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9.0 AUXILIARY SYSTEMS
9.1 FUEL STORAGE AND HANDLING
9.1.1 New Fuel Storage

9.1.1.1 Design Bases

New fuel is stored in racks (Figure 9.1-1). Each rack is composed of individual vertical
cells which can be fastened together in any number to form a module that can be firmly
bolted to anchors in the floor of the new fuel storage pit. The new fuel storage racks
are designed to include storage for 1/3 core for each unit at a center to center spacing
of 21 inches. 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. Space between storage positions
is blocked to prevent insertion of fuel. All 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. A three inch drain is provided in the new fuel
storage vault.

The racks are designed to withstand nominal operating loads as well as SSE and OBE
seismic loads in accordance with Regulatory Guides 1.29 and 1.13.

The new fuel storage racks are located in the new fuel pit area which has a cover that
protects the racks from dropped objects. Administrative controls are utilized when a
section of the protective cover is removed for handling of the new fuel assembilies.

9.1.1.2 Facilities Description

The location of the new fuel storage vault is shown in Figures 1.2-3 and 1.2-8. The
design of the new fuel storage racks is shown in Figure 9.1-1.

The new fuel storage vault is a reinforced concrete structure. This vault is a part of the
Auxiliary Building, which is a Seismic Category | Structure (See Section 3.2)

The new fuel storage vault opens on to the elevation 757 floor, but is normally covered
by a series of hatches which are designed to withstand the effects of an OBE or SSE.
These hatches are removed as necessary during handling of the new fuel.

9.1.1.3 Safety Evaluation

The center-to-center distance between new fuel assemblies is sufficient to assure kg
< 0.98 when the new fuel storage area is dry or fogged (optimally moderated). For the
fully flooded condition assuming cold, clean, unborated water, the value of ke is less
than or equal to 0.95.

The new fuel assemblies are stored dry, the 21 inch center to center spacing ensuring
an ever safe geometric array. Under these conditions, a criticality accident during
refueling and storage is not considered credible.

FUEL STORAGE AND HANDLING 9.1-1
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Design of the storage racks is in accordance with Regulatory Guide 1.13 and 1.29 and
ensures adequate safety under normal and postulated accidents.

Consideration of criticality safety analysis is discussed in Section 4.3.2.7.

9.1.2 SPENT FUEL STORAGE

9.1.2.1 Design Bases
The spent fuel racks are designed in accordance with the following listed criteria:

(1)

(2)

(3)

(4)

(5

(6)

(7)

The spent fuel storage racks were designed for storage of 1386 fuel
assemblies. The design meets all the structural and seismic requirements of
Category | equipment as defined by the NRC Position Paper dated April 14,
1978, on spent fuel storage and handling applications and the references
listed in Table 9.1-3.

Burnup credit and fuel assembly placement controls are used to ensure the
fuel array in the spent fuel racks is maintained subcritical assuming the array
is fully flooded with nonborated water, the fuel is new with a maximum
anticipated enrichment of 5.0 weight percent U-235, and the geometric array
is the worst possible considering mechanical tolerances and abnormal
conditions.

The spent fuel storage facility is designed to prevent severe natural
phenomena, including missiles generated from high winds, from causing
damage to the spent fuel. The spent fuel storage facility, including the spent
fuel racks, is Seismic Category |I.

The spent fuel storage racks are designed to withstand handling and normal
operating loads and the maximum uplift forces generated by the fuel handling
equipment.

A loss of pool cooling accident is not considered a credible accident because
the pool cooling system is Seismic Category | and single failure proof.

The spent fuel storage racks are designed to withstand the impact of a
dropped spent fuel assembly from the maximum lift height of the spent fuel
pit bridge hoist.

The spent fuel storage facilities provide the capability for limiting the potential
offsite exposures, in the event of significant release of radioactivity from the
stored fuel, to well less than 10 CFR 100 guidelines.

9.1.2.2 Facilities Description

The spent fuel storage pool is a reinforced concrete structure with a stainless steel liner
for leak tightness. This storage pool is a part of the Seismic Category | Auxiliary

Building, and is shared between units one and two. Both the liner and pool walls are
designed to withstand the effects of an OBE and SSE. The location of the spent fuel

9.1-2
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storage pool is shown on Figures 1.2-3 and 1.2-8. The storage rack configuration in
the pool is shown on Figure 9.1-15. Typical storage racks are shown on Figure 9.1-16.

The spent fuel storage pool opens onto the elevation 757 floor, and is protected by a
guard rail which surrounds the pool. The depth of the pool is sufficient to allow some
26 feet of water shielding (nominally) above the spent fuel. This water depth ensures
that the doses on the operating floor from stored spent fuel are negligibly small.

The spent fuel storage racks consist of stainless steel structures with cells or
receptacles for nuclear fuel assemblies as they are used in a reactor. Twenty-four of
these flux trap racks, provide 1386 storage positions in eighteen 7 x 8 cell array
modules and six 7 x 9 cell array modules. Figure 9.1-15 shows the layout of the storage
racks in the spent fuel pool. Each rack is supported by four pedestals (one rack has
five pedestals) sitting on two-inch thick stainless steel bearing pads which spread the
load on the pool floor.

9.1.2.3 Safety Evaluation

Design of these storage racks is in accordance with Regulatory Guide 1.13 and
ensures a safe condition under normal and postulated accident conditions. The
distance between spent fuel assemblies is maintained to ensure a kqg < 0.95 even if
unborated water is used to fill the spent fuel storage pool. Consideration of criticality
safety analysis is discussed in Section 4.3.2.7.

The spent fuel racks are designed as free standing and are qualified as seismic
Category | structures. The seismic design considered fully loaded racks in water at less
than boiling temperature undergoing a SSE. Composite, dynamic simulations which
modeled all racks in the pool were utilized to determine limiting loads and
displacements for each rack in the pool, to establish limiting relative motion between
racks, and to evaluate the potential for and the consequences of inter-rack and rack-
wall phenomena in the entire assemblage of racks. The racks were also checked for
OBE loads and found to be satisfactory. See section 3.8.4 for related pool structure
information.

The racks can withstand the drop of a fuel assembly from its maximum supported
height and the drop of tools used in the pool. The racks are also capable of
withstanding accidental drops of the gates which cover the slots between the spent fuel
pool and the transfer canal and cask loading pit from a height of eight feet above the
top of the racks. Electrical and mechanical stops prevent the movement of heavy
objects over the spent fuel pool including the shipping casks. The movement of the
casks is restricted to areas away from the pool. The wall which separates the fuel
storage area from the cask loading area has been designed to restrict damage to the
cask loading area if a cask were dropped even in a tipped position in the cask loading
area.

Loss of pool cooling and pool water events are discussed in Section 9.1.3. Radiation
sources and protection for the pool water are discussed in Sections 12.2.1 and
12.3.2.2. Although the number of stored fuel assemblies is increased, the capacity of
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the pool water cleanup system is adequate to maintain radionuclide concentrations
within design limits. Therefore no increase in personnel exposures is expected.

