design
basis conditions (e.g., Rapid Depressurization or Primary Containment Flooding). Bypassing of
these isolation signal interlocks will ensure the MSIVs can be maintained open during an ATWS
event, or will allow the MSIVs to be reopened, to preserve containment integrity and to keep the
main condenser available as a heat sink or to reestablish it as a heat sink during other beyond
design basis conditions. Bypassing these isolation signal interlocks will also enable the SRVs to be
individually controlled for pressurization and pressure control of the RPV during a Loss of All Decay
Heat Removal beyond design basis event. Individual control of SRVs enables decay heat removal
via RWCU to be maximized until another method of decay heat removal is available.

7.3.1.1b.1.4 Redundancy and Diversity

The Division I initiation circuit is independent and redundant to the Division Il circuit.
Diversity of measurements is discussed in Subsection 7.3.1.1a.

7.3.1.1b.1.5 Actuated Devices

Table 6.2-12 lists all valves actuated by the containment isolation control system.

7.3.1.1b.1.6 Supporting Systems

The power sources for the isolation logic are supplied from two divisionalized and redundant 120
VAC buses. Refer to Chapter 8.0 for division.

Two additional divisionalized and redundant 125 VDC power sources are supplied to auxiliary
isolation timing logics for drywell and suppression chamber purge supply and exhaust lines,
drywell, and suppression chamber sampling and return lines, and drywell burp and purge lines.

7.3.1.1b.1.7 Instrument Sensing Lines

All instrument line penetrations of the primary containment are equipped with excess flow check
valves which isolate upon a high flow and differential pressure across the valve. This would be
caused by a downstream line break on a high pressure system. When isolation of any excess flow
check valve occurs, control room alarm alerts the operator. Two position-indicating lights on a
backrow panel in the main control room panel provide the status of each valve. A test pushbutton
allows a circuit test for the indicating lights as well as the annunciating logic for all excess flow
check valves. Annunciation is provided on the unit operating benchboard to indicate excess flow
check valve operation.

7.3.1.1b.2 Combustible Gas Control System

The concentration of the combustible gas inside the primary containment may increase after a
LOCA as described in Subsection 6.2.5.

7.3.1.1b.2.1 Supporting Systems

The primary containment atmospheric monitoring system (hydrogen and oxygen analyzers)
indicates the containment gas concentration during startup, during normal plant operation and after
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a LOCA. Refer to Subsection 6.2.5.2 for system description and to Section 7.5 for safety-related
display instrumentation.

7.3.1.1b.3 Primary Containment Vacuum Relief - Instrumentation and Control

7.3.1.1b.3.1 System Description

The system is designed to allow periodic testing of all five pairs of primary containment vacuum
relief valves to ensure their functional capability. This is accomplished by opening each valve by
remote actuation of the solenoid valve. Status-indicating lights of the relief valve position verifies
the operation.

7.3.1.1b.3.2 Initiating Circuits, Logic, Bypasses, Interlocks, and Sequencing

One test selector switch per division permits the testing of each relief valve in that group. A
momentary test pushbutton will cause a selective opening of each valve. All valves will close again
when the selector switch is returned into normal position.

No system bypasses, interlocks, or sequencing are provided.

7.3.1.1b.3.3 Redundancy and Diversity

Redundancy is given by the divisionalized system design. Diversity is not required for this
manually-operated system.

7.3.1.1b.3.4 Actuated Devices

The vacuum relief valves are the only actuated devices.

7.3.1.1b.4 Standby Gas Treatment System (SGTS)

For the description and operation of the SGTS, refer to Subsections 6.5.1.1 and 9.4.2.

7.3.1.1b.4.1 Initiating Circuits

Each train of the SGTS may be initiated or stopped in a protective function mode as follows:

a) High radiation sensed by any of the five gamma sensors located as follows (see Section
11.5 and Table 11.5-1):

1) Unit 1 - Refueling floor high exhaust duct

2) Unit 2 - Refueling floor high exhaust duct

3) Unit 1 - Refueling floor wall exhaust duct
4) Unit 2 - Refueling floor wall exhaust duct
5) Railroad access shaft exhaust duct
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b) LOCA signals provided by NSSS to non-NSSS output initiating contacts (see Subsection
7.3.1.1b.1.1).

c) Primary containment vent and purge operation will be stopped by high radiation detected at
the SGTS exhaust vent.

d) An operating train will be stopped by low air flow and the standby train initiated. This
occurs only when SGTS is not responding to a reactor building isolation signal. The low
flow trip is automatically bypassed when SGTS is to perform its ESF function.

e) Secondary protection is provided by sensors monitoring an operating filter train for a
malfunction condition that will trip an operating train and cause the standby train to start.
That malfunction condition is a high-high charcoal filter temperature (also controls fire
protection deluge water valves and drain valves).

f) High inlet header static pressure of the SGTS will initiate a SGTS train.

g) System protection (not safety-related) is provided to initiate the filter train fan in a cooling

mode on high charcoal temperature (pre-ignition temperature).

Each channel provides:

1) Continuous monitoring of radiation
2) Alarms in the control room for downscale/inoperative, high, and high-high radiation
3) Analog signals for the radiation indicator and recorder and trip circuit for initiating

isolation and stop signals

Capability for sensor checks and capability for test and calibration is provided as described in
Subsection 7.3.2b.2-4.10.

7.3.1.1b.4.2 Logic and Sequencing

The two SGTS redundant filter trains are set up in a lead-lead mode. When an emergency start
signal exists in this mode, both trains will start.

The flow control of the operating SGTS uses inlet header pressure to outside air pressure
differential as a setpoint to ensure the inlet header pressure is less than atmospheric. This
prevents reactor building air exhaust to the atmosphere, through the outside air intake plenum.

The SGTS is provided with redundant control loops to control the following variables:

Total airflow of the system
Relative humidity of air entering the charcoal absorber
Pressure in the SGTS inlet header

Air pressure in the reactor building
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e) Rate of flow of cooling air through the charcoal absorbers
Operation of the above loops is described in Subsection 6.5.1.1.

7.3.1.1b.4.3 Interlocks

No outputs of reactor building zone pressure differential controllers (PDIC-07554A&B) are present
under the following conditions:

a) No reactor building isolation signal
b) Respective SGTS fan is not running

As a result, though both of the reactor building negative pressure control loops are operable at all
times, dampers PDD-07554A&B will not operate when the above two conditions exist.

7.3.1.1b.4.4 Bypasses

The manual control switches of the fans in the SGTS when in OFF position provide automatic input
to the Bypass Indication System (BIS). See Section 7.5 for complete discussion of BIS.

7.3.1.1b.4.5 Redundancy

Controls and instrumentation are provided on a none-to-one basis with the mechanical equipment,
so that the controls and instrumentation preserve the redundancy of the mechanical equipment.
Equipment, controls, and instrumentation of filter train A belong to Division | and filter train B to
Division II.

7.3.1.1b.4.6 Diversity

The diversity of the NSSS-furnished LOCA signal from the PCRVICS is used.

7.3.1.1b.4.7 Actuated Devices

The list of actuated equipment is shown in Table 7.3-13.

7.3.1.1b.4.8 Separation

The instrumentation, controls, and power supply of the SGTS system are redundant, and are
physically and electrically separate in accordance with IEEE Std. 384-1974.

Redundant local control panels of the SGTS system are physically separate.

7.3.1.1b.4.9 Supporting Systems

The instrumentation and controls of the SGTS are powered from the Class 1E 125 VDC and
120 VAC systems. These electrical systems are discussed in Chapter 8.

The SGTS equipment room heating and ventilating system supports the SGTS and is discussed in
Subsection 9.4.1.
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7.3.1.1b.4.10 System Parts Not Required for Safety

The parts of the SGTS not required for safety are as follows:
a) Charcoal filter fire protection. The fire protection system is discussed in Subsection 9.5.1.

b) Instrumentation loops for monitoring air flow from the reactor building recirculation system
and outside makeup air intake.

7.3.1.1b.5 Reactor Building Recirculation System

For the description and operation of the recirculation system, refer to Subsections 6.5.3 and 9.4.2.

7.3.1.1b.5.1 Initiating Circuits

Each fan of the recirculation system may be initiated or stopped in a protective function by the
following:

a) High radiation sensed by any of the five gamma sensors located as follows (see Section
11.5 and Table 11.5-1):

1) Unit 1 - Refueling floor high exhaust duct
2) Unit 2 - Refueling floor high exhaust duct
3) Unit 1 - Refueling floor wall exhaust duct
4) Unit 2 - Refueling floor wall exhaust duct
5) Railroad access shaft exhaust duct

b) LOCA signals provided by NSSS to non-NSSS output initiating contacts.

C) Low system airflow will initiate the standby fan. The low flow is detected by a pressure
differential switch sensing low differential pressure between supply and exhaust plenums of
the recirculation system.

The initiation signals described in a or b above may open at least one of two, arranged in parallel,

isolation-type dampers provided on ducts connecting the supply and return plenums of the

recirculation system with appropriate normal ventilation ductwork.

Each channel provides:

1) Continuous monitoring of radiation.
2) Alarms in the control room for downscale/inoperative, high, and high-high radiation.
3) Analog signals for the radiation indicator/recorder, and digital output initiating signal.

7.3.1.1b.5.2 Logic and Sequencing

Capability for sensor checks and test and calibration is provided as described in
Subsection 7.3.2b.2-4.10.
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Two redundant recirculation fans are normally set up in a "lead-lag" fashion. When an initiation
signal exists, the lead fan automatically starts and the other fan remains on standby. The standby
fan pressure differential switch (flow switch) monitors the operation of the lead fan by sensing
pressure differential developed by the running lead fan between common supply and exhaust
plenums. If the lead fan, and the system loses airflow, the standby fan will start.

Except for the differential pressure switches, no other instruments or instrument loops are provided
for the recirculation system.

The initiation signals except for low system air flow will also initiate closure of isolation dampers for
the affected portions of the secondary containment, and open dampers linking the recirculation
system with the respective supply and exhaust air duct systems.

7.3.1.1b.5.3 Interlocks

See Table 7.3-14 for interlocks between control systems and mechanical equipment and
components. This table includes the reactor building isolation dampers and the reactor building
plant normal operation ventilation fans interlocked with ESFAS.

7.3.1.1b.5.4 Bypasses

The hand control switch of each recirculation fan, when in OFF position, provides automatic input
to the Bypass Indication System (BIS). See Section 7.5 for complete discussion of BIS.

7.3.1.1b.5.5 Redundancy

Controls and instrumentation are provided on a one-to-one basis with the mechanical equipment,
so that the controls and instrumentation preserve the redundancy of the mechanical equipment.
Equipment, controls, and instrumentation of fan A belong to Division | and fan B to Division II.

7.3.1.1b.5.6 Diversity

The diversity of the NSSS-furnished LOCA signal from the PCRVICS is used.

7.3.1.1b.5.7 Actuated Devices

The list of actuated equipment, including the reactor building isolation dampers, and
non-safety-related normal plant operation ventilation fans, is shown in Table 7.3-14.

7.3.1.1b.5.8 Separation

The instruments, controls, and power supply of the recirculation system are redundant and are
physically and electrically separated.

7.3.1.1b.5.9 Supporting Systems

The instrumentation and controls of the recirculation system are powered from the Class 1E 125
VDC and 120 VAC systems. These electrical systems are discussed in Chapter 8.
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7.3.1.1b.5.10 System Parts Not Required for Safety

All instrumentation and controls of the recirculation system are safety-related and required for
safety.

7.3.1.1b.6 Reactor Building Isolation and HVAC Support

Isolation of the reactor building (secondary containment) is a function of the reactor building
ventilation system discussed in Subsection 9.4.2.1.

7.3.1.1b.6.1 Initiation Circuits

Refer to Subsection 9.4.2.1.3, for discussion of isolation signals which are the same as those used
for the standby gas treatment and reactor building recirculation systems. See Subsection
7.3.1.1b.4 and 7.3.1.1b.5.

Capability for sensor checks and test and calibration is provided as described in
Subsection 7.3.2b.2-4.10.

7.3.1.1b.6.2 Logic and Sequencing

Refer to Subsection 9.4.2.1.3.

7.3.1.1b.6.3 Interlocks

The isolation function is not interlocked with other systems.

7.3.1.1b.6.4 Bypasses

Zone | and Il HVAC isolation bypass switches are provided to isolate the appropriate zone from the
recirculation system and remove it from the secondary containment boundary.

7.3.1.1b.6.5 Redundancy

Controls and instrumentation are provided on a one-to-one basis with mechanical equipment, i.e.,
the redundant dampers have separate actuation systems.

7.3.1.1b.6.6 Diversity

The diversity of the NSSS-furnished LOCA signal from the PCRVICS is used.

7.3.1.1b.6.7 Actuated Devices

Refer to Table 7.3-14.

7.3.1.1b.6.8 Separation

Physical and electrical separation of actuation systems is provided.
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7.3.1.1b.6.9 Supporting Systems

Instrumentation and controls are powered from Class 1E 125 VDC and 120 VAC systems.

7.3.1.1b.6.10 System Parts Not Required for Safety

Refer to Subsection 9.4.2 for non-safety-related parts.

7.3.1.1b.7 Habitability, Control Room Isolation

Instrumentation and controls function in the following systems to provide control room isolation:

1) Emergency outside air system
2) Control structure HVAC system

Refer to Subsection 9.4.1 for descriptions.

Capability for sensor checks and for test and calibration is provided as described in Subsection
7.3.2b.2-4.10.

7.3.1.1b.7.1 Initiation

Control Structure Isolation is initiated by:

a) Outside Air High-High Radiation (see Section 11.5)
b) Reactor Building Isolation Signal (SGTS Isolation)

7.3.1.1b.7.2 Logic and Sequencing

One mode of isolation is provided: Diverting the outside air through the Emergency Outside Air
Intake filter in the event of high radiation detection and reactor building isolation. Refer to
Subsection 9.4.1 and Tables 7.3-15 and 7.3-16 for details.

7.3.1.1b.7.3 Interlocks

The systems listed are interlocked to provide the appropriate isolation mode and initiate proper
equipment. Control Room Floor, Computer Room Floor and Control Structure H&V systems are
interlocked with the Control Structure Chilled Water System. Refer to Subsection 7.3.1.1b.8.5.

7.3.1.1b.7.4 Bypasses

Off position of the hand control switches in the Habitability and Control Structure Isolation Systems
are automatically input to the Bypass Indication System (see Section 7.5).

7.3.1.1b.7.5 Redundancy

Controls and instrumentation are provided on a one-to-one basis with the redundant mechanical
equipment they control.
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7.3.1.1b.7.6 Diversity

The diversity provided in the NSSS LOCA signals is used. No diversity is provided in radiation
detection.

7.3.1.1b.7.7 Actuated Devices

Actuated equipment is listed in Tables 7.3-15.

7.3.1.1b.7.8 Separation

Physical and electrical separation of all actuation systems is provided.

7.3.1.1b.7.9 Supporting Systems

Instrumentation and controls are powered from Class 1E 125 VDC and 120 VAC systems. The
control structure chilled water system and emergency service water provide support when the
systems are operated as a safety function.

7.3.1.1b.7.10 System Parts Not Required for Safety

Refer to Subsection 9.4.1, description of individual systems.

7.3.1.1b.8 Auxiliary Support Systems

Auxiliary support systems are required for proper operation of ESF systems as listed in Subsection
7.3.1.

7.3.1.1b.8.1 Emergency Service Water System - Instrumentation and Control

The emergency service water system is discussed in Subsection 9.2.5. The instrumentation for the
two redundant emergency service water loops is designed with necessary logic and actuation
circuits, controls, and instrumentation for process monitoring by the control room operator.
Capability for test and calibration is provided as described in Subsection 7.3.2b.2-4.10.

In addition, a temperature control valve and associated logic and instrumentation to accomplish
control of the diesel generator intake air temperature is discussed in Sections 8.3.1.4.3, 9.5.5.2,
and 9.5.5.5.

7.3.1.1b.8.1.1 Initiating Circuits

A signal from each aligned diesel generator start logic initiates the automatic start of the associated
emergency service water pump. For diesel generator logic, see Subsection 8.3.1.4. Diesel
generator A (C) starts ESW pump A (C), which supplies cooling water for loop A (Division ) of the
system. Signals from the start logic of diesel generator B (D) start the ESW pump B (D) for loop B
(Division 2) of the system.

Diesel Generator E serves as a replacement for any of the four normally-aligned diesel generators,

A, B, C, or D. In the event that Diesel Generator A, B, C, or D is removed from service for repair or
maintenance, the replacement Diesel
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Generator 'E" is aligned to the respective ESS Bus and will initiate the automatic start of the
associated Emergency Service Water Pump.

Manual control for all four pumps is available to the operator in the control room and on the remote
shutdown panel. Manual control of the diesel generator cooler main inlet/outlet valves for the
diesel generators is available only in the local engine control panels.

7.3.1.1b.8.1.2 Loqic, Bypasses, Interlocks, and Sequencing

The logics of the ESW system uses electromechanical relays and switch contacts that actuate the
equipment.

7.3.1.1b.8.1.2.1 Logic Power Source

The power supply for the auxiliary supporting system divisionalized logic is from the divisionalized
125 VDC Class 1E bus. Refer to Section 8.3.

7.3.1.1b.8.1.2.2 Pump Logic

Refer to the electrical schematic diagram E-146 which was submitted under separate cover.
Automatic and/or manual start of each pump is initiated if the following conditions exist:
a) Power supply bus voltage available

b) Automatic pump start signal from the aligned diesel generator logic or manual control from
the control room (or remote shutdown panel)

If automatic start fails because of power supply bus trouble, one annunciator for each system loop
alerts the operator in the control room.

Indicating lights for pump status are provided on the control room panel.

Once a pump is started, it remains in operation until any one of the following conditions trip the
circuit breaker:

a) Manual stop by operator in control room or at remote shutdown panel
b) Feeder overcurrent

c) Power bus lockout

d) Power bus undervoltage

Long-time phase B overcurrent is alarmed for each pump motor in the main control room, but does
not trip the pump.

7.3.1.1b.8.1.2.3 Bypasses

A manual bypass of the pump control logic is possible by switching the transfer switch in the
remote shutdown panels.
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The physical removal of the pump motor circuit breaker for functional testing of the control logic
represents a bypass of the system.

For bypass indication system description refer to Section 7.5.

7.3.1.1b.8.1.2.4 Interlocks

The diesel cooler main inlet/outlet valves are normally open on both loops of ESW for the diesel
generators which are aligned to the ESS buses.

If Diesel Generator 'E' is being operated in the test mode while it is not aligned to an ESS bus, an
auto-start on the aligned diesel generators will trip Diesel Generator 'E' and isolate the ESW
inlet/outlet valves to the diesel generator.

During maintenance on either loop of the ESW system, local switches in each diesel bay will permit
the respective loop of ESW to be isolated at each diesel generator.

7.3.1.1b.8.1.2.5 Sequencing

Refer to Subsection 9.2.5.1.

7.3.1.1b.8.1.3 Redundancy

Controls and instrumentation are provided on a one-to-one basis with the mechanical equipment to
maintain the redundancy of the mechanical equipment.

ESW loop A is in Division | with pumps A and C providing the necessary system flow. System loop
B is in Division Il using pumps B and D.

The instrumentation of one process loop is redundant to the other.

7.3.1.1b.8.1.4 Actuated Devices

Each pump running condition generates a signal to permit the start of its associated HVAC air
cooling fan and also permits the control structure chilled water system safety function to be tested.
For description of the HVAC system, refer to Subsection 9.4.8.

An actuation signal is provided from the pump A or C running condition to start the chart drive of
the emergency service water flow and RHR service water flow recorder for loop A in the control
room. Pump running condition of pump B or D initiates the chart drive for the system loop B
recorder.

7.3.1.1b.8.1.5 Supporting Systems

The ESSW pumphouse HVAC system described in Subsection 9.4.8 is a supporting system to the
emergency service water system.
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7.3.1.1b.8.1.6 ESW Instrumentation Not Required for Safety

Non-safety related instrumentation in the control room includes:

a) Diesel generator A cooler outlet temperature
b) Diesel generator B cooler outlet temperature
c) Diesel generator C cooler outlet temperature
d) Diesel generator D cooler outlet temperature

e) ESW loop A (B) flow (recording)

Diesel Generator 'E' serves as replacement for any of the four normally aligned Diesel Generators
A, B, C, or D. In the event that Diesel Generator A, B, C, or D is removed from service for repair or
maintenance, the replacement Diesel Generator 'E’ will be aligned to the respective ESS Bus.
Diesel Generator 'E' cooler outlet temperature will be indicated on the diesel generator cooler outlet
temperature instrumentation in the control room for the diesel generator it is replacing.

Refer to Section 7.5 for instrument ranges, accuracy, and panel location for the above-mentioned
instruments.

Control room annunciators are not required for safety, but alert the operator of abnormal process
conditions. The following alarms are in the main control room:

a) Spray pond low level

b) ESSW structure flooded

C) ESW loop low flow

d) Diesel generator coolers high outlet temperature
e) Diesel generator rooms flooded

7.3.1.1b.8.2 RHR Service Water System - Instrumentation and Controls

The description, the design basis, and the safety evaluation of the RHR service water system are
in Subsection 9.2.6.

The controls and instrumentation for the RHR service water system are designed to provide
adequate information to the control room operator for control and monitoring of the system
operating modes. Capability for test and calibration is provided as described in

Subsection 7.3.2b-2.4-10.

7.3.1.1b.8.2.1 Initiation Circuits

The RHR service water system can be manually initiated from either the main control room or the
remote shutdown panel.
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7.3.1.1b.8.2.2 Loqic, Bypasses, Interlocks, and Sequencing

The RHR water system control logics are designed using electromechanical relays and control
switch signals to actuate the equipment.
7.3.1.1b.8.2.2.1 Logic Power Source

The RHR service water system logics are powered from two independent divisionalized 125 VDC
Class 1E power sources. Refer to Section 8.3 for description.

7.3.1.1b.8.2.2.2 Pump Control Logic

For documentation of the logic, refer to electrical schematic diagram E-150 which was submitted
under separate cover.

Each RHRSW pump can be started from the main control room, or one can be started from the unit
remote shutdown panel (1B/2A) and the other (1A/2B) from the unit switchgear. In order to start
any RHRSW pump, the following conditions must be satisfied:

a) Power supply bus voltage is available

b) Control switch is turned to pump run position. Any of the following conditions trip the circuit
breaker to the pump motor.

1) Manual stop by operator in main control room or at the remote shutdown panel (or
local circuit breaker control switch at the switchgear)

2) Motor feeder overcurrent

3) Power bus lockout

4) Power bus undervoltage

Long-time phase B overcurrent is alarmed in the main control room, but does not trip the circuit
breaker.

7.3.1.1b.8.2.2.3 Bypasses

A manual bypass of the main control room pump control is possible by transferring control of pump
1B or 2A at the unit remote shutdown panel or by controlling pump 1A or 2B at the unit switchgear.

The physical removal of the circuit breaker from its operating position for functional testing of the
pump control logic inhibits the operation of the pump.

The above bypasses are automatically indicated on the bypass indication panel in the control
room. For the Bypass Indication System (BIS) description, refer to Section 7.5.

7.3.1.1b.8.2.2.4 Valve Control Logic

In general, motor-operated valves are controlled by momentary switches with seal-in logic or by
switches with maintained contacts to ensure a fully opened or closed position. The exceptions are
(1) the RHR service water heat exchanger inlet valves, which are designed to modulate the RHR
service water flow by manual jogging of the valve in either an opening or closing direction and (2)
the spray pond bypass valves, which are part of the UHS. These valves are used to throttle ESW
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flow in support of ESW pump in-service testing. This function is in addition to their normal spray
pond bypass function.

7.3.1.1b.8.2.2.5 Interlocks

If a LOCA occurs during a routine test of the RHR service water system, the function for "LOCA trip
enable," initiated by the operator before start of testing procedure, will cause the LOCA signal to
open the circuit breaker of the pump in test. This logic design prevents overloading the diesel
generator in its initial operation. Under these conditions, manual initiation requires resetting the
"LOCA trip enable" switch.

7.3.1.1b.8.2.3 Actuated Devices

Refer to sequencing for description of equipment actuated. The running condition for each pump
closes a contact for the start of its associated HVAC air cooling fan. For description of the HVAC
system, refer to Subsection 9.4.8.

The flow recorder for RHR service water and ESW flow receives the initiating signal for the chart
drive from the running condition of the RHR service water pump.

7.3.1.1b.8.2.4 Redundancy and Diversity

Redundancy of the mechanical equipment is maintained on a one-to-one basis with controls and
instrumentation.

The Pump A and the associated process loop A are in Division I. Pump B and the associated
process loop B are in Division II.

The display instrumentation in the main control room provides diversity for the process monitoring
by allowing the operator to evaluate the system function from system flow, pump discharge
pressure, and water temperature.

7.3.1.1b.8.2.5 Supporting Systems

The HVAC system for the ESSW pumphouse is described in Subsection 9.4.8.

7.3.1.1b.8.2.6 RHR Service Water Instrumentation Not Required for Safety

The following variables provide system monitoring to the operator but are not required for safety:

a) RHR service water pump discharge pressure

b) RHR service water flow and ESW flow recording

c) Heat exchanger inlet temperature

d) RHR service water heat exchanger inlet valve percent open position
e) RHR service water radiation monitoring (refer to Section 11.5)

f) Spray pond temperature

0)) Computer inputs for process monitoring

h) Annunciator system

i) Spray Pond Riser Level

All instrument data and ranges for the RHR service water system are listed in Section 7.5.
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7.3.1.1b.8.3 Containment Instrument Gas System - Instrumentation and Control

The containment instrument gas system is described in Subsection 9.3.1.5 and gives the design
basis, system operation, and safety evaluation.

The two redundant sets of high pressure nitrogen storage bottles are designed as an ESF auxiliary
supporting system to provide the necessary compressed gas for the operation of the main steam
relief valves for auto depressurization (ADS).

Containment isolation of the instrument gas system is described in Subsection 7.3.1.1b.1.
Capability for testing is provided when testing containment isolation and further described in
Subsection 7.3.2b.2-4.10.

7.3.1.1b.8.3.1 Initiating Logic and Interlocks

A pressure sensing transmitter is located in piping headers A&B leading to the ADS relief valves.

A signal from an electronic switch automatically opens the isolation valve of the nitrogen storage
bottles if the normal supply pressure is not available from the gas compressors. A signal from
containment isolation also initiates the automatic opening of the nitrogen storage isolation valve.

The manual control of the outboard isolation valves allows the operator, after determining that
adequate supply pressure is available from the compressors, to open the normal supply line to the
ADS relief valves. This operation will isolate the instrument gas storage bottles. However, low
instrument gas header pressure will automatically override this interlock to ensure the necessary

gas supply.
Refer to electrical schematic diagram E-172 which was submitted under separate cover.

The logic power supply for containment isolation valves is divisionalized from a 125 VDC Class 1E
bus.

The instrument panel supply is provided by a 120 VAC Class 1E source to 120 VAC/24 VDC
power supply.

7.3.1.1b.8.3.2 Bypasses, Interlocks, and Sequencing

Refer to Subsection 7.3.1.1b.1.3 for Bypasses associated with CIG Valves HV-12603, HV-22603,
SV-12651, SV-22651, SV-12605 and SV-22605.

The system is not designed with bypass capability. Sequencing is not applicable for this system.
This system is not interlocked with other systems.

7.3.1.1b.8.3.3 Redundancy

Instrumentation and controls are provided on a one-to-one basis with the mechanical equipment.

7.3.1.1b.8.3.4 Containment Instrument Gas - Instrumentation Not Required for Safety

The instrumentation application discussed in Subsection 9.3.1.5.5 describes the monitoring
instruments and controls for the gas compressors and its controls.
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The monitoring instruments in the auxiliary support system are not safety-related. Each train of gas
bottles has a low header pressure alarm in the main control room. The isolation valve position is
indicated by status lights on the main control room panel. Refer to Table 7.5-7 for listing of
instrumentation for the containment instrument gas system.

7.3.1.1b.8.3.5 Containment Instrument Gas - Safety-Related Instrumentation

The high pressure header for each train of containment instrument gas system bottles is monitored
by a safety-grade pressure indication loop which reads out on a single dual-gauge indicator located
on a main control room panel. This pressure instrumentation also provides a signal to the plant
computer.

This system complies with the criteria of Regulatory Guide 1.97 for post-accident indication.

7.3.1.1b.8.4 Standby Power System

Descriptions of the standby power system and supporting system can be found in the following:

a) Refer to Subsection 8.3.1 for description of the diesel generators. Refer to Section 7.6.1b.3
for NSSS to non-NSSS diesel initiation signal.

b) Refer to Subsection 9.5.4 for Diesel Fuel Qil Storage and Transfer.

c) Refer to Subsection 9.5.5 for Diesel Generator Cooling Water System.
d) Refer to Subsection 9.5.6 for Diesel Generator Starting System.

e) Refer to Subsection 9.5.7 for Diesel Generator Lubrication System.

