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6.2  CONTAINMENT SYSTEMS 

 

6.2.1  Containment Functional Design 

 

6.2.1.1  Pressure Suppression Containment 

 

6.2.1.1.1  Design Basis 

 

The Pressure Suppression Containment System is designed to have the following 

functional capabilities: 

 

 1. The containment has the capability to maintain its functional 

integrity during and following peak transient pressures and 

temperatures that occur following any postulated loss-of-coolant 

accident (LOCA).  The LOCA includes the worst single failure (which 

leads to maximum containment pressure and temperature) and is 

further postulated to occur simultaneously with a loss of offsite 

power (LOP) and a safe shutdown earthquake (SSE).  A discussion of 

the postulated LOCA events is provided in Section 6.2.1.1.3.  A 

discussion of mass and energy release is presented in 

Section 6.2.1.3. 

 

 2. The containment, in combination with other accident mitigation 

systems, limits fission product leakage during and following the 

postulated design basis accident (DBA) to values less than leakage 

rates that result in offsite doses greater than those set forth in 

10CFR50.67. 

 

 3. The containment can withstand coincident fluid jet forces 

associated with the flow from the postulated rupture of any pipe 

within the containment. 

 

 4. The containment design permits removal of fuel assemblies from the 

reactor core after a postulated LOCA. 
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 5. The containment is protected from or designed to withstand missiles 

from internal sources and excessive motion of pipes that could 

directly or indirectly endanger the integrity of the containment. 

 

 6. The containment provides a means to channel the flow from 

postulated pipe ruptures in the drywell to the suppression pool. 

 

 7. The containment is designed to allow for periodic testing at the 

calculated peak accident pressure, in order to confirm the 

leaktight integrity of the containment and its penetrations. 

 

6.2.1.1.2  Design Features 

 

Section 3.8 describes the design features of the containment and its internal 

structures.  Figure 3.8-1 shows the general arrangement of the containment and 

its internal structures. 

 

6.2.1.1.2.1  Protection from Dynamic Effects 

 

The containment and the Engineered Safety Feature (ESF) System functions are 

protected from dynamic effects of postulated accidents, as described in 

Sections 3.5 and 3.6. 

 

6.2.1.1.2.2  Codes, Standards, and Specifications 

 

Table 3.8-1 lists the applicable codes, standards, and specifications for the 

containment.  Codes, standards, and specifications applicable to the 

containment internal structures are given in Table 3.8-7. 

 

Regulatory guides specific to the containment design are discussed in 

Sections 3.8.2.4 and 3.8.2.5. 
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6.2.1.1.2.3  Functional Capability Tests 

 

The functional capability of the containment is verified by pressurizing the 

containment to 1.15 times the internal design pressure, as described in 

Section 3.8.2.  A discussion of containment leakage testing is provided in 

Section 6.2.6. 

 

6.2.1.1.2.4  External Pressure Loading Conditions 

 

The containment is designed to withstand an external to internal differential 

pressure of 3 psi.  To ensure that this design limit is not exceeded, vacuum 

relief valves are provided.  The design and functional capability of the 

containment vacuum relief valves are discussed in Section 6.2.1.1.4. 

 

6.2.1.1.2.5  Trapped Water That Cannot Return to Containment Sump 

 

Not applicable to pressure suppression type containments. 

 

6.2.1.1.2.6  Containment and Subcompartment Atmosphere Control 

 

Section 3.11 provides the pressure, temperature, and humidity limits within 

which all Class 1E equipment located inside the containment is qualified to 

operate.  Sections 6.2.1.1.4, 6.2.5, and 9.4.5 describe the functional 

capability and frequency of operation of the systems and equipment that 

maintain the containment and subcompartment atmospheres within prescribed 

limits during normal plant operation. 

 

6.2.1.1.3  Design Evaluation 

 

6.2.1.1.3.1  Introduction 

 

The containment functional design evaluation is based on the consideration of 

several postulated accidents, each of which results in the release of reactor 

coolant to the containment environs.  These postulated accidents include the 

following: 
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 1. An instantaneous guillotine rupture of a recirculation line 

 

 2. An instantaneous guillotine rupture of a main steam line 

 

 3. An intermediate size Reactor Coolant System (RCS) break 

 

 4. A small size RCS break. 

 

Analysis of this spectrum of accidents indicates that the maximum temperatures 

and pressures experienced inside the containment do not all result from a 

single accident.  Maximum drywell and suppression chamber pressures occur as a 

result of the recirculation line break, while the most severe drywell 

temperature condition (peak temperature and duration) results from the small 

size steam line break.  Consequently, there is no single DBA for the 

containment. 

 

 

The most severe drywell temperature condition, peak temperature and duration, 

occurs for a small RCS rupture above the reactor water level that results in 

the blowdown of reactor steam to the drywell, a small steam break.  To 

demonstrate that breaks smaller than the rupture of the largest RCS pipe will 

not exceed the containment design parameters, the containment system responses 

to an intermediate size liquid break and a small size steam break are 

evaluated.  The results show that the containment design conditions are not 

exceeded for these smaller break sizes. 

 

The design values and the maximum calculated accident values of key design 

parameters for the containment are as follows: 

 

        Design Calc Accident 

 Parameter      Value     Value     

Drywell pressure      62 psig 50.6 psig 

Drywell temperature     340F  340F 

Suppression chamber pressure    62 psig 27.7 psig 

Suppression chamber temperature   310F  212.3F 
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NOTE:  Calculated values above are conservatively based on 102% of an assumed 

thermal power rating of 3952 MWt compared to the licensed value of 3840 

MWt.  However, for LOP, peak long term suppression pool temperature is 

213.6F based on the licensed thermal power of 3840 MWt.  Also, maximum 

drywell temperature conditions are based on steam line break super 

heat, which is not dependent on the initial reactor thermal power. 

 

Table 6.2-1 lists the containment design parameters used in the accident 

response analyses.  Table 6.2-2 provides the performance parameters of ESF 

equipment used for containment cooling purposes during post-blowdown, long term 

accident operation.  Performance parameters given include those applicable to 

full capacity operation, as well as those applicable to conservatively reduced 

capacities assumed for accident response analysis purposes.  All of the 

analyses assume that the RCS and the containment are initially at the maximum 

or minimum normal operating conditions given in Table 6.2-3.  Mass and energy 

release sources and rates used for the containment analyses are as discussed in 

Section 6.2.1.3. 

 

The containment pressure and temperature responses for each of the postulated 

accidents are discussed in Sections 6.2.1.1.3.2 through 6.2.1.1.3.5. Analytical 

models used to evaluate the containment responses are delineated in 

Section 6.2.1.1.3.6. 

 

6.2.1.1.3.2  Recirculation Line Break 

 

Immediately following guillotine rupture of the largest recirculation line, the 

flow from out of both sides of the break is limited to the maximum allowed by 

critical flow considerations.  Figure 6.2-1 provides a schematic representation 

of flow paths to the break.  In the side adjacent to the suction nozzle, the 

flow corresponds to critical flow in the pipe cross section. 

 

The proprietary code, LAMB (Reference 6.2-1) was used to calculate the blowdown 

flow rates, which are then used as inputs to the proprietary code M3CPT 

(References 6.2-2 through 6.2-4) for the analysis of up-rated power at 4031 

MWt.  Note the analysis is conservative based on 102% of an assumed rated power 

of 3952 (4031 MWt) in contrast with 102% of Licensed Thermal Power of 3840 

(3917 MWt).  This approach differs from the previous analysis for 102% of the 

original rated thermal power of 3293 (3359 MWt), which used a blowdown model 

built into M3CPT.  Application of the LAMB blowdown model for the analysis at 

4031 MWt is identified in Reference 6.2-27.  The proprietary code SHEX 

(Reference 6.2-27) is used for long-term containment response evaluations for 

the conditions at 4031 MWt as well as at 3359 MWt. 
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Table 6.2-3 provides the initial conditions for containment response analysis. 

Figure 6.2-2 shows the total effective blowdown area for the recirculation line 

break.  This figure is provided for historical information, accordingly it is 

based on 102% of original rated thermal power of 3293 MWt (3359). 

 

 1. Assumptions for reactor blowdown - The response of the RCS during 

the blowdown period of the accident is analyzed using the following 

assumptions: 

 

  a. The initial conditions for the recirculation line break 

accident are such that the system energy is maximized and the 

system mass is minimized.  That is: 

 

   (1) The reactor is operating at 102 percent of up-rated 

thermal power or 4031 MWt, which maximizes the post-

accident decay heat. 

 

   (2) The Safety Auxiliaries Cooling System (SACS) water 

temperature is at its maximum value. 

 

   (3) The suppression pool mass is at the low water level for 

the long term analysis and at the high water level for 

the short term analysis. 

 

   (4) The suppression pool temperature is at its maximum 

normal value. 

 

  b. The recirculation line is considered to be severed instantly. 

 This results in the most rapid coolant loss and 

depressurization of the vessel, with coolant being discharged 

from both ends of the break. 

 

  c. Reactor power generation ceases at the time of accident 

initiation because of void formation in the core region. 

Reactor scram also occurs in less than 1 second from receipt 

of the high drywell pressure signal.  The time difference 

between accident initiation and reactor scram is negligible. 
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  d. The break flow rate and enthalpy following the DBA-LOCA are 

calculated using the Homogeneous Equilibrium Model (HEM) 

critical flow model. 

 

  e. The core decay heat and the sensible heat released in cooling 

the fuel to initial average coolant temperature are included 

in the RPV depressurization calculation.  The rate of energy 

release is calculated using a conservatively high heat 

transfer coefficient throughout the depressurization period. 

The resulting high energy release rate causes the RPV to 

maintain nearly rated pressure for approximately 20 seconds. 

