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6.3 EMERGENCY CORE COOLING SYSTEM

6.3.1 DESIGN BASES

The emergency core cooling system (ECCS) is a Seismic Category 1 safety-related system. It
consists of the centrifugal charging pumps, safety injection pumps, residual heat removal
pumps, accumulators, boron injection tank (Unit 1 only), residual heat removal heat exchangers,
refueling water storage tank (RWST), and the associated piping, valves, instrumentation, and
other related equipment. Nuclear plants employing the same ECCS design as VEGP are given
in section 1.3.

The primary function of the ECCS following an accident 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 ECCS is designed to cool the reactor core and to provide additional shutdown capability
following initiation of the following accident conditions:

A. Loss-of-coolant accident (LOCA) including a pipe break or a spurious relief or
safety valve opening in the reactor coolant system (RCS) which would result in a
discharge larger than that which could be made up by the normal makeup
system.

B. Loss-of-secondary-coolant accident including a pipe break or a spurious relief or
safety valve opening in the secondary steam system which would result in an
uncontrolled steam release or a pipe break in the secondary feedwater system.

C. A steam generator tube rupture accident.

The acceptance criteria for the consequences of each of these accidents are described in
chapter 15 in the respective accident analyses sections.

The bases used in design and for selection of ECCS functional requirements are derived from
10 CFR 50, Appendix K, limits for fuel cladding temperature, etc., following any of the above
accidents as delineated in 10 CFR 50.46. The subsystem functional parameters are selected
so that, when integrated, the Appendix K requirements are met over the range of anticipated
accidents and single failure assumptions.

The design basis for the ECCS with regard to the effects of debris on the emergency sump
strainers, to the extent that the strainers support the ECCS element of the core cooling function,
is a risk-informed analysis that shows there is a high probability that the ECCS can perform its
design basis functions.

The conclusion that ECCS will perform its design basis functions with high probability is based
on plant-specific testing using assumptions that provide safety margin and defense-in-depth.
The risk from breaks that do not meet one (or more) of the GSI-191 acceptance criteria is very
small and acceptable in accordance with the guidelines of RG 1.174.

Details of the design basis for the effects of debris on the function of the emergency sump
strainers are provided in FSAR Appendix 6A.

Portions of the ECCS also operate in conjunction with the other systems of the cold shutdown
design. The primary function of the ECCS during a safety grade cold shutdown is to ensure a
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means for injecting and throttling boration and makeup flow. Details of the cold shutdown
design bases are discussed in subsection 5.4.7.

The primary function of the safety injection system (SIS) is to provide emergency core cooling in
the event of a LOCA resulting from a break in the primary RCS or to provide emergency
boration in the event of a steam line or feed line break accident resulting from a break in the
secondary system.

Emergency core cooling following a LOCA is divided into three phases:
A. Short-Term Core Cooling/Cold Leg Injection Phase

The cold leg injection phase is defined as that period during which borated water
is delivered from the RWST and accumulators to the RCS cold legs.

B. Long-Term Core Cooling/Cold Leg Recirculation

The cold leg recirculation phase is that period during which borated water is
recirculated from the containment emergency sump to the RCS cold legs.

C. Long-Term Core Cooling/Hot Leg Recirculation Phase

The hot leg recirculation phase is that period during which borated water is
recirculated from the containment emergency sump to both the RCS hot legs and
RCS cold legs.

The emergency boration following a steam break accident would occur only during the injection
phase. The function of the SIS during this phase would be to inject borated water into the RCS
with sufficient shutdown reactivity to compensate for the change in RCS volume and to
counteract any reactivity increase caused by the resulting cooldown. The SIS would continue to
inject borated water from the RWST until the RCS conditions have stabilized, the accident has
been identified as a steam break, and the criteria for safety injection termination are satisfied.

The reliability of the ECCS has been considered in selection of the functional requirements,
selection of the particular components and location of components, and connected piping.
Redundant components are provided where the loss of one component would impair reliability.
Valves are provided in series where isolation is desired and in parallel when flow paths are to be
established for ECCS performance. Redundant sources of the safety injection actuation signal
are available so that the proper and timely operation of the ECCS is ensured. Sufficient
instrumentation is available so that failure of an instrument will not impair readiness of the
system. The active components of the ECCS are normally powered from separate buses which
are energized from offsite power supplies. In addition, redundant sources of emergency onsite
power are available through the use of the emergency diesel generators to ensure adequate
power for all ECCS requirements. Each diesel generator is capable of driving all pumps, valves,
and necessary instruments associated with one train of the ECCS.

All valves required to be actuated during ECCS operation are located to prevent vulnerability to
flooding. Repositioning of valves due to spurious actuation coincident with an accident has
been analyzed and is not considered credible as a design basis.

To address the Three Mile Island requirements of 11.K.1.5, operations surveillance procedures

(OSP) have controls which address the manipulation of valves during testing. The procedures
are written to ensure positive control over all valve movements and to independently verify that
each valve is returned to its original position, i.e., safeguards position.

After extended outages systems are aligned by their individual procedures which include safety-
related systems. Safety-related systems are aligned again using the flow path verification
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surveillance procedure. This in effect provides an independent verification of flow paths for
safety-related system valves.

These surveillance procedures are then performed on a periodic basis during plant operation to
ensure proper alignment. Also, as mentioned earlier, if a valve position is changed during a
surveillance test, it is procedurally repositioned to original position and independently verified in
that position.

Using the methods described above, OSPs maintain positive control over safety system valves.
The environmental qualification of active ECCS equipment is discussed in section 3.11.

Protection of the ECCS from missiles is discussed in section 3.5. Protection of the ECCS
against dynamic effects associated with rupture of piping is described in section 3.6. Protection
from flooding is also discussed in section 3.4, paragraph 3.6.1.3, and appendix 3F.

The elevated temperature of the containment emergency sump solution during recirculation is
well within the design temperature of all 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 long-term recirculation operations.

6.3.2 SYSTEM DESIGN

The emergency core cooling system (ECCS) components are designed such that a minimum of
three accumulators, one charging pump, one safety injection (SI) pump, one residual heat
removal (RHR) pump, and one RHR heat exchanger, together with their associated valves and
piping, will ensure adequate core cooling in the event of a design basis accident (DBA). The
redundant onsite emergency diesels ensure adequate emergency power to at least one train of
electrically operated components in the event that a loss of offsite power occurs simultaneously
with an accident, even assuming a single failure in the emergency power system.

6.3.2.1 Schematic Piping and Instrumentation Diagrams

Piping and instrumentation diagrams of the ECCS are shown in drawings 1X4DB116-1,
2X4DB116-1, 1X4DB116-2, 2X4DB116-2, 1X4DB119, 2X4DB119, 1X4DB120, 2X4DB120,
1X4DB121, 2X4DB121, 1X4DB122 and 2X4DB122. Process flow diagrams of the ECCS are
shown in figure 6.3.2-1. Pertinent design and operating parameters for the components of the
ECCS are given in table 6.3.2-1. The codes and standards to which the individual components
of the ECCS are designed are listed in table 3.2.2-1.

Process flow diagrams (figure 6.3.2-1) are developed for illustrative purposes only and are not
intended to represent the flowrates and temperatures used in the various accident analyses.
For the cold leg injection mode, they illustrate best estimate system performance based on
maximum ECCS safeguards (both trains of ECCS components) operating. The system
operation conditions presented are based on the assumption that the reactor coolant system
(RCS) is fully depressurized and is in equilibrium with the containment at 0 psig.

Flowrates to the RCS are provided in chapter 15, where appropriate, for the accident analyses.
The accident analyses flowrates are developed from certified pump performance curves and
calculated system resistances based on plant piping layouts. Minimum ECCS safeguards
flowrates are determined by degrading the minimum composite pump performance curves by an
amount representing design margins of the pumps and also by uniformly degrading those
resulting curves by 5 percent (reference 1) and, to maximize the spill, the injection line with the
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lowest resistance is assumed to spill to either the containment or to the RCS. Refer to
paragraph 15.6.5.2 for details.

The component interlocks used in different modes of system operation are listed below.

A. The Sl signal is interlocked with the following components and initiates the
indicated action:
Component Action
1. Centrifugal charging pumps Start
2. Refueling water storage tank (RWST) Open
suction valves to charging pumps
3. Discharge header (parallel) valves for Unit 1 Open
boron injection tank (BIT) and Unit 2 CVCS
charging pumps high head cold leg injection
valves.
4. Normal charging path valves Close
5. Charging pump miniflow valves Close
6. Charging pump alternate miniflow valves Open@
7. Sl pumps Start
8. RHR pumps Start
9. Any closed accumulator isolation valve Open
10.  Volume control tank outlet isolation valves Close
B. Switchover from injection mode to recirculation involves the following interlocks:

1. The RHR suction valves from the containment emergency sumps open
when two out of four RWST level transmitters indicate a low-low level in
conjunction with an Sl signal.

2. The Sl pump and charging pump suction isolation valves from the RHR
pump discharge can be opened provided that the SI pump miniflow and
charging pump alternate miniflow isolation valves have been closed.

6.3.2.2 Equipment and Component Descriptions

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

@ Valves are enabled by the Sl signal and will open or close based on centrifugal charging pump

discharge pressure.
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and with due consideration for the design and operating conditions, the fundamental assurance
of structural integrity of the ECCS components is maintained. Components of the ECCS are
designed to withstand the appropriate seismic loadings in accordance with their safety class as
given in table 3.2.2-1. Specific equipment parameters are given in table 6.3.2-1.

A gas accumulation monitoring and trending process for the Vogtle Unit 1 and 2 ECCS and
containment spray systems has been established to meet the requirements of NRC Generic
Letter 2008-01.

A discussion of the major mechanical components of the ECCS follows.

6.3.2.2.1 Accumulators

The accumulators are pressure vessels partially filled with borated water and pressurized with
nitrogen gas. During normal operation each accumulator is isolated from the RCS 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. One accumulator is attached to each of
the cold legs of 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 legs.

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 RWST or by pumping borated water from
the RWST to the accumulator. Samples of the solution in the accumulators are taken
periodically to check boron concentration.

Accumulator pressure is provided by a supply of nitrogen gas and can be adjusted as required
during normal plant operation. However, the accumulators are normally isolated from this
nitrogen supply. Gas relief valves on the accumulators protect them from pressures in excess
of design pressure. The redundant capability to vent the accumulators is described in
paragraph 5.4.7.2.3.

The accumulators are located within the containment but outside the secondary shield wall
which protects them from missiles.

Accumulator level and pressure are monitored by indicators and alarms. The operator can take
action as required to maintain plant operation within the requirements of the technical
specification covering accumulator operability.

6.3.2.2.2 Boron Injection Tank (Unit 1 only)

The BIT will contain anywhere from 0 to 2600 ppm borated water solution (the upper limit being
the same as the borated water solution in the refueling water storage tank (RWST) and is
connected to the discharge of the centrifugal charging pumps. Upon actuation of the Sl signal,
the charging pumps provide the pressure to inject the borated water solution from the RWST
into the RCS when the isolation valves associated with the BIT discharge path open
automatically.
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6.3.2.2.3 Deleted

6.3.2.2.4 Residual Heat Removal Pumps

In the event of an accident, the RHR pumps are started automatically on receipt of an Sl signal.
The RHR pumps take suction from the RWST during the injection phase and are automatically
realigned to the containment emergency sump during the recirculation phase, although manual
action is required to close the suction path from the RWST. Each RHR pump is a single-stage,
vertical position, centrifugal pump.