7.3.1.1b.8.5 Heating, Ventilating, and Air Conditioning Systems for ESF Areas

All H&V systems for ESF areas are actuated by the system they support.

7.3.1.1b.8.5.1 SGTS Equipment Room H&V System

For the description and operation of this system, refer to Subsection 9.4.1

7.3.1.1b.8.5.1.1 Initiating Circuits

Each fan of the SGTS Equipment Room H&V System may be initiated or stopped in a protective
mode as follows:

a) High room temperature (lower of two high temperature setpoints) as detected by room
thermostat will initiate the lead fan in "automatic" mode. The standby fan is also placed into
service when the higher temperature setpoint is reached.

b) Low airflow at the common exhaust duct as detected by a flow sensor will trip the turning
fan.

Capability for sensor checks and for test and calibration is provided as described in Subsection
7.3.2b-2-4.10.
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7.3.1.1b.8.5.1.2 Logic and Sequencing

The ESFAS of the SGTS Equipment Room H & V System is a one-out-of-one logic.

7.3.1.1b.8.5.1.3 Interlocks

This system has no interlocks.

7.3.1.1b.8.5.1.4 Bypasses

The manual control switches for the fans in the SGTS Equipment room H&V System when in OFF
position provide automatic input to the Bypass Indication System (BIS). See Section 7.5 for
discussion of BIS.

The manual/automatic control of the 'A' SGTS Equipment Room Fan can be bypassed by manual
operation at the Alternate Control Structure HVAC Control Panel. Operation of the fan from this
panel provides input to the BIS.

7.3.1.1b.8.5.1.5 Redundancy

Controls and instrumentation are provided on a one-to-one basis with the mechanical equipment,
so that the controls and instrumentation preserve the redundancy of the mechanical equipment.
Equipment, controls, and instrumentation for the A fans belong to Division | and B fans to
Division II.

7.3.1.1b.8.5.1.6 Diversity

Not applicable.

7.3.1.1b.8.5.1.7 Actuated Devices

The fan motors for this system are the only actuated devices.

7.3.1.1b.8.5.1.8 Separation

The instrumentation, controls, and power supply of the SGTS Equipment Room H&V system are
redundant, and are physically and electrically separate in accordance with IEEE Std. 384-1974.

Redundant instrument sensors on the common duct are located on opposite sides of the duct to
achieve separation in accordance with IEEE Std. 384-1974.

7.3.1.1b.8.5.1.9 Supporting Systems

The instrumentation and controls of the SGTS are powered from the Class 1E 125 VDC and 120
VAC systems. These electrical systems are discussed in Chapter 8.

7.3.1.1b.8.5.1.10 System Parts Not Required for Safety

The system parts not required for safety are the outputs to the control room annunciator systems
and the local pressure differential indicators across the filters of the heating system.
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7.3.1.1b.8.5.2 Diesel Generator Buildings' H&V Systems

For the description and operation of the Diesel Generator Buildings H&V Systems, refer to
Subsection 9.4.7.

7.3.1.1b.8.5.2.1 Initiating Circuits

a) Diesel Generators A, B, C, D - Cooling Mode

Each of the four diesel generators has its own corresponding ventilation system and may be
initiated or stopped as follows:

7)

8)

The starting of an associated diesel.
The initiation by the room thermostat.

Manual starting by a handswitch located in the back row panel of the main control
room.

Tripping of the start-stop thermostat, once the diesel has been shut down and the
room ambient temperature drops below the fan cut-out setting.

Manual stopping by a handswitch located in the main control room.

Manual starting by a handswitch located at a diesel generator's associated transfer
panel (0C512A, B, C, D) when the diesel generator is replaced by a Diesel
Generator 'E.'

Manual stopping by a handswitch located at a diesel generator's associated transfer
panel (0C512A, B, C, D) when the diesel generator is replaced by Diesel Generator
lE.l

An additional temperature switch is provided in each diesel generator room to
detect high-high room temperature resulting from fan control failure due to a fire in
the control room. Detection of high-high temperature will actuate the switch causing
transfer of controls from the control room circuit to this temperature actuated control
circuit and automatically start the associated fan. This occurrence will also result in
“fan trouble” annunciation in the control room. A low temperature setpoint is also
provided to stop the fan after adequate cooling has occurred.

b) Diesel Generators A, B, C, D - Heating Mode

Each diesel generator room is maintained at a minimum of 72°F which is controlled by four
thermostats that initiate the cycling of electric resistance heaters.

c) Diesel Generator 'E' - Cooling Mode

Diesel Generator 'E' has its own corresponding ventilation system and may be started or stopped

as follows:

(1)
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(2) Manual starting by handswitches located on Panel 0C577E when Diesel Generator
'E' is not aligned to replace Diesel Generator A, B, C, or D.

(3) Manual stopping by handswitches located on Panel 0C577E when Diesel
Generator 'E' is not aligned to replace Diesel Generator A, B, C, or D.

4) Automatic stopping (trip) by the start-stop room thermostats, once the room ambient
temperature drops below the fan cut-out setting.

(5) Manual starting by a handswitch located in the back row panel of the main control
room when Diesel Generator 'E' is aligned to replace Diesel Generator A, B, C, or
D.

(6) Manual stopping by a handswitch located in the back row panel of the main control
room when Diesel Generator 'E' is aligned to replace Diesel Generator A, B, C, or
D.

(7) Automatic stopping (trip) by the Smoke and Temperature Detection System if
Diesel Generator 'E' is not aligned to an ESS Bus and in the Auto-Start mode of
operation.

d) Diesel Generator 'E' Basement and Battery Room Ventilation System Cooling Mode.

Diesel Generator 'E' has a basement and battery room ventilation system that may be initiated or
stopped as follows:

(1) Manual starting by a handswitch located on Panel 0C-577E.
(2) Manual stopping by a handswitch located on panel 0C-577E.

(3) Automatic stopping (trip) by the Smoke and Temperature Detection System if
Diesel Generator 'E' is not aligned to an ESS Bus and in the Auto-Start mode of
operation.

e) Diesel Generator 'E' - Heating Mode

Diesel Generator 'E' is maintained at a minimum temperature of 72° at elevation 708'-0" by six
thermostats that initiate the cycling of six electric unit heaters.

Elevation 675'-6" is maintained at a minimum temperature of 72° by eight thermostats that initiate
the cycling of eight electric unit heaters and by two thermostats that initiate the cycling of two
electric baseboard heaters.

f) Diesel Generator 'E' Basement and Battery Room H&V System - Heating Mode

Diesel Generator 'E' Basement at elevation 656'-6" is maintained at a minimum of 60°F by five
thermostats that initiate the cycling of five electric unit heaters and by four thermostats that initiate
the cycling of four electric baseboard heaters. Diesel Generator 'E' also has a battery room located
in the basement that is maintained at a minimum of 65°F by one thermostat located on the
basement/battery room ventilation fan duct. The thermostat controls an electric baseboard heater
for the battery room.
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Capability for sensor checks and capability for test and calibration is provided as described in
Subsection 7.3.2b.2-4.10.

7.3.1.1b.8.5.2.2 Logic and Sequencing

(@)

Diesel Generators A, B, C, D

Once the diesel start signal is initiated, the associated ventilation fan also starts after a time
delay and continues to run, until the diesel stops and the ambient room temperature drops
below the thermostat cut-out setting. The intake, exhaust, and recirculation dampers are
continually energized and will modulate to control the discharge air temperature.

If the room temperature exceeds 95°F while the diesel generator is not operating the fan
will automatically start. These start signals will initiate the system, provided the selector
switch is positioned in the auto-mode. If the diesel generator is aligned, its associated
ventilation fan can be manually stopped or started from a handswitch located on a back row
panel in the main control room.

Diesel Generator 'E'

The heating and ventilating system for the Diesel Generator 'E' Building is designed to
maintain a suitable environment for the diesel generator and its accessories during all
modes of operation. Two (2) 50 percent capacity supply fans and two (2) 50 percent
capacity exhaust fans are installed to ventilate the Diesel Generator 'E' Building. One
supply fan and one exhaust fan operate in a pair with three modulating dampers (one
supply, one exhaust, and one recirculation damper). A second pair of ventilating fans
consists of one supply, one exhaust, and no modulating dampers.

The first pair of fans are started by a thermostat located on elevation 675'-6" and another
on elevation 656'-6." The thermostats will start the first pair of fans when room temperature
at either elevation exceeds 100°F and will stop the fans when ambient room temperatures
drop below the thermostat's cut-out setting. The supply, exhaust, and recirculation
dampers are continually energized and will nodulate to control the supply fan discharge air
temperature at 95°F.

If the ambient room temperature on elevation 675'-6" (operating floor) increases to 110°,
the second pair of supply and exhaust fans will start to provide additional cooling. The
second pair of fans will stop on decreasing temperature of 100°F. The fans can be
manually started and stopped in pairs by selector switches located on Panel 0C577E in the
Diesel Generator 'E' Building if Diesel Generator 'E' is not aligned to replace Diesel
Generator A, B, C, or D. If Diesel Generator 'E' is aligned to replace Diesel Generator A, B,
C, or D, then all four ventilation fans can manually be stopped or started only from a
selector switch located on a back row panel (0C681) in the main control room.

The Diesel Generator 'E' Basement and Battery Room ventilation fan is designed to run
continuously to prevent hydrogen gas from accumulating in the battery room. The fan is
not capable of being started automatically. A two-position switch on local Panel 0C577E is
used to start or stop the fan. An alarm on 0C577E will annunciate whenever the Diesel
Generator 'E' Basement and Battery Room Fan is not running.
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7.3.1.1b.8.5.2.3 Interlocks

The building ventilation fans for Diesel Generators A, B, C, and D are interlocked with the
respective diesel start. The Diesel Generator 'E' Building ventilation fans are not interlocked with
the diesel start. They are, however, interlocked in pairs such that a supply and an exhaust fan will
start and stop together.

7.3.1.1b.8.5.2.4 Bypasses

The manual control switches of the diesel generator buildings' ventilation systems when in the OFF
position provide automatic input to the Bypass Indication System (BIS). See Section 7.5 for
discussion of BIS.

7.3.1.1b.8.5.2.5 Redundancy

Individual redundancy is not required in the diesel generator buildings' ventilation systems since
each diesel generator has its own ventilating system.

7.3.1.1b.8.5.2.6 Diversity

Not applicable.

7.3.1.1b.8.5.2.7 Actuated Devices

Refer to Subsection 9.4.7.

7.3.1.1b.8.5.2.8 Separation

The instrumentation, controls, and power supply of the Diesel Generator Buildings' Ventilation
Systems are physically and electrically separate. Each system is located in a separate room with
missile barrier designed walls between them, or in separate buildings.

7.3.1.1.b.8.5.2.9 Supporting Systems

The instrumentation and controls of the Diesel Generator Buildings' Ventilation Systems are
powered from Class 1E 125 VDC and 120 VAC systems. These electrical systems are discussed
in Chapter 8.0.

The diesel generator buildings' unit heaters and the basement ventilation fans that support the
main ventilation system are discussed in Subsection 9.4.7.

7.3.1.1b.8.5.2.10 System Parts Not Required for Safety

The parts of the Diesel Generator Buildings' Ventilation Systems that are not required for safety are
as follows:

(@) All electric heaters, see Subsection 9.4.7

(b) Instrumentation for monitoring airflow from the Diesel Generator Buildings' Ventilation
Systems

FSAR Rev. 70 7.3-70



SSES-FSAR
Text Rev. 73

(c) Instrumentation for alarming on the back row panel in the main control room of high, low,
and high-high temperatures in the diesel generator room

(d) The Diesel Generator A-D Building basement ventilation fans and controls

7.3.1.1b.8.5.3 Engineered Safeguard Service Water Pumphouse Ventilation System

For the description and operation of the Engineered Safeguard Service Water (ESSW)
Pumphouse H&V System, refer to Subsection 9.4.8.

7.3.1.1b.8.5.3.1 Initiating Circuits

(a) Cooling Mode

Each of the RHR and RHR emergency service water pumps has a corresponding ventilation
system which may be initiated or stopped as follows:

(1) The starting of an associated service water pump
(2) The initiation by thermostat
(3) Manual starting

4) Tripping of the start stop thermostat, once the associated service water pump has
been shut down and the surrounding ambient temperature drops below the fan
cut-out setting

(5) Manual stopping Capability for sensor checks and for test and calibration is
provided as described in Subsection 7.3.2b.2-4.10

(6) An additional temperature switch initiates autostart of the ventilation fan should
pump room temperature rise above high temperature setting in the event of loss of
control from the control room due to a control room fire, and shuts off when the
room temperature falls below the cutout setting.

7.3.1.1b.8.5.3.2 Logic and Sequencing

The pump start signal also initiates the vent fan and damper control. Fan and damper control are
energized until the pump stops or until ambient temperature drops below the thermostat setting.

7.3.1.1b.8.5.3.3 Interlocks

The ESSW pumphouse ventilation systems are interlocked with the respective pump start signal.

7.3.1.1b.8.5.3.4 Bypasses

The manual control switches of the ESSW pumphouse ventilation system, when in the OFF
position, provide automatic input to the Bypass Indication System (BIS). See Section 7.5 for a
discussion of BIS.
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7.3.1.1b.8.5.3.5 Redundancy

Instrumentation and controls are provided on a one-to-one basis with the mechanical equipment
they control.

7.3.1.1b.8.5.3.6 Diversity

Not applicable.

7.3.1.1b.8.5.3.7 Actuated Devices

Refer to Subsection 9.4.8.

7.3.1.1b.8.5.3.8 Separation

The instrumentation, controls, and power supply of the ESSW pumphouse are divisionally
separated. Two bays provide physical and electrical separation between Division | and Division .

7.3.1.1b.8.5.3.9 Supporting Systems

The instrumentation and controls of the ESSW pumphouse ventilation system are powered from a
Class 1E 120 VAC system. This electrical system is discussed in Chapter 8.

The ESSW pumphouse unit heaters support the ventilation system as discussed in Subsection
94.8.

7.3.1.1b.8.5.3.10 System Parts Not Required for Safety

The parts of the ESSW pumphouse ventilation system not required for safety are as follows:
(a) All electric unit heaters, see Subsection 9.4.8
(b) Instrumentation for monitoring airflow from the ESSW pumphouse ventilation system

(c) Instrumentation for alarming in the main control room of high-high and low-low
temperatures in the ESSW pumphouse

7.3.1.1b.8.5.4 ESF Switchgear (SWGR) Rooms Cooling System

For the description of operation of the above system refer to Subsection 9.4.2.2.

7.3.1.1b.8.5.4.1 Initiating Circuits

Each cooling unit of the Emergency SWGR Rooms Cooling System may be initiated or stopped as
follows:

(@) Low airflow in the common cooling air duct, as detected by a flow sensing switch in the
redundant (standby) cooling system, will initiate the standby unit.

(b) High air temperature in the common cooling air duct, as detected by a temperature sensing
switch in the standby cooling system, will initiate the standby unit.
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(c) On Unit 1 a separate temperature switch will isolate control circuits of Emergency
Switchgear And Load Center Room Cooling Equipment from the Control Room and initiate
an autostart of the A(B) Emergency Switchgear And Load Center Room Cooling Equipment
upon a high room temperature provided the respective Division Control Structure Chilled
Water Circulation Pump is running. It will shut off when room temperature falls below the
cutout setting. This will provide cooling in the event that the existing control circuits for the
Emergency Switchgear Room And Load Center Cooling System are disabled during a
Control Room fire.

(d) On Unit 2 a separate temperature switch will isolate control circuits of Emergency
Switchgear Room Cooling Equipment from the Control Room and initiate an autostart of the
A Emergency Switchgear Room Cooling Equipment upon a high room temperature and
shuts off when room temperature falls below the cutout setting. Interlocks are provided in
the fan control circuit to prevent it from starting until the compressor is running. This will
provide cooling in the event that the existing control circuits for the Emergency Switchgear
room cooling system are disabled during a Control Room fire.

When the standby unit is initiated, the running unit is tripped.

Capability for sensor checks and for test and calibration is provided as described in Subsection
7.3.2b.2.2-4.10.

7.3.1.1b.8.5.4.2 Logic and Sequencing

The two redundant cooling units are normally set up in a "lead-lag" fashion. The lead unit is started
manually, while the other unit is on standby. The system is used for both normal and emergency
operation. The lead unit continues to run after an emergency condition unless stopped as
described above.

In that event, the standby unit will automatically start. During the system safety-related operation
emergency power supply (see Chapter 8.0) is used. In both Unit 1 and Unit 2, the SWGR room
cooler's cooling coils for normal operation are cooled by the Reactor Building Chilled Water
System. In Unit 1, the cooler's emergency cooling coils are cooled by the Control Structure Chilled
Water System. In Unit 2, the cooler's emergency cooling coils are cooled by direct expansion
refrigeration units which are in turn cooled by the Emergency Service Water System.

7.3.1.1b.8.5.4.3 Interlocks

The flow switches and temperature switches, located in the system common discharge duct, are
interlocked with the respective fan.

7.3.1.1b.8.5.4.4 Bypasses

The manual control switches of each cooler fan when in OFF position provide automatic input to
the Bypass Indication System (BIS). See Section 7.5 for complete discussion of BIS.

7.3.1.1b.8.5.4.5 Redundancy

Controls and instrumentation are provided on a one-to-one basis with the mechanical equipment,
so that the controls and instrumentation preserve the redundancy of the mechanical equipment.
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Equipment, controls, and instrumentation of unit cooler A belong to Division |, and unit cooler B to
Division II.

7.3.1.1b.8.5.4.6 Diversity

Not applicable.

7.3.1.1b.8.5.4.7 Actuated Devices

None of the Emergency SWGR Rooms Cooling System equipment is actuated by any of the
ESFAS control signals. The system's operation is described in Subsection 9.4.2.2.

7.3.1.1b.8.5.4.8 Separation

The instrumentation, controls, and power supply are redundant and physically and electrically
separate.

Redundant instrument sensors on the common duct are located on opposite sides of the duct to
achieve separation in accordance with IEEE Std. 384-1974.

7.3.1.1b.8.5.4.9 Supporting Systems

The instrumentation and controls are powered from the Class 1E 125 VDC and 120 VAC systems.
These electrical systems are discussed in Chapter 8.0.

7.3.1.1b.8.5.4.10 System Parts Not Required for Safety

System discharge air temperature control loop, including chilled water control valve and chilled
water cooling coils, are the only parts of the system not required for safety.

7.3.1.1b.8.5.5 Emergency Core Cooling Systems (ECCS) Unit Coolers

For the description and operation of the ECCS unit coolers, see Subsection 9.4.2.2.

7.3.1.1b.8.5.5.1 Initiating Circuits

The unit coolers may be initiated or stopped as follows:
(a) RHR and Core Spray Pump Rooms Unit Coolers
(1) Respective pump start or stop signal

(2) Each unit cooler is also provided with a hand switch in the control room for manual
operation.

(3) An additional temperature switch is provided in the RHR pump room to detect high
room temperature resulting from fan control failure due to a fire in the control room.
Detection of high temperature results in the automatic start the “B” unit cooler in the
RHR pump room (“A” unit cooler for the Unit 2 RHR pump room) while
simultaneously isolating the control room controls from the fan starter circuits. A
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low temperature setpoint is also provided to stop the fans after adequate cooling
has occurred.

HPCI and RCIC Pump Rooms Unit Coolers
(1) High lead cooler discharge air temperature will initiate the standby cooler.

(2) A signal to open steam stop valve RCIC pump turbine will initiate the lead RCIC unit
cooler.

(3) A position signal on HPCI pump turbine stop valve will initiate the lead HPCI unit
cooler, when the valve is opened.

4) Each unit cooler is also provided with a hand switch in the control room for manual
operation.

(5) An additional temperature switch is provided in the RCIC pump room to detect high
room temperature resulting from fan control failure due to a fire in the control room.
Detection of high temperature results in the automatic start of the “B” fan in the
RCIC pump while simultaneously isolating the control room controls from the fan
starter circuits. A low temperature setpoint is also provided to stop the fans after
adequate cooling has occurred.

Capability for sensor checks and for test and calibration is provided as described in Subsection
7.3.2b.2-4.10.

7.3.1.1b.8.5.5.2 Logic and Sequencing

a)

RHR and Core Spray Pump Rooms Unit Coolers

Each cooler is assigned on a one-to-one basis to a pump. When the pump start signal
exists, the fan automatically starts.

A flow switch monitors the fan's operation. If the fan fails and the unit cooler loses the flow,
an alarm will be annunciated in the main control room.

HPCI and RCIC Pump Rooms Unit Coolers

Two redundant unit coolers are set up in a lead-lag fashion. When an ECCS pump start
signal exists, the lead fan of the respective pair of unit coolers automatically starts and the
other fan remains on standby. The standby fan temperature switch monitors the operation
of the lead cooler. If the lead cooler fails to deliver cooling air at the temperature below
setting of the temperature switch, the standby cooler will start.

Except for the flow switches and temperature switches, no other instruments or instrument
loops are provided for the unit cooler.

7.3.1.1b.8.5.5.3 Interlocks

Each RHR and core spray pump rooms unit cooler is interlocked with a respective pump on a
one-to-one basis.
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7.3.1.1b.8.5.5.4 Bypass

Based on maintenance practices, indication in the Bypass Indication System (BIS) is not required
per Regulatory Guide 1.47. See Section 7.5 for discussion of BIS.

7.3.1.1b.8.5.5.5 Redundancy

Instruments are provided on one-to-one basis with the mechanical equipment they serve.

With RHR and core spray unit coolers, instrumentation and coolers A and C belong to Division |,
and instrumentation and coolers B and D to Division Il.

RCIC pump room unit coolers and their instrumentation belong to Division I, and HPCI coolers and
their instrumentation to Division II.

7.3.1.1b.8.5.5.6 Diversity

Not applicable.

7.3.1.1b.8.5.5.7 Actuated Devices

Only fans of the unit coolers are actuated.

7.3.1.1b.8.5.5.8 Separation

Instrumentation and power supply belong to and separated into the same divisions as the pumps
the unit coolers serve.

7.3.1.1b.8.5.5.9 Supporting Systems

The instruments are powered from the Class 1E 120 VAC systems. These systems are discussed
in Chapter 8.

7.3.1.1b.8.5.5.10 System Parts Not Required for Safety

The flow switches for RHR and core spray pump room unit coolers are the only parts of the system
not required for safety. Their function is to alarm in the main control room the loss of air flow.

7.3.1.1b.8.5.6 Drywell Unit Coolers and CRD Area Recirculating Fans

For the description and operation of the drywell unit coolers and CRD area recirculation fans, see
Subsection 9.4.5.

7.3.1.1b.8.5.6.1 Initiating Circuits

All drywell unit coolers and CRD area recirculation fans are stopped by a LOCA signal. Low airflow
in the lead unit or high temperature will initiate the standby unit cooler and CRD area recirculation
fan, only during non safety-related, high speed, mode of operation. Capability for sensor checks
and for test and calibration is provided as described in Subsection 7.3.2b.2-4.10.
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7.3.1.1b.8.5.6.2 Logic and Sequencing

Each pair of unit coolers and CRD area recirculation fans is set up in a "lead-lag" fashion. When
high drywell pressure exists, all the running coolers and CRD area recirculation fan are
automatically stopped. Then, the safety-related unit coolers and fan can be manually started, at
low speed, from the back row panel in main control room to provide mixing of the containment
atmosphere. During the plant normal operation, the standby cooler and CRD area recirculation fan
pressure flow switch monitors fan operation. If the lead fan loses airflow, the standby fan will start.
The flow switch is non safety-related. Any cooler or CRD area recirculation fan, once manually
started in the safety-related mode, can only be manually stopped. The flow switch no-flow-signal
will not affect cooler's and CRD area recirculation fan's operation.

7.3.1.1b.8.5.6.3 Interlocks

See logic and sequencing.

7.3.1.1b.8.5.6.4 Bypass

The hand control switches of each cooler and CRD area recirculation fan, when in OFF position,
provide automatic input to the Bypass Indication System (BIS). See Section 7.5 for discussion of
BIS.

7.3.1.1b.8.5.6.5 Redundancy

Controls and instrumentation are provided on one-to-one basis with the mechanical equipment
they serve.

7.3.1.1b.8.5.6.6 Diversity

Not applicable.

7.3.1.1b.8.5.6.7 Actuated Devices

Refer to Subsection 9.4.5.

7.3.1.1b.8.5.6.8 Separation

The instrumentation, controls, and power supply are physically and electrically separate.

7.3.1.1b.8.5.6.9 Supporting Systems

Except for flow switches, the control system is powered from the Class 1E 120 VAC system.

7.3.1.1b.8.5.6.10 System Parts Not Required for Safety

Flow switches and the cooler inlet and outlet temperature monitoring subsystem are the only parts
of the system not required for safety.

7.3.1.1b.8.5.7 Control Structure Chilled Water System (CSCWS)

For description and operation of the CSCWS, refer to Subsection 9.2.12.
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7.3.1.1b.8.5.7.1 Initiating Circuits

Each CSCWS loop may be initiated or stopped as follows:

a) Manual starting and stopping
b) Low flow in the chilled water operating loop initiates the standby loop
c) High return air temperatures, in any of the following H&V systems, will trip the operating

chilled water loop and initiate the standby loop:

1) Main control room
2) Computer room
3) Control structure
d) Failure of the emergency condenser water circulating pump will trip the associated chilled

water circulating loop
e) Failure of a chiller will trip the entire associated loop
f) Fan failure of any of the following H&V systems will trip the associated chiller loop:
1) Main control room
2) Computer room
3) Control structure
4) Emergency switchgear and load center room - Unit 1 (Emergency operations only)

Capability for test and calibration is provided as described in Subsection 7.3.2b.2-4.10.

7.3.1.1b.8.5.7.2 Logic and Sequencing

The chilled water circulating pump loops are the controlling components for the control structure
chilled water system.

Once a chilled water circulating pump is running and flow is detected, the condenser water
circulating pump is initiated along with a solenoid valve, which allows air pressure to control the
condensing water temperature mixing valve. Initiating signals from indication of flow in both the
chilled water and condensing water loops will start the associated chiller, providing that the chiller's
internal permissives such as low oil pressure are not present. Once the system is in operation, the
chiller's capacity control system will modulate the compressor's inlet vane, controlling the amount
of refrigerant flow to maintain a constant chilled water temperature.

In the event of any of the following input signals, the emergency condenser water circulating pump
(ECWCP) associated with the operating chilled water loop will start:

a) LOCA, Unit 1
b) LOCA, Unit 2
c) Loss of offsite power

Upon initiation of the ECWCP, the following functions will occur:
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a) Energize the emergency condenser water temperature control valve
b) Energize (open) the emergency service water return valve

c) Trip the condenser water circulating pump

Upon low flow of emergency condenser water, the main control room alarm is actuated and the
chilled water circulation pump is tripped, which in turn sequences off the entire operating loop and
initiates the standby loop.

A manual switch located on a back row panel in the main control room can start the emergency
condenser water circulating pumps for testing purposes whenever the corresponding emergency
service water loop operating.

7.3.1.1b.8.5.7.3 Interlocks

The CSCWS is interlocked with the following airflow systems:

a) Main control room

b) Computer room

c) Control structure

d) Emergency switchgear and load center room - Unit 1 (Emergency operations only)

7.3.1.1b.8.5.7.4 Bypasses

The manual control switches for the chilled water circulating pumps when in the OFF position
provide automatic input to the Bypass Indication System (BIS). See Section 7.5 for discussion of
BIS.

The manual/automatic control of the 'A’ Train (loop) of CSCWS can be bypassed by manual
operation at the Alternate Control Structure HVAC Control Panel. Operation from this panel would
provide input to BIS.

7.3.1.1b.8.5.7.5 Redundancy

Controls and instrumentation are provided on a one-to-one basis with the mechanical equipment
they serve. Equipment, controls, and instrumentation of chilled water loop A belong to Division |
and chilled water loop B to Division II.

7.3.1.1b.8.5.7.6 Diversity

Not applicable.

7.3.1.1b.8.5.7.7 Actuated Devices

Refer to Subsection 9.2.12.

7.3.1.1b.8.5.7.8 Separation

The instrumentation, controls, and power supply of the CSCWS are physically and electrically
separate. Redundant local control panels of the CSCWS are physically separate.
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7.3.1.1b.8.5.7.9 Supporting Systems

The instrumentation and controls of the CSCWS are powered from the Class 1E 125 VDC and 120
VAC systems. These electrical systems are discussed in Chapter 8.

