
UFSAR Revision 27.0 

 

INDIANA AND MICHIGAN POWER 
D. C. COOK NUCLEAR PLANT 

UPDATED FINAL SAFETY ANALYSIS REPORT 

Revised: 27.0 
Chapter: 9 
§9.3, §9.4, §9.5 
Page: i of iii 

 

9.0 AUXILIARY AND EMERGENCY SYSTEMS ........................ 1 

9.3 RESIDUAL HEAT REMOVAL SYSTEM ............................................ 1 

9.3.1 Design Bases ............................................................................. 1 

Codes and Classifications .................................................................................... 2 

9.3.2 System Design and Operation ................................................. 2 

System Description and Operation ....................................................................... 2 

Components  ........................................................................................................ 4 

Residual Heat Removal Exchangers .................................................................... 4 

Residual Heat Removal Pumps ............................................................................ 4 

Residual Heat Removal Piping ............................................................................. 5 

9.3.3 System Design Evaluation ........................................................ 5 

Availability and Reliability ..................................................................................... 5 

Incident Control .................................................................................................... 5 

Case 1: The Reactor Coolant System is Filled ..................................................... 6 

Case 2: The Reactor Coolant System is not Filled ............................................... 7 

9.3.4 Malfunction Analysis ................................................................. 8 

9.3.5 Tests and Inspections ............................................................... 8 

9.3.6 Safety Limits and Conditions ................................................... 8 

9.3.6.1 Limiting Conditions for Maintenance ............................................... 8 

9.3.6.2 Operational Requirements  ............................................................. 8 

9.4 SPENT FUEL POOL COOLING SYSTEM ....................................... 10 

9.4.1 Design Bases ........................................................................... 10 

Codes and Classifications .................................................................................. 11 

9.4.2 System Design and Operation ............................................... 11 

System Description ............................................................................................. 11 

Components  ...................................................................................................... 12 

Spent Fuel Pool Heat Exchangers ...................................................................... 12 



UFSAR Revision 27.0 

 

INDIANA AND MICHIGAN POWER 
D. C. COOK NUCLEAR PLANT 

UPDATED FINAL SAFETY ANALYSIS REPORT 

Revised: 27.0 
Chapter: 9 
§9.3, §9.4, §9.5 
Page: ii of iii 

 

Spent Fuel Pool Pumps ...................................................................................... 13 

Spent Fuel Pool Filter ......................................................................................... 13 

Spent Fuel Pool Strainer .................................................................................... 13 

Spent Fuel Pool Demineralizer ........................................................................... 13 

Spent Fuel Pool Skimmer ................................................................................... 13 

Refueling Water Purification Pump ..................................................................... 13 

Refueling Water Purification Filter ...................................................................... 13 

Spent Fuel Pool Cooling System Valves ............................................................ 14 

Spent Fuel Pool Cooling System Piping ............................................................. 14 

9.4.3 Design Evaluation ................................................................... 14 

Availability and Reliability ................................................................................... 14 

Leakage Provisions ............................................................................................ 14 

Incident Control .................................................................................................. 14 

Malfunction Analysis ........................................................................................... 14 

9.4.4 Tests and Inspections ............................................................. 14 

9.5 COMPONENT COOLING SYSTEM ................................................. 15 

9.5.1 Design Bases ........................................................................... 15 

9.5.2 System Design and Operation ............................................... 15 

Safeguards Train ................................................................................................ 15 

Miscellaneous Services Train ............................................................................. 16 

9.5.3 Components ............................................................................ 19 

Component Cooling Heat Exchangers ............................................................... 19 

Component Cooling Pumps ................................................................................ 19 

Component Cooling Surge Tank ........................................................................ 19 

Valves  ...................................................................................................... 19 

Piping  ...................................................................................................... 20 

9.5.4 System Evaluation................................................................... 20 

Availability and Reliability ................................................................................... 20 



UFSAR Revision 27.0 

 

INDIANA AND MICHIGAN POWER 
D. C. COOK NUCLEAR PLANT 

UPDATED FINAL SAFETY ANALYSIS REPORT 

Revised: 27.0 
Chapter: 9 
§9.3, §9.4, §9.5 
Page: iii of iii 

 

Incident Control .................................................................................................. 20 

Malfunctions Analysis ......................................................................................... 22 

9.5.5 Minimum Operating Conditions ............................................. 22 

9.5.6 Tests and Inspections ............................................................. 22 



UFSAR Revision 27.0 

 

INDIANA AND MICHIGAN POWER 
D. C. COOK NUCLEAR PLANT 

UPDATED FINAL SAFETY ANALYSIS REPORT 

Revised: 27.0 
Chapter: 9 
§9.3, §9.4, §9.5 
Page: 1 of 22 

 

9.0 AUXILIARY AND EMERGENCY SYSTEMS 

9.3 RESIDUAL HEAT REMOVAL SYSTEM 

9.3.1 Design Bases 
The Residual Heat Removal System is designed to remove residual and sensible heat from the 
core and reduce the temperature of the Reactor Coolant System during the second phase of plant 
cooldown.  During the first phase of cooldown, the temperature of the Reactor Coolant System is 
reduced by transferring heat from the Reactor Coolant System to the Steam and Power 
Conversion System (Chapter 10).  

The Residual Heat Removal System is normally placed in operation approximately four hours 
after reactor shutdown when the pressure and temperature of the Reactor Coolant System are 
approximately 400 psig and less than 350°F, respectively.  The design residual heat load is based 
on the residual heat fraction of full core MW (thermal) power level that exists at 20 hours 
following reactor shutdown from an extended power run near full power.   

