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6.1 NORMAL RESIDUAL HEAT REMOVAL SYSTEM 
 
Learning Objectives: 
 
1. State the purposes of the Normal Residual Heat Removal System (RNS). 
 
2. Describe the major differences between the AP1000 and current operating 

Westinghouse plants Residual Heat Removal Systems. 
 
 
6.1.1 Introduction 
 
The normal residual heat removal system (RNS) performs the following major 
functions: 
 

• Reactor Coolant System Shutdown Heat Removal - Remove heat from the 
core and the reactor coolant system during shutdown operations. 

 
• Shutdown Purification - Provide reactor coolant system and refueling cavity 

purification flow to the chemical and volume control system during refueling 
operations. 

 
• In-Containment Refueling Water Storage Tank Cooling - Provide cooling 

for the in-containment refueling water storage tank. 
 
• Reactor Coolant System Makeup - Provide low pressure makeup to the 

reactor coolant system. 
 
• Post-Accident Recovery - Remove heat from the core and the reactor 

coolant system following successful mitigation of an accident by the passive 
core cooling system. 

 
• Low Temperature Overpressure Protection - Provide low temperature 

overpressure protection (LTOP) for the reactor coolant system during 
refueling, startup, and shutdown operations. 

 
• Long-Term, Post-Accident Containment Inventory Makeup Flowpath – 

Provide long-term, post-accident makeup flowpath to the containment 
inventory. 

 
• Spent Fuel Pool Cooling - Provide backup for cooling the spent fuel pool. 

 
The normal residual heat removal system removes both residual and sensible heat 
from the core and the reactor coolant system.  It reduces the temperature of the 
reactor coolant system during the second phase of plant cooldown.  The first phase 
of cooldown is accomplished by transferring heat from the reactor coolant system via 
the steam generators to the main steam system (MSS). 
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Following cooldown, the normal residual heat removal system removes heat from 
the core and the reactor coolant system during the plant shutdown, until the plant is 
started up. 
 
The normal residual heat removal system reduces the temperature of the reactor 
coolant system from 350° to 125°F within 96 hours after shutdown.  The system 
maintains the reactor coolant temperature at or below 125°F for the plant shutdown.  
The system performs this function based on the following: 
 

• Operation of the system with both subsystems of normal residual heat removal 
system pumps and heat exchangers available. 

 
• Initiation of normal residual heat removal system operation at four hours 

following reactor shutdown, after the first phase of cooldown by the main 
steam system has reduced the reactor coolant system temperature to less 
than or equal to 350°F and 450 psig. 

 
• The component cooling water system supply temperature to the normal 

residual heat removal system heat exchangers is based on an ambient wet 
bulb temperature of no greater than 80°F.  The 80°F value is assumed for 
shutdown cooling. 

 
• Operation of the system is consistent with reactor coolant system cooldown 

rate limits and consistent with maintaining the component cooling water below 
design limits during cooldown. 

 
• Core decay heat generation is based on the decay heat curve for a three-

region core having burnups consistent with a 24-month or 18-month refueling. 
 
• A failure of an active component during normal cooldown does not preclude 

the ability to cool down, but lengthens the time required to reach 125°F.  
Furthermore, if such a single failure occurs while the reactor vessel head is 
removed, the reactor coolant temperature remains below boiling temperature. 

 
• The system operates at a constant normal residual heat removal flow rate 

throughout refueling operations.  This includes the time when the level in the 
reactor coolant system is reduced to a midloop level to facilitate draining of the 
steam generators or removal of a reactor coolant pump.  Operation of the 
system at the minimum level that the reactor coolant system can attain using 
the normal reactor coolant system draining connections and procedures 
results in no incipient vortex formation which would cause air entrainment into 
the pump suction. 

 
• The pump suction line is self-venting with continually upward sloped pipe from 

the pump suction to the hot leg.  This arrangement prevents entrapment of air 
and minimizes system venting efforts for startup. 
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• Features are included that permit mid-loop operations to be performed from 
the main control room. 

