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9.0 AUXILIARY AND EMERGENCY SYSTEMS  

9.6 SAMPLING SYSTEMS 

9.6.1 Design Bases 
Two separate systems provide means to obtain samples from various systems in each of the two 
units for chemical and radiochemical analysis.  One system, the "Normal Sampling System" 
(NSS), provides for sampling during normal operation.  The second system, the "Post-Accident 
Sampling (PAS) System", provides for sampling following a loss-of-coolant accident.  Adequate 
safety features are provided to protect laboratory personnel and to prevent the spread of 
contamination from the sampling areas when samples are being drawn.  The sampling systems' 
discharges are designed to limit flows to preclude any fission product release exceeding the 10 
CFR 20 exposure limits under normal and anticipated malfunctions or failures.  Upon a Phase A 
containment isolation signal, both systems are isolated at the containment boundary.  The Post-
Accident Sampling System has provisions for opening containment isolation valves under 
administrative control so post-accident samples can be taken to assess containment atmospheric 
and reactor coolant conditions.  Reactor coolant samples can be obtained by the Normal 
Sampling System during reactor operation and during cooldown when the residual heat removal 
loop is in operation.  

Sample Temperatures 
High pressure, high temperature samples as well as the residual heat removal loop samples are 
cooled sufficiently to minimize generation of radioactive aerosols.  

Codes & Standards 
The sampling system piping up to and including the outermost containment isolation valve is 
designed to the 1967 Edition of the USAS B31.1, Code for Pressure Piping.  Repair and 
replacement for pressure retaining components within the code boundary, and their supports, are 
conducted in accordance with ASME Section XI. 
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9.6.2 System Design 
9.6.2.1 Normal Sampling System 
The Normal Sampling System (NSS), shown in Figure 9.6-1, is designed to provide 
representative samples for laboratory analyses used to guide the operation of various primary and 
secondary systems throughout the plant during normal operation.  

The Normal Sampling System also may be used as a vent path for purging non-condensable 
gases from the PZR (Pressurizer) steam space. 

Provisions have been made for drawing samples in the Nuclear Sampling Room from each unit's:  

a. Pressurizer steam space 

b. Pressurizer liquid space 

c. Two reactor coolant hot legs (loops 1 & 3) 

d. Each of the four accumulators 

e. Two residual heat removal lines 

f. The Chemical and Volume Control System letdown line at the demineralizer inlet 
header 

g. The Chemical and Volume Control System letdown line at the demineralizer 
outlet header 

h. The volume control tank gas space 

i. Each of the four steam generator blowdown lines 

Typical of the analyses performed on samples are boron concentration, fission product 
radioactivity level, dissolved gas content, and corrosion product concentration.  In addition, local 
sample points are provided at various locations outside the reactor containment for occasional 
sampling of other systems.  These are not considered part of the sampling system.  Analytical 
results are used to regulate boron concentration, evaluate fuel element integrity, evaluate mixed 
bed demineralizer performance, regulate additions of corrosion controlling chemicals and 
monitor primary and secondary water purity.  Except for the steam generator blowdown 
sampling, the NSS is designed to be operated manually and intermittently for conditions from 
full power operation to cold shutdown.  
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Gamma spectrometric analyses of the liquid primary coolant samples are performed, where 
possible, without further preparation of the sample.  In instances involving separation techniques, 
the time delay is dependent upon the particular component of interest.  For normal routine 
analyses of liquid samples, including non-radioactive species, completion can usually be 
accomplished within 4 hours.  

For gaseous components of primary coolant, liquid samples are collected in sampling vessels and 
degassed in the laboratory according to detailed plant procedures.  Gas samples are then counted 
utilizing gamma spectrometry.  In most cases, this can be accomplished within 1-2 hours after 
sampling.  

The NSS incorporates means of purging a sample line for a sufficient period of time to ensure 
collection of a representative sample.  Local flow, temperature and pressure measuring devices 
have been included in the nuclear sampling room to monitor these parameters.  

Liquid samples are cooled and depressurized.  Temperatures are maintained high enough after 
cooling to prevent solids from precipitating out.  In addition, sample runs are kept to the 
minimum practicable and all sample lines and coils are constructed of materials compatible with 
coolant chemistry. 

The reactor coolant sample points which are normally inaccessible and which require frequent 
sampling are permanently piped to a sampling room.  The sample lines originating inside the 
reactor containment have remotely-operated isolation valves outside the containment.  A delay 
coil located inside the containment provides for decay of short-lived radioactive isotopes present 
in the reactor coolant system samples.  With the delay coil, it takes 2 1/2 to 3 1/2 minutes for a 
sample increment to reach the sampling room.  The samples are cooled as they flow through the 
sample heat exchangers and the pressure is reduced by pressure-reducing needle valves.  The 
sample flow is directed to the volume control tank through a purge line until sufficient volume 
has passed to obtain a representative sample.  A portion of the flow is then diverted to the sample 
sink where the sample is collected.  Reactor coolant gas samples and pressurizer steam samples 
are collected in sample vessels.  

Liquid samples originating upstream and downstream of the Chemical and Volume Control 
System mixed bed demineralizer pass through a common sample line at the sample sink.  
Provisions have been made to also route these samples to a sampling vessel.  The sample from 
the volume control tank gas space of the Chemical and Volume Control System is also collected 
in a sample vessel.  
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The volume control tank gas sample is purged through the vent header to the Waste Disposal 
System.  The samples are collected in the sample vessel or other container and are transported to 
the laboratory for analysis.  Because the pressurizer steam space sample, the reactor coolant 
dissolved gas sample, and the volume control tank gas space sample may contain some 
radioactive gases, their respective sample vessel stations are located in a small, well-ventilated 
cabinet within the sampling room to collect any gas which may be released during sample 
collection.  The cabinet is vented to the auxiliary building ventilation system.  

A continuous sample is drawn from each steam generator blowdown line at a point inside the 
containment.  The samples are combined and automatically monitored for radiation and 
discharged to the blowdown tank drain line.  A loss of flow alarm is provided on each sample 
line.  In the event of a high radiation level, the steam generator blowdown and the sample 
isolation valves close automatically.  Individual steam generator samples may then be drawn 
under administrative control to determine the radiation source.  

The sample sink is located in a fume hood vented to the auxiliary building ventilation system.  
The sink drains to the Waste Disposal System.  The work area around the sink has space for 
portable radiation monitoring equipment in addition to that for sample collection and storage.  
The sink perimeter has a raised lip to contain any spilled liquid.  The sink and work area are 
stainless steel.  

With the exception of the steam generator blowdown sample lines, the sample lines and a 
deionized water line for flushing, penetrate the sides of the hood.  Local instrumentation is 
provided to permit manual control of sampling operations and to assure that the samples are at 
suitable temperatures and pressures before diverting flow to the sample sink.  All purging flow 
rates are displayed by flow indicators.  

Samples may be drawn for reactor coolant from a loop drain during core off-load conditions or 
for steam generator blowdown from a blowdown radiation monitoring loop drain during 
operational conditions when the normal sampling means is unavailable.  The use of these drain 
taps to draw samples from system dead legs will be considered valid when proper equipment 
control and ALARA principles are followed 

9.6.2.2 Post-Accident Sampling System 
The Post-Accident Sampling (PAS) System shown in Figure 9.6-2, is designed to provide 
representative samples from designated plant fluid streams for laboratory analysis following a 
loss-of-coolant accident.  This system provides for contingency sampling for reactor coolant, 
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containment atmosphere, and containment sump (via RHR when in recirculation mode) 
following an accident.  The system is common to both Units 1 and 2.  It provides dilute liquid 
and gas grab sampling capability.  Hydrogen sampling contingency can be performed for 
containment air sampling. 

Provisions have been made for drawing liquid samples in each unit from:  

a. Loop 1 hot leg, reactor coolant system 

b. Loop 3 hot leg, reactor coolant system 

c. Residual Heat Removal System 

Connections into existing liquid sample lines are routed to the Post-Accident Sampling Panel 
located in the Spray Additive Tank Room.  The Reactor Coolant System (RCS) samples from 
loop 1 and 3 hot legs and the RHR system sample pass through two heat exchangers prior to 
flowing to the sampling panel.  Liquid waste from the sampling panel is purged to the PAS 
Waste Collection Tank and then pumped to the appropriate unit's containment.  