An original design basis for the plant is that a normal plant cooldown to 140°F (dual trains of 
RHR) be achieved within 20 hours of reactor shutdown.  An updated analysis was performed 
regarding cooldown times assuming that the lake water temperature was at the maximum 
projected value.  For dual train cooldown, the analysis predicted that the RHR system will reduce 
the reactor coolant temperature to less than 140ºF within 24.4 hours of reactor shutdown, and for 
single train cooldown to less than 200ºF in 36 hours of reactor shutdown.  This analysis was 
performed with the ESW at 88.9ºF.  However, certain other parameters were assumed, during 
this analysis, to be at nominal values and include limited RHR and CCW heat exchanger tube 
plugging, and operator action to increase RHR flow for the single train cooldown case.   

The licensing basis cooldown requirements are contained in Technical Specification Section 3.0, 
Limiting Condition for Operation. 

The design parameters of the system are shown in Table 9.3-2.  

As a secondary function, the Residual Heat Removal System is used to transfer refueling water 
between the refueling water storage tank and the refueling cavity at the beginning and end of 
refueling operations.  
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In addition, portions of the system are utilized as parts of the Emergency Core Cooling System 
and the Containment Spray Systems.  These functions and the associated analyses are discussed 
in Chapters 6 and 14.  

The system design precludes any significant reduction in the overall design reactor shutdown 
margin when cooling water is introduced into the core for decay heat removal or during the 
emergency core cooling recirculation mode of operation.  

System components whose design pressure and temperature are less than the Reactor Coolant 
System design limits are provided with redundant isolation means and overpressure protective 
devices.  

All system active components which are relied upon to perform the system functions are 
redundant and the system design includes provision for hydrostatic testing of system components 
to applicable code test pressures.  

Codes and Classifications 
All piping and components of the Residual Heat Removal System are designed to the applicable 
codes and standards listed in Table 9.3-1.  Since the loop contains reactor coolant when it is in 
operation, austenitic stainless steel piping is employed.  

9.3.2 System Design and Operation 
System Description and Operation 
The Residual Heat Removal System (shown in Figure 9.3-1) consists of two residual heat 
exchangers, two residual heat removal pumps and associated piping, valves, and instrumentation.  
The instrumentation is discussed in Chapter 7.  

During system operation, coolant flows from the Reactor Coolant System to the residual heat 
removal pumps, through the tube side of the residual heat exchangers and back to the Reactor 
Coolant System.  The inlet line to the Residual Heat Removal System loop begins at the hot leg 
of one reactor coolant loop and the return line is connected to the cold legs of two separate 
reactor coolant loops.  There are three separate return lines that connect the outlet of the heat 
exchangers to the reactor coolant loops.  A 12-inch line was designed to be the normal return line 
for RHR cooling.  The east and west 8-inch ECCS injection lines can also be aligned for RHR 
cooling return.  The heat loads are transferred by the residual heat exchangers to the component 
cooling water.  
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When the plant is in Cold Shutdown with no RCP's running or prior to stopping all RCP's, a 
portion of RHR flow may be aligned for hot leg injection for temperature control in hot leg # 3. 

The cooldown rate of the reactor coolant is controlled by regulating the flow through the tube 
side of the residual heat exchangers.  A bypass line, which serves both residual heat exchangers, 
is used to regulate the temperature of the return flow to the reactor coolant system as well as to 
maintain a constant flow through the RHR system.  Once cooldown is achieved, the RHR system 
continues to provide long-term decay heat removal cooling to the RCS.  System operation is the 
same as for cooldown except that the CCW flow to the RHR heat exchanger may be reduced to 
accommodate the reduced RHR heat load when RCS temperature is reduced below 200°F.   

During normal plant operation, the two motor operated cross-tie valves in the bypass line are 
closed to prevent deadheading of the weaker of the two RHR pumps during the initial high-head 
stage of safety injection.  The cross-tie isolation valves, downstream of the RHR heat 
exchangers, are normally open to allow one RHR pump to inject into all four RCS cold legs.  
Check valves downstream of the RHR pump minimum flow branch connection prevent 
deadheading of the weaker of the two RHR pumps.  During recirculation, the cross-tie isolation 
valves are closed to provide a second isolation to the RWST and to separate the trains to protect 
against a passive failure. 

Coincident with plant cooldown, a portion of the reactor coolant flow is diverted downstream of 
the residual heat exchanger to the chemical and volume control system for volume control and 
cleanup.   

Remotely-operated, double valving is provided to isolate the residual heat removal suction line 
from the reactor coolant system.  The suction line valves are interlocked to prevent inadvertent 
opening whenever the RCS pressure exceeds design pressure of the RHR system.  The residual 
heat removal discharge lines are isolated from the reactor coolant system by two check valves in 
series for each line and a remotely operated valve common to both lines.  During power 
operation, the remotely-operated valves in the suction from the RCS and the 12-inch diameter 
cooling return line to the RCS are normally closed.  Additionally, motive power is removed from 
the valves by opening the supply circuit breaker to further prevent inadvertent operation of these 
valves.  The valves in the injection lines have power available during power operation, as these 
lines are required to be available for ECCS injection. 

Independent reduced inventory (mid-loop) monitoring systems are installed to ensure adequate 
core cooling when the RCS is at reduced inventory especially during mid loop operation.  These 
systems provide control room indication of RCS level and temperature as well as RHR system 
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parameters to prevent possible vortexing and/or air entrainment which could affect the decay 
heat removal capability of the RHR system. 

Components 
Residual Heat Removal System component design data are listed in Table 9.3-2. 

Residual Heat Removal Exchangers 
Two identical heat exchangers are installed in the system.  Each heat exchanger is designed to 
provide one-half of the capacity to meet design normal cooldown requirements.  The installation 
of two heat exchangers assures that the heat removal capacity of the Residual Heat Removal 
System is only partially lost if one heat exchanger fails or becomes inoperative.  Two heat 
exchangers also allows maintenance of one while the other is in operation.  