A minimum flow bypass line is provided on each pump discharge to recirculate and return the
pump discharge fluid to the pump suction should these pumps be started with the RCS pressure
above their shutoff head. Once flow is established to the RCS, each pump bypass line
automatically closes. The minimum flow bypass lines prevent deadheading of the pumps and
permit pump testing during normal operation.

The RHR pumps are discussed further in subsection 5.4.7. A pump performance curve is given
in figure 6.3.2-2.

The net positive suction head (NPSH) of the RHR pumps was evaluated for normal plant
cooldown operation and for both the injection and recirculation modes of operation for the DBA.

The recirculation mode of operation at -0.3 psig containment pressure and 211°F sump
temperature results in the limiting NPSH.

The adequacy of the available NPSH was evaluated as described in Appendix 6A.

6.3.2.2.5 Centrifugal Charging Pumps

In the event of an accident, the centrifugal charging pumps are started automatically on receipt
of an Sl signal and are automatically aligned to take suction from the RWST during the injection
phase. During recirculation, suction is provided from the RHR pump discharge.

These high-head pumps deliver flow 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.

A minimum flow bypass line is provided on each pump discharge to prevent pump deadheading
and to permit pump testing during power operations. Each minimum flow bypass line contains
an isolation valve that closes automatically upon receipt of an Sl signal. A third isolation valve is
provided in the common header downstream of the two individual pump minimum flow lines. An
alternate minimum flow line is provided for each pump to prevent pump deadheading should
RCS pressure rise following isolation of the normal minimum flow lines. An isolation valve in
each of these lines is enabled by the Sl signal and opens upon receipt of a high pressure signal
from a pressure switch connected to the centrifugal charging pump discharge. When the
isolation valve opens, flow will be discharged to the RWST. Both isolation valves in each
alternate minimum flow line are closed from the control room as part of the ECCS realignment
from the injection to the recirculation mode.

A pump performance curve for the centrifugal charging pumps is given in figure 6.3.2-3.

6.3-6 REV 24 10/22



VEGP-FSAR-6

6.3.2.2.6 Safety Injection Pumps

Two Sl pumps are provided. Each pump is a multistage, diffuser design, split-case centrifugal
pump with side suction and side discharge.

In the event of an accident, the S| pumps are started automatically on receipt of an SI signal.

These pumps deliver water to the RCS from the RWST during the injection phase and from the
containment emergency sump via the RHR pumps during the recirculation phase.

A minimum flow bypass line is provided on each pump discharge to recirculate flow to the
RWST in the event that the pumps are started with the RCS pressure above pump shutoff head.
This line also permits pump testing during normal plant operation. Two parallel valves in series,
with a third downstream in a common header, are provided for isolation of the minimum flow
lines.

These valves are manually closed from the control room as part of the ECCS realignment from
the injection to the recirculation mode. A pump performance curve is presented in figure
6.3.2-4.

The NPSH for the S| and charging pumps was evaluated for both the injection and recirculation
modes of operation for the DBA. The end of the injection mode of operation gives the limiting
NPSH available (minimum static head). The NPSH available was determined from the elevation
head and vapor pressure of the water in the RWST, which is at atmospheric pressure, and from
the pressure drop in the suction piping from the tank to the pumps.

The NPSH evaluation for the charging and S| pumps from the RWST was based on all
safeguards pumps operating, with the pump being analyzed at its runout flowrate.

When a predetermined low RWST level is reached, the Sl and charging pumps are manually
aligned to take suction from the RHR pump discharge headers. The NPSH requirements of
these pumps are therefore satisfied by the discharge head of the RHR pumps during the
recirculation mode of system operation.

6.3.2.2.7 Deleted

6.3.2.2.8 Residual Heat Removal Heat Exchangers

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

The RHR heat exchangers are discussed further in subsection 5.4.7.

6.3.2.2.9 Refueling Water Storage Tank

The RWST provides a source of water for the Sl, containment spray, centrifugal charging, and
RHR pumps following an accident. The tank volume is sufficiently large to supply the injection
phase water requirements. The RWST is a cylindrical, reinforced concrete tank with a stainless
steel liner. The walls and roof slab are sufficiently thick to protect the tank against tornado-
generated missiles. The tank is designed to Seismic Category 1 requirements. The tank outlet
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is designed to prevent vortex propagation to the pump suction lines. The outlet is also screened
to prevent the passage of particles larger than 1/8 in. in diameter. A recirculation heater is
provided to maintain a minimum water temperature of 50°F, and external connections to the
tank are heat traced to ensure their operability. The RWST provides a sufficient volume of
water to adequately account for instrument error, working allowance, transfer allowance, single
failure, and unusable volume. RWST sizing is shown in figure 6.3.2-5.

The discussion which follows addresses the adequacy of the RWST volume, including the
shortest times available for ECCS injection and switchover.

6.3.2.2.9.1 Injection Mode Allowance. The S| mode of ECCS operation consists of the
ECCS pumps (charging pumps, S| pumps, and RHR pumps) and the containment spray pumps
taking suction from the RWST and delivering to the RCS and containment, respectively. In
order to analyze the shortest time available for injection mode operation, the following
conservative bases are established:

A. The RWST volume available for injection mode operation is approximately
455,635 gal.
B. Containment and RCS pressures are conservatively assumed to be 0 psig to
maximize flow out of the RWST.
C. Flow out of the RWST during the injection mode includes conservative
allowances for two pumps of each type operating at the following flowrates:
S| pump 450 gal/min per pump
Charging pump 450 gal/min per pump
RHR pump 3700 gal/min per pump
Spray pump 3200 gal/min per pump

Total RWST outflow during injection mode operation is 15,600 gal/min.

Based on a minimum available RWST volume of 435,522 gal for injection mode operation, and
the maximum total flowrate out of the RWST, the shortest injection mode operation time is
approximately 28 min.

6.3.2.2.9.2 Transfer Allowance. During the injection mode of ECCS operation, the
operator monitors the RWST level and containment emergency sump level in anticipation of
switchover. Upon receipt of the RWST low-low level alarm, the operator is required to initiate the
manual operations to complete switchover in a timely manner in preparation for the empty level
alarm, after which ECCS switchover can be completed.

The switchover from injection to cold leg recirculation is initiated automatically upon receipt of
the RWST low-low level trip signal and is completed via timely operator action at the main
control board after receipt of the empty level alarm. Switchover is initiated via automatic
opening of the containment emergency sump isolation valves (HV-8811 A and B). This
automatic action aligns the suction of the RHR pumps to the containment emergency sump to
ensure continued availability of a suction source. Manual actions of table 6.3.2-7 must be
performed following switchover initiation prior to loss of the RWST transfer allowance to ensure
that all pumps are protected with suction flow available from the containment emergency sump.
The manual actions required to complete switchover are shown in table 6.3.2-7. The
switchover procedure is structured so that the operator simultaneously switches both trains from
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injection to recirculation, repositioning functionally similar switches as part of the same
procedural steps.

The time available for switchover is dependent on the flowrate out of the RWST as the
switchover manual actions are performed. As valves are repositioned, the flowrate out of the
RWST is reduced in magnitude. In order to analyze the shortest time available for switchover,
the following conservative bases are established:

A.

6.3.2.2.10

The RWST transfer allowance, for completing most of the manual actions for
switchover, is approximately 135,000 gal (between low-low and empty levels).
The RWST transfer allowance for the manual actions for both ECCS and
containment spray (CS) switchover after reaching the empty level is
approximately 48,000 gal.

Approximately 34,000 gal between the bottom of the RWST and the level at
which ECCS and CS switchover occur is provided for vortex prevention and is
not included in the above volumes.

Containment and RCS pressures for large break conditions are conservatively
assumed to be 0 psig. Thus, no credit is taken for the reduction in RWST outflow
that results with higher containment and RCS pressures following a large break.

The same conservative assumption is made for the small break conditions
(except that RCS pressure is assumed to be greater than RHR pump shutoff
head resulting in no RHR pump flow to the RCS for small break conditions).

Pumped flowrates are assumed to be constant during switchover and include the
following conservative flowrate allowances assuming two pumps of each type are
operating:

Sl pump 450 gal/min per pump
Charging pump 450 gal/min per pump
RHR pump 3700 gal/min per pump
Spray pump 3200 gal/min per pump

Flowrate out of the RWST for the worst ECCS single failure condition is
determined assuming one of the RWST isolation valves (HV-8812 A or B) fails to
close on demand. This single failure maximizes RWST outflow during
switchover. Flowrates out of the RWST assume no operator corrective action to
mitigate the single failure; i.e., stop the affected RHR pump and close the
appropriate sump isolation valves.

Valves

Design features employed to minimize valve leakage include:

A.
B.

C.

Where possible, packless valves are used.

Other valves which are normally open, except check valves and those which
perform a control function, are provided with backseats to limit stem leakage.

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

Relief valves are enclosed; i.e., they are provided with a closed bonnet.
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E. Live-load packing is used on some valves including valves equipped with valve
stem leakoff connections to maintain a constant force on the gland follower as
the packing ages and compresses.

6.3.2.2.11 Motor-Operated Valves

Design parameters for motor-operated valves used in the ECCS are given in table 6.3.2-1.

The seating design of all motor-operated valves is of the Crane flexible wedge design. This
design releases 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 disc is 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 reduced
packing configuration and the deletion of the valve stem leakoff line, or lantern ring leakoff
connection with a set of packing below and above the lantern ring.

6.3.2.2.12 Manual Globe, Gate, and Check Valves

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

Globe valves, "T" and "Y" style, are full ported with outside screw and yoke construction.

Check valves are spring-loaded lift piston types for sizes 2 in. and smaller, swing type for sizes
2 1/2in. to 4 in., and tilting disc type for sizes 4 in. and larger.

Stainless steel check valves have no penetration welds 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 motor-operated valves. Carbon steel manual valves are employed to
pass nonradioactive fluids only and, therefore, do not contain the double packing and seal weld
provisions.

6.3.2.2.13 Accumulator Check Valves (Swing-Disc)

The accumulator check valve is designed with a low-pressure drop configuration with all
operating parts contained within the body.

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

A. During normal operation, the check valves are in the closed position with a
nominal differential pressure across the disc of approximately 1650 psi. Since
the valves remain in this position except for testing or when called upon to open
following an accident and are, therefore, not subject to the abuse of flowing
operation or impact loads caused by sudden flow reversal and seating, they do
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not experience significant wear of the moving parts and are expected to function
with minimal backleakage. This backleakage can be checked via the test
connection, as described in subsection 6.3.4.

B. When the RCS is being pressurized during the normal plant heatup operation,
the check valves are tested for leakage at a test pressure of greater than
350 psig. This test confirms the seating of the disc and whether there has been
an increase in the leakage since the last test.

C. The experience derived from the check valves employed in the emergency
injection systems indicates that the system is reliable and workable. This is
substantiated by the satisfactory experience obtained from operation of the
Robert Emmett Ginna plant and subsequent plants where the usage of check
valves is identical to VEGP.

D. The accumulators can accept some inleakage from the RCS without affecting
availability. Continuous inleakage would require, however, that the accumulator
water volume and boron concentration be adjusted periodically to meet Technical
Specification requirements.

