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9.0 AUXILIARY SYSTEMS

9.1 FUEL STORAGE AND HANDLING
911 NEW FUEL STORAGE
9111 Design Bases

New fuel is stored in racks (see Figure 9.1-1). Each rack is composed of individual
vertical cells which are fastened together in any number to form a module that is firmly
bolted to anchors in the floor of the new fuel storage area. The racks consist of two
arrays of storage cells, each containing 30 cells in a 2 x 15 pattern. The new fuel
storage racks are designed to include storage for 60 assemblies at a center to center
spacing of 21 inches. The new fuel storage rack cells are 14 ft-4 in. high and 0.078
inches thick. This spacing provides a minimum separation between adjacent fuel
assemblies of 12 inches which is sufficient to maintain a subcritical array even in the
event the building is flooded with unborated water. Surfaces that come into contact with
the fuel assemblies are made of annealed austenitic stainless steel, whereas the
supporting structure may be painted carbon steel.

The racks are designed to withstand nominal operating loads as well as safe shutdown
earthquake (SSE) and operating basis earthquake (OBE) seismic loads. The racks are
Safety Class 2b and meet the allowable stresses in the ASME Code, Section I,
Appendix 17. The new fuel racks are designed to withstand a maximum uplift force of
5000 pounds.

The new fuel storage racks are designed to accommodate Westinghouse 17x17 fuel
assemblies (STANDARD, VANTAGE 5, and VANTAGE+) with a maximum nominal
enrichment of 5.0 weight percent U-235.

911.2 Facilities Description

The new fuel storage facility is located in the eastern end of the fuel handling building
(see Figure 1.2-6). The facility consists of a concrete pit 27 feet deep by 15 feet wide
by 28 feet long, covered by a removable grating. The new fuel storage racks are
anchored to the floor of the facility and are designed to store fuel assemblies for 1/3 of a
core.
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9.1.1.3 Safety Evaluation

The design of normally dry new fuel storage racks is such that the effective
multiplication factor does not exceed 0.98 with fuel of the highest anticipated enrichment
in place, assuming optimum moderation (under dry, fogged, or flooded conditions).
Credit is taken for the inherent neutron-absorbing effect of the materials of construction.

The new fuel assemblies are stored dry and the 21 inch center to center spacing
ensures an eversafe geometric array. Space between storage positions is blocked to
prevent insertion of fuel. Under these conditions, a critically accident during refueling
and storage is precluded.

An exemption from the requirements of 10CFR70.24, "Criticality Accident
Requirements", has been granted to VCSNS based on the design and administrative
controls associated with new and spent fuel storage. In response to two VCSNS letters
to the NRC requesting the 10 CFR 70.24 exemption (Reference 1 and Reference 2), the
NRC granted an exemption listing seven criteria to maintain the exemption valid
(Reference 3).

1.  Plant procedures do not permit more than one PWR fuel assembly to be in storage
or in transit between its associated shipping cask or storage rack at one time.

2. The k-effective of the fresh fuel storage racks filled with fuel of the maximum
permissible U-235 enrichment and flooded with pure water does not exceed 0.95
at a 95% probability, 95% confidence level.

3. If optimum moderation of fuel in the fresh fuel storage racks occurs when the fresh
fuel storage racks are not flooded, the k-effective corresponding to this optimum
moderation does not exceed 0.98 at a 95% probability, 95% confidence level.

4. The k-effective of spent fuel storage racks filled with fuel of the maximum
permissible U-235 enrichment and flooded with pure water does not exceed 0.95
at 95% probability, 95% confidence level.

5. The quantity of forms of special nuclear material, other than nuclear fuel, that are
stored on site in any given area is less than the quantity necessary for critical
mass.

6. Radiation monitors, as required by GDC 63, are provided in the fuel storage and
handling areas to detect excessive radiation levels and to initiate appropriate
safety actions.

7. The maximum nominal U-235 enrichment is 5 wt%.
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9.1.2 SPENT FUEL POOL STORAGE

91.21 Design Bases

Spent fuel is stored in racks (see Figure 9.1-2). The high density spent fuel racks
consist of individual cells with 8.85" x 8.85" (nominal) square cross section, each of
which accommodates a single fuel assembly. The cells are arranged in modules of
varying size. A total of 1712 cells are arranged in 12 distinct modules in 2 regions.
Figure 9.1-2a shows the arrangement of the rack modules in the spent fuel pool.
Figures 9.1-2a and 9.1-2b show the typical Region 1 rack structure and cell assemblage
detail. Figures 9.1-2c and 9.1-2d show the typical Region 2 rack structure and cell
assemblage detail. Table 911-2 provides relevant design data on each region. The
modules in the 2 regions are of 3 different types. Table 9.1-3 summarizes the physical
data for each module type.

Region 1 is designated for storage of new or freshly discharged fuel assemblies with a
maximum nominal enrichment of 4.95 weight percent U-235.

Region 2 is designed to accommodate the storage of fuel assemblies with a maximum
nominal initial enrichment of 4.95 weight percent U-235 with a minimum burnup and up
to 5.0 weight percent U 235 with a minimum burnup of 41,611 MWD/MTU or fuel of
initial enrichment and burnup combinations within the acceptable domain depicted in
Figure 4.3-44. The above limits are applicable to Westinghouse 17x17 fuel assemblies
(STANDARD, VANTAGE 5, and VANTAGE+).

The modules are not anchored to the pool floor, to each other, or to the pool walls. A
minimum gap of 1" is provided between the modules to ensure that kinematic
movements of the modules during the plant design basis earthquake will not cause
inter-module impact. Adequate clearance with other pool hardware, e.g., light fixtures,
etc. is also provided.

The spent fuel storage rack design ensures the separation between spent fuel
assemblies. Space between storage positions is sufficient to permit insertion of a fuel
assembly. All rack surfaces that come into contact with fuel assemblies consist of
austenitic stainless steel. These materials are resistant to corrosion during normal and
emergency water quality conditions.

Spent fuel racks are designed to withstand shipping, handling, normal operating loads
(impact and dead loads of fuel assemblies) as well as SSE loads. The racks are Safety
Class 2b and meet the American Institute of Steel Construction (AISC) requirements.
The spent fuel racks are also designed to meet the Seismic Category 1 requirements of
Regulatory Guide 1.13 (see Appendix 3A).

The spent fuel storage racks are designed with adequate energy absorption capabilities
to withstand the impact of a dropped spent fuel assembly from the maximum lift height
of the fuel handing machine. Cranes capable of carrying loads heavier than that
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incurred in handling a failed fuel assembly are prevented by design from traveling over
the spent fuel pool.

The spent fuel racks can withstand an uplift force greater than the uplift force of the fuel
handling machine.

Shielding requirements are discussed in Section 9.1.4.3.4. Radiological considerations
are discussed in Chapter 12.

91.2.2 Facilities Description

The spent fuel pool is located in the western end of the fuel handling building (see
Figure 1.2-6). The pool is a stainless steel lined pit 39 feet long by 28 feet wide by 39
feet deep. The normal water level at elevation 461.5 feet provides approximately 24
feet of water shielding over the stored spent fuel assembilies.

During normal operation, the spent fuel pool is isolated from the fuel transfer canal by a
removable stainless steel gate.

The stainless steel liner welds are equipped with a leak detection system to monitor and
locate liner weld leaks.

91.2.3 Safety Evaluation

Design of this storage facility ensures a safe condition under normal and postulated
accident conditions. Consideration of criticality safety analysis is discussed in Section
4.3.2.7. Compliance with Regulatory Guide 1.13 is discussed in Appendix 3A.

The spent fuel cooling system is discussed in Section 9.1.3.

9.1.3 SPENT FUEL COOLING SYSTEM

The spent fuel cooling system cools spent fuel pool water to remove decay heat from
the spent fuel elements. It also provides for purification of the water in the spent fuel
pool and refueling water storage tank (RWST), provides for transfer of water between
the RWST and spent fuel pool, maintains boron concentrations, monitors radiation
levels and monitors and maintains spent fuel pool water level to ensure adequate
cooling and shielding.

9.1.3.1 Design Bases

The spent fuel cooling system is designed to perform the following functions:

1. While performing a core shuffle (72 assemblies off-loaded), maintain the Spent
Fuel Pool Water temperature to less than 152.53°F using 1 Spent Fuel Cooling
(SFC) heat exchange. This peak temperature is due to a heat load based on
decay heat generation from 72 assemblies with an exposure of 55 GWD/MTU,
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cooled for 72 hours, and moved to the Spent Fuel Pool in exactly 20 hours; plus
1709 spent fuel assemblies with exposures up to 55 GWD/MTU and cooled for 18
months or more. All fuel assemblies discharged through 1996 are assumed to
have been burnt at 2775 MWt. All Fuel assemblies discharged after 1996 are
assumed to have been burnt at 2900 MWt. The maximum net heat load for this
case is 20.71 MBTU/HR, considering passive heat losses (including evaporative
cooling effects) of 1.01 MBTU/HR.

For a full core off-load (157 assemblies off-loaded), maintain the Spent Fuel Pool
Water temperature to less than 150.97°F using 2 SFC heat exchangers. This peak
temperature is due to a heat load based on decay heat generation from 157
assemblies with exposures of 30.25 GWD/MTU (13 assemblies), 52.25 GWD/MTU
(72 assemblies) and 55 GWD/MTU (72 assemblies) cooled for 72 hours, and
moved to the SFP in exactly 20 hours; plus 1565 assemblies with exposures up to
55 GWD/MTU and cooled for 18 months, or more. All fuel assemblies discharged
through 1996 are assumed to have been burnt at 2775 MWH1. All fuel assemblies
discharged after 1996 are assumed to have been burnt at 2900 MWt. The
maximum net heat load coincident with peak bulk temperature for this case is
40.16 MBTU/HR, considering passive heat losses (including evaporative cooling
effects) of 0.95 MBTU/HR.

For a full core off-load (157 assemblies off-loaded), maintain the Spent Fuel Pool
Water temperature to less than 170°F using 1 SFC heat exchanger with an
augmented Spent Fuel cooling system water flow rate of 2400 gpm. This peak
temperature is due to a heat load based on decay heat generation from 157
assemblies with exposures of 30.25 GWD/MTU (13 assemblies), 52.25 GWD/MTU
(72 assemblies) and 55 GWD/MTU (72 assemblies). Cooling times are calculated
as a function of the component cooling water temperature into the SFC heat
exchanger, which is varied from 85°F to 105°F, and range from 58 hours (85°F
cooling water) to 146 hours (105°F cooling water). The full core off-load is moved
into the SFP in exactly 20 hours; with the SFP already containing 1565 assemblies
with exposures up to 55 GWD/MTU and cooled for 18 months or more. All fuel
assemblies discharged through 1996 are assumed to have been burnt at 2775
MWt. All fuel assemblies discharged after 1996 are assumed to have been burnt at
2900 MWt. The maximum net heat load coincident with peak bulk temperature for
this case is 40.74 MBTU/HR, considering passive losses (including credit for
evaporative cooling effects of 1.77 MBTU/HR.

An abnormal fuel off-load is one where a full core is off-loaded 36 days after 72
assemblies were placed in the spent fuel pool. For an abnormal off-load, maintain
the SFP water temperature to less than 149.53°F using 2 SFC heat exchangers.
This peak temperature is due to a heat load based on decay heat generation from
157 assemblies with exposures of 2778 MWD/MTU (72 assemblies), 31884
MWD/MTU (72 assemblies) and 53884 MWD/MTU (13 assemblies), cooled for 72
hours and moved to the SFP in exactly 20 hours; plus 1565 assemblies with
exposures up to 55 GWD/MTU and cooled for 19 months or more. The maximum
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net heat load coincident with peak bulk temperature for this case is 38.84
MBTU/HR, considering passive losses (including evaporative cooling effects) of
0.90 MBTU/HR, and single failure does not have to be considered.
5. Transfer water between the RWST and the refueling cavity.
6. Maintain the purity and clarity of water in the spent fuel pool and/or the refueling
cavity at acceptable levels by means of skimming, filtering and/or demineralizing
the water to remove corrosion and fission products.

7. Provide means for adding boric acid to the spent fuel pool to maintain the boron
concentrations at a nominal 2000 ppm.

8. Provide means to add demineralized water to the spent fuel pool to make up for
evaporation losses.

9. Monitor spent fuel coolant for excessive radioactivity due to defective fuel elements.
10. Provide for filtering and/or demineralization to clean the water in the RWST.

11. Maintain a water shield above the spent fuel elements to limit radiation levels in the
area of the pool to less than 2.5 mr/hr.

The components of the system are classified as Safety Class 2b, except for equipment
and piping associated with the spent fuel purification pump, spent fuel cooling
demineralizer and spent fuel purification filters; and radiation monitor, RM-L4. These
components are not safety-related. The RWST is Safety Class 2a.

Safety Class 2a piping, valves and equipment are designed, fabricated, tested and
inspected in accordance with the ASME Code, Section Ill, Class 2.

Safety Class 2b piping, valves and equipment are designed, fabricated, tested and
inspected in accordance with the ASME Code, Section lll, Class 3.

Isolation of nonessential portions of the spent fuel cooling system is provided.

9.1.3.2 System Description

A spent fuel cooling system diagram is included as Figure 9.1-3.

The spent fuel cooling system consists of three basic loops: The spent fuel cooling
loop; the spent fuel cooling and transfer loop; and the spent fuel purification loop.

The spent fuel cooling loop provides for cooling of the spent fuel pool. Cooling water is
removed from the pool through four 6 inch lines, is pumped by the spent fuel cooling
pump through spent fuel heat exchanger A and is returned to the pool

through four 6 inch lines.
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The spent fuel cooling and transfer loop serves as an alternate or supplement to the
spent fuel cooling loop when required. It also serves to transfer water between the
several storage volumes associated with the fuel handling and storage systems,
including the RWST, fuel transfer canal, refueling cavity, and the cask loading area.
The loop consists of the spent fuel cooling and transfer pump, spent fuel heat
exchanger B, and interconnecting piping as shown on Figure 9.1-3.

Loop seal piping is installed to ensure the minimum required Technical Specification
RWST volume is protected from potential line breaks in the non-safety portion of the
purification loop.

The major components of the purification loop are the spent fuel purification pump,
spent fuel cooling demineralizer, and two spent fuel purification filters in parallel.
Normally the purification loop takes suction from the spent fuel pool skimmers, pumps
the water through the spent fuel cooling demineralizer and the spent fuel purification
filters, and returns the water to the spent fuel pool. This loop can also take suction from
the spent fuel pool, RWST, cask loading area skimmer, refueling cavity, fuel transfer
canal drain or cask loading area drain. The purification loop can also discharge to the
RWST, fuel transfer canal, refueling cavity, and the return line to the cask loading area.

The RWST is included in the spent fuel cooling system. It is an atmospheric storage
tank in an open Seismic Category 1 structure. It is equipped with an overflow line, one
vent line to the Auxiliary Building plant vent, and heat tracing. Outdoor system piping
connecting to the tank is equipped with separate, redundant heat tracing circuits.

The RWST vent is piped directly to the auxiliary building charcoal exhaust system. The
vent line is of 8 inch, schedule 40 pipe with runs of approximately 2 feet vertically, 25
feet horizontally and 4 feet sloping higher by 2-1/2 feet where it enters the auxiliary
building. This vent piping is designed to Quality Related Standards to ensure that the
vent piping remains functional following design wind and seismic loading. Since
normally there is no air flow in the RWST vent line, it has been concluded that no
appreciable amount of moisture could accumulate in the line. Therefore, the probability
of blockage due to freezing is considered negligible.

Component data are presented in Table 9.1-1.

9.1.3.3 Safety Evaluation

Equipment, piping and components of the spent fuel cooling system are housed in
Seismic Category 1 structures. Piping lines entering and exiting from the spent fuel
pool are located at elevation 460’-3" and are provided with anti-siphoning holes to
preclude draining the pool below this level. This low water level was established to
satisfy the requirements of the following criteria:

1. Minimize the dose rate at the pool surface during spent fuel transfer in the unlikely
event of a coincident pipe break in a line entering or exiting the spent fuel pool.
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2. Assure that the Technical Specification requirement of 23 feet of water is
maintained over the top of irradiated fuel assemblies located in the spent fuel pool
storage racks.

3. Notto exceed the 10 CFR 71.73 cask drop design criterion for the spent fuel cask,
a minimum water height above the cask loading area is required so that a cask
drop through air and water will not generate a calculated impact velocity greater
than 44 ft/sec.

At the start of fuel handling operations, the water level in the cask load area is the
same as and is controlled by the spent fuel pool water level. Therefore, at the
design low water level of the pool, a minimum water level of 40.5 feet above the
bottom of the cask load area is available to satisfy the cask drop design criterion.
It has been determined that the cask drop through 3.75 feet of air plus 40.5 feet
through water will generate an impact velocity of less than 44 ft/sec at the cask
load area floor.

The suction lines inside the spent fuel pool are positioned to take suction approximately
4 feet below the normal water level to minimize vortexing and the possibility of floating
debris entering the system. The return cooling lines from the spent fuel heat
exchangers are located inside the pool such that cooled water is discharged downward.
This ensures adequate dispersion of the cold water around the stored spent fuel
assemblies. Each suction and return line in the pool is provided with a small
anti-siphoning hole (approximately 1/2 inch) located 1 foot, three inches below the
normal water level (460'3") to prevent draining the pool below the design low water level
in the event of a postulated pipe break occurring outside the pool below the low water
level.

Also, there are no drain lines connected to the spent fuel pool. The suction and return
lines are located on opposite sides of the pool to prevent channeling and to obtain
maximum circulation of the pool water. During fuel handling operations with the pool at
the normal water level, about 10 feet of water shielding is available during the transfer of
spent fuel elements.

Normal makeup water to the pool is available from the demineralized water storage
tank. Emergency makeup water to the pool is available from the RWST, which is Safety
Class 2a, or from the reactor makeup water storage tank (RMWST), which is Safety
Class 2b. Pumps from three separate systems: spent fuel cooling and purification
pumps, Reactor Makeup Water pumps, and demineralized water transfer pumps are
available for the transfer of water.

The spent fuel pool water is cooled by either one of two redundant spent fuel cooling
water loops. Each loop contains a pump, heat exchanger, piping, valves and
instrumentation. The pumps can be powered from separate emergency (diesel) power
sources.
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Typical refueling practice is to perform a full core off-load with two spent fuel cooling
pumps in operation. For a full core offload, the spent fuel cooling system is required to
maintain the spent fuel pool water below a temperature of 170°F (which is the limit of
the structural integrity analysis) during normal operation with one spent fuel cooling loop
in operation and at or below the bulk boiling temperature during an emergency

(i.e., abnormal full core offload with both spent fuel cooling loops in operations). The
design assumptions and peak SF Pool water temperatures are described in section
9.1.3.1 and preserved through plant procedures that require the following:

1. Prior to the start of core offload, both SFC loops be available with a minimum of
one loop in operation.

2. If the indicated pool temperature is > 120°F,

a. Both spent fuel cooling loops be in operation, or
b. Inthe event of a spent fuel pump is unavailable, flow in the operating cooling
loop is increased to > 2400 gpm.

3.  Multiple reliable sources of electric power be maintained to the SF pumps,
including at least one diesel generator backed, safety related electrical bus for
spent fuel pool cooling at all times that spent fuel is being moved and while the full
core is off-loaded.

Although two SFP cooling loops are typically functional and are supplied by 1E electrical
buses, administrative controls provide for an ESF bus outage when spent fuel is being
moved or while the full core is offloaded. If 1E power is not available to one of the
cooling loops, contingency plans call for temporary cables to be pre-staged so that the
idle spent fuel cooling pump can be quickly connected to a reliable source of offsite
power. In the unlikely case that all SF cooling is lost, sufficient time exists to provide
makeup water to the pool to preclude the fuel from becoming uncovered.

The degree of conformance of the design of the spent fuel cooling system and the fuel
handling system with the recommendations of Regulatory Guide 1.13 is addressed in
Appendix 3A.

9134 Inspection and Testing Requirements

Testing requirements of this system are satisfied through system operation. The spent
fuel cooling pump and spent fuel cooling and transfer pump are alternated during
normal cooling to equalize wear. Routine inspections of system piping and components
are made during system operation.
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9135 Instrumentation Requirements

Measurement and monitoring of radiation, pressure, level, flow rate, and temperature
are performed for purposes of indication, alarm, control, and record maintenance. A
leakage detection system is provided to detect leakage from the spent fuel pool and
determine the location of the leakage.

9.1.3.5.1 Radiation Measurement

See Section 11.4 for details.

91352 Pressure Measurement

Pressure gages provide local indication for the following points in the system: inlets to
suction strainers, suctions and discharges of spent fuel cooling and transfer pump and
spent fuel cooling pump, suction and discharge of spent fuel purification pump, and inlet
and outlet of spent fuel purification filters.

Pressure test connections are provided on the outlet of each spent fuel heat exchanger.

91353 Level Measurement

During transfer of spent resin to the spent resin storage tank from the spent fuel cooling
demineralizer, the demineralizer resin probe lights a local status light when the
demineralizer is empty.

RWST level measurement consists of four independent level channels, each having
control room indication. These loops perform a post accident monitoring function (see
Section 7.5 for more detail); provide annunciator inputs of maximum fill, minimum fill,
low-low, and empty liquid levels; and analog input to the plant computer. Each loop is
independent and physically separated from the other.

Safety classification of these loops is Class 1E for equipment which provides the post
accident monitoring function.

The spent fuel pool has two level measurement loops, each having control room
indication and one loop inputting to the plant computer. High and low pool levels are
annunciated in the control room and locally. These level loops are physically separated.

The fuel transfer canal, refueling cavity, and cask loading area each have a level loop
providing control room indication and control room annunciation of high and low water
levels. Additionally, the fuel transfer canal and cask loading area level inputs are sent
to the plant computer.
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91354 Flow Rate Measurement

The spent fuel cooling and the spent fuel cooling transfer piping loops each have flow
rate measurement instrumentation providing control room indication, low flow
annunciation in the control room (not actuated unless spent fuel cooling or transfer
pump breaker is closed) and analog input to the plant computer. These flow loops are
physically separated.

The purification piping loop has a local flow indicator which is located downstream of the
purification filters.

9.1.3.5.5 Temperature Measurement

RWST temperature measurement consists of two temperature loops. Each loop provides
control room indication and one loop provides analog input to the TSC computer.

The spent fuel pool has two temperature measurement loops, each providing control
room indication and annunciation of high temperature. In addition, one of the loops
provides analog inputs to the plant and TSC computers. These channels are physically
separate and redundant.

The refueling cavity has a temperature loop which provides control room indication and

high temperature annunciation in the control room.
‘ 02-01

Spent fuel heat exchangers A and B both have local temperature indicators on the inlet
and outlet.

In the spent fuel purification demineralizer inlet piping there is a temperature switch with
input to the control room annunciator for high temperature.

9.1.4 FUEL HANDLING SYSTEM

9141 Design Bases

The Fuel Handling System (FHS) consists of equipment and structures utilized for the
refueling operation in a safe manner meeting General Design Criteria 61 and 62 of 10
CFR 50, Appendix A.

The following design bases apply to the FHS.

1. Fuel handling devices have provisions to avoid dropping or jamming of fuel
assemblies during transfer operation.

2. Handling equipment has provisions to avoid dropping of fuel handling devices
during the fuel transfer operation.
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3. Handling equipment used to raise and lower spent fuel have a limited maximum lift
height so that the minimum required depth of water shielding is maintained.

4. The Fuel Transfer System (FTS), where it penetrates the containment, has
provisions to preserve the integrity of the containment pressure boundary.

5.  Criticality during fuel handling operations is prevented by geometrically safe
configuration of the fuel handling equipment.
6. Handling equipment will not fail in such a manner as to preclude the safety function

of Seismic Category 1 equipment in the event of a SSE.

7. The inertial loads imparted to the fuel assemblies or core components during
handling operations are less than the loads which could cause damage.

8. Physical safety features are provided for personnel operating fuel handling
equipment.

914.2 System Description

The FHS consists of the equipment needed for transporting and handling fuel from the
time it reaches the station until it leaves the station. Basically this equipment is
comprised of fuel assemblies, core component and reactor component hoisting
equipment, fuel handling equipment, and the FTS. The structures associated with the
fuel handling equipment are the refueling cavity, the refueling canal, the fuel transfer
canal, the spent fuel pool, and the new fuel storage area.

New fuel assemblies received for initial fuel loading are removed one at a time from the
shipping container and stored in both the new and spent fuel storage racks. Normally,
new fuel assemblies received after the initial fuel loading are stored in the new fuel
storage racks located in the new fuel storage area.

A new fuel assembly is delivered to the reactor by removing a new fuel assembly from
the storage rack, placing it into the new fuel elevator, lowering it into the fuel transfer
canal, rotating to horizontal and transferring it through the FTS.

The fuel handling equipment is designed to handle the spent fuel assemblies
underwater from the time they leave the reactor vessel until they are placed in a cask
for removal from the Fuel Handling Building (for either transfer to the ISFSI for dry cask
storage or for shipment from the site). Underwater transfer of spent fuel assemblies
provides an effective, economic, and transparent radiation shield, as well as a reliable
cooling medium for removal of decay heat. The boric acid concentration in the water
provides an additional margin to preclude criticality.
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The associated fuel handling structures may be generally divided into: the refueling
cavity, the refueling canal and fuel transfer canal which are flooded during plant
shutdown for refueling, the spent fuel pool which is kept full of water and is accessible to
operating personnel, and the new fuel storage area. The refueling canal and the fuel
transfer canal are connected by a fuel transfer tube. This tube is fitted with a blind
flange on the refueling canal end and a gate valve on the fuel transfer canal end. The
blind flange is in place except during refueling to ensure containment integrity. Fuel is
carried through the fuel transfer tube on an underwater transfer car.

During Dry Cask Storage operations in the Fuel Handling Building, the fuel transfer
canal and the cask loading pit are flooded for cask loading and unloading.

Fuel is moved between the reactor vessel and the refueling canal by the refueling
machine. A rod cluster control changing fixture is located in the refueling canal for
transferring control elements from one fuel assembly to another fuel assembly. The
FTS is used to move fuel assemblies between the reactor building and the fuel handling
building. After a fuel assembly is placed in the fuel container, the lifting arm pivots the
fuel assembly to the horizontal position for passage through the fuel transfer tube. After
the transfer car transports the fuel assembly through the fuel transfer tube, the lifting
arm at that end of the tube pivots the assembly to a vertical position so that the
assembly can be lifted out of the fuel container.

In the spent fuel pool and the fuel transfer canal, fuel assemblies are moved about by
the fuel handling machine. When lifting spent fuel assemblies, the hoist uses a long
handled tool to assure that sufficient radiation shielding is maintained. A shorter tool is
used to handle new fuel assembilies initially, but the new fuel elevator must be used to
lower the assembly to a depth at which the fuel handling machine, using the long
handled tool, can place the new fuel assemblies into or out of the fuel storage racks.

Decay heat, generated by the spent fuel assemblies in the spent fuel pool, is removed
by the spent fuel cooling system. After a sufficient decay period, the spent fuel
assemblies are removed from the spent fuel racks and loaded into casks for removal
from the Fuel Handling Building.

9.1.4.2.1 Refueling Procedure

The refueling operation follows a detailed procedure which provides a safe and efficient
refueling operation. Before refueling operations the reactor coolant system is borated
and cooled down to refueling shutdown conditions as specified in the Technical
Specifications. Criticality protection for refueling operations, including a requirement for
checks of boron concentration, at least once per 72 hours is specified in the Technical
Specifications. The following significant points are assured by the refueling procedure:
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The refueling water and the reactor coolant contain over 2000 ppm boron. This
concentration, together with the negative reactivity of control rods, is sufficient to
keep the core reactivity less than or equal to 0.95 Kesr during the refueling
operations. A reactivity penalty for the withdrawal of the highest worth rod is
included in the reactivity calculation.

The water level in the refueling cavity is high enough to keep the radiation levels
within acceptable limits when the fuel assemblies are being removed from the
core.

The refueling operation is divided into four major phases: 1) preparation, 2) reactor
disassembly, 3) fuel handling, and 4) reactor assembly. A general description of a
typical refueling operation through the four phases is given below:

1.

Phase | - Preparation

The reactor is shutdown and cooled to cold shutdown conditions with a final

Keft < 0.95 (all rods in minus 1). Following a radiation survey, the reactor building
is entered. At this time, the coolant level in the reactor vessel is lowered to a point
slightly below the vessel flange. Checking of the fuel transfer equipment and
refueling machine for proper operation is begun in this phase.

Phase Il - Reactor Disassembly

All cables, air ducts, and insulation are removed from the vessel head. The
refueling cavity is then prepared for flooding by sealing off the reactor cavity;
checking of the underwater lights, tools, and finishing checks of the fuel transfer
system and continuing checks of the refueling machine; closing the refueling canal
drain holes; and removing the blind flange from the fuel transfer tube. With the
refueling cavity prepared for flooding, the vessel head is taken to its storage
pedestal. Water from the refueling water storage tank is pumped either into the
fuel transfer canal and the refueling cavity by the Spent Fuel Cooling system, or
into the reactor coolant system by the residual heat removal pumps causing the
water to overflow into the refueling cavity. When the water reaches a safe
shielding depth, (see Section 9.1.4.3.4) the control rod drive shafts are
disconnected and, with the upper internals, are removed from the vessel. The fuel
assemblies and rod cluster control assemblies are now free from obstructions and
the core is ready for refueling. Checking of the refueling machine is completed at
this time.
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Phase Il - Fuel Handling

The refueling is accomplished by either a full core off-load and re-load to and from
the Spent Fuel Pool or a core shuffle. The full core off-load removes all of the fuel
from the reactor vessel to the spent fuel pool. There, the rod cluster control
assemblies are shifted between fuel assemblies as necessary, by a portable rod
cluster control changing tool suspended from the fuel handling machine. When
ready, the fuel assemblies are loaded into the vessel in the designed pattern. New
fuel assemblies are usually pre-staged in the spent fuel pool to expedite the reload,
but can be moved from the new fuel pit into the fuel container with the new fuel
elevator and fuel handling machine. The core shuffle moves fuel assemblies within
the reactor vessel, only removing those most depleted to the spent fuel pool and
replacing them with new or only partially depleted fuel assemblies brought from the
spent fuel pool or new fuel pit. The rod cluster control assemblies are shifted
between fuel assemblies as necessary by the rod cluster control changing fixture,
which is in the refueling canal of the reactor building.

The following describes the steps of a core shuffle:
a. The refueling machine is positioned over a fuel assembly in the core.

b. The fuel assembly is lifted by the refueling machine to a predetermined height
sufficient to clear the reactor vessel and still leave sufficient water covering
the fuel assembly to eliminate any radiation hazard to the operating
personnel.

c. Ifthe removed assembly contains a rod cluster control assembly, the
assembly is placed in the rod cluster control changing fixture by the refueling
machine. The rod cluster control assembly is removed from the spent fuel
assembly and put in a new fuel assembly or in a partially spent fuel assembly
previously placed in the changing fixture.

d. The fuel transfer car is moved into the refueling canal from the fuel transfer
canal.

e. The fuel assembly container is pivoted to the vertical position by the lifting
arm.

f.  The refueling machine is moved to line up the spent fuel assembly with the
FTS.

g. The refueling machine loads a spent fuel assembly into the fuel assembly
container of the transfer car.
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p.

The fuel assembly container is pivoted to the horizontal position by the lifting
arm.

The fuel assembly container is moved through the fuel transfer tube to the
fuel transfer canal by the transfer car.

The fuel assembly container is pivoted to the vertical position. The spent fuel
assembly is unloaded by the spent fuel handling tool attached to the fuel
handling machine.

The spent fuel assembly is moved into the spent fuel pool and placed in a
spent fuel storage rack by the fuel handling machine.

The new fuel assembly is taken from the new fuel storage rack and loaded
into the new fuel elevator by the fuel handling building crane. The fuel
handling machine takes the fuel from the new fuel elevator and places it in the
fuel assembly container. Alternatively the new fuel is pre-staged in the spent
fuel pool and is moved to the fuel assembly container by the fuel handling
machine.

The fuel assembly container is pivoted to the horizontal position and the
transfer car is moved back into the refueling canal.

Partially spent fuel assemblies are relocated in the reactor core, and new fuel
assemblies are added to the core.

Any new assembly or transferred fuel assembly that is placed in a control
position is first placed in the rod cluster control changing fixture to receive a
rod cluster control from a spent fuel assembly.

This procedure is continued until refueling is completed.

4. Phase IV - Reactor Assembly

Reactor assembly, following refueling, is essentially achieved by reversing the
operations given in Phase Il - Reactor Disassembly.

91422

Component Description

9.1.4.2.2.1 Refueling Machine

The refueling machine (see Figure 9.1-4) is a rectilinear bridge and trolley system with a
vertical mast extending down into the refueling water. The bridge spans the refueling
cavity and the refueling canal and runs on rails. The bridge and trolley motions are
used to position the vertical mast over a fuel assembly in the core. A long tube with a
pneumatic gripper on the end is lowered down out of the mast to grip the fuel assembly.
The gripper tube is long enough so that the upper end is still contained in the mast
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when the gripper end contacts the fuel. A winch mounted on the trolley raises the
gripper tube and fuel assembly up into the mast tube. The fuel is transported while
inside the mast tube to its new position.

The refueling machine uses a single variable frequency drive mounted in the motor
control console to control the speeds of the bridge, trolley and main hoist motors. This
is an electronic device that provides step-less variable speeds from zero to full speed.

All controls for the refueling machine are mounted on a console in the trolley. The
bridge is positioned on a coordinate system laid out on one rail. The trolley is
positioned with the aid of a scale on the bridge structure. The drive for the bridge,
trolley and main hoist provides for variable speeds and includes the ability for setting
separate frequencies for setting jogging (inching) speeds for the bridge, trolley and main
hoist. The maximum speed for the bridge is 65 fpm, 45 fpm for the trolley and 21 fpm
for the main hoist. The auxiliary monorail hoist on the refueling machine has a two step
magnetic controller to give hoisting speeds of approximately 7 and 20 fpm.

Refueling machine interlocks and permissives are provided by a Programmable Logic
Controller (PLC) that is mounted inside the Control Console on the trolley. PLC
interlocks and limit switches prevent damage to the fuel assemblies. The PLC tracks
the inner mast position in order to stop the hoist from being raised above a safe
shielding depth; this function is backed up with a physical limit switch. In an emergency,
the bridge, trolley and main hoist can be operated manually using handwheels on the
respective motors.

The refueling machine mast is equipped with hardware to support in-mast sipping - a
failed fuel detection process.

9.1.4.2.2.2 Fuel Handling Machine

The fuel handling machine (see Figure 9.1-5) is a wheel-mounted walkway, spanning
the spent fuel pool, the fuel transfer canal, and cask loading pit, which carries an electric
monorail hoist on an overhead structure. The fuel handling machine is used for
handling fuel assemblies within the spent fuel pool, the fuel transfer canal and the cask
loading pit by means of a long handled tool suspended from the hoist. The hoist travel
and tool length are designed to limit the maximum lift of a fuel assembly to a safe
shielding depth.

The fuel handling machine has a 2 step magnetic controller for the bridge and hoist.
The bridge speeds are 11 and 33 fpm and the hoist speeds are 7 and 20 fpm. A
hydraulic coupling is used in the bridge drive to limit starting acceleration.

The hoist trolley is hand operated by a chain drive.
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9.1.4.2.2.3 New Fuel Elevator

The new fuel elevator (see Figure 9.1-6) consists of a box-shaped assembly with its top
end open, sized to house one fuel assembly that is raised and lowered by a winch and
cable.

The new fuel elevator is normally used to lower a new fuel assembly to an elevation
where it can be handled by the fuel handling machine with a long-handled spent fuel
handling tool. The new fuel assembly can then be moved to the fuel basket of the
transfer system during core loading or to the spent fuel pool to stage the assembly for
core loading at a later date.

The new fuel elevator is also used as a work platform for holding an irradiated fuel
assembly. An example of this would be fuel assembly top nozzle reconstitution referred
to in FSAR chapter 4. In this process, the irradiated fuel assembly is loaded into the
New Fuel Elevator with the spent fuel handling tool and fuel handling machine and the
elevator at the bottom of its travel. The elevator is then raised to a level with about 10
feet of water shielding available above the fuel. The New Fuel Elevator controls have
been modified and administrative controls are also used to control the process to
ensure that radiation dose rates to personnel remain within acceptable limits.

9.1.4.2.2.4 Fuel Transfer System

The FTS (see Figure 9.1-7) is a transfer car that runs on tracks extending from the
refueling canal through the fuel transfer tube and into the fuel transfer canal. The car is
moved along the track via a cable/winch system. A hydraulically actuated lifting arm is
at each end of the fuel transfer tube. The fuel container in the refueling canal receives a
fuel assembly in the vertical position from the refueling machine. The fuel assembly is
then lowered to a horizontal position for passage through the fuel transfer tube. After
passing through the tube, the fuel assembly is raised to a vertical position for removal
by a tool suspended from a hoist mounted on the fuel handling machine. The fuel
handling machine them moves to a storage loading position and places the spent fuel
assembly in the spent fuel storage racks.

During reactor operation, the transfer car is stored in the fuel transfer canal. A blind
flange is bolted on the refueling canal end of the fuel transfer tube to seal the
containment. The terminus of the tube outside the reactor building is closed by a gate
valve.

