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s i RHRSW System and UHS
B3.7.1
B3.7 ~ PLANT SYSTEMS
B3.7.1 Residual Heat Removal Service Water (RHRSW) System and the
Ultimate Heat Sink (UHS)
BASES
BACKGROUND The RHRSW System is designed to provide cooling water for the Residual

Heat Removal (RHR) System heat exchangers, required for a safe reactor
shutdown following a Design Basis Accident (DBA) or transient. The
RHRSW System is operated whenever the RHR heat exchangers are
required to operate in the shutdown cooling mode or in the suppression pool
cooling or spray mode of the RHR System.

The RHRSW System consists of two independent and redundant
subsystems. Each subsystem is made up of a header, one pump, a suction
source, valves, piping, heat exchanger, and associated instrumentation.
Either of the two subsystems is capable of providing the required cooling
capacity to maintain safe shutdown conditions. The two subsystems are
separated so that failure of one subsystem will not affect the OPERABILITY
of the other subsystem. One Unit 1 RHRSW subsystem and the associated
(same division) Unit 2 RHRSW subsystem constitute a single RHRSW loop.
The two RHRSW pumps in a loop can each, independently, be aligned to
either Unit's heat exchanger. The RHRSW System is designed with
sufficient redundancy so that no single active component failure can prevent
it from achieving its design function. The RHRSW System is described in
the FSAR, Section 9.2.6, Reference 1.

Cooling water is pumped by the RHRSW pumps from the UHS through the
tube side of the RHR heat exchangers. After removing heat from the
RHRSW heat exchanger, the water is discharged to the spray pond (UHS)
by way of the UHS retum loops. The UHS return loops direct the return flow
to a network of sprays that dissipate the heat to the atmosphere or directly to
the UHS via a bypass valve.

The system is initiated manually from the control room. The system can be
started any time the LOCA signal is manually overridden or clears.

(continued)
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BASES (continued)

PPL Rev. 0
RHRSW System and UHS
B3.7.1

~d

BACKGROUND
(continued)

The ultimate heat sink (UHS) system is composed of a 350,000 cubic foot
spray pond and associated piping and spray risers. Each UHS return loop
contains a bypass line, a large spray array and a small spray array. The
purpose of the UHS is to provide both a suction source of water and a retumn
path for the RHRSW and ESW systems. The function of the UHS is to
provide water to the RHRSW and ESW systems at a temperature less than
the 97°F design temperature of the RHRSW and ESW systems. UHS
temperature is maintained less than the design temperature by introducing
the hot return fluid from the RHRSW and ESW systems into the spray loops
and relying on spray cooling to maintain temperature. The UHS is designed
to supply the RHRSW and ESW systems with all the cooling capacity
required during a combination LOCA/LOOP for thirty days without fiuid

~addition. The UHS is described in the FSAR, Section 9.2.7 (Reference 1).

APPLICABLE
SAFETY
ANALYSES

The RHRSW System removes heat from the suppression pool to limit the
suppression pool temperature and primary containment pressure following a
LOCA. This ensures that the primary containment can perform its function
of limiting the release of radioactive materials to the environment following a
LOCA. The ability of the RHRSW System to support long term cooling of
the reactor or primary containment is discussed in the FSAR, Chapters 6
and 15 (Refs. 2 and 3, respectively). These analyses explicitly assume that
the RHRSW System will provide adequate cooling support to the equipment
required for safe shutdown. These analyses include the evaluation of the
long term primary containment response after a design basis LOCA.

The safety analyses for long term cooling were performed for various
combinations of RHR System failures. The worst case single failure that
would affect the performance of the RHRSW System is any failure that
would disable one UHS return loop. The failure of the spray array bypass
valve to close results in the inability of one UHS return loop to perform its
design function because failure of this valve to clgse results in inadequate
spray nozzle pressures on the affected loop. As discussed in the FSAR,
Section 6.2.2 (Ref. 2) for these analyses, manual initiation of the
OPERABLE RHRSW subsystem and the associated RHR System is
assumed to occur 30 minutes after a DBA. In this case, the maximum
suppression chamber water temperature and pressure are analyzed to be
below the design temperature of 220°F and maximum allowable pressure of
53 psig.