 
The normal residual heat removal system provides reactor coolant system flow to 
the chemical and volume control system during refueling operations. 
 
The normal residual heat removal system provides a low temperature overpressure 
protection function for the reactor coolant system during refueling, startup, and 
shutdown operations. 
 
The normal residual heat removal system has the capability to supplement or take 
over the cooling of the spent fuel pool when it is not needed for normal shutdown 
cooling. 
 
The normal residual heat removal system provides low pressure makeup from the 
cask loading pit to the reactor coolant system.  The system is manually initiated by 
the operator following receipt of an automatic depressurization signal.  If the system 
is available, it provides reactor coolant system makeup once the pressure in the 
reactor coolant system falls below the shutoff head of the normal residual heat 
removal system pumps.  The system provides makeup from the cask loading pit to 
the reactor coolant system and provides additional margin for core cooling.  
 
The normal residual heat removal system provides cooling for the in-containment 
refueling water storage tank during operation of the passive residual heat removal 
heat exchanger or during normal plant operations when required.  The system is 
manually initiated by the operator.  The normal residual heat removal system limits 
the in-containment refueling water storage tank water temperature to less than 
boiling temperature during extended operation of the passive residual heat removal 
system and to not greater than 120°F during normal operation.  The system 
performs this function based on the following: 
 

• Operation of the system with both subsystems of normal residual heat removal 
system pumps and heat exchangers available. 

 
• The component cooling water system supply temperature to the normal 

residual heat removal system heat exchangers is based on an ambient design 
wet bulb temperature of no greater than 86.1°F (0 % exceedance).  The 
86.1°F value is assumed for normal conditions and transients that start at 
normal conditions. 

 
Since the normal residual heat removal system is not a safety-related system, its 
operation is not credited in the AP1000 accident analyses. 
 
 
6.1.2 System Description 
 
Figure 6.1-1 shows a simplified sketch of the normal residual heat removal system.  
Figure 6.1-2 is a simplified sketch showing possible cooling loads for the normal 
residual heat removal system.  Table 6.1-1 gives the important system design 
parameters. 
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The inside-containment portions of the system from the reactor coolant system up to 
and including the containment isolation valves outside containment are designed for 
full reactor coolant system pressure.  The portion of the system outside containment, 
including the pumps, valves and heat exchangers, has a design pressure and 
temperature such that full reactor coolant system pressure is below the ultimate 
rupture strength of the piping. 
 
The normal residual heat removal system consists of two mechanical trains of 
equipment.  Each train includes one residual heat removal pump and one residual 
heat removal heat exchanger.  The two trains of equipment share a common suction 
line from the reactor coolant system and a common discharge header.  The normal 
residual heat removal system includes the piping, valves and instrumentation 
necessary for system operation. 
 
The normal residual heat removal system suction header is connected to a reactor 
coolant system hot leg with a single step-nozzle connection.  The step-nozzle 
connection is employed to minimize the likelihood of air ingestion into the residual 
heat removal pumps during reactor coolant system mid-loop operations.  The 
suction header then splits into lines with two parallel sets of two normally closed, 
motor-operated isolation valves in series.  This arrangement allows for normal 
residual heat removal system operation following a single failure of an isolation valve 
to open and also allows for normal residual heat removal system isolation following a 
single failure of an isolation valve to close. 
 
The lines join into a common suction line inside containment.  A single line from the 
inside-containment refueling water storage tank is connected to the suction header 
before it leaves containment.  
 
Once outside containment, the suction header contains a single normally closed, 
motor-operated isolation valve.  Downstream of the suction header isolation valve, 
the header branches into two separate lines, one to each pump.  Each branch line 
has a normally open, manual isolation valve upstream of the residual heat removal 
pumps.  These valves are provided for pump maintenance. 
 
The normal residual heat removal system suction header is continuously sloped 
from the reactor coolant system hot leg to the pump suction.  This eliminates any 
local high points where air could collect and cause low net positive suction head, 
pump binding and a loss of residual heat removal capability. 
 