Provisions have been made for drawing gas samples in each unit from the containment air space.  
A connection into an existing radiation monitor sample line is routed through a heat exchanger to 
the sampling panel where containment air samples are collected for laboratory analysis. 

The containment air sample is taken after recirculating the air to obtain a representative sample.  
Gaseous waste from the sampling panel is returned directly to the appropriate unit's containment.  

9.6.3 System Evaluation 
9.6.3.1 Normal Sampling System 
Availability and Reliability 
The system is not required to function during an emergency, nor to take action to prevent an 
emergency condition.  Therefore it is designed to perform in accordance with standard practice 
of the chemical process industry.  

Leakage Provisions 
Leakage of radioactive reactor coolant from this system within the containment is collected in 
the containment sump.  Leakage of radioactive material from this system outside the containment 
is collected, via miscellaneous drains in the Waste Hold-Up system.  The sampling stations 
within the room are provided with off-gas vents to the auxiliary building ventilation system.  
Liquid leakage through the valves at the sampling hood is drained to the Waste Disposal System.   
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Incident Control 
With the exception of the steam generator blowdown samples, which are automatically isolated 
upon a high radiation or containment isolation signal, the system is designed for operation on an 
intermittent basis under administrative control.  Sample lines penetrating the containment are 
equipped with isolation valves, which close on receipt of a containment isolation signal.  The 
isolation valve in the CVCS letdown line outside the reactor containment also closes on receipt 
of a containment isolation signal, thereby isolating the demineralizer inlet and outlet sample lines 
in the event of a loss-of-coolant-accident.  

Following a loss-of-coolant-accident, reliance on the Normal Sampling System to assay the 
primary water chemistry is not necessary since samples and analysis can be obtained using the 
Post-Accident Sampling System.  

9.6.3.2 Post-Accident Sampling System 
Availability and Reliability 
The system is designed to function after a LOCA.  It permits collecting liquid and gas samples.  
These samples can be transported to the laboratory for analysis.  

Leakage Provisions 
Leakage of radioactive reactor coolant from this system within the containment is collected in 
the containment sump.  Liquid leakage outside the containment drains via miscellaneous drains 
to the Waste Disposal System.  The Post-Accident Sampling Panel has provisions for handling 
gas leakage.  Gaseous leaks within the PAS Panel are routed to the auxiliary building ventilation 
system via a HEPA and charcoal filtration unit.  

Incident Control 
Sample lines penetrating the containment are equipped with isolation valves, which close on 
receipt of a containment isolation signal.  Isolation valves that need to be opened in order to 
obtain post-accident samples can be opened by overriding the appropriate containment isolation 
signal under administrative control in accordance with plant procedures.  
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9.7 REACTOR COMPONENTS AND FUEL HANDLING SYSTEM 
The Reactor Components and Fuel Handling System provides a safe, effective means of 
transporting and handling fuel from the time it reaches the plant in an unirradiated condition until 
it leaves the plant after post-irradiation cooling.  Each unit has its own fuel handling equipment 
within its containment and an independent fuel transfer mechanism.  Other fuel handling 
equipment used in and around the spent fuel pool is shared.  

The system is designed to minimize the possibility of mishandling or of maloperations that could 
cause fuel damage and potential fission product release.  

The Reactor Components and Fuel Handling Systems consist basically of:  

a. The reactor and refueling cavities.   

b. The transfer canal and the spent fuel pool, which are accessible to 
operating personnel.   

c. The Fuel Transfer System, which consists of an underwater conveyor, RCC 
changing fixture, new and spent fuel handling crane, manipulator crane, transfer 
tube, and new fuel elevator.   

d. Fuel racks.   

e. Polar crane. 

9.7.1 Design Bases 
During reactor vessel head removal, and while loading and unloading fuel from the reactor, the 
boron concentration is maintained at not less than that required to shutdown the core to a Keff = 
0.95.  Refueling water boron concentration is verified in accordance with technical specification 
surveillance requirements to ensure the proper shutdown margin.  

The new fuel storage racks are designed so that it is impossible to insert assemblies in other than 
the storage cells in the racks, thereby maintaining separation.  The poisoned high density spent 
fuel storage racks are designed such that no assembly can be placed any closer to another 
assembly than that required by the critical analysis to maintain the required Keff of ≤ 0.95.  The 
new fuel storage rack accommodates 144 fuel assemblies, over two-thirds of a core, and a spent 
fuel storage pit accommodates 3613 fuel assemblies, slightly more than eighteen and one-half 
cores, plus the required spent fuel shipping cask area.  Borated water is used to fill the spent fuel 
storage pool and maintain it at a concentration to match that used in the refueling cavity and 
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refueling canal during refueling operations.  (The fuel is stored in a vertical array with sufficient 
center-to-center distance between assemblies to assure Keff < 0.95 [even if unborated water is 
used to fill the pool.])  

The new fuel storage vault (NFSV) rack analysis is based on maintaining Keff < 0.95 under full 
water density conditions and < 0.98 under low water density (Optimum moderation) conditions. 

The design basis for preventing criticality outside the reactor is that, including uncertainties, 
there is a 95 percent probability at a 95 percent confidence level that the effective neutron 
multiplication factor, Keff, of the NFSV when flooded with full density water will be < 0.95 as 
recommended by ANSI 57.3-1983 and NRC guidance.  Furthermore, the effective neutron 
multiplication factor, Keff, of the NFSV under optimum moderation (aqueous foam) conditions 
will be less than 0.98 as recommended by NUREG-0800. 

Fuel assemblies and enrichments up to 4.55 w/o 235U can be safely stored in the NFSV.  The 
maximum 95/95 Keff determined for full water density flooding is 0.9495 and the maximum 
95/95 Keff determined for optimum moderation flooding is 0.8974.  Based on these previously 
calculated Keff values, the acceptance criteria are met for both full and optimum water density 
flooding of the new fuel storage racks.  A maximum nominal enrichment of 4.95 weight percent 
U-235 for Westinghouse fuel types is acceptable provided that sufficient integral fuel burnable 
absorber specified in Tech Spec Figure 5.6-4 for Unit 1 and Figure 5.6-4 for Unit 2 is present in 
each fuel assembly stored in the new fuel storage racks. 

An exemption from the requirements of 10 CFR 70.24, which requires a criticality monitoring 
system and emergency procedures for the handling and storage of unirradiated fuel, has been 
granted.  The basis for the exemption is that inadvertent or accidental criticality will be precluded 
through compliance with the Cook Technical Specifications, the geometric spacing of fuel 
assemblies in the new fuel storage facility and spent fuel storage pool, and administrative 
controls imposed on fuel handling procedures. 

Detailed information is available for use by refueling personnel.  These instructions, safety limits 
and conditions and the design of the fuel handling equipment incorporating built-in interlocks 
and safety features, provide assurance that no incidents can occur during the refueling operations 
that could result in a hazard to public health and safety.   

An area radiation monitor, centrally located on the north wall of the 650 ft elevation above the 
spent fuel pool is provided.  In addition to the spent fuel pool area monitor, a temporary, portable 
radiation monitor capable of emitting an audible alarm is mounted on the bridge crane during 
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fuel handling operations.  In the containment there are two, independent, redundant, train-
oriented radiation monitor sets, each of which is capable of automatically isolating seven 
containment purge and exhaust valves.  That is, the train A device will be capable of isolating the 
seven inboard purge and exhaust valves and the train B device will be capable of isolating the 
seven outboard valves.  In addition to this, a temporary portable radiation monitor capable of 
sounding an audible alarm is mounted on the manipulator crane during core alterations.  
Temperature and redundant water level instruments are provided to guard against the loss of 
cooling capability.  

9.7.2 System Design and Operation 
9.7.2.1 System Description 
The reactor is refueled using equipment designed to handle the spent fuel under water from the 
time it leaves the reactor until it is placed in a cask for storage on-site or 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.  Boric acid is added to the 
water to further ensure subcritical conditions during refueling.  