9.1.2.4 Materials

The materials used in the construction of the spent fuel racks are 304 stainless, CF-3M
stainless and 17-4 PH stainless. The neutron poison material is a commercial product
known as Boral and contains B,C powder in a matrix.

The flux trap racks contain the following proven materials:

(1) Poison inner can and outer tubes: 304 stainless steel, ASTM A-666-72
Grade B

(2) Top and bottom grid castings: CF-3M, ASTM A-296-77
(3) Threaded pedestal foot: 17-4 PH, ASTM A-564-66

In addition to the stainless steel material, the racks employ Boral, a patented product
of AAR Brooks and Perkins, as the thermal neutron absorber material. Boral is a
thermal neutron absorbing material consisting of finely divided particles of boron
carbide (B4C) uniformly distributed in type 1100 aluminum, pressed and sintered in a
hot rolling process. Boron carbide is a compound having a high boron content in a
physically stable and chemically inert form. The 1100 alloy aluminum is a light weight
metal with high tensile strength which is protected from corrosion by a highly resistant
oxide film. The two materials, boron carbide and aluminum, are chemically compatible
and ideally suited for long term use in the radiation, thermal and chemical environment
of a spent fuel pool.

9.1.3 Spent Fuel Pool Cooling and Cleanup System (SFPCCS)

The SFPCCS is designed to remove from the spent fuel pool water the decay heat
generated by stored spent fuel assemblies. Additional functions of the SFPCCS are
to clarify and purify the water in the spent fuel pool, transfer canal, and refueling water
storage tanks (RWST). If a warning of flood above plant grade is received when one
or both reactor vessels are open or vented to the containment atmosphere, the
SFPCCS will be modified as indicated in Section 2.4.14 to accomplish cooling the
reactor core(s).

9.1.3.1 Design Bases

SFPCCS design parameters are given in Table 9.1-1.

9.1.3.1.1 Spent Fuel Pool Cooling

9.1-4

The SFPCCS is designed to remove the decay heat from the spent fuel assemblies
stored in the pool and maintain acceptable pool temperatures following a full core
discharge. The temperatures listed in Table 9.1-1 can be maintained for the various full
core offload scenarios assuming the SFPCCS heat exchangers are supplied with
component cooling water at its design flow and temperature. If it is necessary to
remove a complete core after a normal refueling, the system can maintain the spent
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9.1.3.1.2

fuel pool water at or below 159.2°F in the worst case design basis single failure
scenario.

The SFPCCS incorporates two trains of equipment (plus a spare pump capable of
operation in either train). The flow through the pool provides sufficient mixing to ensure
uniform water conditions throughout the pool. Under design basis Ultimate Heat Sink
(UHS) temperatures and heat exchanger fouling conditions, the heat load in the spent
fuel pool is limited to 28.1E+06 BTU/hr during refueling outages. Under more
favorable conditions, up to 50.2E+06 BTU/hr may be accommodated. Cycle specific
calculations may be performed prior to the start of a refueling outage to determine the
exact heat removal capability of the SFPCCS using recent heat exchanger
performance testing and anticipated UHS temperatures; otherwise, 28.1E+06 BTU/hr
may not be exceeded. The rate of fuel transfer from the reactor to the SFP is controlled
such that, with one (1) train of SFPCCS in service, the SFP temperature will remain
below 151.2 °F. Operating procedures provide the controls to ensure these limitations
are met. A decay heat calculation is routinely performed at the end of each operating
cycle to produce heat decay vs time curves for the core and spent fuel pool. This
calculation can be used to determine the time to begin core offload and the rate at
which the core can be off loaded.

Spent Fuel Pool Dewatering Protection

System piping is arranged so that failure of any pipeline cannot drain the spent fuel
pool below the water level required for radiation shielding. A water level of ten feet or
more above the top of the stored spent fuel assemblies is maintained to limit direct
gamma dose rate.

9.1.3.1.3 Water Purification

9.1.3.14

The system's demineralizer and filter are designed to provide adequate purification to
permit unrestricted access to the spent fuel storage area for plant personnel and
maintain optical clarity of the spent fuel pool water surface by use of the system's
skimmers, strainer, and skimmer filter.

Flood Mode Cooling

Section 2.4.14 presents the design basis operation of the SFPCCS when it may be
used for reactor core cooling during flooded plant conditions.

9.1.3.2 System Description

The SFPCCS, shown in Figure 9.1-3, consists of two cooling trains (plus a backup
pump capable of operation in either train), a purification loop, and a separate skimmer
loop. The electrical logic control diagrams for this system are shown in Figures 9.1-4
and 9.1-5.

The SFPCCS removes decay heat from fuel stored in the spent fuel pool. Spent fuel
is placed in the pool during the refueling sequence and stored there until it is shipped
offsite. The system normally handles the heat load from either a full core or 1/3 of a
core freshly discharged from each reactor plus the decreasing heat load from
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9.1-6

previously discharged fuel. Heat is transferred from the SFPCCS through the heat
exchangers to the component cooling system.

When the SFPCCS is in operation, water flows from the spent fuel pool to both spent
fuel pool pump suctions, is pumped through the tube side of the heat exchangers, and
is returned to the pool. Each pump's suction line, which is protected by a strainer, is
located at an elevation four feet below the normal spent fuel pool water level, while the
return line contains an anti-siphon hole near the surface of the water to prevent gravity
drainage of the pool.

While the heat removal operation is in process, a portion of the spent fuel pool water
may be diverted through a demineralizer and a filter to maintain spent fuel pool water
clarity and purity. This purification loop is sufficient for removing fission products and
other contaminants which may be introduced if a fuel assembly with defective cladding
is transferred to the spent fuel pool.

The spent fuel pool demineralizer may be isolated, by manual valves, from the heat
removal portion of the SFPCCS. By this means, the isolated demineralizer may be
used in conjunction with a refueling water purification pump and filter to clean and
purify the refueling water while spent fuel pool heat removal operations proceed.
Connections are provided such that the refueling water may be pumped from either the
RWST or the refueling cavity of either unit, through the demineralizer and filter, and
discharged to the refueling cavity or RWST of either unit. Connections are also
provided to allow cleanup of the water in the transfer canals. Water can be drawn from
the canal, and is pumped by a refueling water purification pump through the spent fuel
pool demineralizer and a refueling water purification filter before being returned to the
transfer canal.

To further assist in maintaining spent fuel pool water clarity, the water surface is
cleaned by a skimmer loop. Water is removed from the surface by the skimmers,
pumped through a strainer and filter, and returned to the pool surface at three locations
remote from the skimmers.

The spent fuel pool is filled with water that is at least 2000 ppm. Borated water may be
supplied from the RWST via the refueling water purification pump connection, or by
running a temporary line from the boric acid blender, located in the chemical and
volume control system directly into the pool. Demineralized water can also be added
for makeup purposes (i.e., to replace evaporative losses) through a connection in the
recirculation return line.