9.1.4.2.2.5 Rod Cluster Control Changing Fixture

The rod cluster control changing fixture is supplied for periodic rod cluster control
element inspections and for transfer of rod cluster control elements from one fuel
assembly to another (see Figure 9.1-8). The major subassemblies which comprise the
changing fixture are the frame and track structure, the carriage, the guide tube, the
gripper, and the drive mechanism. The carriage is a moveable container supported by
the frame and track structure. The tracks provide a guide for the 4 flanged carriage
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wheels and allow horizontal movement of the carriage during changing operation. The
positioning stops on both the carriage and frame, locate each of the three carriage
compartments directly below the guide tube. Two (2) of these compartments are
designed to hold individual fuel assemblies and the third is made to support a single rod
cluster control element. Situated above the carriage and mounted on the refueling
canal wall is the guide tube. The guide tube provides for the guidance and proper
orientation of the gripper and rod cluster control element as they are being raised and
lowered. The gripper is a pneumatically actuated mechanism responsible for engaging
the rod cluster control element. It has two flexure fingers which can be inserted into the
top of the rod cluster control element when air pressure is applied to the gripper piston.
Normally the fingers are locked in a radially extended position. Mounted on the
operating deck is the drive mechanism assembly which consists of the manual carriage
drive mechanism, the revolving stop operating handle, the pneumatic selector valve for
actuating the gripper piston, and the electric hoist for elevation control of the gripper.

9.1.4.2.2.6 Spent Fuel Assembly Handling Tool

The spent fuel assembly handling tool (see Figure 9.1-9) is used to handle new and
spent fuel assemblies in the fuel transfer canal and the spent fuel pool. It is a manually
actuated tool, suspended from the fuel handling machine, which uses four cam actuated
latching fingers to grip the underside of the fuel assembly top nozzle. The operating
handle to actuate the fingers is located at the top of the tool. When the fingers are
latched a pin is inserted into the operating handle, which prevents the fingers from being
accidentally unlatched during fuel handling operations.

9.1.4.2.2.7 New Fuel Assembly Handling Fixture

The new fuel assembly handling fixture (see Figure 9.1-10) is used to lift and transfer
new fuel assemblies from the new fuel storage area to the new fuel elevator. ltis a
manually actuated tool suspended from the fuel handling building crane, which uses 4
cam actuated latching fingers to grip the underside of the fuel assembly top nozzle. The
operating handles to actuate the fingers are located on the side of the tool. When the
fingers are latched, the safety screw is turned in to prevent the accidental unlatching of
the fingers.

9.1.4.2.2.8 Reactor Vessel Head Lifting Rig

The original Reactor Vessel Head lifting rig has been replaced with a special lifting
device integrated into the Integrated Head Assembly (IHA), typically referred to as the
reactor head service structure. This lifting rig assembly is part of the IHA and stays
installed on the IHA during both refueling activities and normal power operations. This
device complies with ANSI 14.6-1978 design requirements as documented in the IHA
Design Report.
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914229 Cranes

1. Polar Crane

The reactor building polar crane is a single trolley, electric, overhead crane with a
main hoist capacity of 360 tons and an auxiliary hoist capacity of 25 tons. The
polar crane is used to lift the reactor vessel head and reactor internals prior to
refueling operations.

The Polar Crane has two loading conditions, a "Construction" load, and a "Normal
Operation" load. The "Construction" loading is 360 ton and does not consider
seismic interaction. The "Normal Operation" loading is 157.5 ton and does RN
consider seismic forces (i.e., crane will continue to hold a suspended load during 02-024
and after a seismic event). During normal plant shutdown for refueling, seismic
interaction is considered when loads, such as the reactor vessel head assembly,
are suspended above irradiated fuel in the reactor vessel.

2. Fuel Handling Building Crane

The fuel handling building crane is a single trolley, electric, overhead crane with a
main hoist capacity of 125 tons and an auxiliary hoist capacity of 15 tons. The fuel RN
handling building crane is used to remove and replace the spent fuel pool gate; 11-041
unload and transfer new fuel assemblies; and move, load, and unload casks during
spent fuel transfer operations.

The Fuel Handling Building overhead bridge crane is a single-failure-proof crane ';{1"‘041
with a capacity of 125 tons as described in Section 3.12.4.3. The crane is )

designed to hold the full rated capacity during and after a postulated seismic event. 52024

9.1.4.2.2.10 Reactor Vessel Internals Lifting Device

The reactor vessel internals lifting device (see Figure 9.1-11) is a structural frame
positioned by the polar crane. The frame is lowered onto the guide tube support plate
at the internals, and is mechanically connected to the support plate by 3 breech lock
type connectors. Bushings on the frame engage guide studs in the vessel flange to
provide guidance during removal and replacement of the internals package.

9.1.4.2.2.11 Reactor Vessel Stud Tensioner

The stud tensioners are employed to secure the head closure joint at every refueling. (F;z;\l-o3o
The stud tensioner is a hydraulically operated device that uses oil as the working fluid. 15-021
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9.14.3 Safety Evaluation

9.1.4.3.1 Safe Handling

9.1.4.3.1.1 Design Criteria for the Fuel Handling System

1.

The primary design requirement of the equipment is reliability. A conservative
design approach was used for all load bearing parts. Where possible, components
are used that have a proven record of reliable service. Throughout the design,
consideration was given to the fact that the equipment will spend long idle periods
stored in an atmosphere of 80oF and high humidity.

Except as otherwise specified the refueling machine and fuel handling machine
are designed and constructed in accordance with Crane Manufacturer Association
of America (CMAA) Specification 70.

The design load for the refueling machine and fuel handling machine was the
normal dead and live loads plus the maximum hoist load.

The allowable stresses for the refueling machine and fuel handling machine
structures supporting the weight of the fuel, are as specified in Subarticle
XVI1I-2200 of Appendix XVII of the ASME Code, Section Ill, 1974 Edition.

Hoisting components loaded in simple tension have an allowable stress of 0.20
ultimate stress maximum.

All components critical to the operation of the equipment or located so that parts
can fall into the reactor are assembled with the fasteners positively restrained from
loosening under vibration. Spring or tooth type lock washers are not considered as
positive restraints. If positive restraint cannot be achieved on fasteners on
purchased components above the water line, then the fasteners must be lockwired,
tack welded or backed out, coated with locking compound and retightened.

9.1.4.3.1.2 Industrial Codes and Standards Used in the Design of the Fuel Handling

Equipment

Refueling Machine and Fuel Handling Machine: Applicable sections of CMAA
Specification 70.

Structural: ASME Code, Section lll, Appendix XVII, Subarticle XVII-2200, 1974
Edition.
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3. Electrical: Applicable standards and requirements of IEEE Standard 279, National
Electric Code, NFPA #70, and NEMA Standards MGI and ICS are used in the
design, installation, and manufacturing of all electrical equipment.

4. Materials: Materials conform to the specifications of the ASTM standard.

5. Safety: OSHA Standards 29 CFR 1910, and 29 CFR 1926 including load testing
requirements, the requirements of ANSI N18.2, Regulatory Guide 1.29 (see
Appendix 3A) and General Design Criteria 61 and 62.

9.1.4.3.1.3 Refueling Machine

The refueling machine design includes the following provisions to ensure safe handling
of fuel assemblies:

1.  Electrical Interlocks
a. Bridge, Trolley and Hoist Drive Mutual Interlocks

The bridge, trolley, and hoist are interlocked such that only one motor can be
operated at any one time either by the master or jog switches. If any one of
the master or jog switches are actuated, all others are inactivated and have 98-01
no effect on the current operating mode of the machine. The logic checks for
actual motor operation and motor control relay status, and thus can stand a
single failure.

b. Bridge Trolley Drive - Gripper Tube Up

With a fuel assembly attached, bridge and trolley motions are prevented
except when the Gripper Tube Up interlock is actuated. The interlock is 98-01
redundant and can withstand a single failure.

c.  Gripper Interlock

Interlocks exists that prevent the solenoid valve that supplies air to the gripper
actuator for disengagement to open except if both the mast is at the elevation
that corresponds to Gripper Tube Down and a Slack Cable condition exists.
As backup protection for this interlock the mechanical weight actuated lock in 98-01
the gripper prevents operation of the gripper under load, even if air pressure
is applied to the operating cylinder. This interlock is redundant and can
withstand a single failure.
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d. Excessive Suspended Weight

The load control system (integral to the PLC) will stop the hoist when overloads

or underloads occur. A six way selector switch on the Control Console allows

the operator to select between light and heavy assemblies and varying levels of

overload. A master overload is programmable, yet non-bypassable and is set
at a value to ensure fuel is protected. For underload, each of the positions on
the selector switch has one value for hoist cut-out.

e. Hoist-Gripper Position Interlock

An interlock in the hoist drive circuit in the up direction, permits the hoist to be
operated only when either the open or closed indicating switch on the gripper
is actuated. The hoist-gripper position interlock consists of two logic paths
that work parallel such that one path must be closed for the hoist to operate.
If neither one of the gripper position limit switches are actuated, audible and
visual alarms on the console will actuate. The interlock, therefore, is not
redundant but can withstand a single failure since both an interlocking path
and the monitoring path must fail to cause a hazardous condition.

Bridge and Trolley Hold-Down Devices

Both the refueling machine bridge and trolley are horizontally restrained on the
rails by two pairs of guide rollers, one pair at each wheel location on one truck
only. The rollers are attached to the bridge truck and contact the vertical faces on
either side of the rail to prevent horizontal movement. Vertical restraint is
accomplished by anti-rotation bars located at each of the four wheels for both the
bridge and trolley. The anti-rotation bars are bolted to the trucks and, for the
bridge restraints, extended under the rail flange, while for the trolley restraints,
extended beneath the top flange of the bridge girder which supports the trolley rail.
Both horizontal and vertical restraints are adequately designed to withstand the
forces and overturning moments resulting from the SSE.

Design Load

The design load for structural components supporting the fuel assembly is the
dead weight plus 4800 pounds (3 times the fuel assembly weight).

Main Hoist Braking System

The main hoists are equipped with 2 independent braking systems. A solenoid
release-spring set electric brake is mounted on the motor shaft. This brake
operates in the normal manner to release upon application of current to the motor
and set when current is interrupted. The second brake is a mechanically actuated
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load brake internal to the hoist gear box that sets if the load starts to overhaul the
hoist. It is necessary to apply torque from the motor to raise or lower the load. In
raising, this motor cams the brake open. In lowering, the motor slips the brake
allowing the load to lower. This brake actuates upon loss of torque from the motor
for any reason and is not dependent on any electrical circuits.

Fuel Assembly Support System

The main hoist system is supplied with redundant paths of load support such that
failure of any one component will not result in free fall of the fuel assembly. Two
wire ropes are anchored to the winch drum and carried over independent sheaves
to a load equalizing mechanism on the top of the gripper tube. In addition,
supports for the sheaves and equalizing mechanism are backed up by passive
restraints to pick up the load in the event of failure of this primary support. Each
cable system is designed to support 13,750 pounds or 27,500 pounds acting
together.

The working load of a fuel assembly, with a Rod Cluster Control Assembling
(RCCA) plus gripper is approximately 2000 pounds.

The gripper itself has four fingers gripping the fuel, any two of which will support
the fuel assembly weight.

The gripper mechanism contains a spring actuated mechanical lock which
prevents the gripper from opening unless the gripper is under a compressive load.

During each refueling outage and prior to removing fuel, the gripper and hoist
system is routinely load tested to at least 3250 pounds.

9.1.4.3.1.4 Fuel Transfer System

The following safety features are provided for in the FTS.

1.

Transfer Car Permissive Switch

The transfer car controls are located in the fuel handling building and conditions in
the reactor building are, therefore, not visible to the operator. The transfer car
permissive switch allows a second operator in the reactor building to exercise
some control over car movement if conditions visible to him warrant such control.
Transfer car operation is possible only when both lifting arms are in the down
position as indicated by the limit switches. The permissive switch is a backup for
the transfer car lifting arm interlock. Assuming the fuel assembly container is in the
upright position in the reactor building and the lifting arm interlock circuit fails in the
permissive condition, the operator in the fuel handling building still cannot operate
the car because of the permissive switch interlock. The interlock, therefore, can
withstand a single failure.
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Lifting Arm - Transfer Car Position

Two redundant interlocks allow lifting arm operation only when the transfer car is at
the respective end of its travel and therefore can withstand a single failure.

Of the two redundant interlocks which allow lifting arm operation only when the
transfer car is at the end of its travel, one interlock is a position limit switch in the
control circuit. The backup interlock is a frame down limit switch which not allow
the car to traverse until both frame down limits are closed. Additionally, the lifting
are will not operate while the car is traversing.

Transfer Car - Valve Open

A remote panel has been installed at the valve operator location which is equipped
with lights which show the position of the valve. When the valve is full open only
the red light is illuminated. While the valve is changing position (open - closed or
closed - open) the red and green lights are illuminated. When fully closed the
green light is illuminated. Tied to the red light only illumination (valve full open) is
the traverse permissive. The carriage will not traverse with the valve not full open.
In addition to the remote light indicating panel XPN5556, the control panel is
equipped with a red light - valve open.

Transfer Car - Lifting Arm

The transfer car lifting arm is primarily designed to protect the equipment from
overload and possible damage if an attempt is made to move the car when the fuel
assembly container is in the vertical position. This interlock is redundant and can
withstand a single failure.

The basic interlock is a position limit switch in the control circuit. The backup
interlock is a mechanical latch device that is opened by the weight of the fuel
assembly container when in the horizontal position.

Lifting Arm - Refueling Machine

The refueling canal lifting arm is interlocked with the refueling machine. Whenever
the transfer car is located in the refueling canal, the lifting arm cannot be operated
unless the refueling machine mast is in the fully retracted position or the refueling
machine is over the core.

The circuits which interlock the refueling canal lifting arm with the refueling
machine are redundant.
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Lifting Arm - Fuel Handling Machine

The lifting arm is interlocked with the fuel handling machine. The lifting arm cannot
be operated unless the fuel handling machine is not over the lifting arm area. The
interlocks are redundant.

Additional protective devices designed into the Raytheon modification:

1) Load sensitive bases which open circuits if an underloaded or overload torque
is sensed on the car.

2)  Overcurrent protection on the winch motors.
3) Overtravel programmed limits to backup primary limits in case of failures.

Additionally, hard stops are provided to create overtorque in case limit
controls fail.

9.1.4.3.1.5 Fuel Handling Machine

The fuel handling machine includes the following safety features.

1.

5.

The fuel handling machine controls are interlocked to prevent simultaneous
operation of the bridge drive and hoist.

Bridge drive operation in the normal 2 speeds is permitted only when the hoist is in
the full up position. The bridge can be jogged in increments of less than one inch,
at low speed, in timed intervals when the hoist is in other than the full up position.

An overload protection device is included on the hoist to limit the uplift force which
could be applied to the fuel storage racks. The protection device limits the hoist
load to 125 percent of the rated hoist capacity.

The design load on the hoist is the weight of one fuel assembly (1600 Ibs), the
weight of one failed fuel container (1000 Ibs), and the weight of the tool which
gives it a total weight of approximately 3000 Ibs.

Restraining bars are provided on each truck to prevent the bridge from overturning.

9.1.4.3.1.6 Fuel Handling Tools and Equipment

All fuel handling tools and equipment handled over an open reactor vessel are designed
to prevent inadvertent decoupling from machine hooks (i.e., lifting rigs are pinned to the
machine hook and safety latches are provided on hooks supporting tools).
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Tools required for handling internal reactor components are designed with fail safe
features that prevent disengagement of the component in the event of an operating
mechanism malfunction. These safety features apply to the following tools.

1. Control rod drive shaft unlatching tool: The air cylinders actuating the gripper
mechanism are equipped with backup springs which close the gripper in the event
of loss of air to the cylinder. Air operated valves are equipped with safety locking
rings to prevent inadvertent actuation.

2. Spent fuel assembly handling tool: When the fingers are latched a pin is inserted
into the operating handle and prevents inadvertent actuation. The tool weighs
approximately 385 pounds and is preoperationally tested at 125 percent the
weight of one fuel assembly (1600 Ibs).

3. New fuel assembly handling fixture: When the fingers are latched a safety screw is
screwed in preventing inadvertent actuations. The tool weighs approximately 100
pounds and is preoperationally tested at 125 percent the weight of one fuel
assembly (1600 Ibs).

9.1.4.3.1.7 Polar Crane

The reactor building polar crane is safety-related and is designed to Seismic Category 1
requirements. This crane is equipped with two completely independent and
automatically operated brake systems. Each brake system is capable of stopping the
rated crane load at any speed up to 150 percent of the rated speed.

9.1.4.3.1.8 Fuel Handling Building Crane

The fuel handling building crane is safety-related and is designed to Seismic Category 1
requirements. This crane is equipped with two completely independent and
automatically operated brake systems. Each brake system has a minimum capacity of
125 percent of that required to hold the design rated loads. The fuel handling building
crane rail installation allows operation over the cask loading pit, decontamination and
new fuel storage area, but excludes operation over the spent fuel pool. Structural stops
are provided at each end of the rails.
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9.1.43.2 Seismic Considerations

The safety classifications for all fuel handling and storage equipment are listed in Table
3.2-1. These safety classes provide criteria for the seismic design of the various
components. Safety Class 1 and 2a equipment is designed to withstand the forces of
the OBE and SSE. For normal conditions plus OBE loadings, the resulting stresses are
limited to allowable working stresses as defined in the ASME Code, Section lll,
Appendix XVII, Subarticle XVII-2200 for normal and upset conditions. For normal
conditions plus SSE loadings, the stresses are limited to within the allowable values
given by Subarticle XVII-2110 for critical parts of the equipment which are required to
maintain the capability of the equipment to perform its safety function. Permanent
deformation is allowed for the loading combination which includes the SSE to the extent
that there is no loss of safety function.

The Safety Class 2b and 3 fuel handling and storage equipment satisfies the Safety
Class 1 and 2a criteria given above for the SSE. Consideration is given to the OBE only
in so far as failure of the Safety Class 2b and 3 equipment might adversely affect Safety
Class 1 or 2a equipment.

For Non-Nuclear Safety equipment, design for the SSE is considered if failure might
adversely affect a Safety Class 1, 2a, 2b, or 3 component.

Design for the OBE is considered if failure of the Non-Nuclear Safety component might
adversely affect a Safety Class 1 or 2a component.

9.1433 Containment Pressure Boundary Integrity

The fuel transfer tube which connects the refueling canal (inside the reactor building)
and the fuel transfer canal (outside the reactor building) is closed on the refueling canal
side by a blind flange at all times except during refueling operations. Two seals are
located around the periphery of the blind flange with leak-check provisions between
them.

9.14.34 Radiation Shielding

During all phases of spent fuel transfer, the gamma dose rate at the surface of the water
is 2.5 mr/hr or less. This is accomplished by maintaining the spent fuel pool level at the
normal elevation of 461’-6", thus providing a nominal 10 feet of water shielding above
the active fuel assembly during all handling operations.
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The two fuel handling devices used to lift spent fuel assemblies are the refueling

machine and the fuel handling machine. The refueling machine contains positive stops

which prevent the top of a fuel assembly from being raised to within a nominal 10 feet of ‘ RN
the normal water level in the refueling cavity. The hoist on the fuel handling machine 03-017
moves spent fuel assemblies with a long handled tool. Hoist travel and tool length

likewise limit the maximum lift of a fuel assembly to within a nominal 10 feet of the ‘
normal water level in the spent fuel pool.

RN
03-017

9.1.4.35 Spent Fuel Shipping Cask Handling

The spent fuel shipping cask is designed to withstand a drop, in air, of 30 feet without
release of the solid contents of the cask. Restrictive administrative procedures are
followed during cask handling operations to minimize cask impact loadings in the event
of a cask drop. The only area where the drop height exceeds 30 feet is above the cask
loading pit. However, as discussed in Section 9.1.3.3, a cask drop into the flooded cask
loading pit does not violate the 30 foot drop criteria since the calculated impact velocity
of the cask at the floor of the cask loading pit is less than 44 ft/sec. The velocity of 44
ft/sec is the impact velocity generated by a 30 foot cask drop in air onto an unyielding
surface. Water level in the cask loading pit is continuously controlled whenever the
cask is placed in or removed from the pit. Therefore, for a cask drop into the flooded
cask loading pit, there is no release of the solid contents of the cask.

To minimize the consequences of a cask drop, the cask is moved at a height of 1 foot
above the operating floor by the fuel handling building crane. Handling of the cask in
the plant proper is performed with the bottom impact limiter removed from the cask.

Since handling of the cask in the plant does not violate the 30 foot drop criterion, cask
integrity is maintained and there is no release of the contents of the cask. Therefore, a
design basis analysis of the radiological consequences of a spent fuel cask drop
accident is not required.

The area of fuel handling building crane coverage precludes damage to safety-related
equipment should a cask drop occur. There are no safety related systems or
components located under the travel path of the fuel transfer cask. In addition, cask
handling in this limited area will not violate the 30 foot drop criteria.

9144 Tests and Inspections

As part of normal plant operations, the fuel handling equipment is inspected for
operating conditions prior to each refueling operation. During the operational testing of
this equipment, procedures are followed that will affirm the correct performance of the
FHS interlocks.
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9.1.5 SPENT FUEL DRY CASK STORAGE

9151 System Description

The Virgil C. Summer Nuclear Station (VCSNS) has established an Independent Spent
Fuel Storage Installation (ISFSI) located approximately 500 feet west of the Unit 1 Fuel
Handling Building (FHB) and northeast of warehouses A and B in the plant Protected
Area as shown on Figure 1.2-1. The ISFSI concrete pad has a capacity for 98 vertical
spent fuel storage casks.

Spent Fuel Dry Cask Storage operations at the VCSNS are conducted under a general
license in accordance with Subpart K of 10 CFR Part 72. The general license issued by
10 CFR 72.210 authorizes a 10 CFR Part 50 nuclear power plant licensee to store
spent fuel at an onsite ISFSI. Subpart K of 10 CFR Part 72 also includes 10 CFR
72.212, “Conditions of general license issued under §72.210,” which requires the use of
a dry cask storage system that is pre-approved by the Nuclear Regulatory Commission,
as evidenced by its listing in 10 CFR 72.214.

The VCSNS ISFSI uses the Holtec HI-STORM Flood and Wind (FW) vertical cask
storage overpack, the Holtec MPC-37 multi-purpose canister (MPC), and the HI-TRAC
Variable Weight (VW) transfer cask as described in the HI-STORM FW MPC Storage
System FSAR and approved by the Nuclear Regulatory Commission in HI-STORM FW
Certificate of Compliance No. 1032, which includes the Technical Specifications for the
HI-STORM FW MPC Storage System.

The MPC provides the confinement boundary for the stored fuel. The MPC is a welded,
cylindrical canister with a honeycombed cell fuel basket to contain the spent fuel
assemblies. All MPC confinement boundary components are made entirely of stainless
steel. The honeycombed cell fuel basket construction includes the neutron absorbing
material that provides criticality control. The MPC also provides axial shielding at the
top and bottom ends.

The HI-STORM FW storage overpack provides additional radiation shielding and
structural protection of the MPC during storage. The HI-STORM FW overpack design
includes a lid which incorporates the air outlet duct. The overpack is a heavy-walled
steel and concrete, cylindrical vessel whose side wall consists of non-reinforced
concrete enclosed between inner and outer carbon steel shells. The carbon steel shells
are coated on the exposed surfaces for corrosion protection. The overpack has eight
air inlets at the bottom and a near 360 degree (excluding the support plates) air outlet at
the top to allow air to circulate naturally through the cavity to cool the MPC inside. The
inner shell has guide tubes attached to its interior surface to guide the MPC during
insertion and removal and allow cooling air to circulate through the overpack.
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The HI-TRAC VW is a metal transfer cask that provides a means to lift and handle the
MPC. The Hi-TRAC VW provides shielding of the spent fuel assemblies in the MPC
and structural protection of the MPC during loading, unloading, and movement of the
MPC from the cask loading area to the storage overpack. The HI-TRAC VW is a
multi-walled (carbon steel/lead/carbon steel) cylindrical vessel which utilizes a neutron
shielding water jacket and a removable bottom lid used during MPC transfer operations.

9152 Operations in the Fuel Handling Building

Loading the MPC-37 canisters with spent fuel assemblies takes place in the FHB. An
empty MPC-37 canister is brought into the FHB rail bay in a HI-STORM FW overpack
situated on top of a Low Profile Transporter (LPT). The empty MPC is loaded into the
HI-TRAC VW transfer cask that is supported in the decontamination area by a Cask
Support Pedestal. The HI-TRAC VW containing the empty MPC is lifted by the

FHB single-failure-proof overhead crane, using a HI-TRAC lift yoke, from the
decontamination area and placed in the cask loading pit of the spent fuel pool for
spent fuel loading operations. A Variable Elevation Cask Staging Pedestal (VECASP)
assembly is located on the floor of the cask loading pit. Using the lift yoke and a lift
yoke extension, the HI-TRAC VW containing the empty MPC is moved to the lower
position inside the VECASP in the cask loading pit.

The MPC is then loaded with spent fuel assemblies utilizing the fuel handling machine.
The HI-TRAC VW and loaded MPC are transferred by the FHB crane to the stainless
steel lined decontamination area, where the MPC is decontaminated, welded shut,
drained, dried, and backfilled with helium. The HI-TRAC VW containing the MPC is
then lifted and placed on top of the HI-STORM FW overpack inside the FHB rail bay so
that the MPC can be transferred from the HI-TRAC to the HI-STORM. After the MPC
has been placed in the HI-STORM, the loaded HI-STORM is transported out of the FHB
on the LPT, where the loaded HI-STORM is lifted from the LPT by a vertical cask
transporter (VCT), moved along the haul path by the VCT to the ISFSI pad, and placed
in its storage location.

Critical load handling operations in the FHB associated with dry cask loading or
unloading activities are conducted using single-failure-proof handling systems, which
include the main hoist on the FHB overhead crane and lifting devices meeting the
enhanced safety factors of ANSI N14.6 or ASME B30.9. These lifting devices and other
cask handling system components meet the applicable requirements of ANSI N14.6,
NUREG-0554, and applicable guidelines of NUREG-0612 per the VCSNS heavy loads
program described in FSAR Section 3.12.
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TABLE 9.1-1

SPENT FUEL COOLING SYSTEM COMPONENT DATA

Spent Fuel Cooling Pump and Spent Fuel Cooling and Transfer Pump

Type

Safety Class

Code

Materials of Wetted Parts
Seal Type

Motor, hp

Power Supply

Design Flow, gpm
Design Head (TDH), ft
Connections

Operating Speed, rpm

Spent Fuel Heat Exchangers

Quantity

Type
Material of Wetted Parts

Heat Transfer Rate (Per Cooler)

Normal (original), BTU/hr
Peak (original), BTU/hr
Partial Offload (Uprate)
Full Core Offload (Uprate)

Abnormal Offload (Uprate)

Inlet temperature

Normal (original),°F

Peak (original), °F

Partial Offload (Uprate) °F
Full Core Offload (Uprate) °F
Abnormal Offload (Uprate) °F

Flow Rate, Ib/hr
Pressure Drop, Total, psi
Design Pressure, psig
Design Temperature, °F
Safety Class

Design Code

Centrifugal, electric motor driven, horizontal shaft
2b
ASME Code, Section lll, Class 3
Austenitic stainless seal
Mechanical Seal
75
460V, 3 phase, 60Hz
1800
100
Flanged: 8 inch Discharge

10 inch Suction
1750

2
U-Tube

Tube: Austenitic stainless steel
Shell: Carbon steel

14.02 x 108

19.23 x 108

20.71 x 108

40.74 x 108 (85°F shell side inlet)
31.16 x 10° (105°F shell side inlet)

38.84 x 10°
Shell Side Tube Side
105 135
105 146
105 150
105 186
105 200
8.9x 105 8.9x10°
<15 <10
150 150
250 250
2b 2b
ASME Code, Section lll, ASME Code, Section lll,
Class 3 Class 3
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TABLE 9.1-1 (Continued)
SPENT FUEL COOLING SYSTEM COMPONENT DATA

Spent Fuel Purification Pump

Type

Materials of Wetted Parts
Seal Type

Motor, hp

Power Supply

Design Flow, gpm
Design Head, ft
Connections

Safety Class

Spent Fuel Cooling Demineralizer

Purification Media
Operating temp, max. °F
Flow, gpm

Safety Class

Spent Fuel Purification Filters

Quantity

Type

Removal Rating, microns abs.
Flow, gpm, each

Safety Class

Refueling Water Storage Tank

Type
Normal Operating Capacity
Minimum Contained Volume, gal
Maximum Contained Volume, gal
Material
Design Pressure, psig
Safety Class

Centrifugal, electric motor driven, vertical shaft
Austenitic stainless steel

Packing gland

75

460V, 3 phase, 60 Hz

180

200

Flanged, 4” suction, 3” discharge

NNS

Anion and/or cation exchange resins as required
140

180

NNS

2

Removable cartridge
<30

180

NNS

Cylindrical, vertical

453,800
514,665
Stainless steel
+3,-0.5

2a
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TABLE 9.1-2

SPENT FUEL STORAGE RACKS - DESIGN DATA

Cell Pitch B1o Loading Flux Trap Gap
Region (nominal) (nominal) (nominal)
1 10.867 in. 0.0324 gm/cm? 1.61n.
RN
2 9.070 in. 0.0324 gm/cm? 0.0in. 03-017
9.1-35 Reformatted
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TABLE 9.1-3

SPENT FUEL STORAGE RACKS - MODULE DATA

Approximate

Cells per Weight
Region No. Module Type Quantity module Array Size (Ib/module) ‘ 02-01
1 C 1 100 10x 10 25300
1 C 1 100 10x 10 24900
2 A 4 156 13 x12 23300 RN
03-017
2 A 2 156 13x12 22800
2 B 2 144 12x12 21600
2 B 2 144 12x12 21200
9.1-36 Reformatted

February 2018
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AMENDMENT 2
AUGUST, 1986

PLAN VIEW

SOUTH CAROLINA ELECTRIC & GAS CO.

VIRGIL C. SUMMER NUCLEAR STATION

New Fuel Storage Rack
Assembly

Figure 9.1-1
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SOUTH CAROLINA ELECTRIC & GAS CO.
VIRGIL C. SUMMER NUCLEAR STATION

Spent Fuel Storage Racks - Module Layout

Figure 9.1-2
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High Density Spent Fuel Storage Rack
Schematic View - Region 1 Rack Structure
Figure 9.1-2a
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VIRGIL C. SUMMER NUCLEAR STATION

High Density Spent Fuel Storage Rack
Region 2 Storage Cell Assemblage
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9.2 WATER SYSTEMS

9.2.1 SERVICE WATER SYSTEM

The Service Water System (SWS) provides water from the Service Water pond, a
Seismic Category 1 impoundment adjacent to Monticello Reservoir, for cooling of the
emergency diesel generators, Component Cooling heat exchangers, HVAC (Heating
Ventilating and Air

conditioning) mechanical water chiller condensers and the Service Water pump house
cooling coils. The system also cools the reactor building cooling units (RBCUs) under:
post accident or high containment pressure conditions, loss of non-Class 1E power; loss
of industrial cooling water or during testing. In addition, this system is the backup water
source for the Emergency Feedwater System and Component Cooling Water System.
The system consists of two independent (A and B) full capacity loops with the capability
of valving a third swing Service Water pump into either loop. The system is
safety-related and is designed so that a single failure denies cooling to only 1 of the
redundant loops.

921.1 Design Bases

The SWS is designed in accordance with the requirements of General Design Criterion
44, to provide sufficient redundant and independent capacity to ensure that cooling
water is available to safety systems and components necessary to achieve and
maintain a safe shutdown from normal plant operation or following a design basis
accident.

SWS redundancy is protected through physical separation of equipment, barriers and
double valving at interconnections of redundant loops. Physical separation is provided
wherever possible to eliminate the potential for damage to both SWS headers by a
missile which could be generated by equipment in the vicinity of the headers. Where
physical separation is not feasible missile protection walls are employed where
necessary.

SWS piping and components are classified as Safety Class 2b, except those portions of
SWS piping conveying cooling water to the Digital Rod Position Indication System
cooling unit, Service Water pump house cooling coils, and water jet air exhausters used
to remove air from the line interconnecting the Circulating Water pumphouse and the
Service Water pumphouse. Reactor Building penetrations, isolation valves and
intermediate piping are classified as Safety Class 2a. The portions of SWS piping
conveying cooling water to the Digital Rod Position Indication System cooling units and
water jet air exhausters are classified as non-nuclear safety class and non-Seismic
Category 1. The remaining system components are classified as Seismic Category 1.

9.2-1 Reformatted
November 2017
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The capacity of the SWS, with both redundant loops in operation, is adequate during a
normal plant shutdown to reduce the RCS temperature to 140°F within 24 hours after
reactor shutdown following an extended full power run at the current licensed RTP of
2900 MWt. With 1 of the 2 SWS loops inoperable (single failure), satisfactory cooldown
can be achieved, except that the time to reduce the RCS temperature to 140°F will be
extended. The SWS is capable of limiting the CCWS temperature to 105°F at the end
of the 24 hour cooldown period is achieved through operation of both loops, the SWS is
capable of limiting the CCWS temperature to 120°F with a single failure of the SWS. At
no time during the cooldown does the CCWS temperature exceed 120°F.

The system is capable of satisfying these performance requirements with Service Water
temperature at the design maximum of 95°F.

The control room operator is able to monitor the cooling performance of system
components by means of instrumentation which indicates flows, temperatures and
pressures or actuates alarms. Should the operating equipment fail to satisfy cooling
requirements, the operator is able to place a redundant loop in service. Instrumentation
for each heat exchanger and pump loop is applied so that abnormal operating
conditions are identifiable by the operator.

Piping and pressure retaining components for this system satisfy the requirements of
the ASME Code, Section lll, Class 2 or 3, as applicable, except the non-nuclear safety
class portions.

Piping and pressure retaining components of non-nuclear safety class portions of the
SWS satisfy the requirements of ANSI B16.5 and ANSI B31.1.

921.2 System Description

System diagrams for the SWS are provided as Figures 9.2-1 and 9.2-2 (Sheets 1
through 4). Service water is supplied to the system by three, 100% capacity, vertical,
wet pit pumps, each equipped with a two-speed motor which is permanently locked in
the high speed position. Three (3) traveling water screens, each with independent
controls, screen wash system and associated piping, valves, instrumentation and
controls as shown by Figure 9.2-1 are also provided. The Service Water pumps can be
controlled manually from the control room, the control room evacuation panel, locally or
automatically as described in Section 9.2.1.3.

During normal plant operation, 1 of 3 Service Water pumps is in service at all times. A
second SW pump may be run to limit biofouling in the inactive loop and is available for
emergency use. The third Service Water pump is provided as an installed spare and its
circuit breaker(s) is racked out. The spare pump can be aligned in parallel with the
running Service Water pump in either loop through crossover connections. In the event
of malfunction of the running Service Water pump, the spare pump is manually started
to replace the running pump. The automatic start capability of the Service Water pumps
is not used.
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If 1 pump is out of service for maintenance, its circuit breaker must be placed in the
test/maintenance position. The third pump must be aligned electrically and
mechanically to replace the out of service pump.

Piping of the Service Water pump C is arranged so that it can be manually valved into
either the A or B loop in place of Service Water pump A or B, as required. The
interconnecting piping between Service Water pump C discharge and both A and B
loops contains double manual valves to ensure the required double isolation between A
and B loops.

Each Service Water pump has a corresponding traveling screen, screen wash system,
and screen control system. The screen wash system take their water supply from the
corresponding Service Water pump discharge header. Screen wash is provided using
only the Service Water pumps discharge. This has been found to provide adequate
screen wash force.

The diesel generator cooler in the operating SWS loop receive cooling water flow
continuously, even though the diesel is not in operation. The plant Fire Protection
System serves as a standby means of cooling the diesel generators. This includes
automatic opening of the cross connect valves on high lube oil temperature or high
jacket water temperature when the diesel is operating in the emergency mode.

Provision is made to supply Service Water to the Emergency Feedwater System
through remotely operated valves if required. The 8” SW lines that provide backup flow
to the Emergency Feedwater System are lined with a cured-in-place pipe lining to
prevent MIC and general corrosion. Also, upon receipt of a "lo-lo" Component Cooling
water surge tank level signal, Service Water is automatically provided for Component
Cooling water makeup (see Sections 9.2.2 and 10.4.9).

SWS piping at the Component Cooling heat exchangers is arranged to allow back
flushing of the heat exchangers, if required, by manual positioning of the valves.

A portion of the Service Water flow from each loop goes to a water jet exhauster.
These air exhausters remove air that may be released from solution in the 36 inch pipe
which interconnects the circulating water pumphouse and the Service Water
Pumphouse.

Cooling water flow to the HVAC mechanical water chiller condensers is provided when
the chiller is operating. The motor operated inlet valves open when their associated
chillers are operating. Manual valves are available at the chiller outlets for isolation of
these heat exchangers if required.
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The RBCUs receive water from the Service Water booster pumps and the Digital Rod
Position Indication System cooling unit is isolated from the Reactor Building cooling
units by closing the isolation valves under safety injection, loss of non-Class 1E power,
or test conditions. Upon receipt of a safety injection signal, the ESFLS starts the
inactive loop at high speed. A description of safety injection actuation signals is
presented in Section 7.3. The Service Water booster pumps, with throttling orifices in
the discharge piping, maintain system pressure inside the Reactor Building above peak
post accident pressure when Service Water flow is maintained to 2 RBCUs.