The residual heat exchangers are of the shell and U-tube type.  Reactor coolant circulates through 
the tubes, while component cooling water circulates through the shell.  The tubes are welded to 
the tube sheet to prevent leakage of reactor coolant.  

Residual Heat Removal Pumps 
Two identical pumps are installed in the Residual Heat Removal System.  Each pump is sized to 
deliver sufficient reactor coolant flow through the residual heat exchangers to meet the plant 
cooldown requirements.  The use of two pumps, installed in parallel, assures that pumping 
capacity is only partially lost should one pump become inoperative.  This also allows 
maintenance work to be done on one pump while the other pump is in operation.  In addition to 
the residual heat removal duty, the pumps are used for transfer of refueling water before and 
after a refueling operation.  The two residual heat removal pumps are vertical, in-line centrifugal 
units with mechanical seals to prevent reactor coolant leakage to the atmosphere.  All pump parts 
in contact with reactor coolant are austenitic stainless steel or equivalent corrosion resistant 
material.  

The valves used in the Residual Heat Removal System are constructed of austenitic stainless 
steel or equivalent corrosion resistant material.  

Manual isolation valves are provided to isolate equipment for maintenance.  Regulating valves 
are provided for remote manual control of the residual heat exchanger tube side flow, and for 
remote manual control of bypass flow.  Check valves prevent reverse flow through the residual 
heat removal pumps.  Isolation of the suction side of the Residual Heat Removal System is 
achieved by closing two motor-operated gate valves in series in the line from the Reactor 
Coolant System.  Isolation of the discharge side is accomplished by two check valves in series in 
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each line from the residual heat removal pump discharge to the Reactor Coolant System plus a 
motor-operated gate valve common to both discharge lines.  Overpressure protection in the 
Residual Heat Removal System is provided by relief valves discharging to the pressurizer relief 
tank in the Reactor Coolant System whenever RCS pressure exceeds design pressure of the RHR 
system.  

Manually operated valves have backseats to facilitate repacking and to limit the stem leakage 
when the valves are open.  Leakoff connections are provided where required by valve size and 
fluid conditions.  

Residual Heat Removal Piping 
All Residual Heat Removal System piping is austenitic stainless steel.  All piping joints and 
connections are welded except where flanged connections are required to facilitate maintenance. 

9.3.3 System Design Evaluation 
Availability and Reliability 
For Reactor Coolant System cooldown, the unit is provided with two residual heat removal 
pumps and two residual heat exchangers.  If one of the two pumps or one of the two heat 
exchangers or one pump and one heat exchanger is not operable, safe cooldown of the plant is 
not compromised; however, the time for cooldown is extended.  

To assure reliability, the two residual heat removal pumps are connected to two separate buses so 
that each pump will receive power from a different source.  

An emergency power source is provided to supply essential electrical equipment if a total loss of 
power should occur while the system is in service.  Each pump is connected to a separate 
emergency power supply.  

Incident Control  
The Residual Heat Removal System is connected to a reactor coolant loop hot leg on the suction 
side and to two of the reactor coolant loop cold legs on the discharge side.  On the suction side 
isolation is effected through two motor-operated gate valves in series, both of which are 
interlocked through separate channels of the Reactor Coolant System pressure signals.   These 
interlocks prevent inadvertent opening of the suction valves whenever the Reactor Coolant 
System pressure exceeds the design pressure of the Residual Heat Removal System.  Only one 
RHR pump will be operated when the RCS is open to atmosphere to prevent damaging both 
pumps in the unlikely event that suction should be lost.  On the discharge side, isolation is made 
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through a motor-operated valve and two check valves in series.  All of which are closed 
whenever the reactor is in an operating condition. 

Should a large tube side to shell side leak develop in a residual heat exchanger, the water level in 
a component cooling surge tank would rise, and the operator would be alerted by a high water 
alarm.  If the leaking residual heat exchanger could not be isolated from the Component Cooling 
System before the inflow completely filled the surge tank, the overflow-vent line would 
discharge the excess water to the drain header if the amount is small.  Larger flows, which might 
pressurize the surge tank, would be discharged through the surge tank safety valve to the Waste 
Disposal System.  Since the Residual Heat Removal System is required for long-term post-
accident removal of decay heat from the reactor core and containment, independent piping 
systems are provided for the redundant active components so that excessive leakage resulting 
from the deterioration of, or failure in, some passive element in the system can be identified and 
isolated without complete system loss-of-function.  

Massive failure of piping is not considered credible because long term operation of the system 
occurs only at low pressures and temperatures and the system is protected from environmental 
conditions by Seismic Class I structures.  

The following section describes how core cooling will be restored in the event of loss of the 
RHR system during shutdown cooling when 1) the Reactor Coolant System is filled, and 2) the 
Reactor Coolant System is not filled.  CNP generally follows the guidance of Westinghouse 
Owners Group (WOG) Abnormal Response Guideline, ARG-1, "Loss of RHR While Operating 
at Mid-Loop Conditions. 

Case 1: The Reactor Coolant System is Filled 
The operator would be alerted to the loss of RHR flow by monitoring instrumentation in 
the Control Room.  If the cause of the flow loss were a RHR pump trip, the operator 
would attempt to restart the pump or start the second pump.  If RHR pump flow cannot 
be established, at least 3 hours will be available to the operator to establish an alternate 
means of core cooling.  This is the time it would take to heat the available RCS volume 
from 350 °F to 445 °F, which is the saturation temperature at 400 psi, assuming the 
maximum 24-hour decay heat load.   