(continued)

SUSQUEHANNA - UNIT 2 TS/B3.7-2 Revision 2




s

. PPL Rev. 0
RHRSW System and UHS

B 3.7.1
BASES (continued)
APPLICABLE The failure of the large spray array valve to open on demand is of less
SAFETY consequence than the failure of the spray array bypass valve because the
ANALYSES small spray array is still available. Two small spray arrays have the same
(continued) capacity and can perform the same function as a single large spray array.

Each small array can effectively discharge the output of one RHRSW
subsystem and one ESW loop to the UHS. The small spray arrays do not
meet the 10CFR50.36 criteria for inclusion into the Technical Specifications
and are not included. As a result, no credit is taken for the existence of the
small spray arrays.

The RHRSW System, together with the UHS, satisfy Criterion 3 of the NRC
Policy Statement. (Ref. 4)

LCO Two RHRSW subsystems are required to be OPERABLE to provide the
required redundancy to ensure that the system functions to remove post
accident heat loads, assuming the worst case single active failure occurs
coincident with the loss of offsite power.

An RHRSW subsystem is considered OPERABLE when:
a. One pump is OPERABLE; and

b. An OPERABLE flow path is capable of taking suction from the UHS and
transferring the water to the RHR heat exchanger and returning it to the
UHS at the assumed flow rate, and -

c. An OPERABLE UHS.

The OPERABILITY of the UHS is based on having a minimum water level at
the overflow weir of 678 feet 1 inch above mean sea level and a maximum
water temperature of 85°F; unless either unit is in MODE 3. If a unit enters
MODE 3, the time of entrance into this condition determines the appropriate
maximum ultimate heat sink fluid temperature. If the earliest unit to enter
MODE 3 has been in that condition for less than twelve (12) hours, the peak
temperature to maintain OPERABILITY of the ultimate heat sink remains at
85¢F. If either unit has been in MODE 3 for more than twelve (12) hours but
less than twenty-four (24) hours, the OPERABILITY temperature of the
ultimate heat sink becomes 87¢°F. [f either unit has been in MODE 3 for
twenty-four (24) hours or more, the OPERABILITY temperature of the
ultimate heat sink becomes 88°F.

(continued)
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LCO
(continued)

In addition, the OPERABILITY of the UHS is based on having sufficient
spray capacity in the UHS return loops to effectively dissipate the heat
picked up by the RHRSW and ESW systems. Sufficient spray capacity is
defined as one large spray array available for heat dissipation.

This OPERABILITY definition is supported by analysis and evaluations
performed in accordance with the guidance given in Regulatory Guide 1.27.

APPLICABILITY

In MODES 1, 2, and 3, the RHRSW System and the UHS are required to be
OPERABLE to support the OPERABILITY of the RHR System for primary
containment cooling (LCO 3.6.2.3, "Residual Heat Removal (RHR)
Suppression Pool Cooling," and LCO 3.6.2.4, "Residual Heat Removal
(RHRY) Suppression Pool Spray") and decay heat removal (LCO 3.4.8,
"Residual Heat Removal (RHR) Shutdown Cooling System—Hot
Shutdown"). The Applicability is therefore consistent with the requirements
of these systems.

In MODES 4 and 5, the OPERABILITY requirements of the RHRSW System
are determined by the RHR shutdown cooling subsystem(s) it supports
(LCO 3.4.9, "Residual Heat Removal (RHR) Shutdown Cooling System -
Cold Shutdown"; LCO 3.9.7, "Residual Heat Removal (RHR) - High Water
Level"; and LCO 3.9.8, "Residual Heat Removal (RHR) - Low Water Level").

In MODES 4 and 5, the OPERABILITY requirements of the UHS is
determined by the systems it supports.

ACTIONS

The ACTIONS are modified by a Note indicating that the applicable
Conditions of LCO 3.4.8, be entered and Required Actions taken if the
inoperable RHRSW subsystem results in inoperable RHR shutdown cooling
(SDC) (i.e., both the Unit 1 and Unit 2 RHRSW pumps in a loop are
inoperable resulting in the associated RHR SDC system being inoperable).
This is an exception to LCO 3.0.6 because the Required Actions of LCO
3.7.1 do not adequately compensate for the loss of RHR SDC Function
(LCO 3.4.8).