During normal operation, cooling water flow to the RBCUs and the Digital Rod Position
Indication System cooling unit is provided by an industrial cooling system.

Valves XVB-3107A(B)-SW and XVB-3106A(B)-SW have been designed and interlocked
to other equipment controls to mitigate two scenarios in which a pipe water hammer
could occur. The first water hammer scenario was postulated to occur when the
RBCUs are operating in their normal lineup where they are being cooled by the non-
safety Industrial Cooling Water System and the Service Water booster pumps (SWBP)
are started during normal swap over to the SW system for or after a Loss Of Offsite
Power (LOOP). The second water hammer scenario is postulated to occur when the
SW system is aligned to provide cooling for the RBCUs and a LOOP occurs.

To minimize the effects of the first water hammer scenario vacuum relief valves
XVV-13143A( B)-SW downstream of valve XVB-3107A(B)-SW will replace, with air, any
vacuum void downstream of closed valves XVB-3107A(B)-SW that may be formed due
to gravity drain down of water to the SW pond. Upon the start of the SWBPs and
opening of valves XVB-3107A(B)-SW, the air in the piping will act as a cushion to
minimize any water hammer affects that could occur downstream of XVB-3107A(B)-SW.
The opening logic of valves XVB-3107A( B)-SW has a delayed opening after valve
XVB-3106A(B)-SW begins to open. The delay allows fluid flow momentum to build to
assure that additional void formation in the RBCU piping inside containment will not
occur during swap over to the SW system.

To minimize the effects of the second water hammer scenario XVB-3107A(B)-SW, fast
closing air operated butterfly valves, close in seven seconds upon de-energizing of the
SWBPs. During times that the RBCUs are aligned with the SW system, if a LOOP were
to occur, the fast valve closure will trap water in the high points above the valve and
prevent void formation due to gravity drain down of the water to the SW pond. Interface
logic is provided to equipment controls that tie the start of the respective SWBP to the
closed position of the respective valve XVB-3107A(B)-SW. The controls prevent a
SWBP start if the respective valve XVB-3107A(B)SW failed to close within 10+1
seconds, allowing drain down of the water to the SW Pond.

A check valve with controlled closing speed is installed at the Service Water booster
pump discharge to minimize water hammer in the event that electrical power to the
pump and associated motorized discharge valve is momentarily interrupted.
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Effluent from the SWS is returned to the Service Water pond by the 2 independent (A
and B) loops. Motorized valves at the pump discharge and check valves at the system
discharge prevent siphoning of the Service Water pond back into the system in the
event of a major line rupture within the plant.

A biocide injection system was installed in the Service Water System for organic fouling
control.

A chemical injection system was installed to treat the Service Water System for
corrosion and silt disposition.

Information concerning major SWS components is presented in Table 9.2-1.

9.21.3 Safety Evaluation

The Service Water System is safety-related and is used to remove heat released during
the postulated loss of coolant accident (LOCA).

Three (3) 100% capacity Service Water pumps, located in the Service Water intake
structure, take suction from the Seismic Category 1 Service Water pond. Thus, a
positive supply of cooling water is assured.

Under emergency conditions, power is supplied to loop A and B Service Water pumps
by emergency diesel generators A and B, respectively.

The Service Water pumps are vertical, wet pit pumps housed in the Service Water
intake structure and are supplied with water from the Service Water pond. The Service
Water pond is connected to Monticello Reservoir through an interconnecting pipe
system between the circulating water intake structure and the Service Water intake
structure. Piping is installed so that the flow path is interrupted if Monticello Reservoir is
drawn down below elevation 415’ coincident with the isolation valve being open for
some unforeseen reason. The minimum required submergence, to the bottom of the
suction bells, for the Service Water pumps is 5 feet. At minimum Service Water pond
level, the available submergence to the bottom of the suction bell, is approximately 21
feet. A discussion of low Service Water pond level considerations is presented in
Section 2.4.11.

The Service Water intake structure also has a weir to ensure that the water level in the
intake structure does not drop below elevation 399’, the bottom of the Service Water
pump suction bell is at elevation 394’. Water may be supplied to the Service Water
intake structure from Monticello Reservoir through the interconnecting pipe and thereby
maintain the minimum 5 foot submergence requirement.

9.2-5 Reformatted
November 2017

RN
03-049

| 00-01

| 00-01

| 98-01

98-01




The Service Water pumps are valved to discharge into either of the 2 main headers
supplying cooling water to the nuclear portion of the station. System design assures
that a single failure does not result in loss of more than 1 of the redundant Service
Water loops. Table 9.2-2 presents a SWS failure analysis. The 2 Service Water loops
are designed so that all cross connections between the loops are double valved. At
least 2 valves in series are closed during normal operation.

During a postulated LOCA, the 2 Service Water booster pumps supplying Service Water
to the RBCUs are started. Throttling orifices in the return lines control back pressure to
maintain Service Water pressure above long term post accident Reactor Building
ambient pressure. This favorable pressure differentiated in conjunction with the
leak-tight integrity of the RBCU coils and associated SWS piping, minimize the potential
for transport of radioactive materials outside of containment in a postulated
post-accident situation.

The RBCUs are normally used for Reactor Building temperature control. Normal
cooling water supply to the RBCUs is provided by cooled water from the Industrial
Cooling Water System.

In the event of a safety injection signal, both A and B Service Water loops, including the
Service Water booster pumps are started to satisfy redundancy requirements. Each
Service Water booster pump is supplied with power from the appropriate (A or B)
emergency diesel generator.

During normal operation, and a postulated LOCA, 1 Service Water pump operates to
supply up to 16,800 gpm of water at temperatures up to 95°F. This flow is adequate to
provide sufficient cooling to one SWS loop. A second SW pump may be run to limit
biofouling of the inactive loop.

During the postulated LOCA or upon receipt of a safety injection signal, the Digital Rod
Position Indication System cooling unit is isolated from the RBCUs by closing the
isolation valves.

Missile protection is discussed in Section 3.5. Pipe rupture considerations are
discussed in Section 3.6.
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The SWS is generally protected from radioactive contamination by 2 physical
boundaries. Systems which contain radioactive materials are cooled by the Component
Cooling Water System which is, in turn, cooled by the SWS. The SWS also cools the
HVAC mechanical water chiller condensers where Service Water is separated from the
potentially radioactive fluid by at least 3 physical barriers. The single application where
Service Water is separated from radioactive fluid by only 1 physical barrier is post
accident Reactor Building cooling. However, in this case, the Service Water booster
pumps maintain Service Water pressure inside the Reactor Building above long term
Reactor Building pressure. Reactor Building pressure exceeds SWS pressure for only a
short time interval in the post accident case in the event that an individual RBCU is
isolated in one or both trains.

The RBCU cooling coils, and associated SWS piping are classified as moderate energy
components, in accordance with applicable pipe rupture rules. Therefore, only through
wall leakage cracks may be postulated, in the long term, following a design basis
accident. However, SWS pressure remains above Reactor Building pressure in the
long term following a design basis accident.

The Service Water pumps can be manually controlled from the control room or from the
control room evacuation panel.

The Service Water booster pumps can be manually controlled from the control room.
The Service Water booster pumps automatically start upon receipt of a safety injection
signal via the ESFLS. During an undervoltage condition on bus 1DA or 1DB the
respective Service Water booster pumps are tripped and then loaded on the emergency
diesel generator by the ESFLS. The low suction pressure trip is blocked when the
booster pump starts in response to a safety injection signal.

Service water pump discharge valves are automatically driven open when their
respective pumps start and are driven closed when their respective pump is shutoff.
There are no operator controls provided for these valves on the main control board.
The Service Water booster pump discharge valves, are automatically driven open when
their respective pumps start, and close when the Service Water Booster Pump stops.

Differential pressure across each traveling screen is measured by 2 bubbler probes.
Upon receipt of a high differential pressure signal from either bubbler probe (indicating
dirty screens), the screen wash system is started and the screen wash isolation valve is
opened. This provides high pressure water to the screen wash spray nozzles.
Pressure in the spray nozzle header is sensed and provides a starting signal to the
screen drive motor. This control scheme ensures that the screen wash systems do not
start unless sufficient suction pressure is available and the screen is not driven unless
sufficient pressure exists at the spray nozzles to ensure complete washing.
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A timer ensures that the screen is washed and driven for a period corresponding to a
minimum of 1-1/3 revolutions of the screen.

Capacity for local manual operation using a jog button is provided. Flow to the screens
is not interrupted during the self-cleaning cycle. Upon receipt of a safety injection or
loss of non-Class 1E power signal via the ESFLS, the normal screen controls are
isolated and the screens cease rotation.

9214 Tests and Inspections

The SWS is operated during all plant operating phases. Operation is alternated
between the 2 loops during normal power operation; although a SW pump may be run
to provide flow to the inactive loop to limit biofouling. Thus, normal operation verifies
the operability and performance of the Service Water pumps. Therefore, no periodic
testing of the pumps is necessary. Automatic startup of the system in response to a
safety injection or loss of non-Class 1E power signal is verified periodically.

System actuation tests are performed during the refueling period when a loop is
inactive. These tests check the automatic startup circuitry and operation of the
actuation relays and associated components. One of the SWS loops is in operation
throughout the refueling period.

Other system verifications are also performed periodically. Closure of the industrial
cooler containment isolation valves in response to the applicable ESF signals during
each refueling shutdown. Also, these valves are checked to verify their leak tightness
(see Section 6.2.6).

9215 Instrumentation Requirements

SWS instrumentation provides the necessary inputs for control, operation and
performance/status monitoring of the system. This instrumentation is shown on Figures
9.2-1 and 9.2-2 (Sheets 1 through 4). In addition, indicators and/or controls are located
on the control room evacuation panel, on local panels and near the components.

9.2.1.5.1 Pressure Measurement
1. Pressure Indicators
Direct reading pressure indicators are provided on the discharge side of the

Service Water pumps, on the suction side of the Service Water booster pumps,
and on the discharge side of the Service Water screen wash system.
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2. Pressure Transmitters

Pressure transmitters located on the discharge side of the Service Water and
Service Water booster pumps and in the exit of the RBCUs provide signals for
control room indication and low pressure alarms. In addition, the transmitters on
the discharge side of the Service Water pumps provide auto-start signals for the
Service Water pumps; however, auto-start on low pressure is no longer used
because the standby concept has been replaced by an installed spare concept.

3. Pressure Switches

Switches located at the spray nozzle header provide contacts for the traveling
screen start signal. Switches located on the suction side of the Service Water
booster pumps provide contacts for an alarm. One switch is located on the suction
side at the DRPI cooling unit booster pump providing interlock contacts which
prevent the pump from starting and which trip the pump if suction pressure is not
sufficient.

4. Pressure Test Connections

Pressure test connections are located throughout the system for use during
performance testing.

5. Differential Pressure Switches

Two (2) independent differential pressure switches located across each traveling
screen provide contacts for the respective screen wash isolation valve opening.

9.21.5.2 Liquid Level Measurement

Two (2) level transmitters located in the Service Water pond provide signals for control
room indication and low level alarm.

92153 Flow Rate Measurement

Direct reading flow indicators (locally mounted) are provided for cooling water flow to
the upper and lower motor bearings for each Service Water pump A, B, and C. A flow
element is provided on both the A and B 30" diameter Service Water pump discharge
headers (IFE-4586 for A pump discharge; IFE-4587 for B pump discharge). The flow
elements are mounted downstream of the tee in each respective discharge header
which connects the header with the C pump discharge pipe. A locally mounted flow
indictor (IFI-4586 or IFI-4587) is provided for flow indication for each flow element.
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Flow transmitters located on the outlet side of the diesel generator coolers, Component
Cooling heat exchangers and HVAC mechanical water chiller condensers provide
signals to the Yokogawa units on the main control board (see Section 9.2.1.5.5), which
provide both component low flow alarms and indication.

Flow transmitters located on the discharge side of the Service Water booster pumps
and in the discharge loop headers from the RBCUs provide signals for control room
indication and low flow alarms.

9.2154 Temperature Measurement

1.

Temperature Indicators

Direct reading temperature indicators are provided on the outlet side of the diesel
generator coolers, Component Cooling heat exchangers, Digital Rod Position
Indication System cooling unit, HYAC mechanical water chiller condensers, and
Service Water pump house cooling coils.

Temperature Elements

Temperature elements (thermocouples) located on the outlet side of the diesel
generator coolers, Component Cooling heat exchangers and HVAC mechanical
water chiller condensers provide signals to the control room Yokogawa Recorders
(see Section 9.2.1.5.5) which provide both high temperature alarms and indication.
Temperature elements which provide input through signal converters to control
room indicators are located in each loop header from the reactor building cooling
units and in each loop supply header. Temperature elements providing computer
input are located at the motor inboard, outboard, thrust bearings and motor stators
of each Service Water pump.

Temperature Test Connections

Test wells are conveniently located throughout the system for use during
performance testing.

92155 Monitors

For those cooling heat exchangers which do not have individual flow and/or temperature
indicators, Yokogawa Recorders are provided. These recorders, mounted on the main
control board, accept analog signals from the individually measured temperatures and
flows. For every measured variable there is an individual alarm condition window with
capability provided to set an alarm condition signal limit from the measured variable.

For every 20 measured temperature or flow signals, an indicator is provided in
temperature degrees or flow gallons per minute (GPM). Abnormal conditions are
annunciated. If, at a sensor location, the temperature exceeds its maximum setpoint
limit, or if the flow drops below its minimum setpoint limit, the event is alarmed. The
operator checks the actual reading and takes appropriate action. To prevent
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unnecessary alarm attendance by the operator, the variable signals are grouped so that
when one Service Water loop is inactive, all of the temperature and flow variable alarms
on that loop can be defeated together. Since HYAC mechanical water chiller C can be
used with either Service Water loop A or loop B, flow readings appear on both A and B
Yokogawa Recorders units to satisfy separation criteria.

9.21.56 Special Instrumentation

The main control board ESF monitor lights (see Section 7.5 for a more detailed
explanation) provide an easily recognizable indication of the status of essential
components and equipment. Included among the monitor lights for this system are
status (position) indication of the containment isolation valves, the Service Water pump
discharge valves and the valves in the return paths.

An audible and visual alarm is annunciated on the main control board if manual action
by the operator deliberately bypasses the operation of the SWS.

The Service Water booster pump discharge flow and Service Water temperature in and
out of the Reactor Building are part of the post accident monitoring instrumentation (see
Section 7.5 for a more detailed explanation).

92157 Instrumentation Qualifications

Sections 3.10, 3.11, and 7.1 outline the qualifications and diversity of the
instrumentation utilized in this system.

9.2.2 COMPONENT COOLING WATER SYSTEM

The Component Cooling Water System (CCWS) serves as an intermediate, closed loop
cooling system to transfer heat from components important to safety including those
which may contain radioactive or potentially radioactive fluids to the Service Water
System. These components are the residual heat removal (RHR) pumps, RHR heat
exchangers, charging pump gear/oil coolers and Component Cooling water pump
motors.

The CCWS is also utilized during normal plant operation to transfer heat from various
systems and components that are not important to safety. This latter service is
subsequently referred to as "nonessential". Use of the CCWS precludes release of
radioactivity in the event of malfunction of one of the nonessential components.
Nonessential recipients of Component Cooling water supply are as follows:

1. Reactor coolant drain tank heat exchanger.

2. Excess letdown heat exchanger.
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3. Reactor coolant pumps (bearings and thermal barrier cooler).

4. Spent fuel heat exchangers.

5. Letdown heat exchanger.

6. Seal water heat exchanger.

7. Recycle evaporator package.

8. Waste evaporator package.

9. Waste gas compressors.

10. Sample heat exchangers.

11. Waste Process System recombiners.

Operation of the CCWS is required during all phases of normal plant operation,
including startup through cold shutdown and refueling, as well as during emergency
operation following a LOCA. Significant heat removal functions of the system are as
follows:

1.  Remove the excess heat generated during a plant startup.

2. Provide cooling of the letdown flow during normal power operation.

3. Remove residual and sensible heat from the Reactor Coolant System (RCS)
during and after a plant shutdown.

4. Remove the residual heat released in the reactor during refueling operations and
from the stored spent fuel.

5. Provide cooling to the components important to safety following a LOCA to achieve
a safe shutdown or maintain a safe reactor operating condition.

9221 Design Bases

The CCWS is designed to satisfy the requirements of General Design Criterion 44.
Sufficient redundant and independent capacity ensures that cooling water is available to
achieve and maintain a safe shutdown from normal plant operation, following an
accident combined with a loss of offsite power and any single failure (including failure of
one diesel generator). The redundancy within the CCWS is consistent with
redundancies within other safety-related systems.
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The basic CCWS is classified as Safety Class 2b except for the following:

1. The chemical injection system, portions of the surge tank makeup water systems
and piping downstream of system relief vent and drain valves are non-nuclear
safety class.

2. Penetration isolation valves and associated intermediate piping are classified as
Safety Class 2a.

The basic CCWS is classified as Seismic Category 1, except for the following:
1. Radiation monitor instrument lines downstream of the seismic isolation root valves.

2. The Recycle Evaporator Package Sample Cooler and the Waste Evaporator
Package Sample Cooler flow indicator’s instrument lines downstream of the
seismic isolation root valves.

The various systems supplied with Component Cooling water, corresponding required
flow rates and heat loads associated with various plant operational modes are listed in
Tables 9.2-3 through 9.2-10.

With both loops in operation, the CCWS capacity is adequate during a normal plant
shutdown to reduce the RCS temperature to 140°F within 24 hours after reactor
shutdown following an extended full power run at the current licensed RTP of 2900
MW?t. With a single failure within the CCWS, satisfactory cooldown can be achieved,
except that the time to reduce the RCS temperature to 140°F may be extended
depending upon the failure. During the cooldown, the system is capable of limiting the
CCWS temperature to 105°F at the end of the 24 hour cooldown period with both loops
in operation. After an RCS temperature of 140°F at the end of the 24 hour cooldown
period is achieved with both loops, the CCWS is capable of limiting the CCWS
temperature to 120°F with a complete failure of either loop. At no time during the
cooldown does the CCWS temperature exceed 120°F. The system is capable of
meeting these performance requirements when provided with Service Water at a
maximum temperature of 95°F.

The pressure on the Component Cooling water side of the CCWS heat exchanger is
maintained at a pressure less than the pressure on the Service Water side to prevent
CCW leakage into the Service Water pond should a tube leak develop within the heat
exchanger. This is a non-safety related requirement.

CCWS components are accessible for necessary manual operations and maintenance.
The post LOCA situation will render some of the CCWS inaccessible but will not
neutralize the safety function of the system. The CCWS installation is removed or
shielded from possibly radioactive process systems to preclude unacceptable personnel
exposure.
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CCWS components satisfy the intent of Regulatory Guide 1.48 (see Appendix 3A) and
are seismically qualified.

Single failure incidents within the CCWS have been analyzed and analytical results
demonstrate that no single failure precludes performance of the safety function of the
system. Table 9.2-11 presents the single failure analysis.

9222 System Description

The CCWS consists of 2 independent loops, providing 100% redundancy in the supply
of cooling water for the safety-related systems, and a common supply for the
nonessential systems.

System diagrams for the CCWS are included as Figures 9.2-4 through 9.2-7.
The ECCS components supplied with cooling water by the CCWS are as follows:
1.  Residual heat removal pumps.

2. Residual heat removal heat exchangers.

3. Centrifugal charging pumps.

These components are parts of redundant, independent systems served by redundant,
independent CCWS loops. Thus, upon loss of 1 CCWS cooling loop, or portion thereof,
cooling water remains available to the redundant component in each of the
safety-related systems.

As required by General Design Criterion 44, the same emergency power bus delivers
power to essential components and essential elements in the same CCWS loop.
Should a loss of offsite power, combined with failure of 1 onsite emergency power
supply occur, the CCWS loop supplying cooling water to safety-related components
receiving power from the operating emergency power supply remains operable.

The common circuit for the nonessential systems is connected to both CCWS loops
through crossover connections and can be supplied from either CCWS loop. Normally,
isolation valves (2 valves in series) in the crossover connections to 1 loop are closed
and the circuit is aligned to receive Component Cooling water only from the operating
loop. This alignment provides complete isolation between the 2 loops. Valve position
status lights are provided in the control room. The crossover connections to both loops
are open simultaneously only during a normal switchover operation. The crossover
connections to both loops can be closed at the main control board by operator action for
isolation of the nonessential circuit from both CCWS loops during safety injection or
recirculation operating modes if cooling water is not required for the spent fuel pool
cooling heat exchanger.
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A third CCWS pump is provided which is aligned in parallel with the running pump in
either loop through crossover connections. Two (2) valves in series are provided in
each crossover header to maintain isolation and independence between the 2 loops.
Incorrect valve alignment is alarmed in the control room. This third pump is normally
aligned with the running loop and serves as a standby to the running pump. Should
pressure decrease below a certain level due to a malfunction of the running pump, the
standby pump is automatically started to maintain operation of the loop. The standby
pump does not start as a result of a safety injection signal without loss of offsite power
but remains as a backup to the running pump during subsequent operations.

If there is a loss of offsite power, the standby pump is locked out to ensure against its
inadvertent startup during the restarting of the running pump by the engineered safety
features load sequencer (ESFLS). It does not provide automatic backup to the running
pump during subsequent operation. A manual electrical circuit realignment is performed
if standby pump operation is required.

If one pump is out of service for maintenance, its circuit breaker must be placed in the
test/maintenance position. The third pump must be aligned electrically and
mechanically to replace the out of service pump.

Redundant valves (2 valves in series) are used in all cross connections between the two
CCWS loops to ensure isolation or the capability for isolation of 1 loop from the other.
Use of 2 valves ensures against loss of isolation in the event of valve pressure boundary
failure or a line failure between valves combined with a valve functional failure.

The Component Cooling pumps have 2 speed capability. Operation of the pump at high
speed is initiated only by manual operator action and is administratively permitted only
when the nonessential circuit is connected to the loop and the RHR heat exchanger
circuit is open. Only the low speed pump operating mode is associated with the CCWS
safety function. One pump operating in the high speed mode satisfies normal shutdown
criteria under design conditions but the capability of achieving a safe shutdown for
normal operation or following an accident is not contingent upon availability of the high
speed mode. Operation of a CCWS loop with the pump at high speed is an option
available to the operator at any time subject to the previously noted restrictions.

The CCWS is operated during all phases of plant operation:
1. Startup.

2. Normal power operation.

3. Shutdown.

4. Refueling.
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5. Under hot standby conditions.
6. Following an accident (including a LOCA).

The 2 loops are operated independently and can be operated singly or simultaneously.
One (1) loop has the flow capacity to satisfy cooling water requirements under normal
plant operating conditions except during normal shutdown. During normal shutdown,
operation of the second loop is necessary to support operation of the second RHR
pump and RHR heat exchanger to cool the reactor coolant system from 350°F to 140°F
within 24 hours after reactor shutdown. A satisfactory cooldown of the Reactor Coolant
System can be achieved with only 1 loop operating; however, this would extend the
cooldown time.

Upon the occurrence of an accident resulting in a safety injection signal, both CCWS
loops are activated. The active loop continues to operate in the normal mode. The
pump in the inactive loop is automatically started in the low speed mode to provide
cooling water flow through the RHR heat exchanger circuit and to its assigned
safety-related pumps. If 1 loop does not operate in response to the safety injection
signal, the other loop provides cooling water to the safety-related systems necessary to
achieve a safe shutdown.

If 1 Component Cooling pump is out of service for repair or maintenance, its breaker
must be placed in the test/maintenance position and each of the 2 remaining pumps is
connected to a different loop. This maintains redundant, independent capacity for
supplying cooling water to safety-related components. The valves in the crossover
connections between the nonessential circuit and the inactive loop are closed.

A surge tank maintains adequate net positive suction head (NPSH) to each Component
Cooling pump, provides makeup water to each loop as needed and provides
compensation for fluid thermal expansion. The bottom half of the tank is partitioned
such that each half serves 1 CCWS loop. Thus, a loss of water in 1 loop does not affect
the other loop. Isolation and independency of the loops is thereby maintained.

Cooling water is demineralized and treated with corrosion inhibiting chemicals and an
alkaline agent. Demineralized makeup water is automatically supplied to each
compartment of the surge tank. An operator actuated chemical injection system
prepares and injects chemical additives into the CCWS water as needed.
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A connection to the pump suction piping for each loop is provided from the SWS for
emergency makeup water supply to the CCWS. Emergency makeup is provided when
leakage is in excess of the maximum demineralized water makeup rate of 50 gpm, or
when normal makeup is not available. Breaks in miscellaneous non-nuclear safety
related instrument lines as a result of seismic event would result in a maximum leakage
rate of 153 gpm. A signal resulting from a lo-lo level in 1 of the baffled surge tank
compartments would automatically open the Service Water isolation valve connected to
that compartment.

Radiation monitors, located in each CCWS loop, detect leakage into the loop from those
components containing radioactive fluid and initiate an alarm in the control room. The
source of the leakage is identified by analyzing cooling water samples from the heat
exchanger of each served component. The source of leakage is then isolated by
closing the valves in the cooling water supply and return lines to that particular heat
exchanger.

Excessive leakage of Component Cooling water is detected by pressure changes, flow
rate changes, an increase in the frequency and/or duration of surge tank water makeup
cycles or visual inspection of the system.

Valves are provided in the CCWS distribution circuits so that a particular circuit can be
isolated from the CCWS in case of leakage or for maintenance of the heat exchanger
supplied by that circuit. Also, manual shutoff valves are provided in each CCWS loop to
permit isolation of a pump or Component Cooling heat exchanger for maintenance.

The CCWS loop and heat exchanger for the reactor coolant pump thermal barriers
create a pressure head significantly greater than the other cooling circuits. To provide
adequate pressure head for this circuit, booster pumps are utilized to create the
additional pressure head required. Three (3) booster pumps are provided in a parallel
arrangement. During normal operation, 1 of the pumps is operating. A second pump is
in a standby condition to back up the operating pump and is started automatically if the
discharge pressure decreases below a predetermined limit. The third pump is provided
to maintain backup capability should 1 pump be out of service for repair or
maintenance.

Since operation of the booster pumps is not a CCWS safety function requirement and
the thermal barrier cooler serves only as a backup to flow from the charging pumps for
reactor coolant pump seal cooling, the booster pumps receive electric power from the
non-Class 1E supply buses. In the event of a safety injection signal, the operating
booster pump continues to operate and the backup booster pump remains in a standby
condition. However, in the event of a loss of offsite power, the operating booster pump
stops and the booster pumps remain inoperable. (The reactor coolant pumps also stop
if a loss of offsite power occurs.)
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Flow rates, pressure and temperatures are measured in each of the CCWS circuits. At
the Component Cooling heat exchangers, residual heat removal heat exchangers, RHR
pumps and components necessary for normal operation, high temperature and low flow
alarms are activated in the control room by the measurement systems. An alarm is also
activated if a high RHR heat exchanger flow rate occurs to provide protection against
excessive tube vibration. An excessive RHR heat exchanger flow can be reduced by
throttling the manual valve in the CC system outlet line from the heat exchanger
(XVB-9507A, B-CC).

Motor operated valves are located in the discharge lines from the reactor coolant pump
thermal barrier coolers. These valves close in response to a high flow rate from the
coolers and, in conjunction with a check valve upstream of the cooler, provide isolation
of the CCWS from over pressurization in the event of a tube failure in the thermal barrier
cooler. Corresponding isolation elements are provided in the CCWS circuit serving the
excess letdown heat exchanger to isolate the balance of the CCWS from the effects of a
failure in this heat exchanger.

Throttling and balancing capability is provided within each loop and within each CCWS
supply circuit to balance loop flow characteristics to pump characteristics for either
pump operating speed and to balance each parallel flow circuit so that it receives the
required cooling flow. Likewise, if a circuit is removed from service, the other circuits
and the loop balances must be adjusted accordingly. Pressure reducing orifices are
used where throttling of a circuit is required under all operating conditions. Where the
requirement for throttling depends upon the plant (or CCWS) operating mode, various
valves in the circuits are used for temporary trim throttling.

The CCWS loops are each capable, with the pump operating at high speed, of
supplying peak flow rate of approximately 11,700 gpm of water. At the beginning of
plant cooldown with a maximum temperature of 120°F, the CCWS (with both loops
operating) transfers a peak heat load of 251.8 x 10 BTU/hr (includes spent fuel pool
load) to Service Water with a maximum temperature of 95°F. At a maximum CCWS
temperature of 120°F and total flowrate of 7325 gpm, one CCWS Heat Exchanger can
transfer 140.7 x 108 BTU/hr to the SWS assuming 95°F SW and 7680 gpm SWS flow.
During the recirculation phase, the heat load on one CCWS loop is estimated to be
72.8 x 108 BTU/hr and 59.5 x 10° BTU/hr on the other.

Information concerning major CCWS components is presented by Table 9.2-12.
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9223 Safety Evaluation

Those portions of the CCWS required to ensure performance of safety-related functions
are designed to satisfy Safety Class 2a or 2b and Seismic Category 1 requirements. All
Safety Class 2a components are built in accordance with the ASME Code, Section llI,
Subsection NC. All Safety Class 2b components are built in accordance with the ASME
Code, Section lll, Subsection ND.

A single failure analysis is presented by Table 9.2-11. This analysis demonstrates that
sufficient redundancy is provided with the system to ensure that safety-related functions
are performed.

Protection of the CCWS from the dynamic effects of pipe rupture is discussed in
Section 3.6.

Sections 9.2.2.3.1 through 9.2.2.3.3 describe CCWS operation during safety injection,
recirculation and shutdown, respectively.

9.2.2.3.1 Safety Injection

Following the occurrence of a safety injection signal, the CCWS provides cooling water
to both centrifugal charging pumps and RHR pumps. In subsequent phases, removal of
heat from the RHR heat exchanger may be accomplished through operator action which
depends upon the accident or event causing the safety injection signal.

Both CCWS loops operate during safety injection. This provides Component Cooling
water to the centrifugal charging pumps and RHR pumps which ensures that the
minimum safety function of these pumps is available under any accident condition,
including loss of offsite power and any single failure.

Upon receipt of a safety injection signal (without loss of offsite power), the active CCWS
loop continues to operate. The safety injection signal does not start the standby
Component Cooling pump. However, the standby pump continues to remain active and
starts automatically if there is a malfunction of the running Component Cooling pump
resulting in a decrease in the loop pressure.

The inactive CCWS loop is activated in response to the safety injection signal. The
supply and return lines to the RHR heat exchanger are normally open in this loop. The
non-running Component Cooling pump is started automatically by the ESFLS. The loop
operates to circulate cooling water through the RHR heat exchanger circuit, charging
pump oil coolers, and to the RHR pump aligned with the loop.
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If there is a loss of offsite power in conjunction with or subsequent to the safety injection
signal, the running loop pump stops and is then restarted by the ESFLS. The pump in
the non-running loop likewise stops and is restarted by the ESFLS if the loss of offsite
power was preceded by a safety injection signal. The standby pump is locked out when
a loss of offsite power occurs and does not start automatically if there is a subsequent
malfunction of the running pump. The operating booster pump stops and the booster
pumps remain inoperable.

The supply of Component Cooling water to the nonessential systems continues (unless
terminated by the operators) except, if a containment, phase B isolation signal occurs,
the CCWS containment isolation valves in the lines to and from the Reactor Building are
closed terminating the cooling water supply to the reactor coolant pumps, the reactor
coolant drain tank heat exchanger and the excess letdown heat exchanger.

The RHR heat exchanger circuit remains closed on the active loop during the injection
phase. When operation of the heat exchanger is necessary for reactor cooldown or for
recirculation, the RHR heat exchanger circuit is activated by the operator. The valves in
the crossover connections to the nonessential circuit can be closed as the RHR heat
exchanger circuit is activated and pump operation may be continued at low speed.
However, if the nonessential circuit is not shut off when the RHR heat exchanger circuit
is activated, the pump is switched to the high speed mode by the operator. An alternate
arrangement is to isolate all of the components on the nonessential circuit except the
spent fuel pool cooling heat exchanger and operate the pump at low speed. In
anticipation of switchover, during the injection phase, the CC flow to the RHR Hx may
be initiated in the active loop with the CC pump in slow speed; however, subsequent to
completion of the switchover procedure (Table 6.3-3), the CC pump in the active loop
will be placed in fast speed provided that the swing pump is available.

No operator action is required for normal operation of the CCWS during safety injection.
Alarms are actuated in the event of an abnormal condition within either of the two loops.
Following the occurrence of a safety injection signal, the operator may modify the
operation of the system.

902232 Recirculation

The post LOCA safety injection phase is followed by the recirculation phase during
which the water collected in the Reactor Building from the accident and the safety
injection phase is recirculated through the RHR heat exchanger and the Reactor
Coolant System by the RHR pumps. During this phase the CCWS loops must transfer
the heat load from the RHR heat exchangers, as well as provide cooling to the
respective RHR and charging pumps.
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The normally inactive loop operates during the safety injection phase with the RHR heat
exchanger circuit open. Therefore, no change is necessary in the operation of this loop
when recirculation is initiated. In the active loop, the RHR heat exchanger circuit is
normally shut off throughout safety injection. The shutoff valve must be opened by
manual operator action to activate the RHR heat exchanger for the recirculation phase.
When the RHR heat exchanger circuit is opened, the operator either shuts off the
nonessential supply circuit, switches the pump to the high speed mode or manually
isolates the individual components on the nonessential circuit except for the spent fuel
pool cooling heat exchangers. If required, the spent fuel heat exchanger may be
temporarily removed from service. In anticipation of switchover, during the injection
phase, the CC flow to the RHR Hx may be initiated in the active loop with the CC pump
in slow speed; however, subsequent to completion of the switchover procedure (Table
6.3-3), the CC pump in the active loop will be placed in fast speed provided that the
swing pump is available.

9.2.23.3 Shutdown

Shutdown is a transient condition which takes the plant from the hot, critical, minimum
load condition to cold shutdown. During the initial shutdown period residual and
sensible reactor heat are removed from the Reactor Coolant System through the steam
generators. CCWS operation is continued through this initial period with no change
from the normal power operation mode. After approximately 4 hours (when reactor
coolant temperature and pressure are reduced to approximately 350°F and 400 psig)
the cooldown heat removal function is transferred to the CCWS through the RHR heat
exchangers.

Maximum heat removal demand is placed on the CCWS at this time. After maximum
core operating life, the peak heat load of approximately 107 x 108 BTU/hr is transferred
to the CCWS through each RHR heat exchanger to maintain the normal reactor
cooldown rate. An additional heat load of approximately 38 x 108 BTU/hr is added from
the RHR pumps and the nonessential systems. To handle this heat load, operation of
both CCWS loops is necessary. The RHR heat exchanger circuit is opened on the
operating loop and the pump is switched to the high speed mode. This loop supplies
cooling water for the nonessential systems, assigned RHR pump and 1 RHR heat
exchanger. Operation of the other loop in the low speed mode is initiated to supply
cooling water to one RHR heat exchanger and the assigned RHR pump. Trim throttling
of the high speed loop may be necessary to rebalance flows and meet temperature
limits of components in the circuits for the high speed operating mode.
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9224 Tests and Inspections

The CCWS is operated during all plant operating phases. Operation is alternated
between the two loops during normal power operation. In addition, the low speed mode
is tested in accordance with ASME Code, Section XI. The operability and performance
of the 2 Component Cooling pumps at low speed is therefore verified. Automatic
startup of the system in response to a safety injection signal is verified periodically.
Satisfactory startup and operation of each pump at low speed is verified prior to plant
startup after each refueling period.

System tests are performed as required by Tech Specs. These tests check the
automatic startup circuitry and operation of the actuation relays and associated
components. One (1) of the loops is in operation throughout the refueling period.

Other system verifications are also performed periodically. Closure of the containment
isolation valves in response to a "high-high" containment pressure signal is checked
during each refueling shutdown. Also, these valves are checked to verify their leak
tightness (see Section 6.2.6). Closure of the isolation valves in the thermal barrier
discharge lines in response to a high flow signal from the downstream flow meter is
verified periodically.

9225 Instrumentation Requirements

Measurement and monitoring of radiation, pressure, liquid level, flow rate and
temperature are performed for purposes of indication, alarm, control and record
maintenance as required by the CCWS.

9.2.251 Radiation Measurement

A radiation monitor in each CCWS loop provides control room indication if either CCWS
loop has become contaminated from the following:

1. Thermal barrier cooler leakage.
2. Tube leakage from heat exchangers with contaminated fluid served by the CCWS.
An excessive radiation level actuates control room alarms and closure of the valve in

the surge tank vent line. The radiation monitoring system which performs these
measurements is discussed in Section 11.4.
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92252 Pressure Measurement

Pressure measuring devices monitor the discharge header pressure from the
Component Cooling pumps and Component Cooling booster pumps. These devices
provide control room indication, alarms and automatic start of the backup Component
Cooling pump when there is a decrease in discharge header pressure. Local pressure
gages are used to indicate suction and discharge pressure for all CCWS pumps and the
pressure in the surge tank vapor space.

9.2253 Liquid Level Measurement

Surge tank liquid level is monitored on both sides of the baffle. High, low and low-low
levels cause alarms in the control room. The low level indication causes the
demineralized water makeup valve to the affected side of the tank to open. A low-low
level indication causes the emergency Service Water makeup valve to the affected side
of the tank to open. Clearing of low level indication causes the demineralized water
makeup valve to close. Operator action is required to close the Service Water valve.