If a secondary heat sink is available, heat removal is accomplished via the steam 
generators. The operator can employ steam dump to either the main condenser or to the 
atmosphere, with make-up to the steam generators from the auxiliary feedwater system. 
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To establish this alternate means of heat removal, a short period of time is required to 
open the steam dump valves and to start up the auxiliary feedwater system.   

The equipment and systems actuated can include (depending on whether steam dump is 
to the atmosphere or the main condenser) pressurizer heaters to maintain subcooling 
margin, the atmospheric discharge power relief valves, the main condenser steam dump 
valves, the auxiliary feedwater system, and other steam plant systems (needed only if 
steam dump is to the main condenser).  The auxiliary feedwater system is a safety-related 
system. 

If heat transfer to the secondary system is unavailable the operator can establish feed and 
bleed cooling utilizing either a centrifugal charging pump or a safety injection pump to 
feed cool water into the RCS and bleed out through the Pressurizer Power Operated 
Relief Valve (PORV) to the Pressurizer Relief Tank (PRT).  Required flow is determined 
by the decay heat load and controlled by the operator.  This method of decay heat 
removal is utilized until either the RHR can be restored or the coupling to the secondary 
system can be established. 

Case 2: The Reactor Coolant System is not Filled 
The operator would be alerted to the loss of RHR flow by monitoring instrumentation in 
the Control Room (See Case 1).  To restore core cooling, several options would be 
available to the operator.  If shut down cooling is lost due to a loss of a RHR pump and 
not due to a loss of inventory, shutdown cooling can be restored by starting the second 
RHR pump.  If shutdown cooling is lost due to a loss of inventory, water level can be 
restored above the minimum for RHR operation and RHR shutdown cooling decay heat 
removal re-established, provided that RCS is intact so that the system can be refilled. 
Depending upon RCS level and temperature, refilling is accomplished by normal 
charging flow, gravity feed from the RWST or by injection from RWST using the 
centrifugal charging or safety injection pumps.  Once the system is filled, the methods 
listed above in Case 1 would be available.  The flow paths (or combination of flow paths) 
are detailed in plant procedures and generally follow the ARG-1 Guidelines.   

If the RCS is not intact such as the RPV head being off, alternate heat removal methods 
such as filling the Refuel Cavity and operating the Spent Fuel Pit Cooling and Cleanup 
System can be employed while efforts continue to reestablish RHR shutdown cooling 
and/or RCS integrity to allow use of the secondary system cooling, as described in Case 
1.  
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9.3.4 Malfunction Analysis 
A failure analysis of residual heat removal pumps, heat exchangers and valves is presented in 
Table 9.3-3.  

9.3.5 Tests and Inspections 
The residual heat removal pump flow instrumentation is calibrated on a periodic basis.  Periodic 
visual inspections and preventative maintenance are also conducted.  Certain system components 
are tested in accordance with the applicable edition of the ASME Operation and Maintenance 
(OM) Code.  (Refer to Chapter 6).  

9.3.6 Safety Limits and Conditions 
9.3.6.1 Limiting Conditions for Maintenance 

a. Administrative controls at the Plant have been established to permit the removal 
of RHR system equipment from service only to perform absolutely required 
maintenance when the RHR system is operating in the decay heat removal mode.  
If the equipment has to be removed from service, consideration must be given to 
alternate decay heat removal methods.   

b. Administrative controls at the plant have been established requiring that during 
the condition when the reactor coolant system is depressurized and vented with air 
in the steam generator tubes, and the reactor vessel head in place (with or without 
bolting), both RHR trains must be available with either both emergency diesel 
generators or one diesel generator and the alternate reserve source available.   

9.3.6.2 Operational Requirements  
a. A requirement to have only one RHR pump in operation whenever the reactor 

coolant system is drained to half-loop and vented, has been incorporated into 
applicable operating procedures.  The second pump will be in manual standby.  
This requirement will reduce total system flow, which in turn reduces the 
possibility of vortex formation and air entrainment at the suction line.   

b. Only one RHR pump will be operated when the RCS is open to the atmosphere to 
prevent damaging both pumps in the unlikely event that the suction valve from 
the RCS should close.   
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Unit 1:  The motor operated valves in the RHR bypass line are normally closed 
during power operation.  Closing these RHR cross-tie valves makes the mini-flow 
circuits for each RHR pump independent thereby removing the potential for 
deadheading the weaker pump.  However, since a safety evaluation has 
determined that the RHR cross-tie valves cannot be closed at the same time the SI 
cross-tie valves are closed, the RHR cross-tie valves would be opened when the 
SI cross-tie valves are closed for testing or maintenance.  Administrative controls 
have been established for protecting the RHR pumps in this situation when 
deadheading is possible. 

Unit 2:  The manual valves in the RHR bypass line are normally closed during 
power operation.  Closing these RHR cross-tie valves makes the mini-flow 
circuits for each RHR pump independent thereby removing the potential for 
deadheading the weaker pump. 

c. As an alternate decay heat removal method, the capability exits for single phase 
natural circulation cooling when the RCS is below 350°F and secondary side 
inventory can be maintained as a heat sink. A secondary side steam generator 
level above the top of the tubes is conservatively maintained for this capability.  
When the RCS is below 200°F, two steam generators with sufficient secondary 
side inventory are capable of removing the expected heat load. 
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9.4 SPENT FUEL POOL COOLING SYSTEM 

9.4.1 Design Bases 
The Spent Fuel Pool Cooling System shown in Figure 9.4-1 is designed to remove from the spent 
fuel pool the heat generated by stored spent fuel elements.  The system serves the spent fuel pool 
which is shared between the two units. 

The system design allows for the need to totally unload a reactor vessel (193 fuel assemblies) for 
maintenance or inspection at a time when as many as 3420 spent fuel elements are already 
residing in the spent fuel storage pool.  

