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6.3 EMERGENCY CORE COOLING SYSTEM
The emergency core cooling system (ECCS) is discussed in detail in this section. For
additional information on the ECCS see the following sections:

(1) Compliance with the 10 CFR 50.46 acceptance criteria is discussed in
Section 15.4.1.

(2) Components which are necessary following a postulated loss-of-coolant
accident (LOCA) over the entire range of break sizes are discussed in
Sections 15.3 and 15.4.

(3) External forces and their effect on the operation of the ECCS are treated in
Sections 3.7 and 3.9.

(4) Preoperational system testing is discussed in Chapter 14.

(5) The actuation of the ECCS following a LOCA is discussed in detail in Section
7.3.

(6) Instrumentation available to the operator to monitor conditions after a LOCA
is found in Section 7.5.

(7) Testing intervals are discussed in the Technical Specifications.
6.3.1 Design Bases

6.3.1.1 Range of Coolant Ruptures and Leaks

The ECCS is designed to cool the reactor core as well as to provide additional
shutdown capability following initiation of the following accident conditions:

(1) A pipe break or spurious valve lifting in the reactor coolant system (RCS)
which causes a discharge larger than that which can be made up by the
normal makeup system, up to and including the instantaneous
circumferential rupture of the largest pipe in the reactor coolant system.

(2) Rupture of a control rod drive mechanism causing a rod cluster control
assembly ejection accident.

(3) A pipe break or spurious valve lifting in the steam system, up to and including
the instantaneous circumferential rupture of the largest pipe in the steam
system.

(4) A steam generator tube rupture.

The acceptance criteria for the consequences of each of these accidents is described
in Chapter 15 in the respective accident analyses sections.
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6.3.1.2 Fission Product Decay Heat

The primary function of the ECCS following a LOCA is to remove the stored and fission
product decay heat from the reactor core such that fuel rod damage, to the extent that
it would impair effective cooling of the core, is prevented. The acceptance criteria for
the accidents, as well as analyses of the accidents are provided in Chapter 15.

6.3.1.3 Reactivity Required for Cold Shutdown

The ECCS provides shutdown capability for the accidents listed above by means of
chemical poison (boron) injection. The most critical accident for shutdown capability is
the steam line break and for this accident the emergency core cooling system meets
the criteria defined in Chapter 15. During a steam line break outside containment, the
refueling water storage tank (RWST) is assumed to rupture. This could be due to a
tornado induced steamline break.

6.3.1.4 Capability To Meet Functional Requirements

In order to ensure that the ECCS will perform its desired function during the accidents
listed above, it is designed to tolerate a single active failure during the short term
immediately following an accident, or to tolerate a single active or passive failure during
the long term following an accident. This subject is detailed in Section 6.3.2.11.

The ECCS is designed to meet its minimum required level of functional performance
with onsite emergency diesel power system operation (assuming offsite power is not
available) or with offsite electrical power system operation (assuming onsite power is
not available) for any of the above abnormal occurrences assuming a single failure as
defined above.

The ECCS is designed to perform its function of ensuring core cooling shutdown
capability following an accident under simultaneous safe shutdown earthquake
loading. The seismic requirements are defined in Section 3.7.

6.3.2 System Design

6.3.2.1 Schematic Piping and Instrumentation Diagrams

Flow diagrams of the ECCS are shown in Figure 6.3-1 Sheet 1.

6.3.2.2 Equipment and Component Design

6.3-2

Pertinent design and operating parameters for the components of the ECCS are given
in Table 6.3-1. The codes and standards to which the individual components of the
ECCS are designed are listed in Table 3.2-2a.

The component design and operating conditions are specified as the most severe
conditions to which each respective component is exposed during either normal plant
operation, or during operation of the ECCS. For each component, these conditions are
considered in relation to the code to which it is designed. By designing the
components in accordance with applicable codes, and with due consideration for the
design and operating conditions, the fundamental assurance of structural integrity of
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the ECCS components is maintained. These components are designed to withstand
the appropriate seismic loadings in accordance with their safety class as given in Table
3.2-2a.

Cold Leg Injection Accumulators

These accumulators are pressure vessels filled with borated water and pressurized
with nitrogen gas. One accumulator is attached to each of the cold legs of the RCS.
During normal operation each accumulator is isolated from the reactor coolant system
by two check valves in series. Should the RCS pressure fall below the accumulator
pressure, the check valves open and borated water is forced into the RCS. Mechanical
operation of the swing-disc check valves is the only action required to open the
injection path from the accumulators to the core via the cold leg. The contents of only
three tanks need to be injected in order to meet initial core cooling requirements. The
contents of the fourth accumulator is assumed to spill through the break.

Connections are provided for remotely adjusting the level and boron concentration of
the borated water in each accumulator during normal plant operation as required.
Accumulator water level may be adjusted either by draining to the holdup tank or the
reactor coolant drain tank or by pumping borated water from the RWST to the
accumulator using a safety injection pump.

Accumulator pressure is provided by a supply of nitrogen gas within its own volume,
and can be adjusted as required during normal plant operation; however, the
accumulators are normally isolated from the source of this nitrogen supply. Gas relief
valves on the accumulators protect them from pressures in excess of design pressure.

The accumulators are located within the containment but outside of the secondary
shield wall which protects them from missiles. Since the accumulators are located
within the containment, a release of the nitrogen gas in the accumulators would cause
an increase in normal containment pressure. Containment pressure following release
of the gas from all accumulators when evaluated in accordance with the ideal gas law,
is well below the containment pressure setpoint for ECCS actuation.

Release of accumulator gas would be detected by the accumulator pressure indicators
and alarms. Thus the operator could take action promptly as required to maintain plant
operation within the requirements of the Technical Specification covering accumulator
operability and containment pressure.

The complete listing of the design parameters for the cold leg injection accumulator is
presented in Table 6.3-1.

Pumps

Residual Heat Removal (RHR) Pumps

RHR pumps are provided to deliver water from the RWST or the containment sump to
the RCS should the RCS pressure fall below their shutoff head.
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Each RHR pump is a single stage, vertical position, centrifugal pump. It has an integral
motor-pump shaft, driven by an induction motor. The unit has a self contained
mechanical seal cooling system. Component cooling water system (CCS) is the heat
exchange medium. The pumps start on receipt of a safety injection signal.

A minimum flow bypass line is provided for the pumps to recirculate through the
residual heat exchangers and return the cooled fluid to the pump suction should these
pumps be started with their normal flow paths blocked. Once flow is established to the
RCS, the bypass line is automatically closed. This line prevents deadheading the
pumps and permits pump testing during normal operation.

The RHR pumps are also discussed in Section 5.5.7.

Centrifugal Charging Pumps

These pumps deliver water from the RWST through the boron injection tank to the RCS
at the prevailing RCS pressure. Each centrifugal charging pump is a multistage,
diffuser design, barrel type casing with vertical suction and discharge nozzles. The
pump is driven through a speed increaser connected to an induction motor. The pump
and speed increaser have self-contained lubrication systems with CCS as the heat
exchanger medium. The pump has a mechanical seal cooling system. System
process water is the normal heat exchange medium for the mechanical seal. The
pumps start on receipt of a safety injection signal.

A minimum flow bypass line is provided on each pump discharge to recirculate flow
back to the pump suction after cooling in the seal water heat exchanger. This is
required to protect the pumps at the shutoff head. The minimum flow bypass line
contains two valves in series which are provided for isolation of the mini-flow line.
These valves are normally open with power to the valve operators locked out at each
valve breaker to preventinadvertent isolation of the mini-flow line. The charging pumps
may be tested during normal operation through the use of the minimum flow bypass
line. The centrifugal charging pumps are also discussed in Section 9.3.4.

Safety Injection Pumps

The safety injection pumps deliver water from the RWST to the RCS after the reactor
coolant pressure is reduced below their shutoff head. Each high head safety injection
pump is a multistage, centrifugal pump. The pump is driven directly by an induction
motor. The unit has a self-contained lubrication system with CCS as the heat
exchanger medium. The pump also has a mechanical seal cooling system. System
process water is the heat exchange medium for the mechanical seals. The pumps
start on receipt of a safety injection signal.

A minimum flow bypass line is provided on each pump discharge to recirculate flow to
the RWST in the event the pumps are started with the normal flow paths blocked. This
line also permits pump testing during normal operation. Redundant motor operated
valves (MOVSs) in series are provided for isolation of this line. These valves are closed
by operator action during the recirculation mode.
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Residual Heat Exchangers

The residual heat exchangers are conventional shell and U-tube type units. During
normal operation of the RHR system, reactor coolant flows through the tube side while
component cooling water flows through the shell side. During emergency core cooling
recirculation operation, water from the containment sump flows through the tube side.
The tubes are seal welded to the tube sheet.

A further discussion of the residual heat exchangers is found in Section 5.5.7.

Valves

Design parameters for all types of valves used in the ECCS are given in Table 6.3-1.
Design features employed to minimize valve leakage include:
(1)  Where possible, packless valves are used.

(2) Globe valves are installed with recirculation fluid pressure under the seat to
prevent stem leakage of recirculated (radioactive) water when the valves are
closed.

(3) Relief valves are enclosed, i.e., they are provided with a closed bonnet.

(4) Some control valves and MOVs (2 inches and above) exposed to
recirculation flow have double packed stuffing boxes and stem leakoff
connections to the waste processing system. Other valves may have their
leakoff line connections plugged after the packing has been upgraded with
graphite packing rings. This packing configuration will reduce stem leakage
to essentially zero.

Table 6.3-10 provides a list of the principal ECCS valves and their respective positions
during normal and all ECCS modes of operation.

Motor-Operated Valves

The seating design of all motor operated gate valves is of the parallel disc design or
the flexible wedge design. These designs release the mechanical holding force during
the first increment of travel so that the motor operator works only against the frictional
component of the hydraulic unbalance on the disc and the packing box friction. The
discs are guided throughout the full disc travel to prevent chattering and to provide
ease of gate movement. The seating surfaces are hard faced to prevent galling and
to reduce wear.