The spent fuel pool water may be separated from the water in the transfer canal by a
gate. The gate is installed so that the transfer canal may be drained to allow
maintenance of the fuel transfer equipment. The water in the transfer canal is pumped
via a refueling water purification pump (RWPP) to a RWST. The transfer canal will be
refilled from the RWST by the RWPP when the maintenance is complete.

An alternate method when the transfer canal water is outside the chemistry limit for use
in the RWST is to pump the transfer canal water to the chemical and volume control
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9.1.3.21

system (CVCS) holdup tank via the RWPP. The water will be pumped back to the
transfer canal via the CVCS holdup tank recirculation pumps.

A description of the operation of the SFPCCS during flood mode operation is given in
Section 2.4.14.

Component Description

Spent fuel pool cooling and cleanup system codes and classifications are given in
Section 3.2. Equipment operating parameters are given in Table 9.1-2. System design
parameters are given in Table 9.1-1.

Spent Fuel Pool Pumps

The two pumps are horizontal, centrifugal units. They circulate spent fuel pool water
through the heat exchangers, demineralizer, and filter. The pumps are controlled
manually from a local station. A third pump is installed to serve as a backup to either
of the two pumps normally used for cooling the spent fuel pool water (refer to Section
2.4.14 and Section 9.1.3.3.1).

Spent Fuel Pool Skimmer Pump
This horizontal, centrifugal pump circulates surface water through a strainer and a filter
and returns it to the pool.

Refueling Water Purification Pumps

These horizontal, centrifugal pumps are used to circulate water from the transfer canal,
the refueling cavity and the RWST through the spent fuel pool demineralizer, and a
refueling water purification filter. The pumps are operated manually from a local
station.

Spent Fuel Pool Heat Exchangers

The spent fuel pool heat exchangers are of the shell and U-tube type with the tubes
welded to the tube sheet. Component cooling water circulates through the shell, and
spent fuel pool water circulates through the tubes.

Spent Fuel Pool Demineralizer

This flushable, mixed-bed demineralizer is designed to provide adequate fuel pool
water purity for unrestricted access by plant personnel to the pool working area, and
to maintain water visual clarity.

Spent Fuel Pool Filter

The spent fuel pool filter is designed to improve the pool water clarity by removing
particles which obscure visibility.
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Spent Fuel Pool Skimmer Filter

The spent fuel pool skimmer filter is used to remove particles which are not removed
by the strainer.

Refueling Water Purification Filters

The refueling water purification filters are designed to improve the clarity of the
refueling water in the refueling canal or in the RWST by removing particles which
obscure visibility.

Spent Fuel Pool Strainer

A strainer is located in each spent-fuel pool pump suction line for removal of relatively
large particles which might otherwise clog the spent fuel pool demineralizer or damage
the spent fuel pool pumps.

Spent Fuel Pool Skimmer Strainer

The spent fuel pool skimmer strainer is designed to remove debris from the skimmer
process stream.

Spent Fuel Pool Skimmers

Two spent fuel pool skimmers are provided to remove water from the spent fuel pool
water surface in order to remove floating debris.

Valves

Manual stop valves are used to isolate equipment, and manual throttle valves provide
flow control. Valves in contact with spent fuel pool water are of austenitic stainless
steel or equivalent corrosion resistant material.

Piping
All piping in contact with spent fuel pool water is austenitic stainless steel. The piping

is welded except where flanged connections are used to facilitate maintenance and
access to shadowed fuel storage cells.

9.1.3.3 Safety Evaluation

9.1.3.3.1 Availability and Reliability

9.1-8

The SFPCCS is located in a Seismic Category | structure that is tornado missile
protected. Active components of the cooling portion of the system are located above
the design basis flood level in the Auxiliary Building (Section 2.4.14). The SFPCCS
heat removal equipment is designed to remain functional for the design basis
earthquake and within the required stress limits for the operational basis earthquake.

Electrical power is supplied from emergency power buses to each of the spent fuel pool
pumps. Each pump is connected to these emergency power buses so that it receives
power from a separate diesel generator set should offsite power be lost. The use of

emergency power buses assures the operation of these pumps for open reactor
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9.1.3.3.2

9.1.3.3.3

cooling during plant flooding conditions. This manually controlled system may be shut
down for limited periods of time for maintenance or replacement of malfunctioning
components. The pool is sufficiently large that an extended period of time would be
required for the water to heat up appreciably if cooling were interrupted (see Table
9.1-1). In the event of a failure of one spent fuel pool pump, the backup pump would
be aligned and operated. In the event of loss of cooling to one spent fuel pool heat
exchanger, cooling of the spent fuel pool water could be maintained by the remaining
equipment; however, the reduced heat removal capacity would result in elevation of
the spent fuel pool water equilibrium temperature to a higher, but acceptable,
temperature.

In the event that cooling capability were lost for an extended period, the pool water
temperature would approach boiling. At the maximum decay heat production rate, the
water loss by vaporization would be about 102 gpm. A seismically qualified line is
available from the common discharge of the refueling water purification pumps to the
spent fuel pool cooling loop. All piping, valves, and pumps from the RWST to the
common discharge of the refueling water purification pumps are seismically qualified.
Other sources for makeup available are the demineralized water system and the fire
protection system. A sufficient portion of the fire protection system is a Seismic Class
| system. Fire hose stations located on seismic and non-seismic piping in the Fire
Protection system are capable of supplying a sufficient quantity of makeup water.

Spent Fuel Pool Dewatering

The most serious failure of this system would be complete loss of water in the storage
pool. To protect against this possibility, the spent fuel pool cooling suction connections
enter near the normal water level such that it cannot be lowered appreciably by
siphoning. The cooling water return line contains an anti-siphon hole to prevent
draining of the pool. These design features assure that the pool cannot be drained
below four feet of normal water level (normal water level in the spent fuel pool is
approximately 26 feet above the top of the stored spent fuel).

The transfer canal has a drain connection in the bottom of the canal. The line runs
upward, embedded in concrete, to a level about 13 feet below the normal pool surface.
The line continues embedded, dropping below the bottom of the transfer canal. Atthe
high point of the drain line, a siphon breaker line connects into the drain line,
terminating in the canal above the normal pool surface. A valve in this line is locked
open at all times except when the canal is to be drained. The transfer canal is isolated
from the spent fuel pool with a sectionalizing gate during "Transfer Canal Dewatering",
(draining operation). With this arrangement, if the transfer canal drain line ruptures,
the pool level will not be affected. If the transfer canal drain line ruptures with the
syphon valve open and the sectionalizing gate open, 13 feet of water will be above the
fuel assemblies in the storage racks.