The discharge of each residual heat removal pump is directed to its respective 
residual heat removal heat exchanger.  The outlet of each residual heat removal 
heat exchanger is routed to the common discharge header, which contains a 
normally closed, motor-operated isolation valve.  For pump protection, a miniflow 
line with an orifice is included from downstream of the residual heat removal heat 
exchanger to upstream of the residual heat removal pump suction.  This line is sized 
to provide sufficient pump flow when the pressure in the reactor coolant system is 
above the residual heat removal pump shutoff head. 
 
Once inside containment, the common discharge header contains a check valve that 
acts as a containment isolation valve.  Downstream of the check valve, the 
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discharge header branches into two lines, one to each passive core cooling system 
direct vessel injection nozzle.  These branch lines each contain a stop check valve 
and check valve in series that serve as the reactor coolant system pressure 
boundary.  A line to the chemical and volume control system demineralizers 
branches from one of the direct vessel injection lines.  This line is used for shutdown 
purification of the reactor coolant system.  Another line branches from the same 
direct vessel injection line to the in-containment refueling water storage tank which is 
used when cooling the tank. 
 
One safety relief valve is located on the normal residual heat removal system 
suction header inside containment.  This valve provides low temperature 
overpressure protection of the reactor coolant system.  Another safety relief valve 
outside of containment provides protection against excess pressure for the piping 
and components. 
 
When the normal residual heat removal system is in operation, the water chemistry 
is the same as that of the reactor coolant.  Sampling may be performed using the 
normal residual heat removal heat exchangers channel head drain connections.  
Sampling of the reactor coolant system using these connections is available at 
shutdown.  Sampling of the in-containment refueling water storage tank is available 
during normal plant operation. 
 
 
6.1.3 Component Descriptions 
 

The descriptions of the normal residual heat removal system components are 
provided in the following subsections. Table 6.1-2 lists the key equipment 
parameters for the normal residual heat removal system components. 
 
6.1.3.1 Normal Residual Heat Removal Pumps 
 
Two residual heat removal pumps are provided.  These pumps are single-stage, 
vertical, in-line, bottom-suction centrifugal pumps.  They are coupled with motor 
shafts driven by ac-powered induction motors. 
 
Each pump is sized to provide the flow required by its respective heat exchanger for 
removal of its design basis heat load.  Redundant pumps and heat exchangers 
provide sufficient cooling to prevent RCS boiling if one subsystem is inoperative.  A 
continuously open miniflow line is also provided to protect the pump from operation 
at low flow conditions. 
 
6.1.3.2 Normal Residual Heat Removal Heat Exchangers 
 
Two residual heat removal heat exchangers are installed to provide redundant 
residual heat removal capability.  These heat exchangers are vertically mounted, 
shell and U-tube design.  Reactor coolant flow circulates through the stainless steel 
tubes while component cooling water circulates through the carbon steel shells.  The 
tubes are welded to the tubesheet in each heat exchanger. 
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6.1.3.3 Normal Residual Heat Removal Valves 
 
The normal residual heat removal system packed valves designated for radioactive 
service are provided with stem packing designs that provide enhanced resistance to 
leakage.  Leakage to the atmosphere is essentially zero for these valves. 
 
Manual and motor-operated valves have backseats to facilitate repacking and to limit 
stem leakage when the valves are open.  The basic material of construction for 
valves is stainless steel. 
 
6.1.3.4 Reactor Coolant System Inner/Outer Isolation Valves 
 
There are two parallel sets of two valves in series for a total of four valves.  These 
valves are normally closed, motor-operated valves and are located inside the 
containment.  These valves form the reactor coolant pressure boundary.  They are 
opened only for normal cooldown after reactor coolant system depressurization to 
450 psig.  They are controlled from the main control room and fail in the “as-is” 
position.  These valves are protected from inadvertently opening when the reactor 
coolant system pressure is above 450 psig by an interlock.  Power to these valves is 
administratively blocked during normal power operations. 
 