Where a gasket is employed for the body to bonnet joint, it is either a fully trapped,

controlled compression, spiral wound gasket with provisions for seal welding, or it is of
the pressure seal design with provisions for seal welding. The valve stuffing boxes are
designed with a lantern ring leakoff connection with a minimum of a full set of packing
below the lantern ring and a minimum of one-half of a set of packing above the lantern
ring. A full set of packing is defined as a depth equal to 1-1/2 times the stem diameter.
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The motor operator incorporates a "hammer blow" feature that allows the motor to
impact the discs away from the backseat upon opening or closing. This "hammer blow"
feature not only impacts the disc but allows the motor to attain its operational speed
prior to impact. Valves which must function against system pressure are designed
such that they function with a pressure drop equal to full system pressure across the
valve disc.

Manual Globe, Gate, and Check Valves

Gate valves are either wedge design or parallel disc and are straight through. The
wedge is either split or solid. All gate valves have backseat and outside screw and
yoke.

Globe valves of the "T" and "Y" styles are full-ported with outside screw and yoke
construction.

Check valves are spring-loaded lift piston types for sizes 2 inches and smaller and
swing type or tilting disc type for size 3 inches and larger. Stainless steel check valves
have no body penetrations other than the inlet, outlet and bonnet. The check hinge is
serviced through the bonnet.

The stem packing and gasket of the stainless steel manual globe and gate valves are
similar to those described above for MOVs.

Diaphragm Valves

The diaphragm valves are of the Saunders-patent type which uses the diaphragm
member for shut off with even weir bodies. These valves are used in systems not
exceeding 200°F and 220 psig design temperature and pressure, respectively.

Accumulator Check Valves

The cold leg accumulator check valve is designed with a low pressure drop
configuration with all operating parts contained within the body. The disc is permitted
to rotate, providing a new seating surface after each valve opening.

Design considerations and analyses which assure that leakage across all the check
valves located in each accumulator injection line will not impair accumulator availability
are as follows:

(1) During normal operation the check valves are in the closed position with a
nominal differential pressure across the disc. The differential pressure is
approximately 1650 psi for the check valves in the cold leg lines. Since the
valves remain in this position except for testing or when called upon to
function, and are not, therefore, subject to the abuses of flow operation or
impact loads caused by sudden flow reversal and seating, they do not
experience significant wear of the moving parts. Hence, they are expected
to function with minimal leakage.
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(2) The check valves are tested for leakage when the RCS is being pressurized
during the normal plant heat-up operation. This test confirms the seating of
the disc and whether or not there has been an increase in the leakage since
the last test. After this test is completed and prior to 1000 psig, the discharge
line motor operated isolation valves are opened and the RCS pressure
increase is continued. There should be no increase in leakage from this point
on since increasing reactor coolant pressure increases the seating force and
decreases the probability of leakage.

(3) Experience derived from check valves employed in emergency injection
systems indicates that they are reliable and workable. This is substantiated
by the satisfactory experience obtained from their operation at other plants
where the usage of check valves is identical to their application at Watts Bar.

(4) The accumulators can accept some in-leakage from the RCS without
affecting availability.

In-leakage requires, however, that the accumulator water volume and boron
concentration be adjusted accordingly to remain within Technical
Specification requirements. An accumulator high water level alarm is
provided as an added safeguard to warn the operator that excessive
accumulator in-leakage is occurring.

Relief Valves

The accumulator relief valves are sized to pass nitrogen gas at a rate in excess of the
accumulator gas fill line delivery rate. The relief valves will also pass water in excess
of the expected accumulator inleakage rate. This is not considered to be necessary
because the time required to fill the gas space gives the operator ample opportunity to
correct the situation.

Other relief valves are installed in various sections of the ECCS to protect lines which
have a lower design pressure than the RCS. Relief valves normally discharge to the
pressurizer relief tank. The boron injection tank relief discharges to the CVCS holdup
tank (HUT). The seal water heat exchanger (centrifugal charging pump (CCP) miniflow
path) discharges to the volume control tank which in turn discharges to the CVCS HUT.
Table 3.9-20 lists the system's relief valves with their capacities and setpoints.

Butterfly Valves

Each main RHR line has an air-operated butterfly valve which is normally open and is
designed to fail in the open position. These valves are in the full-open position during
normal operation to maximize flow from this system to the RCS during the injection
mode of the ECCS operation.

Piping
Piping joints are welded except where disassembly of the joint may be required. In

order to assure structural integrity, pipe weld connections are fabricated to satisfy
ASME Code requirements.
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Minimum piping and fitting wall thicknesses are increased to account for the
manufacturer's permissible tolerance on the nominal wall and an appropriate
allowance for wall thinning on the external radius during any pipe bending operations
in the shop fabrication of the subassemblies. The wall thicknesses are determined by
formula from the 1971 ASME Code, Section lll, Summer 1973 Addenda.

System Operation

The operation of the ECCS, following a loss-of-coolant accident, can be divided into
two distinct modes:

(1) The injection mode in which any reactivity increase following the postulated
accidents is terminated, initial cooling of the core is accomplished, and
coolant lost from the primary system in the case of a LOCA is replenished,
and

(2) The recirculation mode in which long-term core cooling is provided during the
accident recovery period.

A discussion of these modes follows.

Break Spectrum Coverage

The principal mechanical components of the ECCS which provide core cooling
immediately following a LOCA are the accumulators, the safety injection pumps, the
centrifugal charging pumps, the RHR pumps, RWST, and the associated valves and

piping.

For large pipe ruptures, the RCS would be depressurized and voided of coolant rapidly,
and a high flow rate of emergency coolant is required to quickly cover the exposed fuel
rods and limit possible core damage. This high flow is provided by the passive cold leg
accumulators, the charging pumps, safety injection pumps, and the RHR pumps

discharging into the cold legs of the RCS. The RHR and safety injection pumps deliver
into the accumulator injection lines, between the two check valves, during the injection
mode. The charging pumps deliver coolant to the cold legs during the injection mode.

Emergency cooling is provided for small pipe ruptures primarily by the high-head
injection pumps. The charging pumps and safety injection pumps are commonly
referred to as "high-head pumps" and the RHR pumps as "low-head pumps."
Likewise, the term "high-head injection" is used to denote charging pump and safety
injection pump injection and "low-head injection" refers to RHR pump injection. Small
pipe ruptures are those, with an equivalent diameter of 6 inches or less, which do not
immediately depressurize the RCS below the accumulator discharge pressure. The
centrifugal charging pumps are designed to deliver borated water at the prevailing RCS
pressure. During the injection mode, the charging pumps take suction from the RWST.

The safety injection pumps also take suction from the RWST and deliver borated water
to the cold legs of the RCS. The safety injection pumps begin to deliver water to the
RCS after the pressure has fallen below the pump shutoff head.
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Core protection is afforded with the minimum engineered safety feature equipment.
The minimum engineered safety feature equipment is defined by consideration of the
single failure criteria as discussed in Sections 6.3.1.4 and 3.1. The minimum design
case ensures the entire break spectrum is accounted for and core cooling design
bases of Section 6.3.1 are met. The analyses for this case are presented in Sections
15.3 and 15.4.

In the minimum design case for large RCS ruptures, the cold leg accumulators and one
train of active high-head and low-head pumping components serve to complete the
core refill. One RHR loop is required for long-term recirculation along with components
of the auxiliary heat removal system, which are required to transfer heat from the
ECCS to the component cooling system and essential raw cooling water system.

If the break is small (6-inch equivalent diameter or less) the accumulators with one
charging pump and one safety injection pump ensure adequate cooling during the
injection mode. Long-term recirculation requires one RHRI loop and components of
the auxiliary heat removal systems. The loss-of-coolant analyses are presented in
Section 15.3 and 15.4.

Certain deviations (i.e., reduced component availability) from the normal operating
status as given in Table 6.3-4 of the ECCS are permissible without appreciably
impairing the reliability of the ECCS to provide adequate core cooling capability.
Accordingly, Technical Specifications have been established to identify these types of
deviations and restrict the time period that a given deviation may exist.

The Technical Specifications permit one cold leg accumulator and various pumps of
the ECCS to be inoperable during power operation for a period of time. The
permissible time periods for which accumulators, ECCS pumps, and associated
equipment may be inoperable are listed and their bases described in the Technical
Specifications.

The minimum active components will be capable of delivering full rated flow within a
specified time interval after process parameters reach the setpoints for the safety
injection signal. Response of the system is automatic, with appropriate allowances for
delays in actuation of circuitry and active components. The active portions of the
system are actuated by the safety injection signal directly, with the exception of the
isolation valves for the hydrogen vent lines on the charging pump suction piping.
These valves are electrically interlocked to the volume control tank outlet valves. In
analyses of system performance, delays in reaching the programmed trip points and
in actuation of components are established on the basis that only emergency onsite
power is available. The starting sequence is detailed in Table 8.3-3.

In the loss-of-coolant accident analyses presented in Sections 15.3 and 15.4 no credit
is assumed for partial flow prior to the establishment of full flow and no credit is
assumed for the availability of normal offsite power sources.

For smaller loss-of-coolant accidents, there is some additional delay before the
process variables reach their respective programmed trip setpoints since this is a
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function of the severity of the transient imposed by the accident. This is allowed for in
the analyses of the range of loss-of-coolant accidents.

Accumulator injection occurs immediately when the RCS is depressurized below
accumulator operating pressure. For the cold leg injection accumulator this setpoint
will be reached only in event of a large rupture.

The cold leg injection accumulators can be isolated from the RCS by closure of their
motor-operated isolation valves. Since these accumulators operate only after
considerable RCS pressure loss, the injection of pressurized nitrogen via the cold legs
is not considered a problem.