Pool and Fuel Temperatures

The cooling of the spent fuel assemblies stored within the storage racks has been
analyzed for effective and adequate cooling under all postulated pool storage
conditions.
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9.1-10

Two discharge scenarios have been evaluated for both single and dual SFP cooling
train operation. Case one considers a full core discharge while a second case
considers a full core discharge following a normal refueling. Each case considers the
accumulated decay heat of all previously discharged spent nuclear fuel assemblies
stored in the SFP. Maximum bulk water temperatures for each core off load scenario
are given in Table 9.1-1. Following unit shutdown, a decay time of approximately 33
days prior to the completion of core offload is required to maintain the total SFP decay
heat below 28.1E+06 BTU/hr design basis limit.

For full core offload following a normal refueling outage (Emergency Offload), it is
assumed that a unit is required to shutdown 36 days after a refueling outage on the
opposite unit. Following shutdown, it is assumed that core offload will be completed
after a 60 day decay time. Under these conditions, the maximum SFP decay heat will
be less than 25.61E+06 BTU/hr, which is less than the normal refueling case. Specific
guidance in the form of allowable spent fuel pool decay heat curves for better than
design conditions of spent fuel pool heat exchanger fouling and shell side cooling
temperatures has been developed. Decay heat curves are provided which allow
outage specific variation in maximum spent fuel pool decay heat load based on known
values of spent fuel pool heat exchanger fouling factors and component cooling
system temperatures. Sufficient spent fuel pool cooling equipment is operated and the
rate of fuel transfer is controlled to assure that the spent fuel pool temperature does
not exceed 150°F during anticipated refueling activities. Operating procedures provide
the controls to ensure these limitations are met. A decay heat calculation is routinely
performed at the end of each operating cycle to produce heat decay vs time curves for
the core and spent fuel pool. This calculation may be used to determine the time to
begin core off load and the rate at which the core can be off loaded.

The maximum local water temperature and maximum local fuel temperature have
been determined to evaluate the possibility of nucleate boiling on the surface of the fuel
assemblies. Analysis has shown that for any scenario with at least one SFPCCS train
available, localized boiling does not occur within the fuel racks. The decay heat flux of
the rods is greatest at the fuel mid-height. Mid height fuel cladding temperatures of
208.2°F, 217.1°F, and 208.9°F have been calculated based on no blockage, partial
blockage, and off-center placement of an assembly in a rack cell respectively. Local
maximum water temperatures of 193.7°F, 204.1°F, and 195.2°F have been calculated
for the no blockage, partial blockage, and off-center placement cases respectively. The
local saturation temperature at the top of the racks (240.7°F) is greater than any
calculated local water temperature, which precludes the possibility of nucleate boiling.
Additionally, the local saturation temperature is greater than any calculated fuel
cladding temperature, which would preclude the possibility of film boiling at the surface
of the fuel rods.

The approach to localized boiling within the racks has been evaluated for highest
allowable spent fuel decay heat load (50.21 Mbtu/hr) in Reference [1]. The conclusions
of the evaluation indicate that greater than 6°F margin to localized boiling exist
between the maximum calculated fuel clad temperature and the local saturation
temperature even at the highest allowable heat load.
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9.1.3.34

9.1.3.3.5

The total volume of water contained in the pool and cask pit area at the start of a loss
of cooling scenario is 372,460 gallons. The expected water heat-up rates for a total
loss of cooling capability accident for both a full core discharge and a full core
discharge following a normal refueling are listed in Table 9.1-1.

Water Quality

Except for operation of this system in the flood mode of reactor cooling, only a very
small amount of water is interchanged between the refueling canal and the spent fuel
pool as fuel assemblies are transferred in the refueling process. Whenever a fuel
assembly with defective cladding is transferred to the spent fuel pool, a small quantity
of fission products may enter the spent fuel cooling water. The purification loop
provided removes fission products and other contaminants from the water.
Radioactivity concentrations in the spent fuel pool water are maintained at a level such
that the dose rate at the surface of the pool is low enough to allow minimum-restricted
access for plant personnel (refer to Section 12.3.2.2). With the use of high purity water,
it is expected that the racks and pool walls will not see any significant crud buildup.

Leakage Detection for the Spent Fuel Pool

Leakage detection is provided for the spent fuel pool (SFP) by leakage channels
located on the back side of each welded joint of the floor and walls of the SFP steel
liner. Leakage into these channels will drain to the perimeter leakage channels located
at the bottom of the SFP. The leakage will then flow into the SFP drain pipe to a
normally open manual gate valve. Visual detection of the leakage from the SFP may
be witnessed as the leakage exits the manual valve and drips into a funnel. The
leakage is then routed to the tritiated drain collector tank (TDCT) of the waste disposal
system. In the event of excessive leakage, the manual gate valve may be closed to
prevent further leakage. Similar type design of leakage channels and visual display of
leakage are also provided for the fuel transfer canal and the cask loading area. Non
qualified instrumentation are provided in the SFP and the TDCT with MCR low and
local high level alarms, respectively.

9.1.3.4 Tests and Inspections

Active components of the SFPCCS are either in continuous or intermittent use during
normal plant operation. Periodic visual inspection and preventive maintenance are
conducted using normal industry practice.

9.1.3.5 Instrument Application

The instrumentation for the SFPCCS is discussed below. Alarms and indicators are
provided as noted.

9.1.3.5.1 Temperature

Instrumentation is provided to measure the temperature of the water in the spent fuel
pool and give local indication as well as annunciation in the control room when normal
temperatures are exceeded.
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9.1.3.5.2

9.1.3.5.3

9.1.3.5.4

Instrumentation is also provided to give local indication of the temperature of the spent
fuel pool water as it leaves the heat exchangers.

Pressure

Instrumentation is provided to give local indication of the pressure at points upstream
and downstream of each pump and filter.

Flow

Instrumentation is provided to give local indication of the flow leaving the spent fuel
pool filter and in the main cooling loops.

Level

Instrumentation is provided which gives an alarm in the control room when the water
level in the spent fuel pool reaches either the high or low level condition.

9.1.4 FUEL HANDLING SYSTEM

9.1.4.1 Design Bases

9.1-12

The fuel handling system (FHS) consists of equipment and structures utilized for safely
implementing refueling operation in accordance with requirements of 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.

(3) Handling equipment used to raise and lower spent fuel has a limited
maximum lift height so that the minimum required depth of water shielding is
maintained. See New Fuel Elevator description for use with spent fuel.

(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 damage Seismic
Category | equipment in the event of a safe shutdown earthquake.

(7) The inertial loads imparted to the fuel assemblies or core components during
handling operations are less than the loads which could cause damage.
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(8) Physical safety features are provided for personnel operating handling
equipment.

9.1.4.2 System Description

The FHS consists of the equipment needed for the refueling operation on the reactor
core. Basically this equipment is comprised of the 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 transfer canal,
the spent fuel storage pit, the cask loading area and the new fuel storage vault.

New fuel assemblies are received one or two per shipping container and moved one
assembly at a time using the Auxiliary Building crane. The assemblies are temporarily
stored in either the new fuel vault for dry storage or in the spent fuel pool as a staging
area for the next refueling. When storage in the spent fuel pool is desired, assemblies
are placed into the new fuel elevator and lowered into the transfer canal where normal
spent fuel handling equipment is used to complete the movement into its storage
location. New assemblies may be transferred directly from the shipping container or
from the new fuel vault into the reactor core or spent fuel pool via the new fuel elevator
and normal spent fuel handling equipment.