6.3.2.2.14 Relief Valves

Relief valves are installed in various sections of the ECCS to protect lines which have a lower
design pressure than the RCS. The valve stem and spring adjustment assembly are isolated
from the system fluids by a bellows seal between the valve disc and spindle. The closed bonnet
provides an additional barrier for enclosure of the relief valves. Table 6.3.2-2 lists the ECCS
relief valves with their capacities and setpoints.

ECCS piping has been reviewed to identify those lengths of piping which are isolated by
normally closed valves and which do not have pressure relief protection in the piping section
between the valves. These sections include:

1. Between valves 1205-U4-021 and 1205-U4-022 in the residual heat
removal system cross-connection line to the chemical and volume control
system. This piping is outside containment, is not an ECCS flowpath, and
is not needed to achieve safety-grade cold shutdown.

2. Portions of ECCS test lines. This piping is inside containment, is not an
ECCS accident mitigation flowpath, and is not needed to achieve safety-
grade cold shutdown.

3. Containment spray system sump suction lines, between valves HV-
9002A-9003A and HV-9002B-9003B. This piping is the recirculation
flowpath outside of containment.

4. Between valves 1205-U6-027 and 1205-U4-226 on the RHR pump
discharge to the RWST. This piping is outside the containment and is not
in the ECCS flow path and is not required for safety-grade cold shutdown.

5. Piping vents, drains, test connections, etc., typically have two closed
valves or one closed valve and a blind flange.

6. Check valve test lines have sections that are isolated by two normally
closed valves.
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The piping vents, drains, test corrections, and check valve lines have design
pressure/temperature conditions compatible with the process piping to which they connect.
Thus valve leakage will not function to overpressurize the isolated piping sections and pressure
relief provisions are not required.

6.3.2.2.15 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. The actuator is arranged such that air pressure on the diaphragm
overcomes the spring force, causing the linkage to move the butterfly to the closed position.
Upon loss of air pressure, the spring returns the butterfly to the open position. These valves are
left 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. These valves are used during normal
RHR system operation to control cooldown flowrate.

Each RHR heat exchanger bypass line has an air-operated butterfly valve which is normally
closed and is designed to fail closed. These valves are used during normal cooldown to control
RCS cooldown rates.

Other air-operated valves in the ECCS along with their failure positions and position indications
are provided in table 6.3.2-8.

6.3.2.2.16 Motor-Operated Valves Control

Remotely operated valves for the injection mode which are under manual control; i.e., valves
which normally are in their ready position and do not receive an Sl signal, have their positions
indicated on a common portion of the control board. If a component is out of its proper position,
its monitor light indicates this on the control panel. At any time during operation when one of
these valves is not in the ready position for injection, this condition is shown visually on the
board, and an audible alarm is sounded in the control room.

Spurious movement of a motor-operated valve due to an electrical fault in the motor actuation
circuitry, coincident with a loss-of-coolant accident (LOCA), has been analyzed (WCAP-8966)
and found to be an acceptably low probability event. In addition, power lockout in accordance
with Branch Technical Position ICSB-18 is provided for those valves whose spurious movement
could result in degraded ECCS performance. Power lockout is accomplished by providing a
control power isolation switch for each of these valves on the main control board. Further
details on power lockout are provided in paragraph 8.3.1.1.11. Table 6.3.2-3 provides a listing
of the motor-operated isolation valves in the ECCS, showing interlocks, automatic features, and
position indication.

Periodic visual inspection and operability testing of the motor-operated valves in the ECCS
ensure that there is no potential for impairment of valve operability due to boric acid
crystallization which could result from valve stem leakage.

In addition, the location of all motor-operated valves within the containment has been examined
to identify any motor operators which may be submerged following a postulated LOCA. Based
on a maximum post-LOCA flood level of el 181 ft 4 in., the only potentially submerged valves
are the accumulator discharge valves, HV-8808 A, B, C, and D. These valves are positioned
prior to startup and then have power removed from the motor operator. These valves are not
required to change position after a LOCA. Therefore, the flooding of these motor operators and
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any resultant postulated failure does not present any problems for the short or long-term ECCS
operations, containment isolation, or any other safety-related function.

6.3.2.2.17 Manual Valves

The 24-in. manually operated gate valve on the suction line from the RWST is the only manual
valve which, if mispositioned, could totally interrupt ECCS flow. For this reason and in
accordance with Regulatory Guide 1.47, the valve is locked open, administratively controlled,
and provided with redundant system level input to the bypassed/inoperable status panel in the
control room.

Manual valves are generally used as maintenance isolation valves or throttling valves. When
used for these functions they are under administrative control, which requires them to be locked
in the correct position. Manual valves used as maintenance isolation valves occur on the Sl and
RHR pump discharges. They are located so that no single valve can isolate both trains of
ECCS equipment. Manual valves are also used as throttling valves in the injection branch paths
of the high-head ECCS pumps.

To preclude the possibility of ECCS degradation due to valve mispositioning, branch line
connections such as vent and drain lines, test connections, pressure points, flow element test
points, flush connections, local sample points, and bypass lines are provided with double
isolation or sealed barriers. The isolation is provided by one of the following methods: two
valves in a series; a single valve with a screwed cap or blind flange; a single locked closed
valve; or a blind flange. These valves are under administrative control.

6.3.2.2.18 Accumulator Motor-Operated Valve Control

As part of the plant shutdown procedures, the operator is required to close these valves. This
prevents a loss of accumulator water inventory to the RCS and is done after the RCS has been
depressurized below 1000 psig. The redundant pressure and level alarms on each accumulator
function to alert the operator to close these valves, if any are inadvertently left open. Power is
locked out after the valves are closed.

During plant startup, Technical Specifications require these valves be open with power removed
in mode 3 when the RCS pressure exceeds 1000 psig. Monitor lights in conjunction with an
audible alarm alert the operator should any of these valves be left inadvertently closed. The
audible alarm is enabled once the RCS pressure increases beyond the S| unblock setpoint.
Power is locked out after these valves are opened.

The accumulator isolation valves are not required to move for the accumulators to perform their
safety function during power operation or in a post-accident situation. For a discussion of
limiting conditions for operation and surveillance requirements of these valves, refer to the
Technical Specifications.

The accumulator isolation valves receive an Sl signal to ensure that they are open in the event
of an accident occurring during inservice inspection testing.

For further discussion of the instrumentation associated with these valves, refer to subsections
6.3.5,7.3.1,and 7.6.4.
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6.3.2.3 Applicable Codes and Standards

Applicable codes and standards for the ECCS are discussed in section 3.2.

6.3.2.4 Material Specifications and Compatibility

Materials employed for engineered safety feature components are discussed in subsection
6.1.1. Materials for ECCS components are selected to meet the applicable material
requirements of the codes in table 3.2.2-1 and the following additional requirements:

A. All parts of components in contact with borated water are fabricated of or clad
with austenitic stainless steel or equivalent corrosion resistant material.

B. All parts of components in contact (internal) with containment emergency sump
solution during recirculation are fabricated of austenitic stainless steel or
equivalent corrosion resistant material.

C. Valve seating surfaces are hard faced with Stellite No. 6 or equivalent to prevent
galling and to reduce wear.

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

Table 6.3.2-4 summarizes the materials employed for ECCS components.

6.3.2.5 System Reliability

Reliability of the ECCS is considered in all aspects of the system from initial design to periodic
testing of the components during plant operation. The ECCS is a two-train, fully redundant,
safety-related system. The system has been designed and proven by analysis to withstand any
credible single active failure during injection or active or passive failure during recirculation and
to satisfy the performance requirements. Two trains of pumps, heat exchangers, and flowpaths
are provided for redundance, since only one train is required to satisfy the performance
requirements. The initiating signals for the ECCS are derived from independent sources as
measured from process; e.g., pressurizer low pressure or environmental (containment high
pressure) variables. Redundant as well as functionally independent variables are measured to
initiate ECCS operation. Each train is physically separated and protected where necessary so
that a single event cannot initiate a common failure. Power sources for the ECCS are divided
into two independent trains supplied from the emergency buses from offsite power. Sufficient
diesel generating capacity is maintained onsite to provide required power to the emergency
buses if offsite power is not available. The diesel generators and their auxiliary systems are
completely independent and each supplies power to one of the two ECCS trains.

The preoperational testing program ensures that the systems as designed and constructed
meet the functional requirements as calculated in design. The ECCS is designed with the ability
for online testing of most components so the availability and operational status can be readily
determined. In addition to the above, the integrity of the ECCS is ensured through examination
of critical components during the routine inservice inspection.

The reliability program extends to the procurement of ECCS components such that only designs
which have been proven by past use in similar applications are acceptable for use. The
procurement quality assurance program is discussed in chapter 17.
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The ECCS is a two-train, fully redundant, engineered safety feature. During the long-term
cooling period following a LOCA, ECCS flowpaths may be separated into two subsystems or
trains, either of which can provide minimum core cooling functions. Due to this concept, either
of the two subsystems can be isolated and removed from service if maintenance is required on
any ECCS component.

Each compartment is provided with radiation shielding such that access may be allowed to
compartments for maintenance during the recirculation phase. To obtain access to a given
compartment, limited pump(s) in that compartment would be stopped and the lines flushed with
water from the RWST. Provisions for washing down the floors and walls are provided to reduce
contamination in the event that a leak occurs in a compartment during the recirculation phase.
Ventilation is provided to facilitate access for maintenance.

During the long-term period, the RCS is depressurized to containment ambient pressure
following the LOCA. During this period, the heat generated in the reactor core is in the form of
residual decay heat; consequently, the RHR pumps provide the required flow; i.e., from the
containment sump through the residual heat exchangers and into the reactor core, to perform
reactor core residual decay heat removal.

The piping and valves associated with the pumps are arranged so that the system can be
drained and flushed prior to maintenance. To meet this requirement, manual valves are
provided with extended reach rods so that they can be operated from a position external to the
pump compartments.

Proper initial fill and venting of the ECCS ensures that water hammer does not occur in ECCS
lines. In addition, the head of water provided by the RWST further ensures the lines remain full
and water hammer concerns do not develop. High point vents in the ECCS lines are provided
to ensure means for proper venting of lines and pumps. Fill and venting procedures for the
ECCS ensure removal of air from the system to prevent the possibility of a water hammer if
injection flow is initiated. The RWST location/configuration ensures that the Technical
Specification limit for the RWST low water level is above the ECCS high point required to
maintain water solid ECCS lines.

Further, the existence of high point vents and the positive head of water provides means by
which the operator can confirm water solid ECCS lines.

6.3.2.5.1 Active Failure Criteria

An active failure is the failure of a powered component such as a piece of mechanical
equipment, 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.

The failure mode and effects analysis (FMEA), provided in table 6.3.2-5, demonstrates the
ability of the ECCS to withstand any single active failure. The analysis illustrates that the ECCS
can sustain an active failure in either the short or long term and still meet the required level of
performance for core cooling.

Since the short-term operation of the active components of the ECCS following a steam line
rupture or a steam generator tube rupture is similar 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.
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Portions of the ECCS are also relied upon to provide boration and makeup during a safety
grade cold shutdown. The capability of the ECCS to sustain an active failure and still perform in
conjunction with other systems of the cold shutdown design is presented in subsection 5.4.7.