7.3.1.1b.8.5.7.10 System Parts Not Required for Safety

The parts of the CSCW not required for safety are as follows:

a) The service water piping and associated condenser water circulating system (pump,
valves, piping, and instrumentation)

b) Pipe mounted temperature and pressure indicators

7.3.1.1b.9 Containment Atmosphere Control

The valves within these systems are a subset of those listed in Table 6.2-12 (Containment
Penetration Data) and are identified by XV-157YY. Many of these valves have timers as described
in section 7.3.1.1b.1.3.

The LOCA isolation signal to four of these valves (two per division) may be bypassed by keylocked
hand switches for the purpose of venting either the Drywell or the Suppression Chamber to the
SGTS in the event of a false LOCA during startup.

Fifteen of these valves are independently isolated by High High Radiation signals (one per division)
from detectors located in the SGTS exhaust. Four of these valves are provided with High High
Radiation isolation signal overrides by means of keylocked hand switches.

7.3.1.2 IEEE 279-1971 Design Basis Information

Design basis information as required by Section 3 of IEEE 279-1971 is provided below for NSSS
and non-NSSS as required for the protection systems listed and described in the preceding
sections.

7.3.1.2.1 Conditions

a. NSSS

The plant conditions which require protective action involving the systems of this section
and other sections are examined and presented in Chapter 15 and Appendix 15A.

b. Non-NSSS

Non-NSSS ESF systems as listed in Subsection 7.3.1 provide protective action in response
to the following plant conditions:

Reactor Water Level

Primary Containment Pressure
Radiation (at outside air intake)
Radiation (plant gaseous effluents)
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7.3.1.2.2 Variables

a.

NSSS

The plant variables which require monitoring to provide protective actions are identified in
the Tables 7.3-1, 7.3-2, 7.3-3, 7.3-4 for ECCS and Table 7.3-5 for containment isolation
function. For other ESF described, refer to the individual system discussions or to Chapter
15 where safety analysis parameters for each event are cited.

Non-NSSS

Variables required to be monitored in order to provide non-NSSS ESF action are as
follows:

NSSS reactor water level and primary containment pressure variables constitute a LOCA
signal used for Primary Containment Isolation (refer to Table 6.2-12); Secondary
Containment Isolation, and Secondary Containment Recirculation and Standby Gas
Treatment System initiation. Also refer to 7.3.1.1a.

Radiation (outside air intake) is used for control room isolation and initiation of the
Emergency Outside Air Supply System (EOASS). Refer to Table 11.5-1.

Radiation (SGTS exhaust) is used for Primary Containment Purge Vent valve isolation.
Refer to Section 11.5.

Radiation (plant gaseous effluents) is used for Secondary Containment Isolation. Refer to
Table 11.5-1.

7.3.1.2.3 Numbers of Sensors and Location

a.

NSSS

Minimum number of sensors required to monitor safety-related variables are provided in
Technical Specifications. There are no sensors in the PCRVICS or ECCS which have a
spatial dependence. Therefore, location information is not relevant.

Non-NSSS

Minimum sensors required are noted in sections and tables describing the systems as
follows:

Reactor water level and primary containment pressure are provided with NSSS and are
described in 7.3.1.1a and Table 7.3-5.

Radiation (outside air intake) is provided by the NSSS supplier and is described in
Table 11.5-1. Number and locations are defined under non-NSSS responsibility.

Radiation (plant gaseous effluents) are provided by the NSSS supplier and is described in
Table 11.5-1. Number and locations are defined under non-NSSS responsibility.
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7.3.1.2.4 Operational Limits

a.

NSSS

Prudent operational limits for each safety-related variable trip setting are selected to be far
enough above or below normal operating levels so that a spurious isolation or ECCS
initiation is avoided. It is then verified by analysis that the release of radioactive materials,
following postulated gross failures of the fuel or the RCPB is kept within an acceptable
bounds. Design basis operational limits (Allowable Values), as listed in the plant Technical
Specifications for the PCRVICS and the ECCS, are based on operating experience and
constrained by the safety design basis and the safety analyses.

Non-NSSS

Non-NSSS systems use the operational limits for the variables as follows:
Reactor water level and primary containment pressure - refer to Subsection 7.3.1.2.3 and
the plant Technical Specifications.

Radiation (intake) - refer to the plant Technical Specifications.

Radiation (Reactor Building Isolation) - refer to the plant Technical Specifications.

7.3.1.2.5 Margin Between Operational Limits

a.

NSSS

The margin between operational limits (i.e., trip setpoints) and the limiting conditions of
operation (i.e., Allowable Values) for the PCRVICS parameters as listed in Table 7.3-5 and
those listed in Tables 7.3-1 through 7.3-4 for the ECCS includes consideration of the
setpoint drift. The margin between the Allowable Value and the Analytical Limit includes
consideration of the accuracy. (See Tables 7.3-29 and 7.3-30 for response times).
Annunciators are actuated at the setpoints to alert the reactor operator of the onset of
unsafe conditions.

Non-NSSS
Reactor water level and containment pressure - refer to Subsection 7.3.1.2.5(a)

Radiation trip levels will be below Allowable Values established in the Technical
Specifications

7.3.1.2.6 Levels Requiring Protective Action

a.

NSSS

Tables 7.3-5 (PCRVICS) and 7.3-1 through 7.3-4 (ECCS) provide information of the
Instrument functions, Instrument/sensor type, Instrument range and Number of channels
provided. Refer to the Technical Requirements Manual for the trip setpoints; and the plant
Technical Specifications for the Allowable Values.
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b. Non-NSSS
Refer to the Technical Requirements Manual.

7.3.1.2.7 Range of Energy Supply and Environmental Conditions of Safety Systems

See Section 3.11 and the Susquehanna SES Environmental Qualification Program for Class 1E
Equipment for environmental conditions, and Chapter 8 for the range of energy supply. PCRVICS
channel, logic and main steamline isolation valve 120 VAC power is provided by the reactor
protection system high inertia MG sets. Voltage regulation is designed to respond to a step load
change of 50% of rated load with an output voltage change of not more than 15%. The flywheel on
each MG set provides stored energy to maintain voltage and frequency within 5% of rated value for
1 second, preventing momentary switchyard transients from causing a scram. PCRVICS relays
will operate without failure within the range of +10% of rated voltage. An alternate source of 120
volt power is provided to each RPS bus. This unregulated alternate power is provided for the RPS
bus when maintenance is required for an MG set.

125 VDC power is provided by the Class 1E station batteries. 120 VAC power is provided by the
Class 1E instrument AC system. Motive power is provided by class 1E power systems.

7.3.1.2.8 Malfunctions, Accidents, and Other Unusual Events
Which Could Cause Damage to Safety System

Chapter 15 describes the following credible accidents and events; LOCA, pipe break outside
containment, and feedwater line break. The remaining accidents and events are described in the
FSAR as indicated.

Floods

The buildings containing ESF components have been designed to meet the PMF (Probable
Maximum Flood) at the Susquehanna SES site. This ensures that the buildings will remain
watertight under PMF including wind generated wave action and wave runup.

Refer to Subsection 3.4.1.

Storms and Tornadoes

The buildings containing ESF components have been designed to withstand the meteorological
events described in Subsection 3.3.2.

Earthquakes

The structures containing ESF components have been seismically qualified as described in
Sections 3.7 and 3.8, and will remain functional during and following a safe shutdown earthquake
(SSE).

Fires
To protect the ESF in the event of a postulated fire, the redundant portions of the systems are

separated by fire barriers. If a fire were to occur within one of the sections or in the area of one of
the panels, the PCRVICS and ECCS functions would not be prevented by the fire. The use of
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separation and fire barriers ensures that even though some portion of the systems may be
affected, the PCRVICS and ECCS will continue to provide the required protective action. A fire
detection system using heat detectors and product of combustion detectors is provided in PGCC
floor sections and in panels containing ESF systems mounted on these floor sections. A Halon fire
suppression system is provided in the same areas.

Refer to Subsection 9.5.1.1 for further fire protection discussion.
LOCA

The following PCRVICS and ECCS system components which are located inside the drywell are
functionally required during and following a loss-of-coolant accident (LOCA):

1) Reactor vessel pressure and reactor vessel water level instrument taps and sensing lines,
which terminate outside the drywell

2) The MSIV safety/relief valves and recirculation discharge valve actuators, actuated
equipment and cables

These items have been environmentally qualified to remain functional during and following a LOCA
as discussed in Section 3.11.

Pipe Break Outside Secondary Containment

This condition will not prevent the ESF from performing their safety functions.

Feedwater Break

This condition will not prevent the ESF from performing their safety functions.

7.3.1.2.9 Minimum Performance Requirements

a. NSSS

(See Table 7.3-5 for PCRVICS which provides information of the Instrument functions,
Instrument/sensor type, Instrument range and Number of channels provided.)

Within ECCS, performance requirements refer only to a system as a whole and not
specifically to individual components except in the area of accuracy (see Tables 7.3-1
through 7.3-4 which provide information of the Instrument functions, Instrument/sensor
type, Instrument range and Number of channels provided.).

b. Non-NSSS
Reactor water level and containment pressure are discussed in Subsection 7.3.1.2.9(a).
Radiation detection response times are not applicable; ranges are provided in Table 11.5-1.

Instrument accuracy is maintained by calibration per as requirement of the Technical
Specifications. Calibration per the Technical Specifications.
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7.3.1.3 Final System Drawings

The final system drawings including:

a. Piping and Instrumentation Diagrams (P&ID)

b. Functional Control Diagrams (FCD)

have been provided for the ESF in this section.

Logic, schematic, electrical interconnection will be supplied under separate cover. Table 1.7-1 lists

the drawings to be supplied.

7.3.2 ANALYSIS

7.3.2a Analysis of ESFAS Supplied with the NSSS

7.3.2a.1 Emergency Core Cooling Systems - Instrumentation and Controls

7.3.2a.1.1 General Functional Requirement Conformance

Chapters 15.0 and 6.0 evaluate the individual and combined capabilities of the ECCS. For the
entire range of RCPB break sizes, the cooling systems prevent excessive fuel cladding
temperatures.

Instrumentation for the ECCS must respond to the potential inadequacy of core cooling regardless
of the location of a breach in the RCPB. Such a breach inside or outside the containment is
sensed by reactor low water level. The reactor vessel low water level signal is the only ECCS
initiating function that is completely independent of breach location. Consequently, it can actuate
HPCI. It can also initiate CS and LPCI with a low reactor pressure permissive present.

The other major initiating function, drywell high pressure, is provided because pressurization of the
drywell will result from any significant RCPB breach anywhere inside the drywell.

Initiation of the ADS which employs both reactor vessel low water level and drywell high pressure
in coincidence, requires that the RCPB breach be inside the drywell. This control arrangement is
satisfactory in view of the automatic isolation of the reactor vessel for breaches outside the drywell
and because the automatic depressurization system is required only if the HPCI fails.

An evaluation of ECCS controls show that no operator action is required to initiate the correct
responses of the ECCS. However, the control room operator can manually initiate every essential
operation of the ECCS. Alarms and indications in the control room allow the operator to assess
situations that requires the ECCS and verify the responses of each system. This arrangement
limits safety dependence on operator judgment, and design of the ECCS control equipment has
appropriately limited response.

The redundance of the control equipment for the ECCS is consistent with the redundancy of the

cooling systems themselves. The arrangement of the initiating signals for the ECCS, as shown in
Figures 7.3-5 and 7.3-6, is also consistent with the arrangement of the systems themselves.
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No failure of a single initiating trip channel can prevent the start of the cooling systems when
required or inadvertently initiate these same systems.

An evaluation of the control schemes for each ECCS component shows that no single control
failure can prevent the combined cooling systems from providing the core with adequate cooling.
In performing this evaluation the redundancy of components and cooling systems was considered.

The control arrangement used for the ADS is designed to avoid spurious actuation. The ADS relief
valves are controlled by two trip systems. The conditions indicated by the table result in both trip
systems always remaining capable of initiating automatic depressurization. If an inoperable sensor
is in the tripped state or if a synthetic trip signal is inserted in the control circuitry, automatic
depressurization can be initiated when the other initiating signals are received.

The only equipment protective devices that can interrupt planned ECCS operation are those that
must act to prevent complete failure of the component or system. In no case can the action of a
protective device prevent other redundant cooling systems from providing adequate cooling to the
core.

The controls that adjust or interrupt operation of ECCS and subsystems are located in the control
structure and are under administrative control of the operators.

The components located inside the drywell and essential to ECCS performance are designed to
operate in the drywell environment resulting from a LOCA. Essential instruments located outside
the drywell are also qualified for the environment in which they must perform their essential
function.

Capability for emergency core cooling following a postulated accident may be verified by observing
the following indications:

(1) annunciators for HPCI, CS, LPCI and ADS sensor initiation logic trips
(2) flow and pressure indications for each emergency core cooling system
(3) isolation valve position lights indicating open valves

4) injection valve position lights indicating either open or closed valves
(5) relief valve initiation circuit status by open-closed indicator lamps

(6) relief valve position may be inferred from reactor pressure indications
(7) relief valve discharge pipe temperature monitors and alarm

7.3.2a.1.2 Specific Requlatory Requirements Conformance

7.3.2a.1.2.1 Requlatory Guides

7.3.2a.1.2.1.1 Requlatory Guide 1.6 (1971)

See Subsection 8.1.6.1, paragraph a.

7.3.2a.1.2.1.2 Requlatory Guide 1.11 (1971)

Instrument lines have automatic or remote-manual isolation.
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7.3.2a.1.2.1.3 Requlatory Guide 1.22 (1972)

Conformance to this regulatory guide is achieved by providing system level indication when the
system is rendered inoperable for test or maintenance except for position D.3.b of the guide which
is clarified and amplified in the compliance analysis for Regulatory Guide 1.47-1973. Facilities for
testing are provided so that the equipment can be operated in various test modes to confirm that it
will operate properly when called upon. Testing incorporates all elements of the system under one
test mode or another, including sensors, logic, actuators, and actuated equipment. The testing is
planned to be performed at intervals so that there is an extremely low probability of failure in the
periods between tests. During testing there are always enough channels and systems available for
operation to provide proper protection.

7.3.2a.1.2.1.4 Requlatory Guide 1.29 (1976)

Instrumentation is classified as Seismic Category | as discussed in Section 3.10.

7.3.2a.1.2.1.5 Requlatory Guide 1.30 (1972)

Refer to Section 3.13.

7.3.2a.1.2.1.6 Requlatory Guide 1.32 (1972)

Conformance is described in the conformance to General Design Criterion 17 and Industry
Standard IEEE 308-1971.

7.3.2a.1.2.1.7 Requlatory Guide 1.47 (1973)

Regulatory Position C.1, C.2 and C.3

Indication is provided in the main control room to inform the operator that a system is inoperable.
Annunciation is provided to indicate that either a system or a part of a system is not operable. For
example, the ECCS system have annunciator alarms whenever one or more channels of an input
variable are bypassed. Instruments which form part of a one-out-of-two-twice logic and can be
removed from service for calibration. Removal of the instrument from service will be indicated in
the control room as a single instrument channel trip. Each subsystem within the ECCS Network is
provided with an automatically or operator initiated system level bypass and inoperability
annunciator located in the control room.

Regulatory Position C.4

Capability for manual initiation of the ECCS system level bypass and inoperability indication is
provided by activation of a control switch located in the main control room. This may be used to
provide administrative control of the bypass indication for those bypasses or inoperabilities which
cannot be automatically indicated. A control switch is provided for each system level bypass
indicator.

The importance of providing accurate information for the reactor operator and reducing the

possibility for the indicating equipment to adversely affect its monitored safety system are
discussed in the following paragraphs:
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(1) Individual indicators are arranged together on the control room panel to indicate what
function of the system is out of service, bypassed or otherwise inoperable. All bypass and
inoperability indicators, both at a system level and component level, will be grouped only
with those items that will prevent a system from operating if needed.

(2) As a result of design, preop testing and startup testing, no erroneous bypass indication is
anticipated.

(3) These indication provisions serve to supplement administrative controls and aid the

operator in assessing the availability of component and system level protective actions.
This indication has no safety-related functions.

4) All circuits will be electrically independent of the plant safety systems to prevent the
possibility of adverse effects. The annunciator initiation signals cannot prevent required
protective actions.

(5) Each indicator can be individually tested.

7.3.2a.1.2.1.8 Requlatory Guide 1.53 (1973)

Compliance with NRC Regulatory Guide 1.53-1973 is achieved by specifying, designing, and
constructing the ECCS so that they meet the single failure criterion described in Paragraph 4.2 of
IEEE 279-1971 and IEEE 379-1972. Redundant sensors are used, and the logic is arranged to
insure that a failure in a sensing element or the decision logic or an actuator will neither prevent nor
spuriously initiate protective action. Separated channels are employed, so that a fault affecting one
channel will not prevent the other channels from operating properly. Specifications are provided to
define channel separation for wiring not included with NSSS supplier supplied equipment.

7.3.2a.1.2.1.9 Requlatory Guide 1.62 (1973)

Means are provided for manual initiation of ECCS at the system level through the following armed
pushbutton switches:

(1) HPCI: one switch in Division 2
(2) ADS A: two switches in Division 1
(3) ADS B: two switches in Division 2
4) CS A/ICS C: one switch in Division 1
(5) CS B/CS D: one switch in Division 2
(6) RHR A/RHR C: one switch in Division 1
(7) RHR B/RHR D: one switch in Division 2

These switches are located on a main control room panel in the designated ECCS division portions
of that panel.
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The amount of equipment common to initiation of both manual and automatic emergency core
cooling is kept to a minimum through implementation of manual initiation (operation of armed
pushbutton) of emergency core cooling at the final devices (relays) of the protection system. No
single failure in the manual, automatic or common portions of the protection system will prevent
initiation of a sufficient amount of emergency core cooling equipment by manual or automatic
means.

In order to prevent manual initiation of vessel depressurization when low pressure core cooling
capability is absent, the ADS manual initiation has an interlock to assure proper conditions for
depressurization (AC Interlock). One interlock is provided for Division 1 ADS and a second
independent interlock is provided for Division 2 ADS.

Manual initiation of emergency core cooling, once initiated, goes to completion as required by IEEE
279-1971 paragraph 4.16.

7.3.2a.1.2.1.10 Regulatory Guide 1.75 (1974)

Refer to Subsection 7.1.2.5.8.

7.3.2a.1.2.2 10CFR50, Appendix A

(1 Criterion No. 5

Emergency power supplies are shared between Susquehanna Unit 1 and 2. Interlocks are
provided so that required safety functions are adequately performed in the event of an accident in
one Unit, and so that orderly, safe shutdown and cooldown functions are adequately performed in
the other Unit.

(2) Criterion No. 13

Conformance to this requirement is achieved by monitoring appropriate variables over the range
expected and providing containment isolation, emergency core cooling, and other functions to
maintain the variables within the prescribed ranges.

(3) Criteria 17 and 18

See Subsection 8.3.1.11.1 and 8.3.2.2.1

4) Criteria 19 through 24, 29, 35, and 37

Conformance to these criteria are shown in Subsections 7.3.1.1a.1.3, 7.3.1.1a.1.4, 7.3.1.1a.1.5
and 7.3.1.1a.1.6. See also Section 3.1.

7.3.2a.1.2.3 Industry Standards

7.3.2a.1.2.3.1 IEEE 279-1971 Criteria for Protection Systems for Nuclear Power
Generating Stations

Compliance of the ECCS with IEEE 279-1971 is detailed below.
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7.3.2a.1.2.3.1.1 General Functional Requirement (IEEE 279-1971, Paragraph 4.1)

Automatic initiation of the ECCS is provided from sensors measuring reactor vessel low water level
and drywell high pressure. The following systems are individually initiated by automatic means:

(1)

HPCI
ADS
CS

LPCI mode of the RHR system

This automatic initiation is accomplished with precision and reliability commensurate with the
overall ECCS objective and is effective over the full range of environmental conditions depicted

below:

(1)

HPCI:

ADS:

Power supply voltages

HPCI: Tolerance is provided to complete loss of station AC power, but not loss of the DC
source of power for the HPCI system.

ADS: Tolerance is provided to complete loss of station AC power, but not to loss of both
DC sources for ADS.

CS: Tolerance is provided to complete loss of AC or DC power within one division, but
not loss of power to both divisions.

LPCI: Tolerance is provided to AC power supply failure such that failures cannot negate
successful low pressure cooling. DC power supply failure will affect only one of the two
LPCI Divisions.

Power supply frequency

No AC controls are used.
No AC controls are used.

CS:  Excessive frequency reduction is indicative of an onsite power supply failure and
equipment shutdown in that division is required.

LPCI: Excessive frequency reduction is indicative of an onsite power supply failure and
equipment shutdown in that division is required.

Temperature
HPCI, ADS, CS, and LPCI:

Operable at all temperatures that can result from LOCA. See Section 3.11.
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(4)

(10)

(11)

Humidity

HPCI, ADS, CS, and LPCI:

Operable at humidities, including steam, that can result from a LOCA. See Section 3.11.
Pressure

HPCI, ADS, CS, and LPCI:

Operable at all pressures resulting from a LOCA as required. See Section 3.11.
Vibration

HPCI, ADS, CS, and LPCI:

Tolerance to conditions stated in Section 3.10.

Malfunctions

Overall ECCS:

Network tolerance to any single component failure to operate on command.
Accidents

HPCI, ADS, CS, and LPCI:

Network tolerance to all design basis accident without malfunction.

Fire

HPCI:

Tolerance to single raceway fire or mechanical damage of the initiation sensors but not the
control cabinet outputs.

Overall ECCS:

Network tolerance to single raceway fires or mechanical damage.
Explosion

HPCI, ADS, CS, and LPCI:

Explosions are not defined in design bases.

Missiles

HPCI: Tolerance to any single missile destroying no more than one pipe or raceway to the
initiation sensors.
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(12)

(13)

(14)

(15)

(16)

ADS:

Separate routing of the ADS conduits within the drywell reduces to a very low probability
the potential for missile damage to more than one conduit to ADS or damage to the pilot
solenoid assemblies of ADS valves.

Overall ECCS:

Network tolerance to any single missile destroying no more than one pipe, raceway,
equipment or cabinet.

Lightning

HPCI and ADS:

Ungrounded DC system not subject to lightning strikes.
CS and LPCI:

Tolerance to lightning damage limited to one auxiliary bus system. See comments under
(1) and (2).

Flood

HPCI, ADS, CS, and LPCI:

All control equipment is located above level by design.
Earthquake

HPCI, ADS, CS, and LPCI:

Tolerance to conditions stated in Section 3.10.

Wind and Tornado

HPCI, ADS, CS, and LPCI:
Class | structure houses all control equipment.

System Response Time

HPCI, ADS, CS, and LPCI:
Response times are within the requirements of need to start ECCS (see Chapter 15).

System Accuracies

HPCI; ADS; CS; and LPCI:

Accuracies are within that needed for correct timely action.
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(18)  Abnormal Ranges of Sensed Variables

HPCI, ADS, CS, and LPCI:
Sensors are not subject to saturation when overranged.

7.3.2a.1.2.3.1.2 Single Failure Criterion (IEEE 279-1971, Paragraph 4.2)

HPCI: The HPCI system, by itself, is not required to meet the single failure criterion. The control

logic circuits for the HPCI system initiation and control are housed in a single relay cabinet and the

power supply for the control logic and other HPCI system equipment is from a single DC power

source.

The HPCI system initiation sensors and wiring up to the HPCI system relay logic cabinet does,

however, meet the single failure criterion. In addition, two divisionally separated HPCI isolation

logics are provided in compliance with IEEE-279-1971 for the leak detection system isolation

function. Physical separation of instrument lines is provided so that no single instrument rack

destruction or single instrument line, or pipe, failure can prevent HPCI initiation. Wiring separation

between divisions also provides tolerance to single raceway destruction, including shorts, opens,

and grounds, in the accident detection portion of the control logic. The single failure criterion is not

applied to logic relay cabinet or to other equipment required to function for HPCI system operation.

ADS: The ADS system, comprised of two independent sets of controls for the two pilot solenoids,
meets all credible aspects of the single failure criterion. At least two failures would have to
occur to cause actuation. Tolerance to the following single failures or events has been
incorporated into the control system design and installation:

(1) Single open circuit

(2) Single short circuit

(3) Single relay failure to pickup

4) Single relay failure to drop out

(5) Single module failure

(6) Single control cabinet destruction

(7) Single instrument rack destruction

(8) Single raceway destruction

(9) Single control power supply failure (any mode)

(10)  Single motive power supply failure (any mode)

(11)  Single control circuit failure

(12)  Single sensing line (pipe) failure
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(13)  Single electrical component failure

CS: The CS system, comprising two independent sets of controls for the two physically
separated pumping systems, meets the single failure criterion. Tolerance to the following
single failures or events has been incorporated into the control system design and
installation:

(1) Single open circuit

(2) Single short circuit

(3) Single relay failure to pickup

4) Single relay failure to drop out

(5) Single module failure (including multiple shorts, opens and grounds)

(6) Single control cabinet destruction (including multiple shorts, opens and grounds)

(7) Single instrument rack destruction (including multiple shorts, opens and grounds)

(8) Single raceway destruction (including multiple shorts, opens and grounds)

9) Single control power supply failure (any mode)

(10)  Single motive power supply failure (any mode)

(11)  Single control circuit failure

(12)  Single sensing line (pipe) failure

(13)  Single electrical component failure

When considering the consequences of destruction of a single control cabinet, instrument rack or

raceway, attention is focused on the wiring that must run between the two CS system control

cabinets for purposes of mutual backup. Destruction of wiring in one cabinet can be assumed to

short and ground the wires going between the two cabinets. It can be shown that the worst

combination of shorts and grounds in a single cabinet cannot disable the automatic control for both

CS system loops. False starts could be initiated and a ground may be imposed on one side of the

second subsystem and redundancy may be impaired, leaving a single subsystem operating on a

limiting two-out-of-two logic for the injection valve opening permissive. However, such gross

destruction of an entire cabinet is extremely unlikely. Moreover, these consequences are no worse

than losing a single fuse on the low pressure permissive relay circuit or failing to operate a single

injection valve. Gross faulting within a single raceway can reduce redundancy but does not disable

redundant systems, even though redundant DC power supplies may be involved and sensors are

shared by different systems.

LPCI: Redundancy in equipment and control logic circuitry is provided so that it is highly unlikely
that the complete LPCI subsystem can be rendered inoperative.
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(10)
(11)
(12)

(13)

Two control logic circuits are provided. Control logic "A" initiates loop A pumps and valves.
Control logic "B" initiates loop B pumps and valves.

Tolerance to the following single failures or events is provided in the control logic initiation
circuitry so that these failures would disable only one LPCI loop (no more than two of four
pumps available):

Single open circuit

Single short circuit

Single relay failure to pickup

Single relay failure to drop out

Single module failure (including shorts, opens, and grounds)

Single control cabinet destruction (including shorts, opens, and grounds)

Single local instrument rack destruction (including shorts, opens, and grounds)
Single raceway destruction (including shorts, opens, and grounds)

Single control power supply failure
Single motive power supply failure
Single control circuit failure

Single sensing line (pipe) failure

Single electrical component failure

7.3.2a.1.2.3.1.3 Quality of Components (IEEE 279-1971, Paragraph 4.3)

HPCI:

ADS:

See Section 3.11

Components used in the ADS control system have been carefully selected for the specific
application. Ratings have sufficient conservatism to ensure against significant deterioration
over the lifetime of the plant as described below:

Switch and relay contacts carry no more than 50% of their continuous current rating.

Controls are energized to operate and have brief and infrequent duty cycles.

Instrumentation and controls are heavy duty industrial type of standard designs well proven
by service in industry or in nuclear power plants applications.

These components are subjected to the manufacturers normal quality control and undergo
functional testing on the panel assembly floor as part of the integrated module test prior to
shipment of each panel. Only components which have demonstrated a high degree of
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reliability and serviceability in other functionally similar applications are selected for use in
the ADS.

Furthermore, a quality control and assurance program is required, to be implemented and
documented by equipment vendors, with the intent of complying with the requirements set forth in
10CFR50, Appendix B.

CS:  Components used in the CS control system have been carefully selected on the basis of
suitability for the specific application. All of the sensors and logic relays are of the same
types used in the RPS discussed in Section 7.2. Ratings have been selected with sufficient
conservatism to ensure against significant deterioration during anticipated duty over the
lifetime of the plant as illustrated below:

(1) Switch and relay contacts carry no more than 50 percent of their continuous current rating.
(2) CS controls are energized to operate and have brief and infrequent duty cycles.

(3) Motor starters and breakers are effectively derated for motor starting applications since
their nameplate ratings are based on short circuit interruption capabilities as well as on
continuous current carrying capabilities. Short circuit current interrupting capabilities are
many times the starting current for the motors being started, so that normal duty does not
begin to approach maximum equipment capability.

4) Normal motor starting equipment ratings include allowance for a much greater number of
operating cycles than the emergency core cooling application will demand, even including
testing.

(5) Instrumentation and controls are heavy duty industrial types of standard designs well
proven by service in industry or in nuclear power plant applications.