The system design incorporates two separate cooling trains sharing a common return line into the 
spent fuel pool.  System piping is arranged so that failure of any pipeline does not drain the spent 
fuel pool below the top of the stored fuel elements. 

The Spent Fuel Pool Cooling System has two cooling trains capable of maintaining pool 
temperature at or below 142.3°F when one complete core is unloaded and stored in the pool in 
addition to 3420 spent fuel assemblies already stored.  The normal refueling practice at D.C. 
Cook is to perform a full core off-load. 

The system design will keep the maximum bulk pool water temperature at or below 180°F for a 
full core off-load following a normal discharge of 88 assemblies several months prior with one 
cooling train operational.  The design basis normal off-load scenario assumes the previous 
discharge occurs as short as approximately 5 months prior and a single failure of one spent fuel 
pool cooling train.  The minimum time to boil in the event that both loops of the cooling system 
become inoperable is 5.8 hours, assuming a worst case maximum heat load and a bulk pool 
temperature of 142.3°F prior to the loss of cooling.  In addition, the cooling system has been 
analyzed to maintain pool temperature at or below 142.3°F for the abnormal case of a full core 
off-load following a discharge of 88 assemblies as short as 30 days prior.  The design basis 
abnormal off-load scenario assumes the previous discharge occurs as short as 30 days prior and 
credits both trains of spent fuel pool cooling.  Any spent fuel pool off-loading scenario, including 
a full core off-load of two units, which meets the 180°F peak bulk pool temperature with one 
train of cooling and 5.8 hours to boil criteria is acceptable. 

The acceptability of a peak pool temperature of 180°F with respect to the pool concrete integrity 
was established utilizing American Concrete Institute (ACI) 349-97, “Code Requirements for 
Nuclear Safety Related Concrete Structure”. 
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Codes and Classifications 
All piping and components of the system are designed to the applicable codes and standards 
listed in Table 9.4-1.  

9.4.2 System Design and Operation 
System Description 
Each of the two cooling loops in the Spent Fuel Pool Cooling System (see Figure 9.4-1) consists 
of a pump, heat exchanger, strainer, piping, associated valves and instrumentation.  The pump 
draws water from the pool, circulates it through the heat exchanger and returns it to the pool.  
Component cooling water cools the heat exchanger. 

Of the two trains of cooling in the spent fuel pool cooling system, during normal cooling of the 
pool, one train is in operation with the second train serving as back-up.  The second train is also 
used as an alternate cooling system in case there is a loss of cooling event to the spent fuel pool.  
There is also a tie line, a 3 inch diameter pipe that connects the two independent cooling trains.  
This tie line will allow cross-tying the two independent trains of the cooling system if a pump 
and a heat exchanger in different trains malfunction.  Although operating at reduced capacity, 
use of the cross-tie can extend the time to boil of the spent fuel pool during this loss of spent pool 
cooling event.  The use of the cross connection will connect the south pump to the north heat 
exchanger or vice versa.  The alignment of the flow between the north train and the south train is 
accomplished by opening the crosstie valves and throttling the heat exchanger valves as required. 

The clarity and purity of the spent fuel pool water is maintained by passing up to 150 gpm of the 
cooling flow through a filter and demineralizer.  Skimmers are provided to prevent dust and 
debris from accumulating on the surface of the water. 

The refueling water purification pump and filter can be used separately or in conjunction with 
the spent fuel pool demineralizer to regain refueling water clarity after a crud burst in either unit.  
This can prevent loss of time during refueling due to poor visibility.  The system is also used to 
maintain water quality in the Refueling Water Storage Tanks of both units. 

The spent fuel pool pump suction lines penetrate the spent fuel pool wall above the fuel 
assemblies stored in the pool to prevent loss of water as a result of a suction line rupture.  The 
pool is initially filled with water at the same boron concentration as in the refueling water storage 
tank. 



UFSAR Revision 27.0 

 

INDIANA AND MICHIGAN POWER 
D. C. COOK NUCLEAR PLANT 

UPDATED FINAL SAFETY ANALYSIS REPORT 

Revised: 27.0 
Chapter: 9 
§9.3, §9.4, §9.5 
Page: 12 of 22 

 

There is sufficient capacity in the spent fuel pool to store up to 3420 spent fuel assemblies above 
and beyond the space required for the complete unloading of one unit (193 fuel assemblies).  If 
any of this extra storage capacity is being utilized, it is by "cold" spent fuel assemblies.  These 
are assemblies that have been removed from the reactor (e.g. during previous refuelings) and 
have been stored sufficiently long to reduce decay heat production to a relatively low level. 

 With the maximum heat loading 3420 spent fuel assemblies plus one complete core and two 
cooling trains operating, the temperature is analyzed to remain at or below 142.3°F.  With the 
maximum heat loading of 3420 spent fuel assemblies plus one complete core and one cooling 
train operating, the temperature is analyzed to remain at or below 180°F. 

If all cooling is lost and 3420 spent fuel assemblies are stored in the pool, the time required for 
the spent fuel pool to boil (approximately 211°F) with one complete core added, is 
approximately 5.8 hours assuming an initial bulk pool temperature of 142.3°F. 

A failure consideration applicable to both units is a remote occurrence. However, should both 
cores require removal when up to 3420 fuel assemblies are already in the spent fuel pool, one of 
the cores is placed in the spent fuel pool and the other is left in its reactor vessel.  The core added 
to the spent fuel pool brings the inventory up to 3613 assemblies, which can be safely handled.  
The other core is left in place in its reactor vessel, with the residual heat removal system in 
service, until there is space available for it in the spent fuel pool.  

The spent fuel pool is located outside the reactor containment.  During refueling the water in the 
pool can be isolated from that in the refueling canal by a gate valve so that there is only a very 
small amount of interchange of water as fuel assemblies are transferred. 