6.3.2.5.2 Passive Failure Criteria

A passive failure is the structural failure of a static component which limits the component's
effectiveness in carrying out its design function. Examples include cracks in pipes, sprung
flanges, valve packing leaks, or pump seal failures.

A single passive failure analysis is presented in table 6.3.2-6. It demonstrates that the ECCS
can sustain a single passive failure during the long-term phase and still retain an intact flowpath
to the core to supply sufficient flow to keep the core covered and to effect the removal of decay
heat. The procedure followed to establish the alternate flowpath also isolates the component
which failed.

The following philosophy provides for necessary redundancy in component and system
arrangement to meet the intent of the general design criterion on single failure as it specifically
applies to failure of passive components in the ECCS. Thus, for the long term, the system
design is based on accepting either a passive or an active failure, assuming no failures in the
short term.

A. Redundancy of Flowpaths and Components for Long-Term Emergency Core
Cooling

In design of the ECCS, the following criteria are utilized:

1. During the long-term cooling period following an accident, the emergency
core cooling flowpaths 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.

4. Should one of these two 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 provide for
maintenance of the affected equipment.

For the long-term emergency core cooling function, adequate core cooling
capacity exists with one flowpath removed from service.

B. 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 can be
detected before they propagate to major proportions. A review of the equipment
in the system indicates that the largest sudden leak potential would be the
sudden failure of a pump shaft seal. Evaluation of the leakrate assuming only
the presence of a seal retention ring around the pump shaft showed flows less
than 50 gal/min would result. Piping leaks, valve packing leaks, or flange gasket
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leaks have been of a nature to build up slowly with time and are considered 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 American National Standards
Institute (ANSI) Safety Class 2 and receives the American Society of
Mechanical Engineers (ASME) Class 2 quality assurance program
associated with this safety class.

2. The piping, equipment, and supports are designed to ANSI Safety Class
2, Seismic Category 1 requirements, permitting no loss of function for the
safe shutdown earthquake.

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

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.

The design of the auxiliary building and related equipment is based upon
handling of leaks up to a maximum of 50 gal/min. Subsection 9.3.3
describes the design features provided to detect and isolate such leaks in
the ECCS flowpath within 30 min.

6.3.2.5.3 Lag Times

Lag times for initiation and operation of the ECCS are limited by pump startup time and
consequential loading sequence of these motors onto the safeguard buses. Most valves are
normally in the position conducive to safety; therefore, valve operation time is not considered for
these valves. If there is no loss of offsite power, all pump motors and valve motors are loaded
immediately onto the safeguards buses according to the sequencer. The charging pumps and
all valves are applied to the buses in 0.5 s, the Sl pumps in 5.5 s, and the RHR pumps in 10.5 s.
Safeguards pumps are capable of obtaining operating speed and rated flow within 4 s of receipt
of the start signal. In the case of loss of offsite power, the diesel generator is designed for a
9.5-s delay to start and to obtain operating speed and voltage prior to the safeguards pumps
and valves being sequenced onto the safeguards buses, which is less than the time assumed in
the accident analysis. These lag times refer to the time after initiation of the Sl signal.

6.3.2.5.4 Potential Boron Precipitation

Boron precipitation in the reactor vessel can be prevented by a backflush of ECCS water
through the core to terminate boiloff and the resulting increase in boron concentration of the
water remaining in the reactor vessel. This is accomplished by the switchover from cold leg to
hot leg recirculation at about 7.5 h following an accident. In addition to preventing boron
precipitation by backflushing the core, hot leg recirculation provides subcooled water to
terminate boiloff.

Three flowpaths, each with sufficient capacity to prevent precipitation, are available for hot leg
recirculation of containment emergency sump water. Each S| pump can discharge to two hot
legs with suction taken from the RHR pump discharge, either directly or indirectly via the
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charging pump cross connect. Each S| pump flow path provides an independent train of hot leg
recirculation flow. In addition, the RHR pump of each train can also be aligned to deliver flow
directly to two hot legs via a common hot leg recirculation header, through train B valve HV-
8840 to provide the third flow path. Normal operator response is to align both RHR pumps to
the hot legs through HV-8840 and both S| pumps to the hot legs. Sufficient flow to prevent
precipitation only requires one S| pump aligned to the hot legs.

Loss of one pump or one flowpath or one complete train (including train B) will not prevent hot
leg recirculation since redundant methods are available for use.

6.3.2.5.5 Safety Grade Cold Shutdown Function

During a safety-grade cold shutdown, the ECCS is relied upon to provide one of the two
redundant flowpaths for boration and makeup. The BIT high-head injection header (Unit 1) and
the CVCS charging pump high head cold leg injection header (Unit 2) provide this function. The
redundant flowpath is the normal charging header, which is part of the chemical and volume
control system (CVCS). Two independent subsystems, each consisting of a charging pump and
the associated valves and piping, are provided and are powered by redundant emergency
buses in a manner that ensures that at least one subsystem is always operable. A solenoid
valve provided in each subsystem and located in the CVCS ensures that the remote throttling
capability necessary for RCS inventory control and shutdown is available. Provisions are also
included in the ECCS design to ensure that the accumulators can be either isolated or vented
so that RCS depressurization can be accomplished. Details of the cold shutdown design are
discussed in subsection 5.4.7. A failure mode and effects analysis for safety-grade cold
shutdown operations is provided in table 6.3.2-9.

6.3.2.6 Protection Provisions

The provisions taken to protect the system from damage that might result from dynamic effects
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.N, 3.9.N, and 3.10.N. Thermal stresses on the RCS are discussed in
section 5.2.

6.3.2.7 Provisions for Performance Testing

Test lines are provided for performance testing of the ECCS as well as individual components.
These test lines and instrumentation are shown in drawings 1X4DB119, 2X4DB119, 1X4DB120
and 1X4DB121. All pumps have miniflow lines for use in testing operability. Additional
information on testing can be found in paragraph 6.3.4.2.

6.3.2.8 Manual Actions

The ECCS is automatically actuated by those accidents identified in subsection 6.3.1. Following
actuation, the ECCS continues to operate in the injection mode until its operation is terminated
by the operator or until its operation is switched to the recirculation mode. During the injection
mode no manual actions are required for proper operation of the ECCS. For the loss-of-
secondary-coolant accident and the tube rupture accident, the operator should stabilize plant
conditions and terminate ECCS operation after satisfying the criteria for ECCS termination. For
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the LOCA, the operator may not be able to terminate ECCS operation and may have to initiate
manual actions to align the ECCS for the recirculation mode. The following discussion
addresses the limited manual actions that are required of the operator to realign the system for
the cold leg recirculation mode of operation and, after approximately 7.5 h, for the hot leg
recirculation mode of operation. These actions are delineated in table 6.3.2-7. Operator action
(both short term and long term) required for the various modes of ECCS operation to mitigate
the consequences of a LOCA or steam line break, as well as other accident conditions, is
presented in the emergency operating procedures. These procedures discuss the
alarms/indications available to the operator to lead him to take the appropriate actions.

The switchover from the injection mode to recirculation mode is initiated automatically and
completed manually by operator action from the main control room. Protection logic is provided
to automatically open the two containment emergency sump isolation valves when two out of
four RWST level channels indicate a low-low level in conjunction with an Sl signal. This
automatic action aligns the two RHR pumps to take suction from the containment emergency
sump. The RHR pumps continue to operate during this automatic switchover from the injection
mode to the recirculation mode.

The two charging pumps and the two S| pumps continue to take suction from the RWST until
manual operator action is taken to align these pumps in series with the RHR pumps. Between
the low-low and empty levels, this manual operator action is performed in order to align the two
charging pumps and two S| pumps in series with the two RHR pumps. As part of the manual
switchover procedure, the suctions of the S| and charging pumps are cross-connected so that
one RHR pump can deliver flow to the RCS and the Sl and charging pumps in the event of the
failure of the second RHR pump.

The RWST level protection logic consists of four level channels with each level channel
assigned to a separate process control protection set. Four RWST level transmitters provide
level signals to corresponding normally deenergized level channel bistables. Each level
channel bistable is energized on receipt of an RWST level signal less than the low-low level
setpoint. A two-out-of-four coincident logic is utilized in both protection cabinets A and B to
ensure a trip signal in the event that two of the four level channel bistables are energized. This
trip signal, in conjunction with the Sl signal, provides the actuation signal to automatically open
the corresponding containment emergency sump isolation valves.

The RWST low-low level signal is also alarmed to inform the operator to initiate the manual
action required to realign the RHR, charging, and S| pumps for the recirculation mode.

Following the completion of the automatic and manual switchover action (completed after
receiving the empty level alarm), the two RHR pumps are aligned to take suction from the
containment emergency sump. The switchover process would begin approximately 28 min after
the initiation of ECCS operation at the earliest. The RWST is sized to allow the operator
approximately 41 min after the initiation of ECCS injection before completing the ECCS and
CSS switchover operation.

The switchover from the cold leg recirculation mode to the hot leg recirculation mode requires
further manual actions. The charging pumps are not realigned and they continue to deliver to
the RCS cold legs.

See section 7.5 for process information available to the operator in the control room following an
accident.

Time delay following a low-low RWST signal, in which the operator's failure to act has no
adverse effects, is greater than 8 min.
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The consequences of the operator failing to act altogether are loss of the Sl, charging, and
containment spray pumps.

6.3.2.9 References

1. Westinghouse Letter GP-15580 to McCoy, C. K., dated April 3, 1992.
2. Deleted.

6.3.3 PERFORMANCE EVALUATION

The accidents identified in subsection 6.3.1 result in emergency core cooling system (ECCS)
actuation and are mitigated within acceptance criteria by ECCS operation. For the purpose of
evaluation in chapter 15, the accidents that result in ECCS actuation are categorized as follows:

A. Increase in Heat Removal by the Secondary System
1. Inadvertent opening of a steam generator power- operated atmospheric
steam relief or safety valve.
2. Steam system piping failure.
B. Decrease in Heat Removal by the Secondary System
1. Feedwater system piping failure.
C. Decrease in Reactor Coolant System (RCS) Inventory
1. Steam generator tube rupture.
2. Loss-of-coolant accident (LOCA) from a spectrum of postulated RCS

piping failures.

3. Loss of coolant due to a rod cluster control assembly ejection accident.
This type of accident is enveloped by the RCS piping failures.

Each of these accidents results in generation of a safety injection (Sl) signal and ECCS
operation. The Sl signal can be generated by any of the following:

e Pressurizer low pressure.
e Steam line low pressure.
e Containment high pressure.

e Manual actuation.

In addition to initiating ECCS operation, the Sl signal initiates other safeguards automatic
actions, including reactor trip, auxiliary feedwater system initiation, feedwater isolation, and
containment isolation.

Upon receipt of an Sl signal, the actions in paragraph 6.3.2.1.A are automatically initiated and
the ECCS is aligned to operate in the injection mode. The charging pumps are aligned to
deliver borated water from the refueling water storage tank to the RCS cold legs. The SI
pumps, residual heat removal (RHR) pumps, and the accumulators are aligned to deliver to the
RCS cold legs should RCS pressure drop below their respective pump shutoff heads or tank
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static pressure, respectively. The ECCS pumps and the accumulator flowrates vary depending
on the type of accident and its characteristic pressure transient.