(6) These components are subjected to the manufacturers' normal quality control and undergo
functional testing on the panel assembly floor as part of the integrated module test prior to
shipment of each panel. Only components that have demonstrated a high degree of
reliability and serviceability in other functionally similar applications are selected for use in
the CS control system.

Furthermore, a quality control and assurance program is required to be implemented and
documented by equipment vendors with the intent of complying with the requirements set forth in
10CFR50, Appendix B. "Minimum" maintenance has been assumed to have been achieved if
components can be reasonably expected to last 40 years or more without wearing out or failing
under their maximum anticipated duty cycle, including testing.

LPCI: The discussion in this section regarding CS system equipment applies equally to the LPCI
system.

7.3.2a.1.2.3.1.4 Equipment Qualification (IEEE 279-1971, Paragraph 4.4)

HPCI: The HPCI system steamline isolation valve located inside the drywell is a normally open
valve and is, therefore, not required to operate except under special or test conditions.
Also, this valve is considered to be part of the piping system for HPCI system operation
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ADS:

CS:

LPCI:

rather than part of the control system and is outside the scope of this section. See the
discussion in Section 5.5 for further information on this valve control.

Other process sensor equipment for HPCI system initiation is located in the reactor building
and is capable of accurate operation in ambient temperature conditions that result from
abnormal (i.e., loss-of-ventilation and LOCA) conditions. Panels and relay cabinets are
located in the control structure, so environmental testing of components mounted in these
enclosures is not warranted. There are no components in the HPCI control system that
have not demonstrated their reliable operability in previous applications in nuclear power
plant protection systems or in extensive industrial use. See Sections 3.10 and 3.11 also.

The solenoid valves, their cables, and the relief valve mechanical operators of the ADS are
located inside the drywell and must remain operable in the LOCA environment. These
items are selected with capabilities that permit proper operation in the most severe
environment resulting from a LOCA and have been environmentally tested to verify the
selection. Gamma and neutron radiation is also considered in the selection of these items
and only materials which are expected to tolerate the integrated dosage superimposed on
other environmental factors for at least a 40-year period of normal plant operation without
excessive deterioration are used (i.e., no need for a replacement is anticipated). The SSES
EQ Program manages aging of equipment in the program to ensure it continues to perform
its intended function during the period of extended operation.

Other components of the ADS control system which are required to operate in the drywell
environment are the condensate pots for the vessel level sensors. All other sensory
equipment is located outside the drywell and is capable of accurate operation with wider
swings in ambient temperature than results from normal or abnormal (i.e.,
loss-of-ventilation and LOCA) conditions. Reactor vessel level sensors are of the same
type as for the RPS and meet the same standards. Drywell high pressure sensors are of
the same type as used for the RPS and meet the same standards. Control panels and
relay logic cabinets are located in the control structure which presents no new or unusual
operating considerations.

All components used in the ADS control system have demonstrated reliable operation in
similar nuclear power plant protection system or industrial applications. See Sections 3.10
and 3.11 also.

All sensory equipment is located in the reactor building outside the drywell and is capable
of accurate operation with wider swings in ambient temperature than would result from the
normal or abnormal (i.e., loss-of-ventilation and LOCA) conditions. Reactor vessel water
level sensors, drywell high pressure sensors, and reactor vessel low pressure permissive
switches are of the same type as those discussed in Section 7.2. The testable check
valves located inside the drywell are considered to be part of the piping system rather than
part of the control system. Control panels and relay logic cabinets are located in the control
structure which presents no new or unusual operating considerations. All components
used in the CS control system have demonstrated reliable operation in similar nuclear
power plant protection systems or industrial applications.

No components of the LPCI System are required to operate in the drywell environment
except for the condensate pots used with the vessel level sensors. All other sensory
equipment is located outside the drywell and is capable of accurate operation with wider
changes in ambient temperature than results from normal or abnormal (i.e.,
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loss-of-ventilation and LOCA) conditions. Reactor vessel level sensors are of the same
type as for the RPS and meet the same standards. Drywell high pressure sensors are of
the same type as used for the RPS and meet the same standards. Reactor vessel low
pressure permissive sensors are of the same type as those discussed in the RPS. The
testable check valves which are located inside the drywell are considered to be part of the
piping system rather than part of the control system. Control panels and relay logic
cabinets are located in the control structure which present no new or unusual operating
considerations.

All components used in the LPCI system have demonstrated reliable operation in similar
nuclear power plant protection system or industrial applications.

7.3.2a.1.2.3.1.5 Channel Integrity (IEEE 279-1971, Paragraph 4.5)

HPCI:

ADS:

CS:

LPCI:

The HPCI system instrument initiation sensors and isolation logic meet the single failure
criterion as discussed in Subsection 7.3.2a.1.2.3.1.2 and thus satisfy the channel integrity
objective of this paragraph.

By definition, from IEEE 279-1971, paragraph 2, a channel loses its identity where single
action signals are combined. Therefore, since instrument channels are combined into a
single initiation trip system this paragraph of IEEE 279-1971 does not strictly apply for the
HPCI control system.

The ADS system initiation channels (low water level or high drywell pressure) satisfy the
channel integrity objective of the paragraph.

The CS control system is designed to tolerate the spectrum of failures listed under the
general requirements, the single failure criterion, and thus satisfies the channel integrity
objective of this paragraph.

The LPCI system initiation channels (low water level or high drywell pressure) satisfy the
channel integrity objective of this paragraph.

7.3.2a.1.2.3.1.6 _Channel Independence (IEEE 279-1971, Paragraph 4.6)

HPCI:

ADS:

Channel independence for initiation sensors monitoring each variable is provided by
electrical and mechanical separation. For instance, the A and C sensors for reactor vessel
water level are located on one local instrument panel identified as Division 1 equipment,
and the B and D sensors are located on a second instrument rack widely separated from
the first and identified as Division 2 equipment. The A and C sensors have a common pair
of process taps which are widely separated from the corresponding taps for sensors B and
D. Disabling of one or both sensors in one location does not disable the control for HPCI
initiation. Channel independence does not strictly apply to the HPCI system since the
one-out-of-two taken twice logic is combined in a single logic trip system.

Channel independence for sensors exposed to each variable is provided by electrical and
mechanical separation. For instance, the A and C sensors for reactor vessel level are
located on one local instrument rack identified as Division | equipment and the B and D
sensors are located on a second instrument rack widely separated from the first and
identified as Division 2 equipment. The A and C sensors have a common pair of process
taps which are widely separated from the corresponding taps for sensors B and D.
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CS:

LPCI:

Disabling of one or both sensors in one location does not disable the control for both of the
auto depressurization control channels.

Logic relays for the ADS are separated into Division 1 and Division 2 located in separate
cabinets. ADS controls are separated on the control panels.

Channel independence of the sensors for each variable is provided by electrical isolation
and mechanical separation. For instance, the A and C sensors for reactor vessel water
level are located on one local instrument panel that is identified as Division 1 equipment,
and the B and D sensors are located on a second instrument panel, widely separated from
the first and identified as Division 2 equipment. The A and C sensors have a common
process tap, which is widely separated from the corresponding tap for sensors B and D.
Disabling of one or all sensors in one location does not disable the control for either of the
two core spray loops.

Relay cabinets for CS subsystem A are in a separate physical division from that for CS
subsystem B, and each division is complete in itself, with its own station battery control and
instrument power bus, power distribution buses, and motor control centers. The divisional
split is carried all the way from the process taps to the final control element, and includes
both control and motive power supplies. Although there are only two sensors for each
variable in each division, the drywell pressure and reactor water level sensors backup each
other so that the logic for each division is one-out-of-two taken twice, energize to operate.

Channel independence of the sensors for each variable is provided by electrical isolation
and mechanical separation. For instance, the A and C sensors for reactor vessel low water
level are located on one local instrument rack that is identified as Division 1 equipment, and
the B and D sensors are located on a second instrument rack, widely separated from the
first and identified as Division 2 equipment. The A and C sensors have a common process
tap which is widely separated from the corresponding tap for sensors B and D. Disabling of
one or all sensors in one location does not disable the control for the other Division.

Relay cabinets for Division 1 are in a separate location from that of Division 2, and each
division is complete in itself, with its own station battery control and instrument power bus,
power distribution buses, and motor control centers. The divisional split is carried all the
way from the process taps to the final control element, and includes both control and motive
power supplies.

Although there are only two sensors for each variable in each division, these sensors back
up each other as described in the preceding paragraph.

7.3.2a.1.2.3.1.7 Control and Protection Interaction (IEEE 279-1972, Paragraph 4.7)

The HPCI, ADS, CS and LPCI systems are designated as safety systems and are designed to be
independent of plant control systems. Annunciator circuits are electrically isolated and cannot
impair the operability of these systems.

7.3.2a.1.2.3.1.8 Derivation of System Inputs (IEEE 279-1971, Paragraph 4.8)

HPCI:

Inputs that start the HPCI system are direct measures of the variables that indicate need for

high pressure core cooling; viz., reactor vessel low water level or high drywell pressure. Reactor
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vessel water level and drywell pressure sensors are described in this section for the CS system
and apply equally to the HPCI system.

ADS: Inputs that start the ADS are direct measures of the variables that indicate both the need
and acceptable conditions for rapid depressurization of the reactor vessel; viz., reactor
vessel low water verified by high drywell pressure and at least one low pressure core
cooling subsystem developing adequate discharge pressure plus adequate time delay to
allow HPCI to operate if available.

CS: Inputs that start the CS system are direct measures of the variables that indicate the need
for low pressure core cooling; viz., reactor vessel low water level, high drywell pressure,
and reactor low pressure. Reactor vessel water level is sensed by level indicating
switches. Drywell high pressure is sensed by non-indicating pressure switches on two
separate sensing lines connected to two separate penetrations. Each sensing line has its
own root valve and each pressure switch has its own instrument valve. Four reactor vessel
pressure switches for the low pressure injection valve opening permissive are on four
separate instrument lines going through the drywell at two different locations. The A and C
lines are in one location and the B and D lines in another location. These switches operate
relays whose contacts are connected in A or B logic for the CS system valve opening
permissives. The vessel water level indicator switches are operated by the differential
pressure between a reference leg and a vessel static head tap.

LPCI: Inputs that start the LPCI system are direct measures of the variables that indicate the need
for LPCI; viz., reactor vessel low water, high drywell pressure, and reactor low pressure.
Reactor vessel level is sensed by vessel water level indicator switches. Drywell high
pressure is sensed by pressure switches. Reactor low pressure is sensed by pressure
switches.

7.3.2a.1.2.3.1.9 Capability of Sensor Checks (IEEE 279-1971, Paragraph 4.9)

All HPCI, ADS, CS and LPCI sensors are of the pressure sensing type, and are installed with
calibration taps and instrument valves to permit testing during normal plant operation or during
shutdown.

The reactor low pressure switches can be checked for operability during plant operation by closing
the instrument valve and bleeding off pressure to the low pressure actuation point observing
channel trip.

The reactor vessel level switches can be similarly checked for operability by closing the low side
instrument valve and bleeding off a small amount of water through the low side bleed plugs (which
are provided for venting the instruments), while observing the scale reading and channel trip
indication in the control structure, and then reopening the instrument valve.

The drywell high pressure switches can be checked only by application of gas pressure from a low
pressure source (instrument air or inert gas bottle) after closing the instrument valve and opening
the calibration valve.

7.3.2a.1.2.3.1.10 Capability for Test and Calibration (IEEE 279-1971, Paragraph 4.10)

HPCI: The discussion in this section regarding CS system test and calibration applies equally to
the HPCI system except that the turbine (rather than pump) is started by opening the steam
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ADS:

CS:

LPCI:

inlet valve. The injection valve is kept closed during the test. The operability of the
injection valve can be verified during reactor operation by opening it when the HPCI turbine
is not operating.

The ADS is not tested in its entirety during actual plant operation but provisions are
incorporated so that operability of all elements of the system can be verified at periodic
intervals. The operability of individual valves may be verified by means of the individual
control switches on the main control room panels. Testing of control circuitry is
accomplished at the control relay cabinets by means of test jacks, switches, and indicator
lights while exercising sensors one at a time. The test method is generally as follows:

Action Observation
(1) | Exercise a sensor a. | Sensor relay pickup
b. | Alarm is given
(2) | Starta CS or RHR a. Off-normal alarm
(LPCI mode) pump b. Low pressure cooling
system available relay pickup
(3) | Exercise logic channel a. Logic channel relay pickup
by means of plug-in b. Continuity lights on each
test switch valve circuit are energized
(4) | Reset logic channel a. | Annunciators clear
(5) | Repeat above steps a. Same as for associated
for other sensors, other steps above
low pressure ECCS pumps,
other logic channels

The CS control system is capable of being completely tested during normal plant operation
to verify that each element of the system, active or passive, is capable of performing its
intended function. Sensors can be exercised by applying test pressures. Logic relays can
be exercised by means of plug-in test switches used alone or in conjunction with single
sensor tests. Pumps can be started by the appropriate breakers to pump water against
system check valves, or return it to the suppression pool through test valves while the
reactor is at pressure. Motor-operated valves can be exercised by the appropriate control
relays and starters, and all indications and annunciations can be observed as the system is
tested. Check valves are testable by a remotely operable pneumatic piston. Core spray
water is not actually introduced into the vessel during CS system testing, unless operator
action is taken to cause the injection. The only time the core spray pattern was tested was
prior to initial fuel load.

The discussion in this section regarding CS system test and calibration applies equally to
the LPCI system.
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7.3.2a.1.2.3.1.11 Channel Bypass or Removal from Operation
(IEEE 279-1971, Paragraph 4.11)

HPCI: Calibration of a sensor that introduces a single instrument channel trip will not cause a
protective function without the coincident trip of a second channel. There are no instrument
channel bypasses as such in the HPCI system. Removal of a sensor from operation during
calibration does not prevent the redundant instrument channel from functioning if accident
conditions occur. Removal of an instrument channel from service during calibration will be
brief.

ADS: Calibration of each sensor will introduce a single instrument channel trip. This does not
cause a protective action without the coincident trip of three other channels. Removal of an
instrument channel from service during calibration will be brief and will not significantly
increase the probability of failure to operate. There are no channel bypasses in the ADS.
Removal of a sensor from operation during calibration does not prevent the redundant trip
circuit from functioning if accident conditions occur. The manual reset buttons can interrupt
the auto depressurization for a limited time. However, releasing either one of the two reset
buttons will allow automatic timing and action to resume.

CS:  The discussion in this section regarding HPCI channel bypass is equally applicable to the
CS system.

LPCI: The discussion in this section regarding HPCI channel bypass is equally applicable to the
LPCI subsystem.

7.3.2a.1.2.3.1.12 Operating Bypasses (IEEE 279-1971, Paragraph 4.12)

There are no operating bypasses in the HPCI, CS, and LPCI system.

ADS: The manual reset of ADS timer may be considered to be an operating bypass. The bypass
is automatically removed when the preset time interval expires.

7.3.2a.1.2.3.1.13 Indication of Bypasses (IEEE 279-1971, Paragraph 4.13)

Automatic indication, accompanied by an audible alarm, is provided in the main control room to
inform the operator that a protection system, of which the ECCS is one, and the systems actuated
or controlled by the protection system, is inoperable. Manual capability also exists in the main
control room and may be used to activate each system level indicator provided for the protection
system.

7.3.2a.1.2.3.1.14 Access to Means for Bypassing (IEEE 279- 1971, Paragraph 4.14)

Access to switch-gear, motor control centers and valves may be procedurally controlled by the
following administrative means or other suitable alternative:

(1 Seals (or locks) on valves
(2) Lockable doors on the emergency switchgear rooms

(3) Lockable breaker control switch handles in the motor control centers
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The logic test plugs are under the administrative control of the operators.
The HPCI turbine cannot be automatically bypassed but can be disabled for test purposes. Such
disabling is capable only in the control room and is under the administrative control of plant

supervisory personnel.

7.3.2a.1.2.3.1.15 Multiple Setpoints (IEEE 279-1971, Paragraph 4.15)

This section is not applicable to the HPCI, ADS, CS or LPCI systems because all trip setpoints are
fixed.

7.3.2a.1.2.3.1.16 Completion of Protective Action Once It Is Initiated
(IEEE 279-1971, Paragraph 4.16)

HPCI: The final control elements for the HPCI system are essentially bi-stable, i.e., motor
operated valves stay open or closed once they have reached their desired position even
though their starter may drop out (which they do when the limit switch is reached). In the
case of the turbine, the auto initiation signal is electrically sealed in. Thus, protection action
once initiated (i.e., flow is established) must go to completion or continue until terminated by
deliberate operator action or automatically stopped on vessel high water level or system
malfunction trip signals.

ADS: Each of the redundant ADS seals in electrically and remains energized until manually reset
by one of the two reset pushbuttons.

CS: The final control elements for the CS system are essentially bi-stable, i.e., pump breakers
stay closed without control power, and motor-operated valves stay open once they have
reached their open position, even though the motor starter may drop out which will occur
when the valve open limit switch is reached. In the event of an interruption in AC power,
timer will recycle causing 10 second delay. Then AC motor operated valves will continue to
completion of their direction of motion. Thus, protective action once initiated will go to
completion or continue until terminated by deliberate operator action.

LPCI: The discussion provided in this section for the CS system is equally applicable to the LPCI
system.

7.3.2a.1.2.3.1.17 Manual Initiation (IEEE 279-1971, Paragraph 4.17)

HPCI: The HPCI has a manual initiation armed pushbutton in parallel with the automatic initiation
logic. Each piece of HPCI system actuation equipment required to operate the pumps and
valves is capable of manual initiation electrically from the control panel in the main control
room. Failure of logic circuitry to initiate the HPCI system will not affect the manual control
of equipment. However, failures of active components, or control circuit failure which
produce a turbine trip, may disable the manual actuation of the HPCI subsystem. Failures
of this type are continuously monitored by alarms as discussed in previous sections and as
such cannot realistically be expected to occur when HPCI subsystem operation is required.
In no event can failure of the automatic control circuit for the HPCI subsystem disable the
automatic depressurization system which provides backup to the HPCI subsystem.

ADS: The ADS has four manual initiation switches. Two switches are in each of the two ADS
systems (A&B). Both switches for one system have to be closed to manually initiate ADS.
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To further preclude inadvertent actuation, each switch is equipped with a collar which must
be turned before electrical contacts of the pushbutton are effective. Thus, to initiate ADS
manually, the operator must turn two collars and depress two pushbuttons. Whenever a
collar is turned, an annunciator is actuated. The two switches have, as a permissive, the
RHR/core spray pump run interlocks.

The ADS automatic initiation delay timer is provided to give HPCIl ample time to
automatically restore vessel level so that ADS actuation will not be needed. This delay
timer is not provided for manual initiation since the operator will not initiate ADS until he
determines it necessary.

CS: The CS system can be manually initiated at the system level in the main control room.
Each piece of CS system actuation equipment, such as a pump, valve, breaker, or starter,
is capable of individual manual initiation, electrically from the control panel in the main
control room and locally, if desired, by use of physical mechanisms. The valves have
handwheels overriding the motor operators, and the switchgear is capable of having closing
springs charged manually and the breaker closed by mechanical linkages on the
switchgear.

Failures within the logic circuitry of a single CS logic may cause a single manual control
failure because of commonality of circuitry at the control power fuse, the low pressure
permissive relay and at the utilization point, e.g., the breaker control relay or valve motor
starter coil. However, failure of any active control component exclusive of the breaker will
not affect the manual control of the CS system pumps. In no event can failure of an
automatic control circuit for one CS loop disable the manual electrical control circuit for the
other CS loop. Single electrical failures cannot disable manual initiation of the core spray
function.

LPCI: The discussion provided in this section for the CS system is equally applicable to the LPCI
system.

7.3.2a.1.2.3.1.18 Access to Setpoint Adjustments (IEEE 279-1971, Paragraph 4.18)

Setpoint adjustments for the HPCI, ADS, CS, and LPCI sensors are integral with the sensors and
cannot be changed without the use of tools to remove covers over these adjustments. Test points
are incorporated into the control relay cabinets which are lockable to prevent unauthorized
actuation.

The range or span of the drywell and reactor vessel pressure switches is not adjustable. Because
of these restrictions, compliance with this paragraph of IEEE-279-1971 is considered complete.

The only adjustable setpoints in the HPCI system are those provided on the flow controller on the
main control room panel and are administratively controlled.

7.3.2a.1.2.3.1.19 Identification of Protective Actions (IEEE 279-1971, Paragraph 4.19)

HPCI, ADS, CS, and LPCI:
Protective actions are directly indicated and identified by annunciator operation, sensor relay

indicator lights, or action of the sensor relay, which has an identification tag and a clear glass front
window permitting convenient, visible verification of the relay position. Any one of these indications
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should be adequate, so this combination of annunciation and visible verification relay actuation
fulfills the requirements of this criterion.

In addition, the following indications are provided for the ADS:

ADS-timers initiated (either one of two)

ADS control power failure (any normal supply de-energized)
ADS auxiliary relays energized (either one of two)

High drywell pressure sealed in (any one of four)

Relief valves discharge pipe high temperature (any one)

7.3.2a.1.2.3.1.20 Information Readout (IEEE 279-1971, Paragraph 4.20)

HPCI: The HPCI control system is designed to provide the operator with accurate and timely

information pertinent to its status. It does not introduce signals into other systems that
could cause anomalous indications confusing to the operator. Periodic testing is the means
provided for verifying the operability of the components and, by proper selection of test
periods to be compatible with the historically established reliability of the components
tested, complete and timely indications are made available. Sufficient information is
provided on a continuous basis so that the operator can have a high degree of confidence
that the HPCI function is available and/or operating properly.

Annunciators are provided as shown on the functional control diagram, Dwgs. M1-E41-65,
Sh. 1, M1-E41-65, Sh. 2, M1-E41-65, Sh. 3, M1-E41-65, Sh. 4, and M1-E41-65, Sh. 5. In
addition to these annunciators, there are other indications for the HPCI system in the main
control room. These indications include:

Valve position lights

Pump suction pressure indicator

Pump discharge pressure indicator

Pump flow indicator

Turbine exhaust line pressure indicator

Turbine steam supply pressure indicator

Turbine speed indicator

Shaft vibration indication

Temperature recorder for:

a. Qil cooler discharge temperature
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b. High pressure bearing oil temperature
C. Low pressure bearing oil temperature
d. Thrust bearing temperature
e. Pump oil temperature

(10)  Control power indicator lights

ADS:

The information provided to the operator pertinent to ADS status is as follows:
Annunciators listed in Subsection 7.3.2a.1.2.3.1.19

Valve position lights for each valve

Reactor vessel level indication

a. All four channels are indicated locally.

b. Reactor vessel level is indicated in the control room.

Change of state of any active component from its normal condition is indicated in the main control

room; therefore, the indication is considered to be complete and timely. The condition of the ADS

pertinent to plant safety is also considered to be adequately covered by the indications and alarms
delineated above.

CS:

The CS control system is designed to provide the operator with accurate and timely
information pertinent to its status. It does not introduce signals into other systems that
could cause anomalous indications. There are many passive as well as active elements of
this energize-to-operate system that are not continuously monitored for operability.
Examples are circuits that are normally open and are not monitored for continuity on a
continuous basis, and pressure and level sensors, that, although continuously active, are
not continuously exercised and verified as operable. Verifying the operability of these
components is accomplished by periodic testing and by proper selection of test period to be
compatible with the historically established reliability of the components tested. Sufficient
information is provided on a continuous basis so that the operator can have a high degree
of confidence that the CS function is available and operating properly. Annunciation is
provided for the following conditions:

(1 CS pump trip for each pump

(2) Core spray injection valve hi leakage pressure
(3) CS pump motor overload for each pump

4) CS system out of service

(5) CS system actuated (system 1 and 2)

(6) CS system manual initiation switch armed
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In addition to the annunciation listed above, other indications are included on the main control
panel as follows:

(7) Valve position lights for each motor-operated valve

(8) Pump breaker position lights for each pump

(9) Position lights for the locked open valves in the drywell
(10)  Position lights for the testable check valves

(11)  Flow indication of loop flow in each loop

(12)  CS pump discharge pressure for each pump

(13) CS pump current meter for each pump

LPCI: Sufficient information is provided on a continuous basis so that the operator can have a
high degree of confidence that the LPCI function is available and/or operating properly.

7.3.2a.1.2.3.1.21 System Repair (IEEE 279-1971, Paragraph 4.21)

The HPCI, ADS, CS and LPCI control systems are designed to permit repair or replacement of
components.

Recognition and location of a failed component will be accomplished during periodic testing. The
logic will make the detection and location failed component relatively easy, and components are
mounted in such a way that they can be conveniently replaced. For example, estimated
replacement time for the type relays used is less than 30 minutes. Sensors which are connected to
the instrument piping cannot be changed so readily, but they are required to be connected with
separable screwed or bolted fittings and could be changed in less than 1 hour, including electrical
connection replacement.

7.3.2a.1.2.3.1.22 Identification (IEEE 279-1971, Paragraph 4.22)

The ECCS panels are identified by yellow colored nameplates. Rear of panel nameplates for
controls, instrumentation, and relays are distinctively colored according to their power supply color.

7.3.2a.1.2.3.2 |EEE 308-1974

Class 1E AC and DC power supply system ECCS loads are physically separated and electrically
isolated into redundant load groups so that safety actions provided by redundant counterparts are
not compromised.

7.3.2a.1.2.3.3 |EEE 323-1971

See Subsection 7.1.2.5.3(a).
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7.3.2a.1.2.3.4 |EEE 338-1971

The only paragraphs of IEEE-338 that apply to the design of the ECCS are as follows:
(1) 2.1 - Capability of Sensor Checks

(2) 2.2 - Capability for Test and Calibration

(See Subsections 7.3.1.1a.1.3, 7.3.1.1a.1.4, 7.3.1.1a.1.5, and 7.3.1.1a.1.6.)

7.3.2a.1.2.3.5 |EEE 344-1971

See Section 3.10a.

7.3.2a.1.2.3.6 |EEE 379-1972

The Single Failure Criterion of IEEE 279-1971, Paragraph 4.2, as further defined in
IEEE 379-1972, is met as described in Subsection 7.3.2a.1.2.3.1.2.

7.3.2a.2 Primary Containment and Reactor Vessel Isolation Control System
for NSS Systems — Instrumentation and Controls

7.3.2a.2.1 General Functional Requirement Conformance

The PCRVICS instrumentation and control system is analyzed in this subsection. This system is
described in Subsection 7.3.1.1a.2, and that description is used as the basis for this analysis. The
safety design bases and specific regulatory requirements of this system are stated in Subsection
7.1.2a.1.2. This analysis shows conformance to the requirements given in that subsection.

The PCRVICS instrumentation and control system, in conjunction with other safety systems, are
designed to provide timely protection against the onset and consequences of the gross release of
radioactive materials from fuel and reactor coolant pressure boundaries. Chapter 15.0 identifies
and evaluates postulated events that can result in gross failure of fuel and reactor coolant pressure
boundaries. The consequences of such gross failures are described and evaluated. Chapter 15.0
also evaluates a gross breach in a main steamline outside the containment during operation at
rated power. The evaluation shows that the main steamlines are automatically isolated in time to
prevent the loss-of-coolant from being great enough to allow uncovering of the core. These results
are true even if the longest closing time of the valve is assumed.

The shortest possible main steamline valve closure time is 3 seconds. The transient resulting from
a simultaneous closure of all main steamline isolation valves in 3 seconds during reactor operation
at rated power is discussed in Chapter 15.0.

7.3.2a.2.2 Specific Requlatory Requirements Conformance

7.3.2a.2.2.1 NRC Reqgulatory Guides

7.3.2a.2.2.1.1 Requlatory Guide 1.11 (1971)

Instrument lines penetrating the primary reactor containment have excess flow check valves to
isolate the lines in the event of line rupture.
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7.3.2a.2.2.1.2 Requlatory Guide 1.22 (1972)

MSIV:

The main steamline isolation valves, associated logic, and sensor devices may be tested from the
sensor device to one of the two solenoids required for valve closure. The valve may be exercised
closed with a slow acting test solenoid to verify that there are no obstructions to the valve stem at
full power. A reduction in power is necessary to avoid reactor scram before performing a valve
closure using two, fast acting, main solenoids.

Other Isolation Valves:

Except for the MSIV, all isolation valves may be tested from sensor to actuator during plant
operation. The test may cause isolation of the process lines involved but this is tolerable.

MSL High Radiation Monitoring Subsystems:

This subsystem conforms to Regulatory Guide 1.22 in that provisions which allow periodic testing
of individual channels have been built into the monitoring instruments and the trip systems.

7.3.2a.2.2.1.3 Requlatory Guide 1.29 (1972)

All electrical and mechanical devices and circuitry between process instrumentation and protective
actuators and monitoring of systems important to safety are classified as Seismic Category |.