Injection Mode After Loss of Primary Coolant

The injection mode of emergency core cooling is initiated by the safety injection signal
("SI" signal). This signal is initiated by any of the following:

(1) Low pressurizer pressure

(2) High containment pressure

(3) Low steamline pressure in any steamline.
(4) Manual actuation

Operation of the ECCS during the injection mode is completely automatic. Refer to
Figure 7.3-3 (Sheet 3) for safety injection signal logic. The safety injection signal in
addition to activating the ESF equipment automatically initiates the following actions:

(1) Starts the diesel generators and trips the diesel generator feeder breaker if
the diesel generator is in test with the offsite power source. They will be
aligned to the 6.9 kV shutdown boards if power is lost to the respective board.

(2) Starts the charging pumps, the safety injection pumps, and the RHR pumps.
(3) Aligns the charging pumps for injection by:

(a) Closing the valves in the charging pump discharge line to the normal
charging line.

(b) Opening the valves in the charging pumps suction line from the RWST.

(c) Closing the valves in the charging pump normal suction line from the
volume control tank when either of the two RWST suction valves are
fully open. Closing these valves initiates the closing of the isolation
valves at the hydrogen vent line for the charging pumps suction side

piping.

(d) Opening the isolation valves located in the discharge line from the
boron injection tank.
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The injection mode continues until the low level is reached in the RWST coincident with
a high level in the containment sump. Then the recirculation mode is initiated.

Recirculation Mode

The injection mode continues until the RHR pumps have been realigned to the
recirculation mode. During the injection mode, all pumps take suction from the RWST
until a low level signal from the RWST in conjunction with the "SI" signal and a high
sump level signal aligns the RHR pumps to take suction from the containment sump.
The RHR RWST isolation valves (FCV-74-3 and -21) are automatically closed
coincident with the opening of the sump isolation valves (FCV-63-72 and -73). The
automatic positioning of these valves is initiated only in the event that actuation signals
are generated by the safeguards protection logic ("SI" signal), two of four RWST low
level protection logic signals, and two out of four sump high level signals. It has been
determined that the RHR pumps continue to receive adequate suction flow during this
automatic changeover, thus there is no possibility of pump damage due to loss of
suction. Alarms on RWST low level and level indications from both the sump and
RWST are used by the operator to appraise the accident situation and complete the
remainder of switchover sequence.

Table 6.3-3 describes the sequence of changeover operation from injection to
recirculation.

The switchover initiation point and minimum assured final volume in the RWST before
completion of switchover are selected on the basis of maximizing the allowable
operator action time for accompanying manual operations and total water injected to
the RCS while avoiding the potential problems due to low levels in either the active
sump inside containment or in the RWST. Crane wall penetrations inside containment
are sealed as necessary between elevations 702.78 and 716 to initially retain more
water in the active sump, thereby maximizing the active sump water level at the onset
of the recirculation switchover.

The sequence (as delineated in Table 6.3-3) is followed regardless of which power
supply is available (offsite or emergency onsite).

The time required to complete the sequence is essentially the time required for the
operator to perform the accompanying manual operations. Controls for ECCS
components are grouped together on the main control board. The component position
lights indicate equipment position / status.

After the injection operation, water collected in the containment sump is cooled and
returned to the RCS by the low head/high head recirculation flow path. The low head
recirculation flow path consists of the RHR pumps taking suction from the containment
sump and discharging the flow directly to the RCS through the residual heat
exchangers and cold leg injection lines. The high head recirculation flow path consists
of the residual heat removal pumps taking suction from the containment sump and
discharging the flow through the residual heat exchangers to the suction of the
centrifugal charging pumps and safety injection pumps. The flow from the centrifugal
charging pumps and safety injection pumps is returned to the RCS through the cold leg
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injection lines. The latter mode of operation assures flow in the event of a small rupture
where the depressurization proceeds more slowly such that the reactor coolant system
pressure is still in excess of the shutoff head of the residual heat removal pumps at the
onset of recirculation.

Approximately 3 hours after the event initiation, hot leg recirculation will be initiated to
assure against an excessive buildup of boric acid in the core.

The containment sump isolation valve is interlocked with its respective pump
suction/RWST isolation valve to the RHR system. The interlock is provided with
redundant signals from each isolation valve. This interlock prevents remote manual
opening the sump isolation valve when the RWST isolation valves are open and thus
prevents dumping the RWST contents into the containment sump. However, when an
accident signal is present, this interlock is bypassed to allow initiation of the switchover
sequence.

The RWST is protected from back flow of reactor coolant from the RCS. All
connections to the RWST are provided with check valves to prevent back flow. When
the RCS is hot and pressurized there is no direct connection between the RWST and
the RCS. When the RCS is being cooled and the RHR system is placed in service, the
RHR system is isolated from the RWST by a motor-operated valve in addition to a
check valve.

Redundancy in the external recirculation loop is provided by the inclusion of duplicate
charging, safety injection, and RHR pumps and residual heat exchangers. Inside the
containment, the charging pump and safety injection pump discharge is piped
separately into all four cold legs for the charging pumps and into all four cold legs and
all four hot legs for the safety injection pumps. The low head pumps take suction
through redundant lines from the containment sump and discharge through separate
paths to the RCS. The containment sump design is shown in Figure 6.3-6.

The containment sump is located in the containment floor (el 702.78 ft, 270°) below the
refueling canal to provide protection from high energy pipe failures. A strainer
assembly is installed on top of the sump suction pit to prevent debris that may be
present after a design basis accident from degrading performance of the ECCS and
containment spray system. A horizontal grating is located one foot below the ceiling to
eliminate vortexing. This pit is surrounded by a six-inch high curb which is used to
prevent sediment from entering the pit. A fine mesh (1/4-inch) screen located in the
containment sump suction pit is used to divide the sump into two suction volumes.

The sump design does not comply fully with Regulatory Guide 1.82, Revision 0
because the plant design was well advanced when the Regulatory Guide was issued;
the plant construction permit preceded the Regulatory Guide by 17 months. The
design does comply fully, however, except as itemized below:

Position C.I:  Dual sumps are not provided. The single sump, however, has
adequate capacity and inlet area.
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Position C.3: The containment sump pit has a six-inch high curb with a
metal strainer assembly on top of it. This arrangement
provides vortex suppression. The sump intake is not
protected by two screens. It is protected by an advanced
design strainer assembly that can withstand the expected
debris loading and differential pressure. The perforation size
is a 0.085 inch diameter hole which prevents debris from
entering the inner sump.

Position C.4: The floor is level, but a six-inch high curb is provided around
the sump suction pit inlet, thus providing an effect comparable
to a sloped floor.

Position C.6: The trash rack and inner screen have been replaced with an
advanced design strainer which has been designed to be
strong enough to withstand the expected debris loading and
differential pressure.

Position C.7: The strainer assembly has mainly horizontal straining
surfaces, but has been designed to obtain low approach
velocity due to significant surface area. The design
configuration of the entire assembly impedes the deposition or
settling of debris on the strainer surfaces.

The limiting size particle which may be circulated by the ECCS and containment spray
systems without causing system damage is a function of several physical parameters
including:

(A) limiting system clearance,

(B) particle concentration,

(C) particle abrasive properties, and
(D) particle hardness.

The sump screen openings are sized sufficiently small to protect other components
from debris plugging that would challenge the operability of mitigative systems. Soft
material of larger dimensions could easily be passed by the pumps, but would cause
blockage of these components. Damage to the pumps could occur if significant
concentrations of hard, dense, smaller debris were allowed to cause surface abrasion
or binding between moving pump parts. To eliminate all such particles by smaller
screen sizing would increase the threat of screen blockage. Hence, the design
philosophy for the sump is to size the sump screens according to the limiting clearance
and to otherwise take advantage of settling properties to eliminate the threat of
damage from the smaller, more dense particles.

No debris is expected to reach the sump and cause blockage of the sump screens
during or after a LOCA. However, the effective screen opening areas are many times
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larger than the combined flow area of both sump suction pipes to allow appreciable
blockage from unspecified debris before any significant pressure drop is developed
across the screens.

The lower containment is an open, one level area and no drains are used to route water
to the sump (except the two large refueling cavity drains and two small accumulator
room drains that route water away from the strainer assembly). The water simply fills
the floor area and covers the sump entrance. Debris with a specific gravity greater
than one will largely settle before reaching the sump inlet.

The containment sump suction pit (located in the inner sump area) has a six-inch high
curb with the strainer assembly atop it. The strainer perforations are 0.085 inch
diameter holes which prevent debris from entering the sump. It also serves to maintain
a low inlet velocity. Debris generated during the initial blowdown of a LOCA will have
an approximate minimum time of ten minutes to settle before any suction is taken from
the sump.

Peeling paint has been identified as a possible hazard to the containment sump. To
prevent this hazard, surface coatings will meet the requirements as described in
Section 6.1.2. Further, paint used inside containment produces a hardened film having
a specific gravity appreciably greater than one. Hence, gravitational settling helps
assure protection against plugging of the sump with paint particles.

Equipment insulation has been designed to assure against it becoming a source of
sump blockage. This has been done by providing metallic insulation on reactor coolant
pressure boundary vessels and piping where required. The systems and components
utilizing metallic insulation include the reactor vessel, steam generators, pressurizer,
reactor coolant pumps and piping, RHR piping, safety injection piping, chemical and
volume control piping, and main steam and feedwater piping. The insulation is not
designed to withstand the blowdown and jet impingement forces associated with pipe
breaks and sections of insulation may be stripped away if a break occurs. However,
the strainer assembly will prevent the metallic insulation from entering the containment
sump.

Small sections of pipe inside containment are insulated with stainless-steel-jacketed
mass-type insulation, as needed, to avoid interferences with and potential overheating
of electrical cable and components. As is the case with metallic insulation, this
insulation is not designed to withstand the blowdown and jet impingement forces
associated with pipe breaks. However, it also poses no significant hazard to the
containment sump if a pipe break were to occur. The metal jacketing may sink if
located in the vicinity of the sump, but it is prevented from entering the sump by the
strainer assembly. The mass-type insulation floats since its specific gravity is
appreciably less than one, and it is hydrophobic grade to prevent absorption of water.