92254 Flow Rate Measurement

Flow rate measurement is performed in both the essential and nonessential loops.

Identical instrumentation measures Component Cooling water flow rates in CCWS
essential loops A and B. Flow rate measurements are made in the Component Cooling
pump discharge headers, RHR heat exchanger inlet lines and the discharge lines from
the RHR pump seals. The essential CCWS measurements provide control room
indication of Component Cooling water flow to essential components.

Redundant safety related flow transmitters are provided in the supply header to the
upper and lower reactor coolant pump bearings. These transmitters provide signals for
flow indication and actuation of low flow alarms in the control room should CCWS flow
to the pump bearings decrease to less than that required to serve three reactor coolant
pumps. Redundant safety related flow transmitters are also provided in the supply
header from the CCWS booster pumps to the reactor coolant pump thermal barriers.
These transmitters provide signals for flow indication and actuation of low flow alarms in
the control room should flow to the thermal barriers decrease to less than that required
to serve three reactor coolant pumps.

Nonessential CCWS flow measurements provide the operator with flow information for
each reactor coolant pump thermal barrier and bearing cooler outlet line, the waste
evaporator heat exchanger package, the recycle evaporator package and the individual
nonessential heat exchangers (except sample coolers) served by the CCWS. For the
monitored nonessential components, an alarm is initiated when the cooling water flow
rate falls below a preset limit.
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9.2.255 Temperature Measurement

Temperature measurements are backup indications for control of flow measurements
for both the essential and nonessential CCWS loops. For each analog flow signal
transmitted to the control room (and its associated low flow limit alarm), there is a
corresponding analog temperature signal transmitted to the control room and a
corresponding high temperature limit alarm. Additional high temperature alarms from
temperature switches are also provided. For certain analog temperature transmitting
devices, there is either a local thermometer or a locally indicating temperature switch
which permits local indication for checking and, in some cases, remote alarms or
computer logging. By removing the adjacent thermometer or temperature switch from
its thermal well, the well can be used as a reference to check the calibration of the
adjacent analog temperature transmitting device. In addition, test wells are located
throughout the system to allow checking of heat exchanger efficiencies.

9.2256 Special Instrumentation

The main control board ESF monitor lights (see Section 7.5 for more detailed
explanation) provide an easily recognizable indication of the status of essential
components and equipment. Included among the monitor lights for this system are
status (position) indication of the containment isolation valves.

An audible and visual alarm is annunciated on the main control board if manual action
by the operator deliberately bypasses the operation of the CCWS.

902257 Instrumentation Qualification

Sections 3.10, 3.11 and 7.1 outline the qualification and diversity of instrumentation
utilized in this system.

9.23 DEMINERALIZED WATER MAKEUP SYSTEM

The Demineralized Water System is composed of the cycle makeup pretreatment
system, which clarifies and filters raw water from Monticello Reservoir, and the cycle
makeup demineralization system which demineralizes water from the cycle makeup
pretreatment system for distribution to the Nuclear Steam Supply System (NSSS), the
secondary (turbine) cycle, and for other miscellaneous uses.

9.2.3.1 Design Bases

The Demineralized Water System is designed to satisfy the makeup water requirements
of the Reactor Coolant System and secondary (turbine) cycle systems.

9.2-24 Reformatted
November 2017

02-01

02-01



The system is nonsafety-related. Piping and equipment is designed and fabricated in
accordance with applicable American National Standards Institute, American Society of
Testing and Materials and American Water Works Association codes and standards and
the ASME Code, Section VIII.

9.23.2 System Description

Figures 9.2-8 and 9.2-9 show the Demineralized Water Makeup System.

In the cycle makeup pretreatment system, raw water from Monticello Reservoir is
treated with a suitable flocculant and chlorine to precipitate suspended matter, remove
color and adjust pH. The clarified water is filtered through automatic gravity filters,
enters a 10,000 gallon filtered water break tank and is pumped into a 1,000,000 gallon
filtered water storage tank. The filtered water is then pumped to miscellaneous pump
seals, industrial cooler makeup, and through carbon filters to cycle makeup
demineralization system. The carbon filters remove organic matter and excess chlorine
as well as objectionable taste and odor. A portion of the carbon filter effluent serves as
sterile water makeup for potable water service. The sterile water system includes
provision for chemical treatment to disinfect and control the alkalinity of the system.

The cycle makeup demineralization system purifies water from the cycle makeup
pretreatment system. Rated capacity of the cycle makeup demineralization system is
375 gpm (per train) and is based upon 1.5% of rated steam flow.

Two trains of demineralizer units are used. Each train includes a cation unit, anion unit
and a mixed bed polishing unit. During normal operation 1 train is in service; the other,
on standby or undergoing regeneration. The demineralized water is stored in a 500,000
gallon tank and pumped to the following major use points:

1. To a vacuum degasifier for primary plant cycle makeup (recycle makeup water
system).

2. To miscellaneous nuclear related uses, such as resin sluicing and Component
Cooling water makeup.

3. To the main condenser for secondary cycle makeup.

4. To laboratories and sampling rooms.

5. To Auxiliary Steam (AS) System Condensate Return Unit.

Regeneration of the demineralizer units is accomplished automatically after pushbutton
initiation, using dilute sulfuric acid and dilute sodium hydroxide solution. Regenerant
wastes are discharged to the neutralization waste basin for neutralization with sulfuric

acid and sodium hydroxide. Neutralized wastes are pumped to Monticello Reservoir
through the circulating water discharge.
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9233 Safety Evaluation

The Demineralized Water System is nonsafety-related and, therefore, is not required to
operate under accident conditions.

Proper precautions are taken in the handling, storage and mixing of chemicals used in
the cycle makeup pretreatment and demineralization systems. Leaks and accidental
spills are confined and treated prior to disposal.

9234 Testing and Inspection Requirements

The Demineralized Water System is tested and inspected in accordance with applicable
codes and standards and vendor recommendations. Periodic monitoring of equipment
controls, periodic inspection of system piping and components and testing and
adjustment of equipment as suggested by the manufacturers are performed during
normal operation.

9235 Instrumentation Requirements

Measurement and monitoring of conductivity, silica, dissolved oxygen, sodium,
pressures, levels, flow rates and temperatures are performed for purposes of indication,
alarm, control and record maintenance at the equipment and at the local control panel.

9.24 POTABLE AND SANITARY WATER SYSTEMS

The potable water source and its treatment are described in Section 9.2.3. From the
pressurized sterile water tank, potable water is distributed to plumbing fixtures, showers,
laboratory units, laundry and emergency shower and eyewash facilities throughout the
plant. No potable water is provided to potentially radioactive equipment. No
radiological contamination of this system is expected during normal operation or during
an accident.

9.2.5 ULTIMATE HEAT SINK

A safety class impoundment, referred to as the Service Water pond, is constructed in a
small arm of Monticello Reservoir to perform ultimate heat sink functions under various
conditions. The Service Water pond is created by three earth dams and the site
embankment areas (see Figure 1.2-1) which are designed and constructed to meet the
most severe natural phenomena as described in Chapter 2. The volume of water stored
within the impoundment and the surface area related to water elevation are shown in
Figure 2.4-13.
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9251 Design Bases

A description of the design bases for the ultimate heat sink is presented in
Section 2.4.8.

9252 System Description

The Service Water pond supplies water for the Service Water System under normal and
emergency operating conditions. The intake for the Service Water System is located
along the northwest shoreline of the pond on the west embankment. A discharge
structure for this system is provided along the southwest edge of the pond and also on
the west embankment.

The Service Water intake structure, as shown schematically in Figure 2.4-11, provides
adequate water from either the Service Water pond or Monticello Reservoir through an
interconnecting pipe and isolation valve. It is possible to safely shut down the plant
using only the Service Water pond without reliance upon Monticello Reservoir.
Hydraulic performance of the Service Water pond is described in Section 2.4.8.

9.253 Safety Evaluation

9.25.3.1 Analytical Model

A time dependent computer model developed to predict the thermal performance of the
ultimate heat sink (Service Water Pond). The model used to describe the temporal and
spatial thermal distribution within the Service Water pond (SWP) contained three
coupled major components:

e Heat transfer between the pond and the atmosphere
e Transport of heated water discharged near the pond's surface
¢ Internal movement of heat within the pond (vertical transport)

Field studies of the thermal and flow characteristics of the SWP were conducted in
October 1997, before and after Refueling Outage #10, the results of which were used in
validating the computer model methodology. These studies included top to bottom
temperature measurements to evaluate thermal stratification and dye studies to
characterize the circulation patterns within the SWP.
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9.253.2 Design Bases for Safety Evaluation
The Service Water pond is designed to satisfy the following requirements:
1.  Service Water Flow Requirements
a. For normal operation - 12,000 - 24,000 gpm.
b. Under loss of coolant accident (LOCA) conditions - 32,000 gpm.
c. For normal shutdown - 12,000 - 26,000 gpm.
The normal operation and normal shutdown design basis SWP thermal study
assumed two trains of Service Water in operation since this results in the
limiting SWP temperatures for these modes.
2. Service Water System Heat Rejection
a. During normal operation - 57.35 x 10% BTU/hour.
b. Under LOCA conditions - (see Figure 9.2-10).
c.  During normal shut down - (see Figure 9.2-11).
3. Service Water Pond Levels
a. Normal operation (mean level) - elevation 422.0’.
b. Under LOCA conditions - elevation 414.75' - 415.0’.
c. Normal shutdown - elevation 414.75' - 415.0'.
4. Service Water Pond Area and Capacity

See Figure 2.4-13.

9.2.5.3.3 Analyses

The Service Water pond serves as the ultimate heat sink for the Virgil C. Summer
Nuclear Station. The method used to determine the calculated heat loads for the
ultimate heat sink was to sum the heat loads served by the Service Water System for
the design basis LOCA. These heat loads are transferred to the Service Water System
from other cooling systems as follows:
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1. Component Cooling Water System

The Component Cooling Water System (CCWS) provides cooling for the residual
heat removal (RHR) heat exchangers, spent fuel cooling and other NSSS
auxiliaries. The RHR heat exchangers remove decay heat and sensible heat from
the NSSS during the recirculation mode of Emergency Core Cooling System
operation. The RHR heat duty following a LOCA is shown by Figure 9.2-10. Spent
fuel cooling heat loads are included in the CCWS heat load transferred to the
Service Water System following a LOCA and are listed in Table 9.2-9.

2. Reactor Building Cooling Units

The reactor building cooling units remove heat from the Reactor Building
atmosphere following a LOCA and transfer it to the Service Water system. This
heat load is shown by Figure 9.2-10.

3. Diesel Generator Coolers

The heat rejected from the diesel generators to the Service Water System is
21.36 x 10° BTU/hr, based upon two diesel generators operating at the 7 day load
rated capacity. This heat load is assumed to remain constant over the 30 day
period.

4. HVAC Mechanical Water Chillers

The Chilled Water System provides cooling for numerous safety related cooling
coils. The HVAC mechanical water chillers reject the total heat load from the
refrigeration system to the Service Water System. The heat load from two HVAC
chillers plus compressor heat rejection is 9.9 x 108 BTU/hr assumed to remain
constant throughout the 30 day period.

The analysis of the thermal performance of the Service Water pond is based upon the
heat loads described in items 1 through 4, above, with added design margins, and the
meteorological conditions described in Section 9.2.5.3.1. The analytical results indicate
that the Service Water pond provides sufficient heat dissipation to limit Service Water
intake temperature to a maximum value of less than 95°F under the most adverse
conditions by restricting the pre-incident Service Water intake structure temperature to
90.5°F and the SWP level to 416.5' €],

9.2.5.3.3.1 Normal Operation

For the initial condition in the LOCA studies, it was considered appropriate to evaluate
the thermal performance of the Service Water pond for normal meteorological and plant
operating conditions.
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Average monthly climatological data for a 32 year period of record (1965 through 1996) at
Columbia, S. C., provided the bases for the generation of daily meteorological data for
normal operation. The data included dry bulb temperatures, dewpoint temperatures and
wind speeds. There are two other climatological recording stations in the vicinity of the
site: Parr and Little Mountain. These stations are closer to the site than Columbia Station
but do not have complete data. The nearest source of consistent and sufficiently
complete data for analytical purposes is Columbia. For the parameters measured at Parr
and Little Mountain, there is little difference from the Columbia data. Therefore, the
Columbia data was used for the analysis. The operational conditions existing prior to
RF-10 were used in the SWP computer model to estimate the SWP temperatures for the
entire 32 year period. Rolling averages, over periods of 1 hour and 1 hour to 50 days, of
the intake temperatures from the SWP were calculated for the 32 year period. The
results indicated that the meteorological conditions from the time periods July to August
1968, 1986, and 1993 will provide the most restrictive intake temperatures.

9.2.5.3.3.2 Loss of Coolant Accident and Normal Shutdown Conditions

To study the effects of LOCA and normal shutdown heat rejection rates on the thermal
performance of the Service Water pond, it is hypothesized that the most critical cases
would occur if Monticello Reservoir failed completely, coincident with the
interconnecting pipe isolation valve in the open position. This would cause the Service
Water pond water surface elevation to drop to a minimum of elevation 415.0’. To
establish the operating characteristics necessary to evaluate the thermal performance
of the Service Water pond, it is further assumed that the reservoir failed instantaneously
and the Service Water pond surface elevation dropped from its normal mean level at
elevation 422.0’ to elevation 415.0’ instantaneously. An additional loss of 0.25' is
included to account for seepage from the SWP.

The ultimate heat sink has been analyzed for a minimum water surface elevation of
414.75’. The volume evaporated from the surface of the SWP during the 10 day and 30
day period following the postulated LOCA initiation was determined to be 4.96X10° ft3
and 1.56X10° ft3, respectively. There are no drift losses from the pond.

The meteorological data described in Section 9.2.5.3.3.1 was used as input for LOCA
cases.

9.2534 Summary of Analytical Results

Based upon generated meteorological data and the proposed operating conditions, the
analytical results show that the Service Water pond is an adequate heat sink and
source of cooling water under the most adverse conditions with the pre-incident Service
Water intake structure temperature limited to 90.5°F and the SWP level limited to
416.5' [, The maximum Service Water intake temperatures are summarized in Table
9.2-15. Vertical temperature distributions for the LOCA studies are provided on

Figure 9.2-22.
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Figure 2.4-1 shows the location of Service Water intake and discharge structures. The
topography of the pond is also shown by this figure.

In the analysis it is assumed that the discharge to the Service Water pond is completely
mixed with an equal flowrate of pond water. However, the Service Water discharge
structure is designed to limit entrance mixing and encourage hot surface layer
development. Figure 3.8-64 presents details of the discharge structures. This should
improve the actual thermal structure by developing more satisfaction and reducing the
extent of the epilimnium. It should also result in the withdrawal of cooler water at the
level of the Service Water intake structure.

9254 Testing and Inspection Requirements

Ultimate heat sink testing and inspection requirements include only periodic visual
inspection of riprap.

9255 Instrumentation Requirements

The instrumentation associated with the ultimate heat sink is described in Section 9.2.1.

9.2.6 CONDENSATE STORAGE FACILITIES

9.2.6.1 Design Bases

The condensate storage system is designed to provide and store sufficient
demineralized water to satisfy secondary cycle makeup requirements.

The condensate storage system is designed to ensure that a reserve of condensate
quality water is dedicated for use by the emergency feedwater system (EF). To
accomplish this function, the condensate storage tank (CST) is designed to provide the
EF a sufficient amount of water to refill the steam generators to no load program level
plus the amount required to replenish the steam released from the steam generators
through the MSSVs and PORVs. Under the uprated plant conditions with the Model
A75 Steam Generators, the required CST volume to maintain Hot Standby for 2 hours
followed by a 4 hour cooldown to RHR operation is 152,550 gallons; the required
volume to maintain Hot Standby for an 11 hour period is 158,570 gallons. Therefore,
158,570 gallons is the minimum required CST inventory that is dedicated and available
to the EF. The actual CST volume that is dedicated and available to the EF based on
the physical configuration of the tank from the bottom of the condensate to condenser
nozzle to the top of the emergency feedwater suction nozzle is 160,054 gallons.

There is an additional unusable volume of 19,794 gallons below the top of the
emergency feedwater suction nozzle.

9.2-31 Reformatted
November 2017

99-01



Since the condensate storage tank is the primary source of emergency feedwater, it is a
safety-related component. Therefore, this tank is designed, fabricated, inspected,
tested and stamped in accordance with the requirements of the ASME Code, Section lll,
for Class 3 tanks.

9.26.2 System Description

The condensate storage tank and cycle makeup scheme are shown on the system
diagram, Figure 10.4-8. The emergency feedwater supply is shown by Figure 10.4-16.

The system consists of one condensate storage tank, with a capacity of 500,000 gallons
of condensate, and the associated makeup and distribution systems. The condensate
storage tank is located outside, adjacent to the Water Treatment Building. Of the
condensate storage tank capacity, 160,054 gallons is reserved for use by the
emergency feedwater system. This reserve is the volume between the bottom of the
condensate to condenser nozzle and the top of the emergency feedwater suction
nozzle. Itis maintained by having the tank connections, except those required for
instrumentation, emergency feedwater pump suction, chemical analysis and tank
drainage, above the level providing 160,054 gallons to the EF system. The tank is field
fabricated of carbon steel, lined with an inert material. Table 9.2-16 presents tank
physical details. A check valve in the drain line of the tank is provided to allow for
nitrogen sparging as a method of controlling CST water oxygen levels; the sparging
operation is not allowed in modes 1 - 3.

Makeup to the condensate storage tank is supplied from the 500,000 gallon
demineralized water storage tank. The makeup water is routed through the main
condenser for deaeration. As the makeup water enters the condenser, it increases the
hotwell level. A level control valve then opens to permit condensate, from the discharge
of the condensate pumps, to flow into the condensate storage tank. Makeup is cyclical
in nature. The makeup control valve opens when the low tank level is reached, and
closes at the high tank level.

Emergency feedwater pump recirculation lines also return water to the condensate
storage tank when the emergency feedwater system is used during startup or any time
an emergency feedwater pump is in a recirculating mode.

9.26.3 Safety Evaluation

The water contained in the condensate storage tank is normally supplied from the
demineralized water storage tank through the main condenser. Radiological
considerations are not a factor in design or tank location.
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To assure the availability of the condensate storage tank contents, it is constructed in
accordance with the ASME Code, Section Ill. The tank foundation is designed to satisfy
Seismic Category 1 requirements. The location of the condensate storage tank ensures
that releases of the stored water due to any unforeseen failure does not affect any
safety-related equipment.

Freeze protection is not required for the condensate storage tank. During normal plant
operation, recirculation between the condensate storage tank and the condenser
hotwell may be accomplished. This technique may be used to maintain the temperature
of the condensate storage tank contents well above freezing.

Freeze protection is provided, by means of electric heat tracing, for safety-related piping
and instrument lines connected to the condensate storage tank, including the suction
line to the emergency feedwater pumps. This line is heat traced at all exposed
locations.

9264 Tests and Inspections

Testing of this system includes operability tests associated with the tank level
monitoring instrumentation that initiates the automatic transfer of the suctions of the
emergency feedwater pumps on low suction pressure. Inspections are limited to
periodic visual examinations of welds and connections to the tank.

9.26.5 Instrumentation Requirements

The condensate storage tank is provided with level instrumentation necessary for
control of makeup to maintain an adequate tank operating level. Level switches initiate
alarms in the control room upon detection of high level and if level decreases below that
required for use by the Emergency Feedwater System. Level instrumentation
associated with the Emergency Feedwater System is discussed in Section 10.4.9.

9.2.7 REACTOR MAKEUP WATER SUPPLY SYSTEM

The reactor makeup system provides for storage of tritiated but not aerated, recycled
primary coolant grade water.

9.2.71 Design Bases

The Reactor Makeup Water Supply System is designed to perform the following
functions:

1.  Supply water to the Chemical and Volume Control System (CVCS).

2.  Supply makeup water to the spent fuel pool at a rate of 150 gpm.
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3. Provide a backup water supply for spray cooling in the pressurizer relief tank,
capable of supplying 150 gpm.

4. Provide a water supply for makeup to and flushing of reactor auxiliary systems.

5. Provide storage capacity equal to or greater than the total 84,000 gallon capacity
of the recycle holdup tanks for recycle primary coolant grade water produced in the
boron recovery system and Liquid Waste Processing system.

The portion of the Reactor Makeup Water Supply System between the reactor makeup
water storage tank and the CVCS and Spent Fuel Cooling System is safety related and
is classified as Safety Class 2b. The remainder of the system is not safety related.

Two (2) isolation valves in series and monitor and control instrumentation ensure that
flow related failures in nonsafety related portions of the system do not jeopardize the
functional capability of the safety related portions.

Safety Class 2b piping, valves and equipment are designed, fabricated, tested and
inspected in accordance with the ASME Code, Section lll, Class 3. Nonsafety related
piping and equipment satisfy the requirements of ANSI B31.1.0 and the ASME Code,
Section VIII, as applicable.

9.27.2 System Description

Figure 9.2-24 is the Reactor Makeup Water Supply System flow diagram. Data for
major system components is presented in Table 9.2-17.

The initial supply of primary coolant grade water is provided by the demineralized
makeup water system. Subsequent primary grade makeup water requirements are
satisfied from the 100,000 gallon capacity reactor makeup water storage tank. The
principal source of makeup water in the reactor makeup water storage tank is the
demineralized water system using the system vacuum degasifier transfer pumps. The
boron recovery system evaporators and the liquid waste processing system evaporators
are a secondary source of makeup water in the reactor makeup water storage tank
when in operation. This water contains tritium. Therefore, its use is limited to reactor
auxiliary systems containing radioactive fluid.
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Water supplied to the boric acid blender for reactor coolant makeup is automatically
controlled by the reactor coolant makeup control system, a part of the CVCS. Water is
provided for the following upon demand by manually starting one of the two reactor
makeup water pumps:

1. Makeup for evaporative losses from the spent fuel pool.

2.  Flushing of boric acid and waste evaporator units, drumming station,
demineralizers, resin fill hopper, reagent tanks, catalytic recombiner packages and
gas decay tanks.

3. Transport of resin to and from the spent resin storage tank.

4. Dilution in the chemical mixing tank and boric acid batching tank.

5. Makeup for seal water losses in the waste gas compressors.

6. Cooling water to the pressurizer relief tank in the event of safety valve discharge.

The reactor makeup water storage tank is located outside the plant in the tank area

adjacent to the Auxiliary Building. This tank and all outdoor system piping connecting to

the tank are insulated and heat traced to maintain a minimum temperature at 40°F. The
reactor makeup water pumps and most system piping are located in the Auxiliary

Building.

9.2.7.3 Safety Evaluation

The portion of the reactor makeup water storage system that supplies water to the
CVCS and the Spent Fuel Cooling System is Safety Class 2b since it supplies reactor
coolant makeup required for normal plant shutdown, as well as makeup to the spent fuel
pool. System operation is not required for ANS 18.2 [l Condition Il and IV events.

Two (2) valves in series are provided to isolate the safety-related portion of the system
from the nonsafety related portion. A flow switch and a low pressure alarm provide
means for detection of malfunction or operation of the nonsafety related portion of the
system that could jeopardize the functional capability of the safety-related portion.

Two (2) 100% capacity reactor makeup water pumps assure that an adequate supply of
water is available when required.
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9274 Inspection and Testing Requirements

Major components of the reactor makeup water system are in use during normal plant
operation. The two reactor makeup water pumps are alternated during normal system

operation to equalize wear. Routine observations of system piping and components are
made during normal operation. Periodic tests are not required. ‘ 5*7"{003
9.2.7.5 Instrumentation Requirements
RN

Measurement and monitoring of pressure, temperature, level and flow are performed for | 04-012
purposes of indication, alarm, control and record maintenance.

| 98-01
9.2.7.5.1 Pressure Instrumentation
Pressure transmitters with local indicating meters are located on the discharge of each
reactor makeup water pump. These transmitters provide control room indication for
monitoring pump operation. A pressure transmitter with local indicating meter is also
located in the supply line from the demineralized water makeup system for purposes of
control and indication.
A pressure switch located in the supply line to nonsafety related portions of the reactor
makeup water system actuates an alarm in the control room should a pipe break or
other malfunction occur which could cause loss of pressure. This alarm is interlocked 98.01

with a low flow switch to preclude this alarm function when there is no flow in this line.

Test connections on the suction side of each pump are provided for measurement, in
conjunction with the pressure transmitters, of differential pressure to check pump
performance.

9.2.7.5.2 Temperature Instrumentation

Direct reading local temperature indicators are provided to permit monitoring of pump
motor coolers. Redundant temperature elements in the reactor makeup water storage
tank provide indication and actuate a low temperature alarm in the control room. Heat
tracing circuits on the tank are automatically energized to maintain a minimum
temperature of 40°F.
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92753 Level Instrumentation

Redundant level transmitters with local indicating meters are provided on the reactor
makeup water storage tank to provide indication and high, low, and lo-lo level alarms in
the control room.

902754 Flow Instrumentation

A high/low flow switch with local indicating meter is provided in the supply line to the
nonsafety related portions of the reactor makeup water system. The high flow switch
actuates the two isolation valves in series whenever flow exceeds 150 gpm, the
capacity of one reactor makeup water pump. The low flow switch provides an interlock
to the low pressure switch in the non-safety related supply line to preclude the low
pressure alarm when there is no flow in that line (i.e., when the header is isolated). A

flow element with local indicating meter is located in the pump recirculation line from the
common discharge header to the reactor makeup water storage tank to permit checking

of pump performance.

9.2.8 REFERENCES
1. Deleted per RN 01-098
2. Deleted per RN 01-098
3. Deleted per RN 01-098

4. American Nuclear Society, "Nuclear Safety Criteria for the Design of Stationary
Pressurized Water Reactor Plants," ANS 18.2, 1970.

5. Seckler, J. G., "Hydraulic Analysis of Interconnecting Pipe System for V. C.
Summer Nuclear Station," Civil Engineering Department, Gilbert Associates, Inc.,
Reading, Pennsylvania, Internal Report, January, 1973.

6. Byrne, S. A,, "Virgil C. Summer Nuclear Station, Docket No. 501395, Operating
License No. NPF-12, Technical Specification Change Request, Ultimate Heat
Sink - TSP 99-0280," RC-00-0249, June 12, 2000.
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TABLE 9.2-1

MAJOR SERVICE WATER SYSTEM COMPONENTS

Service Water Pumps

9.2-38

Reformatted
November 2017

Quantity 3
Type Vertical, turbine
Location Service water intake structure
Safety Class 2b
Speed (low/high), rpm * 880/1167 | 99-01
Capacity, gpm 16,800
Total Dynamic Head, ft 100 99.01
Shutoff Head, ft 233
Motor
Two Speed
Voltage Rating, volts a-c 6900
Rated Brake Horsepower, bhp *
Low Speed 300
High Speed 700
* Motor locked in high speed position
permanently.
Traveling Screens
Quantity 3
Type Through flow, single speed,
platform supported
Location Service water intake structure
Safety Class 2b
Screen Width, ft 3
Screen material 304 stainless steel
Screen Mesh Opening, in 1/4
Screen Speed, ft/min 10
Design Water Velocity, ft/min 0.75 approach;
2.25 through, max
Shaft Center Distance, ft 47
Capacity, gpm 16,800 | 99-01



TABLE 9.2-1 (Continued)
MAJOR SERVICE WATER SYSTEM COMPONENTS

Service Water Booster Pumps

Quantity
Type

Location

Safety Class

Speed, rpm

Capacity, gpm

Total Dynamic Head, ft

Shutoff Head, ft

Motor
Voltage Rating, volts a-c
Horsepower

9.2-39

98-01

2

Single stage, double suction,
horizontal, split case centrifugal,
oil lubricated

Service water intake structure
2b

1780

4000

235

280

460
350

Reformatted
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Component

Service Water Pump

Service Water Booster Pump

Traveling Screen

Electrical Channel A

Electrical Channel B

TABLE 9.2-2

SERVICE WATER SYSTEM FAILURE ANALYSIS

Malfunction

Pump trips or fails to start

Pump trips or fails to start

Jams or fails to run

Electrical malfunction

Electrical malfunction

9.2-40

Comment

Service water pump in redundant loop
operates to cool plant.

Service water booster pump in
redundant loop operates to cool plant.

Affected loop can operate for indefinite
time period. Redundant loop operates
to cool plant.

Alternate Service Water loop on B
Channel operates to cool plant.

Alternate Service Water loop on A
Channel operates to cool plant.

Reformatted
November 2017
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Equipment

RHR Heat Exchangers
Spent Fuel Heat Exchanger
Letdown Heat Exchanger

Excess Letdown Heat
Exchanger

Reactor Coolant Pumps
Seal Water Heat Exchanger

Recycle Evaporator
Package

Recycle Evaporator Sample
Cooler

Reactor Coolant Drain Tank
Heat Exchanger

Waste Evaporator

Waste Evaporator Sample
Cooler

TABLE 9.2-3

CCWS COOLING WATER SUPPLY AND HEAT REMOVAL REQUIREMENTS

Units in
Service

1

1
1
1

PLANT STARTUP TO HOT CRITICAL MINIMUM LOAD

Heat Load Total Heat
(BTU/hr, each) Load (BTU/hr)
10.17 x 10° 10.17 x 10° 1M @) @)
13.32 x 10° 13.32x10°®@
16.10 x 10° 16.10 x 10°®

5.17 x 10° 517 x 10°®

1.20 x 10° 3.60x 10°@

1.50 x 10° 1.50 x 10°

8.80 x 10° 8.80 x 10°

0.11 x 10° 0.11 x 10°

0.64 x 10° 0.64 x 10°

8.80 x 10° 8.80 x 10°

0.11 x 10° 0.11 x 10°

9.2-41

Required Flow

(apm, each)
5600

1800
1100
262

216
250
780

10

240

780
10

Total Flow
(gpm)
5600
1800
1100

262

648
250
780

10

240

780
10

Reformatted Per
Amendment 00-01
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Equipment

Waste Gas Compressors
Sample Heat Exchangers
RHR Pumps

Waste Process System
Recombiner

Radiation Monitors
Charging Pump oil Coolers

Charging Pump gear oll
coolers

Charging Pump Bypass

Component Cooling Water
Pump Motor

TABLE 9.2-3 (Continued)
CCWS COOLING WATER SUPPLY AND HEAT REMOVAL REQUIREMENTS

Units in
Service

1{2}

PLANT STARTUP TO HOT CRITICAL MINIMUM LOAD

Heat Load

0.135 x 10°
0.212 x 10°
0.05 x 10°
0.07 x 10°

0.028 x 10°
0.0225 x 10°

0.17 x 10°

(BTU/hr, each)

9.2-42

Total Heat
Load (BTU/hr)

0.135x 10°®
1.5x 10°

0.05x 10%"®

0.07 x 10°®W

0.028 x 10°®
0.0225 x 10°®

0.17 x 10°®

Required Flow

(apm, each)
50

14
5
10

5©
5©

60 ()
50

Total Flow
(gpm)
100
98

5

Reformatted Per
Amendment 00-01

00-01
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TABLE 9.2-3 (Continued)

CCWS COOLING WATER SUPPLY AND HEAT REMOVAL REQUIREMENTS

PLANT STARTUP TO HOT CRITICAL MINIMUM LOAD

Single CCWS
Totals Loop in
Operation
Loop 1
Heat load before reactor coolant pumps started, 45.43 x 10° 35.21 x 10°
BTU/hr
Heat load after reactor coolant pumps started, 60.13 x 10° 60.13 x 10°
BTU/hr
Flow, gpm, before reactor coolant pumps started 11826 6226
Flow, gpm, after reactor coolant pumps started 6226 6226

}  Units receiving CCWS flow.

) Discontinued after reactor coolant pumps started.

) Based on 72 assemblies at 21days and 1709 cooled for more than 18 months.
) No heat load until reactor coolant pumps started.

)  CCWS water supplied to both units, however only one in operation.

)

are based on the 70 GPM flow required to the branch.
)  Essential Load

) During startup, the running charging pump is typically in the loop carrying the non-essentials (Loop 1).
(8) Based on 85 assembles at 21 days.

) Flow exists per loop if respective CCWS pump is operating.

9.2-43

Both CCWS
Loops in Operation
Loop 2
10.39 x 10°
5658
0

The total flow of Component Cooling water to the branch serving the Charging pump is 70 GPM. The 70 GPM flow includes the 5 GPM used for lube olil
cooling, 5 GPM for gear oil cooling, and the remainder passes through a flow balancing bypass at the inlet to the pump cooling water piping. The flow totals
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Equipment
RHR Heat Exchangers

Spent Fuel Heat
Exchangers

Letdown Heat
Exchanger

Excess Letdown Heat
Exchanger

Reactor Coolant Pumps

Seal Water Heat
Exchanger

Recycle Evaporator
Package

Recycle Evaporator
Sample Cooler

Reactor Coolant Drain
Tank Heat Exchanger

Waste Evaporator

Waste Evaporator
Sample Cooler

TABLE 9.2-4

CCWS COOLING WATER SUPPLY AND HEAT REMOVAL REQUIREMENTS

Units in
Service

1

NORMAL POWER OPERATION

Heat Load
(BTU/hr, each)

13.32 x 10°

11.05 x 10° ™
5.21x10°@

1.2 x10°
1.5 x 10°

8.8 x 10°
0.11 x 10°
2.23 x 10°

8.8 x 10°
0.11 x 10°

9.2-44

Total Heat
Load (BTU/hr)

13.32 x 10°®

11.05 x 10°"
5.21x10°@

3.6x10°
1.5 x 10°

8.8 x 10°
0.11 x 10°
2.23x 10°

8.8 x 10°
0.11 x 10°

Required Flow

(gpm, each)

1800
575"
155 @

216
250

780
10
240

780
10

Total Flow

(apm)

1800
575"
155 @

648 00-01
250

780
10
240

780
10

Reformatted Per
Amendment 00-01



Equipment

Waste Gas
Compressors

Sample Heat
Exchangers

RHR Pumps (5)

Waste Process System
Recombiner

Radiation Monitors

Charging Pump oll
cooler

Charging Pump gear oll
cooler

Charging Pump Bypass

Component Cooling
Water Pump Motor

TABLE 9.2-4 (Continued)
CCWS COOLING WATER SUPPLY AND HEAT REMOVAL REQUIREMENTS

Units in
Service

1{2}

-{1}
1{2}

NORMAL POWER OPERATION

Heat Load

(BTU/hr, each)

0.135 x 10°

0.212 x 10°

0.07 x 10°

0.028 x 10°

0.0225 x 10°

0.17 x 10°

9.2-45

Total Heat
Load (BTU/hr)

0.135 x 10°

1.5 x 10°

0.07 x 10°

0.028 x 10°®

0.0225 x 10°®

0.17 x 10°®

Required Flow

(gapm, each)
50

14

Total Flow
(gpm)
100 ©

98

3™ 00-01

60 @ 00-01

Reformatted Per
Amendment 00-01



TABLE 9.2-4 (Continued)

CCWS COOLING WATER SUPPLY AND HEAT REMOVAL REQUIREMENTS
NORMAL POWER OPERATION

Totals Maximum Normal ®

Heat Load, BTU/hr 51.5x 10° 456 x10° 00-01

Flow, gpm 5439 5019

{ } Units receiving CCWS flow.

(1)  Maximum letdown (load following or purification),

(2) Normal letdown

(3) Based on 72 assemblies at 21days and 1709 cooled for more than 18 months. ‘ &;“017

(4) The total flow of Component Cooling water to the branch serving the Charging pump is 70 GPM. The 70 GPM flow includes the 5 GPM )
used for lube oil cooling, 5 GPM for gear oil cooling, and the remainder passes through a flow balancing bypass at the inlet to the pump
cooling water piping. The flow totals are based on the 70 GPM flow required to the branch.

(5) Essential Load.

(6) CCWS water supplied to both units; however, only one is in operation.