Components 
Spent Fuel Pool Cooling System component design data are listed in Table 9.4-2.  The 
component data contained in Table 9.4-2 is original equipment design and sizing data.  The 
CCW system has been designed and analyzed to: 

a. Operate in the range of 60ºF to 105ºF, except during periods of cooldown and 
post-LOCA operation, and  

b. Operate at temperatures ≤120°F during cooldown and post-LOCA operation. 

Spent Fuel Pool Heat Exchangers 
The two 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 
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water circulates through the tubes.  The tubes are austenitic stainless steel and the shell is carbon 
steel.  

Spent Fuel Pool Pumps 
The two spent fuel pool pumps circulate water in the spent fuel pool cooling loops.  All wetted 
surfaces of the pump are austenitic stainless steel, or equivalent corrosion resistant material.  The 
pumps are operated manually from a local station. 

Spent Fuel Pool Filter 
The spent fuel pool filter removes particulate matter larger than 5 microns from the spent fuel 
pool water.  The filter element is disposable.  The vessel shell is austenitic stainless steel. 

Spent Fuel Pool Strainer 
A stainless steel strainer is located at the inlet of each fuel pool cooling suction line for removal 
of relatively large particles which might otherwise clog the spent fuel pool demineralizer or 
damage other components in the system. 

Spent Fuel Pool Demineralizer 
The demineralizer is sized to pass up to 150 gpm of the cooling flow to provide adequate 
purification of the fuel pool water for unrestricted access to the working area and to maintain 
water clarity. 

Spent Fuel Pool Skimmer 
A spent fuel pool skimmer pump, strainer, filter, and two skimmers are provided for surface 
skimming of the spent fuel pool water.  This subsystem maintains the needed clarity for visual 
observations of the pool water. 

Refueling Water Purification Pump 
The shared refueling water purification pump provides for circulation of refueling water from 
either the refueling canal or the refueling water storage tank for purification.  Its wetted surfaces 
are austenitic stainless steel. 

Refueling Water Purification Filter 
The refueling water purification filter removes particulate matter larger than 5 microns from the 
refueling water.  The filter element is disposable. 
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Spent Fuel Pool Cooling System 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 austenitic stainless steel or equivalent 
corrosion resistant material.  

Spent Fuel Pool Cooling System Piping 
All piping in contact with spent fuel pool water is austenitic stainless steel.  The piping is welded 
except where flanged connections are used at the pumps, heat exchangers, and filters to facilitate 
maintenance. 

9.4.3 Design Evaluation 
Availability and Reliability 
The availability of two cooling trains allows prolonged outages of either cooling loop. 

Leakage Provisions 
Whenever a leaking fuel assembly is transferred from the fuel transfer canal to the spent fuel 
storage pool, a small quantity of fission products may enter the spent fuel cooling water.  A 
purification loop is provided for removing these fission products and other contaminants from 
the water.  

Incident Control 
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 connections enter near the water level 
so that the pool cannot be gravity-drained. 

Malfunction Analysis 
Failure analyses of system pumps, heat exchangers and valves are presented in Table 9.4-3.  

9.4.4 Tests and Inspections 
The active components of the system are in continuous use during normal plant operation.  The 
spent fuel pit pumps are tested in accordance with the requirements of the applicable edition of 
the ASME Operation and Maintenance (OM) Code.  Additionally, periodic visual inspections 
and preventive maintenance are conducted following normal industry practice. 
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9.5 COMPONENT COOLING SYSTEM 
The Component Cooling System, shown in Figure 9.5-1, is duplicated for each unit.  The only 
shared piece of equipment is the maintenance spare Component Cooling pump installed in the 
Unit 1 area.  The miscellaneous service train can be fed from either safeguards train.  

9.5.1 Design Bases 
The system is designed to:  a) remove residual and sensible heat from the Reactor Coolant 
System, via the Residual Heat Removal System, during plant shutdown;  b) cool the spent fuel 
pool water and the letdown flow to the Chemical and Volume Control System during power 
operation;  c) provide cooling to dissipate waste heat from various primary plant components, 
and d) provide cooling for safeguards equipment.  

The system design provides radiation monitors for the detection of radioactivity entering the 
system from the Reactor Coolant System and its associated auxiliary systems, and includes 
provisions for isolation of system components.  

All piping and components of the Component Cooling System have been designed to the 
applicable codes and standards listed in Table 9.5-1.  Component cooling water contains a 
corrosion inhibitor to protect the carbon steel piping and equipment.  

9.5.2 System Design and Operation 
The Component Cooling Water (CCW) System provides cooling for the following heat sources:  

Safeguards Train 
a. Residual Heat Removal Heat Exchanger 

b. Centrifugal Charging Pump Gear and Lube Oil Heat Exchangers 

c. Safety Injection Pump Seal and Lube Oil Heat Exchangers 

d. Residual Heat Removal Pump Seal Heat Exchangers 

e. Containment Spray Pump Seal Heat Exchangers 
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Miscellaneous Services Train 
a. Sample Heat Exchangers 

b. Reciprocating Charging Pump Bearing and Fluid Drive Heat Exchangers 

c. Spent Fuel Pit Heat Exchanger 

d. Waste Gas Compressor and Seal Water Heat Exchangers 

e. Reactor Coolant Pump Seal Water Heat Exchanger 

f. Letdown Heat Exchanger 

g. Boric Acid Evaporator Heat Exchangers 

h. Steam & Feedwater Containment Penetration Heat Exchangers 

i. Excess Letdown Heat Exchanger 

j. Reactor Support Coolers 

k. Reactor Coolant Pump Thermal Barrier Heat Exchanger 

l. Reactor Coolant Pump Motor Upper Bearing Oil Cooler 

m. Reactor Coolant Pump Motor Lower Bearing Oil Cooler 

n. 15 GPM Waste Evaporator Heat Exchangers 

o. Containment Air Recirculation Fan Motor Coolers 

The CCW system has been designed and analyzed to: 

a. Operate in the range of 60°F to 105°F, except during periods of cooldown and 
post-accident conditions, and 

b. Operate at temperatures ≤120°F during cooldown and post-accident conditions. 