6.1.3.5 In-Containment Refueling Water Storage Tank Suction Line Isolation 
 Valve 
 
There is one motor-operated valve located inside containment in the line from the in-
containment refueling water storage tank to the pump suction header.  This valve is 
designed for full reactor coolant system pressure.  It also acts as a containment 
isolation valve and will automatically close on a Hi-Hi Containment Radiation signal 
or on a Safeguards Actuation Signal. 
 
6.1.3.6 Residual Heat Removal Isolation Valves 
 
There is one motor-operated valve in the pump discharge header outside of 
containment and one in the pump suction header outside containment.  These 
valves are designed for full reactor coolant system pressure.  They also function as 
containment isolation valves and will automatically close on a Hi-Hi Containment 
Radiation signal or on a Safeguards Actuation Signal. 
 
6.1.3.7 In-Containment Refueling Water Storage Tank Return Isolation Valve 
 
There is one normally closed motor-operated valve located inside containment in the 
discharge line to the in-containment refueling water storage tank.  This valve is 
aligned for full-flow testing of the residual heat removal pumps or for operations 
involving cooling of the in-containment refueling water storage tank. 
 
6.1.3.8 Cask Loading Pit Isolation Valve 
 
There is one normally closed motor-operated valve in the line between the cask 
loading pit and the residual heat removal pump suction line.  This valve can be 
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opened by the operator to provide low pressure injection from the cask loading pit to 
the reactor coolant system during an accident. 
 
6.1.3.9 Normal Residual Heat Removal Pump Miniflow Isolation Valves 
 
There is one normally open air-operated valve in each of the residual heat removal 
pump miniflow lines.  During plant cooldown the operator can close these valves to 
increase the circulating flow rate of the reactor coolant through the residual heat 
removal heat exchangers to decrease the reactor coolant system cooldown time.  
These valves automatically open on low flow in the residual heat removal heat 
exchanger discharge line. 
 
 
6.1.4 System Operation 
 
Operation of the normal residual heat removal system is described in the following 
sections.  System operations are controlled and monitored from the main control 
room, including mid-loop operations.  The reactor coolant system is equipped with 
mid-loop level instrumentation with remote readout in the main control room.  This 
instrumentation is used for monitoring mid-loop operations from the main control 
room. 
 
6.1.4.1 Plant Startup 
 
Plant startup includes the operations that bring the reactor plant from a cold 
shutdown condition to no-load operating temperature and pressure, and 
subsequently to power operation. 
 
During cold shutdown conditions, both residual heat removal pumps and heat 
exchangers operate to circulate reactor coolant and remove decay heat.  The 
residual heat removal pumps are switched off when plant startup begins.  The 
normal residual heat removal system remains aligned to the reactor coolant system 
to maintain a low pressure letdown path to the chemical and volume control system.  
This alignment provides reactor coolant system purification flow and low temperature 
over-pressure protection of the reactor coolant system.  As the reactor coolant 
pumps are started, their thermal input begins heating the reactor coolant inventory.  
Once the pressurizer steam bubble formation is complete, the normal residual heat 
removal system suction header isolation valve and the discharge header isolation 
valve are closed and tested for leakage. 
 
6.1.4.2 Plant Cooldown 
 
Plant cooldown is the operation that brings the reactor plant from normal operating 
temperature and pressure to refueling conditions. 
 
