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6.1 EMERGENCY CORE COOLING SYSTEMS AND RCIC 
 
Learning Objectives: 
 

1. Identify the Emergency Core Cooling Systems (ECCSs) used for each BWR 
product line. 

 
2. In each BWR product line, recognize how ECCSs operate in conjunction such that 

for the full range of LOCA sizes, no single failure will cause core damage.  
 

3. Identify how the various types of ECCSs provide core cooling, including what 
constitutes the ultimate heat sink for long term decay heat removal. 

 
4. Recognize the purpose and operation of an isolation condenser. 

 
5. Identify how the various BWR product lines remove decay heat and control RPV 

pressure and level following vessel isolation events.   
 
6.1.1 Introduction 
 
The Emergency Core Cooling System (ECCS) package provided by a particular product 
line is dependent on the vintage of the plant and the regulations during that period of time.  
In all cases there are high pressure and low pressure ECCSs.  The Automatic 
Depressurization System is functionally the same for all facilities. 
 
The purpose of the ECCSs, in conjunction with the containment systems, is to limit the 
release of radioactive materials to the environment following a loss of coolant accident so 
that the resulting radiation exposures are within the guideline values of 10 CFR 100. 
 
6.1.2  BWR/2 ECCSs 
 
The BWR/2 design is represented by two facilities, Oyster Creek (OCNGS) and Nine Mile 
Point Unit 1 (NMP-1). For the BWR/2 product line, the limiting break was determined 
from the nominal break spectrum as the break size, location, and ECCS component 
failure combination, which yielded the highest nominal peak cladding temperature (PCT). 
The results identified the recirculation line discharge large break as limiting. 
 
6.1.2.1  Nine Mile Point Unit 1 (NMP-1) 
 
Although the high-pressure coolant injection (HPCI) system is discussed in this section, it 
is not an engineered safety feature (ESF). In addition, the Emergency Cooling System at 
NMP-1 is discussed as a mitigating system although it is not considered an engineered 
safety feature (ESF). 
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HPCI 
 
The HPCI system is a mode of the feedwater system (FWS) sometimes referred to as the 
Feedwater Coolant Injection System (FWCI). It was designed to provide a reliable source 
of high-pressure injection in the event of a small line break. However, at NMP-1 it is not 
considered an ESF. When the emergency core cooling system (ECCS) was analyzed to 
show compliance with Appendix K, the HPCI system was not considered because it does 
not have a source of emergency power.  
 
The high-pressure coolant injection (HPCI) system is an operating mode of the 
feedwater system available in the event of a small reactor coolant line break which 
exceeds the capability of the CRD pumps. The HPCI system, with one of the two 
emergency cooling systems and two core spray systems, will provide core cooling for the 
complete spectrum of break sizes up to the maximum design basis recirculation 
discharge line break. Its primary purpose is to:  
 

1. Provide adequate cooling of the reactor core under abnormal and accident 
conditions.  

2. Remove the heat from radioactive decay and residual heat from the reactor core 
at such a rate that fuel clad melting would be prevented.  

3. Provide for continuity of core cooling over the complete range of postulated break 
sizes in the primary system process barrier.  

  
Emergency Cooling System 
 
The emergency cooling system provides for decay heat removal from the reactor fuel in 
the event that reactor feedwater capability is lost and the main condenser is not available.  
One EC system (i.e., two condensers) has a heat removal capacity at normal pressure of 
19.0 x 107 Btu/hr, which is approximately 3 percent of maximum reactor thermal power. 
This capacity is sufficient to handle the decay heat production at 100 sec following a 
scram. Either half of the emergency cooling system may be independently isolated. 
NMP-1 does not consider the EC system to be an engineered safeguards system and is 
not considered in the LOCA analysis. 
 
The emergency cooling system is connected to the reactor and operates by natural 
circulation. It serves as an alternate heat sink when the reactor is isolated from its normal 
heat sink. 
 
Each of the two independent emergency cooling loops includes two condensers 
consisting of a tube bundle in which is above the reactor vessel. A minimum of 10,680 
gal is maintained in each tank. Each loop has an elevated 40,000-gal makeup water 
storage tank with gravity feed to the condensers. Both makeup tanks in the system are 
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cross-tied via a common line, which allows the system to operate using only one loop 
while utilizing both makeup tanks.  
 
During operation of the emergency cooling loops, steam rises from the reactor vessel to 
the condenser tubes where it is condensed by boiling the condenser shell water at 
approximately 5 psig. As the water condenses, it returns by gravity flow to the suction of 
a reactor recirculating pump and, thus, to the reactor vessel. 
  
In the standby condition, the steam inlet isolation valves are normally open so that the 
tube bundles are continuously at reactor pressure. The condensate outlet isolation valves 
are closed so as to maintain the tubes in each EC flooded on the tube side.  
 
Automatic operation of the emergency cooling system is initiated by high reactor pressure 
in excess of 1080 psig, sustained for 12 sec. The time delay is provided to prevent 
unnecessary actuation of the system during anticipated turbine trips. To assist in 
depressurization for small breaks, the system is initiated on low-low reactor water level, 5 
feet below minimum normal water level (5-in indicated scale), sustained for 12 sec. The 
system may also be initiated manually, either from the main control room or 
independently from two remote shutdown panels (RSP)  
 
During operation, water on the shell side of the condensers boils and vents to atmosphere 
while condensing steam inside the tube bundles. Radiation monitors are located on the 
vent to detect tube bundle leaks during system operation from the offending half of the 
system. Level control valves allow makeup water to drain from the elevated 40,000-gal 
makeup storage tanks to the condensers to maintain the 6-in level tolerance. The 
condensers, combined with both makeup tanks, can provide continuous cooling for 8 
hours.  Normally, water will be supplied to the tanks through the condensate transfer 
system from the two 200,000-gal CSTs. Thus, approximately 48 hr of continuous cooling 
is possible. Overflow from the shell side of the condensers is drained to the waste 
collector tank. The electric and diesel-driven fire pumps are also available to supply the 
makeup tanks and, thus, the condenser shells.         
 