6.3.3.1 Increase in Heat Removal by the Secondary System

A number of events have been postulated which could result in an increase in heat removal
from the RCS by the secondary system. Detailed analyses of these events are presented in
section 15.1. For those events which result in ECCS actuation, the following summarizes ECCS
performance:

A. Inadvertent Opening of a Steam Generator Relief or Safety Valve

The most severe core conditions resulting from an accidental depressurization of
the main steam system are associated with an inadvertent opening of a single
steam dump, relief, or safety valve. Refer to subsection 15.1.4 for a detailed
description of this accident, including acceptance criteria and analytical results.

For this accident, the ECCS is actuated upon generation of an Sl signal and the
charging pumps function to inject the borated water solution from the RWST into
the RCS cold legs. Although the borated water solution does not provide
sufficient negative reactivity to maintain the reactor below criticality, the core is
ultimately shut down by the solution and the departure from nucleate boiling
(DNB) design basis is met. The charging pump flow also functions to increase
RCS inventory and to repressurize the RCS. For this accident, the RCS does not
depressurize sufficiently to permit the SI pumps, RHR pumps, or accumulators to
deliver to the RCS. Subsequent to stabilizing plant conditions and satisfying
ECCS termination criteria, the operator terminates ECCS operation and initiates
plant shutdown operations.

B. Steam System Pipe Failure

The most severe core conditions resulting from a steam system piping failure are
associated with a double-ended rupture of a main steam line which occurs at
zero power. Effects of smaller piping failures at higher power levels are bounded
by the double-ended rupture at zero power. Refer to subsection 15.1.5 for a
detailed description of this accident, including acceptance criteria and analytical
results.

For this accident, the ECCS functions as described in paragraph 6.3.3.1.A for the
inadvertent opening of a steam generator relief or safety valve. However, this
piping failure constitutes a more severe cooldown transient. The negative
reactivity provided by operation of the charging pumps is not sufficient to prevent
the reactor from returning to criticality during the transient. However, the core is
ultimately shut down by the borated water solution, and the DNB design basis is
met.

6.3.3.2 Decrease in Heat Removal by the Secondary System

A number of events have been postulated which could result in a decrease in heat removal from
the RCS by the secondary system. Detailed analyses of these events are presented in section
15.2. For those events which result in ECCS actuation, the following summarizes ECCS
performance:
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Feedwater System Pipe Failure

The most severe core conditions resulting from a feedwater system piping failure
are associated with a double-ended rupture of a feed line at full power.
Depending on break size and power level, a feedwater system pipe failure could
cause either an RCS cooldown transient or RCS heatup transient. Only the RCS
heatup transient is evaluated as a feedwater system pipe failure, since the
spectrum of cooldown transients is bounded by the steam system pipe failure
analyses. The heatup transient effects of smaller piping failures at reduced
power levels are bounded by the double-ended feed line rupture at full power.
Refer to subsection 15.2.8 for a detailed description of this accident, including
acceptance criteria and analytical results.

For this accident, the ECCS is actuated upon generation of an Sl signal and the
charging pumps inject the borated water solution from the RWST into the RCS
cold legs. The charging pump flow functions to increase RCS inventory to
ensure that sufficient inventory exists to keep the core covered with water. Since
the accident is characterized by a heatup transient, the borated water solution
from the RWST is not required and is not taken credit for in the analysis to
control core reactivity. The RCS does not depressurize to permit the Sl pumps,
RHR pumps, or accumulators to deliver to the RCS. Subsequent to stabilizing
plant conditions and satisfying ECCS termination criteria, the operator terminates
ECCS operation and initiates plant shutdown operations.

Decrease in RCS Inventory

A number of events have been postulated which could result in a decrease in RCS inventory.
Detailed analyses of these events are presented in section 15.6. For those events which result
in ECCS actuation, the following summarize ECCS performance:

A

Steam Generator Tube Rupture

Although a steam generator tube rupture is an accident which results in a
decrease in RCS inventory, severe core conditions are not associated with a
steam generator tube rupture. The accident analyzed is a complete severance of
a single steam generator tube that occurs at power with the reactor coolant
contaminated with fission products, corresponding to continuous operation with a
limited amount of defective fuel rods. Effects of smaller breaks are bounded by
the complete severance. Refer to subsection 15.6.3 for a detailed description of
this accident, including acceptance criteria and analytical results.

For this accident, the ECCS is actuated upon generation of an Sl signal and the
charging pumps inject the borated water solution from the RWST into the RCS
cold legs. The charging pump flow functions to replace RCS inventory that is
being lost through the ruptured steam generator tube, provide a heat sink which
helps absorb decay heat, and repressurize the RCS. Subsequent to stabilizing
plant conditions and satisfying ECCS termination criteria, the operator terminates
ECCS operation and initiates plant shutdown operations.

Loss-of-Coolant Accident

A LOCA is defined as a rupture of the RCS piping or branch piping which results
in a decrease in RCS inventory that exceeds the flow capability of the normal
makeup system. Ruptures which result in break flow within the capability of the
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normal makeup system will not result in decreasing RCS pressure and ECCS
actuation. The maximum break size for which the normal makeup system can
maintain RCS pressure is obtained by comparing the calculated flow from the
RCS through the postulated break against the charging system makeup flow
capacity when aligned for maximum charging at normal RCS pressure. Makeup
flow from two charging pumps is adequate to sustain pressurizer pressure at
approximately 2210 psig for a break through a 0.375-in. diameter hole. This
break results in a loss of approximately 17.5 Ibm/s. For breaks less than a
0.375-in. diameter hole, the normal makeup system can maintain RCS pressure
and permit the operator to execute an orderly shutdown.

For the purpose of evaluation, the spectrum of postulated piping breaks in the
RCS is divided into major pipe breaks (large break) and minor pipe breaks (small
breaks). The large break is defined as a rupture with a total cross-sectional area
equal to or greater than 1 ft>. The small break is defined as a rupture with a total
cross-sectional area less than 1 ft? but larger than the maximum break size for
which the normal makeup system can maintain RCS pressure as described
above. Refer to subsection 15.6.5 for a detailed description of this accident,
including acceptance criteria and analytical results.

For this accident, the ECCS is actuated upon receipt of an Sl signal. Once
actuated, the ECCS mitigates the spectrum of LOCA accidents, but its
performance varies depending on the LOCA transient. The charging pumps
function to immediately inject borated water from the refueling water storage
tank. The Sl pumps and RHR pumps function to start delivering borated water
from the refueling water storage tank when the RCS depressurizes to
approximately 1500 psia and 200 psia, respectively. The accumulators begin to
inject when the RCS depressurizes to approximately 600 psia. During the LOCA
transient, flow to the RCS is dependent on the RCS pressure transient. The
ECCS water injected into the RCS provides for heat transfer from the core,
prevents excessive core clad temperatures, and eventually accomplishes core
reflood (large break) or core recovery (small break). The LOCA analyses do not
take credit for the boron content of the injected water.

Following completion of core reflood (large break) or core recovery (small break),
the ECCS continues to supply water to the RCS for long-term cooling. After the
water level in the refueling water storage tank reaches the low-low level setpoint,
switchover to cold leg recirculation is initiated automatically and completed by
manual operator action as discussed in paragraph 6.3.2.8. This permits
continued cooling of the core by recirculation of the spilled water in the
containment emergency sumps. At approximately 7.5 h after initiation of the
LOCA, the ECCS is manually realigned in the hot leg recirculation mode to
control boric acid concentration in the reactor vessel.

Figure 6.3.2-1 provides process flow diagrams which illustrate ECCS
performance for the various modes of system operation.

6.3.3.4 Use of Dual Function Components

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

1.

R

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

Two Sl pumps, which supply borated water for core cooling to the RCS.
Deleted.

One BIT (Unit 1 only).

Deleted.

Associated piping, valves, and instrumentation.

Components which also have a normal operating function are as follows:

1.

Two RHR pumps and two residual heat exchangers which are normally
used for decay heat removal during the latter stages of normal plant
shutdown and when the reactor is held at cold shutdown for maintenance
or refueling conditions. During all other plant operating modes, they are
aligned to perform the low-head injection function.

Two charging pumps which are normally aligned for charging service with
suction from the volume control tank. As a part of the chemical and
volume control system, the normal operation of these pumps is discussed
in subsection 9.3.4.

One refueling water storage tank which is used to fill the refueling canal
for refueling operations and to provide makeup to the spent fuel pool.
However, during all other plant operating periods it is aligned to the
suction of the Sl pumps. It is also aligned to the suction of the RHR
pumps during plant thermal power operating periods. The charging
pumps are automatically aligned to the suction of the refueling water
storage tank upon receipt of an Sl signal or a volume control tank low
level signal.

An evaluation of all components required for operation of the ECCS demonstrates that either:

A.
B.

The component is not shared with other systems.

If the component is shared with other systems, it is either aligned or not aligned
during normal plant operation to perform its accident mitigation function.

If not aligned to perform its accident mitigation 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 the Sl signal.

Table 6.3.3-1 provides a shared function evaluation that indicates the alignment of components
during normal operation and the realignment required to perform the accident function.

In all cases of component operation, S| has the priority usage such that an Sl signal will override
all other signals and start or align systems for injection.

6.3.3.5

Limits on System Parameters

The analyses show that the design basis performance characteristic of the ECCS is adequate to
meet the requirements for core cooling following an accident with the minimum engineered
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safety features equipment operating. In order to ensure this capability in the event of the
simultaneous failure to operate any single active component, technical specifications are
established for reactor operation.

Normal operating status of ECCS components is given in table 6.3.3-2.

The ECCS components are available whenever the coolant energy is high and the reactor is
critical. During low-temperature physics tests there is a negligible amount of stored energy in
the coolant and low decay heat; therefore, an accident comparable in severity to accidents
occurring at operating conditions is not possible and ECCS components are not required. The
possibility of a LOCA during startup and shutdown has been considered. It has been
demonstrated by analysis that a LOCA at startup or shutdown is bounded by the LOCA
analyses described in chapter 15, even though various ECCS components are intentionally
disabled in the shutdown mode. Portions of the ECCS may be temporarily realigned for check
valve leakage testing prior to startup in Mode 3 by closing either HV-8809A or HV-8809B.
Conservative analyses have been performed for ECCS configurations more restrictive than
those established during check valve testing. The conservative analyses assumed that the Si
actuation on low pressurizer pressure was blocked and that flow was available from one RHR
pump, one safety injection pump, and one charging pump (no accumulator injection). The
results demonstrate that the minimum ECCS flow requirements during Mode 3 are met and that
the Chapter 15 LOCA analyses remain limiting.

The principal system parameters and the number of components which may be out of operation
in test, quantities and concentrations of coolant available, and allowable time in a degraded
status are provided in the Technical Specifications. If efforts to restore the operable status of
the ECCS are not accomplished within Technical Specification requirements, the plant is
required to be placed in a lower operational mode; i.e., hot standby to hot shutdown, hot
shutdown to cold shutdown, etc.

6.3.4 TESTS AND INSPECTIONS

6.3.4.1 Emergency Core Cooling System Performance Tests

Conformance with the recommendations of Regulatory Guide 1.79 is discussed in section 1.9.