The high RPV pressure increases the calculated blowdown flow 

rates, which is again conservative for analysis purposes.  

The sensible fuel energy stored at temperatures below the 

initial average coolant temperature is released to the vessel 

fluid, along with the stored energy in the vessel and 

internals, as vessel fluid temperatures decrease during the 

remainder of the transient calculation. 

 
 
  f. The main steam isolation valves (MSIVs) start closing at 

0.5 seconds after the accident.  They are fully closed in the 

shortest possible time of 3 seconds following closure 

initiation.  In actuality, the closure signal for the MSIVs 

results from low reactor water level, so the valves normally 

do not receive a signal to close for more than 4 seconds.  

Also, the valve closing time may be as long as 5 seconds. 
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  g. The feedwater flow rate coasts down to zero in four seconds. 

The four second coastdown assumption maximizes the break flow 

and is consistent with Reference 6.2-1. 

 

  h. A complete LOP occurs simultaneously with the pipe break. 

This condition results in the loss of power conversion system 

equipment and also requires that all ESF systems for long 

term cooling be supported by onsite power supplies. 

 

 2. Assumptions for containment pressurization - The pressure response 

of the containment during the blowdown period of the accident is 

analyzed using the following assumptions: 

 

  a. Thermodynamic equilibrium exists in the drywell and 

suppression chamber.  Since nearly complete mixing is 

achieved, the analysis assumes complete mixing. 

 

  b. The fluid flowing through the drywell to suppression chamber 

vents is formed from a homogeneous mixture of the fluid in 

the drywell.  The use of this assumption results in complete 

carryover of the drywell atmosphere and a higher positive 

flow rate of liquid droplets, which conservatively maximizes 

vent system pressure losses. 
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  c. The fluid flow in the drywell to suppression chamber vents is 

compressible, except for the liquid phase. 

 

  d. No heat loss occurs from the gases inside the containment. In 

reality, some steam condenses on the drywell surfaces. 

 

 3. Assumptions for long term cooling - Following the blowdown period 

of the accident, the Emergency Core Cooling System (ECCS) discussed 

in Section 6.3 and the Containment Heat Removal System discussed in 

Section 6.2.2 provide water for core flooding, containment spray, 

and long term decay heat removal.  The containment pressure and 

temperature responses during this period are analyzed using the 

following assumptions: 

 

  a. The residual heat removal (RHR) pumps, operating in the low 

pressure coolant injection (LPCI) mode, and the core spray 

pumps are used to flood the core during the first 600 seconds 

following the accident.  The High Pressure Coolant Injection 

(HPCI) System is not operating for the DBA-LOCA. 

 

  b. After 600 seconds, flow from one RHR pump can be diverted 

from the RPV to containment spray.  This is a manual 

operation.  Actually, containment spray need not be actuated 

to keep the containment pressure below the containment design 

pressure.  Prior to actuation of containment spray, which is 

assumed to occur at 600 seconds after the accident, all of 

the RHR pump flow is used to flood the core. 
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  c. After approximately 600 seconds, the RHR heat exchangers are 

manually aligned to remove energy from the containment via 

recirculation cooling of the suppression pool. 

 

  d. The effects of decay energy, stored energy, sensible energy, 

energy added by the ECCS pumps, and metal water reaction 

energy on the suppression pool temperature are considered. 

 

  e. The suppression pool and containment structures are the heat 

sinks available in the containment. 

 

 4. Initial conditions for accident analysis - Table 6.2-4 provides the 

initial conditions and numerical values assumed for the 

recirculation line break accident, as well as the sources of energy 

considered prior to the postulated pipe rupture.  The assumed 

conditions for the reactor blowdown are also provided. 

 

 5. Chronology of accident events - A complete description of the 

containment response to the recirculation line break accident is 

provided in the following paragraphs.  A chronological sequence of 

events for the accident from time zero is provided in Table 6.2-8. 

Analysis results for this accident are shown on Figures 6.2-3 

through 6.2-9. 

 

  a. Short term accident response - At the beginning of the 

accident, the suppression chamber is pressurized by the 

carryover of noncondensable gas from the drywell and by the 

heatup of the suppression pool.  As the vapor formed in the 

drywell is condensed in the suppression pool, the temperature 

of the suppression pool peaks and the suppression chamber 

pressure stabilizes.  The drywell pressure stabilizes at a 

slightly higher pressure, the difference being equal to the 

downcomer submergence.  During the RPV depressurization 

phase, most of the non-condensable gas initially in the 

drywell is forced into the suppression chamber. 
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   Table 6.2-5 provides the peak containment pressure and 

temperature for the recirculation line break, as predicted 

for the conditions of Tables 6.2-3 and 6.2-4 and as 

corresponding with the pressure and temperature responses 

shown on Figures 6.2-3 and 6.2-4.  Figure 6.2-5 shows the 

time dependent response of the pressure differential between 

the drywell and the suppression chamber. 

 
 
   During the blowdown period of the LOCA, the drywell to 

suppression chamber vent system conducts the steam water gas 

mixture in the drywell to the suppression pool for 

condensation of the steam.  The pressure differential between 

the drywell and the suppression chamber controls this flow.  

Figure 6.2-6 provides the mass flow versus time relationship 

through the vent system for this accident. 

 
 
 
 

b. Long term accident responses - To assess the adequacy of the 

containment following the initial blowdown transient, an 

analysis is made of the long term temperature and pressure 

response.   For the long term accident response analysis, 

following RPV depressurization, the non-condensable gas 

redistributes between the drywell and the suppression chamber 

vacuum relief valves, as discussed in Section 6.2.1.1.4.  

This redistribution takes place as steam in the drywell is 

condensed by the relatively cool ECCS water beginning to 

cascade from the break causing the drywell pressure to 

decrease. 
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The ECCS supplies core cooling water to control core heat-up 

and to limit the core-wide metal-water reaction to less than 

one percent.  After the RPV is flooded to the height of the 

jet pump nozzles, the excess flow discharges through the 

recirculation line break into the drywell.  This flow of 

water (steam flow is negligible) transports the core decay 

heat out of the RPV and through the broken recirculation line 

in the form of hot water, which flows into the suppression 

chamber via the drywell to suppression chamber vent system.  

This flow also provides a heat sink for the drywell 

atmosphere and thereby causes the drywell to depressurize. 

 

The analysis assumptions are those discussed below for the 

three cases of interest.  The initial pressure response of 

the containment, the first 600 seconds after the break, is 

the same for each of the following cases: 

 

   (1) Case A - All ECCS equipment operating, with containment 

spray - This case assumes that offsite power is 

available to operate the core cooling systems.  During 

the first 600 seconds following the pipe break, the 

HPCI, the core spray, and all RHR (LPCI mode) pumps are 

assumed to be available.  All flow is injected directly 

into the reactor vessel. 

 

    After 600 seconds, both RHR heat exchangers are 

manually aligned to remove energy from the containment. 

During this mode of operation, the flow from two RHR 

pumps is routed through their associated RHR heat 

exchangers, where it is cooled before being discharged 

into the drywell and suppression chamber spray headers. 
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    The containment pressure response to this set of 

conditions is shown as curve A on Figure 6.2-7.  The 

corresponding drywell and suppression pool temperature 

responses are shown as curve A on Figures 6.2-8 and 

6.2-9.  After the initial blowdown and subsequent 

depressurization due to core spray and LPCI core 

flooding, energy addition due to core decay heat 

results in a gradual pressure and temperature rise in 

the containment.  When the energy removal rate of the 

RHR system equals the energy addition rate from the 

decay heat, the containment pressure and temperature 

each reach a second peak value, and then gradually 

decrease to their pre-accident values.  Table 6.2-6 

summarizes the ECCS equipment operation, the peak long 

term containment pressure following the initial 

blowdown peak, and the peak suppression pool 

temperature for this analysis case. 

 

   (2) Case B - LOP, with containment spray - This case 

assumes that no offsite power is available following 

the accident and that only minimum onsite standby power 

is available, i.e., single standby diesel generator 

(SDG) failure.  The RHR system, including the drywell 

and suppression chamber sprays, is in operation after 

600 seconds.  During this mode of operation, RHR system 

flow passes through only one RHR heat exchanger and is 

directed to the containment spray headers. 

 

    This is a non-limiting event.  Accordingly, the related 

results are presented for historical purposes only and 

are based on 3359 MWt rather than the licensed thermal 

power of 3840 MWt. 

 

    The containment pressure response to this set of 

conditions is shown as curve B on Figure 6.2-7.  The 

corresponding drywell and suppression pool temperature 

responses are shown as curve B on 
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    Figures 6.2-8 and 6.2-9.  A summary of this analysis 

case is given in Table 6.2-6. 

 

   (3) Case C - LOP, without containment spray - This case 

assumes that no offsite power is available following 

the accident and that only minimum onsite standby power 

is available.  After 600 seconds, the sprays may be 

manually actuated to further reduce containment 

pressure if desired.  However, this analysis assumes 

that the drywell and suppression chamber sprays are not 

actuated.  After 600 seconds, one RHR heat exchanger is 

manually aligned to remove energy from the containment. 

 The flow from one RHR pump, in the LPCI mode, is 

cooled by the RHR heat exchanger before being 

discharged into the reactor vessel. 

 

    The containment pressure response to this set of 

conditions is shown as curve C on Figure 6.2-7 for 3359 

MWt to provide a historical basis for comparison 

between cases and Figure 6.2-7a for 102% of 3840 MWt 

(3917).  The corresponding drywell and suppression pool 

temperature responses are shown as curve C on 

Figures 6.2-8 and 6.2-9 for 3359 MWt.  Figures 6.2-8a 

and 6.2-9a are provided for 3917 MWt.  A summary of the 

analysis case is given in Table 6.2-6.  Note that the 

summary data for the extended power up-rate case is 

conservatively based on the assumed rated thermal power 

of 102% of 3952 rather than 3840 MWt. 