ADS 
 
Six solenoid-actuated relief valves, three of which act as backups either individually or 
together, are provided to depressurize the primary system to approximately 50 psi. The 
relief valves discharge to the pressure suppression chamber. The signals used for 
initiation of the ADS are simultaneous low-low-low reactor water level and high drywell 
pressure sustained for 120 sec. 
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Core Spray 
 
Each set of pumps, consisting of one core spray pump and one topping pump, delivers 
suppression chamber water to a separate ring header located inside the reactor vessel 
directly above the core. Although the arrangement of pumps and valves is slightly 
different from OCNGS, the purpose and function is the same. 
 
Core spray water comes from the suppression chamber and returns to the suppression 
chamber after cooling the core; therefore, no additional coolant supplies are necessary. 
Normal makeup to the suppression chamber pool is from the condensate storage and 
transfer system. The suppression chamber water is cooled by the containment spray heat 
exchangers.  
 
In the event of a total loss of the core spray primary water source (a loss of suppression 
chamber water below the core spray pump suction level), raw lake water can be supplied 
to the core spray nozzles to provide an alternate source of core cooling through a tie-in 
with the containment spray raw water system.  
 
Pump operation is automatically initiated from low-low reactor water level or high drywell 
pressure. Internal isolation valves remain closed until low reactor pressure (365 psig) 
signals them to open.  
 
6.1.2.2  Oyster Creek Nuclear Generating Station (OCNGS) 
 
The OCNGS Emergency Core Cooling System (ECCS) consists of three separate 
systems: the Isolation Condenser System (equivalent to the NMP-1 Emergency Cooling 
System), the Core Spray System, and the Automatic Depressurization System. The plant 
specific Appendix K analysis assumes only the Core Spray and Automatic 
Depressurization Systems are available, and the Isolation Condenser System inoperable. 
Other systems, such as the reactor Feedwater System and the Control Rod Drive 
Hydraulic system provide cooling water to the core during a Loss-of-Coolant Accident 
(LOCA), but these are not considered part of the ECCS, since their primary function is not 
emergency core cooling. The Containment Spray system, removes core decay heat to 
the Ultimate Heat Sink via the Emergency Service Water System. 
 
HPCI 
 
At OCNGS one train of the FWS is designated for the HPCI function. It is considered a 
ECCS as it is backed by an Emergency Diesel Generator but is considered to fail in the 
appendix K analysis. 
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Isolation Condenser 
 
The Isolation Condenser System (ICS) is a passive high pressure system which consists 
of two independent natural circulation heat exchangers that are automatically initiated by 
reactor vessel high pressure or low-low water level. Even though no single failure in the 
system can cause both Isolation Condensers to malfunction, the Appendix K analysis 
does not take credit for the ICS operation. 
 
The Isolation Condenser System is presented in Figure 6.1-11. The system consists of 
two full capacity isolation condensers, four ac motor operated isolation valves, four dc 
motor operated isolation valves, and three vent lines to the atmosphere. 
 
The ICS operates by natural circulation without the need for driving power other than the 
dc electrical system used to place the ICS in operation. The system operates with steam 
flowing from the reactor pressure vessel through the condenser tubes and condensate 
returning by gravity to the reactor pressure vessel, forming a closed loop. The valves in 
the steam inlet lines are normally open so that the tube bundles are at reactor pressure. 
Only the dc motor operated condensate isolation valves are normally closed. The shell 
side of each condenser has a normal minimum water inventory of 22,730 gallons with at 
least 11,060 gallons above the top of the tube bundles. During normal plant operations, 
when the system is in Standby, makeup to the Isolation Condensers is from the 
Demineralized Water Transfer System. Makeup during ICS operation is provided from the 
Demineralized Water Transfer System or the Condensate Transfer System. An 
emergency makeup is also provided from the fire suppression and core spray systems. 
The shell side of the condensers is vented to the atmosphere.  
 
At the normal water level with both isolation condensers in service, the system can 
provide emergency cooling for approximately one hour and 40 minutes without makeup 
water, before beginning to uncover the tube bundles. A single isolation condenser may 
remain in operation for up to 45 minutes. 
 
ADS 
 
The Automatic Depressurization System (ADS) consists of five automatically activated 
relief valves that depressurize the Reactor Coolant System during a small break LOCA to 
permit the low pressure Core Spray System to inject water onto the reactor core. The five 
ADS valves are actuated by simultaneous occurrence of triple low reactor water level, 
high drywell pressure and indication that a core spray booster pump has been started. 
Only three of the five valves are required to achieve depressurization in the allowable time 
period, and no single failure in the system can cause more than one of the five valves to 
fail to open upon initiation signal actuation. 
 
There are two modes for automatic actuation of the EMRVs, in addition to the manual 
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mode. In the automatic depressurization mode, where blowdown through three valves is 
required, the ADS is actuated on simultaneous occurrence of: 

a. High drywell pressure 
b. Low-low-low reactor water level 
c. Core Spray System operation (as verified by a differential pressure across the core 

spray booster pump). 
d. 120 Sec Time Delay 

 
In the overpressure mode actuation, each of the five EMRVs is initiated from a pressure 
switch which constantly monitors reactor vessel pressure. 
 