Small amounts of rockwool insulation are located inside the guard pipes of
containment penetrations with flued heads as shown in Figures 6.2.4-1 through 6.2.4-4
and 6.2.4-10. This insulation is enclosed and protected by the guard pipes.
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Ice condenser insulation is specifically designed not to create debris during a LOCA.
Materials that could become segmented or decompose are enclosed. Solid insulation
such as foam concrete is used where practical and protection is provided to prevent
insulation damage from the blowdown effects of a LOCA. All equipment inside
containment is designed to prevent its becoming a source of blockage to the sump.

Each recirculation line from the sump is run outside the containment to a sump
isolation valve. This valve is surrounded with a steel enclosure and the section of
piping joining it to the sump is run within a guard pipe welded to the enclosure. Any
excessive leakage or passive failure downstream of the sump valves can be controlled
and isolated by closure of the sump valve in the affected train.

External Recirculation Loop

The ECCS recirculation loop piping and components external to containment are
surrounded by shielding. This shielding is designed to permit access for maintenance
to a component such as a pump while the redundant pump is recirculating sump fluid.

Pressure relieving devices from portions of the ECCS located outside containment
which might contain radioactivity discharge to the pressurizer relief tank, except for the
BIT and seal water heat exchanger relief valves, which discharge to the CVCS holdup
tank and VCT, respectively.

An analysis has been performed to evaluate the radiological effects of recirculation
loop leakage as discussed in Section 15.5.3.

During recirculation, significant margin exists between the design and operating
conditions (in terms of pressure and temperature) of the ECCS components.

Since redundant flow paths are provided during recirculation, a leaking component in
one of the flow paths may be isolated. This action curtails any further leakage and
renders the component available for corrective maintenance. Maximum potential
leakage from components during recirculation mode operation is given in Table 6.3-6.

6.3.2.3 Applicable Codes and Classifications

The codes and standards to which the individual components of the ECCS are
designed are listed in Table 3.2-2a.

6.3.2.4 Materials Specifications and Compatibility

Materials employed for components of the ECCS are given in Table 6.3-2. Materials
are selected to meet the applicable material requirements of the codes in Table 3.2-2a
and the following additional requirements:

(1) The parts of components in contact with sump solution during recirculation
are fabricated of austenitic stainless steel or equivalent corrosion resistant
material.
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(2) The parts of components in contact with borated water are fabricated of, or
clad with, austenitic stainless steel or equivalent corrosion resistant material,
with the exception of pump seals and valve packing.

(3) Valve seating surfaces are hard-faced with Stellite No. 6 or equivalent to
prevent galling and reduce wear.

(4) Valve stem materials are selected for their corrosion resistance, high tensile
properties, and resistance to surface scoring by the packing.

The elevated temperature of the sump solution is well within the design temperature of
all the ECCS components. In addition, consideration has been given to the potential
for corrosion of various types of metals exposed to the fluid conditions prevalent
immediately after the accident or during the long term recirculation operations.

Environmental qualification of the ECCS equipment inside the containment, which is
required to operate following a LOCA is discussed in Section 3.11. The results of the
program indicate that the safety features will operate satisfactorily during and following
exposure to the combined containment post-accident environments of temperature,
pressure, chemistry, and radiation.

6.3.2.5 Design Pressures and Temperatures

The component design pressures and temperatures are given in Table 6.3-1. These
pressure and temperature conditions are specified as the most severe conditions to
which each respective component is exposed during either normal plant operation or
during operation of the ECCS.

For each component, these conditions are considered in relation to the code to which
itis designed. By designing the components in accordance with applicable codes (see
Section 3.2) and with due consideration for the design and operating conditions, the

fundamental assurance of structural integrity of the ECCS components is maintained.

6.3.2.6 Coolant Quantity

The minimum storage volume for the accumulators and the RWST is given in Table
6.3-4. The minimum storage volume in the RWST and the accumulators is sufficient
to ensure that, after a RCS break, sufficient water is injected and is available within the
containment to permit recirculation cooling flow to the core, and to meet the net positive
suction head requirements of the RHR pumps. A further discussion of coolant
requirements is contained in Sections 15.3 and 15.4.

6.3.2.7 Pump Characteristics
Design parameters for the ECCS pumps are given in Table 6.3-1.

6.3.2.8 Heat Exchanger Characteristics
Residual heat exchanger characteristics are found in Section 5.5.7.
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6.3.2.9 ECCS Flow Diagrams
The SIS flow diagram is given as Figure 6.3-1-1.

6.3.2.10 Relief Valves
The ECCS relief valves, their capacities and settings are given in Table 3.9-20.

6.3.2.11 System Reliability
6.3.2.11.1 Definitions

Period of Recovery

The period of recovery is the time necessary to bring the plant to a cold shutdown and
regain access to faulted equipment. The recovery period is the sum of the short and
long term periods defined below.

Incident

An incident is any natural or accidental event of infrequent occurrence and its related
consequences which affect plant operation and require the use of engineered
safeguards systems. Such events, which are analyzed independently and are not
assumed to occur simultaneously, include the loss-of-coolant accident, steam line
ruptures, steam generator tube ruptures, etc. A loss of off site power event may be an
isolated occurrence or may be concurrent with any event requiring engineered
safeguards systems use.

Short Term

The short-term time period is the time immediately following the incident during which
automatic actions are performed, system responses are checked, type of incident is
identified and preparations for long-term recovery operation are made. The short term
is the injection phase for LOCA and is the first 24 hours following initiation of the event
for all others.

Long Term

The long term time period is the remainder of the recovery period following the short
term. In comparison with the short term, where the main concern is to prevent or limit
site release, the long-term period of operation involves bringing the plant to cold
shutdown conditions where access to the containment can be gained and repairs
effected.

Active Failure

An active failure is the failure of a powered component, such as a piece of mechanical
equipment or a component of the electrical supply system or instrumentation and
control equipment, to act on command to perform its design function. Examples
include the failure of a motor-operated valve to move to its correct position, the failure
of an electrical breaker or relay to respond, the failure of a pump, fan or diesel
generator to start, etc.
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Passive Failure

A passive failure is the structural failure of a static component which limits the
component's effectiveness in carrying out its design function. When applied to a fluid
system, this means a break in the pressure boundary resulting in abnormal leakage not
exceeding 50 gpm for 30 minutes. Such leak rates are consistent with limited cracks
in pipes, sprung flanges, valve packing leaks or pump seal failures.

6.3.2.11.2 Active and Passive Failure Criteria

6.3-18

Active Failure Criteria

The ECCS is designed to accept any single failure at any time following the incident
without loss of its protective function. The system design will tolerate the failure of any
single active component in the ECCS itself or in the necessary associated service
systems at any time during the period of required system operations following the
incident.

A single active failure analysis is presented in Table 6.3-8, and demonstrates that the
ECCS can sustain the failure of any single active component in either the short or long
term and still meet the level of performance for core cooling.

Since the initial operation of the active components of the ECCS following a steam line
rupture is identical to that following a LOCA, the same analysis is applicable and the

ECCS can sustain the failure of any single active component and still meet the level of
performance for the addition of shutdown reactivity. Passive failure is not considered
for the short term.

Passive Failure Criteria

The following philosophy provides for necessary redundancy in component and
system arrangement to meet the intent of the General Design Criteria on single failure
as it specifically applies to failure of passive components in the ECCS. Thus, for the
long term, the system is based on accepting either a passive or an active failure.

Redundancy of Flow Paths and Components for Long-Term Emergency Core Cooling
In the design of the ECCS, Westinghouse utilized the following criteria:

(1) During the long-term cooling period following a loss of coolant, the
emergency core cooling flow paths are separable into two subsystems, either
of which can provide minimum core cooling functions and return spilled water
from the floor of the containment back to the RCS.

(2) Either of the two subsystems can be isolated and removed from service in the
event of a leak outside the containment.

(3) Adequate redundancy of check valves is provided to tolerate failure of a
check valve during the long term as a passive component.
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(4) Should one of these subsystems be isolated in this long-term period, the
other subsystem remains operable.

(5) Provisions are also made in the design to detect leakage from components
outside the containment, collect this leakage and to provide for limited
maintenance of the affected equipment.

Thus, for the long-term emergency core cooling function, adequate core cooling
capacity exists with one flow path removed from service whether isolated due to a leak,
because of blocking of one flow path, or because failure in the containment results in
a spill of the delivery of one injection flow path.

The design of the ECCS includes the provision for diversion of a portion of the RHR
pump flow from the low head injection path to auxiliary spray headers in the upper
containment volume. For this mode the RHR pumps continue to supply recirculation
flow from the containment sump to the core via the safety injection and centrifugal
charging pumps.

The diversion of the RHR flow from the low head injection path to the auxiliary spray
headers occurs only after the switchover to the recirculation mode and no earlier than
1 hour after initiation of the LOCA. When RHR spray is required, the operator is
provided with a detailed procedure (Table 6.3-3) to follow in aligning the system for
RHR spray operation. This procedure requires that low head safety injection flow to
the core be terminated under single train operating condition prior to initiating RHR
spray flow.

6.3.2.11.3 Subsequent Leakage from Components in Safeguards Systems

With respect to piping and mechanical equipment outside the containment,
considering the provisions for visual inspection and leak detection, leaks will be
detected before they propagate to major proportions. A review of the equipmentin the
system indicates that the largest sudden leak potential would be the sudden failure of
a pump shaft seal. Evaluation of leak rate assuming only the presence of a seal
retention ring around the pump shaft showed flows less than 50 gpm would result.
Piping leaks, valve packing leaks, or flange gasket leaks have been of a nature to build
up slowly with time and are significantly less severe than the pump seal failure.

Larger leaks in the ECCS are prevented by the following:

(1) The piping is classified in accordance with ANS Safety Class 2 and receives
the ASME Class 2 quality assurance program associated with this safety
class.

(2) The piping, equipment and supports are designed to ensure no loss of
function for the safe shutdown earthquake.