 

   When comparing case B (spray) with case C (no spray), the 

same RHR heat exchanger duty is obtained since the 

suppression pool temperature response is approximately the 

same, as shown on Figure 6.2-9.  Thus, the same amount of 

energy is removed from the suppression pool whether the exit 

flow from the RHR heat exchanger is injected into the reactor 

vessel or is injected into the drywell as spray. However, the 

peak containment pressure is higher for the no-spray case but 

is still less than the containment design pressure.  This 

comparison is based on analysis at 3359 MWt. 
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   Figures 6.2-10 and 6.2-10a show the rate at which the RHR 

system removes heat from the suppression pool following a 

LOCA at 3359 and 4031 MWt, respectively.   

 

 

 

 6. Energy balance during accident - To establish an energy 

distribution in the containment as a function of time, short term 

or long term, for this accident, the following energy sources and 

sinks are required: 

 

  a. Blowdown energy release rates 

 

  b. Decay heat rate and fuel relaxation sensible energy 

 

  c. Sensible heat rate (vessel and internals) 

 

  d. Pump heat rate 

 

  e. Heat removal rate from suppression pool (Figure 6.2-10) 

 

  f. Metal water reaction heat rate. 

 

  Items a., b., c., d., and f. are discussed in Section 6.2.1.3.  A 

complete energy balance for the recirculation line break accident 

at 3359 MWt is given in Table 6.2-7 for the reactor system, the 

containment, and the containment cooling systems at time zero, at 

the time of peak drywell pressure, at the end of reactor blowdown, 

and at the time of the long term peak pressure in the containment. 
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6.2.1.1.3.3  Main Steam Line Break 

 

NOTE – For the purposes of the Hope Creek Extended Power Up-rate (EPU), the 

General Electric Company determined the MSLB to be non-limiting.  As such, the 

supporting analysis discussed below and presented in Tables and Figures of 

Section 6.2 were not reanalyzed for the licensed thermal power rating of 3840 

MWt.  Accordingly, the associated Tables and Figures are based on 102% of the 

original rated thermal power 3293 MWt (3353).  While provided for historical 

purposes, the MSLB analysis determines the event to be temperature and not 

pressure limiting.  Furthermore, maximum temperature for MSLB is based on 

limiting superheated steam conditions, which are not dependant on initial 

reactor power. 

 

The assumed sudden rupture of a main steam line between the reactor vessel and 

the main steam flow restrictor results in the maximum flow rate of RCS fluid 

and energy to the drywell.  The sequence of events immediately following the 

rupture of a main steam line between the reactor vessel and the flow restrictor 

is as follows.  The flow on both sides of the break accelerates to the maximum 

allowed by critical flow considerations.  On the side adjacent to the reactor 

vessel, the flow corresponds to critical flow in the steam line cross section. 

 Blowdown through the other side of the break occurs because the steam lines 

are all interconnected at a point upstream of the main turbine by the main 

steam bypass header.  This interconnection allows RCS fluid to flow from the 

three unbroken steam lines through the header and into the drywell via the 

broken line.  Flow is limited by critical flow in the steam line flow 

restrictor of the broken line.  Figure 6.2-11 shows the total effective 

blowdown area.  The MSIVs are assumed to start closing at 0.5 seconds after the 

accident and are fully closed 5 seconds following closure initiation.  By 

assuming slow closure of these valves, a large effective blowdown area is 

maintained for a longer period of time.  The peak drywell pressure occurs 

before the reduction in effective blowdown area and is therefore insensitive to 

any additional delay in closure of the MSIVs. 

 

Immediately following the break, the total steam flow rate leaving the vessel 

exceeds the steam generation rate in the core, causing an initial 

depressurization of the RPV.  Void formation in the reactor vessel water causes 

a rapid rise in the water level.  It is conservatively assumed that the water 

level reaches the vessel steam nozzles 1 second after the break occurs. This 

assumed water level rise time of 1 second is the fastest that can occur under 

any reactor operating condition.  From this time on, a two phase mixture 
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is discharged from the break.  During the first second of the blowdown, the 

blowdown flow consists of saturated steam.  This steam enters the containment 

in a superheated condition at approximately 330F. 

 

Figures 6.2-12 and 6.2-13 show the containment pressure and temperature 

responses during the RCS blowdown phase of the main steam line break accident. 

 

Figure 6.2-13 shows that the drywell atmosphere temperature approaches a peak 

after approximately 1 second of RCS steam blowdown.  At that time, the water 

level in the vessel reaches the steam line nozzle elevation, and the blowdown 

flow changes to a two phase mixture.  This increased flow causes a more rapid 

drywell pressure rise.  The peak differential pressure between the drywell and 

the suppression chamber occurs shortly after the vent clearing transient.  As 

the blowdown proceeds, the RCS pressure and fluid inventory decrease, which 

results in reduced blowdown rates.  As a consequence, the flow rate in the vent 

system and the differential pressure between the drywell and the suppression 

chamber begin to decrease. 

 

Table 6.2-5 presents the peak containment pressures and temperatures for this 

accident, as compared to those for the recirculation line break accident. 

 

After the RCS pressure has dropped to the drywell pressure, the blowdown is 

over.  At this time, the drywell contains saturated steam, and the drywell and 

suppression chamber pressures stabilize.  The pressure difference between the 

drywell and the suppression chamber corresponds to the hydrostatic pressure of 

downcomer submergence. 

 

The drywell and the suppression chamber remain in this equilibrium condition 

until the reactor vessel refloods.  During this period, the ECCS pumps inject 

cooling water from the suppression chamber into the reactor.  This injection of 

water eventually floods the 
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reactor vessel to the level of the steam line nozzles and the ECCS flow spills 

into the drywell.  The water spillage condenses the steam in the drywell and 

thus reduces the drywell pressure.  As soon as the drywell pressure drops below 

the suppression chamber pressure, the drywell to suppression chamber vacuum 

relief valves open and noncondensable gas forced into the suppression chamber 

during the blowdown phase of the accident flows back into the drywell until the 

pressures in the two regions equalize. 

 

6.2.1.1.3.4  Intermediate-Size Break 

 

NOTE – This event was determined by the General Electric Company to be non-

limiting for EPU purposes.  As such, the results discussed below and presented 

in associated Tables and Figures are for 102% of the original rated thermal 

power (RTP) of 3293 MWt (3359 MWt) rather than 102% if licensed thermal power 

of 3840 MWt (3917 MWt).  The information is provided for comparison and 

historical purposes. 

 

An intermediate size break is analyzed as part of the containment functional 

design evaluation to demonstrate that the consequences are no more severe than 

those from a rupture of the largest RCS pipe.  This classification covers those 

breaks for which the blowdown results in reactor depressurization and operation 

of the ECCS.  This section describes the consequences to the containment of a 

0.5-square-foot break below the RPV water level.  This break area is chosen as 

being representative of the intermediate size break area range.  These breaks 

can involve either reactor steam or liquid blowdown. 

 

Following the 0.5-square-foot break, the drywell pressure increases at 

approximately 1 psi per second.  This drywell pressure transient is 

sufficiently slow so that the dynamic effect of the water in the downcomers is 

negligible, and the downcomers clear when the drywell to suppression chamber 

differential pressure is equal to the hydrostatic pressure corresponding to the 

downcomer submergence. 

 

Figures 6.2-14 and 6.2-15 show the short term containment pressure and 

temperature responses for this accident.  The ECCS response is discussed in 

Section 6.3.  Approximately 5 seconds after the 0.5-square-foot break occurs, 

noncondensable gas, steam, and water start to flow from the drywell to the 

suppression chamber; the steam is condensed in the suppression pool; and the 

noncondensable gas enters the suppression chamber free space.  The continual 

purging of the drywell atmosphere to the suppression chamber results in a 

 

 6.2-18 
HCGS-UFSAR  Revision 17 
  June 23, 2009 



gradual pressurization of both the suppression chamber and the drywell.  The 

containment continues to gradually increase in pressure due to the long term 

suppression pool heatup. 

 

The ECCS is initiated as the result of the 0.5-square-foot break and provides 

emergency cooling of the core.  The operation of this system is such that the 

reactor is depressurized in approximately 600 seconds.  This terminates the 

blowdown phase of the transient. 

 

The suppression pool end of blowdown temperature is the same as that for the 

recirculation line break accident because essentially the same amount of RCS 

energy is released during the blowdown.  After reactor depressurization and 

reflood, water from the ECCS begins to flow out the break.  This flow condenses 

the drywell steam and eventually causes the drywell and suppression chamber 

pressures to equalize in the same manner as following a recirculation line 

break.  The subsequent long term suppression pool and containment heatup 

transient is essentially the same as for the recirculation line break accident. 

 

From this description, it is concluded that the consequences of an intermediate 

size break are less severe than those of a recirculation line break. 

 

6.2.1.1.3.5  Small Size Break 

 

This section discusses the containment transient associated with small RCS 

blowdowns.  The sizes of RCS ruptures in this category are those that do not 

result in reactor depressurization due to either loss of reactor coolant or 

automatic operation of the ECCS equipment.  Following the occurrence of a break 

of this size, it is assumed that the reactor operator initiates an orderly 

plant shutdown and depressurization of the reactor system.  The thermodynamic 

process associated with the blowdown of RCS fluid is one of constant enthalpy. 

 If the RCS break is below the water level, the blowdown flow consists of 

reactor water.  Blowdown from reactor pressure to drywell pressure flashes 

approximately one-third 
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of this water to steam, while two-thirds of the blowdown flow remains as 

liquid.  Both phases are at saturation conditions corresponding to the drywell 

pressure. 