Core Spray 
 
The Core Spray System (Fig 6.1-1) contains two completely independent systems each 
containing two main pumps, two booster pumps, and a core spray sparger. The worst 
case single failure in the Core Spray System (loss of an Emergency Diesel Generator) 
cannot impair the capability of the system to perform the required safety function. 
 
Core spray water comes from the suppression chamber and returns to the suppression 
chamber after cooling the core; The Containment Spray System (CSS) then transfers the 
heat from the containment, via Drywell Spray, Suppression Chamber Spray, and 
Suppression Pool Cooling, to the ultimate heat sink. Normal makeup to the suppression 
chamber pool is from the condensate storage and transfer system. The suppression 
chamber water is cooled by the containment spray heat exchangers. The Fire Protection 
System is connected to each of the two Core Spray System loops. The purpose of this 
connection is to provide a backup supply of cooling water to the spargers. The system can 
be started manually, or by automatic trip signals generated when a low-low reactor water 
level and/or a high drywell pressure condition is detected. 
 
6.1.2.3  LOCA Response  
 
The sequence of events following actuation is similar at both facilities. The OCNGS 
version is used in the example: 

 
a. One preferred (preselected) main pump in each loop starts. Should either pump fail to 

start, the second pump in that loop will receive a signal to start in nominally ten 
seconds of the actuating signal. 

 
b. Both Emergency Diesel Generators start after a nominal 10 second delay and remain 

in an idle (no load) condition in anticipation of a loss of offsite power. 
 
c. Upon sensing both an actuation signal and a discharge pressure signal of its 

associated main pump, the preferred booster pump will start. The minimum discharge 
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pressure for Core Spray System Loop I main pumps is 105 psig; for Loop II it is 140 
psig. This difference results from the head requirements due to booster pump 
location. If the preferred pump in either loop fails to start, in nominally five seconds of 
sensing the condition a start signal is generated to the alternate booster pump in that 
loop. The alternate booster pump of each loop is interlocked with the primary 
(preferred) booster pump of the other loop. This interlock prevents the backup booster 
pump from automatically starting while the primary pump on the other core spray loop 
is running. Because both pumps are powered from the same electrical division, the 
interlock prevents the automatic loading of two (2) booster pumps on the same 
electrical division. Manual starting of the backup booster pumps is not affected and is 
subject only to the availability of capacity on the diesel generators. Subsequent failure 
of the second primary booster pump will result in the automatic start of both backup 
booster pumps. Only one (1) booster pump and two (2) main pumps are necessary to 
provide sufficient flow to the core, as demonstrated in the 10CFR50, Appendix K 
Analysis (Reference 20). 

 
d. All motor operated valves in each loop are open with the exception of the parallel 

isolation valves. Since the pressure at the discharge of the booster pumps is 
approximately 300 psig, the parallel isolation valves will not open until reactor 
pressure is below this level. Once reactor pressure drops below 285 psig, and an 
actuation signal to the Core Spray System is present, both parallel valves in each loop 
open. Each valve has a 100 percent flow capability, so that failure of one valve will not 
reduce flow. If the break is not large enough to reduce reactor pressure below 285 
psig, the Automatic Depressurization System operates automatically. 

 
After Core Spray System flow has been established into the reactor, the torus provides a 
supply of cooling water. The leaking water from a pipe break inside the drywell will 
overflow through the drywell vents into the torus. The alternate supply of cooling water for 
the Core Spray System is the Condensate Storage Tank, and as a last resort water is 
provided by the Fire Protection System. The heat being absorbed by the water which 
flows back to the torus is removed to the Ultimate Heat Sink by the heat exchangers in the 
Containment Spray System. 
 
6.1.3  BWR/3 ECCSs 
 
The BWR/3 product line high pressure ECCS consists of an ADS system and a turbine 
driven High Pressure Coolant Injection System. The low pressure ECCS consists of two 
Core Spray System loops and two Low Pressure Coolant Injection loops (either as a 
separate system or as a mode of the Residual Heat Removal System). 
 
6.1.3.1 High Pressure Coolant Injection System 
 
The High Pressure Coolant Injection System (HPCI) maintains adequate reactor vessel 
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water inventory for core cooling on small break LOCAs, assist in depressurization of the 
reactor vessel to allow the low pressure ECCSs to inject on intermediate break LOCAs, 
and backs up the function of the Isolation Condenser or Reactor Core Isolation Cooling 
System under reactor isolation conditions. 
 
The HPCI system is an independent ECCS requiring no AC power, plant service and 
instrument air, or external cooling water systems to perform its purposes.  The HPCI 
system consists of a turbine, turbine driven pumps, the normal auxiliary systems required 
for turbine operation, and associated piping and instrumentation. 
 
The HPCI system is normally aligned to remove water from the condensate storage tank 
and pump the water at high pressure to the reactor vessel via the feedwater piping.  The 
suppression pool is an alternate source of water with automatic selection on high 
suppression pool water level or low condensate storage tank water level.  A test line 
permits functional testing of the system during normal plant operation.  A minimum flow 
path to the suppression pool is provided for the HPCI pump in the event the pump is 
operated with a closed discharge path. 
 
High pressure emergency core cooling for small and intermediate line breaks is provided 
by the HPCI System.  During such breaks, reactor water level could drop to a level where 
the core is not adequately cooled while the reactor remains at or near rated pressure.  
With reactor pressure high, the low pressure ECCSs would not be capable of supplying 
water to the reactor vessel.  The HPCI system can supply makeup water to the reactor 
vessel from above rated reactor pressures to a pressure below that of the low pressure 
ECCSs injection pressure. 
 