(3) The system piping is located within a controlled area on the plant site.

EMERGENCY CORE COOLING SYSTEM 6.3-19



WATTS BAR WBNP-108

6.3-20

(4) The piping system receives periodic pressure tests and is accessible for
periodic visual inspection.

(5) The piping is austenitic stainless steel which, due to its ductility, can
withstand severe distortion without failure.

Based on this review, the design of the Auxiliary Building and related equipment is
based upon handling of ECCS leaks up to a maximum of 50 gpm. To assure adequate
core cooling, design features are provided to prevent this limiting passive failure from
causing any loss of function in the other train of the ECCS equipment due to flooding
of redundant components or loss of NPSH to the ECCS pumps. Three independent
means are available to provide information to the operator for use in identifying ECCS
leakage into certain locations in the Auxiliary Building. These means include the
Auxiliary Building flood detection system, the instrumentation and alarms associated
with the drainage and waste processing systems which normally handle drainage into
these areas, and redundant level indicators in the Auxiliary Building passive sump.

A flood detection system, utilizing water level detector devices, is used to monitor and
actuate alarms for ECCS and other leakage at locations throughout the Auxiliary
Building. Individual detectors are located in each ECCS pump compartment, in the
ECCS heat exchanger rooms, and in the pipe gallery (elevation 676). Acommon alarm
in the main control room will alert the operator when any of these flood detectors are
tripped. Aflood detector indicator panel, located immediately outside the control room,
then identifies the exact location of the tripped detector. The detectors were
preoperationally tested to verify initial operability and will be periodically tested as a
part of the plant maintenance program.

Since each ECCS pump compartment is monitored by a level detection device, the
operator may immediately identify which subsystem must be shut down and secured
to terminate the leak.

The operator can readily accomplish this action from the main control room by stopping
the appropriate subsystem pump, and by closing the corresponding sump isolation
valves and individual pump discharge valves. The time necessary for the operator to
detect leakage in a pump compartment is dependent on the leakage rate. A limiting
50 gpm leak in the largest ECCS pump compartment can be detected within 30
minutes. Slower leaks may require proportionally longer detection times.

Leakage into these ECCS pump compartments is piped to the floor drain collector tank
for the safety injection and centrifugal charging pumps and to the Auxiliary Building
floor and equipment drain sump for the RHR and containment spray pumps. The drain
in each of these rooms is provided with a standpipe which assures that the setpoint for
the level detector is reached prior to draining the leakage from the room. However, the
standpipes each have two 1/2-inch drilled holes to allow minor normal leakage to drain
from the room.

ECCS leakage into the Auxiliary Building locations other than the ECCS pump
compartments is piped to the Auxiliary Building floor and equipment drain sump. This
sump is provided with redundant 50 gpm pumps which are indicated in the main control
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room. The floor drain collector tank is provided with overflow piping which discharges
to the Auxiliary Building floor and equipment drain sump. Leakage into these areas
can be detected by the flood detection system described above, by indication of sump
pump operation, or by high level alarm from the sump or the floor drain collector tank.
However, the exact location of the leak, if other than the ECCS pump compartment, or
the subsystem from which leakage occurs, may not be immediately identified. Since
ECCS leaks other than a pump seal failure are of a nature to develop very slowly and
are less severe than a seal failure, the operator has an extended time period to detect
and isolate the leak. Isolation of these minor leaks can be accomplished by arbitrarily
selecting and isolating an ECCS subsystem and evaluating the response of the flood
detector system.

The flood detection system described above is not designed to meet the requirements
of IEEE-279. The detectors, indicator panel, and control room alarm are powered from
nondivisional boards and do not meet the single failure criteria. However, the system
is designed such that a loss of power to any individual detector will actuate the main
control room common alarm. Additionally, the nondivisional boards which supply the
flood detector system are powered from a Class 1E power board which is automatically
loaded on the diesel generators. This ensures continued power availability to the flood
detection system after an accident.

In addition to the flood detection and normal drainage processing systems described
above, redundant level sensors which do meet the requirements of IEEE-279 are
provided in the Auxiliary Building passive sump. These sensors, which are a part of
the post accident monitoring (PAM) system as described in Section 7.5, are designed
to continuously indicate and record the passive sump level. Also, the Auxiliary Building
is provided with redundant ESF grade air cleanup and filtration systems as described
in Section 6.5.1.

With these design ground rules, continued function of the ECCS meets minimum core
cooling requirements. A single passive failure analysis is presented in Table 6.3-9. It
demonstrates that the ECCS can sustain a single passive failure during the long term
phase and still retain an intact flow path to the core to supply sufficient flow to maintain
the core covered and affect the removal of decay heat. An event resulting in maximum
leakage would have an insignificant impact on ECCS capability since a 100% capacity
redundant train is available to assure the ECCS capability and since the maximum
leakage represents less than 0.5% of system flow capacity.

6.3.2.12 Protection Provisions

The provisions taken to protect the system from damage that might result from
dynamic effects on piping systems are discussed in Section 3.6. The provisions taken
to protect the system from missiles are discussed in Section 3.5. The provisions to
protect the system from seismic damage are discussed in Sections 3.7, 3.9, and 3.10.
Thermal stresses on the reactor coolant system are discussed in Section 5.2.
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6.3.2.13 Provisions for Performance Testing

The provisions incorporated to facilitate performance testing of components are
discussed in Section 6.3.4.

6.3.2.14 Net Positive Suction Head

The ECCS is designed so that adequate net positive suction head is provided to
system pumps. Adequate net positive suction head is shown to be available for all
pumps as follows:

(1) Residual Heat Removal Pumps

The net positive suction head of the RHR pumps is evaluated for normal plant
shutdown operation, and for both the injection and recirculation modes of
operation for the design basis accident. Recirculation operation gives the limiting
net positive suction head requirement, and the net positive suction head available
is determined from the containment pressure, vapor pressure of liquid in the
sump, containment sump level relative to the pump elevation and the pressure
drop in the suction piping from the sump to the pumps. No credit is taken for
containment over pressure. The net positive suction head evaluation is based on
all pumps operating at the maximum design basis accident flow rates. The RHR
pump head-capacity curves are given in Figure 6.3-2.

(2) Safety Injection and Centrifugal Charging Pumps

The net positive suction head for the safety injection pumps and the centrifugal
charging pumps is evaluated for both the injection and recirculation modes of
operation for the design basis accident. The end of the injection mode of
operation gives the limiting net positive suction head available. The net positive
suction head available is determined from the elevation head and vapor pressure
of the water in the RWST, which is at atmospheric pressure, and the pressure
drop in the suction piping from the tank to the pumps. At the end of the injection
mode when suction from the RWST is terminated, adequate net positive suction
head is supplied from the containment sump by the booster action of the low head
pumps. The net positive suction head evaluation is based on all pumps operating
at the maximum design flow rates. The head-capacity curve for the safety
injection pumps is given in Figure 6.3-3. The head-capacity curve for the
charging pumps is given in Figure 6.3-4. Available NPSH parameters are given
in Table 9.2-3.

6.3.2.15 Control of Motor-Operated Isolation Valves

6.3-22

The cold leg accumulator (CLA) valves are opened and their power removed prior to
RCS pressure exceeding 1000 psig. This action assures that the CLAs are available
for all plant operating conditions in which passive CLA discharge is required for
accident mitigation. Power is removed by opening a shunt trip breaker, allowing the
control circuit and indication to remain functional. The interlock for the CLA
accumulator discharge valves to open upon receipt of the safety injection or P-11
signal remains from the original design, but this control function is obviated by removal
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of power and is no longer required for the accumulators to perform their safety function.
A main control room alarm is actuated if any of the CLA valves are not fully open and
the RCS pressure is above the P-11 permissive setpoint. A further discussion of these
valves is given in Section 6.3.5.5.

6.3.2.16 Motor-Operated Valves and Controls

Certain remotely operated valves for the injection mode which are under manual
control (i.e., critical valves normally in the ready position not requiring an SIS signal)
have an audible alarm which is sounded in the main control room if a valve is not in the
ready position for injection.

6.3.2.17 Manual Actions

No manual actions are required during the injection phase. The only actions required
by the operator for proper ECCS operation following injection are those required to
realign the system for cold leg recirculation and, approximately 3 hours after event
initiation, its hot leg recirculation mode of operation.

6.3.2.18 Process Instrumentation

Process instrumentation available to the operator in the control room to assist in
assessing post LOCA conditions are tabulated in Section 7.5.

6.3.2.19 Materials

Materials employed for components of the ECCS are given in Table 6.3-2. These
materials are chosen based upon their ability to resist radiolytic and pyrolytic
decomposition (see Section 6.3.2.4). Coatings specified for use on the ECCS
components (mainly, the cold leg accumulators) are listed in Section 6.1.2.

6.3.3 Performance Evaluation

6.3.3.1 Evaluation Model

The analyses reflected in Section 15.4 were performed to ensure that the limits on core
behavior following various pipe ruptures, etc., are met by the ECCS operating with
minimum design equipment. The flow delivered to the RCS by the ECCS as a function
of reactor coolant pressure with the operation of minimum design equipment is
analyzed in Section 15.4.

The design basis performance characteristic is derived from the specified performance
characteristic for each pump with a conservative estimate of system piping resistance,
based upon piping layout.

The performance characteristic utilized in the accident analyses includes a 5 percent
decrease in the design head for margin. When the initiating incident is assumed to be
the severance of an injection line the injection curve utilized in the analysis accounts
for the loss of injection water through the broken line.
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6.3.3.2 ECCS Performance

The large pipe break analysis is used to evaluate the initial core thermal transient for
a spectrum of pipe ruptures up to the double-ended rupture of the largest pipe in the
RCS. (See Section 15.4.1 for size).

The injection flow from active components is required to control the cladding
temperature subsequent to accumulator injection, complete reactor vessel refill, and
will eventually return the core to a subcooled state. The results of the large break
analysis indicate that the maximum cladding temperature attained at any point in the
core is such that the limits on core behavior as specified in Section 15.4 are met.