7.3.2a.2.2.1.4 Requlatory Guide 1.30 (1972)

See Section 3.13.

7.3.2a.2.2.1.5 Requlatory Guide 1.47 (1973)

MSIV and Other Isolation Valves:
Regulatory Position C.1, C.2, and C.3

Automatic indication will be provided in the main control room to inform the reactor operator that a
system is inoperable. Annunciation will be provided to indicate a system or part of a system is not
operable. For example, the RPS (trip) system and the PCRVICS activate annunciators whenever
one or more channels of an input variable are bypassed.

Bypassing is not allowed in the trip logic or actuator logic. An example of indication of operability
follows:

Instruments which form part of a one-out-of-two twice logic can be removed from service for
calibration. Removal of the instrument from service will be indicated in the main control room as a
single instrument channel trip.

Regulatory Position C.4

Capability for manual initiation of the ECCS system level bypass and inoperability indication is

provided by activation of a control switch located in the main control room. This may be used to
provide administrative control of the bypass indication for those bypasses or inoperabilities which
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cannot be automatically indicated. A control switch is provided for each system level bypass
indicator.

The following discussion expands the explanation of conformance to Regulatory Guide 1.47 to
reflect the importance of providing accurate information for the operator and reducing the possibility
for the indicating equipment to adversely affect its monitored safety system.

@) Individual indicators are arranged together on the control room panel to indicate what
function of the system is out of service, bypassed or otherwise inoperable. All bypass and
inoperability indicators both at a system level and component level are grouped only with
items that will prevent a system from operating if needed.

(2) As a result of design, preop testing and startup testing, no erroneous bypass indication is
anticipated.

(3) These indication provisions serve to supplement administrative controls and aid the
operator in assessing the availability of component and system level protective actions.
This indication does not perform safety functions.

4) All circuits are electrically independent of the plant safety systems to prevent the possibility
of adverse effects.

(5) Each indicator can be tested and is provided with dual lamps.
MSL High Radiation Monitoring Subsystem:
This subsystem meets the requirements of this guide as discussed in this section for MSIV.

7.3.2a.2.2.1.6 Regulatory Guide 1.53-1973

MSIV, Other Isolation Valves, and MSL High Radiation Monitoring:

Compliance with NRC Regulatory Guide 1.53 is achieved by specifying, designing, and
constructing the engineered safeguard systems to meet the single failure criterion (Section 4.2 of
IEEE 279-1971 and IEEE 379-1972). Redundant sensors are used and the logic is arranged to
ensure that a failure in a sensing element or the decision logic of an actuator will not prevent or
initiate protective action. Separated channels are employed so that a fault affecting one channel
will not prevent the other channels from operating properly. Specifications are provided to define
channel separation for wiring not included with NSSS supplied equipment.

Facilities for testing are provided so that the equipment can be operated in various test modes to
confirm that it will operate properly when required. Testing incorporates all elements of the system
under one test mode or another, including sensors, logic, actuators, and actuated equipment. The
testing is planned to be performed at intervals so that there is an extremely low probability of failure
in the periods between tests. During testing there are always enough channels and systems
available for operation to provide proper protection.

7.3.2a.2.2.1.7 Requlatory Guide 1.62 (1973)

MSIV and Other Isolation Valves:
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Means are provided for manual initiation of reactor isolation at the system level through the use of
four armed pushbutton switches.

Operation of these switches accomplishes the initiation of all actions performed by the automatic
initiation circuitry.

The amount of equipment common to initiation of both manual reactor isolation and automatic
isolation is kept to a minimum through implementation of manual reactor isolation at the final
devices (relays) of the protection system. No failure in the manual, automatic or common portions
of the protection system will prevent initiation of reactor isolation by manual or automatic means.

Manual initiation of reactor isolation, once initiated, goes to completion as required by
IEEE 279-1971, paragraph 4.16.

7.3.2a.2.2.1.8 Requlatory Guide 1.63 (1973)

See Subsection 7.1.2.6.13.

7.3.2a.2.2.1.9 Requlatory Guide 1.75 (1975)

Physical independence of electric systems of the PCRVICS is provided by channel independence
for sensors exposed to each process variable using electrical and mechanical separation. Physical
separation is maintained between redundant elements of the redundant control systems which add
to reliability of operation.

7.3.2a.2.2.1.10 Regulatory Guide 1.89 (1974)

See the Susquehanna SES Environmental Qualification Program for Class 1E Equipment.

7.3.2a.2.2.2 Conformance to 10CFR50, Appendix A

(1 Criterion 13
MSIV and Other Isolation Valves:

The integrity of the reactor core and the reactor coolant pressure boundary is assured by
monitoring the appropriate plant variables and closing various isolation valves.

(2) Criterion 19

MSIV and Other Isolation Valves:

Controls and instrumentation are provided in the control room.
(3) Criterion 20

MSIV and Other Isolation Valves:

The PCRVICS automatically isolates the appropriate process lines. No operator action is required
to effect an isolation.

FSAR Rev. 70 7.3-111



SSES-FSAR
Text Rev. 73

4) Criterion 21

MSIV, Other Isolation Valves, MSL High Radiation Monitoring Subsystems:

The high reliability relay and switch devices are arranged in two redundant divisions and
maintained separately. Testing is covered in the discussion on conformance to Regulatory Guide
1.22 (Subsection 7.3.2a.2.2.1.2).

(5) Criterion 22

MSIV and Other Isolation Valves:

Two redundant divisions are physically arranged so that no single failure can prevent an isolation.
Functional diversity of sensed variables is utilized.

MSL High Radiation Monitoring Subsystem:

This subsystem conforms to criterion 22 in that the effects of natural phenomena and normal
operation (including testing) will not result in the loss of protection.

(6) Criterion 23

MSIV and Other Isolation Valves:

The system logic and actuator signals are failsafe. The motor operated valves will fail "as-is" on
loss of power, steam leak subsystem temperature switches excluded. Temperature switches fail
open (non fail-safe), to negate spurious closure of isolation valves. Reliance is placed on other
leak detection instruments.

MSL High Radiation Monitoring Subsystem:

This subsystem conforms to criterion 23 in that the trip circuits associated with each channel have
been designed to specifically "fail-safe" in the event of loss of power.

(7) Criterion 24
MSIV, Other Isolation Valves, and MSL High Radiation Monitoring Subsystems:

The system has no control functions. The equipment is physically separated from the control
system equipment to the extent that no single failure in the control system can prevent isolation.

(8) Criterion 29
MSIV, Other Isolation Valves, and MSL High Radiation Monitoring Subsystems:

No anticipated operational occurrence will prevent this equipment from performing its safety
function. No anticipated operational occurrence will prevent an isolation.
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(9) Criterion 34
MSIV and Other Isolation Valves:
Isolation Signals are provided for the Shutdown Cooling Subsystem of the RHR System.

7.3.2a.2.2.3 Industry Codes and Standards

7.3.2a.2.2.3.1 |EEE 279-1971

7.3.2a.2.2.3.1.1 General Functional Requirement (IEEE 279-1971, Paragraph 4.1)

PCRVICS: The PCRVICS initiates automatic closure of specific isolation valves from trip signals
generated by specified process variables and maintains the valves in a closed position without
further application of power until such time as a manual reset is permissible.

The control system is capable of initiating action in a time commensurate with the need for valve
closure. Speed of the sensors and valve actuators are chosen to be compatible with the isolation
function considered.

Accuracies of each of the sensing elements is sufficient to accomplish the isolation initiation within
required limits without interfering with normal plant operation. Accuracies of each of the types of
sensing instruments used for isolation are considered when establishing a trip setpoint. The safety
trip setpoints are specified in the Technical Requirements Manual, and the Allowable Values of the
trip setpoints are specified in the plant Technical Specifications.

The reliability of the isolation control system is compatible with the reliability of the actuated
equipment (valves).

The PCRVICS equipment is designed for the full range of environmental conditions enumerated as
follows:

(1) Power Supply Voltage

Tolerance exists to any degree of power supply failure in one motive power system or one
control power system.
(2) Power Supply Frequency

Tolerance exists to any degree of power supply failure in one power system or one control
power system.

(3) Temperature

System operates within required time limit at all temperatures that can result from an
accident.

(4)  Humidity

System operates within required time limit at humidities (steam) that can result from a
loss-of-coolant accident.
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(5) Pressure
System operates at all pressures resulting from LOCA as required.
(6) Vibration
Tolerance to conditions stated in Section 3.10.
(7) Malfunctions
System is tolerant to any single component malfunction in any mode.
(8) Accidents
Tolerance exists for any design basis accident without malfunction of either Subsystem.
(9)  FEire
System is tolerant to any single raceway fire, or fire within a single enclosure.
(10)  Explosion
Explosions are not defined in design bases.
(11)  Missiles

System has tolerances to any single missile destroying no more than one pipe, raceway, or
cabinet.

(12)  Lightning

Tolerance to lightning damage is limited to one auxiliary bus system.
(13)  Elood

All control equipment is located above flood level by design.
(14) Earthquake

Tolerance to conditions stated in Section 3.10.

(15) Wind and Tornado

Seismic Class | buildings house all control equipment.

(16) System Response Time

Responses are within the requirements of need to start ECCS.
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(17)  System Accuracies

Accuracies are within that needed for correct timely action.

(18)  Abnormal Ranges of Sensed Variables

Sensors are not subject to saturation when overranged.

Valves and wiring which must function in the drywell environment in the event of a LOCA
will have fulfilled their function within a short time after such an event has occurred,
probably before the environment has attained the design basis values.

Main Steamline Radiation Monitoring Subsystem:

The Main Steamline Radiation Monitoring Subsystem will detect and promptly indicate a
gross release of fission products from the fuel under any operation for any combination of
main steamlines.

On detection of a gross release of fission products from the fuel, the subsystem will initiate
appropriate alarm annunciators and provide the PCRVICS with a "trip-occurred" signal. The
high-high radiation trip setting is selected so that a trip will result from the fission products released
at low steam flow condition in the design basis rod drop accident. The setting is sufficiently above
the background radiation level in the vicinity of the main steamlines that spurious trips are unlikely
at rated power. Yet the setting is low enough to trip on the fission products calculated to be
released during the design basis rod drop accident. The amount of fuel damage and fission
product release involved in this accident is relatively small. Therefore, for any situation involving
gross fission product release, the main steamline radiation monitoring subsystem can provide
prompt safety action.

Reactor Building Radiation Monitoring Subsystem:

The subsystem will detect and promptly indicate excessive radiation in the reactor building. On
detection, an isolation will be effected. For further discussion, see Section 11.5.

7.3.2a.2.2.3.1.2 Single Failure Criterion (IEEE 279-1971, Paragraph 4.2)

PCRVICS:

Tolerance to the following single failures has been incorporated into the control system design and
installation:

(1) Single open circuit

(2) Single short circuit

(3) Single relay failure to pickup

4) Single relay failure to drop out

(5) Single module failure (including multiple shorts, opens and grounds)

(6) Single control cabinet destruction (including multiple shorts, opens and grounds)
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(7) Single instrument panel destruction (including multiple shorts, opens and grounds
(8) Single raceway destruction (including multiple shorts, opens and grounds)

(9) Single control power supply failure (any mode)

(10)  Single motive power supply failure (any mode)

(11)  Single control circuit failure

(12)  Single sensing line (pipe) failure

(13)  Single electrical component failure

7.3.2a.2.2.3.1.3 Quality of Components and Modules (IEEE 279-1971, Paragraph 4.3)

PCRVICS:

Components used in the isolation system have been carefully selected on the basis of suitability for
the specific application. All of the sensors and logic relays are of the same types used in the RPS.
Ratings have been selected with sufficient conservatism to ensure against significant deterioration
during anticipated duty over the lifetime of the plant as illustrated below:

(1) Switch and relay contacts carry no more than 50% of their continuous current rating.

(2) Isolation control is deenergized to trip, instead of energized to trip, and is thus made to call
attention to the failures that may occur in coil circuits, connections, or contacts.
(3) Instrumentation and controls are heavy duty industrial type of standard designs well proven

by service in industry or in nuclear power plants applications.

4) These components are subjected to the manufacturers' normal quality control and undergo
functional testing on the panel assembly floor as part of the integrated module test prior to
shipment of each panel. Only components which have demonstrated a high degree of
reliability and serviceability in other functionally similar applications are selected for use in
the isolation system.

Furthermore, a quality control and assurance program is required to be implemented and
documented by equipment vendors to comply with the requirements set forth in 10CFR50,
Appendix B. "Minimum" maintenance has been assumed to have been achieved if components
can be reasonably expected to last 40 years or more without wearing out or failing under their
maximum anticipated duty cycle (including testing).

7.3.2a.2.2.3.1.4 Equipment Qualification (IEEE 279-1971, Paragraph 4.4)

PCRVICS:

No sensory components of the isolation system are required to operate in the drywell environment
with the exception of the condensing chambers. All other sensory equipment is located outside the
drywell and is capable of accurate operation with wider swings in ambient temperature than results
from normal or abnormal (loss-of-ventilation and LOCA) conditions. Reactor vessel level sensors
are of the same type as for the RPS and meet the same standards. Drywell high pressure sensors
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are of the same type used for the RPS and meet the same standards. Control panels and relay
logic cabinets are located in the control structure which presents no new or unusual operating
considerations.

All components used in the isolation system have demonstrated reliable operation in similar
nuclear power plant protection system or industrial applications.

On the component and module level, NSSS supplier conducted qualification tests to qualify the
items for this application.

In situ operational testing of the detectors, monitors and channels will be performed at the site
during the preoperational test phase.

7.3.2a.2.2.3.1.5 Channel Integrity (IEEE 279-1971, Paragraph 4.5)

PCRVICS:

The isolation system is designed to tolerate the spectrum of failures listed under the general
requirements and the single failure criterion, and so it satisfies the channel integrity objective of this
paragraph.

7.3.2a.2.2.3.1.6 _Channel Independence (IEEE 279-1971, Paragraph 4.6)

The four trip channels of this protective function are electrically isolated and physically separated in
order to meet this design requirement.

Channel independence for sensors exposed to each process variable is provided by electrical and
mechanical separation. Physical separation is maintained between redundant elements of the
redundant control systems which will add to reliability of operation.

7.3.2a.2.2.3.1.7 Control and Protection Interaction (IEEE 279-1971, Paragraph 4.7)

PCRVICS:

(1) Classifications of Equipment. There is no control function in the system. lItis strictly a
protection system.

(2) Isolation Devices. No isolation devices are required.

(3) Single Random Failure. No single random failure of a control system can prevent proper
action of the isolation channel designed to protect against the condition.

4) Multiple Failures Resulting from a Credible Single Event. Analysis of (3) above applies
directly.

7.3.2a.2.2.3.1.8 Derivation of System Inputs (IEEE 279-1971, Paragraph 4.8)

PCRVICS:

The inputs which initiate isolation valve closure are direct measures of variables that indicate a
need for isolation; viz., reactor vessel low level, drywell high pressure, and pipe break detection.
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Pipe break detection utilizes methods of recognition of the presence of a material that has escaped
from the pipe, rather than detecting actual physical changes in the pipe itself.

7.3.2a.2.2.3.1.9 Capability for Sensor Checks (IEEE 279-1971, Paragraph 4.9)

PCRVICS:

The reactor vessel instruments can be checked one at a time by application of simulated signals.
These include level, pressure, radiation and flow. Temperature sensors used for leak detection are
checked periodically against a known heat source and also are calibrated, which requires removal
from the circuit during calibration and replacement by calibrated units.

7.3.2a.2.2.3.1.10 Capability for Test and Calibration (IEEE 279-1971, Paragraph 4.10)

PCRVICS:

All active components of the PCRVICS can be tested and calibrated during plant operation. The
radiation sensors can be cross-checked against their companions for verification of operability and
since they are used with reference to background, they do not require actual sensitivity verification
on a frequent basis. The contact action on an HFA type relay during a channel trip condition can
be verified by observation of actual drop-out when deenergized. The auxiliary relay circuits can be
tested individually by pulling the individual valve circuit fuses and observing relay drop-out. The log
radiation monitor can be tested by placing the monitor switch out of the "operate" position.

Thus, complete testability of every element of the system can be demonstrated without shutting
down the plant.

7.3.2a.2.2.3.1.11 Channel Bypass or Removal from Operation
(IEEE 279-1971, Paragraph 4.11)

PCRVICS:

Calibration of each sensor will introduce a single instrument channel trip. This does not cause a
protective function without the coincident trip of at least one other instrument channel.

7.3.2a.2.2.3.1.12 Operating Bypasses (IEEE 279-1971, Paragraph 4.12)

PCRVICS:

The isolation valve control system has two bypasses. One is the main steamline low pressure
bypass which is imposed by means of the mode switch in the other-than-run mode. The mode
switch cannot be left in this position with neutron flux measuring power above 10% of rated power
without initiating a scram. Therefore, the bypass is removed in accordance with IEEE 279-1971,
although it is a manual action that removes it rather than an automatic one.

The second, low condenser vacuum bypass is imposed by means of a manual bypass switch in
conjunction with closure of the turbine stop valves. Bypass removal is accomplished automatically
by the opening of the turbine stop valves and manually by placing the bypass switch in normal
position. Hence, the bypass is considered to be removed in accordance with IEEE 279-1971.
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In the case of the motor-operated valves, automatic or manual closure can be prevented by
shutting off electric power to the motor starters. This action will be indicated by annunciator in the
main control room.

As in other ESF many of the sensors for process variables operate from instrument lines hooked
up with root valves and instrument valves. Shutting off these valves in certain selected
combinations can disable redundant sensors and thus prevent operation of the system.
Precautions are taken to preclude such a possibility by requiring that the specific manipulation of all
instrument valves be either procedurally controlled, or controlled via a work authorizing document
in such a manner as to assure equipment restoration is accurately performed and documented.

The low water level (Level 1) initiation of the MSIVs (Div. 1) Control Logic "A" and Control Logic "C"
can be manually bypassed from the Control Room following an ATWS event, or during beyond
design basis conditions (e.g., Rapid Depressurization or Primary Containment Flooding).

7.3.2a.2.2.3.1.13 Indication of Bypasses (IEEE 279-1971, Paragraph 4.13)

PCRVICS:

The bypass of the main steamline low pressure isolation signal is not indicated directly in the main
control room except by the position of the mode switch handle. The bypass of the low condenser
vacuum is directly indicated in the main control room by an annunciator.

As with other ESF there are means of deliberately rendering the system inoperative without giving
indication of such conditions in the main control room. For instance, wires can be disconnected in
an energize-to-operate system without giving indication. Nor is the de-energize-to-operate system
immune from the equally disabling action of jumpering of normally closed contacts so their action
will not be seen by the system. Instrument valve shutoff is another disabling mechanism which is
not directly indicated in the main control room, but such action cannot be taken without defeating
established administrative procedural controls.

The position of the Bypass Switches used to defeat the low water level (Level 1) initiation of the
MSIVs following an ATWS event, or during beyond design conditions, is indicated in the Main
Control Room by indicating lights and by an annunciator.

7.3.2a.2.2.3.1.14 Access to Means for Bypassing (IEEE 279-1971, Paragraph 4.14)

PCRVICS:

The mode switch and condenser vacuum bypass switch are the only bypass switches affecting the
PCRVICS are located in the control structure and are keylocked.

As discussed in the paragraphs above, the instrument valves are under administrative control.
The Bypass Switches for the low water level (Level 1) initiation of the MSIVs following an ATWS
event, or during beyond design basis conditions, are keylocked and located in the Main Control

Room.

7.3.2a.2.2.3.1.15 Multiple Setpoints (IEEE 279-1971, Paragraph 4.15)

Paragraph 4.15 of IEEE 279-1971 is not applicable because all setpoints are fixed.
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7.3.2a.2.2.3.1.16 Completion of Protection Action Once Initiated
(IEEE 279-1971, Paragraph 4.16)

PCRVICS:

All isolation actions are sealed-in downstream of the logic, so valves go to the close position
completing the protective action. Manual reset action is provided by two reset switches, so that
inboard valves will be reset independent of outboard valves. This feature is incorporated only to
augment the electrical separation of the inboard and outboard valves and not for any need to reset
them separately.

7.3.2a.2.2.3.1.17 Manual Action (IEEE 279-1971, Paragraph 4.17)

PCRVICS:

The PCRVICS has four divisionally separated manual initiation switches which will separately
activate each of the four MSIV logics and isolation system initiation at the system level.

The logic for manual initiation is one-out-of-two-twice for the main steamline isolation valves and
one-out-of-two for the other isolation valves. The manual initiation switches require two distinct
operator actions (armed pushbuttons) to initiate the safety action. The manual initiation circuits are
at the system level, redundant, separated, testable during power operation and will meet the single
failure criterion.

Manual controls are separated so that a single failure will not inhibit an isolation. The separation of
devices is maintained in both the manual and automatic portion of the system so that no single
failure in either the manual or automatic portions can prevent an isolation by either manual or
automatic means.

7.3.2a.2.2.3.1.18 Access to Setpoint Adjustments (IEEE 279-1971, Paragraph 4.18)

PCRVICS:

Setpoint and adjustments for the isolation system sensors are integral with the sensors on the local
instruments and cannot be changed without the use of tools to remove covers over these
adjustments. Test points are incorporated into the control relay cabinets which are lockable to
prevent unauthorized actuation. The range (or span) of the drywell and reactor vessel pressure
switches is not adjustable.

7.3.2a.2.2.3.1.19 Identification of Protective Actions (IEEE 279-1971, Paragraph 4.19)

PCRVICS:

Protective actions (here, interpreted to mean pickup of a single sensor relay) are directly indicated
and identified by action of the sensor relay, which has an identification tag and a clear glass front
window permitting convenient, visible verification of the relay position. Any one of the sensor
relays also actuates an annunciator, so that no single channel "trip" (relay pickup) will go
unnoticed. Either of these indications is adequate, so this combination of annunciation and visible
verification of relay actuation fulfills the requirements of this criterion. In addition, indicator lights
are provided to show pickup of sensor relays.
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7.3.2a.2.2.3.1.20 Information Readout (IEEE 279-1971, Paragraph 4.20)

PCRVICS:
The information presented to the reactor operator by isolation control system are as follows:
(1) Annunciation of each process variable which has reached a trip point

(2) Computer readout of trips on main steamline tunnel temperature or main steamline high
flow

(3) Annunciation of steam leaks in each of the systems monitored, viz., main steam, cleanup,
and RHR

4) Open and closed position lights for each isolation valve

7.3.2a.2.2.3.1.21 System Repair (IEEE 279-1971, Paragraph 4.21)

PCRVICS:

Those components which are expected to have a moderate need for replacement are designed for
convenient removal. This includes the temperature signal amplifier units and temperature sensor.
The ampilifier units are of the circuit card or replaceable module construction and the temperature
sensor are replaceable units with disconnectable heads. Pressure sensors, vessel level sensors
can be replaced in a reasonable length of time, but these devices are considered to be
permanently installed although they have non-welded connections at the instrument, which will
allow replacement. All devices in the system can be reasonably expected to last forty years
without failure, with the duty cycle expected to be imposed, including testing. However, failures
can be detected during periodic testing and replacement time will be nominal.

The main steam tunnel temperature sensors are not accessible during normal plant operation
because of radiation from the main steamlines. Since there are four sensors per division, a failed
sensor will be replaced during a shutdown.

Similarly, the main steamline low pressure sensors are not readily accessible during operation
because of radiation from steamlines.

7.3.2a.2.2.3.1.22 Identification of Protection Systems (IEEE 279-1971, Paragraph 4.22)

PCRVICS:

Panels and racks which house isolation system equipment are identified by a distinctive color
marker plate listing the system name and designation of the particular redundant portion of the
system. Cables and raceways are color coded displaying the appropriate redundant portion of the
system.

7.3.2a.2.2.3.2 Conformance to IEEE 308-1974

Class 1E AC power supply systems are physically separated and electrically isolated into
redundant load groups so that safety actions provided by redundant counterparts are not
compromised.
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7.3.2a.2.2.3.3 Conformance to IEEE 323-1971

The components of the PCRVICS are covered by Subsection 7.1.2.5.3.

7.3.2a.2.2.3.4 Conformance to IEEE 338-1971

The system is testable during reactor operation. The tests will test the sensors through to the final
actuators, demonstrate independence of channels, and expose failures while not negating the
isolation function.

7.3.2a.2.2.3.5 Conformance to IEEE 344-1971

The seismic qualification of components of PCRVICS is covered by Section 3.10a.

7.3.2a.2.2.3.6 _Conformance to IEEE 379-1972

The single failure criterion of IEEE 279, as defined by IEEE 379-1972, is fully complied with in the
design of the PCRVICS.

The Main Steamline High Radiation Trip meets the single failure criterion by use of two redundant
gamma sensors in each of two different locations (four sensors total). The outputs from the
sensors are connected and routed separately to two independent logic trip systems. A single
failure would not inhibit the required isolation function. The equipment has been seismically and
environmentally qualified to ensure operation.

Power is provided from two independent sources. A failure of one source would neither cause nor
inhibit the isolation function. A complete loss of power would cause an isolation to occur.

7.3.2a.3 This Subsection Is Not Used

7.3.2a.4 Containment Spray Cooling System-Instrumentation and Controls

7.3.2a.4.1 General Functional Requirement Conformance

The RHR system is in the containment spray cooling mode, when the pumps take suction from the
suppression pool, pass it through the RHR heat exchangers, and inject it through spray spargers
located in the upper drywell.

In the event that the hydrogen mixing system is required to limit the hydrogen concentration in the
drywell, the RHR system flow will be diverted to containment spray headers (Containment Spray
Mode of RHR). The flow of the RHR pump will pass through the containment spray nozzles
qguenching any bypassed steam resulting from operation of the hydrogen mixing system. The
system is initiated as described in Subsection 7.3.1.1a.4.

7.3.2a.4.2 Specific Regulatory Requirements Conformance

The containment spray system meets the specific Regulatory Requirements as described in
Subsection 7.3.2a.1.2.
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7.3.2a.4.3 Conformance to Industry Codes and Standards

7.3.2a.4.3.1 |IEEE 279-1971

7.3.2a.4.3.1.1 General Functional Requirement (IEEE 279-1971, Paragraph 4.1)

IEEE 279-1971 Requirement Containment Spray Design Provision

AUTO-INITIATION  Containment spray is not automatically initiated; however, its safety function
is adequately assured by manual initiation.

(1) Appropriate Action Appropriate action for the containment spray control system is
defined as activating equipment for introducing water into the
containment spray discharge valves.

(2) Precision Precision is a term that does not apply strictly to the containment
spray system control because of the wide range of setpoint values
that could give the appropriate signal to allow manual initiation.
Reliability of the control system is compatible with the controlled
equipment.

(3) With Reliability
4) Over Full Range of Environmental Conditions

a. Power Supply Voltage Tolerance is provided to any degree of AC power supply
voltage fluctuation within one division such that voltage regulation
failures in one division cannot negate successful low pressure core
cooling. DC power supply failure will likewise affect only one of the
two containment spray divisions.

b. Power Supply Same as (4)a. above.
Frequency Excessive frequency reduction is indicative of an onsite power
supply failure and equipment shutdown in that division is required.

C. Temperature Operable at all temperatures that can result from LOCA.

d. Humidity Operable at humidities (steam) that can result from LOCA.

e. Pressure Operable at all pressures resulting from a LOCA as required.

f. Vibration Tolerance to conditions stated in Section 3.10.

g. Malfunctions Tolerance to any single component failure to operate on command.

h. Accidents Tolerance to all design basis accidents without malfunction.

i. Fire Tolerance to a single raceway or enclosure fire or mechanical
damage.

j- Explosion Explosions not defined in design basis.
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k. Missiles Tolerance to any single missile destroying no more than one pipe,
raceway, or electrical enclosure.
Lightning Tolerance to lightning damage limited to one auxiliary bus system.
See comments under (4)a.
m. Flood All control equipment is located above flood level by design.
n. Earthquake  Tolerance to conditions stated in Section 3.10.
(o} Wind Seismic Class | building houses all control equipment.
p. System Response Responses are within the time requirements of need to start
containment spray.
g. System Accuracies  Accuracies are within that needed for correct timely action.
r. Abnormal Ranges Sensors do not saturate when overranged. of Sensed

Variables

7.3.2a.4.3.1.2 Single-Failure Criterion (IEEE 279-1971, Paragraph 4.2)

Redundancy in equipment and control logic circuitry is provided so that it is not possible that the
complete containment spray system can be rendered inoperative using single failure criteria.

Two division logics are provided. Division 1 logic is provided to initiate loop A equipment and
Division 2 logic is provided to initiate loop B equipment.