In the reactor cavity, fuel is removed from the reactor vessel, transferred through the water and 
placed in the fuel transfer system by a manipulator crane.  In the spent fuel pool, fuel is removed 
from the transfer system and placed in the poisoned high density storage racks with a long 
manual tool suspended from an overhead hoist.  After a sufficient decay period, the fuel is 
expected to be removed from storage and loaded into a cask for removal from the site or 
continued on-site dry storage, unless it is desired to retain them in the spent fuel pool.  Up to 
3420 fuel assemblies may be stored and still retain capacity to store up to an additional 193 fuel 
assemblies which corresponds to a complete unloading of one unit.  New fuel assemblies are 
received and eventually transferred to the spent fuel pool or new fuel storage vault for temporary 
storage or to the reactor core.  The new fuel storage vault is sized for storage of the fuel 
assemblies and other nuclear fuel components normally associated with the replacement of up to 
144 assemblies for either or both units.  New fuel is loaded into the reactor by either lowering it 
into the refueling canal from the new fuel storage vault and taking it through the transfer system, 
by transferring it from the spent fuel pool via the transfer system or by transferring it directly 
from the receipt canister via the transfer system.  

The refueling cavity, refueling canal and spent fuel storage pool are reinforced concrete 
structures with seam-welded stainless steel plate liners.  These Class I structures are designed to 
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withstand the anticipated earthquake loadings and to prevent liner leakage even in the event the 
reinforced concrete develops cracks.  

9.7.2.2 Refueling Operation 
The refueling operation follows a detailed procedure, which provides a safe, efficient refueling 
operation.  The following significant points are assured by the refueling procedure:  

1. The refueling water and the reactor coolant contain approximately 2,400 ppm 
boron, or a boron concentration sufficient to ensure that the Keff ≤ 0.95, 
whichever provides more margin to criticality.   

2. The water level in the refueling canal is maintained high enough to keep the 
radiation levels within acceptable limits when the fuel assemblies are being 
removed from the core.  This water also provides adequate cooling for the fuel 
assemblies during transfer operations.   

3. The handling of heavy loads is controlled to reduce the possibility of damage to 
nuclear fuel and/or equipment that may be required to achieve safe shutdown and 
continued decay heat removal.  This is more fully described in Section 12.2.   

4. RVCH Drop Analysis: 

5. Reactor Vessel Head drop calculation for each unit is maintained in accordance 
with applicable design processes and procedures.  The calculation provides 
assurance that public health and safety is maintained.  Limitations and 
assumptions have been incorporated into applicable load handling procedures. 

While one unit is being refueled, there are no restrictions on the operation of the other unit.  
Refueling of one unit does not affect the safety aspects of the other unit.  

9.7.2.3 Refueling Procedure 
9.7.2.3.1 Preparation 

 The following general tasks are required prior to refueling:  

 The reactor has been subcritical for at least 120 hours. 

 The peak spent fuel pool (SFP) temperature during a full core offload with only 
one SFP cooling train operating has been verified to be less than or equal to 
180°F.  For all other scenarios, including a full core offload with both SFP 
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cooling trains operating, the peak SFP temperature must be verified to be less than 
or equal to 150°F.   

 A radiation survey is made.  A procedure is followed to checkout the functioning 
and operability of radiation monitors important to refueling operations.  This 
includes radiation monitors, both in the containment and in the auxiliary building 
spent fuel ventilation system.   

 The reactor missile shields and the control rod drive mechanism (CRDM) seismic 
restraint are removed.   

 The bulkhead sections between the reactor cavity and the refueling cavity are 
removed. 

 CRDM cables and cooling air ducts are disconnected and removed.   

 Reactor vessel head insulation and instrument leads are removed.   

 The reactor vessel head nuts are loosened with the hydraulic tensioner.   

 The reactor vessel head studs are removed.   

 The canal drain holes are plugged and the fuel transfer tube flange is removed.   

 Checkout of the fuel transfer device and manipulator crane is started.   

 Guide studs are installed in three stud holes and the remainder of the stud holes 
are plugged.  Only two of the three studs are required to align the vessel head.   

 Install the reactor vessel to cavity seal. 

 Final preparation of underwater lights and tools is made.  Checkout of 
manipulator crane and fuel transfer system is completed.   

 The reactor vessel head is unseated and raised.  

 The lift of the reactor vessel head is stopped at several specified heights to check 
that: 

 the reactor head is level 

 the head is not binding on the guide studs 

 the protective sleeves for the instrument port seal assemblies are not being 
lifted. 
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 At the appropriate reactor vessel head lift height, a check is made that the RCCA 
drive shafts are clear of the CRDM housings, and are not being lifted with the 
head.  The reactor vessel head is lifted to clear and is taken to its storage pedestal. 

 The reactor cavity and refueling canal are flooded with water to the level required 
for unlatching the RCCA drive shafts.  

 The control rod drive shafts are unlatched.   

 The reactor vessel internals lifting rig is lowered into position and latched to the 
support plate.   

 The reactor cavity and refueling canal are flooded with water to the level required 
for refueling. 

 The reactor vessel upper internals are lifted out of the vessel and placed in the 
underwater storage rack.   

 The core is now ready for refueling.  

9.7.2.3.2 Refueling 
Refueling is performed with the manipulator crane, following the general tasks listed below.  

 Spent fuel, which is to be discharged, is removed from the core and placed on the 
fuel transfer conveyor for removal to the spent fuel pool.   

 Partially spent fuel is relocated within the core or moved to the spent fuel pool.  

 New fuel assemblies and the removed, partially spent fuel assemblies to be used 
in the upcoming cycle of operation are transferred from the new fuel storage area, 
new fuel receipt canister or the spent fuel pool into the refueling canal and are 
brought through the transfer system and loaded into the core. 

 Whenever fuel is added to the reactor core, the subcriticality of the core is 
verified.   

If a transfer of the rod cluster control (RCC) elements between fuel assemblies is required and 
the reactor core is not completely off-loaded to the spent fuel pool, the assemblies can be 
taken to the RCC change fixture to exchange the RCC elements from one assembly to another.  
Should a full core off-load be performed during the refueling, the RCC exchange can be 
performed in the spent fuel pool with a long handled tool.  Such an exchange is required 
whenever a spent fuel assembly containing RCC elements is removed from the core and 
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whenever a fuel assembly is placed in or taken out of a control position during refueling 
rearrangements.  If the previous core design contained burnable poison rod (BPR) elements, then 
fuel assemblies with BPR elements are moved to the spent fuel pool where the BPR element is 
removed using the handling tool, and a thimble plugging device may be inserted to restrict the 
flow through the guide thimbles.  

9.7.2.3.3 Reactor Reassembly 
The following general tasks are required following refueling: 

 The fuel transfer car is parked and the fuel transfer tube isolation valve is closed.   

 The reactor vessel internals package is replaced in the vessel.  The reactor vessel 
internals' lifting rig is removed to storage.   

 The control rod drive shafts are relatched to RCC elements.  

 The manipulator crane is parked.  

 The old seal rings are removed from the reactor vessel head, the grooves cleaned 
and new rings installed.   

 The reactor vessel head is picked up and positioned over the reactor vessel.   

 The water level is lowered and the reactor vessel head is lowered.   

 The refueling cavity and refueling canal are completely drained and the flange 
surface is manually cleaned.   

 The reactor vessel head is seated.  

 The guide studs and the stud hole plugs are removed.   

 The head studs are replaced and the head nuts are retorqued.  

 The canal drain holes are unplugged and the fuel transfer tube flange is replaced.   

 Electrical leads and cooling air ducts are reconnected to the CRDM's. 

 Vessel head insulation, CRDM seismic restraints, and instrumentation leads are 
replaced.   

 Remove the reactor vessel to cavity seal.  

 Control rod drives are checked.  

 The reactor missile shield is picked up with the polar crane and replaced.   
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 Pre-operational tests are performed.   

9.7.2.4 Major Structures Required for Refueling 
9.7.2.4.1 Refueling Cavity 
The refueling cavity is a reinforced concrete structure that forms a pool above the reactor when it 
is filled with borated water for refueling.  