6.3.4.1.1 Preoperational Test Program at Ambient Conditions

Preoperational testing of the emergency core cooling system (ECCS) can be conducted during
the testing of the reactor coolant system (RCS) following flushing and hydrostatic testing, with
the system cold and the reactor vessel head removed. Provision should be made for excess
water to drain into the refueling canal. The ECCS must be aligned for normal power operation.
The operation of the emergency diesels can be tested in conjunction with the ECCS. This test
should provide information including the following facets:

e Satisfactory safety injection (Sl) signal generation and transmission.

e Proper operation of the emergency diesel generators, including sequential load
pickup.

e Valve operating times.
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e Pump starting times.

e Pump delivery rates at runout conditions (one point on the operating curve).

6.3.4.1.2 Components
6.3.4.1.21 Pumps. Separate flow tests of the pumps in the ECCS are conducted during

preoperational testing (with the reactor vessel head off) to check capability for sustained
operation. The charging, Sl, and residual heat removal (RHR) pumps discharge into the reactor
vessel through the injection lines, with the overflow from the reactor vessel passing into the
refueling canal. Each pump is tested separately with water drawn from the refueling water
storage tank. Data are taken to determine pump head and flow at this time. Pumps are then
run on miniflow circuits and data taken to determine a second point on the head-flow
characteristic curve.

6.3.4.1.2.2 Accumulators. Each accumulator is filled with water from the refueling water

storage tank and pressurized with the motor-operated valve on the discharge line closed. Then
the valve is opened and the accumulator allowed to discharge into the reactor vessel as part of
the operational startup testing with the reactor cold and the vessel head off.

6.3.4.2 Reliability Tests and Inspections

Routine periodic testing of the ECCS components and all necessary support systems at power
is planned. Valves which operate after a loss-of-coolant accident are operated through a
complete cycle; pumps are operated individually on either their miniflow lines, or on recirculation
back to the RWST except the charging pumps which are tested by their normal charging
function. 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
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 series check valves between the accumulator and the RCS are tested to verify that each of
the series check valves can independently sustain differential pressure across its disc and also
verify that the valve is in its closed position. The required periodic tests are performed after
each refueling just prior to plant startup, after the RCS has been pressurized.

Where series pairs of check valves form the high-pressure to low-pressure isolation barrier
between the RCS and ECCS piping outside the reactor containment, periodic testing of these
check valves is performed to provide assurance that certain postulated failure modes will not
result in a loss of coolant from the low-pressure system outside containment with a
simultaneous loss of ECCS pumping capacity.

The ECCS test line subsystem provides the capability for determination of the integrity of the
pressure boundary formed by series check valves. The tests performed verify that each of the
series check valves can independently sustain differential pressure across its disc and also
verify that the valve is in its closed position. The required periodic tests are performed after
each refueling just prior to plant startup, after the RCS has been pressurized.
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For some series check valve tests, the ECCS may be temporarily realigned for a brief period of
time. Due to redundancy of ECCS equipment, the minimum ECCS flow delivery requirements
continue to be met.

Lines in which the series check valves are to be tested are the S| pump cold and hot leg
injection lines and the RHR pump cold and hot leg injection lines.

To implement the periodic component testing requirements, technical specifications have been
established. During periodic system testing, a visual inspection of pump seals, valve packings,
flanged connections, and relief valves is made to detect leakage. Inservice inspection provides
further confirmation that no significant deterioration is occurring in the ECCS pressure
boundary.

Design measures have been taken to ensure that the following testing can be performed:

A. Active components may be tested periodically for operability (e.g., pumps on
miniflow, certain valves, etc.).

B. An integrated system actuation test can be performed when the plant is cooled
down and the RHR system is in operation. The ECCS is arranged so that no
flow is introduced into the RCS for this test. Detailed discussion of Sl signal
testing provisions is provided in section 7.2.

C. An initial flow test of the full operational sequence can be performed.
The design features which ensure this test capability are specifically:

A. Power sources are provided to permit individual actuation of each active
component of the ECCS.

B. The Sl pumps can be tested periodically during plant operation using the miniflow
recirculation lines provided.

C. The RHR pumps are used every time the RHR system is put into operation.
They can also be tested periodically when the plant is at power using either the
miniflow recirculation lines, or recirculation line back to the RWST.

D. The centrifugal charging pumps are either normally in use for charging service or
can be tested periodically on miniflow.

Remotely operated valves can be exercised during routine plant maintenance.

F. Level and pressure instrumentation is provided for each accumulator tank for
continuous monitoring of these parameters during plant operation.

G. Flow from each accumulator tank can be directed through a test line to verify
isolation valve position. The test line can be used, when the RCS is pressurized,
to ascertain backleakage through the accumulator check valves.

H. A flow indicator is provided in the charging pump, SI pump, and RHR pump
headers. Pressure instrumentation is also provided in these lines.

l. An integrated system test can be performed when the plant is cooled down and
the RHR system is in operation. This test does not introduce flow into the RCS
but does demonstrate the operation of the valves, pump circuit breakers, and
automatic circuitry, including diesel starting and the automatic loading of ECCS
components on the diesels (by simultaneously simulating a loss of offsite power
to the vital electrical buses).
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The Technical Specifications specify requirements for test frequency, acceptability of testing,
and measured parameters. The ECCS components and systems are designed to meet the
intent of the American Society of Mechanical Engineers Code, Section Xl, for inservice
inspection.

6.3.5 INSTRUMENTATION REQUIREMENTS

Instrumentation and associated analog and logic channels employed for initiation of emergency
core cooling system (ECCS) operation is discussed in section 7.3. This section describes the
instrumentation employed for monitoring ECCS components during normal plant operation and
also ECCS post-accident operation. All alarms are annunciated in the control room.

6.3.5.1 Deleted
6.3.5.1.1 Deleted
6.3.5.1.2 Residual Heat Exchanger Temperature

The fluid temperature at both the inlet and the outlet of each residual heat exchanger is
recorded on the integrated plant computer. There is also a locally mounted temperature
indicator at the outlet of each residual heat exchanger.

6.3.5.1.3 Deleted

6.3.5.2 Pressure Indication

6.3.5.2.1 Deleted

6.3.5.2.2 Charging Pump Suction and Discharge Pressure

There is local pressure indication at the suction and discharge of each charging pump.

6.3.5.2.3 Safety Injection Pump Suction Pressure

There is a locally mounted pressure indicator at the suction of each safety injection pump.

6.3.5.2.4 Safety Injection Pump Discharge Pressure

Safety injection pump discharge pressure for each pump is indicated in the control room.
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6.3.5.2.5 Accumulator Pressure

Duplicate pressure channels are installed on each accumulator. Pressure indication in the
control room and high- and low-pressure alarms are provided by each channel.

6.3.5.2.6 Test Line Pressure

A local pressure indicator, used to check for proper seating of the accumulator check valves
between the injection lines and the reactor coolant system, is installed on the leakage test line.
6.3.5.2.7 Residual Heat Removal Pump Suction Pressure

Local pressure indication is provided at the inlet to each residual heat removal pump.

6.3.5.2.8 Residual Heat Removal Pump Discharge Pressure

Residual heat removal discharge pressure for each pump is indicated in the control room. A
high-pressure alarm is actuated by each channel.

6.3.5.3 Flow Indication
6.3.5.3.1 Deleted
6.3.5.3.2 Charging Pump Injection Flow

Charging pump injection header flow to the reactor cold legs is indicated in the control room.

6.3.5.3.3 Safety Injection Pump Header Flow

Safety injection pump flow for each pump is indicated in the control room.

6.3.5.3.4 Safety Injection Pump Minimum Flow

A local flow indicator is installed in the safety injection pump minimum flow line.

6.3.5.3.5 Test Line Flow

A local flow indicator is provided in the accumulator test line.

6.3-29 REV 24 10/22



VEGP-FSAR-6

6.3.5.3.6 Residual Heat Removal Pump Flow

The flow from each residual heat removal pump is indicated in the control room. These
instruments also control the residual heat removal bypass valves, maintaining constant return
flow to the reactor coolant system during normal cooldown.

6.3.5.3.7 Residual Heat Removal Pump Minimum Flow

A flowmeter installed in the discharge of each residual heat removal pump provides control for

the valve located in the pump miniflow line.

6.3.5.4 Level Indication

6.3.5.4.1 Refueling Water Storage Tank Level

Four level indicator channels, which indicate in the control room, are provided for the refueling
water storage tank. Each channel is provided with a high, low, low-low, and empty level alarm.
The high level alarm is provided to protect against possible overflow of the refueling water
storage tank. The low level alarm is provided to ensure that a sufficient volume of water is
always available in the refueling water storage tank in conformance with the Technical
Specifications. The refueling water storage tank low level signal isolates the sludge mixing
system, which also is used to maintain temperature from the tank at a 50°F minimum. The low-
low level alarm alerts the operator to begin performing manual actions to prepare for switchover
to the recirculation mode. At the low-low level the RHR containment emergency sump isolation
valves are automatically opened. Between the low-low and empty levels, manual action is
taken to align the two charging pumps and the two S| pumps to take suction from the discharge
of the two RHR pumps. The empty level alarm alerts the operator to complete manual actions
to realign the RHR pumps and containment spray pumps from the injection mode to the
recirculation mode. (Upon receipt of the empty alarm, the RWST contents are nearly
exhausted; the remaining volume is only sufficient to complete manual switchover of the RHR
pumps and containment spray pumps.) Each channel also provides level indication in the main
control room.

Refer to subsection 6.3.2 and figure 6.3.2-5 for additional information on RWST sizing and
alarm setpoints for ECCS and containment spray pump suction switchover from injection mode
to recirculation mode.

6.3.5.4.2 Accumulator Level

Duplicate level channels are provided for each accumulator. Both channels provide indication in
the control room and actuate high- and low-level alarms.
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6.3.5.4.3 Deleted
6.3.5.5 Operating Status Indication
6.3.5.5.1 Pumps

The operating status of ECCS pumps is indicated on the control board by red (running) and
green (stopped) lights that are integral with the pump switch assembly for each pump. Pump
operating status is also indicated by monitor lights which are grouped in a common portion of
the control board. The operating status of each ECCS pump is indicated by its monitor light
which is dark (stopped) or bright (running) depending on pump operating status.

6.3.5.5.2 Valves

The position of ECCS valves is indicated on the control board by red (open) and green (closed)
lights that are integral with the valve switch assembly for each valve. Valve position is also
indicated by monitor lights which are grouped in a common portion of the control board. The
position of each valve is indicated by its monitor light. For the centrifugal charging pump
alternate miniflow valves (HV-8508A and HV-8508B), the monitor panel lights indicate that the
valves are in the enabled mode; therefore, valve position is indicated only at the handswitches.
The position indication lights for motor-operated valves are controlled by motor operator limit
switches. For air-operated valves, these lights are controlled by stem-mounted limit switches.

The accumulator motor-operated valves have additional position indication. For each valve, an
alarm annunciator point is activated by both a motor operator limit switch and by a stem-
mounted limit switch whenever an accumulator valve is not fully open for any reason with the
system at pressure. (The pressure at which the safety injection block is unblocked is
approximately 1900 psig.) A separate annunciator point is used for each accumulator valve.
The alarm activated by the stem-mounted limit switch will be recycled at approximately 1-h
intervals to remind the operator of the improper valve lineup, until corrective action is taken.
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TABLE 6.3.2-1 (SHEET 1 OF 3)

EMERGENCY CORE COOLING SYSTEM

COMPONENT PARAMETERS

Accumulators

Number
Design pressure (psig)
Design temperature (°F)
Operating temperature (°F)
Normal operating pressure (psig)
Total volume (ft?)
Nominal water volume (ft%)
Nominal volume N gas (ft%)
Boron concentration, nominal (ppm)

Centrifugal charging pumps (See figure 6.3.2-3.)