The fuel handling equipment is designed to handle the spent fuel under water from the
time it leaves the reactor vessel until it is placed in a container for shipment from the
site. Underwater transfer of spent fuel 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 is sufficient to preclude criticality.

The associated fuel handling structures may be generally divided into three areas: the
refueling cavity and refueling canal which are flooded only during plant shutdown for
refueling, the spent fuel storage area which is kept full of water and is always
accessible to operating personnel, and the new fuel storage vault which is separate
and protected for dry storage. The refueling canal and the 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 transfer canal end. The blind flange is in place
except during refueling to ensure containment integrity. Fuel is carried through the
tube on an underwater transfer car.

Fuel is moved between the reactor vessel and the refueling canal by the refueling
machine. A rod cluster control changing fixture is located on the refueling canal wall
and may be used for transferring control elements from one fuel assembly to another.
The Rod Cluster Control Assembly (RCCA) change tool is used from the spent fuel
pool bridge crane to transfer control elements from one assembly to another in the
spent fuel pool.

The lifting arm at either end of the fuel transfer tube is used to pivot a fuel assembly.
Before entering the transfer tube the lifting arm pivots a fuel assembly to the horizontal
position for passage through the transfer tube. After the transfer car transports the fuel
assembly through the transfer tube, the lifting arm at that end of the tube pivots the
assembly to a vertical position so that it can be lifted out of the upender frame.
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9.1.4.21

9.1-14

In the spent fuel storage area, spent fuel assemblies are moved about by the spent fuel
pit bridge hoist. 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 assemblies with the Auxiliary Building crane, but the new fuel elevator
must be used to lower the assembly to a depth at which the spent fuel pit bridge crane,
using the long-handled tool, can place the new fuel assembly into the upending device.

The new fuel elevator may be used to raise or lower an irradiated fuel assembly to
facilitate maintenance activities under administrative controls that ensure sufficient
radiation shielding is maintained.

Decay heat, generated by the spent fuel assemblies in the spent fuel pit, is removed
by the spent fuel pool cooling system.

Refueling Procedure

The refueling operation follows a detailed procedure which provides a safe, efficient
refueling operation. Reactor core alterations or handling of irradiated fuel are
suspended during a tornado warning. Prior to initiating 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 periodic checks of boron concentration, is specified in the
Technical Specifications.

The following significant points are assured by the refueling procedure:

(1) The refueling water and the reactor coolant contain the required
concentration of boron. This concentration is sufficient to keep the core
reactivity of ke#<0.95 during the refueling operations with all control rods
inserted, except the most reactive rod.

(2) 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. A general description of a
typical refueling operation through the four phases is given below:

(1) Phase | - Preparation

The reactor is shut down and cooled to refueling conditions with a final k¢
< 0.95 (all rods in, except the most reactive rod). At this time, the coolant level
in the reactor vessel is lowered to a point slightly below the vessel flange.
Then the fuel transfer equipment is checked for proper operation. The
refueling machine is checked for proper operation prior to or during Phase 1.

(2) Phase Il - Reactor Disassembly

Missile shields are removed from around the reactor head, allowing all piping,
supports, cables, air ducts, and insulation to be removed from the vessel
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head. The refueling cavity is then prepared for flooding by sealing off the
reactor cavity, checking of the underwater lights, tools, and FTS, closing the
refueling canal drain holes, and removing the blind flange from the fuel
transfer tube. After the reactor vessel head has been detensioned, the vessel
head is unseated and raised above the vessel flange. Water from the RWST
is pumped into the reactor coolant system by the residual heat removal
pumps. During reactor pressure vessel (RPV) head removal and lift, radiation
levels are monitored and direct inspections are performed to detect potential
rod cluster control assembly (RCCA) withdrawal. This inspection may be
performed by monitoring the source range instrumentation for any unusual
unexpected change during RPV head removal. The RPV head is raised to
clear obstructions, and moved to the storage stand. The reactor cavity water
level is raised to just above the vessel flange, leak inspections are initiated,
and the level is increased to cover the upper internals guide tubes. The cavity
water level is raised to normal refueling level. The control rod drive shafts are
disconnected and, with the upper internals, are removed from the vessel. The
fuel is now free from obstructions and the core is ready for refueling.

(3) Phase lll - Fuel Handling
The general fuel handling sequence for a full core off load is:
(a) The refueling machine is placed over the first assembly to be removed.
(b) The fuel assembly is lifted and moved into the upender.
(c) The upender is then pivoted to the horizontal position by the lifting arm.

(d) The fuel is moved through the fuel transfer tube to the transfer canal
area by the transfer car.

(e) The fuel assembly is pivoted to the vertical position by the lifting arm.
The fuel assembly is lifted and moved by the spent fuel handling tool
attached to the spent fuel pit bridge crane.

() The fuel assembly is then placed into a spent fuel rack storage cell.

(g9) This sequence is repeated until all 193 fuel assemblies are removed
from the core and placed into the spent fuel pit.

(h) Fuel related components are then shuffled/removed from assemblies
and placed into their proper locations. After fuel related components
shuffles are completed, the fuel is loaded back into the core in the
prescribed sequence by reversing the above steps.
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(4)

Phase IV - Spent Fuel Cask Loading. WBN currently does not, and has no
immediate plans to, ship spent fuel off-site. The following discussion is
provided for Historical Information only.

(a) The fuel cask shipping conveyance is parked inside the Auxiliary
Building with the hatch covers in the elevation 757 floor closed for
ventilation control.

(b) When the outside door is closed, the hatch covers are opened.

(c) The shipping cask is picked up by the Auxiliary Building crane and is
moved to an open area on the operating floor. If it is necessary to
disengage the crane hook to free the crane for other uses, the cask is
lowered to the cask decontamination facility or into the cask loading
area of the spent fuel pool. In either of these locations, a seismic event
would not overturn the cask.

(d) The gate is placed in the slot between the spent fuel pit and the cask
loading area.

(e) The cask is picked up by the crane and is lowered onto the shelf in the
loading area. The crane hook is disengaged from the cask, and an
extension link is inserted between hook and cask. The cask then is
lowered into the deep portion of the pit.

()  The cask lid is removed and placed in the cask setdown area.
(g) The gate is removed from the slot.

(h)  Using the spent fuel pit bridge crane, fuel assemblies are transferred,
one at a time, from the spent fuel storage racks to the cask.

(i)  The gate is placed in the slot and the cask lid is replaced.

()  The cask is lifted onto the shelf, the extension link is removed, and the
cask is removed from the loading areas. It is then placed in the cask
decontamination room and tiedown devices are affixed.

(k)  After decontamination the cask undergoes preshipment tests.

()  The cask is placed on the shipping conveyance with the outer door
closed.