The initial phase of plant cooldown consists of reactor coolant cooldown and 
depressurization.  Heat is transferred from the reactor coolant system via the steam 
generators to the main steam system.  Depressurization is accomplished by 
spraying reactor coolant into the pressurizer, which cools and condenses the 
pressurizer steam bubble. 
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When the reactor coolant temperature and pressure have been reduced to 350°F 
and 450 psig, respectively (approximately four hours after reactor shutdown), the 
second phase of plant cooldown is initiated with the normal residual heat removal 
system being placed in service.  Before starting the residual heat removal pumps, 
the in-containment refueling water storage tank isolation valve is closed.  Then the 
normal residual heat removal system suction header isolation valve and the 
discharge header isolation valve are opened.  When the pressure in the reactor 
coolant system has been reduced to below 450 psig, the inner/outer isolation valves 
are opened.  Once the proper valve alignment has been performed and component 
cooling water flow has been initiated to both residual heat removal heat exchangers, 
normal residual heat removal system operation may begin.  The pumps are started 
and the cooldown proceeds.  The cooldown rate is controlled by throttling the flow 
through the bypass around the heat exchanger based on reactor coolant 
temperature. 
 
This mode of operation continues for the duration of the cooldown until the reactor 
coolant system temperature is reduced to 140°F and the system is depressurized.  
The reactor coolant system may then be opened for either maintenance or refueling.  
Cooldown continues until the reactor coolant system temperature is lowered to 
125°F (about 96 hours after reactor shutdown). 
 
During the cooldown operations, the reactor coolant system water level is drained to 
a “mid-loop” level to facilitate steam generator draining and maintenance activities.  
For normal refuelings, the level to which the reactor coolant system is drained is that 
which allows air to be vented into the steam generators from the pressurizer.  This 
level is nominally an 80 percent water level in the hot leg.  The design of the AP1000 
normal residual heat removal system is such that throttling of the residual heat 
removal pump flow during mid-loop operations to avoid air-entrainment into the 
pump suction is not required. 
 
At the appropriate time during the cooldown, the operator lowers the water level in 
the reactor coolant system by placing the chemical and volume control system 
letdown control valve into the “refueling draindown” mode.  At this time the makeup 
pumps are turned off, and the letdown flow control valve controls the drain rate to 
the liquid waste processing system.  The drain rate proceeds initially at the 
maximum drain rate and is substantially reduced once the level in the reactor 
coolant system is lowered to the top of the hot leg.  The letdown flow control valve 
as well as the letdown line containment isolation valve receives a signal to 
automatically close once the appropriate level is attained.  Alarms actuate in the 
main control room if the level continues to drop to alert the operator to manually 
isolate the letdown line. 
 
6.1.4.3 Refueling 
 
Both residual heat removal pumps and heat exchangers remain operating during 
refueling.  Water transfers from the in-containment refueling water storage tank to 
the refueling cavity are performed by the spent fuel pool cooling system (SFS).  This 
function has traditionally been performed by residual heat removal systems.  That 
capability still exists if the need arises.  To improve clarity in the refueling cavity and 
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reduce operational radiation exposure, the spent fuel pool cooling system is used to 
flood the refueling cavity without flooding through the reactor vessel. 
 
As decay heat decreases and as fuel is moved to the spent fuel pool, one residual 
heat removal pump and heat exchanger may be taken out of service.  However, the 
valves remain aligned should the need arise to start this pump quickly in case of a 
failure of the operating residual heat removal pump. 
 
6.1.4.4 Accident Recovery Operations 
 
Upon actuation of automatic depressurization, the normal residual heat removal 
system can be employed to provide low-pressure reactor coolant system makeup.  
Provided that radiation levels inside containment are below a high radiation value 
and after resetting the safeguards actuation signal to the valves as necessary, the 
operator may open the cask loading pit suction valves and the residual heat removal 
discharge isolation valve and start the residual heat removal pumps.  Water is 
pumped from the cask loading pit to the direct vessel injection lines.  Operation of 
the normal residual heat removal system will not prevent the passive core cooling 
system from performing its safety functions. 
 
6.1.4.5 Spent Fuel Pool Cooling 
 
The normal residual heat removal system has the capability of being connected to 
supplement or take over the cooling function of the spent fuel pool cooling system.  
The normally closed valves in the cross-connecting piping are opened. One normal 
residual heat removal pump is started.  Spent fuel pool water is drawn through the 
pump, passed through a heat exchanger and returned to the pool. 
 