 

If the RCS rupture is located so that the blowdown flow consists of reactor 

steam only, the resultant steam temperature in the containment is significantly 

higher than the temperature associated with liquid blowdown. This is because 

the constant enthalpy with depressurization of high pressure, saturated steam 

results in superheated conditions. 

 

A small reactor steam leak, resulting in superheated steam, imposes the most 

severe temperature conditions on the drywell structures and on the safety 

equipment in the drywell.  For larger steam line breaks, the superheat 

temperature is nearly the same as for small breaks, but the duration of the 

high temperature condition is less for the larger break.  This is because 

larger breaks depressurize the reactor more rapidly than the orderly reactor 

shutdown that is assumed to terminate the small break. 

 

 1. Containment response - For drywell design considerations, the 

following sequence of events is assumed.  With the reactor and 

containment operating at the maximum normal conditions, a small 

break occurs that allows blowdown of reactor steam to the drywell. 

The resulting pressure increase in the drywell leads to a high 

drywell pressure signal, which scrams the reactor and actuates the 

containment isolation system.  The drywell pressure continues to 

increase at a rate dependent upon the size of the steam leak.  The 

pressure increase lowers the water level in the downcomers until 

the level reaches the bottom of the downcomers.  At this time, 

noncondensable gas and steam start to enter the suppression 

chamber.  The steam is condensed in the suppression pool and the 

noncondensable gas is carried over to the suppression chamber free 

space.  The carryover of noncondensable gas from the drywell 

results in a gradual pressurization of 
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  the suppression chamber at a rate dependent upon the size of the 

steam leak.  Once all of the noncondensable gas in the drywell is 

carried over to the suppression chamber, short-term pressurization 

of the suppression chamber ceases, and the system reaches 

equilibrium.  The drywell contains only superheated steam, and 

continued blowdown of reactor steam condenses in the suppression 

pool.  The suppression pool temperature continues to increase until 

the RHR heat exchanger heat removal rate is equal to the decay heat 

release rate. 

 

 2. Recovery operations - The reactor operator is alerted to the 

incident by the high drywell pressure signal and by the reactor 

scram.  For the purpose of evaluating the duration of the superheat 

condition in the drywell, it is assumed that the operator's 

response is to shut down the reactor in an orderly manner using the 

main condenser, while limiting the reactor cooldown rate to 100F 

per hour.  This results in the RCS being depressurized within 

6 hours.  At this time, the blowdown flow to the drywell ceases, 

and the superheat condition is terminated.  If the plant operator 

elects to cool down and depressurize the RCS more rapidly than 

100F per hour, the duration of the drywell superheat condition is 

shorter. 

 

 3. Drywell design temperature considerations - For drywell design 

purposes, it is assumed that there is a blowdown of reactor steam 

for the 6-hour cooldown period.  The corresponding design 

temperature is determined by finding the combination of RCS 

pressure and drywell pressure that produces the maximum superheat 

temperature.  The maximum drywell steam temperature occurs when the 

RCS is at approximately 450 psia.  Thus, for design purposes, it is 

assumed that the drywell is at 50 psia, with a resultant 

temperature of 340F. 
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6.2.1.1.3.6  Accident Analysis Models 

 

 1. Short term pressurization model - The analytical models, 

assumptions, and methods used to evaluate the containment response 

during the reactor blowdown phase of a LOCA are described in 

References 6.2-2 through 6.2-4. 

 

 2. Long term response model - The analytical model used in evaluating 

the long term response to a LOCA is based on the mass and energy 

balance of the reactor vessel, drywell, suppression pool, and 

suppression chamber atmosphere.  Auxiliary systems that are 

connected to the primary systems are also modeled.  The two major 

auxiliary systems that have the greatest impact on the long term 

response are the emergency core cooling and pool cooling functions 

of the RHR system. 

 

  The governing equations are integrated numerically, enabling the 

evaluation of the thermodynamic histories of both the primary and 

containment systems. 

 

 3. Analytical assumptions - The key assumptions employed in the model 

are as follows: 

 

  a. The drywell free space is composed of a uniform mixture of 

steam, air, and liquid droplets. 

 

  b. Flow through the vents is adiabatic. 

 

  c. For short term analyses, the temperature of the suppression 

chamber atmosphere is equal to the temperature of the 

suppression pool. 

 

  d. For short term analyses, no credit is taken for heat losses 

to the drywell wall, suppression chamber walls, and internal 

structures. 
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   The HCGS Plant Unique Analysis Report (PUAR) has been 

submitted (letter from R. L. Mittl to A. Schwencer, February 

10, 1984) to identify the analyses conducted to establish 

design basis loads.  The PUAR identifies and justifies 

exceptions to NRC acceptance criteria (e.g., NUREG-0661, 

"Mark I Containment Long Term Program"). 

 

   A post-implementation pool dynamic load audit of the Hope 

Creek PUAR has been completed to verify compliance with the 

generic acceptance criteria of NUREG-O661.  This audit, 

performed by the NRC staff and Brookhaven National 

Laboratory, identified four exceptions to the generic 

acceptance criteria: 

 

   1) Use of alternative acceleration drag volumes to 

determine drag on sharp cornered structures. 

 

   2) Phasing of load harmonics used to analyze structures 

affected by condensation oscillation and post-chug 

loads. 

 

   3) Fluid Structure Interaction methodology used for 

condensation oscillation and chugging submerged 

structure loads. 

 

   4) Use of calibration factors developed from Monticello 

in-plant tests for use in defining SRV submerged 

structure drag loads. 

 

   All of these issues have been resolved.  The review of the 

HCGS PUAR has been completed with no issues or concerns 

outstanding. 
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6.2.1.1.4  Negative Pressure Design Evaluation 

 

6.2.1.1.4.1  Containment Vacuum Relief Valves 

 

The containment is designed to withstand an external to internal differential 

pressure of 3 psi. 

 

Vacuum in the drywell is relieved by eight 24-inch vacuum relief valves located 

on the vent header of the drywell to suppression chamber vent system. These 

valves are self-actuating, check type, that can also be remote manually 

operated from the main control room for testing purposes.  The vacuum relief 

valves between the drywell and the suppression chamber are sized to provide a 

total flow area of no less than approximately one-sixteenth of the net vent 

system cross-sectional area. 

 

Vacuum in the suppression chamber is relieved by a 24-inch vacuum breaker 

assembly located in each of two lines between the reactor building and the 

suppression chamber free space.  Each assembly consists of a check type vacuum 

relief valve and a pneumatically operated butterfly valve mounted in series, 

with the butterfly valve located between the containment and the check type 

valve.  The check type valves are self-actuating and can be remote manually 

operated from the main control room for testing purposes.  The butterfly 

valves, which are normally closed for containment isolation purposes, are 

actuated by differential pressure between the reactor building and the 

suppression chamber free space.  The butterfly valves can also be remote 

manually operated from the main control room for testing purposes.  The 

controls and instrumentation for each butterfly valve are powered from 

different Class 1E electrical channels to ensure that failure of a single 

electrical channel does not disable more than one vacuum breaker assembly. The 

normal air supply for these valve actuator is from the instrument air system. 

To assure these butterfly valves can operate post-accident, they are provided 

with an accumulator which is designed to ASME Code, Section III, Class 3 

requirements.  The accumulators are provided with a makeup source from the 
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safety-related Primary Containment Instrument Gas Supply System (See Plant 

Drawing M-57-1).  Each vacuum breaker assembly is sized on the basis of the 

flow of air from the Reactor Building required to limit the containment 

collapse pressure to within 3.0 psi.  The maximum containment depressurization 

rate is a function of the containment spray flow rate and temperature and the 

assumed initial conditions of the containment atmosphere.  Low spray 

temperatures and containment atmospheric conditions that yield the minimum 

numbers of contained noncondensable moles of gas are assumed for conservatism. 

 

The containment vacuum relief valves are qualified to Seismic Category I 

criteria and are designed and manufactured in accordance with the requirements 

of the ASME B&PV Code, Section III, Class 2.  The valves and appurtenances are 

designed to operate at a maximum pressure and temperature of 62 psig and 340F, 

respectively, concurrent with a maximum relative humidity of 100 percent. 

During such environmental conditions, the valves open fully within 1 second, 

with a 0.25 psi differential pressure existing across the valve.  Each valve is 

equipped with redundant valve-position limit switches, which are suitably 

sensitive to provide main control room indication of valve closure to a 

tolerance of 0.01 inch. 

 

GE Letter #MFN-094-82 dated July 2, 1982 is applicable to HCGS's suppression 

pool to drywell vacuum breaker design.  These vacuum breakers have been 

modified in accordance with the recommendations from the Mark I BWR owners 

group.  The Hope Creek Plant Unique Analysis Report (PUAR) was submitted for 

NRC review by a PSE&G letter dated February 10, 1984.  A discussion of the 

torus to drywell vacuum breakers is included in the PUAR.  Details of the plant 

unique calculation and the vacuum breaker modifications have been included in 

the response to the staff's request for additional information on the Hope 

Creek PUAR (letter from A. Schwencer (USNRC) to R. L. Mittl (PSE&G) dated 

November 16, 1984).  This response was submitted to the staff by letter from R. 

L. Mittl (PSE&G) to A. Schwencer (USNRC), dated January 8, 1985 and revised by 

letter from R. L. Mittl, PSE&G, to W. Butler, NRC, dated June 12, 1985. 
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6.2.1.1.4.2  Containment Depressurization Evaluation 

 

Negative pressure differentials (negative corresponding to an inward loading) 

across the drywell walls are caused by the rapid depressurization of the 

drywell.  Events that cause depressurization in the drywell are: 

 

 1. Cooling cycles 

 

 2. Inadvertent containment spray actuation during normal operation 

 

 3. Steam condensation following RCS pipe ruptures with inadvertent 

containment spray actuation. 