The cavity is filled so that at least 23 feet of water is maintained over the reactor pressure vessel 
flange.  The radiation at the surface of the water is limited to a level as low as reasonably 
achievable during those periods when a fuel assembly is transferred over the reactor vessel 
flange.  

The reactor vessel flange is sealed to the reactor cavity by a Preferred Engineering mechanical 
seal, which prevents leakage of refueling water from the refueling cavity.  This seal is installed 
after reactor cooldown but prior to flooding the refueling cavity for refueling operations. 

The floor and sides of the refueling cavity are lined with stainless steel.  The refueling cavity has 
been designed to be within the stress and strain limitations of the ACI Code 318-63, using 
working stress design criteria for operating conditions, and ultimate strength design criteria for 
accident conditions.  Analysis of the refueling cavity has been made using the AEP FRAME 
Program.  The heat generation rates due to radiation in the primary concrete were calculated by 
using a point kernel analysis technique.  In addition to the reactor core sources, the code 
considers the capture gamma and inelastic neutron scattering contributions outside the core, and 
within the concrete.  

9.7.2.4.2 Refueling Canal 
The refueling canal is a passageway extending from the refueling cavity to the inside surface of 
the reactor containment.  The canal is formed by two concrete shielding walls which extend 
upward to the same elevation as the reactor cavity.  The floor of the canal is at a lower elevation 
than the reactor cavity to provide the greater depth required for the fuel transfer tipping device 
and the control cluster changing fixture located in the canal.  The transfer tube enters the reactor 
containment and protrudes through the end of the canal.  The canal is a stainless steel lined 
reinforced concrete structure.  

The refueling cavity is large enough to provide storage space for the reactor upper and lower 
internals, the control cluster drive shafts, and miscellaneous refueling tools.  
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The refueling cavity and refueling canal are modeled as one unit; as a grid of beams and 
columns.  The static and thermal loads are introduced as input at the node points of the gridwork.  
Seismic loading is entered using the acceleration responses determined from previous analyses.  
All stresses in a loading combination are combined algebraically.  The seismic stresses are 
considered to be reversible in sign, so as to give maximum calculated combined stresses.  The 
refueling cavity/refueling canal area is further checked for seismic condition by means of the 
FRAME Program dynamic routines.   

9.7.2.4.3 Spent Fuel Storage Pool 
The spent fuel storage pool consists of two portions, the pool proper and the transfer canal, 
separated by a structural wall.  Both the pool and the canal are constructed of reinforced concrete 
and lined with stainless steel plate.  A leak detection system indicates any leakage from the pool.  

The transfer canal forms the auxiliary building terminal of the fuel transfer tube.  Fuel 
transported into the transfer canal from either refueling canal is removed from the conveyor car 
by the new and spent fuel handling crane, passed through a closeable gate in the wall separating 
the canal from the spent fuel pool, and placed into poisoned high density spent fuel racks for 
storage.  New fuel is either transferred from the new fuel storage area to the conveyer car in the 
transfer canal, and then to the appropriate refueling cavity for insertion into the reactors, 
transferred from the new fuel storage area to the spent fuel racks for temporary storage, and then 
transferred via the conveyer car to the appropriate refueling cavity for insertion into the reactors, 
or transferred from the new fuel receipt canister to the appropriate refueling cavity for insertion 
into the reactors via the conveyer car.  

The spent fuel pool proper is designed for the underwater storage of spent fuel assemblies, 
control rod clusters and burnable poisons, thimble plugs and sources (primary and secondary) 
after their removal from the reactor.  Other materials (such as Boral samples, reactor vessel 
irradiated specimen and highly radioactive materials) are also stored in the spent fuel pool.   

Space is provided in the pool for the spent fuel cask which is placed in the pool during loading 
operations.  Control rod clusters, burnable poison rod assemblies, thimble plugs and sources are 
typically stored in fuel assemblies.  

Spent fuel assemblies are handled by a long handled tool suspended from a hoist on the new and 
spent fuel handling crane, and manipulated by an operator standing on the movable crane bridge. 
Fuel handling tools are typically stored on hangers along the south wall of the spent fuel pool.  
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The spent fuel storage racks are erected on the pit floor.  The fuel assemblies are placed in 
vertical cells in the racks, continuously grouped in parallel rows of 8.97 inch centers in both 
directions.  The racks are so designed that it is impossible to place two assemblies any closer 
than if they were in two adjacent cells, thereby ensuring the necessary spacing between 
assemblies.  

Following the cavity seal failure at the Connecticut Yankee Plant, the possibility of this event 
was evaluated for the Cook Plant.  A review of drain paths was performed.  In no instance was 
the potential for a rapid drain-down identified. 

9.7.2.4.4 Poison Cell / Rack Module Design Concept 
The layout of the spent fuel storage cells is shown in Figure 9.7-2.  Twenty three free-standing 
poisoned rack modules positioned with a prescribed and geometrically controlled gap between 
them will contain a total of 3613 storage cells (plus 3 triangle cells located at the SW, NW, and 
NE corners of the pool).  Out of these cells, the peripheral cells located in each rack module are 
flux-trap cells∗ due to the gap between modules, and the interior ones are of the non-flux trap 
type.  The storage cells suitable for storing fresh fuel (up to 4.95 wt % U-235 nominal 
enrichment) are uniquely identified (see Figures 9.7-3 and 9.7-4).  Consistent with the concept of 
two region storage, the placement of fuel with a given burnup in the allowable location is 
administratively controlled.  No credit is taken for soluble boron in normal refueling and full 
core off-load storage conditions.  The essential cell data for all storage cells is given in Table 
9.7-2. 

The new spent fuel storage racks are free-standing and self-supporting.  The principal 
construction materials for the new racks are SA240-Type 304 stainless steel sheet and plate 
stock, and SA564-630 (precipitation hardened stainless steel) for the adjustable support spindles.  
The only non-stainless material utilized in the rack is the neutron absorber material, which is 
boron carbide and aluminum-composite sandwich available under the patented product name 
"Boral". 

The new racks are designed and analyzed in accordance with Section III, Division 1, Subsection 
NF of the ASME Boiler and Pressure Vessel (B&PV) Code.  The material procurement, analysis, 
and fabrication of the rack modules conform to 10 CFR 50 Appendix B requirements. 

                                                 
∗ A flux trap construction means that there is a water gap between adjacent storage cells such that the neutrons 
emanating from a fuel assembly are thermalized before reaching an adjacent fuel assembly. 
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9.7.2.4.5 Mixed Zone Three Region Storage (MZTR) 
The high density spent fuel storage racks in the spent fuel pool will provide storage locations for 
up to 3613 fuel assemblies and will be designed to maintain the stored fuel, having an initial 
nominal enrichment of up to 4.95 wt% U-235, in a safe, coolable, and subcritical configuration 
during normal discharge and full core off-load storage and postulated accident conditions. 

All rack modules for the spent fuel pool are of the "free-standing" type such that the modules are 
not attached to the pool floor nor do they require any lateral braces or restraints.  These rack 
modules were placed in the pool in their designated locations using a specifically designed lifting 
device, and the support legs were remotely leveled (using a telescopic removable handling tool) 
by an operator on the fuel handling bridge.  The leveling operation was done when the support 
legs were lifted off the floor.  Except for the crane, no additional lifting equipment was needed 
while leveling was performed. 

All modules in the spent fuel pool are of "non-flux trap" construction.  However, the module 
baseplates extend out by 7/8" (nominal), such that the nominal gap between the adjacent walls of 
two neighboring racks is 2" (nom.).  Thus, although there is a single screen of neutron absorber 
panel between two fuel assemblies stored in the same rack, there are two poison panels with a 
water flux trap (2" wide) between them for fuel assemblies located in peripheral cells of two 
facing modules.  Out of these flux trap locations, and peripheral cell locations (cells adjacent to 
pool walls) a certain number of storage cells are designated for storing fresh fuel.  In addition, a 
certain number of interior cells in each rack can be designated for storing fresh fuel of 4.95% wt. 
U-235 (maximum nominal) enrichment.  In this manner, a sufficient number of locations without 
any burnup restriction (Region I cells) are provided to enable unrestricted full core off-load of 
the Donald C. Cook Nuclear Plant reactor in the spent fuel pool.   