System initiation can be accomplished by automatic signals or manually by the control 
room operator.  Receipt of either a reactor low-low water level or high drywell pressure 
will automatically start the HPCI system. 
 
6.1.3.2  Core Spray System 
 
The Core Spray System pumps water from the suppression pool into the reactor vessel 
via spray nozzles located on independent ring spargers located within the core shroud 
above the fuel assemblies.  The nozzles are positioned to provide a uniform distribution 
of coolant to the fuel assemblies.   
 
The Core Spray System consists of two independent loops. Each loop contains a motor 
operated injection stop valve outside the drywell and a testable check valve plus a 
manual stop valve within the drywell.  Each loop also contains suction isolation valves, 
test line, minimum flow line and a keep fill line. 
 
The Core Spray System is initiated automatically to provide core cooling upon receipt of 
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either high drywell pressure or low-low vessel water level and low reactor pressure. 
 
6.1.3.3 Low Pressure Coolant Injection (LPCI) System  
 
The LPCI system is a closed loop system of piping, pumps, and heat exchangers that are 
designed to remove post power operation energy from the reactor under both operational 
and accident conditions.  The LPCI system accomplishes this function in several but 
independent modes of operation. 
 
• LPCI Mode - The LPCI mode operates in conjunction with the HPCI, ADS, and  Core 

Spray systems to restore, if necessary, the water level in the reactor vessel following a 
LOCA. 

 
• Suppression Pool Cooling Mode - This mode of the LPCI system is manually initiated 

following a LOCA to prevent pool temperature from exceeding 170oF. 
 

• Containment Cooling Mode - The containment cooling mode permits spray cooling of 
the drywell and suppression chamber to remove additional heat energy from the 
primary containment following a LOCA.  This is accomplished through the 
condensation of steam and spray cooling of non-condensables. 

 
The LPCI system includes two separate circulating loops.  Each loop includes a heat 
exchanger, two main system pumps in parallel, and associated piping.  The two loops 
are normally cross-connected by a single header, making it possible to supply either LPCI 
loop from the pumps in the other loop. 
 
The LPCI system pump discharge piping is maintained full of water during normal plant 
operation by a safety system jockey pump or the condensate system. 
 
The LPCI system employs both automatic and manual operation as well as a combination 
of both, depending on the mode being used. Water is supplied from the LPCI System to 
the core by injecting into the reactor recirculation system discharge lines. 
 

LPCI Mode 
 
The LPCI mode is established automatically or manually to restore and maintain water 
level in the reactor vessel to at least two-thirds core height following a LOCA.  A 
LOCA, indicated by vessel level sensing devices or pressure sensing devices in the 
drywell, actuates the automatic action of the LPCI mode.  A combination reactor 
vessel low-low water level and vessel pressure low or high drywell pressure will 
provide signals for the following: 
 
• Start LPCI pumps.  If normal auxiliary power is available all four pumps start with 
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no time delay.  If standby AC power is supplying the bus, pumps A and C start 
immediately and pumps B and D start after a five second time delay. 
 

• Stop service water pumps, if running. 
 

• Actuate loop selection logic to select the undamaged reactor recirculation loop for 
injection. 
 

• Opens LPCI heat exchanger valves (inlet, outlet, and bypass). 
 

• Close containment spray valves, if open. 
 
During LPCI operation, suction is taken from the suppression pool and pumped into 
the core through one of two recirculation loops.  Determination of the broken loop is 
performed by the LPCI loop selection logic. Four differential pressure switches 
connected in a one-out-of-two twice logic array determines the preferred loop for 
injection by measuring the differential pressure between the jet pump risers in both 
recirculation loops.   
 
A differential pressure greater than 1 psid between loops is indicative of a pipe break. 
The logic circuit considers the lowest pressure recirculation loop to be broken and 
ensures LPCI flow is directed only to the good loop by performing the following  
(assume loop A riser pressure is greater than loop B): 
 
Good loop A 
 
Closes the loop A recirculation pump discharge and discharge bypass valves. Recirc 
pump A will trip if running. This ensures that LPCI flow is sent directly to the core via 
the recirc discharge line and jet pumps. 
 
Opens the LPCI injection valves to recirc loop A when reactor pressure decreases to 
<350psig, to provide maximum LPCI flow to the reactor. 
 
Broken Loop B 
 
Closes the LPCI injection valves to recirc loop B to preclude water loss from the 
broken pipe.  
 
Ensures that recirc loop B isolation valves remain open to assist rapid 
depressurization of the reactor coolant system.  
 
When reactor pressure drops to LPCI pump discharge pressure, a check valve in the 
injection line opens, admitting LPCI flow into the recirc pump discharge line.  
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Although all four LPCI pumps start, only three are needed to deliver design flow.  If 
neither loop is broken, a preselected loop will be used for injection. 

 
6.1.4 BWR/4 ECCSs 
 
The BWR/4 product line high pressure ECCSs consists of a HPCI system and an ADS.  
The low pressure ECCSs consists of a Core Spray System and a Residual Heat Removal 
System with a LPCI mode.  The high pressure ECCSs are the same as the BWR/3 
product line with the exception of the number of SRVs used for automatic 
depressurization.  The Core Spray System is the same as a BWR/3 except for the 
initiation signals and number of pumps per loop.  Initiation signals used for the low 
pressure ECCSs is high drywell pressure or low-low-low (Level 1) vessel water level.  
The LPCI mode of the Residual Heat Removal System was divided into two separate and 
independent loops for most of the BWR/4s due to their higher power density cores and 
the need to meet the requirements of 10 CFR 50.46. 
 