(7) Flow exists per loop if respective CCWS pump is operating. 00-01
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Equipment

RHR Heat Exchangers

Spent Fuel Heat Exchanger
Letdown Heat Exchanger

Excess Letdown Heat
Exchanger

Reactor Coolant Pumps
Seal Water Heat Exchanger

Recycle Evaporator
Package

Recycle Evaporator Sample
Cooler

Reactor Coolant Drain Tank
Heat Exchanger

Waste Evaporator

Waste Evaporator Sample
Cooler

TABLE 9.2-5

CCWS COOLING WATER SUPPLY AND HEAT REMOVAL REQUIREMENTS

Units in
Service

1
2
1
1

1{3}

NORMAL PLANT SHUTDOWN AT 4 HOURS

Heat Load
(BTU/hr, each)

122.53 x 10°
107 x 10°@

1.88 x 10°

1.2x 10°
1.5x 10°
8.8 x 10°

0.11 x 10°

8.8 x 10°
0.11 x 10°

9.2-47

Total Heat
Load (BTU/hr)

122.53 x 10°
214 x 10° @

13.32 x 10°©®®)
1.88 x 10°®

1.2x10°
1.5x 10°
8.8 x 10°

0.11 x 10°

8.8 x 10°
0.11 x 10°

Required Flow
(gpm, each)

5600

1800 ¥
700

216
250
780

10

240

780
10

Total Flow
(gpm)
11,200 ‘ 00-01

1800 @
700

648 00-01
250
780

10
240

780
10

Reformatted Per
Amendment 00-01



Equipment

Waste Gas Compressors
Sample Heat Exchangers
RHR Pumps

Waste Process System
Recombiner

Radiation Monitors
Charging Pump oil coolers

Charging Pump gear oil
cooler

Charging Pump Bypass

Component Cooling Water
Pump Motor

TABLE 9.2-5 (Continued)

CCWS COOLING WATER SUPPLY AND HEAT REMOVAL REQUIREMENTS
NORMAL PLANT SHUTDOWN AT 4 HOURS

Units in Heat Load Total Heat Required Flow Total Flow
Service (BTU/hr, each) Load (BTU/hr) (gpm, each) (gpm)
1{2} 0.135x 10° 0.135x 10° 50 100
7 0.2 x 10° 1.4 x 10° 14 98
2 0.05 x 10° 0.1x10° 5 10
1{2} 0.07 x 10° 0.07 x 10° 10 20
2 - - 3 6w
1 0.028 x 10° 0.028 x 10° 5© 5©
1 0.0225 x 10° 0.0225 x 10° 5© 5©
1 - - 60 © 60 © 00-01
2 0.17 x 10° 0.34 x 10° 50 100
9.2-48 Reformatted Per
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TABLE 9.2-5 (Continued)

CCWS COOLING WATER SUPPLY AND HEAT REMOVAL REQUIREMENTS
NORMAL PLANT SHUTDOWN AT 4 HOURS

Totals CCWS CCWSs
Loop 1 we Loop 2 “
Two loops operating Heat Load, BTU/hr 144.6 x 10° 107.22 x 10° 00-01
Flow, gpm 11164 5658
One loop operating Heat Load, BTU/hr 138.23
Flow, gpm 9364 (10

}  Units receiving CCWS flow.
) Includes one RCP, decay heat at 4 hours, and a 0° F/hr cooldown. ‘ 00-01
) Includes one RCP, decay heat at 4 hours, and sensible heat from a 50° F/hr cooldown rate of the RCS.
) Normally not required during cooldown but included for system design purposes.
) Both loops in operation.
) The total flow of Component Cooling water to the branch serving the Charging pump is 70 GPM. The 70 GPM flow includes the 5 GPM used for lube oil
cooling, 5 GPM for gear oil cooling, and the remainder passes through a flow balancing bypass at the inlet to the pump cooling water piping. The flow totals

are based on the 70 GPM flow required to the branch.
(6) Based on 72 assemblies at 21days and 1709 cooled for more than 18 months. ‘ RN
(7)  Essential Load. 03-017
(8)  The running charging pump is in the loop carrying the non-essential loads (Loop 1).
9) Flow exits per loop if respective CCWS pump is operating.
(10) Assumes no flow to spent fuel heat exchanger. ‘ 00-01
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Equipment

RHR Heat Exchangers

Spent Fuel Heat
Exchanger

Letdown Heat
Exchanger

Excess Letdown Heat
Exchanger

Reactor Coolant Pumps

Seal Water Heat
Exchanger

Recycle Evaporator
Package

Recycle Evaporator
Sample Cooler

Reactor Coolant Drain
Tank Heat Exchanger

Waste Evaporator

Waste Evaporator
Sample Cooler

TABLE 9.2-6
CCWS COOLING WATER SUPPLY AND HEAT REMOVAL REQUIREMENTS

NORMAL PLANT SHUTDOWN AT 24 HOURS

Units in Heat Load Total Heat Required Flow
Service (BTU/hr, each) Load (BTU/hr) (gpm, each)
2 30.3x 10°" 60.6 x 10° 5600
1 - 13.32x 10° © 1800
- - - 700

{3} - - 216
- - - 250
1 8.8 x 10° 8.8 x 10° 780
1 0.11 x 10° 0.11 x 10° 10
1 - - 240
1 8.8 x 10° 8.8 x 10° 780
1 0.11 x 10° 0.11 x 10° 10

9.2-50

Total Flow
(gapm)
11,200
1800 @

700 @

648 ©
250

780

10

240

780
10

Reformatted Per
Amendment 00-01

00-01
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Equipment

Waste Gas
Compressors

Sample Heat
Exchangers

RHR Pumps

Waste Process System
Recombiner

Radiation Monitors

Charging Pump oll
coolers

Charging Pump gear oil
cooler

Charging Pump Bypass

Component Cooling
Water Pump Motor

TABLE 9.2-6 (Continued)
CCWS COOLING WATER SUPPLY AND HEAT REMOVAL REQUIREMENTS

Units in
Service

1{2)

NORMAL PLANT SHUTDOWN AT 24 HOURS

Heat Load
(BTU/hr, each)

0.135 x 10°

0.2x10°

0.05x 10°
0.07 x 10°

0.028 x 10°

0.0225 x 10°

0.17 x 10°

9.2-51

Total Heat
Load (BTU/hr)

0.135 x 10°

1.4 x10°

0.10 x 10°®
0.07 x 10°

0.028 x 10°®

0.0225 x 10°®

0.34 x 10°®

Required Flow

(gapm, each)
50

14

Total Flow
(gpm)
100

98

60 @ 00-01

Reformatted Per
Amendment 00-01



TABLE 9.2-6 (Continued)

CCWS COOLING WATER SUPPLY AND HEAT REMOVAL REQUIREMENTS
NORMAL PLANT SHUTDOWN AT 24 HOURS

Totals ccws @ ccws @
Loop 1 Loop 2

Heat Load, BTU/hr 63.32 x 10° 30.52 x 10°
Flow, gpm 11164 5658 0001
{}  Units receiving CCWS flow.
(1) Design heat load (core residual heat only)
(2) Normally not required during cooldown but included for system design purposes.
(3) Both loops in operation.
(4) The total flow of Component Cooling water to the branch serving the Charging pump is 70 GPM. The 70 GPM flow includes the 5 GPM

used for lube oil cooling, 5 GPM for gear oil cooling, and the remainder passes through a flow balancing bypass at the inlet to the pump

cooling water piping. The flow totals are based on the 70 GPM flow required to the branch.
(5) Essential Load.
(6) Based on 72 assemblies at 21days and 1709 cooled for more than 18 months. ‘ 53’:017
(7) Flow exists per loop when respective CCWS pump is running.
(8) Flow continues to components not in service. ‘ 00-01

9.2-52 Reformatted Per
Amendment 00-01



Equipment

RHR Heat Exchangers

Spent Fuel Heat
Exchanger

Letdown Heat
Exchanger

Excess Letdown Heat
Exchanger

Reactor Coolant Pumps

Seal Water Heat
Exchanger

Recycle Evaporator
Package

Recycle Evaporator
Sample Cooler

Reactor Coolant Drain
Tank Heat Exchanger

Waste Evaporator

Waste Evaporator
Sample Cooler

TABLE 9.2-7

CCWS COOLING WATER SUPPLY AND HEAT REMOVAL REQUIREMENTS

Units in
Service

2

1
1
1

REFUELING
Heat Load Total Heat
BTU/hr, each Load (BTU/hr)
21.05x 10° 42.09 x 10°1© @)
20.65 x 10° 20.65 x 108 [® () ©)
5.52 x 10° 5.52 x 10° @)
20.71 x 10° 20.71 x 10°1® (™
8.8 x 10° 8.8 x 10°
0.11x 10° 0.11x 10°
8.8 x 10° 8.8 x 10°
0.11x 10° 0.11 x 10°
9.2-53

Required Flow

(gapm, each)

5600
5600

1800
1800

700

216
250

780

10

240

780
10

‘ 00-01

Total Flow
(gpm)

11,200 @
5600 RN
1800 03-017

1800

700
00-01

648 00-01
250

780

10

240

780
10

Reformatted Per
Amendment 00-01



Equipment

Waste Gas
Compressors

Sample Heat
Exchangers

RHR Pumps

Waste Process System
Recombiner

Radiation Monitors

Charging Pump oll
coolers

Charging Pump gear oll
cooler

Charging Pump Bypass

Component Cooling
Water Pump Motor

TABLE 9.2-7 (Continued)
CCWS COOLING WATER SUPPLY AND HEAT REMOVAL REQUIREMENTS

Units in
Service

1{2}

1{2}

1®

1®

REFUELING

Heat Load

(BTU/hr, each)

0.135 x 10°

0.05x 10°

0.028 x 10°

0.0225 x 10°

0.17 x 10°

9.2-54

Total Heat
Load (BTU/hr)

0.135 x 10°

0.10 x 10°@®

0.028 x 10°®

0.0225 x 10°©@

0.34 x 10°®

Required Flow

(gapm, each)
50

14

‘ 00-01
Total Flow
(gpm)
100
98

10 00-01

5@ 00-01

Reformatted Per
Amendment 00-01



TABLE 9.2-7 (Continued)
CCWS COOLING WATER SUPPLY AND HEAT REMOVAL REQUIREMENTS

REFUELING
Totals Both Loops Single CCWS Loop 00-01
in Operation @ in Operation t
CCws CCws
Loop 1 Loop 2
Heat Load, BTU/hr 44.79 x 10° 21.27 x 10° 59.58 x 10° 017
Flow, gpm 11164 5658 11164
{}  Units receiving CCWS flow.
(1) Subsequent to transfer of spent fuel to spent fuel pool.
(2) Spent fuel still in core at 72 hours after shutdown.
(3) Heatload based on 1709 assemblies cooled for > 18 months. ‘ 5;‘017
(4) The total flow of Component Cooling water to the branch serving the Charging pump is 70 GPM. The 70 GPM flow includes the 5 GPM i
used for lube oil cooling, 5 GPM for gear oil cooling, and the remainder passes through a flow balancing bypass at the inlet to the pump

cooling water piping. The flow totals are based on the 70 GPM flow required to the branch. ‘ 00-01
(5) Based on 1709 assemblies cooled for > 18 months plus 72 assemblies @ 103 hours after shutdown. ‘ RN

(6) Essential Load. 03-017
(7) Flow exists if respective CCWS pump is operating.
(8) Normally one charging pump is operated during refueling to prevent backflushing of cavity water through the reactor coolant pump seals. ‘ 00-01

9.2-55 Reformatted Per
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TABLE 9.2-8

CCWS COOLING WATER SUPPLY AND HEAT REMOVAL REQUIREMENTS
SAFETY INJECTION

Equipment Units in Heat Load Total Heat Required Flow Total Flow
Service (BTU/hr, each) Load (BTU/hr) (gpm, each) (gpm)
RHR Heat Exchangers - {1} - - 5600 " 5600
Spent Fuel Heat 1 13.32 x 10° 13.32 x 10°® 1800 1800
Exchanger
Letdown Heat - - - - -
Exchanger
Excess Letdown Heat - - - - -
Exchanger
Reactor Coolant Pumps - {3} - - 216 @ 648 @ 00-01
Seal Water Heat -{1} - - 250 250
Exchanger
Recycle Evaporator - {1} - - 780 780
Package
Recycle Evaporator -{1} - - 10 10
Sample Cooler
Reactor Coolant Drain -{1} - - 240 @ 240 @ 00-01
Tank Heat Exchanger
Waste Evaporator -{1} - - 780 780
Waste Evaporator -{1} - - 10 10

Sample cooler

9.2-56 Reformatted Per
Amendment 00-01



Equipment

Waste Gas
Compressors

Sample Heat
Exchangers

RHR Pumps

Waste Process System
Recombiner

Radiation Monitors

Charging Pump oll
coolers

Charging Pump gear oll
cooler

Charging Pump Bypass

Component Cooling
Water Pump Motor

TABLE 9.2-8 (Continued)
CCWS COOLING WATER SUPPLY AND HEAT REMOVAL REQUIREMENTS

Units in
Service

1{2}

-{7}

1{2)

SAFETY INJECTION

Heat Load
(BTU/hr, each)

0.05x 10°

0.028 x 10°

0.0225 x 10°

0.17 x 10°

9.2-57

Total Heat
Load (BTU/hr)

0.10 x 10%1"

0.056 x 10°")

0.045 x 10°")

0.34 x 10°1"

Required Flow

(gapm, each)
50

14

Total Flow
(gpm)
100

98

60 @ 00-01

Reformatted Per
Amendment 00-01



TABLE 9.2-8 (Continued)

CCWS COOLING WATER SUPPLY AND HEAT REMOVAL REQUIREMENTS
SAFETY INJECTION

Totals ccws W ccws ™
LOOP 1 LOOP 2
Heat Load, BTU/hr 13.59 x 10° 0.27 x 10°
Flow, gpm 4864 © 5728 00-01
{}  Units receiving CCWS flow.
(1)  No change in operating loop. Inactive loop started to low speed with RHR heat exchanger on line.
(2) CCW flow terminated on containment, Phase B isolation signal.
(3) If containment, Phase B isolation signal occurs, flow required is 3976 gpm.
(4) The total flow of Component Cooling water to the branch serving the Charging pump is 70 GPM. The 70 GPM flow includes the 5 GPM

(%)
(6)
()

used for lube oil cooling, 5 GPM for gear oil cooling, and the remainder passes through a flow balancing bypass at the inlet to the pump

cooling water piping. The flow totals are based on the 70 GPM flow required to the branch.

Based on 72 assemblies at 21 days and 1709 cooled for > 18 months. 52017
Flow exists if respective CCWS pump is operating.

Essential Load.

9.2-58 Reformatted Per
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Equipment

RHR Heat Exchangers

Spent Fuel Heat
Exchanger

Letdown Heat
Exchanger

Excess Letdown Heat
Exchanger

Reactor Coolant Pumps

Seal Water Heat
Exchanger

Recycle Evaporator
Package

Recycle Evaporator
Sample Cooler

Reactor Coolant Drain
Tank Heat Exchanger

Waste Evaporator

Waste Evaporator
Sample Cooler

TABLE 9.2-9

CCWS COOLING WATER SUPPLY AND HEAT REMOVAL REQUIREMENTS

Units in
Service

2
1

RECIRCULATION

Heat Load
(BTU/hr, each)

59.244 x 10°
13.32 x 10°@

9.2-59

Total Heat
Load (BTU/hr)

118.488 x 10°

Required Flow

(gapm, each)
5600

1600 @

Total Flow
(gpm)
11,200
1600 @

_m
00-01
_m

M

(M)

M

M

M

(M)

(1)

Reformatted Per
Amendment 00-01



Equipment

Waste Gas
Compressors

Sample Heat
Exchangers

RHR Pumps

Waste Process System
Recombiner

Radiation Monitors

Charging Pump oll
coolers

Charging Pump gear oll
cooler

Charging Pump Bypass

Component Cooling
Water Pump Motor

TABLE 9.2-9 (Continued)
CCWS COOLING WATER SUPPLY AND HEAT REMOVAL REQUIREMENTS

Units in
Service

RECIRCULATION

Heat Load
(BTU/hr, each)

0.05x 10°

0.028 x 10°

0.0225 x 10°

0.17 x 10°

9.2-60

Total Heat
Load (BTU/hr)

0.1x10°®@

0.056 x 10°®©

0.045 x 10°®

0.34 x 10°®

Required Flow

(gapm, each)

Total Flow

(1)

(1

60 ® 00-01
100

Reformatted Per
Amendment 00-01



TABLE 9.2-9 (Continued)

CCWS COOLING WATER SUPPLY AND HEAT REMOVAL REQUIREMENTS
RECIRCULATION

Totals CCWS CCWS
LOOP 1 LOOP 2

Heat Load, BTU/hr 72.83 x 10° 59.51 x 10°

Flow, gpm 7328 5728

~— — —

(4)
)
(6)
@)

Units receiving CCWS flow

CCW flow assumed to be shut off, for slow speed operation in the active loop.

Flow reduced from the normal 1800 gpm, to allow slow speed operation of the CC pump in the active loop.

The total flow of Component Cooling water to the branch serving the Charging pump is 70 GPM. The 70 GPM flow includes the 5 GPM
used for lube oil cooling, 5 GPM for gear oil cooling, and the remainder passes through a flow balancing bypass at the inlet to the pump
cooling water piping. The flow totals are based on the 70 GPM flow required to the branch.

Based on 72 assemblies at 21 days and 1709 assemblies cooled for > 18 months.

Flow exists if respective CCWS pump is running.

Essential Load

Excess letdown valve must be closed by operator if it was not closed. Letdown flow is shut by letdown temperature control.

9.2-61 Reformatted Per
Amendment 00-01
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Equipment

RHR Heat Exchangers

Spent Fuel Heat
Exchanger

Letdown Heat
Exchanger

Excess letdown Heat
Exchanger

Reactor Coolant Pumps

Seal Water Heat
Exchanger

Recycle Evaporator
Package

Recycle Evaporator
Sample Cooler

Reactor Coolant Drain
Tank Heat Exchanger

Waste Evaporator

Waste Gas
Compressors

TABLE 9.2-10

CCWS COOLING WATER SUPPLY AND HEAT REMOVAL REQUIREMENTS

HOT STANDBY, LOSS OF OFFSITE POWER

Units in Heat Load Total Heat
Service (BTU/hr each) Load (BTU/hr)
1 13.32 x 10° 13.32 x 10°®
1 5.21x 10° 521 x 10°
1 1.5 x 10° 1.5 x 10°
{1} - -
{1} - -
1 - -
{1} - -
{2} - -
9.2-62

Required Flow

(gpm, each)

1800

155

216
250

780(1)
10(1)
240

780(1)
50(1)

Total Flow

(apm)

1800

155

648
250

780

10(1)

240

780
100

Reformatted Per
Amendment 00-01

00-01
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Equipment

Waste Evaporator
Sample Cooler

Sample Heat
Exchangers

RHR Pumps

Waste Process System
Recombiner

Radiation Monitors

Charging Pump oll
coolers

Charging Pump gear oll
cooler

Charging Pump Bypass

Component Cooling
Water Pump Motor

TABLE 9.2-10 (Continued)
CCWS COOLING WATER SUPPLY AND HEAT REMOVAL REQUIREMENTS

Units in
Service

{1}

{1}
1{2}

HOT STANDBY, LOSS OF OFFSITE POWER

Heat Load
(BTU/hr each)

0.212 x 10°

0.07 x 10°

0.028 x 10°

0.0225 x 10°

0.17 x 10°

9.2-63

Total Heat
Load (BTU/hr)

1.5 x 10°

0.07 x 10°

0.028 x 10°®

0.0225 x 10°®

0.17 x 10°®

Required Flow

(gapm, each)
10 (¥

14

Total Flow
(gpm)
10M ‘ 00-01

98

00-01

Reformatted Per
Amendment 00-01



TABLE 9.2-10 (Continued)

CCWS COOLING WATER SUPPLY AND HEAT REMOVAL REQUIREMENTS
HOT STANDBY, LOSS OF OFFSITE POWER

TOTALS
Heat Load, BTU/hr 21.82 x 10°
00-01

Flow, gpm 5019
{ } Units receiving CCWS flow.
(1) Flows can be shut off.
(2) The total flow of Component Cooling water to the branch serving the Charging pump is 70 GPM. The 70 GPM flow includes the 5 GPM

used for lube oil cooling, 5 GPM for gear oil cooling, and the remainder passes through a flow balancing bypass at the inlet to the pump

cooling water piping. The flow totals are based on the 70 GPM flow required to the branch.
(3) Based on 72 assemblies at 21 days and 1709 assemblies cooled for > 18 months. (I??Tow

(4) Flow exists if respective CCWS pump is operating.
(5) Essential Load

9.2-64 Reformatted Per
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TABLE 9.2-11

COMPONENT COOLING WATER SYSTEM SINGLE FAILURE ANALYSIS

Component
Component Cooling Pumps

Component Cooling Pump
Component Cooling Heat Exchanger

Piping

Malfunction

Rupture of Pump casing

Standby pump fails to start

Shell or tube rupture

Pipe Crack

9.2-65

Comments and Consequences

The casing is designed for 200 psig and 200° F. The
pump is protected from over pressurization by a relief
valve in the discharge line. The pumps are inspectable
and are located in the Intermediate Building, protected
against credible missiles. All pumps can be isolated from
the system.

The pump in the inactive loop is started to ensure that
required safety functions of the system are satisfied.

A very unlikely event. However, the heat exchanger can
be isolated from the system.

Since this system is low energy, only through wall
leakage cracks are postulated. The maximum postulated
pipe crack size would require isolation of one CCW loop.
The other loop will remain operable to provide cooling
water to system heat loads. (Per BTPAPCSB3-1, a failure
in the redundant train need not be postulated.)

Reformatted Per
Amendment 02-01
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TABLE 9.2-12

MAJOR COMPONENT COOLING WATER SYSTEM COMPONENTS

Component Cooling Pumps

Quantity
Type

Location

Safety Class
Rated Operating Speed (low/high), rpm
Rated Capacity (low speed/high speed),gpm
Rated Total Dynamic Head
(low speed/high speed),ft
Materials
Casing
Impeller
Shaft
Motor
Two Speed
Voltage Rating
Rated Horsepower
Low Speed
High Speed

Component Cooling Heat Exchangers

Quantity
Type
Location
Safety Class
Material
Shell
Tube
Size (approx.) ft
Design Requirements (Peak Heat Load) "
Flow, gpm
Pressure Drop, max, psi
Pressure, psig
Heat Transfer, BTU/hr
Water Inlet Temp.,°F
Water Outlet Temp., max, °F

match specific operating conditions.

9.2-66

3

Horizontal, single stage,
centrifugal

Intermediate Building,
elevation 412’

2b

880/1170

7200/11,700

100/165

Cast steel
Cast Steel
Stainless steel

6900 volts a-c

Approximately 340
Approximately 600

2

Horizontal, shell and tube
Intermediate Building elevation 412’
2b

Carbon steel
Stainless steel

50 x 7-1/2
Shell Tube
11,700 9,000

15 10

150 65

130 x 10°
- 95
120 -

(1) Design Requirements are performance conditions specified for heat exchanger design and may not

Reformatted Per
Amendment 02-01
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TABLE 9.2-12 (Continued)

MAJOR COMPONENT COOLING WATER SYSTEM COMPONENTS

Component Cooling Heat Exchangers

Alternate Design Requirements
(Normal Heat Load) "

Flow, gpm

Heat Transfer, BTU/hr

Surge Tank

Quantity
Type

Location
Safety Class
Capacity
Total, gal
Each Compartment, gal usable

Material
Overpressure Protection, psig

Component Cooling Water Booster Pumps

Quantity
Type
Location
Safety Class
Rated Operating Speed, RPM
Rated Capacity, gpm
Rated Total Dynamic Head, ft.
Materials
Casing
Impeller
Shaft

Motor

Voltage Rating, Volts a-c
Rated Horsepower

Shell Tube

7185/5320 9,000
445 x 10°

1

Cylindrical, bottom half divided into two
compartments

Auxiliary Building elevation 463’

2b

2300

Usable Surge Capacity Available to
Accommodate Inleakage and Thermal Expansion
(total), gallons 567

Usable Surge Capacity Available Below Divider
Plate to Accommodate Out-leakage

(per compartment), gallons 626
Carbon steel

+3

3

Horizontal, single stage centrifugal
Intermediate Bldg., Elev. 412’

2b

3450

120

106

SA-351 Gr CF8M
A-351 Gr 316SS
A-479 Gr 316SS

460
8.5

(1) Design Requirements are performance conditions specified for heat exchanger design and may not

match specific operating conditions.

9.2-67 Reformatted Per
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TABLE 9.2-15

MAXIMUM SWP INTAKE TEMPERATURE DURING A LOCA™

Intake Temperature at

SWP Surface Elevation Maximum Intake Temperature LOCA Initiation
Feet °F °F
414.75 95.12 90.92
415 95.06 90.88
417.5 94.44 90.49

MAXIMUM SWP INTAKE TEMPERATURE DURING NORMAL SHUTDOWN"

Intake Temperature at

SWP Surface Elevation Maximum Intake Temperature LOCA Initiation
Feet °F °F
414.75 95.04 90.90
415 94.97 90.86
417.5 94.33 90.48
(1) Maximum calculated values without taking into account Technical Specification limits established

in Reference [6]. Under the most adverse conditions with the service water intake structure
temperature and the SWP level limited to the Technical Specification values of 90.5°F and 416.5',
respectively, the design basis maximum service water intake structure temperature of 95°F is not
exceeded.

9.2-68 Reformatted Per
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TABLE 9.2-16

CONDENSATE STORAGE TANK DATA

Capacity, gal 500,000
Diameter, ft 47
Height, ft 41
Material Carbon steel
Internal Coating Inert plastic
9.2-69 Reformatted Per

Amendment 02-01



TABLE 9.2-17

REACTOR MAKEUP WATER SYSTEM
COMPONENT DATA

Reactor Makeup Water Pumps

Quantity

Type

Design Flow, gpm
Design Head, ft
Speed, rpm

Power required, full load kW
Power supply, volts
Materials
Connections
Safety Class

Code

Reactor Makeup Water Storage Tank

Type
Capacity, gal
Design Pressure

Safety Class

9.2-70

2

Canned, end suction, centrifugal

150

400

3450

51

460,3 ¥

Wetted parts, austenitic stainless steel
Flanged; 2 inch discharge, 3 inch suction
2b

ASME llI, Class 3

Cylindrical, vertical
100,000
Atmospheric

2b

Reformatted Per
Amendment 02-01



9.3 PROCESS AUXILIARIES

9.3.1 COMPRESSED AIR SYSTEMS

The compressed air systems include the Station Service Air System, Instrument Air
System, the condensate polisher compressed air system (see Section 10.4.6) and
Reactor Building Instrument Air System. The Station Service Air System provides air
for general plant use. The Instrument Air System provides air for instruments and
controls. The Reactor Building Instrument Air System provides clean, dry air for
Nuclear Steam Supply System (NSSS) instruments and valves inside the Reactor
Building. Breathing air, when required, is obtained from the backup instrument air
compressor.

9.3.1.1 Design Bases

The compressed air systems are designed to satisfy NSSS and balance of plant (BOP)
requirements for compressed air. Piping and valves associated with the compressed air
systems, except for Reactor Building penetrations, are designed, fabricated, inspected
and erected in accordance with ANSI B16.5[" and ANSI B31.12. Piping and valves
between and including containment isolation valves are designed, fabricated, inspected
and erected in accordance with the requirements of the ASME Code, Section IlI,

Class 2. Receiver tanks are designed, fabricated, inspected and erected in accordance
with ASME Code, Section VIII, Division 1, requirements.

Seismic classification of compressed air system components is as follows:
1. Seismic Category 1

Reactor Building piping penetrations and process piping between and including
containment isolation valves.

2. Nonseismic Category.

Remaining Service Air System piping and Instrument Air System piping.
Containment isolation valves are provided on each Reactor Building penetration for
isolation during a postulated loss of coolant accident (LOCA). Isolation valves are

provided on equipment and components for maintenance purposes.

Air compressors are supplied with electric power from 480 volt buses.

9.3-1 Reformatted
July 2017
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931.2 System Description

Figures 9.3-1 through 9.3-3a provide compressed air system diagrams. Design
parameters for major system components are presented in Table 9.3-1.

Two (2) electric motor driven, full capacity, oil-free rotary screw compressors located in
the turbine room supply compressed air to the Station Service Air System and
Instrument Air System. The air compressors take suction locally and discharge to the
common air receiver. Each air compressor motor receives electric power from a
different non-safety related 480 volt bus and is controlled locally or from the control
room. Control switches permit placing 1 air compressor in operation and the other in
standby. The standby air compressor is activated by a pressure switch mounted on the
air receiver if air receiver pressure decreases to less than a predetermined value.

A normally open valve (with limit switches) interconnects the Instrument Air System with
the instrument air system backup compressor, including its air receiver, filter and dryer.

This provides the Instrument Air System with a third compressor, and each is a standby
to the other with similar controls.

When required, the instrument air backup compressor is isolated from the system and
its output is totally dedicated to breathing air.

The instrument air backup compressor receives electric power from a 480 volt diesel
bus which is isolated in the event of loss of offsite power or safety injection. In the event
of a loss of offsite power, this compressor can be manually loaded onto the diesel bus
after the operator has determined that all automatically sequenced loads have started.
The instrument air backup compressor is an air cooled unit.

A diesel driven, full capacity, oil-free rotary screw compressor located outside of the
Turbine Building is provided with an underground pipe connection to the main air
receiver discharge. A moisture separator is installed inside the Turbine Building to
protect the air system from moisture slugs. This connection allows the diesel driven
compressor to supply the Station Service Air or Instrument Air System and provides an
additional back-up air supply. The line from the compressor is provided with a check
valve to prevent air loss if the compressor fails. The diesel driven compressor is
activated by a pressure switch mounted downstream of the check valve if instrument air
pressure decreases to less than a predetermined value.

Station Service Air is distributed to quick disconnect hose connections for use
throughout the plant. A backpressure regulated valve is provided in the line supplying
station service air to isolate the Station Service Air System in the event of low pressure
in the Instrument Air System. Reactor Building service air is supplied by the Station
Service Air System through a removable spool piece. The only anticipated need for
service air within the Reactor Building is for the performance of maintenance during
outages. During normal operation, the Reactor Building service air line is disconnected
from the service air piping by closing the containment isolation valve and removing the
spool piece.

9.3-2 Reformatted
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Instrument air is filtered to remove particles larger than 5 microns and dried to a dew
point of - 40°F at 100 psig. Each of the two dryers have a prefilter and afterfilter which
are provided for ease of maintenance. The dryer is of the electrically heated, dual
chamber, desiccant type with full flow automatic bypass piping. The Instrument Air
System serves as a backup for the Reactor Building Instrument Air Services.

Two (2) electric motor driven, full capacity, nonlubricated, reciprocating type air
compressors located in the penetration access area supply air for the Reactor Building
Instrument Air System. The air compressors take suction from the Reactor Building and
discharge to air receivers.

Each Reactor Building instrument air compressor receives electric power from a different
480 volt, nonessential bus and is controlled locally or from the control room. Switches are
provided which allow either constant speed control or automatic start/stop air compressor
operation. Under constant speed control, when demand decreases, the air compressor
continues to operate but is unloaded. When automatic start/stop is selected, the air
compressor stops when demand decreases and starts when demand increases.

Reactor Building instrument air is filtered to remove particles larger than 5 microns and
dried to a dew point of 35°F at 100 psig. Two (2) full capacity, refrigerated type dryers
with integral moisture separators are provided for this service. Condensate drains from
the dryers, moisture separators and air receivers are piped to the nuclear drain system
for sampling and disposal, due to the possibility of radioactive contamination of the
system. If Reactor Building instrument air system pressure decreases to less than 90
psig, the backup instrument air valve automatically opens to supply air from the
Instrument Air System.

Cooling water required for the station service and instrument air compressor water
jackets and interstage coolers is supplied from the turbine building closed cycle cooling
water system. Cooling water required for the reactor building instrument air compressor
water jackets and aftercoolers is supplied from the Industrial Cooling Water System.

9.31.3 Safety Evaluation

Neither the Station Service Air System, the Instrument Air System, Instrument Air Backup
System nor the Reactor Building Instrument Air System is required to mitigate the
consequences of a LOCA or to achieve safe shutdown. Instruments and controls served
by the Instrument Air System and the Reactor Building Instrument Air System are: 1)
non-nuclear safety class and are either not required to function during a LOCA or to
achieve safe shutdown; 2) nuclear safety class and fail in a safe position after loss of air
supply. The only air operated devices which do not fall into one of the 2 categories
described above are the feedwater isolation valves, the control room outside air dampers,
the emergency feedwater system control valves and the turbine driven steam isolation
valve. These air operated devices are equipped with safety related air volume tanks or
accumulators.

9.3-3 Reformatted
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The fire service to diesel generator cooling water isolation valves are equipped with
quality related air accumulators.

Reactor building instrument air system containment isolation valves are normally open.
Status lights are provided in the control room to indicate the position of these valves.
Automatic closure of these containment isolation valves is initiated by receipt of a
containment isolation Phase A signal.

The reactor building service air line is normally disconnected from the service air piping
by a closed isolation valve and removal of the spool piece. No outleakage through the
reactor building service air line is anticipated during a LOCA or under other emergency
conditions.

The breathing air system containment isolation valves are normally locked closed. They
will be permitted to be opened under administrative control during refueling and
maintenance shutdown periods.

9314 Testing and Inspection

Operability and performance of the air compressors is verified during normal operation
of the systems.

Air compressors are subjected to manufacturer's performance testing. In addition, the
completed compressed air systems are subjected to preoperational testing under
design conditions.

9.31.5 Instrumentation Requirements

Instrumentation and controls for the compressed air systems are provided, as shown by
Figures 9.3-1 through 9.3-3a to control and monitor system operation and the
performance of equipment.

Local control panels are provided in the Turbine Building for the station service and
instrument air compressors and in the penetration access area for the reactor building
instrument air compressors. Operational control devices and monitoring instruments, as
well as numerous alarms are provided on these control panels. In addition, air pressure
and air flow rate are continuously monitored by local pressure indicators and flow
elements mounted on the system piping. The presence of any alarm condition at one of
the local panels or switches results in annunciation at a common alarm in the control
room. The Breathing Air System has a carbon monoxide monitor to monitor the
breathing air for carbon monoxide concentration when breathing air is in use. An alarm
results in a local alarm, a remote alarm in the Health Physics Laboratory and a
compressor trip and subsequent alarm in the control room.

RN
10-014

A local control panel is provided in the yard beside the diesel driven compressor. An
operational control switch for the auto-start of the compressor is provided on this panel.

RN
12-018

9.34 Reformatted
July 2017




An additional panel is provided on the compressor skid. This panel provides additional
operational control devices and alarms.

A control switch for each compressor except the diesel driven compressor is provided in
the control room to permit remote operation.

9.3.2 PROCESS SAMPLING SYSTEM

Fluid system sampling capabilities are available at numerous local sampling points
located throughout the plant. Samples requiring cooling and depressurization and
which are, or may be, radioactive (and therefore require frequent monitoring) are piped
to the nuclear sample room through the Nuclear Sampling System. This system also
provides continuous, automatic analysis of steam generator secondary side water (see
Section 10.3.5 for details). In addition, the Nuclear Sampling System provides
centralized sampling of vital process fluids. For turbine cycle sampling, see Section
10.3.5. The system also has the capability to sample the Reactor Coolant System
during post-accident conditions.

9.3.21 Design Bases

The design bases for the nuclear sampling system are as follows:

1. Cool and depressurize liquid samples.

2. Provide a minimum delay of 60 seconds for reactor coolant samples, thus allowing
sufficient time for N16 to decay to acceptable levels prior to leaving the Reactor
Building.

3. Provide a hooded sample sink suitable for sample collection and disposition of
wastes to the waste holdup tank.

4. Provide ample ventilation to protect personnel from inhalation of radioactive gases
and vapors.

5.  Provide demineralized rinse water.

6. Provide sufficiently high fluid velocity during purging of the lines and during
sampling to retain solid particles in suspension.

7. Use lines as small as possible to control purge volumes.

8. Provide for obtaining all samples manually in accordance with a specified
schedule.

9. Provide capability for purging sample lines and equipment so that representative
samples are obtained. Plateout of samples is reduced by maintaining sample
velocities of 2.0 ft/sec.

10. Provide for measurement of temperature, pressure and purge flow rate for each
sample point.
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11. Provide passive flow restriction by use of 3/8 inch OD (0.245 inch ID) tubing which
restricts flow sufficiently that a passive failure of a downstream component does
not prevent a safety system function required for a Condition Il or Condition IV
event.

12. Provide a special sampling panel for reactor coolant and RHR systems which
allows for post accident sampling of these systems.

13. Provide shielding for personnel protection consistent with GDC-19.

System equipment and components are classified in accordance with the safety
classifications discussed in Section 3.2. Construction of safety class equipment and
components is in accordance with the ASME Code, Section Ill. Seismic design and
safety classification of sampling lines and components conform to the classification of
the system to which each sampling line is connected. The degree of compliance with
Regulatory Guides 1.26 and 1.29 is discussed in Appendix 3A. Components and piping
downstream of the second isolation valve are designed to non-nuclear safety class and
non-Seismic Category 1 requirements. Radiation shielding is provided to protect
personnel from exposure to lines or equipment containing radioactive fluids for all types
of sampling (See FSAR Appendix 12A for radiation exposure and shielding discussion).

Provision is made for continuous flow through the sample lines from the steam
generator secondary sides. Shutoff valves, which close upon receipt of a containment
isolation signal (Phase A), are provided. These valves are also interlocked such that
they close upon receipt of an emergency feedwater start signal, but these interlocks
may be overridden by operation of a switch located at the sampling rack. This switch
does not, however, override the containment isolation signal (Phase A).

9322 System Description

The Nuclear Sampling System diagram is presented by Figures 9.3-4 and 9.3-20.
Points sampled by the system are tabulated in Table 9.3-2.

Tubing from each of the nuclear sampling system sample points is routed to the nuclear
sample room, located at the northwest corner of the nuclear control access area at
elevation 412’. Shielding is provided for these lines where required to minimize
personnel exposure.

The sampling system for obtaining a reactor coolant sample following a TMI-2 type
accident will have sufficient shielding to limit general plant personnel whole body
exposure to significantly less than 70 mr/hr during use of the system.

Operators of the sampling system will be protected from excessive radiation by the use
of lead shielding as for example, the on-line monitors will have a 4 inch thick lead brick
wall to limit whole body exposure to significantly less than 70 mr/hr. Transportable
sample bombs containing the diluted liquid sample and the containment air sample may
be shielded to minimize exposure to radiation during transport to the Radio-Chem
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RN
Laboratory or count room for the required analyses. Slightly higher exposure may be 05-025

experienced by the operators at the hands and fingers when the sample bombs are
removed from their attachment point.