(m) The hatch covers in the Elevation 757 floor are closed and the
conveyance is moved out of the building.
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9.1.4.2.2 Component Description

Refueling Machine

The refueling machine (Figure 9.1-6) is a rectilinear bridge and trolley crane with a
vertical mast extending down into the refueling water. The bridge spans the refueling
cavity and runs on rails set into the edge of the refueling cavity. The bridge and trolley
motions are used to position the vertical mast over a fuel assembly. 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 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 three AC servo motors to control bridge, trolley, and hoist
motions. Boundaries, interlocks, and speeds are controlled by an industrial
programmable logic controller.

All major controls for the refueling machine are mounted in a console on the trolley.
The bridge and trolley are positioned in relation to a grid pattern referenced to the core
by a series of redundant digital encoder systems.

The drives for the bridge, trolley and hoist are variable speed. The maximum speed for
the bridge is approximately 60 fpm and the maximum speed for the trolley is
approximately 40 fpom. The maximum speed for the hoist is approximately 40 fpm.

The refueling machine has two auxiliary monorail hoists, one on each side of the bridge
upper structure.

Electrical interlocks and limit switches on the bridge and trolley drives prevent damage
to the fuel assemblies. The hoist is also provided with redundant limit switches to
prevent a fuel assembly from being raised above a safe shielding depth should the limit
switch fail. In an emergency, the bridge, trolley and hoist can be operated manually
using a handwheel on the motor shaft to return the system to a safe configuration.

Portable underwater cameras are used, as required, during refueling operations and
can permit viewing of all fuel assembly positions.

Spent Fuel Pit Bridge Crane

The spent fuel pit bridge crane (Figure 9.1-7) is a steel-mounted walkway spanning the
spent fuel pit, which carries an electric monorail hoist on an overhead structure. The
spent fuel pit bridge crane is used exclusively for handling fuel assemblies within the
spent fuel pit and transfer canal 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 spent fuel bridge crane has two step magnetic controllers 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.
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9.1-18

The hoist pendent control is equipped with a load sensing device to indicate an
overload in the up direction or an underload in the down direction to prevent damage
to the fuel elements. The hoist trolley is hand operated by a chain drive.

New Fuel Elevator

The new fuel elevator (Figure 9.1-8) consists of a box-shaped elevator assembly with
its top end open and sized to house one fuel assembly.

The new fuel elevator is used primarily to lower a new fuel assembly to the bottom of
the fuel transfer canal where it is transported to the fuel transfer system by the spent
fuel pit bridge hoist.

The New Fuel Elevator may also be used to raise and lower an irradiated fuel assembly
to facilitate maintenance activities. Prior to placing an irradiated fuel assembly in the
elevator, safety precautions will be implemented to limit the maximum lift of the fuel
assembly to a safe shielding depth.

Fuel Transfer System

The fuel transfer system (Figure 9.1-9) includes a cable-driven transfer car that runs
on tracks extending from the reactor cavity through the transfer tube into the transfer
canal. At each end of the transfer tube are lifting arms. The upender in the refueling
cavity receives a fuel assembily in the vertical position from the refueling machine. The
fuel assembly is then pivoted to a horizontal position with the lifting arm for passage
through the transfer tube. The transfer car is positively connected to the drive train in
the transfer canal. After passing through the tube, the fuel assembly is pivoted to a
vertical position for removal to the spent fuel pit storage location via the spent fuel pit
bridge crane.

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

Rod Cluster Control (RCC) Changing Fixture

The RCC changing fixture is supplied for periodic RCC element inspections and for
transfer of RCC elements from one fuel assembly to another in the event this operation
is ever required (Figure 9.1-10). 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 four flanged carriage
wheels and allows 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 of these compartments are designed
to hold individual fuel assemblies while 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
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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 operating handle, the pneumatic selector valve for actuating the
gripper piston, and the electric hoist for elevation control of the gripper.

Spent Fuel Assembly Handling Tool

The spent fuel assembly handling tool (Figure 9.1-11) is used to handle new and spent
fuel assemblies in the spent fuel pit. It is a manually actuated tool, suspended from the
spent fuel pit bridge crane, 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 accidently unlatched during
fuel handling operations.

New Fuel Assembly Handling Tool

The new fuel assembly handling tool (Figure 9.1-12) is used to lift and transfer fuel
assemblies between the new fuel shipping containers, the new fuel storage racks,
and/or the new fuel elevator. It is a manually actuated tool suspended from the
Auxiliary Building crane which uses four 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 tool. When the fingers are latched, the safety screw
is turned in to prevent the accidental unlatching of the fingers.

Reactor Vessel Head Lifting Device

The reactor vessel head lifting device consists of a welded and bolted structural steel
frame with suitable rigging to enable lifting and storing the head during refueling
operations. The lifting device is permanently attached to the reactor vessel head.

Reactor Internals Lifting Device

The reactor internals lifting device (Figure 9.1-13) is a structural steel frame. The
frame is lowered onto the guide tube support plate of the internals, and is mechanically
connected to the support plate by three bolts. Bushings on the frame engage guide
studs in the vessel flange to provide guidance during removal and replacement of the
internals package.

Reactor Vessel Stud Tensioner

The stud tensioners (Figure 9.1-14) are employed to secure the head closure joint at
every refueling. The stud tensioner is a hydraulically operated device that uses oil as
the working fluid. The device permits preloading and unloading of the reactor vessel
closure studs at cold shutdown conditions. Stud tensioners minimize the time required
for stud tensioning and detensioning operations. Three tensioners are provided and
are applied simultaneously to three studs located 120 degrees apart. A single
hydraulic pumping unit operates the tensioners, which are hydraulically connected.
The studs are tensioned to their operational load in two steps to prevent high stresses
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in the flange region and unequal loadings in the studs. Relief valves on each tensioner
prevent overtensioning of the studs due to excessive pressure.

9.1.4.3 Design Evaluation
9.1.4.3.1 Safe Handling

Design Criteria for the Refueling Machine

(1) The primary design objective of the refueling machine is reliability. A
conservative design approach is used for all load bearing parts. Throughout
the design consideration is given to the fact that the machine spends long idle
periods stored in an atmosphere of 80°F and high humidity. In general, the
crane structure is considered in the Class Al, Standby Service, as defined by
the Crane Manufacturers Association of American Specification No. 70.

(2) Seismic design considerations are discussed in Section 9.1.4.3.2.

(3)  All components critical to the operation of the crane and parts which could fall
into the reactor are positively restrained from loosening. Fasteners above
water that cannot be lockwired or tack welded are coated with locking
compound.

Industrial codes and standards used in the design of the fuel handling equipment are:

(1) Refueling machine and fuel handling machine: Applicable sections of Crane
Manufacturer Association of America Specification No. 70.

(2) Structural: AISC, Part 5, 7th Edition

(3) Electrical: Applicable standards and requirements of the IEEE Standard 279,
National Electric Code, NFPA#70, and NEMA Standard MG 1 shall be used
in the design 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 Regulatory Guide 1.29, and
General Design Criteria 61 and 62.