Number
Design pressure (psig)
Design temperature (°F)
Design flow (gal/min)
Design head (ft)
Maximum flow (gal/min)
Design head at maximum flow (ft)
Design head at shutoff (ft)
Motor rating (hp)
Required NPSH at maximum flow (ft)
Available NPSH at maximum flow (ft) from RWST

Discharge orifice (1FO-10118 & 1FO-10122)

Discharge orifice (2FO-10122 & 2FO-10123)

S| pumps (See figure 6.3.2-4.)
Number

Design pressure (psig)

Design temperature (°F)

Design flow (gal/min)

Design head (ft)

Maximum flow (gal/min)

Design head at maximum flow (ft)

Design head at shutoff (ft)

Motor rating (hp)

Required NPSH at maximum flow (ft)

4
700

300
60-120
650

1350 each
900 each
400 each
1900-2600

2
2800
300
150
5800
555
1400
6200
600
(See figure 6.3.2-3.)
78

(See drawing
1X6AH02-300000 for
sizing)

(See drawing 2X6AH02-
30000 for sizing)

2

1750

300

425

2680

660

1660

3545

450

(See figure 6.3.2-4.)
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Available NPSH at maximum flow (ft)
from RWST

RHR pumps (See figure 6.3.2-2.)

Number

Design pressure (psig)

Design temperature (°F)

Design flow (gal/min)

Design head (ft)

Maximum flow (gal/min)

Design head at maximum flow (ft)

Design head at shutoff (ft)
Motor rating (hp)
Required NPSH at maximum flow (ft)

Available NPSH at maximum flow (ft)

From RWST
From emergency sumps

Residual heat exchangers

VEGP-FSAR-6

(See subsection 5.4.7 for design parameters.)

Boron injection tank (Unit 1 only)

Number
Total volume (gal)

Usable volume at operating conditions,

solution (gal)
Boron concentration, nominal (ppm)
Design pressure (psig)
Operating pressure (psig)
Design temperature
Operating temperature
Heaters

59

2
600
400
3000
375
4500
325

450

400

(See figure
6.3.2-2.)

91
Variable (see
Appendix 6A)

1
900
900

0-2600

2735

2684

300

Ambient
Determinated
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TABLE 6.3.2-1 (SHEET 3 OF 3)

Motor-operated valves stroke times are provided in table 6.3.2-3.
Refueling water storage tank

Number

Total volume, nominal (gal)
Boron concentration (ppm)
Operating pressure
Operating temperature

Heating system
Number of heaters
Heater capacity (kw)
Number of pumps
Pump capacity (gal/min)
Number of eductors

1

715,000

2400-2600

Atmospheric

Ambient, 50°F
minimum
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VEGP-FSAR-6

TABLE 6.3.2-4 (SHEET 1 OF 2)

MATERIALS EMPLOYED FOR
EMERGENCY CORE COOLING SYSTEM COMPONENTS

Component

Accumulators

Boron injection tank (Unit 1 only)

Boron injection surge tank®

(Unit 1 only)
Pumps

Centrifugal charging
Safety injection
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

Material

Carbon steel clad with
austenitic stainless steel

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 corrosion
resistant material

Low alloy steel

Stellite No. 6 or equivalent

corrosion resistant material

Austenitic stainless steel
or 17-4 pH stainless

REV 14 10/07



Component

Motor-operated valves,
containing nonradioactive,
boron-free fluids

Body, bonnet, and flange
Stems

Diaphragm valves
Accumulator check valves

Parts contacting
borated water
Clapper arm shaft

Relief valves

Stainless steel bodies
Carbon steel bodies
All nozzles, discs,
spindles, and guides
Bonnets for stainless
steel valves without
balancing bellows
All other bonnets

Piping

All piping in contact
with borated water

a. The Unit 1 boron injection tank recirculation system is physically isolated from the ECCS

flowpath.

VEGP-FSAR-6

TABLE 6.3.2-4 (SHEET 2 OF 2)

Material

Carbon steel
Corrosion resistance steel

Austenitic stainless steel

Austenitic stainless steel
17-4 pH stainless

Stainless steel
Carbon steel
Austenitic stainless steel

Stainless steel or
plated carbon steel

Carbon steel

Austenitic stainless steel

REV 14 10/07
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VEGP-FSAR-8

TABLE 8.3.2-7

125-V-dc BATTERY B LOAD REQUIREMENTS
(SBO)

Current Required per Time
Interval after ac Power Loss (A)

Load Description Unit® 0-1 min 1-240 min Random Load
Total load includes inverters, MOV®@, dc 1 444 257 82
distribution panels,@°) dc switchgear, 2 429 255 50

MCC indication and relaying.

a. The field flash current has not been added to the first period or random load
and the MOV current has not been added to the random load since the peak
load occurring during the period has been considered. The peak load is due to
the breakers closing, which does not occur coincidentally with the field flash or
MOV currents.

b. Differences between switchgear and control load design configurations cause
amperages to vary between Units 1 and 2.

C. The dc distribution panels include the following loads: Class 1E ac switchgear
circuit breaker operation, safety features status indication relays and lights,
diesel generator field flashing, diesel generator control, reactor trip switchgear,
solenoid valves, and Class 1E control cabinet circuit indicators.
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VEGP-FSAR-6

TABLE 6.3.2-7 (SHEET 2 OF 4)

Switchover Steps®

The steps 1 through 6 manual actions function to align the suction of the RHR pumps to the
containment emergency sump and to align the suction of the charging and S| pumps to the
discharge of the RHR pumps, thereby assuring an available suction source for all ECCS pumps.
The steps 7 and 8 manual actions provide redundant isolation of the RWST from the
recirculation fluid. In the cold leg recirculation alignment, both RHR pumps, both SI pumps, and
both charging pumps are delivering to the RCS cold legs.

Step 1:

Step 2:

Step 3:

Step 4:

Step 5:

Step 6:

Step 7:

Step 8:

When each containment emergency sump isolation valve has reached the full open
position, take action to close the corresponding RWST to RHR pump suction
isolation valve (HV-8812 A and B). The maximum time allowed for operator
actions prior to and including completion of this step is 6.5 minutes from receipt of
the RWST low-low level alarm.

Close the three SI pump miniflow valves (HV-8813, HV-8814, and HV-8920).

Close the two isolation valves in each charging pump's alternate miniflow line
(HV-8508 A and B, HV-8509 A and B).

Close the two valves in the crossover line downstream of the RHR heat
exchangers (HV-8716 A and B).

Open the two parallel valves in the common suction lines between the charging
pump suction and the S| pump suction (HV-8807 A and B).

Open each valve from each RHR pump discharge line to the charging pump
suction and to the S| pump suction (HV-8804 A and B, respectively).

Close the two parallel valves in the line from the RWST to the charging pump
suction (LV-112D and E).

Restore power to and close the valve in the common line from the RWST to both
S| pumps (HV-8806).

a. The operator actions for switchover from injection to cold leg recirculation and CSS switchover
are not to be interrupted until all of the steps in the switchover are completed; however, corrective
actions for any components failures during the switchover procedure will be performed following
completion of the switchover procedure.
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VEGP-FSAR-6

TABLE 6.3.2-7 (SHEET 3 OF 4)

Following ECCS realignment from injection to recirculation and upon receipt of an RWST empty
level alarm, the spray pumps' suctions are remote manually transferred to the containment
emergency sumps. The steps 9 through 12 manual actions provide for this alignment and isolation
of the RWST from the recirculation fluid. Upon completion of step 12, the CSS is aligned for
recirculation mode of operation, with both CSS pumps taking suction from the containment
emergency sumps and delivering flow to the containment spray ring headers.

Step 9: Open the containment emergency sump isolation valves in train A of the CSS (HV-
9002A and HV-9003A).

Step 10: When the containment emergency sump isolation valves have reached the full
open position, take action to close the corresponding RWST to CSS pump suction
isolation valve (HV-9017A).

Step 11: Open the containment emergency sump isolation valves in train B of the CSS (HV-
9002B and HV-9003B).

Step 12: When the containment emergency sump isolation valves have reached the full

open position, take action to close the corresponding RWST to CSS pump suction
isolation valve (HV-9017B).
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VEGP-FSAR-6

TABLE 6.3.2-7 (SHEET 4 OF 4)

Switchover from Cold Leg Recirculation to Hot Leg Recirculation

At approximately 7.5 h after the accident, hot leg recirculation shall be initiated. The manual
operator switchover steps stated below are normally used to perform the switchover operation from
the cold leg recirculation mode to the hot leg recirculation mode. Upon completion of the switchover
steps, both RHR pumps are delivering from the containment emergency sumps directly to the RCS
hot legs and are also delivering to the suction of the SI and charging pumps. Both SI pumps are
delivering to the RCS hot legs and both charging pumps are delivering to the RCS cold legs. The
CSS is not affected by the switchover to the hot leg recirculation procedure.

Switchover Steps

Step 1:

Step 2:
Step 3:
Step 4:

Step 5:

Step 6:

Step 7:
Step 8:

Step 9:

Step 10:

Step 11:

Step 12:

Close the RHR pump discharge cold leg header isolation valves (HV-8809 A and
B).

Open the RHR pump discharge crossover isolation valves (HV-8716 A and B).
Open the RHR pump discharge hot leg header isolation valve (HV-8840).
Stop Sl train A pump.

Close the corresponding S| pump discharge crossover header isolation valve
(HV-8821 A).

Open the corresponding S| pump discharge hot leg header isolation valve
(HV-8802 A).

Restart Sl train A pump.
Stop Sl train B pump.

Close the corresponding S| pump discharge crossover isolation valve
(HV-8821 B).

Open the corresponding S| pump discharge hot leg header isolation valve
(HV-8802 B).

Restart Sl train B pump.

Close the SI pump discharge cold leg header isolation valve (HV-8835).
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VEGP-FSAR-6

TABLE 6.3.3-2

NORMAL OPERATING STATUS OF EMERGENCY CORE
COOLING SYSTEM COMPONENTS FOR CORE COOLING

Number of S| pumps operable 2

Number of charging pumps operable 2

Number of RHR pumps operable 2

Number of residual heat exchangers operable 2

Refueling water storage tank volume, nominal 715,000
(gal)

Boron concentration in refueling water storage 2400-2600
tank (ppm)

Boron concentration in accumulators (ppm) 1900-2600

Boron concentration in BIT (ppm) (Unit 1 only) 0-2600®

Number of accumulators operable 4

Minimum accumulator pressure (psig) 617

Nominal accumulator water volume (ft°) 900

System valves, interlocks, and piping required All

for the above components which are operable

a. No credit taken in accident analyses.

REV 14 10/07
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MODES OF OPERATION
MODE A - INJECTION

This mode presents the process conditions for the case of maximum safeguards, i.e., all
pumps operating, following accumulator delivery. Two RHR pumps, two SI pumps, and
two charging pumps operate, taking suction from the RWST and delivering to the reactor
through the cold leg connections. Note that the flow from each pump is less than its
maximum runout since the pump discharge piping is shared by the two pumps of each
subsystem. Note also that the SI pump branch connections to the residual heat removal
lines are close to their discharge into the accumulator lines, thereby minimizing any increase
in the RHR branch line head loss due to the combined flows of the RHR and SI pumps.