6.3.3.3 Alternate Analysis Methods

6.3-24

Small Pipe Break

The small pipe break analysis is used to evaluate the initial core thermal transient for
a spectrum of pipe rupture from 3/8-inch up to and including the ruptures defined in
Section 15.3. For breaks 3/8-inch or smaller, the charging system can maintain the
pressurizer level at the RCS operating pressure and the ECCS would not be actuated.

The results of the small pipe break analysis indicate that the limits on core behavior are
adequately met, as shown in Section 15.3.

Main Steam System Single Active Failure

Analyses of reactor behavior following any single active failure in the main steam
system which results in an uncontrolled release of steam are included in Section 15.2.
The analyses assume that a single valve (largest of the safety, relief, or bypass valves)
opens and fails to close, which results in an uncontrolled cooldown of the RCS. The
ECCS provides adequate protection for this incident.

Steam Line Rupture

Following a steamline rupture, the ECCS is automatically actuated to deliver borated
water from the RWST to the RCS. The response of the ECCS following a steam line
break is identical to its response during the injection mode of operation following a
LOCA.

This accident is discussed in detail in Section 15.4. The limiting steam line rupture is
a complete line severance.

In the case of a steam line rupture when offsite power is not assumed lost, credit is
taken for the uninterrupted availability of power for the ECCS components.

The results of the analysis in Section 15.4 indicate that the design basis criteria are
met. Thus, the ECCS adequately fulfills its shutdown reactivity addition function.

The safety injection actuation signal initiates identical actions as described for the
injection mode of the loss-of-coolant accident, even though not all of these actions are
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required following a steam line rupture; e.g., the RHR pumps are not required since the
reactor coolant system pressure will remain above their shutoff head.

The delivery of the borated water from the charging pump results in a negative
reactivity change to counteract the increase in reactivity caused by the system
cooldown. The charging pumps continue to deliver borated water from the RWST, until
enough water has been added to the RCS to make up for the shrinkage due to
cooldown. The safety injection pumps also deliver borated water from the RWST for
the interval when the RCS pressure is less than the shutoff head of the safety injection
pumps. After pressurizer water level has been restored, the operator will verify that the
criteria for "Safety Injection Termination" as defined in the Emergency Instructions are
satisfied before manually terminating injection flow.

The sequence of events following a postulated steam line break is described in Section
15.4.

6.3.3.4 Fuel Rod Perforations

Discussions of peak clad temperature and metal-water reactions appear in Sections
15.3.1 and 15.4.1. Analyses of the radiological consequences of RCS pipe ruptures
also are presented in Section 15.5.3.

6.3.3.5 Effects of ECCS Operation on the Core
The effects of the ECCS on the reactor core are discussed in Sections 15.3 and 15.4.

6.3.3.6 Use of Dual Function Components

The ECCS contains components which have no other operating function as well as
components which are shared with other systems and perform normal operating
functions. Components in each category are as follows:

(1) Components of the ECCS which perform no other functions are:

(a) One accumulator for each loop which discharges borated water into its
respective cold leg of the reactor coolant loop piping.

(b) Two safety injection pumps which supply borated water for core cooling
to the reactor coolant system and makeup to the accumulators.

(c) Associated piping, valves, and instrumentation.
(2) Components which also have a normal operating function are as follows:

(a) The RHR pumps and the residual heat exchangers: These
components are normally used during reactor cooldown and heatup
and when the reactor is at cold shutdown or refueling for core decay
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heat removal. However, during all other plant operating periods, they
are aligned to perform the low head injection function.

(b) The centrifugal charging pumps: These pumps are normally aligned for
charging service. As a part of the chemical and volume control system,
the normal operation of these pumps is discussed in Section 9.3.4.

(c) The RWST: This tank is used to fill the refueling canal for refueling
operations. However, during all other plant operating periods it is
aligned to the suction of the safety injection pumps and the RHR
pumps. The charging pumps are aligned to the suction of the RWST
upon receipt of a safety injection signal.

An evaluation of all components required for operation of the ECCS demonstrated that

either:
(1)
(2)

The component is not shared with other systems, or

If the component is shared with other systems, it is aligned during normal
plant operation to perform its accident function; if not aligned to its accident
function, two valves in parallel are provided to align the system for injection,
and two valves in series are provided to isolate portions of the system not
utilized for injection. These valves are automatically actuated by a safety
injection signal, except in the case of the two isolation valves in series on the
hydrogen vent line for the charging pumps suction-side piping. These vent
valves are actuated by closing the valves in the charging pump normal
suction line from the volume control tank, which is initiated by a safety
injection signal.

Table 6.3-5 indicates the alignment of components during normal operation, and the
realignment required to perform the accident function.

Dependence on Other Systems

Other systems which operate in conjunction with the ECCS are as follows:

(1)

(2)

(3)

(4)

The component cooling system cools the residual heat exchangers during
the recirculation mode of operation. It also supplies cooling water to the
charging pumps, the safety injection pumps, and the RHR pumps during the
injection and recirculation modes of operation.

The essential raw water system provides cooling water to the component
cooling heat exchangers and the ESF equipment room coolers.

The electrical systems provide normal and emergency power sources for the
ECCS.

The engineered safety features actuation system generates the initiation
signal for emergency core cooling.
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(5) The auxiliary feedwater system supplies feedwater to the steam generators.

Limiting Conditions for Maintenance During Operation

See the Technical Specifications 3.0 for the details concerning the limiting conditions
for maintenance during operations.

6.3.3.7 Lag Times

The minimum active components will be capable of delivering full rated flow within a
specified time interval after process parameters reach the setpoints for the safety
injection signal. Response of the system is automatic, with appropriate allowances for
delays in actuation of circuitry and active components. The active portions of the
system are actuated by the safety injection signal directly, with the exception of the
isolation valves for the hydrogen vent lines on the charging pump suction piping.
These valves are electrically interlocked to the volume control tank outlet valves. In
analyses of system performance, delays in reaching the programmed trip points and
in actuation of components are established on the basis that only emergency onsite
power is available. A further discussion of the starting sequence is given in Section
8.3.1.

In the LOCA analysis presented in Sections 15.3 and 15.4 no credit is assumed for
partial flow prior to the establishment of full flow and no credit is assumed for the
availability of offsite power sources.

For smaller LOCA, there are some additional delays before the process variables
reach their respective programmed trip setpoints since this is a function of the severity
imposed by the accident. Allowances are made for this in the analyses of the spectrum
of reactor coolant pipe breaks.

6.3.3.8 Thermal Shock Considerations
Thermal shock considerations are discussed in Section 5.2.

6.3.3.9 Limits on System Parameters

A comprehensive qualification program has been undertaken to demonstrate that the
ECCS components and associated instrumentation and electrical equipment
applicable to ECCS will operate for the time period required in the combined post-loss-
of-coolant accident conditions of temperature, pressure, humidity, radiation, and
chemistry (See Section 3.11).

The specification of individual parameters as given in Table 6.3-1 includes due
consideration of allowances for margins over and above the required performance
value (e.g., pump flow and net positive suction head), and the most severe conditions
to which the component could be subjected (e.g., pressure, temperature, and flow).

6.3.3.10 Use of RHR Spray

No earlier than one hour after initiation of the LOCA, the low head RHR flow may be
diverted from the core low head injection path to the RHR spray headers. For minimum
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safeguards, one high head safety injection pump and one centrifugal charging pump
would supply the coolant to the core after realignment of a portion of the RHR pump
discharge to the RHR spray headers. The amount of water which would be supplied
to the core at a RCS pressure of 15 psig (which is the peak containment design
pressure) is approximately 105 Ibm/sec. At one hour after a hypothetical LOCA the
core has been quenched so that effluent carryover has been terminated. The time that
effluent carryover or entrainment from the core ends is conservatively assumed to
occur when the core mixture height reaches the 10 foot elevation (at approximately 150
seconds). At one hour, the thin and thick metal sensible heat has been removed and
temperatures reduced to the saturation temperature for the containment pressure.
The only heat generation at this time is decay heat.

The decay heat mass boiloff at one hour, which is the minimum time that the RHR low
head flow can be diverted to the RHR spray, is 61.5 Ibm/sec based on the following
assumptions:

(1) 102% of engineered safeguards design power rating of 3579 Mwt.

(2) ANS infinite decay heat with 20% margin (10 CFR 50.46 Appendix K). Refer
to Table 6.3-11.

(3) Coolant entering the core is subcooled by 60 Btu/lbm.

Therefore, the coolant entering the RCS piping is roughly twice that required by
conservative calculation of the decay heat mass boiloff.

It should be noted that the minimum time given above for diversion of RHR low head
flow to the containment spray system is consistent with the containment pressure
analysis presented in Section 6.2.1.

6.3.4 Tests and Inspections

In order to demonstrate the readiness and operability of the ECCS, the components
are subjected to periodic tests and inspections. Performance tests of the components
were performed in the manufacturer's shop prior to delivery. A comprehensive
preoperational test program on the ECCS and its components were performed prior to
initial fuel loading to provide assurance that the ECCS will accomplish its intended
function when required.

6.3.4.1 Preoperational Tests

Preoperational testing of each system and component of the emergency core cooling
system is to be performed in compliance with the requirements of Regulatory Guide
1.79, "Preoperational Testing of Emergency Core Cooling Systems for Pressurized
Water Reactors," with the exception of the following nonconformance items.
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Section Description per Reg. Guide 1.79 Comments

C-1-b-(2) "The testing should include taking  Scale model testing has been performed to verify
suction from the sump to verify vortex control and demonstrate insignificant
vortex control and acceptable reduction of pump NPSH due to screen and
pressure drops across screening trashrack pressure drops. Calculations have been
and suction lines and valves." performed to verify acceptable pressure drops

across suction lines and valves. A flowpath from
the sump will be verified by water blasting during
flushing operations.

The preoperational test of the ECCS and components is discussed in more detail in
Chapter 14.