Tolerance to the following single failures or events is provided in the sensing channels, trip logic,
actuator logic, and actuated equipment so that these failures will be limited to the possible disabling
of the initiation of only one loop:

(1) Single open circuit

(2) Single short circuit

(3) Single component failure open

4) Single component failure shorted or grounded

(5) Single module failure (including shorts, opens, and grounds)

(6) Single electrical enclosure involvement (including shorts, opens, and grounds)

(7) Single local instrument cabinet destruction (including shorts, opens, and grounds)

(8) Single raceway destruction (including shorts, opens, and grounds)

9) Single control power supply failure

(10)  Single motive power supply failure
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(11)  Single control circuit failure
(12)  Single sensing line (pipe) failure
(13)  Single electrical component failure

7.3.2a.4.3.1.3 Quality Components (IEEE 279-1971, Paragraph 4.3)

Components used in the containment spray control system have been carefully selected for the
specific application. Ratings have sufficient conservatism to ensure against significant
deterioration during anticipated duty over the lifetime of the plant as illustrated below:

(1) Switch and relay contacts carry no more than 50% of their continuous current rating.
(2) Controls are energized to operate and have brief and infrequent duty cycles.

(3) Motor starters and circuit breakers are effectively derated for motor starting applications
since their nameplate ratings are based on short circuit interruption capabilities, as well as
on continuous current carrying capabilities. Short-circuit current-interrupting capabilities are
many times the starting current for the motors being started.

4) Normal motor starting equipment ratings include allowance for a much greater number of
operating cycles than the emergency core cooling application will demand, including
testing.

(5) Instrumentation and controls are rated for application in the normal, abnormal, and accident
environments in which they are located.

(6) These components are subjected to the manufacturers normal quality control and undergo
functional testing on the panel assembly floor as part of the integrated module test prior to
shipment of each panel. Only components which have demonstrated a high degree of
reliability and serviceability in other functionally similar applications, or qualified by tests, are
selected for use.

Furthermore, a quality control and assurance program is required to be implemented and
documented by equipment vendors with the intent of complying with the requirements set forth in
10CFR50, Appendix B.

7.3.2a.4.3.1.4 Equipment Qualification (IEEE 279-1971, Paragraph 4.4)

No components of the containment spray system are required to operate in the drywell
environment. Sensory equipment is located outside the drywell and is capable of accurate
operation with wider swings in ambient temperature than results from normal or abnormal
(loss-of-ventilation and LOCA) conditions. All components used in the containment spray system
have demonstrated reliable operation in similar nuclear power plant protection systems or industrial
operation. All of the equipment located outside the drywell are qualified to and will operate in their
worst-case environments shown in the 3.11 tables.
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7.3.2a.4.3.1.5 Channel Inteqrity (IEEE 279-1971, Paragraph 4.5)

The containment spray system instrument channels (low water level or high drywell pressure) are
designed to satisfy the channel integrity objective.

7.3.2a.4.3.1.6_Channel Independence (IEEE 279-1971, Paragraph 4.6)

Channel independence of the sensors for each variable is provided by electrical isolation and
mechanical separation. For instance, the A and C sensors for reactor vessel low water levels are
located on one local instrument panel that is identified as Division 1 equipment; the B and D
sensors are located on a second instrument panel, widely separated from the first and identified as
Division 2 equipment. The A and C, sensors have a common process tap, which is widely
separated from the corresponding tap for sensors B and D. Disabling of one or all sensors in one
location does not disable the control for the other division.

Relay cabinets for Division 1 are in a separate physical location from that of Division 2. Each
division is complete in itself with its own station battery control and instrument power bus, power
distribution buses, and motor control centers. The divisional split is carried all the way from the
process taps to the final activated equipment, and includes both control and motive power supplies.

Although there are only two sensors for each variable in each division, these sensors back up each
other as described in the preceding paragraph.

7.3.2a.4.3.1.7 Control and Protection Interaction (IEEE 279-1971, Paragraph 4.7)

The containment spray system is a safety system designed to be independent of plant control
systems.

7.3.2a.4.3.1.8 Derivation of System Inputs (IEEE 279-1971, Paragraph 4.8)

The inputs which are permissive for the containment spray system are direct measures of the
variables that indicate need for containment cooling. Containment high pressure is sensed by
pressure sensors. Reactor vessel water level is sensed by vessel water level sensors.

7.3.2a.4.3.1.9 Capability for Sensor Checks (IEEE 279-1971, Paragraph 4.9)

All sensors are of the pressure sensing type and are installed with calibration taps and instrument
valves, to permit testing during normal plant operation or during shutdown. The drywell high
pressure sensors can be checked only by application of gas pressure from a low pressure source
(instrument air or inert gas bottle) after closing the instrument valve and opening the calibration
valve.

The reactor water indicating switches can be calibrated during normal plant operation or during
shutdown. The switches are valved out of service and a test source, using operational process
fluid (demineralized water in this case), applies a differential pressure across the switches.
Pressures are analogous to those corresponding to reactor water levels over the instrument’s
range. The same procedure is used for both setpoint and indication calibration.
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7.3.2a.4.3.1.10 Capability for Test and Calibration (IEEE 279-1971, Paragraph 4.10)

The containment spray system is capable of being completely tested during normal plant operation
to verify that each element of the system, active or passive, is capable of performing its intended
function. Motor-operated valves can be exercised by the appropriate control logic and starters, and
all indications and annunciations can be observed as the system is tested.

The pump can be started by appropriate breakers. Sensors can be exercised by applying test
pressures. Logic relays can be exercised by means of plug-in test switches used alone or in
conjunction with single sensor tests.

7.3.2a.4.3.1.11 Channel Bypass or Removal from Operation
(IEEE 279-1971, Paragraph 4.11)

Calibration of each sensor will introduce a single instrument channel trip. This does not cause a
protective function without coincident operation of a second channel.

Removal of a sensor from operation during calibration does not prevent the redundant instrument
channel from functioning if accident conditions occur. Removal of an instrument channel from
service during calibration will be brief.

7.3.2a.4.3.1.12 Operating Bypasses (IEEE 279-1971, Paragraph 4.12)

Containment spray has no operating bypasses.

7.3.2a.4.3.1.13 Indication of Bypasses (IEEE 279-1971, Paragraph 4.13)

There are no automatic bypasses of any part of the containment spray control system. Deliberate
opening of the valve motor breaker will give annunciation in the main control room.

7.3.2a.4.3.1.14 Access to Means for Bypassing (IEEE 279-1971, Paragraph 4.14)

Access to switchgear, motor control centers, and instrument valves may be procedurally controlled
by the following administrative means or other suitable alternative:

(1) Seals (or locks) on instrument valves
(2) Lockable doors on emergency switchgear rooms
(3) Lockable breaker control switch handles in the motor control centers

7.3.2a.4.3.1.15 Multiple Trip Settings (IEEE 279-1971, Paragraph 4.15)

Paragraph 4.15 of IEEE 279 is not applicable because all setpoints are fixed.

7.3.2a.4.3.1.16 Completion of Protection Action Once It Is
Initiated (IEEE 279-1971, Paragraph 4.16)

The final control elements for the containment spray system are essentially bi-stable, i.e., pump
breakers stay closed without control power, and motor-operated valves stay open once they have
reached their open position, even though the motor starter may drop out (which will occur when the
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valve open limit switch is reached). In the event of an interruption in AC power the control system
will reset itself and recycle on restoration of power.

Thus, protective action once initiated must go to completion or continue until terminated by
deliberate operator action.

7.3.2a.4.3.1.17 Manual Actuation (IEEE 279-1971, Paragraph 4.17)

Containment spray is a manually initiated system.

7.3.2a.4.3.1.18 Access to Setpoint Adjustment
(IEEE 279-1971, Paragraph 4.18)

Setpoint adjustments for the containment spray system sensors are integral with the sensors on
the local instrument racks and cannot be changed without the use of tools to remove covers over
these adjustments. Test points are incorporated into the control relay cabinets which are capable
of being locked to prevent unauthorized actuation. The range (or span) of the drywell and reactor
vessel pressure transducers is not adjustable. Because of these restrictions, compliance with this
requirement of IEEE 279 is considered complete.

7.3.2a.4.3.1.19 |dentification of Protective Actions
(IEEE 279-1971, Paragraph 4.19)

Protective actions are directly indicated and identified by annunciator operation and sensor relay
indicator lights. Either of these indications should be adequate, so this combination of annunciation
and visible verification fulfills the requirements of this criterion.

7.3.2a.4.3.1.20 Information Readout (IEEE 279-1971, Paragraph 4.20)

Sufficient information is provided on a continuous basis so that the operator can have a high
degree of confidence that the containment spray function is available and/or operating properly.

7.3.2a.4.3.1.21 System Repair (IEEE 279-1971, Paragraph 4.21)

The containment spray control system is designed to permit repair or replacement of components.

Recognition and location of a failed component will be accomplished during periodic testing. The
simplicity of the logic will make the detection and location relatively easy, and components are
mounted in such a way that they can be conveniently replaced in a short time. Sensors which are
connected to the instrument piping are connected with separate screwed or bolted fittings and
could be changed in approximately 1 hour, including electrical connection replacement.

7.3.2a.4.3.1.22 ldentification (IEEE 279-1971, Paragraph 4.22)

A colored nameplate identifies each logic cabinet and instrument panel that are part of the
containment spray system. The nameplate shows the division to which each panel or cabinet is
assigned, and also identifies the function in the system of each item on the control panel.

Identification of cables and raceways is provided.
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Panels in the control structure are identified by tags which indicate the system and logic contained
in each panel.

7.3.2a.5 Suppression Pool Cooling Mode (RHR) - Instrumentation and Controls

7.3.2a.5.1 General Functional Requirements Conformance

The suppression pool cooling mode of the RHR is designed to limit the water temperature in the
suppression pool such that the temperature immediately after a blowdown does not exceed the
established limit when reactor pressure is above the limit for cold shutdown. During this mode of
operation, water is pumped from the suppression pool, through the RHR system heat exchangers,
and back to the suppression pool. The SPC mode thus maintains the suppression pool as a heat
sink for reactor and containment.

7.3.2a.5.2 Regulatory Requirements Conformance

7.3.2a.5.2.1 Requlatory Guide 1.22 (1972)

Conformance to this guide is discussed in Section 7.3.2a.1.2.1.3

7.3.2a.5.2.2 Regulatory Guide 1.29 (1973)

Conformance to this guide is discussed in Section 7.3.2a.1.2.1.4.

7.3.2a.5.2.3 Regqulatory Guide 1.30 (1972)

Conformance to this guide is discussed in Section 3.13.

7.3.2a.5.2.4 Regqulatory Guide 1.32 (1972)

See Subsection 7.3.2a.1.2.3.2.

7.3.2a.5.2.5 Regqulatory Guide 1.47 (1973)

Indication and annunciation is provided in the control room to inform the operator that a system or
part of a system is inoperable. See Section 7.1.2.6.10 for a discussion of the bypass indication
capability provided.

7.3.2a.5.2.6 Regulatory Guide 1.53 (1973)

The system is designed with two independent and redundant portions to assure that no single
failure can prevent the safety function.

7.3.2a.5.2.7 Reqgulatory Guide 1.62 (1973)

System initiation is manual from the control room. The manual controls are easily accessible to the
operator so that required actions can be performed quickly. Once initiated, system initiation goes
to completion unless overridden by a higher priority function or interlock.
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7.3.2a.5.2.8 Regulatory Guide 1.63 (1973)

See Subsection 7.1.2.6.13.

7.3.2a.5.2.9 Regqulatory Guide 1.75 (1975)

Conformance to this guide is discussed in Section 7.1.2.6.17.

7.3.2a.5.3 Conformance to 10CFR50 Appendix A

Conformance to GDC 5, 13, 19 through 24, 29, 35, and 37 are described in Section 7.3.2a.1.2.2.

7.3.2a.5.4 Conformance to Industry Codes and Standards

7.3.2a.5.4.1 |EEE Standard 279 (1971)

7.3.2a.5.4.1.1 General Functional Requirements (Paragraph 4.1)

A

Auto Initiation - The suppression pool cooling mode has no auto-initiation feature, but is
manually initiated from the control room. Proper and timely system operation is assured
with manual initiation, because sufficient time and information is available to the operator.
The monitored parameters which would indicate satisfactory system performance, or
operator error include fluid temperature, flow, pressure, and valve positions.

Appropriate Protective Action - The suppression pool cooling instrumentation and controls
allows manual initiation of cooling flow to control suppression pool temperature.

Precision - Since suppression pool cooling is manually initiated based on one or more
parameters, precision does not strictly apply to this system's control circuitry.

Reliability - Reliability of the control system is compatible with controlled equipment.

Performance Under Adverse Conditions

1. Power supply voltage and frequency - An electrical fault in one division cannot
impair proper suppression pool cooling mode operation due to the redundant
control circuits, each being supplied by different power sources.

2. Temperature - The suppression pool cooling mode is designed to function properly
in the high temperature environment expected during the design basis accidents.

3. Humidity - The system is designed to function properly in the high humidity (steam)
environment expected during the design basis accidents.

4, Pressure - The system is designed to function properly in the full range of pressures
expected during the design basis accidents.

5. Vibration - Tolerance to environmentally - induced vibration (earthquake, wind) is
discussed in Section 3.10.

6. Accidents - The system is tolerant to any design basis accident.
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7. Fire - The system is tolerant to a fire in a single division raceway or enclosure.
8. Explosions - Explosions are not defined in the design basis.
9. Missiles - The system is tolerant to any single missile destroying no more than one

pipe, raceway, or electrical enclosure.
10. Lightning - The system is tolerant to lightning damage to one auxiliary AC bus.

1. Flood - All instrumentation and controls are located above flood level or are
protected from flood damage.

12. Earthquake - All control equipment is housed in a seismic Class | structure.
Tolerance to earthquake damage is discussed in Section 3.10.

13. Wind and Tornado - The structures containing ESF components have been
designed to withstand meteorological events described in Section 3.3.2. Superficial
damage may occur to miscellaneous station property during a postulated tornado,
but this will not impair ESF capabilities.

14. System Response Time - Manual initiation has been shown to provide adequate
response time for initiation of this RHR mode.

15. System Accuracies - Instrumentation accuracy is considered when establishing a
safety trip setpoint. System accuracies are within that needed for correct timely
action.

16. Ranges of Monitored Parameters - Instrument sensors and processing equipment
are capable of displaying the full ranges of parameters expected during the design
basis accidents.

7.3.2a.5.4.1.2 Single Failure Criterion (Paragraph 4.2)

Two independent fluid systems are provided, each with the capacity for removing the total design
heat load. Two division logic networks are provided: Division 1 logic initiates loop A equipment
and Division 2 logic initiates loop B equipment.

Redundancy in equipment and control logic circuitry is provided so that a single failure will not
interfere with proper operation of the redundant portions of the system.

Tolerance to specific single failures or events is discussed in Section 7.3.2a.4.3.1.2.

7.3.2a.5.4.1.3 Quality of Components (Paragraph 4.3)

Components used in the suppression pool cooling mode have been carefully selected for their
specific applications. Ratings have sufficient conservatism to prevent significant deterioration
during expected duty over the lifetime of the plant, as illustrated below:

(1 Controls are "energized to operate" and have infrequent, brief duty cycles.

(2) Switch and relay contacts carry no more than 50% of their continuous duty rating.
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(3) Normal motor starting equipment ratings include allowance for a much greater number of
operating cycles than the application will demand, including testing.

4) Instrumentation and controls are rated for application in the normal, abnormal, and accident
environments in which they are located.

(5) These components are subjected to the manufacturer's normal quality control and undergo
functional testing on the panel assembly floor as part of the integrated module test prior to
shipment of each panel assembly. Only components which have demonstrated a high
degree of reliability and serviceability in other functionally similar applications, or which
have been qualified by testing, are selected for use.

Additionally, equipment vendors are required to implement and document a quality control
and assurance program in accordance with the requirements of 10CFR50, Appendix B.

7.3.2a.5.4.1.4 Equipment Qualification (Paragraph 4.4)

Components of the suppression pool cooling mode instrumentation have undergone qualification
testing to evaluate their suitability for reliable service in their installed locations, or have
demonstrated reliable operation in similar nuclear power plant installations and industrial
applications.

No component of the control system is required to operate in the drywell environment. Sensory
equipment is located outside the drywell and is capable of accurate operation in wide variations of
environmental conditions.

7.3.2a.5.4.1.5 Channel Integrity (Paragraph 4.5)

The suppression pool cooling mode instrumentation and controls are designed to remain operable
under extreme environmental conditions as detailed in Subsection 7.3.2a.5.4.1.3 (5).

7.3.2a.5.4.1.6 _Channel Independence (Paragraph 4.6)

Channel independence is maintained for all suppression pool cooling control circuitry. Channel
sensor instrumentation is physically and electrically separated and identified as belonging to the
respective divisions. Relay cabinets are physically and electrically separated. Each division has its
own battery, control and instrumentation bus, power distribution buses, and motor control centers.

7.3.2a.5.4.1.7 Control and Protection System Interaction (Paragraph 4.7)

The suppression pool cooling mode is a safety function and is independent of plant control
systems.

7.3.2a.5.4.1.8 Derivation of System Inputs (Paragraph 4.8)

The inputs to the interlock circuit for suppression pool cooling flow control are the same as those
used for low pressure coolant injection. (See Section 7.3.1.1a.1.6.5.)
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7.3.2a.5.4.1.9 Capability for Sensor Checks (Paragraph 4.9)

Discussion of checks on sensors used in the interlock circuit are discussed in
Subsection 7.3.2a.4.3.1.9.

7.3.2a.5.4.1.10 Capability for Test and Calibration (Paragraph 4.10)

The suppression pool cooling mode can be tested completely during normal plant operation to
verify that each element of the system active or passive, is capable of performing its intended
function. Motor-operated valves can be exercised by the appropriate control logic and starters, and
all indications and annunciations can be observed during the test.

7.3.2a.5.4.1.11 Channel Bypass or Removal from Operation (Paragraph 4.11, Operating
Bypasses (Paragraph 4.12), Indication of Bypasses (Paragraph 4.13)

The suppression pool cooling controls have no operating bypasses.

7.3.2a.5.4.1.12 Access to Means for Bypassing (Paragraph 4.14)

Since there are no bypasses, this criterion is not strictly applicable. Means of disabling
instrumentation and controls is administratively controlled, including control of access to instrument
valves and emergency switchgear.

7.3.2a.5.4.1.13 Multiple Setpoint (Paragraph 4.15)

There are not multiple trip settings.

7.3.2a.5.4.1.14 Completion of Protective Action Once Initiated (Paragraph 4.16)

The final control elements for the suppression pool cooling mode are essentially bi-stable: for
example, motor-operated valves stay open once they have reached their open position even after
the motor starter drops out. Thus, once manually initiated an action will go to completion and will
continue unless deliberately terminated by the operator, or overridden by a higher priority function
or interlock.

7.3.2a.5.4.1.15 Manual Initiation (Paragraph 4.17)

Suppression pool cooling is manually-initiated. Each separated loop is independently controlled by
the operator.

7.3.2a.5.4.1.16 Access to Setpoint Adjustments (Paragraph 4.18)

The suppression pool cooling mode does not require setpoints.

7.3.2a.5.4.1.17 ldentification of Protective Actions (Paragraph 4.19)

Suppression pool cooling flow initiation is indicated by status lights on the control panel.
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7.3.2a.5.4.1.18 Information Read-Out (Paragraph 4.20)

Continuous-reading indications are provided to enable the operator to verify proper system
operation. The design minimizes the possibility of confusion due to inconsistent indications.

7.3.2a.5.4.1.19 System Repair (Paragraph 4.21)

The suppression pool cooling mode is designed for efficient maintainability. Easy recognition of
malfunctioning equipment is provided through proper test procedures. Accessibility is provided for
the sensors and controls to facilitate repair or adjustment.

Sensors connected to instrument piping have threaded fittings or bolted fasteners and can be
easily replaced.

7.3.2a.5.4.1.20 ldentification (Paragraph 4.22)

Nameplates identify each logic cabinet and instrument panel that is part of the RHR system. The
nameplates also indicate the division to which each panel or cabinet is assigned. Identification of
cables and raceways is provided.

7.3.2a.5.4.2 |EEE Standard 308 (1974)

Class 1E electrical loads in the suppression pool cooling instrumentation and control system are
physically separated and electrically isolated into independent load groups. A failure in one group
will not interfere with proper operation of the redundant portions of the system in Section 8.1.

7.3.2a.5.4.3 |IEEE Standard 338 (1971)

The capability for testing the suppression pool cooling instrumentation and control system is
discussed in Subsection 7.3.1.1a.5.10.

7.3.2a.5.4.4 |EEE Standard 379 (1972)

The single failure criterion of IEEE 279 (1971), paragraph 4.2 as further defined in IEEE 379
(1972), "Application of the Single Failure Criterion to Nuclear Power Generating Station Protection
System," is met as described in Subsection 7.3.2a.5.4.1.2.

7.3.2a.5.4.5 |[EEE Standard 384 (1974)

Independence of suppression pool cooling equipment is demonstrated in the Section
on Conformance to IEEE 279 (1971) paragraph 4.6 and IEEE 308 (1974).
See Subsections 7.3.2a.5.4.1.6 and 7.3.2a.5.4.2.

7.3.2a.6 Additional Design Considerations Analyses

7.3.2a.6.1 General Plant Safety Analysis

The examination of the subject ESF system at the plant safety analyses level is presented in
Chapter 15 and Appendix 15A.
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7.3.2a.6.2 Loss of Plant Instrument Air System

Loss of plant instrument air will not negate the subject ESF system safety functions. Refer to
Appendix 15A.

7.3.2a.6.3 Loss of Cooling Water to Vital EQuipment

Loss of cooling water to ECCS, containment and reactor vessel isolation systems and other
systems described in this section, when subject to single active component failure or single
operator error, will not result in the loss of sufficient ESF system to negate their safety function.
Refer to Appendix 15A.

7.3.2b ANALYSIS FOR NON-NSSS SYSTEMS

Analysis of ESF Actuation Systems (ESFAS) not supplied with the NSSS. Generally, the
requirements of the General Design Criteria, Appendix A of 10CFR50, are satisfied for ESFAS as
described in Section 3.1. This section describes the applicability of General Design Criteria to
non-NSSS ESFAS, describes how the requirements of IEEE 279-1971 (Section 4) are applicable,
and how they are met.

7.3.2b.1 General Design Criteria

Criterion 1: Quality Standards and Records

The equipment for non-NSSS ESFAS, ESF, and supporting systems is included in an established
quality assurance program as described in Subsection 3.1.2 and Chapter 17.

Regulatory Guides 1.28, 1.30, and 1.38 has been satisfied with exceptions noted in Section 3.13.

Criterion 2: Design Basis for Protection Against Natural Phenomena

The design basis for protection against natural phenomena is described in Subsection 3.1.2 and is
applicable to non-NSSS ESFAS.

Criterion 3: Fire Protection

The design basis for the fire protection system is described in Subsection 9.5.1 and in the Fire
Protection Review Report.

Criterion 4: Environmental and Missile Design Basis

Environmental design is described in Section 3.11. Missile design basis requirements are
documented in Section 3.5, and see Subsection 3.1.2 for response to these GDC.

Criterion 5: Sharing of Structures, Systems, and Components

Refer to Section 3.1.2 for general discussion.

Refer to Subsection 9.4.2 for sharing of H&V, reactor building isolation and recirculation and
standby gas treatment systems.
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Criterion 10: Reactor Design

The criterion is applicable to non-NSSS ESFAS insofar as containment isolation, standby gas
treatment, reactor building isolation and recirculation, and control room isolation (habitability) are
initiated by NSSS sensors monitoring reactor and containment conditions.

Refer to Subsection 7.2.2.1.2.2.6.

Criterion 13: Instrumentation and Controls

The instrumentation and controls for ESF systems are selected to monitor variables required for
safety over the expected range of operation for normal, transient, and accident conditions.
Variables affecting plant design limits are monitored to initiate protective action.

Safety related display instrumentation is documented in Table 7.5-1.

Criterion 19: Control Room

The control room layout is presented in Section 7.5.

Control room isolation and habitability is described in Sections 6.4 and Subsections 7.3.1.1b.7, and
9.4A1.

Remote shutdown design is described in Subsection 7.4.1.4.

Criterion 20: Protection System Function

The criterion is applicable to non-NSSS ESFAS insofar as containment isolation, standby gas
treatment, reactor building isolation and recirculation, and control room isolation (habitability) are
initiated by NSSS sensors monitoring reactor and containment conditions. Refer to Subsection
7.2.1.1.4.2 which describes variables affecting plant safety which are monitored by RPS and ESF
systems, with automatic initiation through ESFAS. Refer to Tables 7.3-1 through 7.3-5 for
information on the Instrument functions, Instrument/sensor type, Instrument range and Number of
channels provided. Refer to Technical Requirements Manual for the trip setpoints; and the plant
Technical Specifications for the Allowable Values.

Criterion 21: Protection System Reliability and Testability

Refer to Subsections 7.2.2.1.2.2.12 and 7.3.2a.2.2.3.10.

Criterion 22: Protection System Independence

Refer to Subsection 7.2.2.1.2.2.13 and 3.1.2.

Criterion 23, 24, 25, 26, 27, 28

These criteria are not directly applicable to non-NSSS ESF. Refer to Subsection 3.1.2 for general
discussion.
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Criterion 29: Protection Against Anticipated Operational Occurrences

Non-NSSS is affected insofar as NSSS sensors and logic are provided, selected, and installed to
accomplish their function.

Criteria 30, 31, 32, 33

Not applicable to non-NSSS ESF.

Criterion 34: Residual Heat Removal

Non-NSSS RHR Service Water is an auxiliary support system to provide coolant to RHR. The
system is described in Subsection 9.2.6. ESFAS is described in Subsection 7.3.1.1b.8.2.

Criterion 35: Emergency Core Cooling

Non-NSSS provides support to ECCS in that ECCS Unit Coolers (Subsection 7.3.1.1b.8.5.5)
support ECCS equipment. Actuation is described in the above reference. These coolers are
actuated directly by interlocks to the equipment they serve.

Criteria 36 and 37

These criteria are not applicable to non-NSSS ESF.

Criterion 38: Containment Heat Removal

Non-NSSS Drywell Unit Coolers provide the normal operating function of containment heat
removal. Actuation of these coolers is described in Subsection 7.3.1.1b.8.5.6. The system is
described in Subsection 9.4.5.

Criteria 39 and 40: Inspection and Testing of Containment Heat Removal

These criteria are not applicable to non-NSSS ESFAS.

Criterion 41: Containment Atmosphere Cleanup

SGTS, Recirculation and Containment Atmosphere monitoring provide functions to which these
criteria apply.

These systems' ESFAS are described and analyzed in the following sections:

Standby Gas: Subsections 6.5.1.1, 9.4.2, 7.3.1.1b.4, and Table 7.3-18
Recirculation: Subsections 6.5.3, 9.4.2, 7.3.1.1b.5, and Table 3-19
Containment Atmosphere:  Subsection 6.2.5, and Sections 7.5 Monitoring and 7.6.

Criteria 42 and 43

Not applicable to non-NSSS ESFAS.
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Criterion 44: Cooling Water

Emergency Service Water provides support of heat transfer for standby power and reactor building
and Containment Cooling under emergency conditions. RHR Service Water serves RHR. Both
systems work from the ultimate heat sink. Descriptions are in Subsections 9.2.5, and 9.2.6;
ESFAS are in Subsections 7.3.1.1b.8.1 and 7.3.1.1b.8.2.

Criterion 45

Not applicable to non-NSSS ESF.

Criterion 46: Testing of Cooling Water Systems

Testing of EBSW and RHRSW ESFAS are described under IEEE requirements (Paragraph 4.10)
below.

Criterion 50-54: Piping Systems Penetrating Containment

These criteria are not applicable to non-NSSS ESF.

Criteria 55, 56, and 57

Primary Containment Isolation

Refer to Subsections 6.2.4, 7.3.1.1a.2, 7.3.1.1b.1, 7.3.2a and 7.3.2b and Table 6.2-12.
Criterion 60-64

Not applicable to non-NSSS ESFAS.

7.3.2b.2 Equipment Design Criteria

The requirements for safety related functional performance and reliability of ESF and auxiliary
support systems are established in IEEE 279-1971, criteria for protection systems for nuclear
power generating stations.

This section describes how the requirements listed in Section 4 of IEEE 279 are satisfied.

4. Requirements

4.1 General Functional Requirement

The ESFAS is designed to manually or automatically actuate non-NSSS ESF systems and
auxiliary support systems whenever a plant condition is detected to exceed a preset safe value.
Instrument performance and characteristics, such as response time, accuracies, and ranges are
considered in the design to ensure adequate protection during anticipated normal, abnormal, or
accident conditions.

Technical specifications are presented in Chapter 16.
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4.2 Single Failure Criteria

In all cases for non-NSSS ESFAS described, single failure criteria are met by use of redundant
protection systems. In terms of single failure analysis (IEEE 379-1972) for any required protective
action, channels, system logic, and actuator circuits are redundant and independent trains.
Therefore, any single failure in any subdivision of one train cannot prevent the other train from
operating. Non-NSSS ESFAS and auxiliary support systems use the above design.