6.1.4.1 Residual Heat Removal System (LPCI Mode) 
 
The RHR System is a multipurpose system which has five operational modes, each with a 
specific purpose.  The RHR system consists of two separate piping loops, designated 
system 1 and system 2.  Each loop contains two pumps, two heat exchangers and 
associated piping, valves, and instrumentation. 
 
The low pressure coolant injection (LPCI) mode is the dominate mode and normal valve 
lineup configuration of the RHR system.  The LPCI mode operates automatically to 
restore and maintain, if necessary, the fuel clad temperature below 22000F.  During LPCI 
operation, the RHR pumps take water from the suppression pool and discharge to the 
reactor vessel via their respective recirculation system discharge piping. 
 
The exception to the above mode description is that two of the BWR/4 plants have four 
separate and independent LPCI loops which discharge directly into the reactor vessel 
shroud. 
 
6.1.5 BWR/5 & BWR/6 
 
The BWR/5 and BWR/6 product line ECCSs consists of a High Pressure Core Spray 
System, ADS, Low Pressure Core Spray System, and LPCI mode of the RHR System.  
Due to the unreliability of the HPCI systems on earlier BWRs, the BWR/5 and 6 were 
designed with a motor driven high pressure make up system.  
 
6.1.5.1 High Pressure Core Spray System 
 
The High Pressure Core Spray (HPCS) System provides high pressure emergency core 
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cooling for small, intermediate, and large line breaks.  The HPCS System is a single loop 
system and consists of a suction shutoff valve, one motor drive pump, discharge check 
valve, motor operated injection valve, minimum flow valve, full flow test valve to the 
suppression pool, two high pressure flow test valves to the condensate storage tank, 
discharge sparger and associated piping and instrumentation.  HPCS takes suction from 
the condensate storage tank or suppression pool and pumps the water into a sparger 
located on the upper core shroud.  Spray nozzles mounted on the sparger are directed at 
the top of the fuel assemblies to remove decay heat following a loss of coolant accident 
(LOCA).  The suppression pool is the alternate source of water for the HPCS system. 
 
HPCS initiates automatically on either high pressure in the drywell or low water level in 
the reactor vessel (level-2).  In the event HPCS is in any mode other than standby and an 
automatic initiation signal is received, all valves realign for the injection mode of 
operation.  Normal power for the HPCS system power is provided from the Standby 
Power System division 3 diesel generator. 
 
6.1.5.2 Low Pressure Core Spray System 
 
The low pressure core spray system is a single loop system and consists of a suction 
shutoff valve, one motor driven pump, discharge check valve, motor operated injection 
valve, minimum flow valve, full flow test valve to the suppression pool, discharge sparger 
and associated piping and instrumentation.  LPCS takes suction from the suppression 
pool and discharges the water through the core spray sparger ring directly on top of the 
fuel assemblies.  This provides core cooling by removing the decay heat generated from 
the fuel bundles following a postulated loss of coolant accident. 
 
The LPCS, along with other ECCSs, is automatically initiated by either high pressure in 
the drywell or a reactor water level 1.  The motor operated valves automatically lineup for 
emergency mode of operation upon a system initiation signal regardless of the alignment 
unless the system has been removed from service for maintenance by closing the motor 
operated suction valve. 
 
6.1.5.3 LPCI Mode of RHR System 
 
The RHR System is a multipurpose system which has five operational modes, each with a 
specific purpose.  The RHR system consists of three separate piping loops, designated 
A, B, and C.  Loops A and B each have a pump and two heat exchangers.  Loop C is 
used exclusively for LPCI mode and is not equipped with a heat exchanger.  
 
The low pressure coolant injection (LPCI) mode is the dominate mode and normal valve 
lineup configuration of the RHR system.  The LPCI mode operates automatically to 
restore and maintain, if necessary, the fuel clad temperature below 22000F.  During LPCI 
operation, the RHR pumps take water from the suppression pool and discharge to the 
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reactor vessel inside the core shroud via their own individual penetrations. The LPCI 
mode initiates automatically on either high pressure in the drywell or reactor vessel water 
level low (level-1).  In the event the RHR system is any mode other than standby and 
shutdown cooling and an automatic initiation signal is received, all valves realign for the 
LPCI injection mode of operation. 
 
6.1.6 RCIC and Isolation Condenser 
 
The discussion in this section deals with the various ways BWR product lines provide 
pressure and inventory control when isolated from their heat sink. In the event the reactor 
becomes isolated from its heat sink, some component or system must control reactor 
vessel pressure and inventory.  All BWR product lines have Safety Relief Valves (SRVs) 
to provide over pressure protection, and hence control reactor pressure. In addition to 
SRVs, BWRs can control pressure with systems like the isolation condenser, reactor core 
isolation cooling system, and the high pressure coolant injection system.  All BWR 
facilities have a means of providing high pressure makeup water to the reactor vessel to 
compensate for inventory loss via the pressure control method. 
 
In the case of the BWR/2 product line and certain plants of the BWR/3 product line, both 
of the isolation functions are carried out by a single system called the isolation condenser 
system.  The isolation condenser system draws off reactor steam, condenses the steam 
in a condenser, and returns the resultant condensate to a recirculation system suction 
line thus conserving inventory.   
 
All BWRs of other product lines (4,5, and 6) use SRVs and RCIC for pressure control and 
the RCIC to provide high pressure makeup water to the reactor vessel.  All BWR 3 and 4 
plants are equipped with a high pressure coolant injection (HPCI) System that can also be 
used to control pressure by aligning the system in the test mode to the condensate 
storage tank. All BWR 5 and 6 plants have a high pressure core spray (HPCS) system in 
place of the HPCI system. HPCS is motor driven and cannot be used for pressure control.  
 