6.3.4.2 Component Testing

Routine periodic testing of the ECCS components and necessary support systems is
detailed in Technical Specifications as clarified below. Valves, which operate after a
loss-of-coolant accident, are operated through a complete cycle where practical, and
pumps are operated individually in this test on their mini-flow lines. If such testing
indicates a need for corrective maintenance, the redundancy of equipment in these
systems permits such maintenance to be performed without shutting down or reducing
load under certain conditions. These conditions include considerations such as the
period within which the component should be restored to service and the capability of
the remaining equipment to provide the minimum required level of performance during
such a period. The inservice component tests of ECCS pumps and valves conform, to
the extent practicable allowed by plant design, to the guidelines of the latest edition and
addenda of the ASME OM Code incorporated by reference in 10 CFR 50.55a(b) on the
date 12 months before the date of issuance of the operating license for Unit 2 for
inservice testing of pumps and valves. Performance testing of the Auxiliary Building
ECCS pump room coolers is conducted in accordance with TVA's Generic Letter 89-
13 commitments.

6.3.4.3 Periodic System Testing

System testing can be conducted during plant shutdown to demonstrate proper
automatic operation of the ECCS. The test program demonstrates the operation of the
diesel generator loading sequence, the valves, pumps, and automatic circuitry. The
accumulator isolation valve motors are deenergized and the centrifugal charging and
safety injection pumps are maintained in recirculation flow for this test so that flow is
not introduced into the RCS. The breakers supplying power to the safeguards busses
are then tripped manually to simulate a loss of offsite power. Load shedding and diesel
generator start signals are verified. A test emergency core-cooling signal is then
applied to initiate diesel start and diesel loading. The pump and valve responses are
then verified. The ability of the diesel generators to reject 600 kW without tripping is
then tested. After the blackout signals are reset, plant configuration is restored in
accordance with established procedures.
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The test is considered satisfactory if control board indication and visual observation
indicate all components have operated and sequenced properly. Periodic ECCS
testing is detailed in Technical Specifications. The inservice inspection program
described in Sections 5.2.8 and 6.6 provides further confirmation that no significant
deterioration is occurring in the emergency core cooling system fluid boundary.

6.3.5 Instrumentation Application

Instrumentation and associated process protection and logic channels employed for
initiation of ECCS operation is discussed in Section 7.3. This section describes the
instrumentation employed for monitoring emergency core cooling system components
during normal plant operation and post-accident operation.

6.3.5.1 Temperature Indication

Residual Heat Exchanger Temperature

The fluid temperature at the inlet and outlet of each residual heat exchanger is
recorded in the main control room.

Refueling Water Storage Tank (RWST) Temperature

Two temperature channels are provided to monitor the RWST temperature. Both are
indicated in the main control room.

6.3.5.2 Pressure Indication

6.3-30

Safety Injection Header Pressure

Safety injection pump discharge header pressure is indicated in the control room.

Cold Leg Accumulator Pressure

Duplicate pressure channels are installed on each cold leg accumulator. Pressure
indication in the control room and a common high and low pressure alarms are
provided by each channel. An additional channel for each accumulator provides
pressure indication and high pressure alarm in the auxiliary control room.

Test Line Pressure
A local pressure indicator used to check for proper seating of the accumulator check
valves between the injection lines and the RCS is installed on the leakage test line.

Residual Heat Removal Pump Discharge Pressure

Residual heat removal discharge pressure for each pump is indicated in the main
control room. A common high pressure main control room alarm is actuated by each
channel.
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6.3.5.3 Flow Indication

Charging Pump Injection Flow

Injection header flow to the reactor cold legs is indicated in the main control room.

Residual Heat Removal Pump Flow

Flow through the RHR injection header and recirculation header is indicated in the
main control room.

Test Line Flow

Local indication of the leakage test line flow is provided to check for proper seating of
the accumulator check valves between the injection lines and the RCS.

Residual Heat Removal Pump Minimum Flow

A local flowmeter installed in each RHR pump discharge header provides control for
the valve located in the pump minimum flow line.

Loss of RHR Flow

An alarm is provided in the main control room to detect low RHR flow. The alarm will
detect a miniflow condition coincident with the RHR pump running.

Safety Injection Pump Flow

Injection header flow to the reactor hot and cold legs is indicated in the main control

room.

6.3.5.4 Level Indication

Refueling Water Storage Tank Level

Four water level channels which indicate and alarm RWST level in the main control
room are provided. The low level setpoint is used in the automatic switchover
(sequence described in Table 6.3-3) in a 2/4 logic. Each channel inputs to a common
alarm on low and low-low water levels and is indicated on the main control board. Two
additional water level channels monitor the upper tank level and provide indication and
alarms in the main control room. These high and low alarms are used to ensure
adequate RWST inventory and preclude overfilling.

Cold Leg Accumulator Level

Two water level channels are provided for each tank which indicate and alarm the
water level in the main control room. The common low and high level alarms ensure
adequate accumulator water level.

Containment Sump Water Level

Four containment sump water level indicator channels provide the control room with
water level indication and also provide a permissive signal (2 out of 4 logic) to initiate
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the auto-switchover from the injection to recirculation mode. A common main control
room alarm is used to identify a high containment water level condition.

6.3.5.5 Valve Position Indication

6.3-32

The majority of the engineered safety features remote-operated valves have red and
green lights on the control board to indicate valve position. The exceptions to this are
discussed in Section 7.3.

Accumulator Isolation Valve Position Indication

The accumulator isolation valves are provided with red (open) and green (closed)
position indication lights located on the main control room hand switch for each valve.
These lights are powered by valve control power and actuated by valve motor operator
limit switches.

Refueling Water Storage Tank Isolation Valve

The RWST isolation valve is provided with red (open) and green (closed) position
indication lights located on the main control room hand switch. These lights are
powered by valve control power and actuated by valve motor operator limit switch.

References

None
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Table 6.3-1 Emergency Core Cooling System Component Parameters
(Page 1 of 4)
Component Parameters
Cold Leg Injection
Accumulators Number 4
Design Pressure, psig 700
Design Temperature, °F 300
Operating Temperature, °F 60-150
Minimum Safety Analysis Limit Pressure, 585
psig
Nominal Total Volume, ft3 1356 each
Nominal Water Volume, ft3 1050 each
Nominal Volume N, Gas, ft3 306
Boric Acid Concentration
nominal, ppm 3150
minimum, ppm 3000
maximum, ppm 3300
Hi-level Alarm, ft> 1165
Relief Valve Setpoint, psig 700
Centrifugal Charging Pumps Number 2
Design Pressure, psig 2800
Design Temperature, °F 300
**Design Flow Rate, gpm 150
(original design point)
Design Head, ft 5800
(original design point)
Max. Flow Rate, gpm 550/560
(inj. mode/recirc. mode)
Head Required at Max. Flow Rate, ft 1342
(injection mode)
NPSH Required at Max. Flow Rate, ft 25
(injection mode)
Motor Rating, hp (original/upgraded) 600/720****
Maximum Starting Time, sec 5
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Table 6.3-1 Emergency Core Cooling System Component Parameters (Continued)

(Page 2 of 4)

Component Parameters

Safety Injection Pumps Number 2
Design Pressure, psig 1750
Design Temperature, °F 300
Design Flow Rate, gpm 400

(original design point)
Design Head, ft 2700
(original design point)

Max. Flow Rate, gpm 650/675
(inj. mode/recirc. mode)
Head Required at Max. Flow Rate, ft 1808
(injection mode)
NPSH Required at Max. Flow Rate, ft 30 (Train A)
(injection mode) 28 (Train B)
***Motor Rating, hp 400
Maximum Starting Time, sec 5

Residual Heat Refer to Section 5.5.7 for

Removal Pumps parameter information

Residual Heat Refer to Section 5.5.7 for parameter

Exchangers information

Boron Injection Tank Number 1
Total Volume, gal 900
Useable Volume at Operating Conditions, g
gal
Design Pressure, psig 2735
Design Temperature, °F 300

Refueling Water Storage Tanks Number 1
Total Volume, gal 400,000
Volume at Overflow, gal 380,000
Minimum Volume, gal 370,000
Normal Pressure, psig Atmospheric
Design Pressure, psig Atmospheric
Design Temperature, °F 200
Boron Concentrations 3200 nominal

(as boric acid), ppm

3100 minimum
3300 maximum

6.3-34
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Table 6.3-1 Emergency Core Cooling System Component Parameters (Continued)

(Page 3 of 4)

Component

Parameters

Valves

Valve Number
FCV-63-25, -26
FCV-63-152, -153
LCV-62-132, -133
LCV-62-135, -136
FCV-62-90, -91
FCV-63-5
FCV-63-47, -48
FCV-63-3, -4, -175
FCV-63-156, -157
FCV-63-1
FCV-74-3
FCV-74-21
FCV-74-33, -35
FCV-63-8, -11
FCV-63-93, -94
FCV-63-172
FCV-63-72, -73
FCV-63-23, -71, -84, -64
FCV-63-6, -7
FCV-63-185

Valve Description

BIT Outlet

SIPs CL Injection Crosstie

VCT Outlet Isolation to CCPs

RWST to CCPs Suction

Charging Line Isolation

RWST to SIPs Suction

SIP Suction

SIP Miniflow Isol

SIP HL Injection Isol

RWST to RHRPs Suction RWST to
RHRPs Suction

RWST to RHRPs Suction

RHR Discharge Header Crosstie
RHR HXs to SIPs and CCPs Suctions
RHRP CL Injection

RHRP HL Injection

Cntmt Sump to RHRPs

SIS Test Valves and N, Supply Valves
SIPs to CCPs Suctions

Leak Test Line Isolation

Maximum Stroke Time
20 sec
12 sec
10 sec
15 sec
10 sec
14 sec
15 sec
10 sec
17 sec
20 sec
17.1 sec
17.1 sec
15 sec
28 sec
10 sec
120 sec
60 sec
10 sec

10 sec

10 sec
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Table 6.3-1 Emergency Core Cooling System Component Parameters (Continued)

(Page 4 of 4)
Component Parameters
Valve Design-Basis Leakage
Leakage by Valve Type Leakage Allowed
a. Conventional Globe Valves
3 cclhr
disc leakage per inch of nominal valve size 1 cc/hr
back seat leakage per inch of stem diameter
b. Gate Valves
3 cclhr
disc leakage per inch of nominal valve size 1 cc/hr
back seat leakage per inch of stem diameter
c. Check Valves
3 cc/hr
disc leakage per inch of nominal valve size
d. Diaphragm Valves
0 cc/hr
disk leakage
e . Pressure Relief Valves
10 cc/hr
disc leakage, maximum
f. Accumulator Check Valves
3 cc/hr

disc leakage per inch of nominal valve size

* FCV-63-22, FCV-62-98, and FCV-62-99 are not listed since they are considered
passive valves.