 

Cooling cycles result in minor pressure transients in the drywell, which occur 

slowly and are controlled by heating and ventilating equipment.  Inadvertent 

spray actuation during normal operation results in a more significant pressure 

transient and becomes important in sizing the suppression chamber to Reactor 

Building vacuum breaker assemblies.  Steam condensation following RCS pipe 

ruptures with inadvertent containment spray actuation within the drywell 

results in the most severe pressure transients.  Following an RCS rupture, the 

drywell atmosphere is purged to the suppression chamber free space, leaving the 

drywell full of steam.  Subsequent condensation of the steam in the drywell can 

be caused either by ECCS spillage from the rupture or by inadvertent 

containment spray actuation following a LOCA. 

 

Pressure transients within the drywell and the suppression chamber free space, 

due to inadvertent containment spray actuation for post-LOCA steam 

condensation, were evaluated.  The results of containment depressurization 

transients are provided in Table 6.2-29.  Details of the limiting transient, 

including the analytical models, assumptions, and methods used, are provided in 

Appendix 6A.  The results of this evaluation demonstrate the adequacy of the 

containment vacuum relief valves, since the calculated negative 
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pressure loadings on the containment do not, under any circumstances, exceed 

the design limit. 

 

6.2.1.1.5  Steam Bypass of the Suppression Pool 

 

The pressure boundaries between the drywell and the suppression chamber, 

including the vent pipes, vent header, and downcomers, are fabricated, erected, 

and inspected by nondestructive examination methods in accordance with the 

acceptance standards of the ASME B&PV Code, Section III, Subsection NE.  This 

special construction, inspection, and quality control ensures the integrity of 

this boundary.  The design pressure and temperature for this boundary are 

defined in Table 6.2-1.  Actual accident peak pressure and temperature for this 

boundary are provided in Table 6.2-5. 

 

There are no flow paths that have been identified, other than an open vacuum 

relief valve between the suppression chamber and the drywell, that could permit 

bypassing of steam from the drywell directly to the suppression chamber free 

space.  All penetrations of this boundary, except the drywell to suppression 

chamber vacuum relief valve seats, are welded.  All penetrations are available 

for periodic visual inspection.  Surveillance testing of the vacuum relief 

valves is as required by the plant technical specifications in Section 16. 

 

The "light bulb torus" design of the containment makes it essentially 

impossible for an accident flow path to exist between the drywell and the 

suppression chamber free space.  The vacuum relief valves between the drywell 

and the suppression chamber are simple and reliable devices.  Redundant 

position switches on each vacuum relief valve and frequent testing of valve 

operability ensure that the possibility of an open relief valve coincident with 

an accident situation need not be considered. 
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6.2.1.1.6  Suppression Pool Dynamic Loads 

 

The capability of the containment to withstand hydrodynamic loads due to main 

steam safety/relief valve (SRV) discharge and a LOCA is discussed in 

Section 3.8.2. 

 

6.2.1.1.7  Asymmetric Loading Conditions 

 

Asymmetric loads considered for the design of the containment include 

horizontal seismic loads and localized pipe rupture loads.  Refer to 

Section 3.7 for a description of the seismic analysis methods.  Refer to 

Sections 3.6 and 3.8 for descriptions of the analytical methods used for pipe 

rupture. 

 

6.2.1.1.8  Containment Environment Control 

 

The functional capability of the Containment Ventilation System to maintain the 

temperature, pressure, and humidity of the containment and subcompartments is 

discussed in Section 9.4.5. 

 

6.2.1.1.9  Post-Accident Monitoring 

 

A description of the post-accident monitoring systems is provided in 

Section 7.5. 

 

6.2.1.1.10  Suppression Pool Temperature Analysis 

 

The Hope Creek Generating Station takes advantage of the large thermal 

capacitance of the suppression pool during plant transients requiring SRV 

actuation.  Steam is discharged from the main steam lines through the SRVs and 

their accompanying discharge lines into the suppression pool where it is 

condensed, resulting in an increase in the temperature of the suppression pool 

water.  Although stable steam condensation is expected at all pool 

temperatures, the Nuclear Regulatory Commission (NRC) has imposed the following 

local temperature limits in the vicinity of T-type quencher discharge devices 

(Reference 6.2-24): 
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 1. For all plant transients involving SRV operations during which the 

steam flux through the quencher perforations exceeds 94 lbm/ft
2
-

sec, the suppression pool local temperature shall not exceed 200F. 

 

 2. For all plant transients involving SRV operations during which the 

steam flux through the quencher perforations is less than 42 lbm/ft

2
-sec, the suppression pool local temperature shall be at least 

20F subcooled. 

 

 3. For all plant transients involving SRV operations during which the 

steam flux through the quencher perforations exceeds 42 lbm/ft
2
-

sec, but is less than 94 lbm/ft
2
-sec, the suppression pool local 

temperature is obtained by linearly interpolating the local 

temperatures established under aforementioned Items 1 and 2. 

 

HCGS T-quenchers have a submergence of 9.0 feet of water corresponding to 

18.6 psia.  The saturation temperature at 18.6 psia is 224.1F.  Thus, for 

limit 2 above, a 20F subcooling translates into a suppression pool local 

temperature limit of 204.1F. 

 

Since the steam mass flux through the quencher perforations is directly 

dependent on reactor vessel pressure, mass fluxes of 42 lbm/ft
2
-sec and 

94 lbm/ft
2
-sec correspond to reactor vessel pressures of 274 psia and 617 psia, 

respectively. 

 

This section describes the plant unique transient analyses for suppression pool 

temperature to demonstrate satisfaction of the above limits.  This section also 

describes the pool temperature monitoring system design as it pertains to the 

NRC requirements. 

 

6.2.1.1.10.1  Design Transients, Initial Conditions and Assumptions 

 

To demonstrate that the above limits are satisfied, the NRC has required that 

the following events be analyzed for local pool temperature response (Reference 

6.2-24): 

 
 
 
 
 
 6.2-29 
HCGS-UFSAR  Revision 17 
  June 23, 2009 



 1. Stuck open SRV (SORV) during power operation with only one residual 

heat removal (RHR) train operable. 

 

 2. Stuck open SRV during power operation with the initiation of the 

main steam isolation valve (MSIV) closure signal at the beginning 

of the event. 

 

 3. SRV discharge following isolation and scram and assuming only one 

RHR train operable. 

 

 4. SRV discharge following a small-break loss-of-coolant accident 

(LOCA) and assuming only one RHR train operable. 

 

 5. SRV discharge following a small-break LOCA and assuming the loss of 

the shutdown cooling mode of the RHR system. 

 

HCGS's current licensing basis for transient analysis is to assume no single 

failure other than the single equipment malfunction or operator error which 

initiated the event.  Therefore, the failure of one RHR loop, as requested by 

previously mentioned NRC Events a, 3, and 4, is beyond the currently accepted 

licensing basis for anticipated operational transients.  Even though these 

events exceed the currently accepted licensing bases, seven transient events 

have been identified.  These seven transient events are summarized in Table 

6.2-27.  One of these events is expected to result in the maximum long term 

suppression pool temperature. 

 

These HCGS specific transient event analyses were performed by the General 

Electric Company using proprietary methods and models which have been 

generically reviewed and accepted by the NRC.  This acceptance was confirmed at 

a meeting between the NRC staff and the BWR Mark I Containment Owners Group on 

August 25, 1983.  The HCGS analyses, including initial conditions and 

assumptions, are consistent with the generically approved methods (Reference 

6.2-25). 
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6.2.1.1.10.2  Temperature Evaluation Results 

 

A summary of the transients analyzed and the corresponding pool temperature 

results is presented in Table 6.2-27. 

 

The analysis of Case 2C (a demonstration case; i.e., normal depressurization at 

isolated hot shutdown), see Table 6.2-27, shows a maximum local pool 

temperature of 194F at 3359 MWt.  This demonstrates that with no system 

failures and in the event of a non-mechanistic scram, depressurizing the 

reactor pressure vessel (RPV) with SRVs at 100F/hr results in local pool 

temperatures that are below the condensation stability limit set by the NRC. 

 

Case 2A (reactor rapid depressurization after isolation with one RHR loop 

available); see Table 6.2-27, resulted in a maximum local pool temperature of 

199F at 3359 MWt and 202F at 4031 MWt, which is below the NRC limit of 

204.1F.  High local temperatures are present in this case because of reduced 

mixing when the available RHR pool cooling system is being manually switched to 

the shutdown cooling mode. 

 

The maximum local pool temperatures of all other cases also remained below the 

NRC limit throughout the transient.  In general, local to bulk temperature 

differences at the time of maximum temperatures are about 24F for cases where 

two RHR loops are assumed available and about 34F for cases where one RHR loop 

is assumed available.  Thus, bulk pool circulation induced by RHR pumps leads 

to good thermal mixing; and effectively lowers the local pool temperatures in 

the vicinity of quencher devices. 

 

Several limiting transients involving SRV discharges have been analyzed, and 

the results show that in all cases the maximum local pool temperatures in the 

vicinity of the T-Quenchers are below the NRC limits. 
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6.2.1.1.10.3  Suppression Pool Temperature Monitoring System 

 

The Suppression Pool Temperature Monitoring System (SPTMS) monitors bulk 

suppression pool temperature and is designed to meet the requirements of 

Regulatory Guide 1.97, Rev. 2, for Type A variables.  The requirements of 

NUREG-0783 (Reference 6.2-24) are met as follows: 

 

 1. The HCGS SPTMS consists of one sensor for each suppression pool bay 

(total of 16), located on the outboard side of the suppression pool 

(relative to the RPV pedestal).  These 16 sensors are divided into 

two redundant channels as shown on Figure 6.2-49.  Each channel 

consists of eight sensors located symmetrically around the 

suppression pool in order to provide a reasonable measure of bulk 

temperature. 