6.1.6.1   BWR/2 Isolation Condenser 
 
The BWR/2 product line incorporates both pressure and, since it does not use steam to 
drive a turbine like RCIC, conserves inventory. The isolation condenser system is a 
standby, high pressure system that can remove fission product decay heat following a 
reactor isolation and scram when the main turbine condenser is not available as a heat 
sink. During reactor isolation, the isolation condenser will control the pressure rise and 
limit the loss of reactor water, thus avoiding overheating the fuel which could occur 
through opening of the safety relief valves with no water makeup capability. 
 
The isolation condenser is not intended to be activated fast enough to have any effect 
upon the initial pressure spikes resulting from the various operational transients (turbine 
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trip, main steam line isolation, etc).  The system can be activated manually or 
automatically upon sustained high pressure.  For more detail on the BWR/2 isolation 
condenser designs refer to section 6.1.2. 
 
6.1.6.2 BWR/3 Isolation Condenser 
 
The isolation condenser, figure 6.1-11, operates by natural circulation.  During system 
operation, steam flows from the reactor, condenses in the tubes of the isolation 
condenser, and returns to the reactor. The water head, created by condensate flow to the 
reactor, serves as the driving force for the system. 
 
The isolation condenser is approximately 55 feet long, 12 feet in diameter, and holds 
approximately 29,000 gallons of water at normal level.  Two tube bundles are immersed 
in water, one bundle at each end of the condenser.  The shell side of the condenser 
vents to atmosphere. Baffles are installed in the shell above the tube bundles to prevent 
the boiling action from driving shell water out through the shell vents. 
 
The steam inlet valves are normally open so that the tube bundles are at reactor pressure 
even when in standby.  The tube side of the isolation condenser is vented to the main 
steam line during normal reactor operation.  A sustained high reactor pressure 
automatically puts the isolation condenser system in operation.  An automatic initiation 
will signal the dc motor operated valve on the condensate return line to open and vent 
valves to the main steam line to close.  Steam then flows, under reactor pressure, to the 
isolation condenser.  The steam is routed to both condenser tube bundles where it is 
condensed by the cooler water in the shell side of the condenser.  To obtain the desired 
flow of condensate from the isolation condenser to the reactor vessel, the normally closed 
condensate return valve can be throttled by the operator in the control room. 
 
During operation, the water on the shell side of the condenser will boil off and vent steam 
to the atmosphere.  Two radiation monitors are provided on the shell side vent so that in 
the event of excessive radiation levels, the control room operator will be alerted and can 
take necessary corrective actions. 
 
Following a reactor isolation and scram, the energy added to the coolant will cause 
reactor pressure to increase and may initiate the isolation condenser.  The capacity of 
this system is equivalent to the decay heat rate generation 5 minutes following the scram 
and isolation. With no makeup water, the volume of water stored in the isolation 
condenser will be depleted in 1 hour and 30 minutes (may vary with plant).  This allows 
sufficient time to initiate makeup water flow to the shell side of the condenser. 
 
Makeup water is normally added from the demineralized water makeup system but can 
be supplied from the condensate storage tank or the fire protection system. Since the 
shell side of the isolation condenser is vented to atmosphere the potential exists for a 
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radioactive release if a tube leak occurs or if condensate storage tank water is added to 
the shell side. The potentially contaminated water from the CST could concentrate and 
result in a release due to the boil off that occurs when the system is in standby. 
 
6.1.6.3  BWR/3 and BWR/4 Product Lines 
 
Most BWR/3 and all BWR/4 product line plants utilize the reactor core isolation cooling 
system.   
 
Reactor Core Isolation Cooling  
 
The Reactor Core Isolation Cooling (RCIC) system, figure 6.1-12, consists of a steam 
turbine driven pump capable of delivering water to the reactor vessel at operating 
conditions. Operation of the RCIC system is fully automatic, or manual by operator 
selection.  The system will start automatically upon receipt of an initiation signal from the 
reactor vessel low water level sensors (L2). The system will shutdown automatically upon 
recovery of reactor water level to the high water level set point (L8) or upon indication of 
certain RCIC malfunctions which will trip the turbine. A shutdown on RPV level 8 will allow 
an automatic restart at level 2 but a turbine trip due to a malfunction will not.  
 
Water supply to the system is normally from the condensate storage tank through a motor 
operated suction valve and check valve. This RCIC suction line is maintained flooded in 
the standby condition to keep the RCIC pump continuously primed. An alternate source of 
water for the RCIC system is provided by the suppression pool. This source of water 
would be used if the water level in the storage tank is low or the water level in the 
suppression pool is too high. 
 
The turbine is driven by steam produced in the reactor vessel and exhausts to the 
suppression pool, under water.  The turbine driven pump supplies water to the reactor 
vessel via the feedwater piping.  Additional discharge flow paths are provided to allow 
recirculation to the condensate storage tank for system testing and to provide pump 
minimum flow to the suppression pool for pump protection.  Sufficient capacity is 
provided to prevent reactor vessel level from decreasing below the top of active fuel 
(TAF). The system flow rate is approximately equal to the reactor water boil off rate 15 
minutes following a reactor scram and isolation. 
 
6.1.6.4  BWR/5 and BWR/6 Product Lines 
 
The BWR/5 and BWR/6 product lines provide reactor vessel pressure and water level 
control during isolated conditions with the RCIC system (figure 6.1-12).  The basic RCIC 
system remains unchanged except for changes in turbine gland sealing and pump 
discharge.  Some BWR/5s and 6s were designed to have the RCIC system discharge 
into the reactor vessel head for better pressure control.  However, plant Perry is the only 
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remaining BWR 6 that injects RCIC into the RHR head spray line.  
 