Dilution of the sample will minimize exposure of laboratory personnel to radiation during RN
analysis of the samples. 05-025

System isolation valves, penetration isolation valves, test connections and reactor

coolant N16 delay coils are located in the Reactor Building. Residual heat removal

system isolation valves, the chemical and volume control system N16 delay coils, test

vent connections and penetration isolation valves are located in the Auxiliary Building.

The majority of the balance of valves and equipment are located in the nuclear sample | 99-01
room in the Control Building. Samples from the following extraction points are cooled

using heat exchangers served by the Component Cooling Water System:

1. Residual heat removal loops (2 points).

2. Pressurizer liquid and steam spaces (2 points). 99-01
3. Reactor coolant loop B (hot leg).

4. Reactor coolant loop C (hot leg).

5. Steam generator A, secondary water (shell and blowdown).

6. Steam generator B, secondary water (shell and blowdown).

7. Steam generator C, secondary water (shell and blowdown).

An auxiliary cooler is provided for points 1 through 4 to assure samples are at required
temperatures during periods of high sample flow rates.

Samples from points 5 through 7 and from accumulators A, B and C are depressurized
by use of globe type throttle valves located where flashing of the sample fluid to steam
does not occur.

99-01

Samples from the reactor coolant loops pass through a delay coil designed to allow

sufficient time for decay of N16 prior to leaving the Reactor Building. Sample lines from
extraction points 5 through 7, above, provide continuous flow of secondary fluid from the | 99-01
steam generators (see Section 10.3.5).

All liquids are routed to the sample sinks where purging samples can be individually ‘ 55’\‘025
collected. Mixing of primary and secondary fluids is prevented by the use of separate )
subsystems without interties as shown by Figures 9.3-4 and 9.3-20. Purge volumes

from primary extraction points are routed to the volume control tank or waste holdup
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tank and for the accident case, to the pressurizer relief tank. Upon completion of
purging, samples can be routed to the sample sink. Sufficient volume is drawn into the
sink prior to taking the sample to purge the line from the normal purge path to the sink
to assure a representative sample. The liquid in the sample sink from purging and
sampling is routed to the waste holdup tank. Purge volumes from secondary system
extraction points are routed to a separate sink and thence to the nuclear blowdown
holdup tank.

Extraction points 1 through 4 are directed through a special sampling panel which is
designed to be used for both normal and post-accident sampling. Liquid can be
analyzed for dissolved solids and isotopes. Dilution of the liquid sample can be
accomplished.

In addition to the sample points which require cooling and depressurization, as
previously described, there are numerous local sample points throughout the plant.
Local sample points on tanks are either on the discharge side of the corresponding
pump or the tank has the capability of being recirculated to ensure that samples are
representative. Sample lines are purged for a sufficient period of time prior to sample
extraction to remove sediment deposits and air and gas pockets.

Remote manual, fail closed, solenoid valves are the primary functional valves used
during sampling and for shutoff of sample lines leaving the Reactor Building and certain
other high pressure, high temperature extraction points. These valves are located close
to the point where the process system is tapped. Air operated valves, located in the
nuclear sample room are used for throttling, shutoff and sample routing. All
containment isolation valves fail closed and are closed upon receipt of a containment
isolation signal (Phase A). Test connections and test vents are provided in appropriate
locations to permit leak testing of the containment isolation valves.

The special sampling panel has pneumatically operated valves for control of the
sampling flow path.

For sampling of gases, refer to ANSI N13.1 Bl

Component data are presented in Table 9.3-3.
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9323 Safety Evaluation

Those portions of the Nuclear Sampling System which interface with safety class
systems or perform a containment isolation function are designated as Safety Class 3
or 2a. These portions of the system are designed in accordance with appropriate codes
and standards as discussed in Section 3.2. The Nuclear Sampling System performs no
additional safety related functions.

The seismic design and safety classification of sampling lines and components conform
to the classification of the system to which each sampling line is connected. The
degree of compliance with Regulatory Guides 1.26 and 1.29 is discussed in

Appendix 3A. Components and piping downstream of the second isolation valve are
designed to non-nuclear safety class and non-Seismic Category 1 requirements.

The system is designed to provide radiological protection consistent with GDC-19 and
protection from industrial safety risks which could result from the high temperatures and
pressures of some samples.

9324 Testing and Inspection Requirements

Containment isolation valves are tested and inspected as described in Sections 6.2.4
and 6.2.6. Inservice inspection of ASME Class 2 and 3 components is discussed in
Section 5.7.

Routine preventive maintenance requirements are stated in the station maintenance
procedures.

9325 Instrumentation Requirements

Nuclear sampling system instrumentation provides the signals required for reliable
operation, control and performance/status monitoring of the system. Functional
descriptions of system instrumentation are as follows:

1. Pressure Indicators

Pressure indicators located throughout the system permit monitoring of the sample
lines.

2. Temperature Indicators

Temperature indicators located throughout the system permit monitoring of sample
lines.

3.  Flow Indicators

Flow indicators permit monitoring of sample flow.
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4. Radiation Monitor

The radiation monitor, RM-L1, shown in Figure 9.3-4, measures gross gamma
activity from the reactor coolant letdown line. An increase in the activity level in
this line may be indicative of a fuel clad failure. This condition also causes an
alarm in the control room.

The radiation monitor RE 6992 shown in Figure 9.3-20 measures gross gamma

activity from extraction points 1 through 4, as described in Section 9.3.2.2. 99-01
9.3.3 EQUIPMENT AND FLOOR DRAINAGE SYSTEM
9.3.3.1 Design Bases

To preclude backflooding as a cause of degradation of any safety related equipment or
piping, an extensive network of 4 inch floor drains is provided in all buildings. Drain
headers terminate in a series of sumps or tanks which are equipped with high level
alarms. All sumps except the east penetration access, waste holdup tank room,
chemical feed equipment drains and IB sump D-battery room sumps have automatic,
redundant sump pumps. Engineered safety features equipment and piping areas are
provided with floor drain sumps which are instrumented to actuate alarms in the control
room when flow into the sumps exceeds the maximum expected flow of 45 to 50 gpm
(alarm drains). All such alarms are audible at the main control board. Measurements,
such as reactor building sump level, are displayed on the main control board. Separate
drain systems are provided for reactor grade and low level waste depending upon the
location served. These separate systems distribute drain flow to the proper sump or
tank. Exact locations of equipment and piping and associated drain systems are shown
by Figures 9.3-5 through 9.3-15 and are described in Section 9.3.3.2. Portions of the
system which contain additional safety features are also discussed in Section 9.3.3.2.
Reactor coolant leakage detection is discussed in Section 5.2.7.

02-01

Technical Requirements for steam propagation barriers/components (SPB) in the
equipment and floor drainage system required to maintain area environmental

conditions for equipment qualification (EQ) purposes are provided in plant procedures. ot
These procedures specify the technical criteria for design, procurement, installation /
maintenance and inspection of these QR components. Components may include orifice
plates, check valves, or loop seals designed to segregate EQ zones to ensure that the
conditions for which the equipment qualification were based on are not exceeded.

9332 System Description

The equipment and floor drainage system and related sump pumping systems are
shown by Figures 9.3-5 through 9.3-15.

1. Reactor Building

Reactor grade or low activity leakage may originate from equipment inside the
Reactor Building. All floors above the basement, inside the Reactor Building, are
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interconnected by grating or are individual structural platforms which support
equipment. Consequently, safety related equipment located at these levels cannot
be backflooded during normal operation. In addition, floor drains and equipment
drains are installed to isolate any leakage to the local floor area concerned. These
drain headers, in addition to the ones in the basement, terminate inside and below
the floor opening of the reactor building sump. The refueling cavity liner seepage
detection trough is part of this system.

The incore instrument sump at elevation 387’-6" collects any leakage that occurs
directly around the reactor vessel and instrument chase. This affords protection for
the bottom of the hot reactor vessel and instrument cable bundles.

A removable spool piece is installed in the discharge line from the incore
instrumentation sump to facilitate removal of reactor cavity leakage to the reactor
coolant drain tanks during refueling outages.

The accumulated drainage or leakage flows in the Reactor Building or incore
instrument sump are normally sent to the floor drain tank. If increased activity is
detected, the flow is aligned to the waste holdup tank.

Fuel Handling Building

Four inch floor drains in the Fuel Handling Building discharge to a header in the
Auxiliary Building. Normal low level effluent from this header flows to the Auxiliary
Building sump. The spent fuel pool liner seepage detection trough is part of this
system.

The Excess Liquid Waste System, located in a separate area of the Fuel Handling
Building, has its own sump system which collects floor and equipment drains. No
safety class equipment is contained in this area. The sump system includes three
sumps, one for each of the decontamination pit collecting tank and excess waste
holdup tank cubicles and one for the general area. All sump pumps discharge to
the 10,000 gallon decontamination pit collecting tank or the 10,000 gallon excess
waste holdup tank, both integral to the system. The sump system also collects low
level effluent from the hot machine shop decontamination room trench drain.

Penetration Access Areas

Floor and equipment drains in the penetration access areas flow to the 10,000
gallon floor drain tank located at the lowest level (elevation 374’-0") in the Auxiliary
Building. This system contains alarm drains.

The component cooling surge tank, the reactor building instrument air compressors
and dryers are all on the operating floor. The component cooling surge tank and
the reactor building instrument air compressors are located in the personnel
access area. The air dryers are in an area monitored by alarm drains. Main steam
relief valve compartments on the mezzanine have floor drains. The basement
penetration access area has floor drains and several alarm drains for leakage
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detection. Floor drains in the east penetration access area flow to a common
sump in the basement. The sump pump discharges to the floor drain tank.

Auxiliary Building

a.

Drains to Waste Holdup Tank

Reactor grade equipment drains and tank overflows in the Auxiliary Building
flow to the 10,000 gallon waste holdup tank at the lowest level in the building.
There are no floor drains or alarms associated with this system. Equipment
drains in the sub-basement flow to the 1000 gallon miscellaneous waste drain
tank. A small centrifugal pump empties this tank to the waste holdup tank at
the same floor elevation.

Drains to Floor Drain Tank

Low activity floor and equipment drains above the mezzanine and
approximately one-half of all floor and equipment drains at or below the
mezzanine flow directly to the 10,000 gallon floor drain tank. Alarm drains for
this portion of the system alert the operator to leakage from piping above
shield slabs at elevations 426’-6" and 400’-0", residual heat removal heat
exchangers at elevation 412’-0" and Safety Injection System low head piping
and valve chambers at floor elevation 397°-0".

Drains to Auxiliary Building Sump

The balance of floor and equipment drains at or below the mezzanine flow to
the 1,945 gallon Auxiliary Building sump at elevation 374’-0". Alarm drains for
this portion of the system protect the gas decay tank valve gallery and the
charging pumps at elevation 388’-0" and the reactor building spray pumps at
elevation 374°-0". Sump pumps discharge to the floor drain tank.

Other Auxiliary Building Sumps

The boron recycle holdup tank room sump pumps at elevation 388’-0"
discharge to the liquid waste holdup tank. The liquid waste holdup tank room
area sump at elevation 374’-0" is pumped to the floor drain tank.

Residual heat removal pump room sump B sump pumps at elevation 374’-0"
normally discharge to the floor drain tank. Pump flow may be aligned to the
waste holdup tank if necessary. Residual heat removal pump room sump A
and the waste evaporator feed pump room sump contain no sump pumps.
They drain to the residual heat removal pump room sump B.

The Nuclear Blowdown System reservoir, at elevation 374’-0", collects
effluent from the system demineralizers and floor drains at elevation 452’-6".
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Blowdown monitor and holdup tanks with demineralizers and pumps at
elevation 436’-0", along with basement equipment and floor drains for this
system also flow to the reservoir. Steam generator blowdown samples from
the nuclear sampling room are drained to this reservoir. Reservoir sump
pumps discharge to the blowdown holdup tank at elevation 436’-0".

Outside

The refueling water storage tank and reactor makeup water storage tank, located
in an enclosure outside the Auxiliary Building at elevation 412’-0", are protected by
sump pumps which discharge to a waste monitor tank.

The refueling water storage pit drain tank, installed on elevation 436’-0" northwest
of refueling water storage tank sump, discharges the contents to a waste monitor
tank if contents show unacceptable level of radioactivity, or to yard drainage
system if contents show acceptable for release.

The sodium hydroxide storage tank is located in a cubicle outside the Auxiliary
Building at elevation 412’-0". It is protected by sump pumps which discharge to
the 10,000 gallon neutralization waste tank trench.

Intermediate Building

The alarm drains from the shield slab which run between the penetration access
areas at elevation 422’-3" flow to the east penetration access area sump. The
contents of this sump are pumped to the floor drain tank.

Three (3) Intermediate Building basement sumps contain a total of 6 pumps, each
rated at 75 gpm. These sumps protect the component cooling water pumps and
heat exchangers at the same level by discharging to the Turbine Building sump.
Two (2) out of 3 sump high level alarms cause the main feedwater isolation valves
and other valves to close and eliminate the most probable cause of flooding in this
area (see Section 7.6).

Control Building

Lavatories within the normal radiation control area, hot showers, hot laundry and
the floor drains in these areas flow to the laundry and hot shower tank at elevation
374°-0" in the Auxiliary Building. Fume hood sinks in the radiochemical laboratory
flow to the chemical drain tank, also at elevation 374’-0" in the Auxiliary Building.
The sample sink and panel drains for steam generator blowdown empty into the
nuclear blowdown reservoir. The primary sample sink drainage flows to the waste
holdup tank. Floor and equipment drains for the 482’-0" elevation, (except the
charcoal filter plenum drains) drain via the Turbine Building sump system. The
charcoal plenums, most of the floor drains, sinks in the health physics laboratory
and equipment drains in the radiochemical laboratory flow to the floor drain tank.
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8. Tendon Access Gallery

The tendon access gallery is provided with floor sumps which drain to a building
sump. This building sump is equipped with sump pumps to pump sump contents
to the Turbine Building sump.

9.  Turbine Building Drains

The 250 gpm turbine room sump pumps discharge to the 6000 gallon (normal
operating capacity) industrial and sanitary waste collection sump. This sump is
located north of the substation fence. Releases to this system, associated with the
remote possibility of low level activity spillage in the Turbine Building, are
discussed in Section 11.2.7. Figure 9.3-15 illustrates this connection.

10. Valve Packing Box Leakage

Valve packing box leakage is monitored by directing any leakage from 12 groups
of packing boxes to level switches. The valve groups are illustrated by Figures
9.3-13 and 9.3-13a. Each of the 12 level switches actuates a local alarm
annunciator and causes a common alarm in the control room if leakage from any
valve in the associated group is detected.

9.3.3.3 Safety Evaluation

The equipment and floor drain system has no active valves except for the Reactor
Building sump drain system which is provided with containment isolation valves. These
valves close automatically upon receipt of a Phase A containment isolation signal
rendering the Reactor Building sump drains essentially inoperable.

Leakage detection floor alarm drains are provided to identify the most probable location
of a leaking component or pipe line. These are located in those areas which contain
safety class equipment and systems which are most important to safe plant operation.
Alarm response time for leakage in excess of the maximum expected (i.e., 45 to 50
gpm) ranges from a few seconds for the alarm drains to less than 4 minutes for residual
heat removal pump room B sump.

Alarm systems for greater than 1 gpm and greater than 10 gpm flow to the Reactor
Building sump and an unidentified leakage indication alarm for the Incore Instrument
Sump are provided. Level instruments are provided for the Reactor Building sump. The
residual heat removal pump room sumps and the waste evaporator feed pump room
sump are each equipped with alarms actuated by a flow of greater than 45 gpm to the
sump. The residual heat removal pump rooms have a 1 foot high curb at the access
openings and thus have the capacity to contain a 50 gpm leak in either room for greater
than 30 minutes, without flooding equipment, if the sump pumps should fail.
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If the contents of either the recycle holdup tank or waste holdup tank should flood either
tank compartment, the spillage into the recycle holdup tank compartment is pumped to
the waste holdup tank and spillage into the waste holdup tank compartment is pumped
to the floor drain tank. If sump pumps are inoperative, each compartment is designed to
hold the tank contents.

The plant drain system assures that spillage is collected and can be processed before
being recycled or released to the environment.

9334 Testing and Inspection Requirements

The drain system is given an extensive check for leakage and proper routing prior to
actual operation. Pumps are checked for level switch control and operation. Valves in
sump pump systems are aligned as shown on various system flow diagrams. Systems
can be checked periodically by utilizing local control switches. Alarms are calibrated
locally and checked in the control room.

9335 Instrumentation Requirements

Display instrumentation in the control room which is related to the reactor coolant
pressure boundary leakage detection system is described in Section 5.2.7 as are the
information displayed and allowance for operator action. Section 7.6 discusses system
instrumentation in further detail.

9.34 CHEMICAL AND VOLUME CONTROL SYSTEM

The Chemical and Volume Control System (CVCS) is shown in Figure 9.3-16 (Sheets 1
through 5). It is designed to provide the following services to the reactor coolant system
(RCS):

1. Maintenance of programmed water level in the pressurizer, i.e., maintain required
water inventory in the RCS.

2. Maintenance of seal-water injection flow to the reactor coolant pumps.

3. Control of reactor coolant water chemistry conditions, activity level, soluble
chemical neutron absorber concentration and makeup.

4. Emergency core cooling (part of the system is shared with the Emergency Core
Cooling System).

5.  Provide means for filling, draining and pressure testing of the RCS.
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9.34.1 Design Bases

Quantitative design bases are given in Table 9.3-4 with qualitative descriptions given
below.

9.34.1.1 Reactivity Control

The CVCS regulates the concentration of chemical neutron absorber (boron) in the
reactor coolant to control reactivity changes resulting from the change in reactor coolant
temperature between cold shutdown and hot full power operation, burnup of fuel and
burnable poisons, buildup of fission products in the fuel, and xenon transients.

9.3.4.1.1.1 Reactor Makeup Control

1.  The CVCS is capable of borating the RCS through either 1 of 2 flow paths and
from either 1 of 2 boric acid sources.

2.  The amount of boric acid stored in the CVCS always exceeds that amount required
to borate the RCS to cold shutdown concentration assuming that the control
assembly with the highest reactivity worth is stuck in its fully withdrawn position.
This amount of boric acid also exceeds the amount required to bring the reactor to
hot shutdown and to compensate for subsequent xenon decay.

9.3.4.1.1.2 Boron Thermal Regeneration

The load following capabilities of the Boron Thermal Regeneration System were
removed by plant modification MRF 21511. The system continues to be used as de-
borating demineralizers to reduce reactor coolant boron concentration towards the end
of core life. The Boron Thermal Regeneration System (BTRS) also is used to cool the
letdown flow for enhanced RCP seal performance and to clean up the RCS before
shutting down the reactor.

9.34.1.2 Regulation of Reactor Coolant Inventory

The CVCS maintains the coolant inventory in the RCS within the allowable pressurizer
level range for normal modes of operation including startup from cold shutdown, full
power operation and plant cooldown. This system also has sufficient makeup capacity
to maintain the minimum required inventory in the event of minor RCS leaks (see
Technical Specifications for a discussion of maximum allowable RCS leakage).

9.34.1.3 Reactor Coolant Purification

The CVCS is capable of removing fission and activation products, in ionic form or as
particulates, from the reactor coolant in order to provide access to those process lines
carrying reactor coolant during operation and to reduce activity releases due to leaks.
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93414 Chemical Additions for Corrosion Control

The CVCS provides a means for adding chemicals to the RCS which control the pH of
the coolant during initial startup and subsequent operation, scavenge oxygen from the
coolant during startup, and counteract the production of oxygen in the reactor coolant

due to radiolysis of water in the core region.

The CVCS is capable of maintaining the oxygen content and pH of the reactor coolant
within limits specified in Table 5.2-10.

9.34.15 Seal Water Injection

The CVCS is able to continuously supply filtered water to each reactor coolant pump

seal, as required by the reactor coolant pump design. In situations where the charging '31’\‘027
pumps are not available, the seals can be supplied by the Alternate Seal Injection i
Pump.

9.34.1.6 Emergency Core Cooling

The centrifugal charging pumps in the CVCS also serve as the high-head safety
injection pumps in the Emergency Core Cooling System. Other than the centrifugal
charging pumps and associated piping and valves, the CVCS is not required to function
during a loss of coolant accident (LOCA). During a LOCA, the CVCS is isolated except
for the centrifugal charging pumps and the piping in the safety injection path and the
reactor coolant pump seal injection path. Also, at strategically identified local high
points, the CVCS is provided with indicating air-traps to ensure that the ECCS portions 09-003
of the CVCS remain void free (reference NRC GL 2008-01).

9.34.2 System Description

The CVCS is shown in Figure 9.3-16 (Sheets 1 through 5) with system design
parameters listed in Table 9.3-4. The CVCS consists of several subsystems: the
charging, letdown and seal water system; the reactor coolant purification and chemistry
control system; the reactor makeup control system; and the boron thermal regeneration
system.

9.34.2.1 Charging, Letdown and Seal Water System

The charging and letdown functions of the CVCS are employed to maintain a

programmed water level in the RCS pressurizer, thus maintaining proper reactor coolant
inventory during plant operation. This is achieved by means of continuous feed and

bleed process during which the feed rate is automatically controlled based on

pressurizer water level. The bleed rate can be chosen to suit various plant operational
requirements by selecting the proper combination of letdown orifices in the letdown flow

path. Normal letdown flow consists of the flow from a single 60 gpm letdown orifice or RN
any combination of two orifices aligned in parallel. 99-027

Reactor coolant is discharged to the CVCS from a reactor coolant loop crossover leg; it
then flows through the shell side of the regenerative heat exchanger where its
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temperature is reduced by heat transfer to the charging flow passing through the tubes.
The coolant then experiences a large pressure reduction as it passes through the
letdown orifice(s) and flows through the tube side of the letdown heat exchanger where
its temperature is further reduced. Downstream of the letdown heat exchanger a
second pressure reduction occurs. This second pressure reduction is performed by the
low pressure letdown valve, the function of which is to maintain upstream pressure thus
preventing flashing downstream of the letdown orifices.

The coolant then flows through one of the mixed bed demineralizers. The flow may
then pass through the cation bed demineralizer which is used intermittently when
additional purification of the reactor coolant is required.

From a point upstream of the reactor coolant filters, a small sample flow may be
diverted from the letdown stream to the Boron Concentration Measurement System
(see Section 7.7). The read-out on the boron concentration is given in the control room.

The letdown flow leaving the demineralizers may be directed to the Boron Thermal RN
Regeneration System. The coolant then flows through the reactor coolant filter and into 99-027
the volume control tank through a spray nozzle in the top of the tank. Hydrogen (from

the gaseous waste processing system) is continuously supplied to the volume control

tank where it mixes with fission gases which are stripped from the reactor coolant into

the tank gas space. The contaminated hydrogen is vented back to the Gaseous Waste
Processing System. The partial pressure of hydrogen in the volume control tank

determines the concentration of hydrogen dissolved in the reactor coolant for control of

oxygen produced by radiolysis of water in the core.

Three (3) centrifugal charging pumps are provided to take suction from the volume
control tank and return the cooled, purified reactor coolant to the RCS. Normal charging
flow is handled by 1 of the 3 charging pumps. This charging flow splits into 2 paths.
The bulk of the charging flow is pumped back to the RCS through the tube side of the
regenerative heat exchanger. The letdown flow in the shell side of the regenerative
heat exchanger raises the charging flow to a temperature approaching the reactor
coolant temperature. The flow is then injected into a cold leg of the RCS. Two (2)
charging paths are provided from a point downstream of the regenerative heat
exchanger. A flow path is also provided from the regenerative heat exchanger outlet to
the pressurizer spray line. An air operated valve in the spray line is employed to
provide auxiliary spray to the vapor space of the pressurizer during plant cooldown.
This provides a means of cooling the pressurizer near the end of plant cooldown, when
the reactor coolant pumps, which normally provide the driving head for the pressurizer
spray, are not operating.

A portion of the charging flow is directed to the reactor coolant pumps (nominally 8 gpm

per pump) through a seal water injection filter. It is directed down to a point between

the pump shaft bearing and the thermal barrier cooling coil. Here the flow splits and a

portion (nominally 5.5 gpm per pump) enters the RCS through the labyrinth seals and '1:‘:‘043
thermal barrier. The remainder of the flow is directed up the pump shaft, cooling the )
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lower bearing, and to the RCP seal. The seal controlled bleed-off flow discharges to a
common manifold, exits from the containment, and then passes through the seal water

return filter and the seal water heat exchanger to the suction side of the charging RN
pumps, or by alternate path to the volume control tank. A very small portion of the seal 14-043
flow leaks through the seal faces. A number 3 seal provides a final barrier to leakage of

reactor coolant to the Reactor Building atmosphere. The number 3 leakoff flow is RN
discharged to the reactor coolant drain tank in the liquid waste processing system. In 14-043
situations where the charging pumps are not available, the seals can be supplied by the
positive-displacement Alternate Seal Injection (ASI) Pump, which provides a total of 20

gpm (approximately 7 gpm per RCP seal) directly from the RWST. The ASI pump is

powered by a dedicated NNS diesel generator and is designed to operate continuously RN
for no less than 24 hours following a station black-out event (SBO). The ASI system is 11-027
a sub-system of CVCS (Figure 9.3-16, Sheet 3) and is designed as an ASME Ill, Code

Class 2 system (safety-related for pressure boundary integrity). The Alternate Seal RN
Injection pump was conservatively designed and procured as an active pump, although 16-018

it is not credited in station analysis which would require its function to be active.

The excess letdown path is provided as an alternate letdown path from the RCS in the

event that the normal letdown path is inoperable. Reactor coolant can be discharged

from a crossover leg to flow through the tube side of the excess letdown heat exchanger
where it is cooled by component cooling water. Downstream of the heat exchanger a
remote-manual control valve controls the letdown flow. The flow normally joins the RCP | RN
seal controlled bleed-off discharge manifold and passes through the seal water return 14-043
filter and heat exchanger to the suction side of the charging pumps. The excess

letdown flow can also be directed to the reactor coolant drain tank or directly into the

volume control tank via a spray nozzle. When the normal letdown line is not available,

the normal purification path is also not in operation. Therefore, this alternate condition

would allow continued power operation for a limited period of time, dependent on RCS
chemistry and activity. The excess letdown flow path is also used to provide additional
letdown capability during the final stages of plant heatup. This path removes some of

the excess reactor coolant due to expansion of the system as a result of the RCS
temperature increase.

Surges in RCS inventory due to load changes are accommodated for the most part in
the pressurizer. The volume control tank provides surge capacity for reactor coolant
expansion not accommodated by the pressurizer. If the water level in the volume
control tank exceeds the normal operating range, a proportional controller modulates a
three-way valve downstream of the reactor coolant filter to divert a portion of the
letdown to the Boron Recycle System. If the high-level limit in the volume control tank is
reached, an alarm is actuated in the control room and the letdown flow is completely
diverted to the Boron Recycle System.

The Boron Recycle System (Section 9.3.6) receives and processes reactor coolant RN
effluent prior to discharge to the environment or alternatively for reuse in the plant. The | y7.937
system decontaminates the effluent by means of demineralization and gas stripping.
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Low level in the volume control tank initiates makeup from the reactor makeup control
system. If the reactor makeup control system does not supply sufficient makeup to
keep the volume control tank level from falling to a lower level, a low alarm is actuated.
Manual action may correct the situation or, if the level continues to decrease, an
emergency low level signal from both level channels causes the suction of the charging
pumps to be transferred to the refueling water storage tank.

9.34.2.2 Reactor Coolant Purification and Chemistry Control System
9.34.2.2.1 pH Control

The pH control chemical employed is lithium hydroxide. This chemical is chosen for its
compatibility with the materials and water chemistry of borated water/stainless
steel/zirconium/inconel systems. In addition, Lithium-7 is produced in the core region
due to irradiation of the dissolved boron in the coolant.

The concentration of Lithium-7 in the RCS is coordinated with boron concentration for
RCS pH control (Table 5.2-10). If the concentration is too high, as it may be during the
early stages of a core cycle, the cation bed demineralizer may be employed in the
letdown line in series operation with a mixed bed demineralizer. Lithium may also be
removed via a mixed bed demineralizer which has not had its cation resin converted to
the lithium form. If the concentration of Lithium-7 is too low, lithium hydroxide can be
introduced into the RCS via the charging flow. The solution is prepared in the
laboratory and poured into the chemical mixing tank. Reactor makeup water is then
used to flush the solution to the suction manifold of the charging pumps.

9.3.4.22.2 Oxygen Control

During reactor startup from the cold condition, hydrazine is employed as an oxygen
scavenging agent. The hydrazine solution is introduced into the RCS in the same
manner as described above for the pH control agent. Hydrazine is not employed at any
time other than startup from the cold shutdown state.

Dissolved hydrogen is employed to control and scavenge oxygen produced due to
radiolysis of water in the core region. Sufficient partial pressure of hydrogen is
maintained in the volume control tank such that the specified equilibrium concentration
of hydrogen is maintained in the reactor coolant. A pressure control valve maintains a
minimum pressure in the vapor space of the volume control tank. This valve can be
adjusted to provide the correct equilibrium hydrogen concentration (25 to 50 cc
hydrogen at STP per kilogram of water). Hydrogen is supplied from the hydrogen
manifold in the gaseous processing system.

9.3.4.2.2.3 Reactor Coolant Purification

Mixed bed demineralizers are provided in the letdown line to provide cleanup of the
letdown flow. The demineralizers remove ionic corrosion products and certain fission
products. One demineralizer is in continuous service and can be supplemented
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intermittently by the cation bed demineralizer, if necessary, for additional purification.
The cation resin removes principally cesium and lithium isotopes from the purification
flow. The second mixed bed demineralizer serves as a standby unit for use if the
operating demineralizer becomes exhausted during operation.

A further cleanup feature is provided for use during residual heat removal. A remote

operated valve admits a bypass flow from the Residual Heat Removal System (RHRS) RN
into the letdown line upstream of the letdown heat exchanger. In addition, all 3 letdown 99-027
orifice isolation valves may be opened at this time. The flow passes through the heat

exchanger, through a mixed bed demineralizer and the reactor coolant filter to the

volume control tank. The fluid is then returned to the RCS via the normal charging

route.

Filters are provided at various locations to ensure filtration of particulate and resin fines
and to protect the seals on the reactor coolant pumps.

Fission gases are removed from the reactor coolant by continuous purging of the
volume control tank to the gaseous waste processing system.

9.34.23 Reactor Makeup Control System

The soluble neutron absorber (boric acid) concentration is controlled by the Boron
Thermal Regeneration System and by the reactor makeup control system. The reactor
makeup control system is also used to maintain proper reactor coolant inventory. In
addition, for emergency boration and makeup, the capability exists to provide refueling
water or 4 weight percent boric acid directly to the suction of the charging pump.

The reactor makeup control system provides a manually preselected makeup
composition to the charging pump suction header or to the volume control tank. The
makeup control functions are those of maintaining desired operating fluid inventory in
the volume control tank and adjusting reactor coolant boron concentration for reactivity
control. Reactor makeup water and boric acid solution (4 weight percent) are blended
together at the reactor coolant boron concentration for use as makeup to maintain
volume control tank inventory or they can be used separately to change the reactor
coolant boron concentration.

A boron concentration measurement system (see Section 7.7) is provided to monitor the
boron content of the reactor coolant in the letdown line. The boron concentration is
indicated in the main control room.

The boric acid is stored in two boric acid tanks. Two (2) boric acid transfer pumps are
provided with 1 pump normally aligned to provide boric acid to the suction header of the
charging pumps, and the second pump in reserve. On a demand signal by the reactor
makeup controller, the pump starts and delivers boric acid to the suction header of the
charging pumps. The pump can also be used to recirculate the boric acid tank fluid.

9.3-21 Reformatted
July 2017



All portions of the CVCS which normally contain concentrated boric acid solution

(4 weight percent boric acid) are located within a heated area in order to maintain
solution temperature at > 65°F. If a portion of the system which normally contains
concentrated boric acid solution is not located in a heated area, it is provided with some
other means (e.g., heat tracing) to maintain solution temperature at > 65°F.

The reactor makeup water pumps, taking suction from the reactor makeup water
storage tank, are employed for various makeup and flushing operations throughout the
systems. One of these pumps also starts on demand from the reactor makeup
controller and provides flow to the suction header of the charging pumps or the volume
control tank through the letdown line or spray nozzle, respectively.

During reactor operation, changes are made in the reactor coolant boron concentration
for the following conditions:

1. Reactor startup - boron concentration must be decreased from shutdown
concentration to achieve criticality.

2. Load follow - boron concentration must be either increased or decreased to
compensate for the xenon transient following a change in load.

3. Fuel burnup - boron concentration must be decreased to compensate for fuel
burnup and the buildup of fission products in the fuel.

4. Cold shutdown - boron concentration must be increased to the cold shutdown
concentration.

The Boron Thermal Regeneration System can be used in conjunction with dilution
operations of the reactor makeup control system to reduce the amount of effluent to be
processed by the Boron Recycle System.

The reactor makeup control system can be set up for the following modes of operation:
1. Automatic Makeup

The "automatic makeup" mode of operation of the reactor makeup control system
provides blended boric acid solution, preset to match the boron concentration in
the RCS. Automatic makeup compensates for minor leakage of reactor coolant
without causing significant changes in the reactor coolant boron concentration.

Under normal plant operating conditions, the mode selector switch is set in the
"automatic makeup" position. This switch position establishes a preset control
signal to the total makeup flow controller and establishes positions for the makeup
stop valves for automatic makeup. The boric acid flow controller is set to blend to
the same concentration of borated water as is contained in the RCS. A preset low
level signal from the volume control tank level controller causes the automatic
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makeup control action to start a reactor makeup water pump, start a boric acid
transfer pump, open the makeup stop valve to the charging pump suction, and
position the boric acid flow control valve and the reactor makeup water flow control
valve. The flow controllers then blend the makeup stream according to the preset
concentration. Makeup addition to the charging pump suction header causes the
water level in the volume control tank to rise. At a preset high level point, the
makeup is stopped. This operation may be terminated manually at any time.

If the automatic makeup fails or is not aligned for operation and the tank level
continues to decrease, a low level alarm is actuated. Manual action may correct
the situation or, if the level continues to decrease, an emergency low level signal
opens the stop valves in the refueling water supply line to the charging pumps, and
closes the stop valves in the volume control tank outlet line.

Dilution

The "dilute" mode of operation permits the addition of a preselected quantity of
reactor makeup water at a preselected flowrate to the RCS. The operator sets the
mode selector switch to "dilute," the total makeup flow controller setpoint to the
desired flowrate, the total makeup batch integrator to the desired quantity and
initiates system start. This opens the reactor makeup water flow control valve,
opens the makeup stop valve to the volume control tank inlet, and starts a reactor
makeup water pump. Excessive rise of the volume control tank water level is
prevented by automatic actuation (by the tank level controller) of a three-way
diversion valve which routes the reactor coolant letdown flow to the boron recycle
system. When the present quantity of water has been added, the batch integrator
causes makeup to stop. Also, the operation may be terminated manually at any
time.

Dilution can also be accomplished by operating the boron thermal regeneration
system in the boron storage mode.

Alternate Dilution

The "alternate dilute" mode of operation is similar to the dilute mode except a
portion of the dilution water flows directly to the charging pump suction and a
portion flows into the volume control tank via the spray nozzle and then flows to the
charging pump suction. This decreases the delay in diluting the RCS caused by
directing dilution water to the volume control tank.

Boration

The "borate" mode of operation permits the addition of a preselected quantity of
concentrated boric acid solution at a preselected flowrate to the RCS. The

operator sets the mode selection switch to "borate," the concentrated boric acid
flow controller setpoint to the desired flowrate, the concentrated boric acid batch
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integrator to the desired quantity, and initiates system start. This opens the
makeup stop valve to the charging pumps suction, positions the boric acid flow
control valve, and starts the selected boric acid transfer pump, which delivers a 4
weight percent boric acid solution to the charging pumps suction header. The total
quantity added in most cases is so small that it has only a minor effect on the
volume control tank level. When the preset quantity of concentrated boric acid
solution is added, the batch integrator causes makeup to stop. Also, the operation

may be terminated manually at any time.
RN

99-075
Manual

The "manual" mode of operation permits the addition of a preselected quantity and
blend of boric acid solution to the refueling water storage tank, to the recycle
holdup tanks in the Boron Recycle System, or to some other location via a
temporary connection. While in the manual mode of operation, automatic makeup
to the RCS is precluded. The discharge flow path must be prepared by opening
manual valves in the desired path.

The operator sets the mode selector switch to "manual," the boric acid and total
makeup flow controllers to the desired flowrates, the boric acid and total makeup
batch integrators to the desired quantities, and actuates the makeup start switch.

The start switch actuates the boric acid flow control valve and the reactor makeup
water flow control valve and starts the preselected reactor makeup water pump
and boric acid transfer pump.

When the preset quantities of boric acid and reactor makeup water have been
added, the batch integrators cause makeup to stop. This operation may be
stopped manually by actuating the makeup stop switch.

If either batch integrator is satisfied before the other has recorded its required total,
the pump and valve associated with the integrator which has been satisfied will
terminate flow. The flow controlled by the other integrator will continue until the
integrator is satisfied. In the manual mode, the boric acid flow is terminated first to
prevent piping systems from remaining filled with 4 weight percent boric acid
solution.