Table 9.5-2 contains system and component flow information for 4 different operating 
conditions. 

a. Normal Operation 

This is defined as power operation and shutdown conditions that are 
controlled by the plant normal operating procedures.  The values in Table 
9.5-2 are nominal flow to components, required to support normal 
operation of the plant within the licensing basis.  The Safeguards Train 
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flows in Table 9.5-2 provide the required cooling at the CCW design basis 
temperature of 120°F.  Because CCW temperatures and cooling 
requirements are lower during normal operating conditions, lower flow is 
acceptable.  Plant procedures may consider uncertainty as appropriate. 

b. Cooldown 

This is defined as RCS temperature reduction using plant normal operating 
procedures in Mode 4 and 5.  The values in Table 9.5-2 are the nominal 
flows to components, required to support cooldown of the plant within the 
licensing basis. Plant procedures may consider uncertainty as appropriate. 

c. LOCA Injection 

This is defined as post-LOCA injection for accident response and 
mitigation, using plant emergency operating procedures.  The values in 
Table 9.5-2 are the minimum flows to components, required to meet the 
accident mitigation strategy in the accident analyses supporting the 
licensing basis.  Plant procedures may consider uncertainty as appropriate. 

d. LOCA Recirculation 

This is defined as post-LOCA cold leg and hot leg recirculation for 
accident response and mitigation, using plant emergency operating 
procedures.  The values in Table 9.5-2 are the minimum flows to 
components, required to meet the accident mitigation strategy in the 
accident analyses supporting the licensing basis.  Plant procedures may 
consider uncertainty as appropriate. 

The CCW system is arranged in three flow circuits, two parallel safeguards equipment trains, and 
one miscellaneous services train which can be served by either of the safeguards trains.   

Since the heat is transferred from the component cooling water to the service water, the 
component cooling loop serves as an intermediate system between the reactor coolant and the 
service water system and insures that any leakage of radioactive fluid from the components being 
cooled is contained within the plant.  The surge tank accommodates expansion and contraction, 
and ensures a continuous component cooling water supply.  Because this tank is normally vented 
to the auxiliary building atmosphere, a radiation monitor is provided at the outlet of each 
component cooling heat exchanger to detect any inleakage of radioactive fluid.  These monitors 
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actuate an alarm and close the surge tank vent valve when the radiation level reaches a preset 
level above the normal background.  

The Component Cooling System consists of two component cooling pumps, two component 
cooling heat exchangers, one surge tank and associated piping and valves to serve each unit.  
One pump and heat exchanger, with associated equipment, forms a 100% train.  Another use of 
the CCW pumps is to provide a CCW supply to the other unit in support of NFPA 805 safe and 
stable conditions.  An additional pump is provided as an installed maintenance spare for either 
unit and is located in a crosstie header between the Unit 1 and 2 systems.  The piping and valve 
arrangement is such that the maintenance spare can supply water to any one of the four trains, 
after the electrical controls have been transferred to it from the affected train.   

One pump and one heat exchanger are required for the removal of residual and sensible heat 
from the reactor coolant system via the residual heat removal system during the cooldown of one 
unit.  Full power operation of one unit, including cooling of a spent fuel pit heat exchanger, 
likewise requires one pump and one heat exchanger.  Therefore, the remaining train serves as a 
standby and can be placed in service, if required, to increase system capability.  Provision is 
made to add makeup to the system through lines connected to the surge tank.  

The operation of the system is monitored with the following instrumentation: 

a. Temperature recorder and alarm in the outlet lines for each of the component 
cooling heat exchangers. 

b. A pressure and flow indicator in the supply line to each of the component cooling 
heat exchangers. 

c. A radiation monitor at the outlet of each of the component cooling heat 
exchangers. 

d. Flow indicators and/or alarms located in the discharge lines of the major heat 
exchangers served by the system. 

e. Temperature indicators and/or temperature test points located in the discharge 
lines of the major heat exchangers served by the system.   

In the event of a loss of coolant accident, one pump and one heat exchanger are capable of 
fulfilling system requirements.  Following a LOCA, both trains receive an automatic start signal.  
Cooling water for the component cooling heat exchangers is supplied from the Essential Service 
Water System (Chapter 9) insuring a continuous source of cooling medium.  
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9.5.3 Components 
Component Cooling System component design data are listed in Table 9.5-3.  

Component Cooling Heat Exchangers 
The component cooling heat exchangers are of the shell and tube type.  Service water circulates 
through the tubes while component cooling water circulates through the shell side.  The shell 
side is of carbon steel and the tubes are of arsenical copper.  

Component Cooling Pumps 
The component cooling water pumps which circulate water through the component cooling water 
loops are horizontal, centrifugal units and motor driven.  The motors receive electric power from 
normal and emergency sources.  

Component Cooling Surge Tank 
The component cooling water surge tank accommodates changes in component cooling water 
volume and is constructed of carbon steel.  In addition to piping connections at each pump's 
suction, the tank is provided with a means of adding a chemical corrosion inhibitor to the 
component cooling loop.  The tank is internally divided (baffled) to form, in effect, two 
compartments.  This arrangement provides redundancy for a passive failure during recirculation 
phase following a LOCA.  