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 Interlocks
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Bridge, along with the trolley drives are interlocked with the hoist, using
redundant interlocks to prevent simultaneous operation of the hoist with
the bridge and/or trolley.

(b) Bridge Trolley Drive - Gripper Tube Up

Bridge and trolley drive operation is prevented except when the gripper
tube up position switches are actuated or during indexing operation.
The interlock is redundant.

(c) Gripper Interlock

An interlock is supplied which prevents the opening of a solenoid valve
in the air line to the gripper except when zero suspended weight is
indicated by a force gage. As backup protection for this interlock, the
mechanical weight actuated lock in the gripper, prevents operation of
the gripper under load even if air pressure is applied to the operating
cylinder. This interlock is redundant.

(d) Excessive Suspended Weight

Two redundant excessive suspended weight switches open the hoist
drive circuit in the up direction when the loading is excessive based on
the vendor recommendations. The interlock is redundant.

The hoist is also provided with a low-load safety circuit, which prevents
down-travel of the hoist if the load cell weight is sufficiently reduced.
This minimizes the possibility of fuel assembly damage if one fuel
assembly were to be lowered on top of another fuel assembly. The low
load safety circuit setpoint is established using vendor
recommendations.

(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 separate circuits that work in parallel so that one circuit must be
closed for the hoist to operate. If one or both interlocking circuits fail in
the closed position, an audible and visual alarm on the console is
actuated.

(2) Bridge and Trolley Hold-Down Devices

Both 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
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(3)

(4)

)

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 the
trolley restraints extend 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
Safe Shutdown Earthquake.

Design Load

The structure which supports the fuel assembly is designed for a static load
of 5500 pounds. The refueling machine hoist has a manufacturer's rated
capacity of 4000 pounds but is capable of supporting a static load of 5000
pounds with a safety factor of 5.0, and has been evaluated to be capable of
a 5500 Ib. static load in an emergency. Under normal conditions, the working
load of the hoist is 2500 pounds (the weight of a fuel assembly, approximately
1600 pounds, plus gripper tube which weighs less than 1000 pounds).
During normal hoist operation, the overload setpoint limits the hoist load to a
value well below the rated capacity of the hoist. This value is based on
vendor recommendations. The maximum allowable emergency pullout load
(total maximum load which can be applied using the handwheel without
danger of over stressing the hoist and supporting structure) is 5500 pounds.
The 5500 pound load is a static load to be applied with the handwheel only,
and only under emergency conditions. A load sensing device allows the load
to be measured, so the operator knows the load being imposed on the hoist
when using the handwheel.

Main Hoist Braking System

The main hoist is equipped with two 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 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 to 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. The motor brake capacity is 100% of the
rated hoist capacity of 4000 pounds. The mechanical brake has a capacity
of 150% of the rated hoist capacity.

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
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mechanism are backed up by passive restraints to pick up the load in the
event of failure of this primary support. Each wire rope has a load rating 5
times the design load.

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

The gripper and hoist systems are routinely load tested to the requirements
listed in plant Technical Requirements Manual.

Fuel Transfer System
The following safety features are provided for in the fuel transfer system.
(1) Transfer Car Permissive Switch

The primary transfer car controls are located on the operating floor and
conditions in the containment may, therefore, not be visible to the operator.
The transfer car controls include an e-stop function on the containment side
transfer control console allowing a second operator in the containment 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 underwater proximity switches.
A second set of underwater proximity switches monitor the full up position of
each of the upenders. Control logic provides a second permissive condition
as a backup for the transfer car lifting arm interlock. Assuming the upender
is in the upright position in the containment and the lifting arm interlock circuit
fails in the permissive condition, the operator on the operating floor still
cannot operate the car because the logic prevents car motion if either
upender is indicated as being full up, or if either upender is indicated as being
in motion.

(2) Lifting Arm - Transfer Car Position

Lifting arm operation is permitted only when the transfer car is at the
respective end of its travel. Transfer car postion indication, limit sensing, and
braking controls are displayed on the control panel. The backup lifting arm
interlock, a mechanical latch device which is opened by the weight of the fuel
container when in the horizontal position, has been abandoned.

(3) Transfer Car - Valve Open

Interlocks on the transfer tube valve permit transfer car operation only when
the transfer tube valve position switch indicates the valve is fully open.
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(4)

(5

(6)

Transfer Car - Lifting Arm

The transfer car lifting arm interlock is primarily designed to protect the
equipment from overload and possible damage if an attempt is made to move
the car when the upender is not in the horizontal position. The basic interlock
is a position limit switch in the control circuit made up from a 150 pound load,
cart in position, and cart in zone.

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 not over the upender.

Lifting Arm - Spent Fuel Pit Bridge

The transfer canal lifting arm is interlocked with the spent fuel pit bridge
position and hoist. The lifting arm cannot be operated when the spent fuel pit
bridge is over the lifting arm area and the hoist is not in the full up position or
when the spent fuel pit bridge crane is in bypass mode.

Spent Fuel Pit Bridge

The spent fuel pit bridge includes the following safety features.

(1)

(2)

(3)

(4)

The spent fuel pit bridge controls are interlocked to prevent simultaneous
operation of bridge drive and hoist.

Bridge drive operation is prevented except when the hoist is in the full up
position unless in bypass mode which allows bridge slow speed when the
hoist is not in the full up position.

An overload protection device is included on the load monitor to limit the uplift
force. The overload is set and administratively controlled based on
Westinghouse recommendations.

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

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).

Tools required for handling internal reactor components are designed with fail safe
features that prevent disengagement of the component in the event of operating
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9.1.4.3.2

9.1.4.3.3

9.1.4.34

mechanism malfunction. These safety features apply to all tools which handle or
service new or spent fuel or fuel related components.

Seismic Considerations

The safety classifications for all fuel handling and storage equipment are listed in Table
3.2-2. These safety classes provide criteria for the seismic design of the various
components. Class 1 and Class 2 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 llI,
Appendix XVII, Subarticle XVI1I-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 Class 3 fuel handling and storage equipment satisfies the Class 1 and Class 2
criteria given above for the SSE. Consideration is given to the OBE only insofar as
failure of the Class 3 equipment might adversely affect Class 1 or 2 equipment.

For non-nuclear safety equipment, design for the SSE is considered if failure might
adversely affect a Safety Class 1, 2 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 2 component.

Containment Pressure Boundary Integrity

The fuel transfer tube which connects the refueling cavity (inside the reactor
containment) and the operating floor (outside the containment) is closed on the
refueling cavity side by a blind flange when containment integrity is required, except
during refueling operations. Two seals are located around the periphery of the blind
flange with leak-check provisions between them.

Radiation Shielding

During all phases of spent fuel transfer, the gamma dose rate at the refueling bridge is
2.5 mr/hr or less. This is accomplished by maintaining a minimum of 9.9 feet of water
above the active fuel region which correlates to 8 feet and 10.875 inches above the top
of the fuel assembly during all handling operations.