The quantities of boric acid and reactor makeup water injected are totalized by the
batch counters and the flowrates are recorded on strip recorders. Deviation alarms
sound for both boric acid and reactor makeup water if flowrates deviate from
setpoints.
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934.24 Boron Thermal Regeneration System

Downstream of the mixed bed demineralizers, the letdown flow can be diverted to the
Boron Thermal Regeneration System (BTRS) for processing when boron concentration
reductions are desired. The BRTS can process any letdown flow rate up to the
maximum design flow rate of 120 gpm. Part or all of the letdown flow can be directed
through the thermal regeneration demineralizers for processing. After processing, the
flow is returned to a point upstream of the reactor coolant filter.

RN
99-027
99-075

The boron concentration measurement system (see Section 7.7) can be used to monitor
the boron content in the letdown stream prior to placing the Boron Thermal
Regeneration System in service; or, it can monitor the adjusted boron content of the
letdown stream after it has been treated by the thermal regeneration process.

Storage of boron is determined by the temperature of fluid entering the thermal ‘ RN
regeneration demineralizers. A chiller unit and a group of heat exchangers are 99-075
employed to provide the desired fluid temperatures at the demineralizer inlets.

During boron storage, the letdown stream enters the moderating heat exchanger and ‘ RN
from there it passes through the letdown chiller heat exchanger. These two heat 99-075
exchangers cool the letdown stream prior to its entering the demineralizers. The

letdown reheat heat exchanger is permanently piped out of service on the tube side and

performs no function. The temperatures of the letdown stream at the point of entry to

the demineralizers is controlled automatically by the temperature control valve which

controls the shell side flow to the letdown chiller heat exchanger. After passing through

the demineralizers, the letdown enters the moderating heat exchanger shell side, where

it is heated by the incoming letdown stream before going to the volume control tank.

Therefore, for boron storage, a decrease in the boric acid concentration in the reactor
coolant is accomplished by sending the letdown flow at relatively low temperatures to
the thermal regeneration demineralizers. Reactor coolant with a decreased
concentration of boric acid leaves the demineralizers and is directed to the RCS via the
charging system.
RN

" , : , : 99-075
As an additional function, a thermal regeneration demineralizer can be used as a

deborating demineralizer, which would be used to dilute the RCS down to very low
boron concentrations towards the end of a core cycle. To make such a bed effective,
the effluent concentration from the bed must be kept very low, close to zero ppm boron.
This low effluent concentration can be achieved by using fresh resin. Use of fresh resin
can be coupled with the normal replacement cycle of the resin; one resin bed being
replaced during each core cycle.
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9.34.25 Component Description

A summary of principal component design parameters is given in Table 9.3-5, and
safety classifications and design codes are given in Section 3.2.

In addition, portions of the system that are required to carry ECCS fluid outside
containment during the recirculation phase of ECCS operation are designed to minimize
leakage to the atmosphere as described in Section 6.3.2.11.3.

9.3.4.251 Piping

CVCS piping that handles radioactive liquid is austenitic stainless steel. Piping joints
and connections are welded, except where flanged connections are required to facilitate
equipment removal for maintenance and hydrostatic testing.

9.3.4.25.2 Charging Pumps

Three (3) charging pumps of the single speed, horizontal, centrifugal type are supplied
to inject coolant into the RCS. One (1) pump is normally running, 1 is a nonrunning
pump and the third is a spare with its breaker(s) normally racked out. The third pump
can be used as a replacement if 1 of the other pumps is out of service. Parts in contact
with the reactor coolant are fabricated of austenitic stainless steel or other material of
adequate corrosion resistance. There is a minimum flow recirculation line to protect the
centrifugal charging pumps from a closed discharge valve condition. The component
cooling water cooling flow to the charging pump lube oil system is established through
the air operated component cooling water valves which open when the charging pumps
start.

Charging flowrate is determined from a pressurizer level signal. When operating a
centrifugal charging pump, charging flow control is accomplished by a modulating valve
on the discharge side of the centrifugal pumps. The centrifugal charging pumps also
serve as high-head safety injection pumps in the Emergency Core Cooling System.

9.3.4.2.5.3 Boric Acid Transfer Pumps

Two (2) canned motor pumps are supplied. One (1) pump is normally aligned to supply
boric acid to the suction header of the charging pumps while the second serves as a
standby. Manual or automatic initiation of the reactor coolant makeup system will start
the aligned pump to provide normal makeup of boric acid solution to the suction header
of the charging pumps. Miniflow from this pump flows back to the associated boric acid
tank and helps maintain thermal equilibrium. The standby pump can be used
intermittently to circulate boric acid solution through the other tank to maintain thermal
equilibrium in this part of the system. Emergency boration, supplying 4 weight percent
boric acid solution directly to the suction of the charging pumps, can be accomplished
by manually starting either or both pumps. The transfer pumps also function to transfer
boric acid solution from the batching tank to the boric acid tanks.
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The pumps are located in a heated area to prevent crystallization of the boric acid
solutions. Parts in contact with the solution are of austenitic stainless steel.

9.3.4.2.5.4 BTRS Chiller Pumps

These centrifugal pumps circulate the water through the chilled water loop in the Boron
Thermal Regeneration System. One (1) pump is normally operated, with the second
serving as a standby.

9.3.4.2.5.5 Regenerative Heat Exchanger

The regenerative heat exchanger is designed to recover heat from the letdown flow by
reheating the charging flow, which reduces thermal effects on the charging penetrations
into the reactor coolant loop piping.

The letdown stream flows through the shell of the regenerative heat exchanger and the
charging stream flow through the tubes. The unit is constructed of austenitic stainless
steel, and is of all welded construction.

The temperatures of both outlet streams from the heat exchanger are monitored with
indication given in the control room. A high temperature alarm is actuated on the main
control board if the temperature of the letdown stream exceeds desired limits.

9.34.25.6 Letdown Heat Exchanger

The letdown heat exchanger cools the letdown stream to the operating temperature of
the mixed bed demineralizers. Reactor coolant flows through the tube side of the
exchanger while component cooling water flows through the shell side. Surfaces in
contact with the reactor coolant are austenitic stainless steel, and the shell is carbon
steel.

The low pressure letdown valve, located downstream of the heat exchanger, maintains
the pressure of the letdown flow upstream of the heat exchanger in a range sufficiently
high to prevent two phase flow. Pressure indication and high pressure alarm are
provided on the main control board.

The letdown temperature control indicates and controls the temperature of the letdown
flow exiting from the letdown heat exchanger. A temperature sensor, which is part of
the CVCS, provides input to the controller in the Component Cooling Water System.
The exit temperature of the letdown stream is thus controlled by regulating the
component cooling water flow through the letdown heat exchanger. Temperature
indication is provided on the main control board. If the outlet temperature from the heat
exchanger is excessive, a high temperature alarm is actuated and a temperature
controlled valve diverts the letdown directly to the volume control tank.
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9.3.4.2.5.7 Excess Letdown Heat Exchanger

The excess letdown heat exchanger cools reactor coolant letdown flow at a rate which
is equivalent to the portion of the nominal seal injection flow which flows into the RCS
through the reactor coolant pump labyrinth seals.

The excess letdown heat exchanger can be employed either when normal letdown is
temporarily out of service to maintain inventory control in the RCS or it can be used to
supplement maximum letdown during heatup. The letdown flows through the tube side f
the unit and component cooling water is circulated through the shell. Surfaces in
contact with reactor coolant are austenitic stainless steel and the shell is carbon steel.
Tube joints are welded. A temperature detector measures the temperature of the
excess letdown flow downstream of the excess letdown heat exchanger. Temperature
indication and high temperature alarm are provided on the main control board.

A pressure sensor indicates the pressure of the excess letdown flow downstream of the
excess letdown heat exchanger and excess letdown control valve. Pressure indication
is provided on the main control board.

9.3.4.2.5.8 Seal Water Heat Exchanger

The seal water heat exchanger is designed to cool fluid from 3 sources: reactor coolant
pump controlled bleed-off flow, reactor coolant discharged from the excess letdown heat
exchanger, and miniflow from a centrifugal charging pump. Reactor coolant flows
through the tube side of the heat exchanger and component cooling water is circulated
through the shell. The seal water heat exchanger is sized for a design basis case, for
which the flowrate through the tube side is equal to maximum design reactor coolant
pump seal leakage and miniflow from two centrifugal charging pumps. The heat
exchanger is also sized for an alternate case, for which the flowrate through the tube
side is equal to the sum of the nominal excess letdown flow, maximum design reactor
coolant pump seal leakage, and miniflow from one centrifugal charging pump. The unit
is designed to cool the above flows to the temperature normally maintained in the
volume control tank. Surfaces in contact with reactor coolant are austenitic stainless
steel and the shell is carbon steel.

9.3.4.25.9 Moderating Heat Exchanger

The moderating heat exchanger operates as a regenerative heat exchanger between
incoming and outgoing streams to and from the thermal regeneration demineralizers.

The incoming flow enters the tube side of the moderating heat exchanger. The shell
side fluid, which comes directly from the demineralizers, enters at low temperature
during boron storage. The unit is constructed of austenitic stainless steel.
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9.3.4.2.5.10 Letdown Chiller Heat Exchanger

During the boron storage operation, the process stream enters the tube side of the
letdown chiller heat exchanger after leaving the tube side of the moderating heat
exchanger. The letdown chiller heat exchanger cools the process stream to allow the
thermal regeneration demineralizers to remove boron from the coolant. The desired
cooling capacity is adjusted by controlling the chilled water flowrate passed through the
shell side of the heat exchanger.

The letdown chiller heat exchanger surfaces in contact with reactor coolant are
austenitic stainless steel and the shell is carbon steel.

9.3.4.2.5.11 Letdown Reheat Heat Exchanger

The letdown reheat heat exchanger is no longer used.

9.3.4.2.5.12 Volume Control Tank

The volume control tank provides surge capacity for part of the reactor coolant
expansion volume not accommodated by the pressurizer. When the level in the tank
reaches the high level setpoint, the remainder of the expansion volume is
accommodated by diversion of the letdown stream to the Boron Recycle System. The
tank also provides a means for introducing hydrogen into the coolant to maintain the
required equilibrium concentration and is used for degassing the reactor coolant. It also
serves as a head tank for the charging pumps.

A spray nozzle located inside the tank on the letdown line provides liquid to gas contact
between the incoming fluid and the hydrogen atmosphere in the tank.

The tank is constructed of austenitic stainless steel.

Hydrogen (from the hydrogen manifold in the gaseous waste processing system) is
continuously supplied to the volume control tank while a remotely operated vent valve,
discharging to the gaseous waste processing system, permits continuous removal of
gaseous fission products which are stripped from the reactor coolant and collected in
this tank. Relief protection, gas space sampling, and nitrogen purge connections are
also provided. The tank also accepts the seal water return flow from the reactor coolant
pumps; this flow can be routed directly to the suction of the charging pumps.

Volume control tank pressure is monitored with indication given in the control room.
Alarm is actuated in the control room for high and low pressure conditions.
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Two (2) level channels govern the water inventory in the volume control tank. Level
indication with high and low alarms is provided on the main control board for one
channel and local level indication is provided for the other channel.

If the volume control tank level rises above the normal operating range, 1 level channel
provides an analog signal to the proportional controller which modulates the three-way
valve downstream of the reactor coolant filter to maintain the volume control tank level
within the normal operating band. The three-way valve can split letdown flow so that a
portion goes to the Boron Recycle System and a portion to the volume control tank.
The controller would operate in this fashion during a dilution operation when reactor
makeup water is being fed to the volume control tank from the reactor makeup control
system.

If the modulating function of the channel fails and the volume control tank level
continues to rise, the high level alarm will alert the operator to the malfunction and the
full letdown flow will be automatically diverted by the backup level channel.

During normal power operation, a low level in the volume control tank initiates auto
makeup which injects a preselected blend of boric acid solution and reactor makeup
water into the charging pump suction header. When the volume control tank level is
restored to normal, auto makeup stops.

If the automatic makeup fails and the tank level continues to decrease, a low level alarm
is actuated. Manual action may correct the situation or, if the level continues to
decrease, a low-low signal from both level channels opens the stop valves in the
refueling water supply line, and closes the stop valves in the volume control tank outlet
line.

9.3.4.2.5.13 Boric Acid Tanks

The combined boric acid tank capacity is sized to store sufficient boric acid solution for
refueling plus enough for a cold shutdown from full power operation immediately
following refueling with the most reactive control rod not inserted.

The concentration of boric acid solution in storage is maintained between 7000 and
7700 ppm. Periodic manual sampling and corrective action, if necessary, assure that
these limits are maintained. As a consequence, measured amounts of boric acid
solution can be delivered to the reactor coolant to control the boron concentration.

A temperature sensor provides temperature measurement of each tank’s contents.
Temperature indication as well as high and low temperature alarms are provided locally.
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Three (3) level detectors indicate the level in each boric acid tank. Redundant level
indication with high, low, low-low and empty level alarms is provided on the main control
board for each tank. The high alarm indicates that the tank may soon overflow. The
low alarm warns the operator to start makeup to the tank. The low-low alarm is set to
indicate the minimum level of boric acid in the tank to ensure sufficient boric acid is
available for a cold shutdown with one stuck rod. The empty level alarm is set to give
warning of loss of pump suction.

9.3.4.2.5.14 Batching Tank

The batching tank is used for mixing a makeup supply of boric acid solution for transfer
to the boric acid tanks.

A local sampling point is provided for verifying the solution concentration prior to
transferring it out of the tank. The tank is provided with an agitator to improve mixing
during batching operations and a steam jacket for heating the boric acid solution.

9.3.4.2.5.15 Chemical Mixing Tank

The primary use of the chemical mixing tank is in the preparation of caustic solutions for
pH control and hydrazine solution for oxygen scavenging.

9.3.4.2.5.16 BTRS Chiller Surge Tank

The BTRS chiller surge tank handles the thermal expansion and contraction of the
water in the chiller loop. The surge volume in the tank also acts as a thermal buffer for
the chiller. The fluid level in the tank is monitored with level indication and high and low
level alarms provided on the main control board.

9.3.4.2.5.17 Mixed Bed Demineralizers

Two (2) flushable mixed bed demineralizers assist in maintaining reactor coolant purity.
A hydrogen-form cation resin and a hydroxyl-form anion resin are charged into the
demineralizers. The cation resin is converted to lithium-form and the anion resin is
converted to the borate form in operation. Both types of resin remove fission and
corrosion products. The resin bed is designed to reduce the concentration of ionic
isotopes in the purification stream, except for cesium, yttrium and molybdenum, by a
minimum factor of 10.

Each demineralizer has more than sufficient capacity for 1 core cycle with 1% of the
rated core thermal power being generated by failed fuel. One (1) demineralizer is
normally in service with the other in standby.
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A temperature sensor monitors the temperature of the letdown flow downstream of the
letdown heat exchanger and if the letdown temperature exceeds the maximum
allowable resin operating temperature (approximately 140°F), a three-way valve is
automatically actuated to bypass the flow around the demineralizers. Temperature
indication and high alarm are provided on the main control board. The air operated
three-way valve failure mode directs flow to the volume control tank.

9.3.4.2.5.18 Cation Bed Demineralizer

A flushable demineralizer with cation resin in the hydrogen form is located downstream
of the mixed bed demineralizers and is used intermittently to control the concentration of
Li” which builds up in the coolant from the B0 (n, a) Li” reaction. The demineralizer
also has sufficient capacity to maintain the Cesium-137 concentration in the coolant
below the value listed in Table 11.1-2. The resin bed is designed to reduce the
concentration of ionic isotopes, particularly cesium, yttrium, and molybdenum by a
minimum factor of 10. The demineralizer is sized to accommodate a letdown flow rate
of 60 gpm when in service, which is more than adequate to control Li” or cesium in the
RCS. Any letdown flow in excess of 60 gpm is diverted through the bypass line around
the cation bed demineralizer.

The demineralizer has more than sufficient capacity for 1 core cycle with 1% of the
rated core thermal power being generated by failed fuel.

9.3.4.2.5.19 Thermal Regeneration Demineralizers

The function of the thermal regeneration demineralizers was to store the total amount of
boron that must be removed from the RCS to accomplish the required dilution during a
load cycle in order to compensate for xenon buildup resulting from a decreased power
level. Furthermore, the demineralizers were able to release the previously stored boron
to accomplish the required boration of the reactor coolant during the load cycle in order
to compensate for a decrease in xenon concentration resulting from an increased power
level. The load following capabilities of the thermal regeneration demineralizers was
removed by plant modification MRF 21511. The resins continue to be used to store
boron. However, the boron release feature of the system has been disabled.

The thermal regeneration demineralizer resin capacity is directly proportional to the
solution boron concentration and inversely proportional to the temperature. Further, the
differences in capacity as a function of both boron concentration and temperature are
reversible.
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RN
Temperature instrumentation is provided upstream of the thermal regeneration ‘ 99-075
demineralizers to control the temperature of the process flow. During boron storage
operations, it controls the flow through the shell side of the letdown chiller heat
exchanger to maintain the process flow at 50°F as it enters the demineralizers. ‘ RN
Temperature indication and a high temperature alarm are provided on the main control 99-075

board.

An additional temperature instrument is provided to protect the demineralizer resins
from a high temperature condition. On reaching the high temperature setpoint, an alarm
is sounded on the main control board and the letdown flow is diverted to the volume
control tank from a point upstream of the mixed bed demineralizers.

Failure of the temperature controls resulting in hot water flow to the demineralizers
would result in a release of boron stored on the resin with a resulting increase in reactor
coolant boron concentration and increased margin for shutdown. If the temperature of
the resin rises significantly above 140°F, the number of ion storage sites will gradually
decrease, thus reducing the capability of the resin to remove boron from the process
stream. Degradation of ion removal capability will occur for temperatures of
approximately 160°F and above. The extent of the degradation and rate at which it will
occur depend upon the temperature experienced by the resin and the length of time that
the resin experiences this elevated temperature.

Failure of the temperature control system resulting in cold water flow to the
demineralizers would result in storage of boron on the resin and reduction of the reactor
coolant boron concentration. The amount of reduction in reactor coolant boron
concentration is limited by the capacity of the resin to remove boron from the water. As
the boron concentration is reduced, the control rods would be driven into the core to
maintain power level. If the rods were to reach the shutdown limit setpoint, an alarm
would be actuated informing the operator that emergency boration of the RCS is
necessary in order to maintain capability of shutting the reactor down with control rods
alone.

9.3.4.2.5.20 Reactor Coolant Filter

The reactor coolant filter is located in the letdown line upstream of the volume control
tank. The filter collects resin fines and particulates from the letdown stream. The flow
capacity of the filter is designed to accept the maximum purification flowrate.

Two (2) local pressure indicators are provided to show the pressures upstream and
downstream of the reactor coolant filter and thus provide filter differential pressure.
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9.3.4.2.5.21 Seal Water Injection Filters

Two (2) seal water injection filters are located in parallel in a common line to the reactor
coolant pump seals; they collect particulate matter that could be harmful to the seal
faces. Each filter is sized to accept flow in excess of the normal seal water flow
requirements.

A differential pressure indicator monitors the pressure drop across each seal water
injection filter and gives local indication with high differential pressure alarm on the main
control board.

9.3.4.2.5.22 Seal Water Return Filter

This filter collects particulates from the reactor coolant pump seal water return and from
the excess letdown flow. The filter is designed to pass the sum of the excess letdown
flow and the maximum design seal leakage from all reactor coolant pumps.

Two (2) local pressure indicators are provided to show the pressures upstream and
downstream of the filter and thus provide differential pressure across the filter.

9.3.4.2.5.23 Boric Acid Filter

The boric acid filter collects particulates from the boric acid solution being pumped from
the boric acid tanks by the boric acid transfer pumps. The filter is designed to pass the
design flow of 2 boric acid transfer pumps operating simultaneously.

Local pressure indicators indicate the pressure upstream and downstream of the boric
acid filter and thus provide filter differential pressure.

9.3.4.2.5.24 Letdown Orifices

Three (3) letdown orifices are provided to reduce the letdown pressure from reactor
conditions and to control the flow of reactor coolant leaving the RCS. The orifices are
placed into or out of service by remote operation of their respective isolation valves.
Normal letdown ranges from 60 to 120 gpm and is obtained by placing one 60 gpm
orifice or any combination of two orifices aligned in parallel. All 3 orifices may be used
in parallel for either flow control when the RCS pressure is less than normal or greater
letdown flow during maximum purification or heatup. Each orifice consists of an
assembly which provides for permanent pressure loss without recovery, and is made of
austenitic stainless steel or other adequate corrosion resistant material.

A flow monitor provides indication in the control room of the letdown flowrate, and a high
alarm to indicate unusually high flow.
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A low pressure letdown controller located downstream of the letdown heat exchanger
controls the pressure upstream of the letdown heat exchanger to prevent flashing of the
letdown liquid. Pressure indication and high pressure alarm are provided on the main
control board.

9.3.4.2.5.25 Number 1 Seal Bypass Orifices

Number 1 Seal bypass flow was necessary for Westinghouse RCP seal to ensure
adequate flow for cooling of the pump's lower radial bearing and to limit the temperature
rise of the water cooling the number 1 seal during startup or shutdown when the RCS
pressure was low. The number 1 seal bypass orifice is constructed of austenitic RN
stainless steel and designed to pass adequate flow for the differential pressure existing 14-043
at the lowest allowable RCS pressure for reactor coolant pump operation. The
Westinghouse RCP seals were replaced with N-9000 seals which have sufficient
cooling flow at low RCS pressure. Therefore the bypass flow is no longer required. The
number 1 seal bypass orifices remain in the piping system but the downstream piping is
capped.

9.3.4.2.5.26 Boric Acid Blender

The boric acid blender, made of austenitic stainless steel, is provided to ensure
thorough mixing of the 4 weight percent solution of boric acid and reactor makeup water
when required. The blender is designed to pass the maximum letdown flow.

9.3.4.2.5.27 DELETED RN
14-043

9.3.4.2.5.28 BTRS Chiller

The BTRS chiller is located in a chilled water loop containing a surge tank, chiller
pumps, the letdown chiller heat exchanger, piping, valves and controls.

The purpose of the chiller is to cool down the process stream during storage of boron on
the resin.

RN
99-075

9.3.4.2.5.29 Valves

Where pressure and temperature conditions permit, diaphragm type valves are used to
essentially eliminate leakage to the atmosphere. Packed valves which are larger than 2
inches and which are designated for radioactive services are provided with a stuffing

box and lantern leakoff connections. Design requirements for zero-leakage valves and RN
dual vent and drain isolation, described in Section 6.3.2.11.3 apply to valves 2 inches 04-005
and smaller located in portions of the system designed to carry ECCS fluid outside
containment during post-LOCA recirculation. Control (modulating) and three-way

valves are either provided with stuffing box and leakoff connections or are totally

enclosed. Leakage to the atmosphere is essentially O for these valves. Basic material

of construction is stainless steel for valves which handle radioactive liquid or boric acid
solutions.
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Relief valves are provided for lines and components that might be pressurized above
design pressure by improper operation or component malfunction.

1.

Charging Line Downstream of Regenerative Heat Exchanger

If the charging side of the regenerative heat exchanger is isolated while the hot
letdown flow continues at its maximum rate, the volumetric expansion of coolant on
the charging side of the heat exchanger is relieved to the RCS through a spring
loaded check valve.

Letdown Line Downstream of Letdown Orifices

The pressure relief valve downstream of the letdown orifices protects the low
pressure piping and the letdown heat exchanger from overpressure when the low
pressure piping is isolated. The capacity of the relief valve is equal to the
maximum flowrate through all letdown orifices. The valve set pressure is equal to
the design pressure of the letdown heat exchanger tube side.

Letdown Line Downstream of Low Pressure Letdown Valve

The pressure relief valve downstream of the low pressure letdown valve protects
the low pressure piping and equipment from overpressure when this section of the
system is isolated. The overpressure may result from leakage through the low
pressure letdown valve. The capacity of the relief valve exceeds the maximum
flowrate through all letdown orifices. The valve set pressure is equal to the design
pressure of the demineralizers.

Volume Control Tank

The relief valve on the volume control tank permits the tank to be designed for a
lower pressure than the upstream equipment. This valve has a capacity equal to
the summation of the following items: maximum letdown, normal seal water return,
excess letdown and nominal flow from one reactor makeup water pump. The valve
set pressure equals the design pressure of the volume control tank.

Charging Pump Suction

A relief valve on the charging pump suction header relieves pressure that may
build up if the suction line isolation valves are closed or if the system is
overpressurized. The valve set pressure is equal to the design pressure of the
associated piping and equipment.
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10.

Seal Water Return Line (Inside Reactor Building)

This relief valve is designed to relieve overpressurization in the seal water return

piping inside the Reactor Building if the motor operated isolation valve is closed.

The valve is designed to relieve the total controlled bleed-off flow of the reactor RN
coolant pump seals plus the design excess letdown flow. The valve is set to 14-043
relieve at the design pressure of the piping.

Seal Water Return Line (Charging Pumps Bypass Flow)

This relief valve protects the seal water heat exchanger and its associated piping
from overpressurization. If either of the isolation valves for the heat exchanger are
closed and if the bypass line is closed, the piping would be overpressurized by the
miniflow from the centrifugal charging pumps. The valve is sized to handle the
design basis flowrate of the Excess Letdown Heat Exchanger, the fluid from the
reactor coolant pump seals returning to the volume control tank, and the miniflow 00-01
from two operating centrifugal charging pumps, which bounds that of the Seal
Water Heat Exchanger. The valve is set to relieve at the design pressure of the
heat exchanger.

Letdown Reheat Heat Exchanger

The relief valve is located on the piping leading from the shell side of the heat

exchanger. If the shell side were filled with cold water and isolated, RN
overpressurization could occur when the water warms to room temperature. The 99-075
valve is set to relieve at the design pressure of the heat exchanger shell side.

Letdown Chiller Heat Exchanger

The relief valve is located on the piping leading from the shell side of the heat
exchanger. If the shell side were isolated while flow was maintained in the tube
side, overpressurization could occur. The valve is set to relieve at the design
pressure of the heat exchanger shell side.

Steam Line to Batching Tank

The relief valve on the steam line to the batching tank protects the low pressure
piping and batching tank heating jacket from overpressure when the condensate
return line is isolated. The capacity of the relief valve equals the maximum
expected steam inlet flow. The set pressure equals the design pressure of the
heating jacket.
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9.34.26 System Operation

9.3.4.2.6.1 Reactor Startup

Reactor startup is defined as the operations which bring the reactor from cold shutdown
to normal operating temperature and pressure.

It is assumed that:

1.

2.

Normal residual heat removal is in progress.
RCS boron concentration is at the cold shutdown concentration.

Reactor makeup control system is set to provide makeup at the cold shutdown
concentration.

RCS is either water solid or drained to minimum level for the purpose of refueling
or maintenance. If the RCS is water solid, system pressure is maintained by
operation of a charging pump and controlled by the low pressure letdown valve in
the letdown line (letdown is achieved via the low pressure letdown connection from
the residual heat removal system, as well as one or more letdown orifices).

The charging and letdown lines of the CVCS are filled with coolant at the cold
shutdown boron concentration. The letdown orifice isolation valves are closed.

If the RCS requires filling and venting, the procedure is as follows:

1.

2.

3.

One (1) charging pump is started, which provides blended flow from the reactor
makeup control system at the cold shutdown boron concentration.

The vents on the head of the reactor vessel and pressurizer are opened.

The RCS is filled and the vents closed.

The system pressure is raised by using the charging pump and controlled by the low
pressure letdown valve. When the system pressure is adequate for operation of the
reactor coolant pumps, seal water flow to the pumps is established and the pumps are
operated and vented sequentially until all gases are cleared from the system. Final
venting takes place at the pressurizer.
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After the filling and venting operations are completed, charging and letdown flows are
established. All pressurizer heaters are energized and the reactor coolant pumps are
employed to heatup the system. After the reactor coolant pumps are started, the
residual heat removal pumps are stopped but pressure control via the Residual Heat
Removal System (RHRS) and the low pressure letdown line is continued as the
pressurizer steam bubble is formed. At this point, steam formation in the pressurizer is
accomplished by manual control of the charging flow and low pressure letdown valve
with all letdown orifices open. When the pressurizer water level reaches the no-load
programmed setpoint, the pressurizer level control is shifted to control the charging flow
to maintain programmed level. The RHRS is then isolated from the RCS and the
normal letdown path is established. The pressurizer heaters are used to increase RCS
pressure.

The reactor coolant boron concentration is now reduced by operating the reactor
makeup control system in the "dilute” mode. The reactor coolant boron concentration is
corrected to the point where the control rods may be withdrawn and criticality achieved.
Nuclear heatup may then proceed with corresponding manual adjustment of the reactor
coolant boron concentration to balance the temperature coefficient effects and maintain
the control rods within their operating range. During heatup, the appropriate
combination of letdown orifices is used to provide necessary letdown flow.

Prior to or during the heating process, the CVCS is employed to obtain the correct
chemical properties in the RCS. The reactor makeup control system is operated on a
continuing basis to ensure correct control rod position. Chemicals are added through
the chemical mixing tank as required to control reactor coolant chemistry such as pH
and dissolved oxygen content. Hydrogen overpressure is established in the volume
control tank to assure the appropriate hydrogen concentration in the reactor coolant.

9.3.4.2.6.2 Power Generation and Hot Standby Operation

1. Base Load

At a constant power level, the rates of charging and letdown are dictated by the
requirements for seal water to the reactor coolant pumps and the normal
purification of the RCS. One (1) charging pump is employed and charging flow is
controlled automatically from pressurizer level. The only adjustments in boron
concentration necessary are those to compensate for core burnup. These
adjustments are made at infrequent intervals to maintain the control groups within
their allowable limits. Rapid variations in power demand are accommodated
automatically by control rod movement. If variations in power level occur, and the
new power level is sustained for long periods, some adjustment in boron
concentration may be necessary to maintain the control groups within their
maneuvering band.
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During normal operation, normal letdown flow (60 to 120 gpm) is maintained and 1
mixed bed demineralizer is in service. Reactor coolant samples are taken
periodically to check boron concentration, water quality, pH and activity level. The
charging flow to the RCS is controlled automatically by the pressurizer level control
signal through the discharge header flow control valve.

Load Follow

A power reduction will initially cause a xenon buildup followed by xenon decay to a
new, lower equilibrium value. The reverse occurs if the power level increases;
initially, the xenon level decreases and then it increases to a new and higher
equilibrium value associated with the amount of the power level change.

The reactor makeup control system is used to vary the boron concentration in the
reactor coolant to compensate for xenon transients occurring when reactor power
is changed.

The most important intelligence available to the plant operator, enabling him to
determine whether dilution or boration of the RCS is necessary, is the position of
the control rods. For example, if the control rods are below their desired position,
the operator must borate the reactor coolant to bring the rods outward. If, on the
other hand, the control rods are above their desired position, the operator must
dilute the reactor coolant to bring the rods inward.

During periods of plant loading, the reactor coolant expands as its temperature
rises. The pressurizer absorbs this expansion as the level controller raises the
level setpoint to the increased level associated with the new power level. The
excess coolant due to RCS expansion is letdown and stored in the volume control
tank. During this period, the flow through the letdown orifice remains constant and
the charging flow is reduced by the pressurizer level control signal, resulting in an
increased temperature at the regenerative heat exchanger outlet. The temperature
controller downstream from the letdown heat exchanger increases the component
cooling water flow to maintain the desired letdown temperature.

During periods of plant unloading, the charging flow is increased to make up for the
coolant contraction not accommodated by the programmed reduction in
pressurizer level.

Hot Standby

If required, for periods of maintenance, or following spurious reactor trips, the
reactor can be held subcritical, but with the capability to return to full power within
the period of time it takes to withdraw control rods. During this hot standby period,
temperature is maintained at no-load Tavg by initially dumping steam to remove
core residual heat, or at later stages, by running reactor coolant pumps to maintain
system temperature.
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Following shutdown, xenon buildup occurs and increases the degree of shutdown;
i.e., initially, with initial xenon concentration and all control rods inserted, the core
is maintained at a minimum of 1% Ak/k subcritical. The effect of xenon buildup is
to increase this value to a maximum of about 3% Ak/k at about 8 hours following
shutdown from equilibrium full power conditions. If hot standby is maintained past
this point, xenon decay results in a decrease in degree of shutdown. Since the
value of the initial xenon concentration is about 3% Ak/k (assuming that an
equilibrium concentration had been reached during operation), boration of the
reactor coolant is necessary to counteract the xenon decay and maintain
shutdown.

If a rapid recovery is required, dilution of the system may be performed to
counteract this xenon buildup. However, after the xenon concentration reaches a
peak, boration must be performed to maintain the reactor subcritical as the xenon
decays out.

Cold Shutdown

Cold shutdown is the operation which takes the reactor from hot shutdown
conditions to cold shutdown conditions (reactor is subcritical by at least 1% Ak/k
and Tayg < ZOOOF)

Before initiating a cold shutdown, the RCS hydrogen concentration is lowered by
reducing the volume control tank overpressure, by replacing the volume control
tank hydrogen atmosphere with nitrogen, and by continuous purging to the
gaseous waste processing system.

Before cooldown and depressurization of the reactor plant is initiated, the reactor
coolant boron concentration is increased to the cold shutdown value. After the
boration is completed and reactor coolant samples verify that the concentration is
correct, the operator resets the reactor makeup control system for leakage makeup
and system contraction at the shutdown reactor coolant boron concentration.

Contraction of the coolant during cooldown of the RCS results in actuation of the
pressurizer level control to maintain normal pressurizer water level. The charging
flow is increased, relative to letdown flow, and results in a decreasing volume
control tank level. The volume control tank level controller automatically initiates
makeup to maintain the inventory.
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After the RHRS is placed in service and the reactor coolant pumps are shutdown,
further cooling of the pressurizer liquid is accomplished by charging through the
auxiliary spray line. Coincident with plant cooldown, a portion of the reactor
coolant flow is diverted from the RHRS to the CVCS for cleanup. Demineralization
of ionic radioactive impurities and stripping of fission gases reduce the reactor
coolant activity level sufficiently to permit personnel access for refueling or
maintenance operations.

9343 Safety Evaluation

9.34.3.1 Reactivity Control

Any time that the plant is at power, the quantity of boric acid retained and ready for
injection always exceeds that quantity required for the normal cold shutdown assuming
that the control assembly of greatest worth is in its fully withdrawn position. This
quantity always exceeds the quantity of boric acid required to bring the reactor to hot
shutdown and to compensate for subsequent xenon decay. An adequate quantity of
boric acid is also available in the refueling water storage tank to achieve cold shutdown.

When the reactor is subcritical; i.e., during cold or hot shutdown, refueling and approach
to criticality, the neutron source multiplication is continuously monitored and indicated.
Any appreciable increase in the neutron source multiplication, including that caused by
the maximum physical boron dilution rate, is slow enough to give ample time to start a
corrective action to prevent the core from becoming critical. The rate of boration, with a
single boric acid transfer pump operating, is sufficient to take the reactor from full power
operation to 1% shutdown in the hot condition, with no rods inserted, in less than 90
minutes. In less than 90 additional minutes, enough boric acid can be injected to
compensate for xenon decay, although xenon decay below the equilibrium operating
level will not begin until approximately 25 hours after shutdown. Additional boric acid is
employed if it is desired to bring the reactor to cold shutdown conditions.

Two (2) separate and independent flow paths are available for reactor coolant boration;
i.e., the charging line and the reactor coolant pump seal injection line. Solution
temperature requirements are maintained. A single failure does not result in the inability
to borate the RCS. Two (2) separate high head safety injection flow paths are also
available.

If the normal charging line is not available, charging to the RCS is continued via reactor
coolant pump seal injection at the rate of approximately 5 gpm per pump. At the
charging rate of 15 gpm (5 gpm per reactor coolant pump), approximately 6 hours are
required to add enough boric acid solution from the Boric Acid Tank to counteract xenon
decay, although xenon decay below the full power equilibrium operating level will not
begin until approximately 25 hours after the reactor is shutdown.

As backup to the normal boric acid supply, the operator can align the refueling water
storage tank outlet to the suction of the charging pumps.
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Since inoperability of a single component does not impair ability to meet boron injection
requirements, plant operating procedures allow components to be temporarily out of
service for repairs. However, with an inoperable component, the ability to tolerate
additional component failure is limited. Therefore, operating procedures require
immediate action to effect repairs of an inoperable component, restrict permissible
repair time, and require demonstration of the operability of the redundant component.

9.34.3.2 Reactor Coolant Purification

The CVCS is capable of reducing the concentration of ionic isotopes in the purification
stream as required in the design basis. This is accomplished by passing the letdown
flow through 1 of the mixed bed demineralizers which removes ionic isotopes, except
those of cesium, molybdenum and yttrium, with a minimum decontamination factor of
10. Through occasional use of the cation bed demineralizer the concentration of
cesium can be maintained below the Cs-137 value listed in Table 11.1-2.

The maximum temperature that will be allowed for the mixed bed and cation bed
demineralizers is approximately 140°F. If the temperature of the letdown stream
approaches this level, the flow will be automatically diverted so as to bypass the
demineralizers. If the letdown is not diverted, the only consequence would be a
decrease in ion removal capability. lon removal capability starts to decrease when the
temperature of the resin goes above approximately 160°F for anion resin or above
approximately 250°F for cation resin. The resins do not lose their exchange capability
immediately. lon exchange still takes place (at a faster rate) when temperature is
increased. However, with increasing temperature, the resin loses some of its ion
exchange sites along with the ions that are held at the lost sites. The ions lost from the
sites may be re-exchanged farther down the bed. The number of sites lost is a function
of the temperature reached in the bed and of the time the bed remains at the high
temperature. Capability for ion exchange will not be lost until a significant portion of the
exchange sites are lost from the resin.