** Includes miniflow.
*** Service factor of 1.15 not included.

**** Actual bhp requirements are based on installed pump rotating element consistent with analysis.
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Table 6.3-2 Materials Employed For Emergency Core Cooling System Components

(Page 1 of 2)

Component

Material

Cold Leg Accumulators

Boron Injection Tank
Pumps
Safety Injection
Centrifugal Charging
Residual Heat Removal
Residual Heat Exchangers
Shell
Shell End Cap
Tubes
Channel
Channel Cover
Tube Sheet
Valves

Motor-Operated Valves
Containing Radioactive
Fluids:

Pressure Containing
Parts

Body-to-Bonnet
Bolting and Nuts

Seating Surfaces

Stems

Diaphragm Valves

Accumulator Check Valves
Parts Contacting Borated Water
Clapper Arm Shaft Pin

Carbon Steel, Clad with Austenitic
Stainless Steel

Austenitic Stainless Steel

Austenitic Stainless Steel
Austenitic Stainless Steel

Austenitic Stainless Steel

Carbon Steel
Carbon Steel
Austenitic Stainless Steel
Austenitic Stainless Steel
Austenitic Stainless Steel

Austenitic Stainless Steel

Austenitic Stainless Steel or
Equivalent

High Alloy Steel
Stellite No. 6 or Equivalent

Austenitic Stainless Steel or
17-4 PH Stainless

Austenitic Stainless Steel

Austenitic Stainless Steel
Nickel Alloy

EMERGENCY CORE COOLING SYSTEM
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Table 6.3-2 Materials Employed For Emergency Core Cooling System Components
(Continued) (Page 2 of 2)

Component Material

Relief Valves

Bodies Stainless Steel

All Nozzles, Discs and Guides, Austenitic Stainless Steel, Nickel Alloy, and Stellite high alloy
and Spindles steel

Bonnets for Stainless Stainless Steel

Steel Valves without a
Balancing Bellows

All Other Bonnets Carbon Steel
Piping
All Piping in Contact with Borated Water Austenitic Stainless Steel

Refueling Water Storage Tank Austenitic Stainless Steel

6.3-38 EMERGENCY CORE COOLING SYSTEM



WATTS BAR WBNP-108

Table 6.3-3 Sequence Of Change-Over Operation, Injection To Recirculation
(Page 1 of 2)

The following automatic phase of switchover from the injection to the recirculation mode is initiated when
the RWST is at low level and the containment sump level has risen to its level switch actuation point.
(Westinghouse flow diagram valve numbers are shown in brackets.) The component cooling water
isolation valve to each RHR heat exchanger (FCV 70-153, -156) is opened during this switchover or
immediately thereafter.

1. The valves that admit suction from the containment sump to the RHR pumps (FCV 63-72 & 73) open
while the RHR pumps continue to run. [8811A and B]

2. The valves that were open and permitting suction for the RHR pumps to be taken from the RWST
(FCV 74-3 & -21) start to close when the valves in Step 1 start to open. [8700A and B]

The manual operations below are accomplished following the automatic switchover phase.

1. Verify completion of the automatic valve realignments above. If an RHR pump has failed to
switchover to the sump, stop that pump.

2. Verify SIP flow to the RCS (e.g., large break case) and close the three safety injection pump miniflow
valves (FCV 63-3, -4, -175). [8811, 8920, 8813]

3. Close the two valves in the crossover line downstream of the RHR heat exchangers (FCV 74-33,
-35). [8716A and B]

4. Open the two parallel valves in the common suction line between the charging pump suction and the
safety injection pump suction (FCV 63-6, -7). [8807A and B] Ensure FCV-63-177 is open [8924].

5. Open the valve in the line from the train A RHR pump discharge to the charging pump suction (FCV
63-8) and the valve in the line from the train B RHR pump discharge to the safety injection pump
suction (FCV 63-11). [8804A and B]

6. Reset the SIS actuation signal and close the two parallel valves in the line from the RWST to the
charging pump suction (FCV 62-135, -136). [LCV-112D and E] Place corresponding valve
handswitches in A-Auto.

7. Close the valve in the line from the RWST to the safety injection pump suction (FCV 63-5). [8806]

Restore power and close the valve in the common line from the RWST to both RHR pumps (FCV
63-1). [8812]

Upon reaching the RWST low-low level setpoint, as indicated on the qualified PAM indicator channels, the
operator shall realign the containment spray system. The following steps are required for the
realignment of the containment spray system from the injection to the recirculation mode.

First, reset containment spray actuation signal.

1. Stop both containment spray pumps ("pull to lock in stop" to preclude the possibility of pump restart
while realigning suction valves).

2. Close the spray pump/RWST isolation valve at the suction of each containment spray pump (FCV
72-22 and -21). [9017A and B]

3. Open the essential raw cooling water isolation valves to each containment spray heat exchanger
(FCV 67-125, -126, -123, -124).

4. Open the sump isolation valve at the suction of each containment spray pump (FCV 72-44 and -45)
after the valves in Step 2 have completed their travel. [9020A and B]
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Table 6.3-3 Sequence Of Change-Over Operation, Injection To Recirculation
(Continued) (Page 2 of 2)

5. Verify that the valve realignments in Steps 2 through 4 have been completed.
6. Restart both containment spray pumps, if containment pressure is greater than or equal to 2.0 psig.

If the ECCS and the containment spray system are both operating in the recirculation mode and at least
one hour has elapsed since the initiation of the LOCA, a portion of the RHR flow may be diverted to the
RHR spray headers for additional containment cooling. (Only one RHR train is used for RHR spray.)

To align No. 1 RHR pump to spray (complete Steps 1 and 2).
1. Close the valve between the No. 1 RHR pump discharge and two RCS cold legs (FCV 63-93).

2. Open the valve between the discharge of the No. 1 RHR pump and the No. 1 RHR spray header
(FCV-72-40).

Note: The valve between the discharge of the No. 1 RHR pump and the No. 1 RHR spray header is
interlocked such that it cannot be opened unless the containment sump valve to the No. 1 RHR pump is
open.

To align No. 2 RHR pump to spray (complete Steps 3 and 4).
3. Close the valve between the No. 2 RHR pump discharge and two RCS cold legs (FCV-63-94).

4. Open the valve between the discharge of the No. 2 RHR pump and the No. 2 RHR spray header
(FCV-72-41).

Note: The valve between the discharge of the No. 2 RHR pump and the No. 2 RHR spray header is
interlocked such that it cannot be opened unless the containment sump valve to the No. 2 RHR pump is
open.

The following switching operation should be used approximately 3 hours after event initiation when
realigning the ECCS from the cold leg recirculation mode to the hot leg recirculation mode. In the event a
train cannot be aligned in the hot leg recirculation mode, it will be realigned to the cold leg recirculation.

If RHR hot leg injection is desired:

1. Close train A or B cold leg injection valve (FCV 63-93 or -94). [8809A, 8809B]

Open the RHR crossover valve (FCV 74-33 or -35). [8716B, 8716A]

Open the RHR hot leg injection valve (FCV 63-172). [8840]

Close the other train RHR pump cold leg injection valve (FCV-63-94 or -93). [8809B, 8809A]

Stop the safety injection pumps.

Close the safety injection pumps discharge crossover valves (FCV 63-152 and -153). [8821A and B]
Open the safety injection pump hot leg injection valves (FCV 63-156 and -157). [8802A and B]

Start the safety injection pumps.

© © N o o bk w0

If available, close the safety injection pump cold leg injection valve (FCV 63-22). [8835]
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Table 6.3-3a EVALUATION OF TIME SEQUENCE ASSOCIATED WITH CHANGEOVER
OPERATION FROM INJECTION TO RECIRCULATION

1) Minimum time to switchover initiation 10 minutes (measured from
time of ESFAS Actuation due to
LOCA)

2) Automatic switchover completed 1 minute*

3) Stop RHR pump if it fails to switch over 1.5 minutes*

4) Complete manual switchover to the point where FCV-63-8/-11 are 5.5 minutes*

open
5) Stop CS pump after receipt of low-low level in RWST 10 seconds

* Time measured from initiation of auto switchover.
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Table 6.3-4 NORMAL OPERATING STATUS OF EMERGENCY CORE COOLING SYSTEM
COMPONENTS FOR CORE COOLING

Number of Safety Injection Pumps Operable 2
Number of Charging Pumps Operable 2
Number of Residual Heat Removal Pumps Operable 2
Number of Residual Heat Exchangers Operable 2
Refueling Water Storage Tank Volume, gal (minimum) 370,000
Boron Concentration in Refueling Water Storage Tanks, minimum ppm 3,100
Boron Concentration in Cold Leg Accumulator, minimum ppm 3,000
Number of Accumulators 4
Minimum Cold Leg Accumulator Pressure, psig (Safety Analysis) 585
Maximum Cold Leg Accumulator Pressure, psig (Safety Analysis) 690
Nominal Cold Leg Accumulator Water Volume, ft3 1,050

System Valves, Interlocks, and Piping Required for the Above Components which are Al
Operable
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