 

 2. The sensors are located 3'-0 1/2" below the normal minimum water 

level.  This will ensure that the sensors remain submerged and thus 

properly monitor pool temperature. 

 

 3. The eight individual sensor inputs per channel are continuously 

averaged by a seismically and environmentally qualified 

microprocessor system.  Average (bulk) temperature is both 

indicated and recorded in the main control room for each channel of 

the SPTMS. 

 

 4. Each channel of the SPTMS has four alarm setpoints which will be 

consistent with the Technical Specification limits on pool 

temperature. 

 

 5. All SPTMS sensors are Seismic Category I, Quality Group B and are 

capable of being energized from onsite emergency power supplies. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 6.2-32 
HCGS-UFSAR  Revision 0 
  April 11, 1988 



6.2.1.2  Containment Subcompartments 

 

The containment subcompartments considered for HCGS are the RPV shield annulus 

and the drywell head region.  The modeling procedures and considerations are 

presented in Appendix 6B. 

 

6.2.1.3  Mass and Energy Release Analyses for Postulated Loss-of-Coolant 

         Accidents 

 

This section presents information concerning the transient energy release rates 

from the RCS to the containment following a LOCA.  Where the ECCS enters into 

the determination of energy released to the containment, the single failure 

criterion is applied in order to maximize the energy release to the containment 

following a LOCA. 

 

 

6.2.1.3.1  Mass and Energy Release Data 

 

Note the following description applies to rated thermal power of 3359 MWt and 

are provided for historical purposes. 

 

Table 6.2-9 provides the mass and enthalpy release data for the recirculation 

line break.  Blowdown steam and liquid flow rates approach zero in 

approximately 48 seconds and do not change significantly during the remainder 

of the 24-hour period following the accident.  Figure 6.2-16 shows the blowdown 

flow rates for the recirculation line break graphically.  These data are 

employed in the containment pressure temperature response analyses discussed in 

Section 6.2.1.1. 

 

Table 6.2-10 provides the mass and enthalpy release data for the main steam 

line break.  Blowdown steam and liquid flow rates approach zero in 

approximately 80 seconds and do not change significantly during the remainder 

of the 24-hour period following the accident.  Figure 6.2-17 shows the vessel 

blowdown flow rates for the main steam line break as a function of time after 

the postulated rupture.  For 102% of the assumed power up-rate value of 3952 

MWt (4031 MWt), Table 6.2-9a provides the mass and enthalpy release data 

associated with a recirculation line break.  Figure 6.2-16 shows the blowdown 

flow rates for the recirculation line break graphically.  These data are 

employed in the containment pressure/temperature response analyses discussed in 

Section 6.2.1.1. 
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6.2.1.3.2  Energy Sources 

 

The RCS conditions prior to the line break are presented in Tables 6.2-3 and 

6.2-4.  Reactor blowdown calculations for containment response analyses are 

based on these conditions during a LOCA. 

 

The energy released to the containment during a LOCA is comprised of the 

following: 

 

 1. Stored energy in the reactor system 

 

 2. Energy generated by fission product decay 

 

 3. Energy from fuel relaxation 

 

 4. Sensible energy stored in the reactor structures 

 

 5. Energy being added by the ECCS pumps 

 

 6. Metal water reaction energy. 

 

Following each postulated accident, the stored energy in the reactor system and 

the energy generated by fission product decay is released.  The rate of release 

of core decay heat for the evaluation of the containment response to a LOCA is 

provided in Table 6.2-11 as a function of time after accident initiation. 

 

Following a LOCA, the sensible energy stored in the RCS metal is transferred to 

the recirculating ECCS water and thus contributes to the suppression pool and 

containment heatup. 

 

Figure 6.2-18 shows the temperature transients of the various RCS structures 

that contribute to this sensible energy transfer at 4031 MWt.  Figure 6.2-19 

shows the variation of the sensible heat content of the reactor vessel and 

internal structures during a recirculation line break accident based on the 

temperature transient responses at 3359 MWt.  Figure 6.2-19 is included for 

historical purposes. 
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6.2.1.3.3  Reactor Blowdown Model Description 

 

The RCS blowdown flow rates are evaluated using the model described in 

References 6.2-2 through 6.2-4. 

 

6.2.1.3.4  Effects of Metal Water Reaction 

 

The containment is designed to accommodate the effects of metal water reactions 

and other chemical reactions that may occur following a LOCA.  The amount of 

metal water reaction that can be accommodated is consistent with the 

performance objectives of the ECCS.  In evaluating the containment response, 

14,938 Btu/s of heat from metal water reactions is included for the first 120 

seconds.  The containment response is insensitive to the reaction time, even 

for the conservative case where all of the energy is included prior to the 

occurrence of peak drywell pressure. 

 

6.2.1.3.5  Thermal Hydraulic Data for Reactor Analysis 

 

Sufficient thermal hydraulic data to perform thermodynamic evaluations of the 

containment are provided in Section 6.2.1.1.3 and associated tables. 

 

6.2.1.4  Mass and Energy Release Analysis for Postulated Secondary System Pipe 

         Ruptures Inside Containment (PWR) 

 

Not applicable to boiling water reactors (BWRs). 

 

6.2.1.5  Minimum Containment Pressure Analysis for Performance Capability 

Studies on Emergency Core Cooling System (PWR) 

 

Not applicable to BWRs. 
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6.2.1.6  Testing and Inspection 

 

Preoperational containment testing and inspection programs are described in 

Section 3.8 and Section 14.  Operational containment leakage rate testing and 

inspection programs are described in Section 6.2.6.  The requirements and bases 

for acceptability are described in Section 16. 

 

6.2.1.7  Instrumentation Requirements 

 

Containment pressure and temperature sensing and the associated actuating input 

to the ESF systems are discussed in Section 7.3.  Refer to Section 7.5 for a 

discussion of the display instrumentation. 

 

Containment airborne radioactivity monitoring is described in Section 12.3.4. 

Containment hydrogen monitoring is described in Section 6.2.5.  Conformance to 

the requirements of GDC 13 and 64 of 10CFR50, Appendix A, is discussed in 

Section 3.1. 

 

6.2.1.8  SRP Rule Review 

 

Acceptance Criteria II.B.1 establish the acceptable initial atmospheric 

conditions within a subcompartment to calculate the maximum resultant 

differential pressure across the wall of the subcompartment.  The initial 

conditions are to assume air at the maximum allowable temperature, minimum 

absolute pressure, and 0 percent relative humidity. 

 

At HCGS, subcompartment analyses for the RPV shield annulus and the drywell 

head were performed at the following initial condition: 

 

Temperature = 135F 

 

Relative humidity = 30 percent 

 

Absolute pressure = 15.45 psia 
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An initial relative humidity of 30 percent was assumed because of computer 

code/analytical tool limitations.  The 30 percent value is a realistic maximum 

value.  The initial temperature of 135F (normal condition) versus a 

temperature of 150F is used in order to satisfy the intent of the SRP 

requirement to minimize the heat capacity of the air (0 percent relative 

humidity).  The minimum pressure is not used since a 0.2 percent increase in 

the heat capacity is anticipated; hence a calculated and not a minimum pressure 

is used. 

 

6.2.2  Containment Heat Removal 

 

6.2.2.1  Design Basis 

 

Containment heat removal is accomplished during and after an accident by the 

containment cooling modes of the Residual Heat Removal (RHR) System:  the 

suppression pool cooling and the containment spray modes.  The containment 

spray mode includes the capability to divert 5 percent of the flow to the 

suppression chamber spargers.  The purpose of these two RHR modes is to prevent 

excessive containment temperatures and pressures, thus maintaining containment 

integrity following a loss-of-coolant accident (LOCA).  To fulfill this 

purpose, the following safety design bases are met: 

 

 1. The long term bulk temperature of the suppression pool is limited 

to 170F without spray operation when considering the energy 

additions to the containment following a LOCA.  These energy 

additions, as a function of time, are provided in Section 6.2.1. 

 

 2. The single failure criterion applies to the RHR system. 

 

 3. The RHR system is safety-related and Seismic Category I. 

 

 4. The RHR system maintains operation during those environmental 

conditions imposed by the LOCA.  Loss of offsite power (LOP), 

adverse natural phenomena, e.g., tornadoes, hurricanes, 

earthquakes, floods, etc, and 

   

 
 
 
 
 
 
 
 6.2-37 
HCGS-UFSAR  Revision 0 
  April 11, 1988 



  site related events, e.g., high and moderate energy pipe breaks, 

externally generated missiles, and transportation accidents, will 

not impair the system's post-LOCA function. 

 

 5. Each active component of the RHR system is testable during normal 

operation of the plant. 

 

6.2.2.2  Containment Cooling System Design 

 

6.2.2.2.1  System Design 

 

The containment cooling modes are integral operational modes of the RHR system. 

 Water is drawn from the suppression pool, pumped through one or both RHR heat 

exchanger loops, and delivered to the suppression pool, to the drywell spray 

header, or to the suppression chamber spray header.  Water from the Safety 

Auxiliaries Cooling System (SACS) is pumped through the RHR heat exchanger tube 

side to remove heat from the process flow from the suppression pool.  Two 

cooling loops are provided, each mechanically and electrically separate from 

the other to achieve redundancy.  A piping and instrumentation diagram is 

provided in Section 5.4.7.  The process diagram, including the process data, is 

provided in Section 6.3 for all RHR design operating modes and conditions.  

Minimum available net positive suction head (NPSH) for RHR pump suppression 

pool suction is discussed in Section 6.3. 

 

All portions of the RHR system used for containment cooling are designed to 

withstand operating loads and loads resulting from natural phenomena.  All 

operating components can be tested during normal plant operation so that 

reliability can be ensured.  Construction codes and standards are covered in 

Sections 5.4.7 and 3.2. 