Each rack module is supported by at least four legs, which were remotely adjustable.  Thus, the 
racks can be made vertical and the top of the racks can easily be made co-planar with each other.  
The rack module support legs are engineered to accommodate variations of the pool floor.  The 
support legs also provide an under rack plenum for natural circulation of water through the 
storage cells.  The placement of the racks in the spent fuel pool has been designed to preclude 
any support legs from being located over existing obstructions on the pool floor. 

The spent fuel pool racks are subjected to mandated seismic loadings per the UFSAR.  The 
Design Basis Earthquake (DBE) and Operating Basis Earthquake (OBE) seismic response 
spectra were provided and synthetic time histories were generated.  These acceleration time 
histories were applied as inertia loads. 
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Under these seismic events, the rack modules have four designated locations of potential impact: 

1. Support leg to bearing pad 

2. Storage cell to fuel assembly contact surfaces 

3. Baseplate edges 

4. Rack top corners 

The support leg to pool slab bearing pad impact would occur whenever the rack support foot lifts 
off the pool floor during a seismic event.  The "rattling" of the fuel assemblies in the storage cell 
is a natural phenomenon associated with seismic conditions.  The baseplate and rack top corners 
impacts would occur if the rack modules tend to slide or tilt towards each other during the 
postulated DBE or OBE seismic events. 

A bearing pad, made of austenitic stainless steel, is interposed between the support foot and the 
liner such that the loads transmitted to the slab by the rack module under steady state as well as 
seismic conditions are diffused into the pool slab, and allowable local concrete surface pressures 
are not exceeded. 

9.7.2.4.6 Material Considerations 
Safe storage of nuclear fuel in the spent fuel pool requires that the materials utilized in the 
fabrication of racks be of proven durability and be compatible with the pool water environment.  
This section provides the necessary information on this subject.  Material composition for the 
various materials are summarized in Tables 9.7-3 through 9.7-5. 

The following structural materials are utilized in the fabrication of the spent fuel racks: 

a. ASME SA240-304 for all sheet metal stock. 

b. Internally threaded support legs:  ASME SA240-304. 

c. Externally threaded support spindle:  ASME SA564-630 precipitation hardened 
stainless steel. 

d. Weld material - per the following ASME specification:  SFA 5.9 ER308. 

In addition to the structural and non-structural stainless material, the racks employ Boral, a 
patented product of AAR Brooks & Perkins, as the thermal neutron absorber material.  A brief 
description of Boral, and its fuel pool experience list follows.  Boral is a thermal neutron 
absorbing material composed of boron carbide and 1100 alloy aluminum.  Boron carbide is a 



UFSAR Revision 27.0 

 

INDIANA AND MICHIGAN POWER 
D. C. COOK NUCLEAR PLANT 

UPDATED FINAL SAFETY ANALYSIS REPORT 

Revised: 27.0 
Chapter: 9 
   §9.6 & §9.7 
Page: 19 of 32 

 

compound having a high boron content in a physically stable and chemical 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. 

9.7.2.4.7 Compatibility with Coolant 
All materials used in the construction of the spent fuel pool racks have an established history of 
in-pool usage.  Their physical, chemical and radiological compatibility with the pool 
environment is an established fact at this time.  Boral has been used in both vented and unvented 
configurations in fuel pools with equal success.  The spent fuel pool rack construction at Cook 
Nuclear Plant allows full venting of the Boral space.  Austenitic stainless steel (304) is widely 
used in nuclear power plants. 

9.7.2.4.8 Criticality Considerations 
The high density spent fuel storage racks are designed to assure that the effective neutron 
multiplication factor (Keff) is equal to or less than 0.95 with the racks fully loaded with fuel of 
the highest anticipated reactivity, and flooded with unborated water at the temperature within the 
operating range corresponding to the highest reactivity.  The maximum calculated reactivity 
includes a margin for uncertainty in reactivity calculations including mechanical tolerances.  All 
uncertainties are statistically combined, such that the final Keff will be equal to or less than 0.95 
with a 95% probability at a 95% confidence level. 

To assure the true reactivity will always be less than the calculated reactivity, the following 
conservative assumptions were made:  

 Moderator is assumed to be unborated water at a temperature within the operating 
range that results in the highest reactivity (determined to be 20°C). 

 The effective multiplication factor of an infinite radial array of fuel assemblies 
was used except for the boundary storage cells where leakage is inherent. 

 Neutron absorption in minor structural members is neglected, i.e., spacer grids are 
analytically replaced by water. 

 The design basis fuel assembly is a 15 X 15 (Standard) Westinghouse containing 
UO2 at a maximum initial enrichment of 4.95 + 0.05 wt% U-235 by weight.  For 
fuel assemblies with natural UO2 blankets, the enrichment is that of the central 
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enriched zone.  Calculations confirmed that this reference design fuel assembly 
was the most reactive of the assembly types expected to be stored in the racks.  
Three separate storage regions are provided in the spent fuel storage pool, with 
independent criteria defining the highest potential reactivity in each of the regions 
as follows: 

 Region 1 is designed to accommodate new fuel with a maximum enrichment of 
4.95 + 0.05 wt% U-235, or spent fuel regardless of the discharge fuel burnup. 

 Region 2 is designed to accommodate (high burnup) fuel of 4.95% initial 
enrichment burned to at least 50,000 MWD/MtU (assembly average), or fuel of 
other enrichments with a burnup yielding an equivalent reactivity. 

 Region 3 is designed to accommodate (intermediate burnup) fuel of 4.95% initial 
enrichment burned to at least 38,000 MWD/MtU (assembly average), or fuel of 
other enrichments with a burnup yielding an equivalent reactivity. 

The water in the spent fuel storage pool normally contains soluble boron, which would result in 
large subcriticality margins under actual operating conditions.  However, the NRC guidelines, 
based upon the accident condition in which all soluble poison is assumed to have been lost, 
specify that the limiting keff of 0.95 for normal storage be evaluated in the absence of soluble 
boron.  The double contingency principle of ANSI N-16.1-1975 and of the April 1978 NRC 
letter∗ allows credit for soluble boron under other abnormal or accident conditions since only a 
single independent accident need be considered at one time.  Consequences of abnormal and 
accident conditions have also been evaluated, where "abnormal" refers to conditions which may 
reasonably be expected to occur during the lifetime of the plant and "accident" refers to 
conditions which are not expected to occur but nevertheless must be protected against. 

9.7.2.5 Summary of Criticality Analyses 
9.7.2.5.1 Normal Operating Conditions 
The design basis layout of storage cells for the three regions is shown in Figure 9.7-3.  In this 
configuration, the fresh fuel cells (Region l) are located alternately along the rack periphery 
(where neutron leakage reduced reactivity) or along the boundary between two storage modules 
(where the water gap provides a flux-trap, which reduces reactivity).  High burnup fuel in Region 
                                                 
∗  USNRC letter of April 14, 1978, to all Power Reactor Licensees - OT Position for Review and Acceptance of 
Spent Fuel Storage and Handling Applications, including modification letter dated January 18, 1979. 



UFSAR Revision 27.0 

 

INDIANA AND MICHIGAN POWER 
D. C. COOK NUCLEAR PLANT 

UPDATED FINAL SAFETY ANALYSIS REPORT 

Revised: 27.0 
Chapter: 9 
   §9.6 & §9.7 
Page: 21 of 32 

 

2 affords a low-reactivity barrier between fresh fuel assemblies and Region 3 fuel of intermediate 
burnup. 

Prior to approaching the reactor end-of-life, not all storage cells are needed for spent fuel.  
Therefore, an alternative configuration may be used in which the internal cells are loaded in a 
checkerboard pattern of fresh fuel (or fuel of any burnup) with empty cells, as indicated in Figure 
9.7-4.  This configuration is intended primarily to facilitate a full core unload when needed, prior 
to the time the racks are beginning to fill up. 