This mode of cooling is available when the normal residual heat removal system is 
not needed for normal shutdown cooling.  The spent fuel pool water flow path 
between the spent fuel pool and the normal residual heat removal system is 
independent of the flow path used for spent fuel pool cooling by the spent fuel pool 
cooling system. 
 
6.1.4.6 Loss of Component Cooling Water 
 
In the event of loss of normal component cooling system function where it is desired 
to transfer to MODE 5, Cold Shutdown, to facilitate maintenance, the fire protection 
system can provide the source of cooling water for a normal residual heat removal 
system pump and heat exchanger. 
 
 
6.1.5 Design Features Addressing Shutdown and Mid-Loop Operations 
 
The following is a summary of the specific AP1000 design features that address 
Generic Letter (GL) 88-17 regarding mid-loop operations.  In addition, these features 
support improved safety during shutdown. 
 
Loop Piping Offset - As discussed in Chapter 2, the reactor coolant system hot 
legs and cold legs are vertically offset.  This permits draining of the steam 
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generators for nozzle dam insertion with hot leg level much higher than traditional 
designs.  The reactor coolant system must be drained to a level which is sufficient to 
provide a vent path from the pressurizer to the steam generators.  This is nominally 
80 percent level in the hot leg.  This loop piping offset also allows a reactor coolant 
pump to be replaced without removing a full core. 
 
Step-nozzle Connection - The normal residual heat removal system employs a 
step-nozzle connection to the reactor coolant system hot leg.  The step-nozzle 
connection has two effects on mid-loop operation.  One effect is to substantially 
lower the RCS hot leg level at which a vortex occurs in the residual heat removal 
pump suction line due to the lower fluid velocity in the hot leg nozzle.  This increases 
the margin from the nominal mid-loop level to the level where air entrainment into 
the pump suction begins.  Another effect of the step-nozzle is that, if a vortex should 
occur, the maximum air entrainment into the pump suction has been shown 
experimentally to be no greater than 5 percent. This level of air ingestion will make 
air binding of the pump much less likely. 
 
Normal Residual Heat Removal Throttling During Mid-Loop - The normal 
residual heat removal pumps are designed to minimize susceptibility to cavitation.  
Normally, the normal residual heat removal system operates without the need for 
throttling a residual heat removal control valve when the level in the reactor coolant 
system is reduced to a mid-loop level.  If the reactor coolant system is at saturated 
conditions and mid-loop level, some throttling of a flow control valve is necessary to 
maintain adequate net positive suction head. 
 
Self-Venting Suction Line - The residual heat removal pump suction line is sloped 
continuously upward from the pump to the reactor coolant system hot leg with no 
local high points.  This eliminates potential problems with refilling the pump suction 
line if a residual heat removal pump is stopped when cavitating due to excessive air 
entrainment.  With the self-venting suction line, the line will refill and the pumps can 
be immediately restarted once an adequate level in the hot leg is re-established. 
 
Wide Range Pressurizer Level - A nonsafety-related independent pressurizer level 
transmitter, calibrated for low temperature conditions, provides water level indication 
during startup, shutdown, and refueling operations in the main control room and at 
the remote shutdown workstation.  The upper level tap is connected to an ADS valve 
inlet header above the top of the pressurizer.  The lower level tap is connected to the 
bottom of the hot leg.  This provides level indication for the entire pressurizer and a 
continuous reading as the level in the pressurizer decreases to mid-loop levels 
during shutdown operations. 
 
Hot Leg Level Instrumentation - The AP1000 reactor coolant system contains 
level instrumentation in each hot leg with indication in the main control room.  In 
addition to the wide-range pressurizer level instrumentation (used during cold plant 
operation) which provides continuous level indication in the main control room from 
the normal level in the pressurizer, two narrow-range hot leg level instruments are 
available.  Alarms are provided to alert the operator when the reactor coolant system 
hot leg level is approaching a low level.  The isolation valves in the line used to drain 
the reactor coolant system close on a low reactor coolant system level during 
shutdown operations.  Operations required during mid-loop are performed by the 
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operator in the main control room.  The level monitoring and control features 
significantly improve the reliability of the AP1000 during mid-loop operations. 
 