 

The containment cooling modes of the RHR are started manually from the main 

control room.  There are no signals that automatically initiate the containment 

cooling function.  Rather, the low pressure 
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coolant injection (LPCI) mode is automatically initiated from Emergency Core 

Cooling System (ECCS) signals, and the RHR system is realigned for containment 

cooling by the plant operator after the reactor vessel water level has been 

recovered.  Refer to containment functional design in Section 6.2.1 for further 

details.  Containment cooling is initiated by initiating SACS flow to the RHR 

heat exchanger, starting the RHR pump, opening the suppression pool return 

valve, and closing the heat exchanger bypass valve.  Since RHR has initiated in 

the LPCI mode, the RHR and SACS pumps will already be running; the LPCI 

injection valve and suppression pool return valve must be overridden.  In the 

event that a single failure has occurred, and the action that the plant 

operator is taking does not result in system initiation, the operator places 

the other totally redundant system into operation by following the same 

initiation procedure.  If the operator chooses to use the containment spray, 

(s)he must close the LPCI injection valve and open the spray valves. The 

containment spray water establishes a closed loop to the suppression pool via 

the downcomers. 

 

Preoperational tests are performed to verify individual component operation, 

individual logic element operation, and system operation up to the drywell 

spray spargers.  A sample of the sparger nozzles are bench tested for flow rate 

versus pressure drop to evaluate the original hydraulic calculations. Finally, 

the spargers are tested by air and visually inspected to verify that all 

nozzles are clear.  Refer to Section 5.4.7 for further discussion of 

preoperational testing. 

 

6.2.2.2.2  Effects of Insulation on System Performance  
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Fiberglass blanket sections covered with 22-gauge, 304 stainless steel 

jacketing insulate structures, equipment and piping within the primary 

containment.  This form of insulation was analyzed with respect to creating a 

debris clogging problem for containment cooling operation after a LOCA as set 

forth in USNRC Bulletin 96-03 and NUREG/CR-6224.  The BWR Owner's Group ECCS 

Suction Strainer Committee has studied the performance of the materials during 

a simulated design basis accident (DBA).  The results of the study have been 

submitted to the NRC as Utility Resolution Guidance for ECCS Suction Strainer 

Blockage Report, NRC Project 691. As indicated in the study: 

 

1. The quantity of Drywell Insulation and other debris sources during a LOCA 

has been determined.  These and other segments of insulation that are 

subjected to the violent forces of a component rupture, jet impingement, 

or pipe whip could be expected to become potential clogging debris. 

 
2. The methodology for debris transport and settling has been established. 

The path for insulation to enter the suppression pool is through the vent 

pipes and the downcomer ring header.  The jet deflectors prevent debris 

from entering the vent pipes directly.  Floor grating, structural steel, 

and components in the drywell will retain insulation debris and restrict 

it from reaching the floor or the vent pipes.  A portion of the 

insulation debris generated will be transported to the suppression pool. 

The openings at the jet deflectors will prevent all but smaller fragments 

from entering the vent pipes. 

 

 Some of the insulation debris that is transported to the suppression pool 

is fast settling, the remainder settles more slowly.  After the initial 

blowdown, the insulation debris that reaches the suppression pool begins 

to settle to the bottom.  The flow velocity created by the ECCS pump 

operation for the bulk of the suppression pool is very low, therefore 

only a portion of the insulation debris in the suppression pool will 

collect on the ECCS strainers.  The strainers are located above the 

bottom of the suppression pool and the velocities generated at the bottom 

of the suppression pool are not sufficient to reentrain insulation that 

has settled except very near the strainers.  An evaluation of the 

transport and accumulation of postulated debris was performed in 

accordance with the guidelines of NRC Bulletin 96-03 NUREG/CR-6224.  The 

flow restriction caused by the insulation accumulation on the strainers 

in this analysis does not adversely effect operation of the ECCS pumps. 
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3. If some fibers do pass through the 0.1225-inch strainer mesh, the study 

has shown that pump function and spray nozzle performance are not 

affected.  Particles of this size or smaller will not impair the safe 

function of the suppression pool cooling or drywell spray modes of the 

RHR system. 

 

 Details of suction strainer attachment to the strainer nozzles are 

provided in Section 5.4.7. 

 

The NRC staff has completed its review of this issue (NRC Project 691, “ECCS 

Suction Strainer Blockage"), which is contained in Safety Evaluation by the 

Office of Nuclear Reactor Regulation Related to NRC Bulletin 96-03, BWR Owners 

Group Topical Report NF00-32686, “Utility Resolution Guidance for ECCS Suction 

Strainer Blockage”.  Based on the findings of this review, this issue is 

considered closed for HCGS. 

 

6.2.2.3  Design Evaluation of the Containment Cooling Function 

 

In the event of the postulated LOCA, the short term energy release from the 

reactor primary system is dumped to the suppression pool.  Subsequent to the 

accident, fission product decay heat results in a continuing energy input to 

the pool.  The containment cooling modes remove this energy, which is input to 

the Primary Containment System, thus resulting in acceptable suppression pool 

temperatures and containment pressures. 
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To evaluate the adequacy of the RHR system, the following sequence of events is 

assumed: 

 

 1. With the reactor initially operating at 102 percent of up-rated 

thermal power (3840 MWt) a LOCA occurs. 

 

 2. An LOP occurs and one standby diesel generator (SDG) fails to start 

and remains out of service during the entire transient. This is the 

worst single failure. 

 

 3. Only three RHR pumps are activated and operated as a result of 

there being no offsite power and minimum onsite power. Section 6.3 

describes the ECCS equipment. 

 

 4. After 10 minutes, it is assumed that the plant operators activate 

one RHR heat exchanger in order to start containment heat removal. 

Once containment cooling has been established, no further operator 

actions are required. 

 

6.2.2.3.1  Summary of Containment Cooling Analysis 

 

When calculating the long term, post-LOCA suppression pool temperature 

transient, it is assumed that the initial suppression pool temperature and the 

RHR heat exchanger SACS water temperature are at their maximum values.  This 

assumption maximizes the heat sink temperature to which the containment heat is 

rejected and thus maximizes the containment temperature.  In addition, the RHR 

heat exchanger is assumed to be in the maximum design fouled condition at the 

time the accident occurs.  Section 5.4.7 discusses sizing of the heat 

exchangers to account for fouling.  This conservatively minimizes the heat 

exchanger heat removal capacity.  The resultant suppression pool temperature 

transient is described in Section 6.2.1.1.3.2 and is shown on Figure 6.2-9a for 

4031 MWt.  Note that Figure 6.2-9 is based on rated power of 3359 MWt and is 

provided for historical purposes. 
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It should be noted that, when evaluating this long-term suppression pool 

transient, all heat sources in the containment are considered with heat losses 

through structural heat sinks as well as the RHR heat exchangers.  These heat 

sources are discussed in Section 6.2.1.4.  Figure 6.2-10a shows the actual heat 

removal rate of the RHR heat exchanger at 4031 MWt. 

 

It can be concluded that the conservative evaluation procedure described above 

clearly demonstrates that the RHR system in the suppression pool cooling mode 

limits the post-LOCA containment temperature transient. 

 

6.2.2.4  Tests and Inspections 

 

The preoperational test program of the containment cooling system is described 

in Section 6.2.2.2.  Preoperational testing is discussed in greater detail in 

Section 14. 

 

Functional tests of the Suppression Pool Cooling and Suppression Pool Spray 

modes are performed during normal plant operation with the appropriate RHR 

pumps taking suction from the suppression pool and discharging back to the 

suppression pool.  All discharge valves to the reactor pressure vessel (RPV) 

remain closed during the test, and reactor operation remains undisturbed. 

Control system design provides automatic return from the full flow test line 

valve alignment to the low pressure coolant injection (LPCI) valve alignment if 

LPCI is required during testing.  The surveillance frequency for testing and 

inspection is discussed in Section 16. 

 

The containment (i.e., drywell) spray discharge valves E-11-HV-F016 and E-11-

HV-F021 are included in the Inservice Testing Program. 

 

6.2.2.5  Instrumentation Requirements 

 

The containment spray and suppression pool cooling modes of the RHR system are 

manually initiated from the main control room.  Once initiated, containment 

cooling performance is monitored by 
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suppression pool temperature, containment cooling flow, and containment 

pressure instrumentation.  Details of the instrumentation are provided in 

Section 7.3.1. 

 

6.2.3  Reactor Building Functional Design 

 

The Reactor Building houses the reactor and its Pressure Suppression 

Containment System.  Also housed in the Reactor Building are the refueling and 

reactor servicing equipment; the new and spent fuel storage facilities; the 

Filtration, Recirculation, and Ventilation System (FRVS); and various reactor 

auxiliary or service equipment, including the Reactor Core Isolation Cooling 

(RCIC) System, the Reactor Water Cleanup (RWCU) System, the Standby Liquid 

Control (SLC) System, the Control Rod Drive (CRD) Hydraulic System, the 

Residual Heat Removal (RHR) System, and the Emergency Core Cooling System 

(ECCS).  The building also serves as the containment barrier for drywell 

components when the drywell is open during refueling or maintenance operations. 

 

6.2.3.1  Design Basis 

 

The Reactor Building, in conjunction with operation of the FRVS, is designed to 

limit radiation doses during a design basis accident (DBA) to within 10CFR50.67 

guidelines. 