To provide for continued placement of the new and intermediate burnup fuel in the spent fuel 
pool as the storage racks approach a full condition, the A1, C1, E1 and A5 storage modules may 
have either the Mixed Zone Three Region (MZTR) or the interim (checkboard) storage pattern in 
any combination, while the remaining 19 modules must meet the MZTR requirements. 

Figure 9.7-5 defines the acceptable burnup domains and illustrates the limiting burnup for fuel of 
various initial enrichments for both Region 2 (upper curve) or Region 3 (lower curve), both of 
which assume that the fresh fuel (Region 1) is enriched to 4.95% U-235.  Criticality analyses 
show that the most reactive configuration occurs along the boundary between modules with the 
reactivity of the edge configuration being slightly lower∗.  The bounding criticality analyses are 
summarized in Table 9.7-6 for the design basis storage condition (which assumes the single 
accident condition of the loss of all soluble boron) and the Table 9.7-7 for the interim 
checkerboard loading arrangement.  The calculated maximum reactivity of 0.940 (same for both 
the normal storage condition and the interim checkerboard arrangement) is within the regulatory 
limit of a keff of 0.95.  This maximum reactivity includes calculational uncertainties and 
manufacturing tolerances (95% probability at the 95% confidence level), an allowance for 
uncertainty in depletion calculations and the evaluated effect of the axial distribution in burnup.  
Fresh fuel of less than 4.95% enrichment would result in lower reactivities.  As cooling time 
increases in long-term storage, decay of Pu-241 results in a continuous decrease in reactivity, 
which provides an increasing subcriticality margin with time.  No credit is taken for this decrease 
in reactivity other than to indicate conservatism in the calculations. 

                                                 
∗ The thick base-plate on the rack modules extend beyond the storage cells and provide assurance that the necessary 
water-gap between modules is maintained. 
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For convenience, the minimum (limiting) burnup data in Figure 9.7-5 for unrestricted storage 
may be described as a function of the initial enrichment, E, in weight percent U-235 by fitted 
polynomial expressions as follows: 

9.7.2.5.2 For Region 2 Storage 
Minimum Burnup in NWD/MTU = - 22,670 + 22,220E - 2,260E2 + 149E3 

9.7.2.5.3 For Region 3 Storage 
Minimum Burnup in MWD/MTU = - 26,745 + 18,746E - 1,631E2 + 98.4E3 

9.7.2.5.4 Abnormal and Accident Conditions 
Although credit for the soluble poison normally present in the spent fuel pool water is permitted 
under abnormal or accident conditions, most abnormal or accident conditions will not result in 
exceeding the limiting reactivity (Keff of 0.95) even in the absence of soluble poison.  The effects 
on reactivity of credible abnormal and accident conditions due to temperature increase, boiling, 
assembly dropped on top of a rack, lateral rack module movement and misplacement of a fuel 
assembly have been analyzed.  Of these abnormal or accident conditions, only one has the 
potential for a more than negligible positive reactivity effect. 

The inadvertent misplacement of a fresh fuel assembly has the potential for exceeding the 
limiting reactivity, should there be a concurrent and independent accident condition resulting in 
the loss of all soluble poison.  Administrative procedures to assure the presence of soluble poison 
during fuel handling operations will preclude the possibility of the simultaneous occurrence of 
the two independent accident conditions.  The largest reactivity increase would occur if a new 
fuel assembly with a maximum enrichment of 5.00% U235 were to be positioned in an empty 
location not in accordance with the interim checkerboard pattern arrangement with the remainder 
of the module properly loaded with fuel of the highest permissible reactivity.  Under this 
accident condition, credit for the presence of soluble poison is permitted by NRC guidelines∗, 
and calculations indicate that the maximum keff (0.9295) under this accident scenario is 
significantly less than 0.95 with 800 ppm of soluble boron credited. 

9.7.2.5.5 Thermal Considerations 
A flow path for natural convection cooling of spent fuel assemblies is provided by a large hole in 
the module base at each fuel storage cell position.  Additional cooling between cells is provided 
                                                 
∗  Double contingency principle of ANSI N16.1-1975, as specified in the April 14, 1978, NRC letter (Section 1.2) 
and implied in the proposed revision to Reg. Guide 1.13 (Section 1.4, Appendix A). 
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by smaller holes in the module base between cells and holes near the top of the side plate 
diaphragms.  Additional area for flow to the bottom of the module is provided by space at the 
edge of the pool.  

In summary, the high density (poison) spent fuel module design provides a significant increase in 
storage over the original non-poison spent fuel module design.  The module is designed to meet 
all technical requirements for structural integrity, criticality, and cooling.  

9.7.2.5.6 Cask Decontamination Facilities 
Once the spent fuel cask has been loaded, it would be removed from the spent fuel pool and 
placed on a pad just beyond the pool for decontamination prior to onsite storage or shipment 
offsite.  

The pad has a stainless steel lined base and a curb is provided around it to prevent the water and 
solvents used during decontamination from spreading over the auxiliary building floor.  Drains in 
the floor of the pad remove the decontaminants to the waste disposal system for processing.  

9.7.2.5.7 New Fuel Storage 
New fuel assemblies and new control rod clusters are stored in a separate area, adjacent to the 
spent fuel pool, whose location facilitates the unloading of new fuel assemblies from delivery 
trucks.  This storage vault is designed to hold new assemblies in specially constructed racks.  A 
total of 144 storage positions are provided.  Prior to initial core loading for Unit 1 assemblies in 
excess of the number, which could be accommodated in the new fuel storage area, were stored in 
the dry spent fuel pool.  For Unit 2, temporary storage facilities were established adjacent to the 
new fuel storage area. 

Use of the new fuel storage vault is not required.  New fuel may be loaded directly into the new 
fuel elevator from the new fuel shipping canister(s) if desired, for temporary storage in the spent 
fuel pool or for direct transfer to the appropriate refueling cavity for insertion into the reactor. 

9.7.2.6 Major Equipment Required for Refueling 
9.7.2.6.1 Reactor Vessel Stud Tensioner 
Stud tensioners are used to make up the head closure joint.  

The stud tensioner is a hydraulically operated (oil is the working fluid) device provided to permit 
preloading and unloading of the reactor vessel closure studs at cold shutdown conditions.  Stud 
tensioners were chosen in order to minimize the time required for the tensioning or unloading 
operations.  Three tensioners are provided and they are applied simultaneously to three studs 
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120° apart.  However, procedures exist that allow use of only two tensioners 180° apart, if 
necessary.  The studs are tensioned to their operational load in a fashion so as to prevent high 
stresses in the flange region and unequal loadings in the studs.  An overstroke alarm is provided 
on each tensioner to alert the operator that a tensioner is about to reach maximum stroke.  Charts 
indicating the stud elongation and load for a given oil pressure are included in the transient 
operating instructions.  In addition, measurements of the elongation of the studs are performed 
after tensioning.  

9.7.2.6.2 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 the crane operator to lift the head and store it during refueling 
operations.  

9.7.2.6.3 Reactor Internals Lifting Device 
The reactor internals lifting device is a structural frame suspended from the overhead crane.  The 
frame is lowered onto the guide tube support plate of the internals and manually bolted to the 
support plate by three bolts.  Bushings on the frame engage guide studs in the vessel flange to 
provide closure guidance during removal and replacement of the internals package.  

9.7.2.6.4 Manipulator Crane 
The manipulator crane is a rectilinear bridge and trolley crane with a vertical mast extending 
down into the refueling water.  The bridge spans the refueling cavity and refueling canal and 
runs on rails set into the floor along the edge of the cavity and canal.  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 from 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 into the mast tube.  The fuel, while inside the mast tube, is transported to its 
new position. 