MODE B - COLD LEG RECIRCULATION

This mode presents the process conditions for the case of cold leg recirculation assuming
RHR pump train B, SI pumps A and B, and charging pumps A and B operating. It is
assumed that the spray pumps have emptied the RWST at this time.

In this mode the safeguards pumps operate in series, with only the RHR pump capable of
taking suction from the containment sump. The recirculated coolant is then delivered by the
RHR pump to both of the SI pumps which deliver to the reactor through their cold leg
connections and to both of the charging pumps which deliver to the reactor through their
cold leg connections. The RHR pump also delivers flow directly to the reactor through two
cold legs since the RHR discharge cross-connect valves are closed when making the transfer
from injection to recirculation.

MODE C - HOT LEG RECIRCULATION

This mode presents the process conditions for the case of hot leg recirculation assuming
train A RHR pump, charging pumps A and B, and SI pumps A and B operating.

In this mode, the safeguards pumps again operate in series with only the RHR pump taking
suction from the containment emergency sump. The recirculated coolant is then delivered
by the RHR pump to both of the charging pumps which continue to deliver to the reactor
through their cold leg connections and to both of the SI pumps which also deliver to the
reactor through their hot leg connections. The RHR pump also delivers directly to the
reactor through two hot leg connections.
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Valve

HV-8806
HV-8812B
HV-8812A
HV-8814
HV-8920
HV-8821A
HV-8821B
HV-8802A
HV-8802B
HV-8702A
HV-8701A
HV-8811B
HV-8811A
FV-0611
FV-0610
Fv-0619
FV-0618
HV-0607
HV-0606
HV-8804B
HV-8804A
HV-8716B
HV-8716A
HV-8809B
HV-8840
HV-8809A
LvV-112C
LV-112D/E
HV-8924
HV-8110
HV-8106

VALVE ALIGNMENT CHART

Injection

(Mode A)

Open
Open
Open
Open
Open
Open
Open
Closed
Closed
Closed
Closed
Closed
Closed
Closed
Closed
Closed
Closed
Open
Open
Closed
Closed
Open
Open
Open
Closed
Open
Closed
Open
Open
Closed
Closed

HV-8803A/B(Unit 1 Open

HV-8801A/B

only)

Open

Cold Leg Hot Leg
Recirculation Recirculation
(Mode B) (Mode C)
Closed Closed
Closed Closed
Closed Closed
Closed Closed
Closed Closed
Open Closed
Open Closed

Closed Open
Closed Open
Closed Closed
Closed Closed
Open Open
Open Open
Closed Closed
Closed Closed
Closed Closed
Closed Closed
Open Open
Open Open
Open Open
Open Open
Closed Closed (a)
Closed Open '
Open Closed
Closed Open
Open Closed
Closed Closed
Closed Closed
Open Open
Closed Closed
Closed Closed
Open Open
Open Open

a. Valve HV-8716B is normally open during the hot leg recirculation mode.

However,
faulted.

for the “mode C” scenario,

the B-train RHR is assumed to be

Therefore, valve HV-8716B would be closed to separate the two
trains of RHR.
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MODE A - INJECTION PHASE
(RUNOUT CONDITIONS FOLLOWING ACCUMULATOR DELIVERY)

Pressure Temperature Flow Volume

Location Fluid (psig) (°F) (gal/min) ‘@’ (gal)

1 Refueling Atmospheric 100 - 715,000
water tank

2 Refueling - 100 15,600
water

3 Refueling 13 psia 100 14,660 -
water

4 Refueling - 100 7920 -
water

5 Refueling - 100 7000 -
water

6 Refueling 11 psia 100 940 -
water

7 Refueling 10 psia 100 6740¢b
water

8 Refueling 10 psia 100 920 -
water

9 Refueling 10 psia 100 470 -
water

10 Refueling 10 psia 100 470 -
water

11 Refueling 1325 100 470 -
water

12 Refueling 25 100 38 -
water

13 Refueling 10 psia 100 470 -
water

14 Refueling 1325 100 470 -
water
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Energy to Serve Your World ®

UNIT 1 AND UNIT 2

Pressure Temperature Flow Volume
Location Fluid (psig) (°F) (gal/min) (gal)
15 Refueling 25 100 38 -
water
16 Refueling - 100 76 -
water
17 Refueling 1250 100 864 -
water .
18 Refueling 105 100 216 -
water
19 Refueling - 100 1966 -
water
20 Refueling - 100 1966 -
water
21 Nitrogen 0 100 0 -
22 Nitrogen 0 100 0 850
23 Nitrogen 0 100 (o] 500
24 Reactor - 120 0] -
coolant
25 Refueling ~ O 100 3500 -
water
26 Refueling 175 100 3500
water
27 Refueling 175 100 3500 -
water
28 Refueling 150 100 3500 -
water
29 Refueling 160 100 0] -
water
30 Refueling 160 100 0 -
water
31 Refueling 160 100 3500 -
water
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Pressure Temperature Flow Volume
Location Fluid (psig) (°F) (gal/min) (gal)
32 Refueling 160 100 3500 -
water
33 Refueling 160 100 0 -
water
34 Reactor - 120 0 -
coolant
35 Refueling ~ O 100 3500 -
water
36 Refueling 175 100 3500 -
water
37 Refueling 175 100 3500 -
water
38 Refueling 150 100 3500 -
water
39 Refueling 160 100 o} -
water
40 Refueling 160 120 0 -
water
4] Refueling 160 100 3500 -
water
42 Refueling 160 100 3500 -
water
43 Recirc- Containment 220 0 -
ulating pressure
coolant
44 Recirc- Containment 120 0 -
ulating pressure
coolant
45 Recirc- Containment 120 0 -
ulating pressure
coolant
46 Refueling Low 100 o] -
water pressure
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Pressure Temperature Flow Volume
Location Fluid (psig) (°F) (gal/min) (gal)
47 Refueling Low 100 0 -
water pressure
48 Refueling Low 100 0 -
water pressure
49 Refueling Low 100 0 -
water pressure
50 Refueling Low 100 0 -
water pressure
51 Refueling Low 100 0 -
water pressure
52 Refueling Low 100 0 -
water pressure
53 Refueling 10 psia 100 920 -
water
54 Refueling - 100 0 -
water
55 Refueling 1620 100 460 -
water
56 Refueling ~ 100 0 -
water
57 Refueling 10 psia 100 460 -
water
58 Refueling 10 psia 100 460 -
water
59 Refueling 1620 100 460 -
water
60 Refueling 1610 100 104 -
water
61 Refueling 1610 100 104 -
water
62 Refueling 1500 100 816 -
water
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Location Fluid
63(Unit 1 Refueling
only) water
64 Refueling
water

65 Refueling
water

66 Refueling
water

Pressure Temperature Flow Volume
_(psig) (°F) (gal/min) (gal)
- 100 816 900
1400 100 816 -
1170 100 204 -
40 100 204 -

a. At reference conditions 100°F and O psig.

b. Estimated spray pump flow.
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MODE B - COLD LEG RECIRCULATION
(RHR PUMP 2 Operating)

Pressure Temperature Flow Volume
Location Fluid (psig) (°F) (gal/min) ‘2’ (gal)
1 Refueling Atmospheric 100 - -
water tank
2 Refueling ~ 100 o] -
water
3 Refueling - 100 0 -
water
4 Refueling - 100 o} -
water
5 Refueling - 100 0 -
water
6 Recirc- - 182 o -
ulating
coolant
7 Refueling - 100 o) -
water
8 Refueling - 100 o) -
water
9 Recirc- ~ 35 182 1350 -
ulating
coolant
10 Recirc- ~ 35 185 430 -
ulating
coolant
11 Recirc- 1325 182 430 -
ulating
coolant
12 Refueling - 100 (o] -
water
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Pressure Temperature Flow Volume
Location Fluid (psig) (°F) (gal/min) (gal)
13 Recirc- ~ 35 182 430 -
ulating
coolant
14 Recirc- 1325 182 430 -
ulating
coolant
15 Refueling - 100 0 -
water
16 Refueling - 100 0 -
water
17 Recirc- 1250 182 860 -
ulating
coolant
18 Recirc- 105 182 215 -
ulating
coolant
19 Recirc- - 182 1975 -
ulating
coolant
20 Recirc- - 182 215 -
ulating
coolant
21 Nitrogen 0 Ambient 0 -
22 Nitrogen O Ambient 0 850¢b»
23 Nitrogen 0 Ambient 0 500
24 Recirc- - 212 0 -
ulating
coolant
25 Recirc- 10 212 4300 -
ulating
coolant
26 Recirc- 170 212 4300 -
ulating
coolant
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Pressure Temperature Flow Volume

Location Fluid (psig) (°F) (gal/min) (gal)

27 Recirc- - 212 4300 -
ulating
coolant

28 Recircu- 130 182 2520 -
ulating
coolant

29 Recirc- 140 182 o] -
ulating
coolant

30 Recircu- 150 182 1780 -
ulating
coolant

31 Recirc- 160 182 4300 -
ulating
coolant

32 Recirc- 140 182 2520 -
ulating
coolant

33 Recirc- 0 182 0 -
ulating
coolant

34 Recirc- - 212 0 -
ulating
coolant

35 Refueling - 100 0 -
water

36 Refueling - 100 0 -
water

37 Refueling - 100 0 -
water

38 Refueling - 100 0 -
water

39 Refueling - 100 0 -
water
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Pressure Temperature Flow Volume
Location Fluid (psig) (°F) (gal/min) (gal)
40 Refueling - 100 0 -
water
41 Refueling - 100 o} -
water
42 Refueling - 100 0 -
water
43 Recirc- Containment 212 0] ~540,000
ulating pressure
coolant
44 Recirc- Containment 212 4300 -
ulating pressure
coolant
45 Recirc- Containment 212 0 -
ulating pressure
coolant
46 Refueling Low 100 0 -
water pressure
47 Refueling Low 100 0 -
water pressure
48 Refueling Low 100 0 -
water pressure
49 Refueling Low 100 0 -
water pressure
50 Refueling Low 100 0 -
water pressure
51 Refueling Low 100 o] -
water pressure
52 Recirc- - 182 0 -
ulating
coolant
53 Recirc- - 182 0 -
ulating
coolant
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Pressure Temperature Flow Volume

Location Fluid (psig) (°F) (gal/min) (gal)

54 Recirc- - 182 0 -
ulating
coolant

55 Recirc- 1620 182 460 -
ulating
coolant

56 Recirc- 30 182 920 -
ulating
coolant

57 Recirc- 30 182 460 -
ulating
coolant

58 Recirc- 30 182 460 -
ulating
coolant

59 Recir- 1620 182 460 -
ulating
coolant

60 Recirc- 1610 182 104 -
ulating
coolant

61 Recirc- 1610 182 104 -
ulating
coolant

62 Recirc- 1500 182 816 -
ulating
coolant

63 Recirc- - 182 816 -
ulating
coolant(Unit 1
only)

64 Recirc- 1400 182 816 -
ulating
coolant

65 Recirc- 1170 182 204 -

ulating
coolant
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