Condition A is modified by a separate note to allow separate Condition entry
for each valve. This is acceptable since the Required Action for this
Condition provide appropriate compensatory actions.

(continued)
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(continued)

Al

With one spray array bypass valve inoperable (that is, not capable of being
closed on demand), or with one large spray array valve not capable of being
opened, the associated Unit 1 and Unit 2 RHRSW subsystems cannot use
the spray cooling function of the affected UHS return loop. As a result, the
associated RHRSW subsystems must be declared inoperable.

A2

With one spray array bypass valve or one large spray array valve inoperable,
only one large spray array is available for effective spray cooling. Failure of
either the spray bypass valve or the large spray array valve in the unaffected
loop would result in insufficient spray cooling capacity. The 72-hour
completion time is based on the fact that, although adequate UHS spray loop
capability exists during this time period, both units are affected and an
additiona! single failure results in a system configuration that will not meet
design basis accident requirements.

If an additional RHRSW subsystem on either Unit is inoperable, cooling
capacity less than the minimum required for response to a design basis
event would exist. Therefore, an 8-hour Completion Time is appropriate.
The 8-hour Completion Time provides sufficient time to restore inoperable
equipment and there is a low probability that a design basis event would
occur during this period. ’

B.1 |

Required Action B.1 is intended to ensure that appropriate actions are taken |
if one Unit 2 RHRSW subsystem is inoperable. Although designated and
operated as a unitized system, the associated Unit 1 subsystem is directly
connected to a common header which can supply the associated RHR heat
exchanger in either unit. The Unit 1 subsystems are considered capable of
supporting Unit 2 RHRSW subsystem when the Unit 1 subsystem is
OPERABLE and can provide the assumed flow to the Unit 2 heat exchanger.
A Completion time of 72 hours, when one Unit 1 RHRSW subsystem is not
capable of supporting the Unit 2 RHRSW subsystems, is allowed to restore
the Unit 2 RHRSW subsystem to OPERABLE status. In this configuration,
the remaining OPERABLE Unit 2 RHRSW subsystem is adequate to
perform the RHRSW heat removal function. However, the overall reliability
is reduced because a single failure in the OPERABLE RHRSW subsystem
(continued)
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ACTIONS could result in loss of RHRSW function. The Completion Time is based on
(continued) the redundant RHRSW capabilities afforded by the OPERABLE subsystem
and the low probability of an event occurring requiring RHRSW during this

period.

With one RHRSW subsystem inoperable, and both of the Unit 1 RHRSW
subsystems capable of supporting their respective Unit 2 RHRSW
subsystems, the design basis cooling capacity for both units can still be
maintained even considering a single active failure. However, the
configuration does reduce the overall reliability of the RHRSW System.
Therefore, provided both of the Unit 1 subsystems remain capable of
supporting their respective Unit 2 RHRSW subsystems, the inoperable
RHRSW subsystem must be restored to OPERABLE status within 7 days.
The 7-day Completion Time is based on the remaining RHRSW System
heat removal capability.

1

Required Action C.1 is intended to ensure that appropriate actions are taken
if both Unit 2 RHRSW subsystems are inoperable. Although designated and
operated as a unitized system, the associated Unit 1 subsystem is directly
connected to a common header which can supply the associated RHR heat
exchanger in either unit. With both Unit 2 RHRSW subsystems inoperable,
the RHRSW system is still capable of performing its intended design
function. However, the loss of an additional RHRSW subsystem on Unit 1
results in the cooling capacity to be less than the minimum required for
response to a design basis event. Therefore, the 8-hour Completion Time is
appropriate. The 8-hour Completion Time for restoring one RHRSW
subsystem to OPERABLE status, is based on the Completion Times
provided for the RHR suppression pool spray function.

With both Unit 2 RHRSW subsystems inoperable, and both of the Unit 1
RHRSW subsystems capable of supporting their respective Unit 2 RHRSW
subsystem, if no additional failures occur which impact the RHRSW System,
the remaining OPERABLE Unit 1 subsystems and flow paths provide
adequate heat removal capacity following a design basis LOCA. However,
capability for this alignment is not assumed in long term containment
response analysis and an additional single failure in the RHRSW System
could reduce the system capacity below that assumed in the safety analysis.