6.1.6.5  Sources of High Pressure Makeup Water 
 
All BWR product lines have several systems with varying capacities that can be utilized 
for high pressure makeup under isolated conditions. These systems are identified in the 
table below. 
 

BWR 2 BWR 3/4 BWR 5/6 
Motor Driven Feed Pumps HPCI HPCS 

 RCIC RCIC 
 Motor Driven Feed Pumps Motor Driven Feed Pumps 

Control Rod Drive Control Rod Drive Control Rod Drive 
Standby Liquid Control Standby Liquid Control Standby Liquid Control 

 
6.1.7 ECCS Suction Strainers 
 
In 1979, the NRC established USI A-43, ‘Containment Emergency Sump Performance,’ 
to study safety issues related to the ability of both PWRs and BWRs to recirculate water 
back to the reactor core following a postulated LOCA. The NRC staff’s resolution of USI 
A-43 regarding the potential loss of post-LOCA recirculation capability due to intake 
blockage from dislodged insulation debris was transmitted to the industry in Generic 
Letter 85-22. ‘Potential for Loss of Post-LOCA Recirculation Capability Due to Insulation 
Debris Blockage,’ on December 3, 1985.  In addition, the NRC staff recommended that 
Regulatory Guide 1.82, Revision 1, ‘Water Sources for Long-Term Recirculation Cooling 
Following a Loss-of-Coolant Accident,’ be used as a guideline for 10 CFR 50.59 reviews 
dealing with the change out and/or modification of thermal insulation installed in reactor 
coolant system piping and on its components.  
 
On July 28, 1992, a spurious opening of a safety valve at a Swedish BWR resulted in the 
clogging of two ECCS pump suction strainers.  During the restart activities, steam was 
released into the containment from a rupture disk on a safety relief valve that had been 
inadvertently left open.   The release of steam dislodged mineral wool insulation, pieces 
of which were subsequently transported by the steam and water into the wetwell.  Within 
one hour, the fibrous debris clogged the ECCS inlet strainers.   
 
Instances of clogging of ECCS pump strainers have also occurred at U.S. plants, 
including two events at Perry Nuclear Plant.  The first event resulted in deformation of 
RHR pump suction strainers due to buildup of operational debris.  This buildup caused 
an excessive differential pressure across the strainers.  The second Perry event also 
involved the deposition of debris on the RHR pump suction strainers.  The debris 
consisted of glass fibers that had been inadvertently dropped into the suppression pool 
from temporary drywell cooling filters; corrosion products and other materials filtered from 
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the pool water by glass fibers adhering to the surface of the strainer.  This phenomenon 
is referred to as ‘filtering’ and had not been evaluated previously by the staff and industry. 
   
Based on the new data, the NRC issued NRC Bulletin 93-02 on May 11, 1993, which 
requested that both PWR and BWR licensees: 
 
• identify fibrous air filters and other temporary sources of fibrous material in 

containment not designed to withstand a LOCA, and 
• take action to remove the material and ensure the functional capability of the ECCS. 
 
On August 12, 1994, the NRC issued IN 94-57, ‘Debris in Containment and the Residual 
Heat Removal System,’ which alerted operating reactor licensees to additional instances 
of degradation of ECCS components because of debris.  At River Bend Station, the 
licensee found a plastic bag on an RHR suction strainer.  At Quad Cities Station, Unit 1, 
on July 14, 1994, the remains of a plastic bag were found shredded and caught within the 
anti-cavitation trim of an RHR test return valve.  Subsequent to that event at Quad Cities, 
Unit 1, the licensee observed reduced flow from the C RHR pump upon further 
investigation, found a 10-cm (4in.) diameter wire brush wheel and a piece of metal 
wrapped around a vane of the pump. 
 
On October 4, 1995, the NRC issued IN 95-47, ‘Unexpected Opening of a Safety/Relief 
Valve and Complications Involving Suppression Pool Cooling Strainer Blockage,’ Which 
discussed an event on September 11, 1995, at the Limerick Generating Station Unit 1, 
during which a safety/relief valve discharged to the suppression pool.  The operators 
started an RHR pump in the suppression pool cooling mode.  After 30 minutes, 
fluctuating motor current and flow were observed.  Subsequent inspection of the 
strainers found them covered with Amat@ of fibrous material and sludge (corrosion 
products).  The licensee removed approximately 635 kg (1400 lbs) of debris from the 
Unit 1 pool.  A similar amount of debris had been removed earlier from the Unit 2 pool.   
 
In BWRs that have carbon steel components, corrosion product particulate can be 
removed from suppression pools, but will be regenerated, overtime, at a rate of 10-100 
kg/year.  In addition, there are numerous sources of fibers in a BWR Drywell. Thermal 
insulation on pipe and equipment is an obvious source, but there are many others, such 
as protective clothing, welding fabric, fire protection materials and even human hair.   
 
Recent studies have consistently shown that very small quantities of fibrous material (0.1 
m3) combined with 100 kg or so of particulate, enough to bring about RHR pump 
cavitation when collected on small passive strainers like those found in many of the 
world’s BWR suppression pools. 
 
Removing all sources of fibrous material from a pool is realistic and achievable. 
Guaranteeing that all fibers have been removed from the drywell is not realistic, and even 
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if there are just a few fibers the ECCS strainers can easily become blocked. 
 