4.3 Quality of Components and Modules

NSSS furnished equipment serving non-NSSS ESFAS is described in Subsections 7.3.2a.2.2.3.1.3
and 7.3.2a.1. 2.3.1.3.

4.4 Equipment Qualifications

Equipment qualifications for the performance requirement of instrumentation for ESF systems, and
auxiliary support systems are described in Sections 3.10 and 3.11.

4.5 Channel Integrity

Integrity within each redundant system is provided as described in above and below statements of
compliance.

4.6 Channel Independence

Each redundant safety related system and its instrumentation is designed as an independent
system physically separated from each other.

Physical independence of electrical systems follows the recommendations of Regulatory Guide
1.75 for all non-NSSS ESF systems, and auxiliary supporting systems. Also refer to Section 3.12.

4.7 Control and Protection System Interaction

No portion of non-NSSS ESFAS is used for control functions.

4.8 Derivation of Signal Inputs

Safety related signals are measured directly from the desired process variable, if the input is
provided to the ESFAS. Signals originate as described in Subsections 7.3.2a.2.2.3.1.8 and
7.3.2a.2.1.3.1.8.

4.9 Capability of Sensor Checks

Non-NSSS ESFAS use NSSS sensors. Capability for checks is covered typically in Subsection
7.3.2a.2.2.1.9. Radiation detector checks are described in Section 11.5.
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4.10 Capability for Test and Calibration

Provisions have been incorporated to periodically test the non-NSSS ESFAS functions to affirm
operability from the initiation signal to the final actuators. Implementation is described below for
each system. Test frequency is as noted in the Technical Specification or in accordance with the
preventative maintenance program as appropriate.

(1) Primary Containment Isolation Control (See Subsection 7.3.1.1b.1) is initiated by relays
B21H-K84, E21A-K100A, E21A-K101A, PSHX-15120C and LISX-14221C for Division |
circuits and by relays B21H-K83, E21A-K100B, E21A-K101B, PSHX-15120D and
LISX-14221D for Division Il circuits (Refer to E-184, sheets 1, 5 and 7). The system
then isolates containment.

(2) Combustible Gas Control System - Instrumentation and Control (Subsection 7.3.1.1b.2.1),
test requirements are given in 6.2.5.4.

(3) Primary Containment Vacuum Relief Instrumentation and Control is a test system (see
Subsection 7.3.1.1b.3).

4) Emergency Service Water System Instrumentation and Control (Subsection 7.3.1.1b.8.1) is
initiated by the diesel start signal from diesel generators aligned to ESS Buses. All features
of the system can be tested by altering the start sequence and the number of diesels being
operated.

(5) RHR Service Water System Instrumentation and Control (Subsection 7.3.1.1b.8.2) is a
manually initiated system and may be tested by manual initiation.

(6) Containment Instrument Gas System Instrumentation and Control
(Subsection 7.3.1.1b.8.3) is initiated by the relays as described in (1) above. The system
then completes its transfer function to the standby gas bottles, which is verified by indicator
lights and local pressure indication.

(7) Standby Gas Treatment System (SGTS) (Subsection 7.3.1.1b.4) Sensors of the SGTS
initiating circuits can be checked for the operational availability, and the initiating circuits
can be actuated or calibrated by either perturbing the monitored variable or by use of
substitution input to the sensors.

LOCA - signal for the SGTS is initiated by relay XY07553A for Div. | and by relays XY07553B for
Div. II.

(8) Reactor Building Recirculation System (7.3.1.1b.5) Sensors of the recirculating system
initiating circuits can be checked for operational availability, and the initiation of circuits can
be actuated or calibrated by use of substitution input to the sensors.

LOCA-signal for the fans are directly initiated by relays XY07553A and B; Zone | recirculation
dampers are initiated by relays XY07551A and B; dampers connecting SGTS to the recirculation
plenum are initiated by relays XY07553A and B; Zone Il dampers are initiated by relays XY07552A
and B.

FSAR Rev. 70 7.3-140



SSES-FSAR
Text Rev. 73

(9) Reactor Building Isolation and HVAC Support (Subsection 7.3.1.1b.6)

Checking of sensors and initiation circuits for the reactor building isolation is the same as for the
Reactor Building Recirculation System, see Subsection 7.3.2b.2-4.10(8).

(10)  Habitability, Control Room Isolation (Subsection 7.3.1.1b.7) Sensors of the control room
isolation initiating circuit can be checked for the operational availability, and the initiating
circuits can be initiated or calibrated by use of Substitution input to the sensors.

The LOCA signal for the control room isolation is initiated by any one of relays XY07551A,
XY07552A or XY07553A for Div. I, and any one of relays XY07551B, XY07552B or XY07553B for
Div. II.

(11)  SGTS Equipment Room H&V System (Subsection 7.3.1.1b.8.5.1) Sensors of the SGTS
equipment room H&V system initiating circuits can be checked for the availability, and the
initiating circuits can be actuated or calibrated by perturbing the monitored variable at the
sensors.

(12)  Diesel Generator Buildings' H&V Systems (Subsection 7.3.1.1b.8.5.2) Sensors of the
diesel generator buildings H&V system initiating circuits can be checked for the availability,
and the initiating circuits can be actuated or calibrated by perturbing the monitored variable
at the sensors.

Also the Diesel Generator A-D Building H&V system is initiated by the start of the same channel
diesel generator, and by manual initiation from the main control room.

Diesel Generator 'E' Building H&V System is automatically initiated by room thermostats and
manually initiated from a local control panel. If Diesel Generator 'E' is aligned to replace Diesel
Generator A, B, C or D, then the Diesel Generator 'E' Building H&V System can be manually
started from the main control room.

(13) Engineered Safeguard Service Water Pumphouse Ventilation System
(Subsection 7.3.1.1b.8.5.3). Sensors of the system initiating circuits can be checked for the
availability, and the initiating circuits can be actuated or calibrated by perturbing the
monitored variable at the sensors.

Also, the ventilation system can be initiated by a start signal of associated service water pump or
by manual initiation from the control room.

(14)  ESF Switchgear (SWGR) Rooms Cooling Systems (Subsection 7.3.1.1b.8.5.4) The ESF
SWGR rooms cooling system initiating circuits can be checked for operational availability,
and the initiating circuits can be actuated or calibrated by either the use of substitution input
to the sensors, or perturbing the monitored variable.

(15) Emergency Core Cooling Systems (ECCS) Unit Coolers (Subsection 7.3.1.1b.8.5.5) RHR
and core spray pumps, unit coolers can be initiated by a start signal of an associated pump,
or by manual initiation from the control room.

HPCI and RCIC pump room unit cooler high discharge air temperature switch initiating circuits can

be checked for operational availability, and the initiating circuits can be actuated or calibrated by
use of substitution input to the sensors.
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Other HPCI and RCIC initiating circuits can be tested by manual tripping of steam stop valve
position switches (valve open) to the respective turbines.

(16)  Drywell Unit Coolers (Subsection 7.3.1.1b.8.5.6) are tripped by high drywell pressure signal
relays HSX117701A through HSX517701A for Div. I, and HSX117701B through
HSX517701B for Div. Il, once tripped they can be manually initiated from the control room
for low speed operation. CRD area ventilation fans 1V418A (Div. I) and 1V418B (Div. II)
are tripped by high drywell signal relays HSX217701A and HSX217701B, respectively.
Once tripped, they can be manually initiated from the control room for low speed operation.

(17)  Control Structure Chilled Water System (Subsection 7.3.1.1b.8.5.7) The control structure
chilled water initiating circuits can be checked for operational availability, and the initiating
circuits can be actuated or calibrated by use of substitution input to the sensors, or by
perturbing the monitored variable at the sensors.

(18)  Primary Containment Isolation of containment purge and vent valves on high radiation
signal (SGTS Exhaust Hi Hi Radiation). See Subsection 7.3.1.1b.9. The initiating circuits
can be actuated or calibrated by perturbing the monitored variable at the sensor.

4.11 Channel Bypass or Removal for Operation

Non-NSSS protection systems are tested, one system at a time, which allows one of the two
redundant divisions to perform full protective function. This is described typically in Subsection
7.3.2a.2.2.3.1.11.

If a division is bypassed, the single failure criteria are violated. However, the redundant division is
available and is designed to fail safe, i.e., to initiate a protective action.

4.12 Operating Bypass

Non-NSSS systems are not provided with operating bypasses.

4.13 Indication of Bypasses

Bypasses of protective systems are indicated and alarmed in the control room or are covered by
administrative procedure.

Refer to Bypass Indication System (BIS) description in Subsection 7.5.1b.7.

4.14 Access to Means for Bypassing

Administrative procedure is required to allow for manual system bypass. Divisionalized circuits are
located in key locked panels.

4.15 Multiple Setpoints

Non-NSSS systems do not require multiple setpoints.

4.16 _Completion of Protective Action Once it is Initiated

The logic circuit design ensures completion of protective action once it is initiated.
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4.17 Manual Initiation

Each ESF system can be manually initiated by the operator in the main control room.

4.18 Access to Setpoint Adjustments, Calibration, and Test Points

Refer to Subsection 7.3.2a.2.2.3.1.18 and the response to requirement 4.14.

4.19 ldentification of Protective Action

NSSS equipment is described in Subsection 7.3.2a.2.2.3.1.19 which applies to containment
isolation, reactor building and containment atmosphere decontamination. High radiation initiated
ESFAS is discussed in Section 11.5.

4.20 Information Read-Out

Each ESF system is designed with display instrumentation necessary for monitoring the protection
function from the main control room. Refer to Subsections 7.3.2a.2.2.3.1.20 and 11.5.

Safety related display instrumentation is described in Section 7.5.

4.21 System Repair

Defective systems can be detected by observation of alarms, indicating lights, or during periodic
testing. Replacement or repair of components is possible after the affected system has been
bypassed.

4.22 ldentification

All equipment, panels, modules, components, and cables of ESF and support systems are
identified by tag numbers. Interconnecting cables are color coded on a division basis.

7.3.2b.3 Failure Modes and Effect Analysis (FMEA)

7.3.2b.3.1 Non-NSSS Containment Isolation Systems

FMEA's are provided in Table 7.3-20.

7.3.2b.3.2 Combustible Gas Control

This system is manually initiated. Therefore, no FMEA is provided.
Refer to the system description in Section 6.5 for details.

7.3.2b.3.3 Primary Containment Vacuum Relief

This system is a mechanically actuated system. Actuation is provided only for a test function which
determines that the valves do open.
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7.3.2b.3.4 Standby Gas Treatment System

FMEA is provided in Table 7.3-18.

7.3.2b.3.5 Reactor Building Recirculation

System's FMEA is provided in Table 7.3-19.

7.3.2b.3.6 _Reactor Building Isolation

The discussion is provided in Subsection 9.4.2.

7.3.2b.3.7 Control Room Isolation

The system is described as Emergency Outside Air Supply. The FMEA is in Tables 7.3-21 through
7.3-26.

7.3.2b.4 Consideration of Plant Contingencies

7.3.2b.4.1 Loss of Instrument Air Systems

a) No instrument air is required to perform any protective action. Equipment using instrument
air is designed to fail in a safe condition.

b) Containment Instrument Gas is provided for certain protective functions inside the
containment. Refer to Subsection 7.3.1.1b.8.3 for discussion of its function.

c) Complete loss of instrument air will cause a reactor scram as described in Chapter 15.

7.3.2b.4.2 Loss of Cooling Water to Vital Equipment

Vital equipment, the emergency diesels, containment cooling, reactor building cooling, control
structure coolers and ECCS unit coolers are all switched to emergency service water when the
equipment is required to provide its protective function. Refer to Subsections 9.2.5 and
7.3.1.1b.8.1.

7.3.2b.5 Testing Methods and Effects on System Integrity During Testing

Chapter 14 discusses preoperational and startup test programs. See the Technical Specifications
for surveillance during normal operation.
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TABLE 7.3-1

HIGH PRESSURE COCLANT INJECTION SYSTEM-INSTRUMENT SPECIFICATIONS AND CHANNELS

' HPCI Function Instrument Instrument Number of
Range!"” Channels
Provided'
Reactor vessel high water level turbine trip Level switch 0-60" 2 per trip system
Turbine exhaust high pressure Pressure switch 10 - 240 psig 2
HPCI system pump high/low suction pressure Pressure switch High(s’ 1
Low 30" Hg/10 psig 1
Reactor vessel low water level Level switch -150/0/+60" 2 per tnip system
Primary containment (drywell)high pressure Pressure swilch 0.2 -6 psig 2 per trip system
HPCI pump minimum flow Flow switch 0 —1370gpm © 1
HPC! system steam supply low pressure Pressure switch 6 — 340 psig 2 per trip system
HPCI pump discharge flow Flow indicator controller 0 - 6000 gpm 1
Condensate storage tank low level Level swilch +17 2 per trip system
Suppression pool high water level Level switch +1" o
Turbine overspeed Centrifugal device™ 0 — 6000 pm 1
HPCI system pumg high discharge pressure Pressure switch 6-340 psig 1

(1)
Allowable Values, where applicable.

2

3
the turbine.

Equivalent dp range 0-20" H,0.

Unit 1: 3-85 psig
Unit 2: 10-275 psig

| (8) Control Room Alarm Only

(4}
&

See the Technical Specifications for the minimum number of channels required.

See the Technical Requirements Manual! for the trip setpoints; and the plant Technical Specifications for the

See Section 6.3, ECCS, for description of the turbine; this purely mechanica! device forms an inlegral part of

FSAR Rev. 58
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. TABLE 7.3-2

AUTOMATIC DEPRESSURIZATION SYSTEM - INSTRUMENT
SPECIFICATIONS AND CHANNELS

Delay

Number Of
Instrument Channels

ADS Function Instrument Range " Provided®
Reactor Vessel Low Level (ADS Level Switch 0-60" 1 per Trip System
{nitiation) :
Reactor Vesse! Low Water Level Levet Switch -150/0/+60" | 2 per Trip System
(ADS Initiation)
Primary Containment (Drywell) High Pressure Switch 0.2-6 psig | 2 per Trip System
Pressure
Automatic Depressurization Time Timer 0-150 sec | 1 per Trip System
Delay
LPCI Pump Discharge Pressure Pressure Switch | 10-240 psig | 4 per Trip System
Core Spray Pump Discharge Pressure Switch 6-330 psig | 2 per Trip System
Pressure
High Drywell Pressure Bypass Time Timer 1-30 min. 2 per Trip System

) See the Technical Requirements Manuat for the trip setpoints, and the plant Technical

Specifications for the Allowable Values, where applicable.

@ See the Technical Specifications, for minimum number of channels required.

Rev. 54, 10/99
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TABLE 7.3-3

. CORE SPRAY SYSTEM — INSTRUMENT'SPECIFICAﬂONS AND CHANNELS

Number Of
S . Instrument Channels
CS.Function Instrument - Range " Provided @
Reactor Vessel Low Water Level Switch -1 50/0/+60" 2 per Trip System
Reactor Containment High Pressure Pressure Switch 0.2-6 psig 2 per Trip System
Reactor Vessel Low Pressure Pressure Switch 0-500 psig 2 per Trip System
Core Spray High Differential Pressure Differential -10/0/+15 psid 1 per Sparger
Pressure Switch (alarm only}
Pump Discharge Minimum Flow Flow Switch 0-1782 gpm®® 4 per Loop
Pump Suction Pressure Pressure Indicator | -30" Hg/0/60 psig 2 per Pump
(indicator only}
Pump Discharge Pressure . Pressure’Indicator .| * 6-330 psig- = | 2-per Trip System )
(ADS Permissive) ' T : i o ‘

o) See thie Technical Requnrements Manual for the trip.setpoints, and the plant Technical
Specifications for the-Allowable Values, where applicable. - . y

(2)
@ Equivalent dp range 0-30" H.0.
Rev. 55

See the Technical Specifications, for minimum number of channels required. )
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TABLE 7.3-4

LOW PRESSURE COOLANT INJECTION - INSTRUMENT

SPECIFICATION AND CHANNELS

(LPCI valves)

Channels
LPCI Function Instrument Range " Provided ?

Reactor vessel low water Level switch -150"/0/+60" 2 per trip System
tevel (LPCl initiation)
Drywell high pressure Pressure switch 0.2-6 psig 2 per trip System
(LPCI initiation)

'| Drywell high pressure Pressure switch | 0.2-6 psig 2 per trip System
(ADS initiation) -
Reactor low pressure Pressure switch | 0500 psig 2 per trip System

Pump minimum flow
bypass

Flow switch

0-4270 gpm (3)

1 per trip System

Pump discharge pressure
(signal to auto.
depressurization system)

Pressure switch

10-240 psig

4 per trip System

Reactor low pressure
(recirc. valves)

Pressure switch

100-1200 psig
0-500 psig

2 per trip System

()" see the Technical Requirements Manual for the trip setpoints, and the ptant Technical

Specifications for the Allowable Values, where applicable.

@ See the Technical Specifications for minimum number of channels required.

@) Equivalent dp range 0-20” H;0.

Rev. 55
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TABLE 7.3-5

PRIMARY CONTAINMENT AND REACTOR VESSEL ISOLATION CONTROL SYSTEM

INSTRUMENTATION SPECIFICATIONS

Number Of
Isolation Function Instrument / Or Sensor Range (I Channels
Provided (1 ()
Reactor Vessel Low Water Level (Isolation of . ’ . .
Primary System Valves Except MSI Valves) Signal A Differential Level Switch 0-60 -
Reactor V.essel Low Water Level (Isolation MSI Differential Level Switch 150/ 0/ +60" _
Valves) Signal G
Main Steamline High Radiation Radiation Monitor 1-10° MR/HR 4
Main Steamline High Flow Differential Pressure Switch 0-200 psid --
Main Steamline Low Pressure Pressure Switch 100 — 1200 --
Primary Containment High Pressure Pressure Switch 0.2-6 psig --
.8"Hg VAC-29.2
Condenser Vacuum Vacuum Switch Hg VAC 4
30" HgV to 0.5 psi
Reactor Building Ventilation Exhaust High Radiation Radiation Monitor 0.01 =100 MR/HR 2
Number Of
Isolation Function Instrument / Or Sensor Range (I Channels
Provided ()
Reactor Vessel High Pressure Pressure Switch 0-225 psig 2
Reactor Water Cleanup System Space High . o
Temperature (System Isolation) Temperature Switch 50 - 350°F 6
Main Steamline Space High Temperature Temperature Switch 50 - 350°F --
RWCU High Flow Flow Switch 0-24" H,0 2
Reactor Water Cleanup High Differential Flow Differential Flow Switch 0-100% -
RHR Water Line High Flow Differential Pressure Indicating | 300, 4300"H,0 2
Switch
(1) See the Technical Requirements Manual for the trip setpoints, and the plant Technical Specifications for the Allowable
Values, where applicable..

(2) See the Technical Specifications for minimum number of channels required.
3) Normal number of trip channels per trip system.
FSAR Rev. 65 Page 1 of 1
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TABLE 7.3-13

ESFAS ACTUATED EQUIPMENT
STANDBY GAS TREATMENT SYSTEM

OV-109A VC-175 SGTS ‘A’ fan .| Start | Start Start | Start | Trip
Sh.3
| OV-1098 VC-175 SGTS 'B' fan ; Start | Start Start | Start | Trip
Sh. 3
TV-07550A VC-175 SGTS backup ~ -- - -- - Open
Sh. 3 deluge valve ‘A’
TV-07550B VC-175 SGTS backup B - -- - -~ -- Open
Sh.3 deluge valve ‘B’
HV-07551A1 | VC-175 SGTS drain valves A - - - -- -- Open
through A4~ [ Sh.3 ‘A1’ through ‘A4’
HV-07551B1 | VC-175 SGTS drain valves B -- - - -- - Open
through B4 Sh. 3 ‘B1’ through ‘B4’ '
TD-07560A VC-175 SGTS crossover A -- - - - Open - Control signal 'E” will
Sh. 3 duct ‘A’ dmpr open valve ‘A’ only
TD-07560B VC-175 SGTS crossover B -- - -- -- Open - when SGTS train ‘B’
Sh.3 duct 'B’ dmpr is in operation and
vice versa; otherwise,
they will stay closed.

Rev. 54. 10/99 ’ Page 1 of 1
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TABLE 7.3-15

ESFAS ACTUATED EQUIPMENT
CONTROL STRUCTURE EMERGENCY OUTSIDE AIR SUPPLY SYSTEM

Control Signal Function
BQUIPMENT | FIGURE DESCRIPTION ESE (See Table 7.3-17) REMARKS
NO NO. TRAIN
A B F | J G
OV101A VC-178 Emerg O/A supp A fan A Start Start Trip - Start Trip
Sh. 1
ov101B VC-178 Emerg O/A supp B fan B Start Start Start - Start Start
Sh. 1
HDO7812A VC-178 Emerg O/A supp cont A A Open | Open | Close | Close | Open Close
Sh. 1 dmpr
HD078128B VC-178 Emerg O/A supp cont B B Open | Open | Open | Close | Open Open
Sh. 1 . dmpr
HDO7802A VC-178 Normal O/A supp isol A A Close | Close - Close | Close -
Sh. 1 dmpr
-HD07802B VC-178 Normal O/A supp isol B B Close | Close - Close | Close -
Sh. 1 dmpr . )
HDO7814A VvC-178 Emerg O/A supp isol A A Open | Open | Close | Close | Open Close
Sh. 1 dmpr
HD078148 Vv(C-178 Emerg O/A supp isol B B Open | Open Open | Close | Open Open
Sh. 1 dmpr
HDO7813A V(C-178 Emerg O/A recirc isol A A - - - Open - -
Sh, 1 dmpr
HD07813B VC-178 Emerg O/A recirc isol B B - - - Open - -
Sh. 1 dmpr
HDO7833A vC-178 Cont rm relief air A dmpr A - - - Close - -
Sh. 1
HDO78338 VC-178 Cont rm relief air B B - - - Close - " -
Sh. 1 dmpr
HDO7824A1 VC-178 Cont struct exh isol A1 A Close | Close - Close Close -
1 Sh. 3 dmpr
HDO7824B1 vC-178 Cont struct exh isol A2 B Close | Close - Close | Close -
Sh. 3 Dmpr
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TABLE 7.3-15

ESFAS ACTUATED EQUIPMENT
CONTROL STRUCTURE EMERGENCY CUTSIDE AIR SUPPLY SYSTEM

- Control Signal Function
EQUIPMENT | FIGURE DESCRIPTION ESP (See Table 7.3-17) REMARKS
NO NO. TRAIN :
A B F | J G

HDO7873A VC-178 Cont rm kitchen A - A Close | Close - Close | Close -

Sh. 2 dmpr
HDO7873B VC-178 Cont rm kitchen B B Close | Close - Close | Close -

Sh. 3 dmpr
ov105 VC-178 Access cont & lab area A/B Trip Trip - - Trip -

Sh. 4 supp fan

Rev. 54, 10/99 Page 2 of 2




Table Rev. 44

SSES-FSAR
TABLE 7.3-16

ESFAS ACTUATED EQUIPMENT
BATTERY ROOMS EXHAUST SYSTEM

THIS TABLE HAS BEEN DELETED

FSAR Rev. 56

Page 1 of 1




SSES-FSAR
TABLE 7.3-17

GENERAL NOTES FOR TABLES 7.3-13 THROUGH 7.3-16

1. The Engineered Safety Feature actuation Systems (ESFAS) control
signals are as follows: '
A Loss of coolant accident (LOCA)
N B High radiation in reactor building zone 1l nonfiltered exhaust system
C High radiation in SGTS exhaust vent
D High pressure in SGTS inlet header
‘E Charcoal filter high temperature (pre-ignition temperature)
i F Charcoal filter high-high temperature (ignition temperature)
G High radiation in emergency outside air intake for the control structure }
H High tempe{ature differential across the emergency outside air supply |
charcoal unit. -
i High drywell pressure {
Rev. 54, 10/99 . | Page 1 of 1




SSES-FSAR
TABLE 7.3-18

STANDBY GAS TREATMENT SYSTEM (SGTS)
FAILURE MODE AND EFFECTS ANALYSIS

Failure Mode Effect On System Detection Remarks
Loss of offsite power Momentary loss of the system. Alarm in the control room Instrumentation and controls are
The system will automatically start powered from separate Class IE
as required when emergency diesel generators.
power o on line. '
Failure of LOCA signal: No lose of safety function
a) Contact open or open wiring If the system is operated in the

lead-lead mode, the train affected
by the failure will not start but the
other train will.

b) Contact closed or shorted If the system is operated in the
lead-lead mode the train is in the
same division as the failed contact
will start.

Failure of any high-high radiation No loss of safety function
signal from the refueling poal,

refueling floor, and railroad access

shaft radiation monitors:

a) Contact open or open wiring Effect on system is the same as Radiation monitor inoperative is Any other failures such as open
failure of LOCA signal. alarmed in the control room. circuit, which may not be alarmed,
. can be detected by periodic
testing.
b) Contact closed or shorted Effect on system is the same as High-high radiation contact closure
failure of LOCA signal. is alarmed in the control room.

Rev. 54, 10/99 Page 1 0of 3




SSES-FSAR

TABLE 7.3-18

STANDBY GAS TREATMENT SYSTEM (SGTS)
FAILURE MODE AND EFFECTS ANALYSIS

Failure Mode

Effect On System

Detection

Remarks

Failure of the common exhaust
duct airflow signal:

a) Contact open or open wiring 4

I

b) Contact closed or shorted

Failure of high-high charcoal
adsorber temperature (ignition
temperature} trip signal:

a) Contact closed or shorted

b} Contact open or open wiring -

Faiture of high inlet header static
pressure Inittating signal:

a) Contact closed or shorted

Rev. 54, 10/99

No loss of safety function

The system is operated in the
lead-lead mode both trains will
continue to operate.

The system is operated in the
lead-lead node both trains will
continue to operate.

No loss of safety function

The system |s operated In the
lead-lead mode both trains will

continue to operate.

The system Is operated In the
lead-lead mode and the affected
train will be tripped and the other
train will continue to operate.

The affected train will automatically
start.

High and high-high temperature

alarm. High- high radiation alarm.
All alarms are in the control room.

Periodic testing. Emergency
operating procedure.

Status indicating lights In the
control room.

The charcoal pre-ignition
temperature is alarmed in the

control room to forewarn the

operator.

Page 2 of 3



SSES-FSAR

TABLE 7.3-18

STANDBY GAS TREATMENT SYSTEM (SGTS)
FAILURE MODE AND EFFECTS ANALYSIS

Failure Mode

Effect On System

Detection Remarks

b) Contact open or open wiring

Failure of the charcoal adsorber
high temperature(pre-ignition)
Initiating signal:

a) Contact closed or shorted

b} Caontact open or open wiring

Rev. 54, 10/99

One train wili start if required.
No loss of the safety function

The affected train will automatically
start in its cooling mode
{non-safety-related function).

No effect if the affected train is
operating.

If the affected train is not
operating, the heat couid
eventually reach ignition. At
Ignition temperature, the train will
not be able to start and the defuge
water valve is opened.

Periodic testing. Alarm In the
control room if high pressure
exists.

Status Indicating lights In the
control room. Alarm in the control
room if high temperature exists.

Periodic testing

Periodic testing. Pre-ignition and
ignition temperature alarms in the
control room,

Page 3 of 3



TAZ.E 7.3-19

REACTOR BULLDING RECIRCULATION SYSTEHM
FAILURE MODE AND BPPECTS ANALYSIS

Pailure Mode

Effect on Systen

Detection

Remarks

Loss of offsite power

Failure of initiating
"signal from any of
reactor building
radiation monitors:

a) Contact closed or
shorted

b) Contact open or
open wiring

Pajilure of éne LOCA
signal

Rev. 35, 07/84

No loss of the safety
function by the systea.
Momentary loss of the systeam.
The system will automatically
restart vhen emergency power
supply is established.

Wo loss of safety function

of the systen,

This is equivaleat to
existence of any of the
reactor buildiag high
radiation initiating
sigqnals. See Table

7.3-14 for the list

of the actuated equipment.

Failure to initiate operation
of the lead recirculation
fan. Also failure to ofen

or close associated isolation
dampers. However, the
redundant high radiation
signal will initiate the
standby recirculation fam

and actuate the redundant
isolation daampers.

Ho loss of safety function
of the systea.

The effect on systea is
identical to the effect

of loss of one of the
ceactor building high
radiation signals. See
description above.

alarm in the control room

various alarss in the
control room associated
with the reactor building
isolation.

Periodic testing

Instrumentation and controls
are povered from separate
Class IE diesel generators.