N (continued)
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ACTIONS
(continued)

Therefore, continued operation is permitted only for a limited time. One
inoperable subsystem is required to be restored to OPERABLE status within
72 hours. The 72 hour Completion Time for restoring one inoperable
RHRSW subsystem to OPERABLE status is based on the fact that the
alternate loop is capable of providing the required cooling capability during
this time period.

D.1and D.2

If the RHRSW subsystems cannot be restored to OPERABLE status within
the associated Completion Times, or the UHS is determined to be
inoperable, the unit must be placed in a MODE in which the LCO does not
apply. To achieve this status, the unit must be placed in at least MODE 3
within 12 hours and in MODE 4 within 36 hours. The allowed Completion
Times are reasonable, based on operating experience, to reach the required
unit conditions from full power conditions in an orderly manner and without
challenging unit systems.

SURVEILLANCE
REQUIREMENTS

SR 3.7.1.1

This SR verifies the water level to be sufficient for the proper operation of the
RHRSW pumps (net positive suction head and pump vortexing are
considered in determining this limit). The 12 hour Frequency is based on
operating experience related to trending of the parameter variations during
the applicable MODES. -

SR 3.7.1.2

Verification of the UHS temperature, which is the arithmetical average of the
UHS temperature near the surface, middle and bottom levels, ensures that
the heat removal capability of the ESW and RHRSW Systems are within the
assumptions of the DBA analysis. The 24 hour Frequency is based on
operating experience related to trending of the parameter variations during
the applicable MODES.

(continued)
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SURVEILLANCE
REQUIREMENTS SR 3.7.1.3
(continued)

Verifying the correct alignment for each manual, power operated, and
automatic valve in each RHRSW subsystem flow path provides assurance
that the proper flow paths will exist for RHRSW operation. This SR does not
apply to valves that are locked, sealed, or otherwise secured in position,
since these valves are verified to be in the correct position prior to locking,
sealing, or securing. A valve is also allowed to be in the nonaccident
position, and yet considered in the correct position, provided it can be
realigned to its accident position. This is acceptable because the RHRSW
System is a manually initiated system.

This SR does not require any testing or valve manipulation; rather, it involves
verification that those valves capable of being mispositioned are in the
correct position. This SR does not apply to vaives that cannot be
inadvertently misaligned, such as check valves.

The 31-day Frequency is based on engineering judgment, is consistent with
the procedural controls governing valve operation, and ensures correct valve
positions.

SR3.7.14

The UHS spray array bypass valves are required to actuate to the closed
position for the UHS to perform its design function. These valves receive an
automatic signal to open upon emergency service water (ESW) or residual
heat removal service water (RHRSW) system pump start and are required to
be operated from the control room or the remote shutdown panel A spray
bypass valve is considered to be inoperable when it cannot be closed on
demand. Failure of the spray bypass valve to close on demand puts the
UHS at risk to exceed its design temperature. The failure of the spray
bypass valve to open on demand is not limiting and, therefore, would not
cause the loop to be inoperable. This SR demonstrates that the valves will
move to their required positions when required. The 92-day Test Frequency
is based upon engineering judgement and operating/testing history that
indicates this frequency gives adequate assurance that the vaives will move
to their required positions when required.

(continued)
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SURVEILLANCE
REQUIREMENTS
(continued)

SR 3.7.1.5

The return loop large spray array valves are required to open in order for the
UHS to perform its design function. These valves are manually actuated
from either the control room or the remote shutdown panel, under station
operating procedure, when the RHRSW system is required to remove
energy from the reactor vessel or suppression pool. A large spray array
valve is considered inoperable if it cannot be opened on demand, because
the valve must be opened to allow spray cooling to occur. This SR
demonstrates that the valves will move to their required positions when
required. The 92-day Test Frequency is based upon engineering judgement
and operating/testing history that indicates this frequency gives adequate
assurance that the valves will move to their required positions when
required.