Valves 
The valves used in the component cooling loop are constructed of carbon steel with the internals 
upgraded to stainless steel as needed during repairs.  Isolation valves serving the stainless steel 
piping to the Reactor Coolant Pump Thermal Barrier are manufactured from stainless steel.  
Certain small valves (2” and under) are of a threaded bronze construction in the low pressure 
portions of the CCW system.  Relief valves are provided for lines and components that could be 
pressurized beyond their design pressure by improper operation or malfunction.  

The relief valves on the component cooling water lines downstream from each reactor coolant 
pump thermal barrier are designed to relieve excessive pressure that may be caused by over 
heating.  The relief valve set pressure equals the design pressure of the particular segment of 
piping between the upstream check valve and downstream motor-operated discharge valves.  

The relief valves on the cooling water lines downstream of the sample, excess letdown, seal 
water, spent fuel pit and residual heat exchangers are sized to relieve the volumetric expansion 
occurring if the exchanger shell side is isolated and high temperature liquid flows through the 
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tube side.  The set pressure is less than or equal to the design pressure of the shell side of the heat 
exchangers.  

The relief valve on the component cooling surge tank is sized to relieve the maximum flow rate 
of water that would enter the surge tank following a rupture of a reactor coolant pump thermal 
barrier cooling coil.  The set pressure assures that the design pressure of the component cooling 
system is not exceeded.  The discharge of this valve is directed to the waste holdup tank.  

The component cooling water surge tank vent-overflow line, which is open to the auxiliary 
building atmosphere, is equipped with an air-operated valve that will close automatically if 
radiation is detected in the system.  A vacuum breaker valve is also provided to prevent 
collapsing this tank in the event of a large loss of water in the system.  

Piping 
The component cooling loop piping is carbon steel with flanged joints and connections at 
components, which might require removal for maintenance.  Certain small (2” and under) 
portions of the piping system may be threaded.  All other joints are welded.  One exception to the 
carbon steel is that portion of the piping between the double check valves and the motor-operated 
discharge isolation valves for the reactor coolant pump thermal barrier cooling, which is stainless 
steel.  Additionally, some selected portions at heat exchangers may be constructed of copper 
tubing/pipe.  

9.5.4 System Evaluation 
Availability and Reliability 
The component cooling pumps, heat exchangers, and associated valves, piping and 
instrumentation are located outside of the containment and are therefore available for 
maintenance and inspection during power operation.  Replacement of a pump, or maintenance on 
a heat exchanger is practical while redundant units are in service.  Sufficient cooling capability is 
provided to fulfill all system requirements under normal and accident conditions.  Adequate 
safety margins are included in the size and number of components to preclude the possibility of a 
component malfunction adversely affecting operation of safeguards equipment.  

Incident Control 
If outleakage occurs anywhere in the Component Cooling System, including a non-seismic I 
component served by the Miscellaneous Service Train, detection is accomplished by falling level 
in the surge tank.  The surge tank is equipped with a low-level alarm that annunciates in the 
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control room.  Level alarms from the sumps to which this water will drain, also serve as leak 
indicators.  

The leaking portion of the system is then shut down and isolated and the backup train is put in 
operation.  To minimize the possibility of leakage from piping, valves, and equipment, welded 
construction is used wherever possible.  

For leakage into the Component Cooling System, a high level alarm is provided in the Control 
Room for the surge tank. 

The component cooling water could become contaminated with radioactive water due to a leak in 
any heat exchanger tube in the chemical and volume control, residual heat removal, sampling or 
the spent fuel pool cooling system or from a leak in a cooling coil for the thermal barrier cooler 
on a reactor coolant pump or from various pump seal water heat exchangers. The detection of 
this contamination is by a radiation monitor located at the outlet of each of the component 
cooling water heat exchangers.   

Component cooling water flow at a reduced rate is automatically established to the residual heat 
removal heat exchanger at the safety injection signal.  Since the thermal demand on this heat 
exchanger is minimal at this time, full design component cooling water flow is not required.  
When at least the RHR pumps and the CTS pumps suction has been transferred to the 
recirculation sump, and subsequently the component cooling water trains have been separated, 
full design flow will be established to the available RHR heat exchangers.  

The component cooling water lines to and from the reactor support coolers and the excess 
letdown heat exchanger have valves outside the containment wall, which are automatically 
closed on the Phase A isolation signal.  

If normal seal water supply is unavailable to the reactor coolant pumps, the cooling water to the 
RCP thermal barriers should be available to assure that there will be no mechanical damage to 
the pump.  Therefore, isolation valves for the component cooling water for this service are not 
automatically closed until a Phase B (containment spray) containment isolation signal is 
received.  The cooling water supply line to the reactor coolant pumps contains two remote-
operated valves in series outside the containment wall.  The return lines from the thermal barriers 
and RCP motor bearings each have two remote-operated valves in series outside the containment 
wall.  These redundant valves assure the ability to isolate this circuit if a leak is detected.  Leak 
detection is accomplished by flow alarms and indicators in the supply and return lines of this 
circuit. 
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Except for the normally closed makeup line and equipment vent and drain lines, there are no 
direct connections between the component cooling water and other systems.  The equipment vent 
and drain lines outside the containment have manual valves which are normally closed unless the 
equipment is being vented or drained for maintenance or repair operations. 

Malfunctions Analysis 
A failure analysis of pumps, heat exchangers and valves is presented in Table 9.5-4. 

9.5.5 Minimum Operating Conditions 
Minimum operating conditions are given in the technical specifications. 

9.5.6 Tests and Inspections 
Pumps and certain valves in the Component Cooling System are tested in accordance with the 
applicable edition of the ASME Operation and Maintenance (OM) Code.  Containment isolation 
valves will be tested periodically in accordance with procedures established in Chapter 5.  
Periodic visual inspection and preventative maintenance are conducted following normal 
industry practice. 
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