TABLE_7.3-13

(Continued)

Pailure %ole

Effect on Systen

Detection Remarks

Failure of svstem air

flov svitch:

a) Contact closed or
: shorted

.b) Contact open or

open Wwiting

No loss of safety function
of tne systen

If the signal is for the
operating fan, the fan will
trip and the standby fan will
automatically start.

If failed signal is tor
the standby fan, the fan
vill not start when required.

I1f failed sinal is for
the operating faon, the fan
will continue to run. When
failed signal is for the
standby fan, the fan can
start and run vhen required,
and once the standby fan,
vhen nsed, loses its flow
the lead fan flov swvitch
vill detect it and will
start the lead fan.

Pan failure alare in
the control room, or
periodic testinjy if the
fau is not in operation
vhen the flov switch
fails.

Periodic testing

Periodic testing

" Rev.

35,

07/84



SSES-FSAR

TABLE 7.3-20

FAILURE MODE AND EFFECTS ANALYSIS

PRIMARY CONTAINMENT ISOLATION CONTROL SYSTEM FAN NON-NSS SYSTEMS

EFFECT ON

FAILURE MODE SYSTEM DETECTION REMARKS
Nuclear Steam
Supply Shutoff
System
interface/actuation
relays:
Open Components in one Immediate ‘Spurious trip and

division isolate annunciator isolation of part of one
’ division

Close Loss of actuation Periodic testing Redundant division

system for
components in one
division

available for isolation
control

Loss of one division
AC power (control
circuit)

Automatic isolation of
portions of one
division

Immediate
annunciator

Spurious trip and
isolation of part of one
division

Output wiring fails
(equipment level):

Short

Loss of isolation
function for this
device

Periodic testing -

Redundant division
available for isolation

Open Spurious isolation of | Periodic

the process line testing/indicating
lights

Core Spray System

Interface/actuation

relays

Open 1 channel of 2 in Indicating tamps in Isolation logic for
division trips, no control room. division is placed to 1
components re- of 1 once logic.
position Redundant division

available for isolation.
Close 1 channel of 2 in Periodic testing Redundant division

division will not trip,
therefore isolation on

that function inhibited -

in that division

available for isolation.

Loss of one division
DC power (control
circuit)

1 channel of 2 in
division trips, no
components re-

position

indicating lamps in
control room.

Isolation logic for
division is placed to 1
of 1 once logic.
Redundant division
available for isolation.

Rev. 54, 10/99

Page 1 of 2
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SSES-FSAR

TABLE 7.3-20

FAILURE MODE AND EFFECTS ANALYSIS

PRIMARY CONTAINMENT ISOLATION CONTROL SYSTEM FAN NON-NSS SYSTEMS

FAILURE MODE

EFFECT ON
SYSTEM

DETECTION

" REMARKS

Cutput wiring fails
(equipment level):

Open

The fault will not
cause the isolation
nor inhibit the proper
operation of the other
division

Periodic testing

Redundant division
available for isolation

Short

The fault will not
cause the isolation
nor inhibit the proper
operation of the other
division

Periodic testing

Redundant division
available for isolation.

Rev. 54, 10/98
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TABLE 7.3-21

EMERGENCY OUTSIDE AIR SUPPLY SYSTEM (EOASS)

FAILURE MODE AND EFFECTS ANALYSIS

FAILURE MODE

EFFECT ON
SYSTEM

DETECTION

REMARKS -

l.oss of offsite power

Momentary loss of the
system. The system
will automatically start
as required when
emergency power is
on line.

Alarm in the control
room

Instrumentation and
controls are powered
from separate Class
IE diese! generators.

Failure of the control
structure radiation
isolation signal.

a) Contact closed or
shorted

b} Contract openor
open wiring

No loss of safety
function

The affected train will
start automatically.

The affected train will
not be able to start
automatically when
required.

Status indicating
lights in the control
room.

Periodic testing

All isolation dampers
except those required
by the EOASS are
tripped (closed) on
control structure
radiation isolation.

Failure of the
common exhaust duct
air flow signal:

a) Contact open or
open wiring

b). Contact closed or
shorted

If failed signal is for
the lead operating
train, it has no effect.

if failed signal is for
the standby train, the
standby train will not
start on failure of the
lead train.

If failed signal is for
the lead operating
train, the lead train
will trip itself out and
the standby will start
automatically.

Periodic testing

Periodic testing

Fan failure alarm in
the control room.

Rev. 54, 10/68
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SSES-FSAR

TABLE 7.3-21

EMERGENCY OUTSIDE AIR SUPPLY SYSTEM (EOCASS)

FAILURE MODE AND EFFECTS ANALYSIS

FAILURE MODE

EFFECT ON
SYSTEM

DETECTION

REMARKS

If failed signal is for
the standby train, the
standby train is

Periodic testing.

disabled.
Failure of high-high No loss of safety
charcoal adsorber function

temperature (ignition
| temperature) trip
signal:

a) Contact closed or
shoned

b) Contact open or
open wiring

If failed signal is'for

-| the operating filter

train, the operating
train will not trip and
air supply to the
controt room may be
contaminated. The
area radiation
monitors in the control
room will detect
contamination and will
alarm. The operating
train of the EOASS
could then be
manually stopped and
the standby manuaily
started.

If failed signal is for
the standby filter train,
the standby train will
no longer be effective

The standby train can
be put in OFF
position.

Affected train will not
be able to start or
operate.

to perform its function.

High area radiation
alarm, high and high-
high charcoal
temperature alarms

High and high-high
charcoal temperature
alarms in the control
room.

Periodic testing.

Periodic testing
Status indicating
lights, high and/or
high-high charcoal
temperature alarms in
the control room

All alarms are in the
control room.

Rev. 54, 10/99
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,




SSES-FSAR
TABLE 7.3-21

EMERGENCY OUTSIDE AIR SUPPLY SYSTEM (EOASS)
FAILURE MODE AND EFFECTS ANALYSIS

EFFECT ON

FAILURE MODE _ SYSTEM . DETECTION REMARKS
Failure of the low No loss to the safety | High area radiation Alarms are in the
temperature function. Effect on alarm control room.
differential across the | the systemis the Heater failure alarm
electric heater (heater | same as failure of the | Periodic testing
failure) trip signal high-high charcoal

adsorber temperature.

Rev. 54, 10/99 ' , Page 3 of 3




TABLE 7.3-22

CUNPUTER ROOM COOLING SYSTEHN (CHCS}
FAILURE MODE AND EFPBCTS ANALYSIS

Failure Yode

Effect on Systea Detection

Remacks

Loss of offsite power

Pailure of initiating
siqnal from the chilled
vater systeos:

a) Contact closed or
shorted

b}y Contact open or
open wiring

Rev. 35, 07/84.

Momentary loss of the system. Alara in the control roos
System will Automatically

restart when emergency

pover is ON and the chilled

vater system stargts.

No loss of safety fuanction

If failed signal is from
operating lead chiller, the
associated fan of the CRCS
will continue to operate
even if the lead chiller has
tripped and the. standby
chiller has started.

Periodic testing

If failed signal is fronm Unit status indicating
the standby chiller which lights in the control
is not in operation, the rooa

tvo redundadt units of the

CRCS will operate.

If the failed siqnal is froa
the operating lead chiller,
the associated fan of the
CRCS will trip. The staadby
unit will stacrt only wvhen
the redundant tempecrature
detection loops at the
common return air duct detect
high tesperature. The
operating chiller is- then
tripped and the standby
chiller is started.

Aigh temperature alarca
together with status
indicating lights of
the units.

Instrusentation aund controls
are povered froa separate
Class IE diesel generators.

Alaras, hand svitches, and
indicating lights are located
in the control rooa.



TABLE 7.3=22 (Continued]

Pailure Mode

Effect on Systca

Detection Remarks

FPailure of the comamson
exhaust duct airflow
signal:

a) Contact closed or
shorted

b) Contact open or
open wiring

No loss of safety functioa
of the systen.

If failed signal is for the
operdting fan, the operating
fan and its associated

chiller will trip. The standby

unit of the CRCS will
automatically start as soon

as the standby chiller starts.

If failed signal is for the
standby fan, the tan cannot
operate when ctequired.

Vo effect on the lead fan.
If the failed siqnal is for
the standby unit, the
standby unit cannot operate
vhen required. However, the
redundant temperature

detection looups at the coamon

return air duct will detect
teturn air higqh teaperature
and will trip the operating

chiller and start the standby

chillecr. When the standby
chiller starts, the standby

fan of the CRCS automatically

starts. .

Pan failure alarm in
the control toom.

Periodic testing.

Periodic testing
Return air high temperature
alara in the contcol room

Rev. 35, 07/84




TA, 3. 7.3-23

CONTROL STRUCTURE HEV SYSTEM (CSHVS)
PAILURE HODE AND EPPECTS ANALYSIS

Pailure Mode

effect on Systea

Detection

Remarks

Loss of offsite power

Pailure of initiating
gsiqnal froam the chilled
vater systes:

a)} Contact closed or
shorted

by Contact open or
open wiring

Rev. 35, 07/84

Somentary loss of the systes.
System will automatically
restart when emergency

povwer is ON and the chilled
vater system starts.

No loss of safety function
of the systea.

If failed siqgnal is from
operating lead chiller, the
associated fan of the CSHVS
will continue to operate
even if the lead chillecr has
tripped and the staandby
chiller has started.

If tailed signal is from
the standby chiller which
is mot in operation, the
twvo redundant units of the
CSHYS vill operate.

If the failed signal is froms
the operating lead chiller,
the associated fan of the
CSHYS wvwill trip. The standby
unit wvwill start only wvhen
the redundant temperature
detection loops at the
common return air duct detect
high teaperature. The
operating chiller is then
tcipped and the standby
chiller is started.

Alarm in the control rooa

Periodic testing

Onit status indicatiag
lights in the control
room

Hiqh teaperature alars
together with status
indicating lights of
the units.

Instrumentation and controls
are povered from separate
Class I[E diesel gemerators.

Alaces, hand svitches, and
indicating lights are located
ia the control roose.



TABLE 7,3-23 {Continued)

Palilure Node gffect on Systea Detection femarks
railute of the common No loss of safety functicn

exhaust duct airflow of the systea.

signal:

a) Contact closed or

shorted

b) Contact open or
open wiring

If failed signal is for the
operating fan, the operating
fan and its associated

chiller will trip. The standby
unit of the CSHVS will
autosatically start as soon

as the standby chiller starts.

If failed signal is for the
standby fan, the fan cannot
operate vhen required.

No effect on the lead fan.

If the failed signal is for
the standby unit, the

standby unit cannot operate
vhen required. Hovever, the
redundant teaperature
detection loops at the common
return air duct will detect
teturn air bhigh tempecature
and will trip the operating
chiller and start the staadby
chiller. When the standby
chiller starts, the standby
fan of the CSHYS automatically
starts.

ran failure alars in
the control room.

Periodic testing

Perliodic testing
Return air high temperature
alara in the control roos

Rev.

35, 07/84



ABLE 7.3-24

CONTHOL STRUCTURE CHILLED WATER SYSTEM {CSCHS)
FAILURE MODE AND EFFECTS ANALYSIS

Pailure Rode

Effect on Systen

Pailure of the chilled
vater lowv flow initiating
signal:

a) Contact closed or
shorted

b) Contact open or
open w¥iring

railure of any of the air
handling units return air
high temperature signal:
a) Contact closed or
shorted

by Contact opean or
open viriag

Rev. 35,

Detection

Reaarks

¥o loss of safety function

1f the failed signal is for
the standby loop, the standby
loop will start and both
loops will cun.

If the ftailed signal is for
the operating loop, the
operating loop will continue
to run.

If the signal failure is
for the operating loop, the
loop will continue to run.

If the failed signal is for
standby loop, the standby
loop will not start when
required.

No loss of safety function

If the sigunal failure
occurs on the standby loop,
the standby loop will start.

If the signal failure occurs
on the operating loop, both
loops will operate.

If failure of the operating
loop siqnal accompanied with
bigh temperature cccurs, the
standby loop will be
initiated.

If failure of the standby
loop signal accospanied with
hiqh tesperature cccurs,

the operating loop will .
trip and the standby loog
vill be initiated through
loss of water flowv in the
operating loop.

Status indicating lights
in the control rooa

Periodic testing

Periodic testing

Periodic testing

Status indicating light
in the control room

Handsvitch and status
indicating lights in
the control room
Periodic testing

High air teaperature
alarca

Handsvitch and status
indicating lights.
Periodic testing

High air temperature
alare

Handswitch and status
indicating lights.



TABLE 7.3-24_{Continued)

Pailure Mode

Effect on Systen

Pailure of any of the air
handling units failure
trip signal:

a) Contact open or
open wiring

b} Contact closed or
shorted

Pailure of emergency
condenser vater circulating
pump failure trio signal:

a) Contact closed or
shorted

Rev. 35, n7/g8a

No loss ot safety function

If failed signal is for the
operating loop, the operating
loop will tcip and the
standby loop will start.

If failed signal is for the
standby loop, the operating
loop will continue to run
but the standby loop will
not be able to start when
required.

Ko effect on the running
loop unless there is actual
failure of the associated
air handling unit, in which
case the return air high
temperature signal will trip
the operating loop and
standby loop starts.

Ko effect on the standby
loop.

No loss of safety functicn

Pailure of the runnring
emergency condenser water
circulating loop signal
will allov the loop to run,
unless a flow failure
actually occurs.

Failure of the standby
emerqency condenser wvater
circulating loop trip signal
will not affect the starting
of the standby loop.

If this is the case the
chiller will tCig cut on
high condensiang pressure,
wvhich will thea tctip the
chilled wvater pusp and start
the standby loop.

Detection Remarks

Handswitch and status
iandicating ligbts in the
control rooa

Periodic testing

Periodic testing

Return air high tepperature
alara and status indicatiang
lights in the control rooam.

Periodic testing

Periodic testing

Periodic testing, chiller
failure alace, handsvitch
and status indicating
lights




TABLE 7.3-26_ (Continued)

Failure Mole

effect on Systen

Detection Remarks

b) Conptact open or
open wiriang

Pailure of chiller trip
signalz:

a) Contact open or
open viriaqg

b) Contact closed or
shorted

Rev. 35, 07/84

Pailure of the rupnping
emergency condenser water
circulating loop signal
wvill trip the associated
chiller and chilled vater
pump, vwhich in turn will
initiate the standby loop.

Failure of the standby
eaergency condenser vater
circulating loop signal
vill prevent the standby
loop from starting. ’

No lass of safety function

Lf failed signal is for the
operating loop, the
operating loop is tripped
and the standby loop :
starts automatically.

If failed siqgqpnal is for the
standby loop, the standby
loop will not be able to
start when required.

If failed signal is for the
operating loop and there is
actual failure of the

chiller, the chilled wvater
pusp will continue to

operate until tripped by the
high tesperature switch of
any of the associated air
handliag units, The standby
loop will start autosatically.

No effect on the standby loop

Periodic¢ testing
fmergency condensecr

- circulating water loop

failucre alara
Handswitch and status
indicating lights

Periodic testing

S5tatus indicating lights
in the control room aad
at the local chiller
control panel

Periodic testing
Periodic testing
Air handling units high

temperature alars in
the control room

Periodic testing



IABLE J.3-2¢ {(Contipued)

Pailure Mode

effect oo Systen

Detection

Palilure of the condenser
wvater circulating pump
trip siqnal (non-safety~
related): ’

a) Contact open or
open wiring

b) Contact closed or
shorted

Pailure of any of the
following emerqency signals:

LOCA (Unit 1)

LOCA (Unit 2)
Loss of offsite power

ay Contact closed or
shorted

Rev. 35, q7/ﬁd

No loss of safety functicnm.
This control signal is .

cancelled out automatically
during emsergency conditions.

If failed signal is tor the
operating loop, the locp is
tripped and the standby
loop starts automatically.

If failed sighal is for the
standby loop, the standby
loop vwill not start vhen
required.

No effect on the operating
loop unless flow failure
actually occurs. Low
condenser vater flow will
trip the operating loop -
and the standby lcop will
start automatically.

Vo effect on the standby

loop unless the standby

loop is operatioq and failure
actually occurs.

RO loss of satety function,
These signals are used to
trip out the non-safety-
related condenser vater
circulating pump and ipitiate
the emergency condenser

vater circulatiog pump.

The failed signal has no Periodic
effect on the operating loop

- 1f the esergency service

vater system is not
operating.

If the failed signal is Periodic
tor the standby loop, the

standby loop ¥will not operate

when required Lf its '
associated emergency service

vater loop is anot in

operation,

Status indicating lights
in the control rooa

Periodic testing

Periodic testing

Periodic testing

testing

testing




TABLE_1,3-24_(Contjinued)

Pailure MMode

Effect on Systen Detection .Remarcks

b) Contact open or

open wiring

——

The operatiny loop may trip fmergency operating
out and the standby loop will procedure
start automatically. '

"If the failed signal is for Periodic testing

the standby loop, the
standby loop will not
operate vhen requited.

Rev.

35,

07/84
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TABLE 7.3-25

BATTERY ROOMS EXHAUST SYSTEM
FAILURE MODE AND EFFECTS ANALYSIS

FAILURE MODE

EFFECT ON
SYSTEM

DETECTION

REMARKS

Loss of offsite power

Momentary loss of the
system. System will
automatically restart
when emergency
poweris ON.

Alarm in the control
room.

Instrumentation and
controls are powered
from separate Class
IE diesel generators.

Failure of control
structure H&V system
tow airflow trip signal:

a)} Contact closed or
shorted

No loss of safety
function

No effect on the
system

Periodic testing

b} Contact open or
open wiring -

The control structure
H&V system common
discharge airflow
detection loops are
redundant. If the
operating fan of the
battery rooms exhaust
system is tripped, the
standby fan will
automatically start

Periodic testing
Position of hand
control switches and
fan status indicating
lights

Hand control switches
and status indicating
lights are located in
the control room.

Failure of the
common exhaust duct
airflow signat:

a) Contact closed or
shorted

No loss of safety
function of the system

If failed signal is for
operating (lead) fan,
the fan trips and
alarms. The standby
unit automatically
starts after a time
delay.

If failed signal is for
the standby unit, the
standby unit will start
after a time delay,
operate a few
seconds and then trip
itself out and atarm.

Alarm in the control
room

Alarm in the control
room

Rev. 54, 10/99
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SSES-FSAR
TABLE 7.3-25

BATTERY ROOMS EXHAUST SYSTEM
FAILURE MODE AND EFFECTS ANALYSIS

EFFECT ON
FAILURE MODE SYSTEM
b) Contact open or If failed signal is faor Periodic testing
open wiring operating fan, the fan
will not alarm when it
fails.

DETECTION REMARKS

If faited signal is for
the standby unit, the
standby unit will not
start on failure of the
operating fan. '

Rev. 54, 10/99 Page 2 of 2



TABLE 7.3-26

_CONTROL BROOM PLOOR COOLING SYSTEM (CRPCS)
PAILORE MODE AND EPPECTS AMNALYSIS

Paiiure Hode

Loss of offsite pover

pPailure of initiating
sigqnal from the chilled
vater system:

a) Contact closed or
shorted

b) <Coantact open or
opea vwiring

Rev. 35, 07/84

Rffect on Systena

Detection

Remarks

fioaentary loss of the systes.
System vill automatically
restart vhen emergency power
is ON and the chilled water
system starts.

No loss of safety function

If failed signal is fros
operating lead chiller, the
associated fam of the CRFCS
¥will continue to operate
even if the lead chiller has
tripped and the standby
chiller has started.

If failed siqnal is fros .
the standby chiller which
is not in operation, the
tvo redundant units of the
CRPCS vill operate.

If the failed siqnal is
from the operating lead
chiller, the assoclated fan
of the CRPCS will trip. The
standby unit will stact
only vhen the redundant
teapecrature detection loops
at the coamon ceturn air
duct detect high teaperature.
The operating chiller is
then tripped and the
standby chiller is started,

Alarm in the control roos

Periodic testing

Unit status indicating
Liqhts in the cobntrol
Toon

High temperature alara
together with status
indicating lights of the
units.

Instrumentation and controls
are povered froms separate
Class 1E diesel generators

Alarmsg, hand svitches, and
indicating lights are located
in the control rooa.



TABLE 7.3-26_(Continyed)

. Pailure node

Effect'on Systes

Detection ks Resarks

Pailure of the common
exhaust duct airflow
siqnal: :

a) Coontact closed or
shorted

b) Cobntact open or
open vicing

No loss of safety . function

Xf failed signal is for the
aperating fan, the operating

fan and its associated

.chiller vwill trip. The

standby unit of the CRPCS
vill automatically start as
soon as the standby chiller
starts.

1f failed signal is for the
standby fan, the fan cannot
operate vhen required.

¥o effect on the lead fan.
If the failed signal is for
the standby unit, the
standby unit cannot operate
vhen required. However, the
redundant teaperature
detection loops at the .
cosaon return air duct will
detect return air high
temperature aond will trip
the operating chiller and
start the standby chiller.
When the standby chiller
starts, the staodby fan of
the CRPCS automatically
starts.

Pan failure alarm in thé

control room

Periodic testing

Periodic testing.
Return air high temperature

‘alacm in the. control room

Rev. 35, 07/84
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Table Rev. 52

Table 7.3-28

REACTOR PROTECTION SYSTEM RESPONSE TIMES

FUNCTIONAL UNIT

RESPONSE TIME

(Seconds)

1. Intermediate Range Monitors

a. Neutron Flux — High NA

b. Inoperative NA
2. Avg. Power Range Monitor*

a Neutron Flux — High (Setdown) N/A

b Simulated Thermal Power — High** <0.09***

C. Neutron Flux — High <0.09***

d. Inoperative NA

e 2-out of-4 Voter <0.05****

f. OPRM Trlp <0.40***
3. Reactor Vessel Steam Dome Pressure — High <0.55***
4, Reactor Vessel Water Level — Low, Level 3 <1.05***
5. Main Steam Line Isolation Valve — Closure <0.06
6. Main Steam Line Radiation — High NA
7. Drywell Pressure — High NA
8. Scram Discharge Volume Water Level — High

a. Level Transmitter NA

b. Float Switch NA
9. Turbine Stop Valve — Closure <0.06
10.  Turbine Control Valve Fast Closure, Trip Oil Pressure — Low <0.08*
11. Reactor Mode Switch Shutdown Position NA
12. Manual Scram NA
* Neutron detectors are exempt from response time testing.

Response time shall be measured from the detector output or

from the input of the first electronic component in the channel.
** Not including simulated thermal power time constant.
# Measured from actuation of fast-acting solenoid.
fl Response time testing is not required.
ek Measured from activation of the 2-out-of-4 Voter output.
FSAR Rev. 63 Page 1 of 1




SSES-FSAR

Table Rev. 53
Table 7.3-29
ISOLATION SYSTEM INSTRUMENTATION RESPONSE TIME
RESPONSE
TRIP FUNCTION TIME
(Seconds)#
1. Primary Containment Isolation
a. Reactor Vessel Water level
1) Low, Level 3 NA
2) Low Low, Level 2 NA
3) Low Low Low, Level 1 NA
b. Drywell Pressure — High NA
c. Manual initiation NA
d. SGTS Exhaust Radiation — High® NA
e. Main Steam Line Radiation — High® < Qs
2. Secondary Containment Isolation
a. Reactor Vessel Water Level — Low Low, Level 2 NA
b. Drywell Pressure — High NA
c. Refuel Floor High Exhaust Duct Radiation — High® NA
d. Railroad Access Shaft Exhaust Duct Radiation — High® NA
e. Refuel Floor Wall Exhaust Duct Radiation — High® NA
f. Manual Initiation NA
3. Main Steam Line Isolation
a. Reactor Vessel Water Level — Low Low Low, Level 1 <1.0*
b. Main Steam Line Pressure — Low < 1.0%##
c. Main Steam Line Flow — High <0.5*
d. Condenser Vacuum — Low NA
e. Reactor Building Main Steam Line Tunnel Temperature — High NA
f. Manual Initiation NA
g. Turbine Building Main Steam Line Tunnel Temperature - High NA
4. Reactor Water Cleanup System Isolation
a. RWCU A Flow — High <10
b. RWCU Area Temperature — High NA
c. SLCS Initiation NA
d. Reactor Vessel Water Level — Low Low, Level 2 NA
e. RWCU Flow - High NA
f. Manual Initiation NA
5. Reactor Core Isolation Cooling System Isolation
a. RCIC Steam Line A Pressure — High NA
b. RCIC Steam Supply Pressure — Low NA
c. RCIC Turbine Exhaust Diaphragm Pressure — High NA
d. RCIC Equipment Room Temperature — High NA
e. RCIC Pipe Routing Area Temperature — High NA
f. RCIC Emergency Area Cooler Temperature — High NA
g. Manual Initiation NA
h. Drywell Pressure - High NA
FSAR Rev. 65 Page 1 of 2
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Table Rev. 53

Table 7.3-29

ISOLATION SYSTEM INSTRUMENTATION RESPONSE TIME

6. High Pressure Coolant Injection System Isolation
a. HPCI Steam Flow — High NA
b. HPCI Steam Supply Pressure — Low NA
c. HPCI Turbine Exhaust Diaphragm Pressure — High NA
d. HPCI Equipment Room Temperature — High NA
e. HPCI Emergency Area Cooler Temperature — High NA
f. HPCI Pipe Routing Area Temperature — High NA
g. Manual Initiation NA
h. Drywell Pressure - High NA
7. RHR System Shutdown Cooling/Head Spray Mode Isolation
a. Reactor Vessel Water Level — Low, Level 3 NA
b. Reactor Vessel (RHR Cut-In Permissive) Pressure — High NA
c. RHR Flow - High NA
d. Manual Initiation NA
e. Drywell Pressure - High NA
(a) The isolation system instrumentation response time shall be measured and recorded as a part of the
ISOLATION SYSTEM RESPONSE TIME. lIsolation system instrumentation response time specified
includes the delay for diesel generator starting assumed in the accident analysis.
(b) Radiation detectors are exempt from response time testing. Response time shall be measured
from detector output or the input of the first electronic component in the channel.
* Isolation system instrumentation response time for MSIVs only. No diesel generator delays assumed
for MSIV Valves.
* Isolation system instrumentation response time for associated valves except MSIVs.
I Response time testing not required.
# Isolation system instrumentation response time specified for the Trip Function actuating each valve

group shall be added to isolation time shown in Table 3.6.3-1 and 3.6.5.2-1 for valves in each valve
group to obtain ISOLATION SYSTEM RESPONSE TIME for each valve.

2z With time delay of 45 seconds. Response time testing of isolating relay is not required.

B Response time testing of sensors is not required.

#HHH# With time delay of 3 seconds.

#HHHH  Response time testing of relays for function 1e (10 second requirement) is not required.
The sensor response time testing requirement for functions 1e (10 second requirement) is met by
testing the sensor to the 1 second requirement.

FSAR Rev. 65 Page 2 of 2
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TABLE 7.3-30

EMERGENCY CORE COOLING SYSTEM RESPONSE TIMES

RESPONSE TIME

TRIP FUNCTION ~ (Seconds)
1. Core Spray System
a. Reactor Vessel Water Lever - Low Low Low, Level 1 < 34
b. Drywell Pressure - High < 34
¢. Reactor Vessel Steam Dome Pressure - Low < 34
d. Manual Initiation NA
2. Low Pressure Coolant Injection Mode of RHR System
a. Reactor Vessel Water Level - Low Low Low, Level 1 < 40*
b. Drywell Pressure - High < 40*
¢. Reactor Vessel Steam Dome Pressure - Low
1) System Initiation =< 40*
2) Recirculation Discharge Valve Closure =< 40*
d. Manual Initiation NA
3. High Pressure Coolant Injection System
a. Reactor Vessel Water Level - Low Low, Level 2 < 30*
b. Dryweli Pressure - High < 30*
c. Condensate Storage Tank Level - Low NA
d. Reactor Vessel Water Level - High, Level 8 NA
e. Suppression Pool Water Level - High NA
f.  Manual Initiation NA
4. Automatic Depressurization System
a. Reactor Vessel Water Level - Low Low Low, Level 1 NA
b. Drywell Pressure - High NA
¢. ADS Timer NA
d. Core Spray Pump Discharge Pressure - High NA
e. RHR LPCI Mode Pump Discharge Pressure - High NA
f. Reactor Vessel Water Lever - Low, Level 3 NA
g. ADS Drywell Pressure Bypass Timer NA
h. Manuai Inhibit NA
i. Manual Initiation NA
5. Loss of Power
a. 4.16 kV ESS Bus Undervoltage (Loss of Voltage < 20%) NA
b. 4.16 kV ESS Bus Undervoltage (Degraded Voltage < 65%) NA
c. 4.16 kV ESS Bus Undervoltage (Degraded Voltage < 93%) NA
d. 480V ESS Bus OB565 (Degraded Voltage < 65%) NA
e. 480V ESS Bus OB565 (Degraded Voltage < 92%) NA

Response time testing of sensors and relays is not required.

Rev. 49, 04/96
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