REFERENCES

1. FSAR, Section 9.2.6.
2. FSAR, Chapter 6.
3. FSAR, Chapter 15.

4. Final Policy Statement on Technical Specifications Improvements,
July 22, 1993 (58 FR 39132).
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B3.7 PLANT SYSTEMS

B 3.7.2 Emergency Service Water (ESW) System

BASES

BACKGROUND

The ESW System is designed to provide cooling water for the removal of
heat from equipment, such as the diesel generators (DGs), residual heat
removal (RHR) pump coolers, and room coolers for Emergency Core
Cooling System equipment, required for a safe reactor shutdown following a
Design Basis Accident (DBA) or transient. Upon receipt of a loss of offsite
power or loss of coolant accident (LOCA) signal, ESW pumps are
automatically started after a time delay.

The ESW System consists of two independent and redundant subsystems.
Each of the two ESW subsystems is made up of a header, two pumps, a
suction source, valves, piping and associated instrumentation. The two
subsystems are separated from each other so an active single failure in one
subsystem will not affect the OPERABILITY of the other subsystem.

Cooling water is pumped from the Ultimate Heat Sink (UHS) by the ESW
pumps to the essential components through the two main headers. After
removing heat from the components, the water is discharged to the spray
pond (UHS) by way of a network of sprays that dissipate the heat to the
atmosphere or directly to the UHS via a bypass valve.

APPLICABLE
SAFETY
ANALYSES

Sufficient water inventory is available for all ESW System post LOCA cooling
requirements for a 30 day period with no additional makeup water source
available. The ability of the ESW System to support long term cooling is
assumed in evaluations of the equipment required for safe reactor shutdown
presented in the FSAR, Chapters 4 and 6 (Refs. 1 and 2, respectively).

The ability of the ESW System to provide adequate cooling to the identified
safety equipment is an implicit assumption for the safety analyses evaluated
in References 1 and 2. The ability to provide onsite emergency AC power is
dependent on the ability of the ESW System to cool the DGs. The long term
cooling capability of the RHR and core spray pumps is also dependent on
the cooling provided by the ESW System.

The ESW System satisfies Criterion 3 of the NRC Policy Statement. (Ref. 3)

(continued)
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LCO

The ESW subsystems are independent of each other to the degree that
each has separate controls, power supplies, and the operation of one does
not depend on the other. In the event of a DBA, one subsystem of ESW is
required to provide the minimum heat removal capability assumed in the
safety analysis for the system to which it supplies cooling water. To ensure
this requirement is met, two subsystems of ESW must be OPERABLE. At
least one subsystem will operate, if the worst single active failure occurs
coincident with the loss of offsite power.

A subsystem is considered OPERABLE when it has two OPERABLE pumps,
and an OPERABLE flow path capable of taking suction from the UHS and
transferring the water to the appropriate equipment and returning flow to the
UHS. If individual loads are isolated, the affected components may be
rendered inoperable, but it does not necessarily affect the OPERABILITY of
the ESW System. Because each ESW subsystem supplies ali four required
DGs, an ESW subsystem is considered OPERABLE if it supplies at least
three of the four DGs provided no single DG does not have an ESW
subsystem capable of supplying flow.

An adequate suction source is not addressed in this LCO since the minimum
net positive suction head of the ESW pumps is bounded by the Residual
Heat Removal Service Water System requirements (LCO 3.7.1, "Residual
Heat Removal System and Ultimate Heat Sink (UHS)").

The ESW return loop requirement, in terms of operable UHS return paths or
UHS spray capacity, is also not addressed in this LCO. UHS operability, in
terms of the return loop and spray capacity is addressed in the RHRSW/
UHS Technical Specification (LCO 3.7.1, “Residual Heat Removal Service
Water System and Ultimate Heat Sink (UHS)). The design basis
calculations for the UHS assume post-accident ESW return flow through the
spray bypass valve on one return loop until a UHS temperature is reached
whereby realignment of appropriate ESW heat loads to the spray loop is
required. This realignment is manual and can be done several hours or
more after accident initiation.

APPLICABILITY

In MODES 1, 2, and 3, the ESW System is required to be OPERABLE to
support OPERABILITY of the equipment serviced by the ESW System.
Therefore, the ESW System is required to be OPERABLE in these MODES.

in MODES 4 and 5, the OPERABILITY requirements of the ESW System is
determined by the systems it supports.

(continued)
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