The two fuel handling devices used to lift spent fuel assemblies are the refueling
machine and the spent fuel pit bridge. The refueling machine contains positive stops
which prevent the active fuel region of a fuel assembly from being raised to within a
minimum of 9.9 feet of the water level in the refueling cavity. The hoist on the spent
fuel pit bridge moves spent fuel assemblies with a long handled tool. Hoist travel and
tool length likewise limit the maximum lift of the active fuel region of a fuel assembly to
within a minimum of 9.9 feet of the water level in the spent fuel pit and transfer canal.
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9.1.4.4 Tests and Inspections

9.1-26

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 fuel handling system interlocks.

REFERENCES

(1) Holtec Report No. HI-2002607, RO, “LOCA Temperature Analysis of the
Watts Bar Spent Fuel Pool.”
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Table 9.1-1 SPENT FUEL POOL COOLING AND CLEANUP SYSTEM DESIGN

PARAMETERS
Spent Fuel Pool Storage Capacity 1386 Assemblies
Spent Fuel Pool Water Volume 372,460 gallons
Nominal Boron Concentration of the Spent Fuel Pool Water 2,000 ppm
Maximum Maximum Boil-Off Time
SFP SFP SFP Loss of  to 10ft Above
Temperature  Temperature Cooling Rack With no
Decay Heat (? (2-Train) (1-Train) Heatup Rate Makeup
(MBTU/hr) (°F) (°F) (°F/hr) (hr)
Normal Full 28.1 124.7 151.2 9.88 47.4
Core
Discharge(®
Emergency 25.6 129.3 159.2 8.40 55.1
Offload )
Optimum 50.2 129.3 159.2 16.46 28.1
(Better than
Design)
Conditions )

(1) Including Cask Pit Area Volume

@ Decay Heat in accordance with ANS Standard 5.1, "Decay Heat Power in Light Water Reactors," and USNRC
Regulatory Guide 3.54, "Spent Fuel Heat Generation in an Independent Spent Fuel Pool Storage Installation.”

() Stored legacy fuel assemblies, plus an additional full core (193 assemblies) discharged after 33 days decay time
at design basis heat exchanger fouling conditions and Technical Specification Ultimate Heat Sink (UHS)
temperatures. The normal refueling interval for WBN is 18 months, with refueling outages typically scheduled in
the spring and fall.

) Stored legacy fuel assemblies, plus 96 assemblies discharged the previous refueling outage, decayed 96 days,
plus an additional full core (193 assemblies) discharged after 60 days decay time. The SFP has been analyzed
for a maximum water temperature of 159.2 °F.

) Considers better than design heat exchanger fouling and better than design UHS temperature
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Table 9.1-2 SPENT FUEL POOL COOLING AND CLEANUP SYSTEM DESIGN AND
OPERATING PARAMETERS

(Page 1 of 4)

Spent Fuel Pool Pump
Number

Design pressure, psig
Design temperature, °F
Design flow, gpm

Total developed head, ft

Material

Spent Fuel Pool Skimmer Pump
Number

Design pressure, psig

Design temperature, °F

Design flow, gpm

Total developed head, ft

Material

Refueling Water Purification Pump
Number

Design pressure, psig

Design temperature, °F

Design flow, gpm

Total developed head, ft

Material

3
150
200
2300
125

Stainless Steel

1
150
200
100
50

Stainless Steel

2

150
200
200
170

Stainless Steel

9.1-28
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Table 9.1-2 SPENT FUEL POOL COOLING AND CLEANUP SYSTEM DESIGN AND

OPERATING PARAMETERS (Continued)

(Page 2 of 4)

Spent Fuel Pool Heat Exchanger

Number

Design heat transfer, Btu/hr

Design pressure, psig
Design temperature, °F
Design flow Ib/hr

Inlet temperature, °F
Outlet temperature, °F
Fluid circulated

Material

Spent Fuel Pool Demineralizer
Number

Design pressure, psig

Design temperature, °F

Design flow, gpm

Resin volume, ft'

Material

Spent Fuel Pool Filter
Number

Design pressure, psig
Design temperature, °F
Design flow, gpm

Filtration requirement

Materials, vessel

2

11.94 x 108

Shell

150

200

1.49 x 108

95

103

Component Cooling Water
Carbon Steel

1
300
250
100*
30

Stainless Steel

Tube

150

200

1.14 x 108

120

109.5

Spent Fuel Pool Water

Stainless Steel

1
300
250
150

98% retention of particles above 5
microns

Stainless Steel

* Flow may be increased to 180 gpm for refueling cavity and RWST cleanup.
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Table 9.1-2 SPENT FUEL POOL COOLING AND CLEANUP SYSTEM DESIGN AND
OPERATING PARAMETERS (Continued)

(Page 3 of 4)

Spent Fuel Pool Skimmer Filter
Number

Design pressure, psig

Design temperature, °F

Design flow, gpm (Filter)

Rated flow, gpm (Pump)

Filtration requirement

Material, vessel

Refueling Water Purification Filter
Number

Design pressure, psig

Design temperature, °F

Design flow, gpm

Filtration requirement

Material, vessel

Spent Fuel Pool Strainer
Number

Rated flow, gpm
Perforation, inches

Material

Spent Fuel Pool Skimmer Strainer
Number

Rater flow, gpm

Design pressure, psig

Design temperature, °F

Perforation, inches

Material

1
300
250
150
100

98% retention of particles above 5
microns

Stainless Steel

2

200
250
200

98% retention of particles above 5
microns

Stainless Steel

2
2300
Approximately 0.2

Stainless Steel

1
100
50
200
1/8

Stainless Steel
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Table 9.1-2 SPENT FUEL POOL COOLING AND CLEANUP SYSTEM DESIGN AND
OPERATING PARAMETERS (Continued)

(Page 4 of 4)
Spent Fuel Pool Skimmers
Number 2
Design flow, gpm 50
Piping and Valves
Design pressure, psig 150
Design temperature, °F 200
Material Stainless Steel
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Table 9.1-3 BASIS FOR DESIGN CRITERIA OF THE WATTS BAR NUCLEAR PLANT SPENT
FUEL RACKS

ASME B&PV Code, Section Ill, Subsection NF

AISC Manual of Steel Construction, Seventh Edition, 1970.

USNRC Standard Review Plan, Section 3.8.4, "Other Seismic Category | Structures".

USNRC Regulatory Guide 1.13, "Spent Fuel Storage Facility Design Basis."
USNRC Regulatory Guide 1.29, "Seismic Design Classification".

USNRC Regulatory Guide 1.92, "Combining Model Responses and Spatial Components in Seismic
Response Analysis".

OT Position for Review and Acceptance of Spent Fuel Storage and Handling Applications, dated April 14,
1978.

10 CFR Part 50, Appendix B, "Quality Assurance Criteria For Nuclear Power Plants and Fuel
Reprocessing Plants".
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Figure 9.1-2 Deleted by Amendment 44
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