There would be no safety problem associated with over-heating of the demineralizer
resins. The only effect on reactor operating conditions would be the possibility of an
increase in the reactor coolant activity level. If the activity level in the reactor coolant
were to exceed the limit given in the Technical Specifications, reactor operation would
be restricted as required by the Technical Specifications.

9.3.4.3.3 Seal Water Injection

Flow to the reactor coolant pumps’ seals is assured by the fact that there are 3 charging
pumps, any 1 of which is capable of supplying the normal charging line flow plus the
nominal seal water flow.
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9.34.3.4 Leakage Provisions

CVCS components, valves, and piping which see radioactive service are designed to
limit leakage to the atmosphere. Leakage to the atmosphere is limited through:

1. Welding of all piping joints and connections except where flanged connections are
provided to facilitate maintenance and hydrostatic testing,

2. Extensive use of leakoffs to collect leakage, and
3. Use of diaphragm valves where conditions permit.

The volume control tank in the CVCS provides an inferential measurement of leakage
from the CVCS as well as the RCS. Low level in the volume control tank actuates
makeup at the prevailing reactor coolant boron concentration. The amount of leakage
can be inferred from the amount of makeup added by the reactor makeup control
system.

9.34.35 Ability to Meet the Engineered Safety Features Function

A failure analysis of the portion of the CVCS which is safety-related (used as part of the
emergency core cooling system) is included as part of the emergency core cooling
system failure analysis resented in Tables 6.3-6 and 6.3-7.

9344 Tests and Inspections

As part of plant operation, periodic tests, surveillance inspections and instrument
calibrations are made to monitor equipment condition and performance. Most
components are in use regularly; therefore, assurance of the availability and
performance of the systems and equipment is provided by control room and/or local
indication.

9345 Instrumentation Application

Process control instrumentation is provided to acquire data concerning key parameters
about the CVCS. The location of the instrumentation is shown on Figure 9.3-16.

The instrumentation furnishes input signals for monitoring and/or alarming purposes.
Indications and/or alarms are provided for the following parameters:

1. Temperature.

2. Pressure.

3. Flow.

4. \Water level.
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The instrumentation also supplies input signals for control purposes. Some specific
control functions are:

1. Letdown flow is diverted to the volume control tank upon high temperature
indication upstream of the mixed bed demineralizers.

2. Pressure upstream of the letdown heat exchanger is controlled to prevent flashing
of the letdown liquid.

3. Charging flowrate is controlled during charging pump operation.

4. Water level is controlled in the volume control tank.

5. Temperature of the boric acid solution in the batching tank is maintained.
6. Reactor makeup is controlled.

7. Temperature of letdown flow to the Boron Thermal Regeneration System is
controlled.

8. Temperature of the chilled water flow to the letdown chiller heat exchanger is
controlled.

9. Temperature of letdown flow return from the boron thermal regeneration
demineralizers is controlled.

9.3.5 FAILED FUEL DETECTION SYSTEM

The Virgil C. Summer Nuclear Station does not employ a specific failed fuel detection
system. However, provision is made for detection of failed fuel by utilization of the
process sampling system and the Radiation Monitoring System, discussed in Sections
9.3.2 and 11.4, respectively. In addition, the refueling machine mast is equipped with
hardware to support in-mast sipping - a failed fuel detection process that can be used
during refueling.

Radiation monitor, RM-L1, provides indication of the gross gamma activity in the reactor
coolant. Alarms are provided in the control room to alert the operator to an excessive
increase in reactor coolant activity. Laboratory analysis of a reactor coolant sample is
used to establish that fission products are present and, if so, the concentration. In this
manner information for the determination of fuel failure is obtained.
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9.3.6 BORON RECYCLE SYSTEM

This section describes the design and operating features of the Boron Recycle System
(BRS) which includes the Reactor Grade Water System (RGWS) demineralizers.

9.3.6.1 Design Basis
9.3.6.1.1 Collection Requirements

The BRS primarily collects and processes water from the recycle holdup tank.
Provisions are made to sample and analyze fluids before they are discharged. Based
on the laboratory analysis, these wastes are either released under controlled conditions
via the penstocks of the Fairfield Pumped Storage Facility or retained for further
processing. Permanent records of liquid releases are provided by analyses of known
volumes of waste. Alternatively, the liquid may be reused in the plant. For the most
part, this effluent is the deaerated, tritiated, borated, and radioactive water from the
letdown and drains.

The BRS is designed to collect, via the letdown line in the Chemical and Volume Control
System (CVCS), the excess reactor coolant that results from the following plant
operations during 1 core cycle:

1. Dilution for core burnup from approximately 1800 ppm boron at the beginning of an
18 month core cycle to approximately 10 ppm near the end of the core cycle.

2. Hot shutdowns and startups. Four (4) hot shutdowns are assumed to take place
during an 18 month core cycle.

3. Cold shutdowns and startups. Three (3) cold shutdowns are assumed to take
place during an 18 month core cycle.

4. Refueling shutdown and startup.
The BRS also collects water from the following sources:

1. Reactor coolant drain tank (liquid waste processing system) - collects leakoff type
drains from equipment inside the containment.

2. Volume control tank and charging pump suction pressure reliefs (CVCS) and
residual heat removal pumps pressure reliefs (Emergency Core Cooling System).

3. Boric acid blender (CVCS) - provides storage of boric acid if a boric acid tank must
be emptied for maintenance. The boric acid solution is stored in a recycle holdup
tank after first being diluted with reactor makeup water by the blender to ensure
against precipitation of the boric acid in the unheated recycle holdup tank.
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4. Spent fuel pool pumps (Spent Fuel Cooling System) - provides a means of storing
the fuel transfer canal water in case maintenance is required on the transfer RN
equipment. 07-037

5. Valve leakoffs and equipment drains.

9.3.6.1.2 Capacity Requirement

The BRS is designed to process the total volume of water collected during a core cycle
as well as short term surges. The design surge is that produced by a cold shutdown
and subsequent startup during the latter part of a core cycle or by a refueling shutdown
and startup.

9.3.6.1.3 Purification Requirement

The water collected by the BRS contains dissolved gases, boric acid, and suspended

solids. Based on reactor operations with 1% of the rated core thermal power being

generated by failed fuel, the BRS is designed to provide sufficient cleanup of the water RN

to allow discharge to the environment within regulatory limits. 07-037

The maximum radioactivity concentration buildup in the BRS components is based on
operation of the reactor at its engineered safeguards design rating with failed fuel
generating 1% of the rated core thermal power. For each component, the shielding
design considers the maximum buildup on an isotopic basis including only those
isotopes which are present in significant amounts. Filtration and demineralization are
the means by which the activity concentrations are controlled.

RN
07-037

9.36.2 System Description

The BRS is shown in Figure 9.3-18 (piping and instrumentation diagram). When water
is directed to the BRS, the flow passes first through the recycle evaporator feed
demineralizers and filters and then into the recycle holdup tanks.

The recycle evaporator feed pumps can be used to transfer liquid from one recycle
holdup tank to the other if desired. When sufficient water is accumulated to warrant
cleanup operation, the recycle evaporator feed pumps take suction from the selected
recycle holdup tank. The fluid then flows through the RGWS demineralizers after which RN

it normally is transferred to one of the waste monitor tanks for eventual release from the 07-037
plant. Alternatively, the water may be sent back to the other monitor tank or to the
excess liquid waste system for further processing.
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9.3.6.2.1 Component Descriptions

A summary of principal component data is given in Table 9.3-6 and the code
requirements are given in Section 3.2.

9.3.6.2.1.1 Recycle Evaporator Feed Pumps

Two (2) centrifugal, canned pumps supply feed to the RGWS demineralizers from the
recycle holdup tanks. The pumps can also be used to recirculate water from the recycle
holdup tanks through the recycle evaporator feed demineralizers for cleanup if desired.
An auxiliary discharge connection is provided to return water to the transfer canal from
the recycle holdup tanks, if those tanks were used for storage of transfer canal water
during refueling equipment maintenance. Another auxiliary discharge connection is
provided to supply water to the suction of the charging pumps (CVCS) for refilling the
RCS after loop or system drain.

9.3.6.2.1.2 Recycle Holdup Tanks

Two (2) recycle holdup tanks provide storage of radioactive fluid which is discharged
from the RCS during startup, shutdown, load changes and boron dilution. The sizing
criteria for the tanks is based on the design surge cold shutdown and startup. The
tanks are constructed of austenitic stainless steel.

Each tank has a diaphragm which prevents air from dissolving in the water and prevents
the hydrogen and fission gases in the water from mixing with the air. The volume in the
tank above the diaphragm is continuously ventilated with building supply air, and the
volume of gas below the diaphragm is vented to the gaseous waste processing system.

In addition to the collection of effluent the recycle holdup tanks provide the following
functions:

1. Serve as a head tank for the recycle evaporator feed pumps.

2. Provide holdup for draining the RCS to the centerline of the reactor vessel nozzles,
including the pressurizer and steam generators.

3. Provide storage for refueling transfer canal water during refueling equipment
maintenance.

4. Collect discharge from the relief valve which bypasses the recycle evaporator feed
demineralizers.
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9.3.6.2.1.3 Recycle Evaporator Feed Demineralizers

Two (2) sluiceable demineralizers remove fission products from the fluid directed to the
recycle holdup tanks. The demineralizers also provide a means of cleaning the recycle
holdup tank contents via recirculation.

9.3.6.2.1.4 Recycle Evaporator Condensate Demineralizer

A flushable demineralizer is provided as a polishing demineralizer and provides a
means of cleanup of the reactor makeup water storage tank contents.

9.3.6.2.1.5 Recycle Evaporator Feed Filter

This filter collects resin fines and particulates from the fluid entering the recycle holdup
tanks.

9.3.6.2.1.6 Recycle Evaporator Condensate Filter

This filter collects resin fines and particulate and may be used in conjunction with the
recycle evaporator condensate demineralizer.

9.3.6.2.1.7 Recycle Evaporator Concentrates Filter

This filter removes particulates and may be used during certain fluid transfer operations.

9.3.6.2.1.8 Reactor Grade Water System Demineralizers

The Reactor Grade Water System demineralizers are provided to process radioactive
waste prior to release to the environment. The demineralizers are located on the 447’
elevation of the Auxiliary Building.

The liquid waste stream enters the demineralizers through a booster pump, a
mechanical filter, and an Influent Control Leg which monitors waste stream parameters
and provides attachments for service air and water. From the Influent Control Leg, the
waste may enter one of the three pressure vessels that contain media for cleanup of the
liquid waste. The media normally include:

e Cation resin to remove metals and transition metals.
¢ Mixed bed resin that reduces undesired positive and negative ions.
e Charcoal media for cleanup as a prefilter providing mechanical filtration

capability to protect the other demineralizer beds.

A typical lineup for the three Duratek demineralizers in series could be charcoal, cation
and mixed bed with cation.
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The actual required vessel lineup during normal plant operation is determined prior to
processing by sampling the recycle holdup tank to be processed and determining the
parameter(s) that are out of specification. Selection of the appropriate vessels is made
by a quick-disconnect logic arrangement. After processing, decontaminated effluent
passes through an Effluent Control Leg which records waste volume.

9.3.6.2.1.9 Recycle Holdup Tank Vent Ejector

The ejector is designed to pull gases from under the diaphragm in a recycle holdup tank
and deliver them to the gaseous waste processing system. Nitrogen, provided by the
standby waste gas compressor, provides the motive force.

9.3.6.2.1.10 Valves

The basic material of construction for most valves is stainless steel. All valves are
welded to the piping except the three-way and relief valves, which are flanged. All
three-way valves are provided with a stuffing box and lantern leakoff connections. The
relief valve upstream of the recycle evaporator feed demineralizers protects the piping
which feeds these demineralizers.

9.3.6.2.1.11 Piping

Piping that handles radioactive liquid is austenitic stainless steel. All piping joints and
connections are welded, except where flanged connections are required to facilitate
equipment removal for maintenance and hydrostatic testing. Stainless steel flex hose is
used in a portion of the system.

9.3.6.2.2 System Operation

The BRS is manually operated with the exception of a few automatic protection
functions. These automatic functions protect the recycle evaporator feed
demineralizers from a high inlet temperature and a high differential pressure, prevent a
high vacuum from being drawn on the recycle holdup tank diaphragm and protect the
recycle evaporator feed pumps from low net positive suction head. The BRS has
sufficient instrumentation readouts and alarms to provide the operator information to
assure proper system operation.

9.3.6.2.2.1 Demineralization

Water is accumulated in the recycle holdup tank until sufficient quantity exists to warrant
processing through the Reactor Grade Demineralizer System demineralizers. Prior to
cleanup operation the contents of the recycle holdup tank are analyzed and if required
the demineralizer sequence or resin mix adjusted. Following processing by the
demineralizers the flow is sent to the waste monitor tank for discharge to the
environment. When the water has been sufficiently processed, it is discharged via the
waste monitor tank into the penstocks of the Fairfield Pumped Storage Facility at a rate
so as not to exceed a small fraction of the 10 CFR 20 limits. Water leaving this system
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is monitored for radiation. This radiation monitor, RM-L5, is described in Section 11.4.
Should the radiation monitor close the discharge valve, it must be reset/bypassed
before the valve can be reopened.

9.3.6.2.2.2 Recycle Holdup Tank Venting

Because hydrogen is dissolved in the reactor coolant at approximately 1 atmosphere
overpressure, a portion of the hydrogen along with fission gases will come out of
solution in the recycle holdup tank under the diaphragm. The hydrogen and fission
gases are vented to the gaseous waste processing system as required. The total
integrated flow from the letdown line and the reactor coolant drain tank to the recycle
holdup tanks is monitored. An alarm indicates when a sufficient amount of water has
passed to the recycle holdup tanks to require venting of the accumulated gases. A
recycle holdup tank should also be vented before and after a RCS loop drain or a drain
from the spent fuel pool (or fuel transfer canal).

When venting of either recycle holdup tank is required, the following steps are

observed:

1. Allinlets to the recycle holdup tank are closed.

2. The recycle holdup tank is lowered to less than or equal to 15%.

3. Both waste gas compressors are lined up to the recycle holdup tank vent ejector.

4. The compressors are started up and the vent from the holdup tank is opened. The
vent flow is throttled to approximately 1.2 scfm. At this time, a sample of the vent
gases can be taken to check the composition.

5.  When the gases have been vented from the recycle holdup tank, the pressure in
the vent line decreases, which automatically trips the recycle holdup tank vent
isolation valve closed.

6. After the vent isolation valve closes, the manual vent valve is closed, the gas

compressor is shut down, and the recycle holdup tank inlets and outlets are lined
up for normal use.

9.3.6.2.2.3 Maintenance Drains

When large amounts of water must be drained from the RCS or the spent fuel pool (or
fuel transfer canal) to the BRS, a recycle holdup tank is drained of water and vented to
the gaseous waste processing system. The water can then be stored in this tank until
maintenance is completed and, after checking the chemistry, returned. After returning
the water, the recycle holdup tank is again vented to the gaseous waste processing
system where it is directed to a shutdown gas decay tank to prevent accumulation of air
(i.e., nitrogen) in the high activity gas decay tanks during the venting.
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9.3.6.2.2.4 Reactor Makeup Water Cleanup

If the reactor makeup water requires purification, it can be recirculated through the
recycle evaporator condensate demineralizer until its chemistry is within specifications.
If further processing is necessary, water from the reactor makeup water storage tank
can be directed through the recycle evaporator condensate demineralizer and into the
recycle holdup tanks for processing via the RGWS demineralizers.

9.3.6.3 Safety Evaluation

Malfunctions in the BRS do not affect the safety of station operations. The BRS is
designed to tolerate equipment faults with critical functions being met by the use of 2
pieces of equipment so that the failure of 1 will, at most, reduce the capacity of the BRS
but not completely shut it down. Because of the large surge capacity of the BRS, the
nonavailability of the RGWS demineralizers can be tolerated for periods of time.

9364 Tests and Inspections

The BRS is in intermittent use throughout normal reactor operation. Periodic visual
inspection and preventive maintenance are conducted using normal industry practice.

9.36.5 Instrumentation Application

The instrumentation available for the BRS is discussed below. Alarms are provided as
noted. There is also a common alarm on the main control board which indicates any
alarms on the BRS panel.

9.3.6.5.1 Temperature at Inlet to the Recycle Evaporator Feed Demineralizer

Instrumentation is provided to measure the temperature of the inlet flow to the recycle
evaporator feed demineralizers and to control a three-way bypass valve. If the inlet
temperature becomes too high, the instrumentation aligns the valve to bypass the
demineralizers. Local temperature indication and a high temperature alarm on the BRS
panel are provided by this instrumentation.

9.3.6.5.2 Pressure

1. Pressure Differential Across the Recycle Evaporator Feed Demineralizers

Instrumentation is provided to measure the pressure differential across the recycle
evaporator feed demineralizers and to control the same three-way valve as
discussed above (but independently of the temperature control). If the pressure
drop through the demineralizers is too high, this instrumentation aligns the valve to
divert flow directly to the recycle evaporator feed filters. Local pressure differential
indication and a high alarm on the BRS panel are provided by this instrumentation.

2. Pressure at Inlet and Outlet of Filters

9.3-52 Reformatted
July 2017

RN
07-037

RN
07-037



Instrumentation is provided to measure the pressure differential across each
recycle evaporator feed filter, the recycle evaporator concentrates filter, and the
recycle evaporator condensate filter. Local indication of the pressure in each inlet
and outlet line is provided.

Pressure at Discharge of Recycle Evaporator Feed Pump

Instrumentation is provided to measure and give local indication of the discharge
pressure of each recycle evaporator feed pump.

Pressure in Vent Line from the Recycle Holdup Tanks

Instrumentation is provided to measure the pressure in the recycle holdup tank
vent line and to control a shutoff valve in the vent line. This instrumentation is
used during holdup tank venting operations. When the pressure in this line
becomes too low, the valve will be automatically closed to protect the holdup tank
diaphragm from an excessive differential pressure across it. Local pressure
indication and low pressure alarm on the BRS panel are provided.

9.3.6.5.3 Flow

1.

Boron Recycle System Flow Totalizer

Instrumentation is provided to monitor the total integrated flow received by the BRS
from the letdown line (CVCS) and the reactor coolant drain tank (waste processing
system). Indication of integrated flow and high alarm are given on the BRS panel.
Actuation of the high alarm indicates that the integrated flow has reached a value
at which the volume of gases (hydrogen and fission gases) which have come out
of solution should be vented from the recycle holdup tanks.

Flow in Vent Line from Recycle Holdup Tanks

Instrumentation is provided which gives local indication of the recycle holdup tank
vent purge flow.

Flow in Feed Line to the RGWS Demineralizers aN

07-037
Instrumentation is provided which gives local indication of RGWS demineralizers

feed flow.

9.3.6.5.4 Level in the Recycle Holdup Tanks

Instrumentation is provided to give an indication of the water level of each recycle
holdup tank. Both high level and low level alarms are provided by this instrumentation
at the BRS panel. If, after reaching the low level alarm setpoint, the recycle evaporator
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feed pumps are not stopped, the holdup tank level will continue to decrease until a
second low level point is reached and a level actuated control circuit stops the pumps.

9.3.7 REFERENCES (?7'\1037

1. American National Standards Institute, "Steel Pipe, Flanges, Flanged Valves and
Fittings," ANSI B16.5, 1968.

2.  American National Standards Institute, "Power Piping," ANSI B31.1, 1967,
Addenda through 1972.

3. American National Standards Institute, "American National Standard Guide to
Sampling Airborne Radioactive Materials in Nuclear Facilities," ANSI N13.1, 1969.
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TABLE 9.3-1

MAJOR COMPRESSED AIR SYSTEM COMPONENTS

Instrument and Service Air Compressors

Quantity
Type

Location
Safety Class
Capacity, scfm
Discharge Pressure, psig
Main Motor
Horsepower
Speed, rpm
Electrical Characteristics

Reactor Building
Instrument Air
Compressors
Quantity

Type

Location
Safety Class
Capacity, scfm
Discharge Pressure, psig
Motor
Horsepower
Speed, rpm
Electrical Characteristics

Instrument Air Dryer
Quantity

Type

Location

Safety Class

Guaranteed Capacity, scfm
Dew Point, °F at 100 psig
Pressure Drop, psi

2

Oil-free rotary screw, two stage,
water cooled

Turbine Building

NNS

990

125

250
1800

460V, 3® 60 Hz

2

Reciprocating, single stage, single
cylinder, water cooled, nonlubricated
Penetration Access Area

NNS

154

90 - 125

50
1800
460V, 30, 60 Hz

2

Dual chamber, heated,
activated alumina desiccant
Turbine Building

NNS

750

-40

5

9.3-55 Reformatted
July 2017

RN
10-014

‘ 00-01

‘ 98-01

RN
10-014

00-01



TABLE 9.3-1 (Continued)
MAJOR COMPRESSED AIR SYSTEM COMPONENTS

Reactor Building Instrument Air Dryers

Quantity

Type

Location

Safety Class

Capacity, scfm

Dew Point, °F at 100 psig
Pressure Drop, psi

Backup Instrument Air Compressor

Quantity
Type
Location
Safety Class
Capacity, Scfm
Discharge Pressure, psig
Motor
Horsepower
Speed, rpm
Electrical Characteristics

Diesel Driven Air Compressor

Quantity
Type
Location
Safety Class
Capacity, Scfm
Discharge Pressure, psig
Engine
Horsepower
Speed, rpm

9.3-56

2

Refrigerated

Penetration Access Area
NNS

150

35

<5

1

Single Stage, Rotary screw
Auxiliary Building

NNS

636

120

150
1800

460V, 30, 60 Hz

1

Oil-free, rotary screw, two-stage
Yard

NNS

1500

150

600
1800
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TABLE 9.3-2

NUCLEAR SAMPLING SYSTEM SAMPLE POINTS

Points of Extraction

Residual Heat Removal Loops
Pressurizer Steam Space

Pressurizer Liquid Space

Reactor Coolant Loop B (hot leg)
Reactor Coolant Loop C (hot leg)
Steam Generator A, Secondary Water
Steam Generator B, Secondary Water
Steam Generator C, Secondary Water
Accumulators A, B, C

Chemical and Volume Control System
Downstream of Letdown Heat Exchanger
Downstream of Mixed Bed
Demineralizer No. 1
Downstream of Mixed Bed
Demineralizer No. 2

Downstream of Demineralizers and Upstream of
Reactor Coolant Filter

Volume Control Tank, Gas Space
Reactor Coolant Drain Tank
Thermal Regeneration Demineralizer Outlet

9.3-57

Number of Points

2
1
1
1
1

2 (shell and blowdown)

2 (shell and blowdown)

2 (shell and blowdown)

3 (one each accumulator)
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TABLE 9.3-3

NUCLEAR SAMPLING SYSTEM MAJOR COMPONENTS

Sample Heat Exchangers Service (1)
(a) (b) (c) (d)
Quantity 1 2 1 3
Cooling Water (shell)
Inlet Temperature, max., °F 105 105 105 105
Inlet Temperature, normal range, °F 54-98 54-98 54-98 54-98
Flow, gpm 14 14 14 14
Pressure, max., psig 150 150 150 150
Pressure Drop, psi <10 <10 <10 <10
Cooled Water (tube)
Inlet Temperature, °F 680 650 400 540
Outlet Temperature, °F <100 <100 <100 <100
Outlet Temperature, max., °F 120 120 120 120
Flow, gpm 0.3 0.68 0.47 0.64
Design Pressure, psig 2485 2485 600 1185
Pressure Drop, psi <50 <50 <50 <50
Velocity, min., ft/sec 2.0 4.7 3.2 4.4
Delay Coils
Design Pressure, psig 2485
Size, inches 1/2 OD; 0.188 wall
Length, ft
Reactor Coolant Loop Sample 142
Sample Downstream Letdown
Heat Exchanger (two coils) 240, 120
Orientation Vertical runs connected by 180° bends
Material Type 304 stainless steel
Code ASME Code, Section Il Class 2
(1) Service
Pressurizer Steam and Liquid Space  (a)
Reactor Coolant Loops B and C (b)
Residual Heat Removal Loop (c)
Steam Generators A, B, and C (d)
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TABLE 9.3-4

CHEMICAL AND VOLUME CONTROL SYSTEM DESIGN PARAMETERS

General

Seal Water supply flowrate, for three reactor
coolant pumps nominal, gpm

Seal Water return flowrate, for three reactor
coolant pumps, nominal, gpm

Letdown Flow, gpm
Charging flow (excludes seal water), gpm

Temperature of letdown reactor coolant
entering system maximum, °F

Temperature of charging flow directed to
reactor coolant system min. @ 105 gpm
charging, °F

Temperature of effluent directed to boron
recycle system, °F

Centrifugal charging pump bypass Flow (each),
gpm

Alternate Seal Injection Pump Flow, gpm

9.3-59

24

7.5
60 - 120
45 - 105

557

438

115

60
20

RN
14-043

RN
99-027

RN
11-027
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TABLE 9.3-5

PRINCIPAL COMPONENT DATA SUMMARY
CHEMICAL AND VOLUME CONTROL SYSTEM

Centrifugal Charging Pumps

Number 3
Design pressure, psig 2900
Design temperature,°F 300
Design flow, gpm 150
Design head, ft 5800
Material Austenitic Stainless Steel
Boric Acid Transfer Pumps
Number 2
Design Pressure, psig 150
Design temperature, °F 200
Design Flow, gpm 75
Design Head, ft 235
Material Austenitic Stainless Steel
BTRS Chiller Pumps
Number 2
Design Pressure, psig 150
Design temperature, °F 200
Design Flow, gpm 400
Design head, ft 150
Material Carbon Steel
Regenerative Heat Exchanger
Number 1
Heat transfer rate at RN
60 gpm letdown, BTU/hr 8.62 x 108 99-027
Shell Side
Design Pressure, psig 2485
Design temperature, °F 650
Fluid Borated Reactor Coolant
Material Austenitic Stainless Steel
Alternate Seal Injection Pump
Number 1
Design Pressure, psig 3107 RN
Design temperature, °F 120 11-027
Design Flow, gpm 20
Design head, ft 7120
Material Austenitic Stainless Steel
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TABLE 9.3-5 (Continued)

PRINCIPAL COMPONENT DATA SUMMARY
CHEMICAL AND VOLUME CONTROL SYSTEM

Regenerative Heat Exchanger (Continued)

Tube Side
Design pressure, psig 3100
Design temperature,°F 650
Fluid Borated Reactor Coolant
Material Austenitic Stainless Steel
Shell Side (@ 60 gpm Letdown) ‘ 5&027
Flow, Ib/hr (Normal) 29,800
Inlet temperature, °F 554
Outlet temperature, °F 290
Tube Side (@ 45 gpm Charging) ‘ 5&027
Flow, Ib/hr 22,400
Inlet temperature, °F 130
Outlet temperature, °F 501
Letdown Heat Exchanger
Number 1
Heat transfer rate at RN
120 gpm letdown, BTU/hr 16.1 x 10° 99-027
Shell Side
Design pressure, psig 150
Design temperature, °F 250
Fluid Component Cooling Water
Material Carbon Steel
Tube Side
Design pressure, psig 600
Design temperature, °F 400 02-01
Fluid Borated reactor Coolant
Material Austenitic Stainless Steel
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TABLE 9.3-5 (Continued)

PRINCIPAL COMPONENT DATA SUMMARY
CHEMICAL AND VOLUME CONTROL SYSTEM

Letdown Heat Exchanger (Continued)

Shell Side @ 120 gpm Letdown @ 60 gpm Letdown 5&027

Flow, Ib/hr 551,000 76,500

Inlet temperature, °F 105 105

Outlet temperature, °F 134 173
Tube Side (Letdown)

Flow, Ib/hr 59,600 29,800

Inlet temperature, °F 380 290

Outlet temperature, °F 115 115

Excess Letdown Heat Exchanger
Number 1
Heat transfer rate at design
conditions, BTU/hr 5.2x10°8
Shell Side Tube Side
Design pressure, psig 150 2485
Design temperature, °F 250 650
Design flow, Ib/hr 129,000 12,410
Inlet temperature, °F 105 557
Outlet temperature, °F 145 165
Fluid Component Cooling Borated Reactor Coolant
Water
Material Carbon Steel Austenitic Stainless
Steel
_ ‘ 00-01
Seal Water Heat Exchanger (Design Case)
Number 1
Heat transfer rate at design
conditions, BTU/hr 1.51 x 108 ‘ 00-01
Design pressure, psig 150 150
Design temperature, °F 250 250
Design flow, Ib/hr 115,000 64,075
Inlet temperature, °F 105 138
Outlet temperature, °F 118 115
Fluid Component Cooling Borated Reactor Coolant
Water
Material Carbon Steel Austenitic Stainless
Steel
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TABLE 9.3-5 (Continued)

PRINCIPAL COMPONENT DATA SUMMARY
CHEMICAL AND VOLUME CONTROL SYSTEM

July 2017

Seal Water Heat Exchanger (Alt. Case) Shell Side Tube Side
Heat transfer rate, BTU/hr 1.58 x 10° 00-01
Design flow, Ib/hr 115,000 46,660
Inlet temperature, °F 105.0 148.8
Outlet temperature, °F 118.7 115.0

Moderating Heat Exchanger
Number 1
Heat transfer rate at design

conditions, BTU/hr 2.53 x 108
Design pressure, psig 300 300
Design temperature, °F 200 200
Design flow, Ib/hr 59,600 59,600
Design inlet temperature

(boron storage mode), °F 50 115
Design outlet temperature

(boron storage mode), °F 92.4 72.6
Inlet temperature (boron

release mode), °F 140 115
Outlet temperature (boron

release mode), °F 123.7 131.3 02-01
Material Austenitic Stainless Austenitic Stainless

Steel Steel

Letdown Chiller Heat Exchanger
Number 1
Heat transfer rate at design conditions

(boron storage mode), BTU/hr 1.65 x 108
Design pressure, psig 150 300
Design temperature, °F 200 200
Design flow (boron

storage mode), Ib/hr 175,000 59,600
Design inlet temperature

(boron storage mode), °F 39 72.6
Design outlet temperature

(boron storage mode), °F 48.4 45
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TABLE 9.3-5 (Continued)

PRINCIPAL COMPONENT DATA SUMMARY
CHEMICAL AND VOLUME CONTROL SYSTEM

July 2017

Letdown Chiller Heat Exchanger Shell Side Tube Side
(Continued)
Flow
(boron release mode), Ib/hr 175,000 59,600
Inlet temperature
(boron release mode), °F 90 123.7
Outlet temperature
(boron release mode), °F 99.4 96.1
Material Carbon Steel Austenitic Stainless
Steel
Letdown Reheat Heat Exchanger
Number 1
Heat transfer rate at design
conditions, BTU/hr 1.49 x 108
Design pressure, psig 300 600
Design temperature, °F 200 400
Design flow, Ib/hr 59,600 44,700
Inlet temperature, °F 115 280
Outlet temperature, °F 140 246.7
Material Austenitic Stainless Austenitic Stainless
Steel Steel
NOTE: The tube side of the Letdown Reheat RN
Heat Exchanger is no longer in use. 99-075
Volume Control Tank
Number 1
Volume, ft3 300
Design Pressure, psig 75
Design temperature, °F 250
Material Austenitic Stainless
Steel
Boric Acid Tanks
Number 2
Usable capacity, gal 21,000
Design pressure, psig Atmospheric
Design temperature, °F 170
Material Austenitic Stainless
Steel
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TABLE 9.3-5 (Continued)

PRINCIPAL COMPONENT DATA SUMMARY
CHEMICAL AND VOLUME CONTROL SYSTEM

Batching Tank

Number 1

Capacity, gal 400

Design pressure Atmospheric

Design temperature, °F 300

Material Austenitic Stainless Steel
Chemical Mixing Tank

Number 1

Capacity, gal 5

Design pressure, psig 150

Design temperature, °F 200

Material Austenitic Stainless Steel
BTRS Chiller Surge Tank

Number 1

Volume, gal 500

Design pressure Atmospheric

Design temperature, °F 200

Material Carbon Steel
Mixed Bed Demineralizers

Number 2

Design pressure, psig 300

Design temperature, °F 250

Design flow, gpm 120

Resin volume, each, ft3 30

Material Austenitic Stainless Steel

Cation Bed Demineralizer

Number 1
Design pressure, psig 300
Design temperature, °F 250
Design flow, gpm 60
Resin volume, ft3 20
Material Austenitic Stainless Steel
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TABLE 9.3-5 (Continued)

PRINCIPAL COMPONENT DATA SUMMARY
CHEMICAL AND VOLUME CONTROL SYSTEM

Thermal Regeneration Demineralizers
Number
Design pressure, psig
Design temperature, °F
Design flow, gpm
Resin volume, ft3 *
Material

Reactor Coolant Filter
Number
Design pressure, psig
Design temperature, °F
Design flow, gpm
Particle size, 98% retention
Material, (vessel)

Seal Water Injection Filters
Number
Design pressure, psig
Design temperature, °F
Design flow, gpm
Particle size, 98% retention
Material, (vessel)

Seal Water Return Filter
Number
Design pressure, psig
Design temperature, °F
Design flow, gpm
Particle size, 98% retention
Material, (vessel)

* More resin must be added to allow for compaction.

9.3-66

4
300
250
120
74
Austenitic Stainless Steel

1
300
250
150
< 25 micron
Austenitic Stainless Steel

2
2735
200
80
< 5 micron
Austenitic Stainless Steel

1
150
250
150
< 25 micron
Austenitic Stainless Steel
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TABLE 9.3-5 (Continued)

PRINCIPAL COMPONENT DATA SUMMARY

CHEMICAL AND VOLUME CONTROL SYSTEM

Boric Acid Filter
Number
Design pressure, psig
Design temperature, °F
Design flow, gpm
Particle size, 98% retention
Material, (vessel)

Letdown Orifice
Number
Design flow, Ib/hr
Differential pressure at

design flow, psia

Design pressure, psig
Design temperature, °F
Material

Boric Acid Blender
Number
Design pressure, psig
Design temperature, °F
Material

BTRS Chiller
Number
Capacity, BTU/hr
Design flow, gpm
Inlet temperature, °F
Outlet temperature, °F

1

150
250
150
< 25 micron
Austenitic Stainless Steel
45 gpm 60 gpm
1 2
22,400 29,800
1,700 1,700
2,485 2,485
650 650
Austenitic Stainless Austenitic Stainless
Steel Steel
1
150
200

Austenitic Stainless Steel

1
1.66 x 106
352
48.3
39
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TABLE 9.3-6

PRINCIPAL COMPONENT DATA SUMMARY
BORON RECYCLE SYSTEM

Recycle Evaporator Feed Pumps

Number 2
Design pressure, psig 150
Design temperature, °F 200
Design flow, gpm 30/100
Design head, ft 320/250

Material Stainless Steel
Recycle Holdup Tanks

Number 2

Capacity, gal 42,000

Design pressure Atmospheric

Design temperature, °F 200

Material Stainless Steel
Recycle Evaporator Reagent Tank -NO LONGER IN SERVICE-

Number 1

Capacity, gal 5

Design pressure, psig 150

Design temperature, °F 200

Material Stainless Steel
Reactor Grade Water System Demineralizers

Number 3

Type Sluiceable

Design pressure, psig 150

Design temperature, °F 200

Design flow, gpm 35

Resin volume, ft3 28

Material
Recycle Evaporator Feed Demineralizers

Stainless Steel

Number 2

Design pressure, psig 150
Design temperature, °F 200
Design flow, gpm 120
Resin volume, ft3 30

Material

Recycle Evaporator Condensate Demineralizer
Number

Stainless Steel

1

Design pressure, psig 150
Design temperature, °F 200
Design flow, gpm 35
Resin volume, ft3 20

Material

9.3-68

Stainless Steel
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TABLE 9.3-6 (Continued)

PRINCIPAL COMPONENT DATA SUMMARY
BORON RECYCLE SYSTEM

Recycle Evaporator Feed Filter ‘ 02-01
Number 1
Design pressure, psig 300 02.01
Design temperature, °F 250
Design flow, gpm 150
Filtration rating, 98% removal 5 micron | 02-01
Material (vessel) Stainless Steel
Recycle Evaporator Condensate Filter
Number 1
Design pressure, psig 200 02.01
Design temperature, °F 250
Design flow, gpm 35
Filtration rating, 98% removal 25 micron \ 02-01
Material (vessel) Stainless Steel
Recycle Evaporator Concentrates Filter
Number 1
Design pressure, psig 200
Design temperature, °F 250 02-01
Design flow, gpm 35
Filtration rating, 98% removal 25 micron \ 02-01
Material, (vessel) Stainless Steel
Recycle Evaporator Package -NO LONGER IN SERVICE-
Number 1
Design flow, gpm 15
Concentration of concentrate 57’\{037
(boric acid), wt percent 4
Concentration of condensate < 10 ppm boron as H3BO3
Material Stainless Steel
Recycle Holdup Tank Vent Ejector 02-01
Number 1
Design pressure, psig 150
Design temperature, °F 200
Suction flow, Ib/hour 0.248 - 0.3
Motive flow, Ib/hour 158 02-01
Material Stainless Steel
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SCE&G 1 %' MANKAY 2681F-1A
268IM-1A [ i ACCESS PLATF
11/ 3/4.
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