Reactor Vessel Outlet Temperature - Reactor coolant system hot leg wide-range 
temperature instruments are provided in each hot leg for normal residual heat 
removal system operation with normal inventory.  The normal residual heat removal 
temperature instruments, upstream of the heat exchangers, indicate reactor coolant 
system temperature with reduced inventory conditions.  In addition, at least two 
incore thermocouple channels are available to measure the core exit temperature 
during mid-loop residual heat removal operation.  These two thermocouple channels 
are associated with separate electrical divisions. 
 
ADS Valves - The automatic depressurization system first-, second-, and third-stage 
valves, connected to the top of the pressurizer, are open whenever the core makeup 
tanks are blocked during shutdown conditions while the reactor vessel upper 
internals are in place.  This arrangement provides a vent path to preclude 
pressurization of the reactor coolant system during shutdown conditions when decay 
heat removal is lost.  This also allows the in-containment refueling water storage 
tank to automatically provide injection flow if it is actuated on a loss of decay heat 
removal. 
 
The capability to restore containment integrity during shutdown conditions is 
provided.  The containment equipment hatches are equipped with guide rails that 
allow reinstallation of the hatches to re-establish containment integrity.  The 
containment design also includes penetrations for temporary cables and hoses 
needed for shutdown operations. 
 
Procedures direct the operator in the proper conduct of mid-loop operation and aid in 
identifying and correcting abnormal conditions that might occur during shutdown 
operations. 
 
 
6.1.6 Design Features Addressing Intersystem LOCA 
 
The AP1000 design addresses the intersystem LOCA section of SECY 90-016 with 
a number of design features.  These design features are: 
 
Codes and Standards/Seismic Protection - The portions of the normal residual 
heat removal system located outside containment (that serve no active safety 
functions) are classified Seismic Category I. 
 
Increased Design Pressure - The portions of the normal residual heat removal 
system from the reactor coolant system to the containment isolation valves outside 
containment are designed to the operating pressure of the reactor coolant system.  
The portions of the system downstream of the suction line containment isolation 
valve and upstream of the discharge line containment isolation valve are designed 
so that its ultimate rupture strength is not less than the operating pressure of the 
reactor coolant system.  The design pressure of the normal residual heat removal 
system is 900 psi, which is approximately 40 percent of operating reactor coolant 
system pressure. 
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Reactor Coolant System Isolation Valve - The AP1000 normal residual heat 
removal system contains an isolation valve in the pump suction line from the reactor 
coolant system.  This motor-operated containment isolation valve is designed to the 
reactor coolant system pressure. It provides an additional barrier between the 
reactor coolant system and lower pressure portions of the normal residual heat 
removal system. 
 
Normal Residual Heat Removal System Relief Valve - The inside containment 
AP1000 normal residual heat removal system relief valve is connected to the 
residual heat removal pump suction line.  This valve is designed to provide low-
temperature overpressure protection of the reactor coolant system.  It is connected 
to the high pressure portion of the pump suction line and reduces the risk of 
overpressurizing the low pressure portions of the system. 
 
Features Preventing Inadvertent Opening of Isolation Valves - The reactor 
coolant system isolation valves are interlocked to prevent their opening at reactor 
coolant system pressures above 450 psig.  The power to these valves is 
administratively blocked during normal power operation. 
 
RCS Pressure Indication and High Alarm - The AP1000 Normal residual heat 
removal system contains an instrumentation channel that indicates pressure in each 
normal residual heat removal pump suction line.  A high pressure alarm is provided 
in the main control room to alert the operator to a condition of rising RCS pressure 
that could eventually exceed the design pressure of the normal residual heat 
removal system. 
 
Closed valves connecting to spent fuel pool - The cross-connecting piping 
between the normal residual heat removal system and the spent fuel pool cooling 
system is isolated by normally closed valves. 
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