While being transported, the fuel assembly may be tested for fuel leaks using an in-mast fuel 
sipping system.  This system detects an increase in radioactive gases found at the top of the 
manipulator crane mast when leaking fuel is present.  Small O.D. stainless steel tubing and 
nozzles were installed on the outside of the manipulator crane mast to facilitate transport of air to 
the bottom of the mast.  Covers were added to the mast roller assemblies to minimize air leakage 
and crossflows during lateral movements of the mast, trolley, and crane.  A cover was added to 
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the top of the mast that creates a sealed environment in the top inner portion of the mast such that 
a small amount of gases/air present may be siphoned to the in-mast fuel sipping system detector.  
The detector, electronics, and air pump console of the in-mast fuel sipping system are typically 
installed prior to and removed after their use.  These systems typically do not remain installed 
during reactor operation, although this activity is not precluded.  There is no interferences caused 
by either the permanently or temporarily installed portions of the in-mast fuel sipping system to 
the operation of any limit switches.  The presence of air bubbles in the mast with a fuel assembly 
was evaluated from thermohydraulic and criticality standpoints and found to be within 
acceptable limits. 

All controls for the manipulator crane are mounted on a console on the trolley.  The bridge and 
trolley are positioned on a coordinate system.  Indications of bridge and trolley position are 
provided on the console.  The drives for the bridge, trolley and winch are variable speed, with 
speed zones controlled by the Programmable Logic Controller (PLC).  Electrical interlocks and 
limit switches on the bridge and trolley drives protect the equipment.  In an emergency, the 
bridge, trolley and winch can be operated manually using hand-wheels on the motor shafts. 

The suspended weight on the gripper tool is monitored by an electrical load cell indicator on the 
control console.  A load in excess of 150 lbs. of the weight of a fuel assembly in water stops the 
winch drive from moving in the up direction.  The 150 lbs. limit may be increased up to 200 lbs. 
in the event there is evidence of spurious trips resulting from load variations due to directional 
changes and/or cable and hose reel tensions.  The gripper is interlocked through a weight sensing 
device and also a mechanical spring lock so that it cannot be opened when supporting a fuel 
assembly.  Boundary zone values are compared to position encoder values that limit the normal 
operating area for the crane.  The purpose is to prevent collision of the mast with the vessel guide 
studs, upper internals and the canal walls. 
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In addition to the travel limit switches on the bridge and trolley drives, the following safety 
features are incorporated in the system: 

a. Bridge and trolley motion is interlocked with hoist operation to prevent operation 
of the hoist during bridge or trolley motion.  The purpose of this interlock is to 
prevent simultaneous motion of the fuel assembly in the horizontal and vertical 
axis. 

b. Bridge and trolley main motor drive operation is possible only when both the 
GRIPPER TUBE UP encoder position indicates that the gripper tube is fully 
retracted into the mast. 

c. In addition, a speed control zone limits the speed and distance an extended 
assembly can move on the bridge and trolley axis. 

d. With the gripper engaged, a solenoid valve in the air line which is utilized to 
disengage the gripper will not be activated if the load cell readout registers a 
weight greater than 1200 pounds.   

e. The hoist drive circuit in the up direction is opened when the EXCESSIVE 
SUSPENDED WEIGHT switch is actuated.  This switch is actuated at a reading 
of 150 lbs. in excess of fuel assembly weight.  The purpose is to limit the pull that 
the hoist will put on a fuel assembly.   

f. The hoist drive circuit in the up direction is operated only when either the OPEN 
or CLOSED indicating switch on the gripper is actuated.  This interlock will 
prevent the lifting of a fuel assembly with the gripper only partially engaged. 

g. Bridge and trolley drives are interlocked in the direction of the transfer system so 
that the bridge is prevented from traveling beyond the core area unless the trolley 
is aligned with the refueling canal centerline.  A boundary breach requires use of 
an Override mode to enable a return within the boundary at reduced speed. 

h. Travel of the hoist is prevented when loss of weight (approximately 150 pounds) 
occurs in any position other than gripper tube down in the core and transfer area.  
The 150 pound limit may be increased up to 200 pounds in the event there is 
evidence of spurious trips resulting from load variations due to directional 
changes and / or cable and hose reel tensions. 
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Suitable restraints are provided between the bridge and trolley structures and their respective 
rails to prevent derailing due to the design basis earthquake.  The manipulator crane is designed 
to prevent disengagement of a fuel assembly from the gripper during the design basis earthquake.  

Each manipulator crane used for movement of fuel assemblies within the reactor pressure vessel 
shall be demonstrated to be operable within 100 hrs prior to the start of such operation by 
performing a load test of at least 3250 pounds, and by demonstrating an automatic cut off when 
the crane load exceeds 2850 pounds. 

The operability requirements for the manipulator cranes ensure that: 

1. manipulator cranes will be used for movement of control rods and fuel assemblies  

2. each crane has sufficient load capacity to lift a control rod or fuel assembly and  

3. the core internals and pressure vessel are protected from excessive lifting force in 
the event they are inadvertently engaged during lifting operations. 

Each auxiliary hoist and associated load indicator used for movement of control rods within the 
reactor pressure vessel shall be demonstrated operable within 100 hours prior to the start of such 
operations by performing a load test of at least 700 pounds. 

During movement of control rods or fuel assemblies within the reactor pressure vessel, the 
manipulator crane and auxiliary hoist shall be determined operable with: 

A. The manipulator crane used for movement of fuel assemblies having: 

1. A minimum capacity of 3250 pounds, and  

2. An overload cut off limit ≤ 2850 pounds. 

B. The auxiliary hoist used for movement of control rods having: 

1. A minimum capacity of 700 pounds, and  

2. A load indicator which shall be used to prevent lifting loads in excess of 
600 pounds. 

If the above requirements are not satisfied suspend use of any inoperable manipulator crane 
and/or auxiliary hoist from operations involving the movement of control rods or fuel assemblies 
within the reactor pressure vessel. 
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9.7.2.6.5 New and Spent Fuel Handling Crane 
The new and spent fuel-handling crane is a bridge with monorails on the overhead structure.  The 
bridge consists of two spans which span the width of the fuel storage area (consisting of the 
spent fuel pool and the new fuel storage area) and travels its entire length.  Electric monorail 
hoists are provided to travel the width of the fuel storage area.  This crane was procured and 
installed in accordance with Seismic Class I requirements. 

The fuel assemblies are moved within the spent fuel pool 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 maximum lift of a spent fuel assembly is also 
limited to a height of 15 inches above the spent fuel racks by means of a limit switch on the 
hoist. During dry cask operations, this limit switch will remain active whenever spent fuel 
assemblies are carried over the storage racks.  The limit switch will be bypassed in the cask 
loading area in order to lift fuel assemblies to a height that will clear the top of the transfer cask.  
When moving new fuel assemblies, a shorter tool may be used since there are no shielding 
requirements. 

The auxiliary safety chain assembly is attached to the New and Spent Fuel Handling crane. The 
auxiliary safety chain assembly consists of steel plates welded to fit over the crane’s hoist and a 
long steel chain attached permanently to these plates on one end, with the hook secured by a 
safety latch at the other end. It is a removable assembly secured to the hoist by bolts. 

The purpose of the safety chain assembly is to ensure that the fuel handling tools will not drop 
into the Spent Fuel Pool. 

9.7.2.6.6 Auxiliary Building Cranes 
The auxiliary building is equipped with two, fully motorized, single-failure-proof overhead 
bridge cranes∗ that run on the same set of runway rails which extend the length of the building.  
The east crane is equipped with a 150-ton capacity main hoist and 20-ton capacity auxiliary hoist 
that are mounted on separated trolleys and are completely independent in design and operation 

                                                 
∗ NUREG 0554, "Single-Failure Proof Cranes for Nuclear Power Plant, " specifies that a protective system for load 
hangups be provided for single-failure proof cranes.  However, the overload system is not required by the Technical 
Specifications or Technical Specification Bases.  It is permissible to operate the east auxiliary building crane main 
hoist with the overload protection circuitry defeated since the interlocks that prevent crane travel with loads over the 
spent fuel pool will not be impacted and since it still would be possible to safely shut down both units in case of a 
load drop.  