Based on the new data, the NRC issued NRC Bulletin 95-02 on October 17, 1995, which 
discussed the Limerick event and requested the BWR addressees review the operability 
of their ECCS pumps and other pumps that draw suction from the suppression pool while 
performing their safety function. 
 
NUREG/CR-6224 was issued October of 1995, Parametric Study of the Potential for 
BWR ECCS Strainer Blockage Due to LOCA Generated Debris.  
 
On May 6, 1996, the NRC issued Bulletin 96-03, ‘Potential Plugging of Emergency Core 
Cooling Suction Strainers by Debris in Boiling-Water Reactors,’ which requested actions 
by BWR addressees to resolve the issue of BWR strainer blockage because of excessive 
buildup of debris from insulation, corrosion products, and other particulates, such as paint 
chips and concrete dust.  The bulletin proposed four options for dealing with this issue: 
 
Install large capacity passive strainers, 

1. Install self-cleaning strainers, 
2. Install a safety related backflush system that relies on operator action to remove 

debris from the surface of the strainer to keep it from clogging, or 
3. Propose another approach that offers an equivalent level of assurance that the 

ECCS will be able to perform its safety function following a LOCA. 
  
The most practical and cost effective of the mechanical solutions is to replace the existing 
small passive suction strainers with large passive strainers. The modification represents 
the simplest, the most reliable, and the least disruptive option.  The conclusion that large 
suction strainers are necessary is inescapable, especially when it is recognized that only 
a thin layer of fibrous material , combined with a relatively small quantity of particulate, is 
required to bring about ECCS pump cavitation at most of the world’s BWRs. 
 
6.1.7.1 Large Capacity Strainers 
 
The new passive strainer being installed at BWRs, in all three types of containments, 
increases the surface area from approximately 9 ft2 to 108 ft2.  The strainers measure 
approximately three and one half feet in height and five feet in diameter.  The uppermost 
stacked disc measures two inches in thickness and contains perforations on both 
surfaces.  The remaining thirteen discs are one inch in thickness with perforations on 
both surfaces.  The center section is truncated to provide a mounting platform for the 
stacked disc and provide additional surface area.  The stacked disc sections are held in 
place by vertical stiffener bars spaced at even intervals.    
 
Figure 6.1-14 represents the passive strainers being installed in some Mark I 
containments that have an ECCS suction ring header that is located below the 
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suppression chamber.  Dresden installed the strainer, illustrated in figure 6.1-14, which 
consists of 16 evenly spaced double faced stacked discs.  The strainer measures 
approximately 5 feet in length and 32 inches in diameter. This type of strainer has a 
surface area of 118 ft2.  In addition to the stacked disc strainers, stiffeners are located 
72o apart to provide rigidity to the strainer assembly. 
 
Figure 6.1-15 represents the passive strainers being installed at Monticello’s Mark I 
containment that have an ECCS suction ring header located below the suppression 
chamber.  This type of strainer has a surface area similar to the other styles being 
installed in the Mark I containments, approximately 100 ft2. 
 
6.1.8 Summary 
 
The Emergency Core Cooling System (ECCS) package provided by a particular product 
line is dependent on the vintage of the plant and the regulations during that period of time.  
In all cases there are high pressure and low pressure ECCSs.  The Automatic 
Depressurization System is functionally the same for all facilities.  All BWRs have a Core 
Spray System, but only the BWR/5s and 6s have both a high and low pressure Core 
Spray System.  Early BWR/3s were designed with a separate Low Pressure Coolant 
Injection (LPCI) System.  Later BWR/3s changed to a Residual Heat Removal System 
that consisted of many modes, one of them being LPCI.   
 
High pressure ECCSs did not exists for the early BWRs.  Modifications were required by 
the NRC to upgrade their feedwater pumps.  The modifications consisted of having two 
power sources available.  Later BWR/3s were designed with a High Pressure Coolant 
Injection System that was replaced in the BWR/5 design with a more reliable motor driven 
High Pressure Core Spray System. 
 
All BWRs provide pressure and inventory control for the reactor vessel. All BWRs are 
equipped with SRVs to provide over pressure protection.  In addition to SRVs, Isolation 
condensers are employed for pressure and inventory control for BWR/2s and some 3s.  
Reactor core isolation cooling systems are used for BWR/4, 5s, 6s and some 3s for 
pressure and inventory control when the reactor is isolated. HPCI can also be used for 
pressure and inventory control for the BWR 3 and 4 product lines. HPCS provides 
inventory control for BWR 5 and 6 product lines. 
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Table 6.1-1 ECCS and RCIC Differences 
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Figure 6.1-1 BWR/2 Core Spray System 



 

Figure 6.1-2 Typical ECCS's for BWR 3/4 



 

Figure 6.1-3 High Pressure Coolant Injection System (BWR 3/4) 

 



 

Figure 6.1-4 Core Spray System (BWR 3/4) 



 

Figure 6.1-5 LPCI System BWR/3 & some BWR/4's 



 

Figure 6.1-6 LPCI Loop Selection Logic 



 

Figure 6.1-7 Residual Heat Removal System 

 
 
 



 

Figure 6.1-8 Typical ECCS BWR/5 & BWR/6 



 

Figure 6.1-9 ECCS Divisional 
 

 

 



 

Figure 6.1-10 Integrated Performance 
 

  



 

Figure 6.1-11 Isolation Condenser System (BWR 2/3) 
 



 

Figure 6.1-12 RCIC System (BWR 3/4/5) 
 

 
 
 



 

Figure 6.1-13 RCIC System (BWR 6) 
 



 

Figure 6.1-14 Strainer Assembly 
 

 



 

Figure 6.1-15 Strainer Assembly 
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