UFSAR Revision 27.0 

 

INDIANA AND MICHIGAN POWER 
D. C. COOK NUCLEAR PLANT 

UPDATED FINAL SAFETY ANALYSIS REPORT 

Revised: 27.0 
Chapter: 9 
   §9.6 & §9.7 
Page: 29 of 32 

 

(i.e. the auxiliary hoist has its own spent fuel pool travel limit switches).  The main hoist/trolley 
is positioned north of the auxiliary hoist/trolley, and both trolleys move along the top of the 
crane bridge.  In addition, the east crane is equipped with a 2,500 lb. capacity fully electric hoist 
that runs beneath a monorail, which is cantilevered off the east side of the idler girder.  The east 
crane is operated by a radio remote control of the operator console mounted on the crane 
walkway.  The west crane is equipped with a 150-ton capacity hoist mounted on a trolley that 
moves along the top of the crane bridge.  The west crane is operated by means of a radio remote 
control or a pendant control. 

Upper and lower geared hoist limit switches are provided on both cranes in addition to an upper 
weight type limit switch.  Crane power cutout switches for emergency use have been provided at 
three separate locations.  These switches enable the crane to be stopped, if necessary, by 
personnel other than the crane operator.  The auxiliary building cranes are utilized to handle 
various items including the radiation protection shields, plant equipment, fuel assemblies, and 
containers of low-level radioactive waste.  The east auxiliary building crane will be utilized to 
handle the spent fuel cask. 

With fuel assemblies in the storage pool, loads in excess of 2,500 pounds shall be prohibited 
from travel over stored fuel assemblies in the storage pool.  Loads carried over the spent fuel 
pool racks and the heights at which they may be carried over spent fuel racks containing fuel 
shall be limited in such a way as to preclude impact energies over 55,800 in.-lbs., if the loads are 
dropped from the crane. 

The restriction on movement of loads in excess of 2,500 lbs. over stored fuel assemblies in the 
storage pool ensures that, in the event of a dropped load,  

1. the activity release will be limited to that contained in a single fuel assembly, and  

2. any possible distortion of fuel in the storage racks will not result in a critical 
array. 

The 2,500 lb. load restriction is based on the combined nominal weight of a fuel assembly, a 
control rod assembly, and an associated fuel handling tool.  Release of activity from a single fuel 
assembly is consistent with the assumption for the analysis for a fuel handling accident. 

The restriction on movements of loads in excess of the impact energy limit, which is based on 
the kinetic energy of a dropped fuel assembly and control rod assembly weighing an average of 
1550 lbs. (dry weight) from a height of 36” above the fuel storage rack, is to bound other loads. 
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To assure the above loading restrictions: 

1. Crane interlocks which prevent crane travel with loads in excess of 2,500 pounds 
over stored fuel assemblies shall be demonstrated to be operable within 7 days 
prior to crane use, and at least once per seven days thereafter during crane 
operation.  A procedure for bypassing interlocks with loads less than 2,500 lbs. is 
in place for those occasions when fuel assemblies are being moved over the spent 
fuel racks.  Separately, crane interlocks were bypassed during the movement of 
steam generator sections in the auxiliary building for the Unit 1 steam generator 
replacement project at which time administrative controls were in place to prevent 
loads from passing over the spent fuel pool. 

2. The potential impact energy due to dropping the crane's load is limited in such a 
way to be less than 55,800 in-lbs. prior to moving such loads over spent fuel racks 
containing fuel.  Prohibiting loads greater than 2,500 pounds or loads at heights 
that would exceed the kinetic energy impact limit allows flexibility in the 
movements of fuel and other relatively light loads, while providing reasonable 
assurance that the consequences of a fuel handling accident will not be exceeded. 

The main hoist load block of either auxiliary building crane and the auxiliary hoist load block of 
the east crane may be moved over the spent fuel pool if no load is being carried. 

For the Dry Cask Storage Project, a keyed bypass was installed on the East Auxiliary Building 
Crane.  When in bypass mode, this crane can be moved over the southeast comer of the Spent 
Fuel Pool as long as the crane maintains its single failure-proof design status and the lifts are 
performed in accordance with the Control of Heavy Loads Program requirements described in 
Section 12.2.1.  The crane can also be used to move a new fuel assembly to the "new fuel" 
elevator and over the transfer canal. 

9.7.2.6.7 Polar Cranes 
Each of the polar cranes is a 250/35 ton overhead crane running on circumferential rails in the 
containment buildings.  The capacity of the main hoist is 250 tons and the capacity of the 
auxiliary hoist is 35 tons.  The crane is normally operated by means of a radio control system, 
but capability for operating by means of pendant control is also provided.  Upper and lower 
geared hoist limit switches are provided in addition to an upper paddle type limit switch.  Crane 
power cutout switches for emergency use have been provided at two separate locations in each 
unit.  There, switches enable the cranes to be stopped, if necessary, by personnel other than the 



UFSAR Revision 27.0 

 

INDIANA AND MICHIGAN POWER 
D. C. COOK NUCLEAR PLANT 

UPDATED FINAL SAFETY ANALYSIS REPORT 

Revised: 27.0 
Chapter: 9 
   §9.6 & §9.7 
Page: 31 of 32 

 

crane operator.  The polar cranes are utilized to handle equipment such as the reactor vessel 
head, upper internals, lower internals, missile shields, bulkhead sections, and special tools.  

9.7.2.6.8 New Fuel Elevator 
The new fuel elevator lowers new fuel assemblies into the transfer canal alongside the spent fuel 
pool so that the assemblies can be positioned in the upender for transfer into the reactor side of 
the canal.  Administrative controls prevent spent fuel from being raised above the recommended 
safe water level.  

For the Dry Cask Storage Project, a keyed bypass was installed on the East Auxiliary Building 
Crane.  When in bypass mode, the crane can be moved over the "new fuel" elevator and the 
transfer canal. 

9.7.2.6.9 Fuel Transfer System 
The Fuel Transfer System, shown in Figure 9.7-1, is an underwater winch-powered cable driven 
conveyor car that runs on tracks extending from the refueling canal through the transfer tube and 
into the transfer canal.  The conveyor car receives a fuel assembly in the vertical position from 
the manipulator crane or the new and spent fuel-handling crane.  The fuel assembly is lowered to 
a horizontal position for passage through the tube, and then again raised to a vertical position at 
the opposite end of conveyor car travel.  

During plant operation, the conveyor car is stored in the transfer canal.  A blind flange is bolted 
on the transfer tube to seal the reactor containment, after transfer operations.  

9.7.2.6.10 Rod Cluster Control Changing Fixture 
A fixture is mounted on the refueling canal wall for removing Rod Cluster Control (RCC) 
elements from fuel assemblies and inserting them into other fuel assemblies.  The fixture consists 
of two main components; a guide tube mounted to the wall for containing and guiding the RCC 
element, and a wheel-mounted carriage for holding the fuel assemblies and positioning fuel 
assemblies under the guide tube.  The guide tube contains a pneumatic gripper on a winch that 
grips the RCC element and lifts it out of the fuel assembly.  By repositioning the carriage, 
another fuel assembly is brought under the guide tube and the gripper lowers and releases the 
RCC element.  The manipulator crane loads and removes the fuel assemblies into and out of the 
carriage.  
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9.7.3 Design Evaluation 
Incident Control 
Gamma radiation levels in the containment and fuel storage areas are continuously monitored.  
These monitors, described in Section 9.7.1, provide an audible alarm at the initiating detector, 
indicating an unsafe condition (See Chapter 14.2.1.1 and 14.2.1.2 for details).  Continuous 
monitoring of reactor neutron flux provides immediate indication in the control room of an 
abnormal core flux level.  

Direct communication between the control room and the refueling cavity manipulator crane is 
available whenever changes in core geometry are taking place.  

This provision allows the control room operator to inform the manipulator crane operator of any 
impending unsafe condition detected from the main control board indicators during fuel 
movement.  

Malfunction Analysis 
The analysis presented in Chapter 14 evaluates environmental consequences of a fuel-handling 
incident.  

9.7.4 Tests and Inspection 
Prior to initial fueling, preoperational checks of the fuel handling equipment were performed to 
ensure proper performance of the fuel handling equipment and to familiarize plant operating 
personnel and contract personnel with operation of the equipment.  

Prior to subsequent refueling operations, the equipment is inspected for operating condition.  
Certain components, such as the fuel transfer car and manipulator crane, are operated and 
interlocks checked to ensure reliable performance prior to moving irradiated fuel.  
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