 

 

The following items are considered in the reactor building design: 

 

 1. Conditions that could exist following a loss-of-coolant accident 

(LOCA) that require control of possible leakage paths from the 

primary containment into the Reactor Building 

 

 2. Functional capability of the ventilation system to maintain 

negative pressure in the Reactor Building with respect to the 

outdoors, as discussed in Sections 6.8 and 9.4.2 
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 3. Seismic design, leaktightness, and design pressure of the Reactor 

Building, as discussed in Section 6.2.3.2 and Section 3 

 

 4. Capability for periodic inspection and functional testing of the 

Reactor Building, as discussed in Section 16 

 

6.2.3.2  System Design 

 

6.2.3.2.1  Reactor Building Design 

 

The Reactor Building is designed and constructed in accordance with the design 

criteria presented in Section 3.  It is a Seismic Category I reinforced 

concrete structure.  The foundation is a 14-foot thick reinforced concrete mat. 

 Above the base mat, the building is approximately 250 feet high, consisting of 

a cylinder with a torispherical dome, surrounded by a rectangular structure 

that reaches elevation 132 feet. 

 

The Reactor Building and its penetrations are designed to limit the leakage 

rate into the building to 100 percent of the building's free volume per day 

maintaining a differential pressure of at least 0.25 inches water gauge.  

During normal plant operation, the Reactor Building pressure is maintained at a 

negative pressure by the Reactor Building Ventilation System (RBVS), which also 

maintains airflow from areas of lesser contamination to areas of greater 

potential contamination.  Following a LOCA, the RBVS is automatically shut 

down, and the FRVS is actuated.  The FRVS is designed to maintain a negative 

building differential pressure of at least 0.25 inches water gauge at all 

elevations in all climatic conditions.  Design data for the Reactor Building, 

the RBVS, and the FRVS are presented in Table 6.2-12. 

 

The openings providing access to the Reactor Building are listed in Table 6.2-

14 and are shown on Plant Drawings A-4643-1 through A-4647-1 and A-0402-0.  No 

plan views below Elevation 102 feet are shown as they are below grade and have 

no access openings. 
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Personnel access is through double door, vestibule systems, and therefore 

building ingress and egress do not jeopardize the integrity of the Reactor 

Building.  In addition, all of the openings to the Reactor Building listed in 

Table 6.2-14 are monitored and alarmed in the main control room. 

 

Access to the equipment airlock on Elevation 102 feet for refueling operations 

and maintenance is through the receiving bay door.  The status of this door is 

continuously monitored and alarmed.  When opened, an alarm is received in the 

control room and the equipment airlock thus becomes the secondary containment 

boundary.  In order to ensure that the secondary containment is maintained, 

administrative procedures require that the access opening listed in Table 6.2-

14a be closed when the receiving bay door is opened.  Further, the motorized 

equipment hatch and ventilation supply and exhaust duct shutoff dampers are 

electrically interlocked with the receiving bay door such that the hatch and 

dampers must be closed before the door can be opened. 

 

6.2.3.2.2  Reactor Building Isolation System 

 

The Reactor Building Isolation System is described in Section 9.4.2. 

 

6.2.3.2.3  Containment Bypass Leakage 

 

Upon receipt of a LOCA or other high radioactivity signal, the FRVS is actuated 

automatically and simultaneously with Reactor Building isolation and shutdown 

of the normal RBVS.  Radioactivity that exfiltrates the primary containment is 

collected and passed through the FRVS as described in Section 6.8. 

 

Penetrations that pass through both primary and Reactor Building barriers and 

that have isolation valves, seals, gaskets, or welded joints are considered 

potential bypass leakage paths.  Potential leakage paths that could bypass the 

areas serviced by the FRVS have been evaluated.  Table 6.2-15 identifies those 

lines penetrating the Primary containment that do not terminate inside the 

Reactor 
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Building or in a closed system outside primary containment within the Reactor 

Building.  Section 6.2.4.3.5 provides an evaluation of closed systems outside 

primary containment.  Closed systems outside primary containment are considered 

effective bypass leakage barriers because they are dependable (i.e., Seismic 

Category I and Quality Group B) systems that are water filled by the use of the 

system jockey pumps.  The systems are maintained leaktight by periodic visual 

inspection and the leak detection provisions identified in Section 5.2.5.2.2. 

 

The types of bypass leakage barriers employed by lines listed in Table 6.2-15 

are: 

 

 1. Redundant primary containment isolation valves 

 

 2. Closed Seismic Category I piping system inside or outside primary 

containment 

 

 3. A water seal maintained for at least 30 days following a LOCA 

 

 4. The line terminates outside the Reactor Building in a filtered area 

 

 5. Positive in-line air seal 

 

 6. A temporary spool piece in the line that is removed during normal 

operation and replaced by blind flanges so that any leakage through 

the flange is into the Reactor Building. 

 

 7. The line contains a spectacle flange that is inserted during normal 

operation so the line is blocked off and any leakage by the flange 

is into the reactor building enclosure. 

 

Type 1. leakage barriers are considered to limit but not eliminate bypass 

leakage.  Types 2. through 7. are considered to effectively eliminate any 

bypass leakage. 

 

The design criterion for bypass leakage is to minimize allowable leakage 

because of the effect any allowed activity release would have on the accident 

dose analysis.  No bypass leakage paths have 
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been identified.  Therefore, no bypass leakage is postulated to reach the 

environment.  The quality group and seismic qualification of the closed systems 

that are relied upon to eliminate bypass leakage are identified in Table 3.2-1. 

 

The containment leakage is monitored during periodic tests as discussed in 

Section 6.2.6.  Those penetrations for which credit is taken for water seals as 

a means of eliminating bypass leakage, as outlined in Table 6.2-15, are 

preoperationally leak tested with air or water.  For these water seals, either 

a loop seal is present, or the water for the seal is replenished from a large 

reservoir.  For those valves maintaining a water seal, calculations have been 

done to verify that there is a sufficient water inventory for 30 days assuming 

leakage rates of 10 ml/hr of nominal valve diameter unless indicated otherwise 

below.  Except for HPCI valve FD-V018 and RCIC valve FC-V016 all valves 

required to maintain a water seal are 10CFR50 Appendix J, Type C tested. Those 

valves that are not Type C tested will be identified in administrative 

procedures as requiring periodic leakage testing in order to ensure the 

existence of the water seal.  These seals are in: 

 

 1. Feedwater line - The feedwater line fill network is normally used 

to maintain a water seal in the feedwater lines between the inboard 

and outboard containment isolation valves following a LOCA.  The 

fill network consists of the HPCI and the RCIC jockey pump loops, 

as shown on Plant Drawings M-55-1, M-56-1, M-49-1 and M-50-1, and 

utilizes the HPCI and RCIC injection lines to the feedwater piping 

to provide makeup water to the piping between the isolation valves. 

 In order to permit the fill network to perform its intended safety 

function following a single active failure, a piping crosstie is 

provided between the feedwater lines immediately upstream of the 

outboard containment isolation valves as illustrated in Plant 

Drawing M-41-1.  This crosstie includes a normally closed key 

locked motor operated valve. 
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  This valve, and its respective controls, is provided with Class 1E 

channelized power such that no single active failure could disable 

both the crosstie valve and either of the HPCI or RCIC injection 

valves or associated jockey pumps.  The crosstie piping and valve 

is safety-related and designed to Seismic Category I criteria. 

 

  Following a LOCA, the feedwater line fill network is manually 

aligned from the main control room by opening the HPCI and RCIC 

injection valves to provide sealing water to the feedwater lines. 

In the unlikely event that either the HPCI or the RCIC injection 

line cannot be used as a flow path to the feedwater piping, the 

motor operated valve in the crosstie would be manually opened from 

the main control room.  Manual operator action to align the fill 

network is not required sooner than 20 minutes following detection 

of a LOCA.  This is due to the fact that during the time period 

required to refill the feedwater lines, no radioactive contaminants 

would be expected to leak through the feedwater isolation valves 

out to the environment as discussed below.  The abnormal operating 

procedures will include the actions to be taken by the operator to 

mitigate the unlikely event of the HPCI or RCIC injection line 

being unavailable as a flow path to the feedwater piping. 

 

  An evaluation of the capability of the condensate/feedwater system 

to provide a water seal in the short term in the system piping 

following a postulated LOCA prior to initiation of the feedwater 

line fill system indicates that a water seal will be maintained in 

the piping and equipment upstream of the No. 3 feedwater heaters 

where a substantial amount of unflashed water would remain.  This 

is based on the fact that the quality assurance during design and 

construction, as well as the continuous inspection during normal 

operation, of the feedwater/condensate piping and equipment are 

such that 
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  the system would realistically be expected to remain intact. Prior 

to the postulated LOCA, the feedwater system has been functioning 

at its operating pressure of 1000 psig.  The feedwater system 

equipment and piping are designed to withstand the high pressures 

observed during operation; no system leakage is realistically 

expected at the relatively low post-LOCA containment pressures. For 

long term control, the feedwater fill system will reestablish a 

water seal at the feedwater containment isolation check valves to 

eliminate bypass leakage. 

 

 2. High pressure coolant injection (HPCI) turbine steam supply - The 

drain pot line Valve FD-V018 is contained in a Type 1 system.  A 

water seal is not required for this valve because when the system 

containment isolation valves are closed, leakage to the FD-V018 

valve is limited to the Appendix J acceptance criteria.  The 

leakage is already included in the accident dose analysis. 

 

 3. Chilled water from and to drywell coolers - The lines in the 

Reactor Building are seismically analyzed with a vertical rise from 

the containment penetration of approximately 8 feet. 

 

  There is sufficient water inventory for a 30-day seal for valves 

GB-V081, V082, V083, and V084.   

 

 4. RWCU supply - The lines in the primary containment are Seismic 

Category I and form a loop whose vertical leg is approximately 

49 feet. 
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  There is sufficient water inventory for a 30-day seal for valve BG-

V001.   

 

 5. RCIC turbine steam supply - The drain pot line Valve FC-V016 is 

contained in a Type 1 system.  A water seal is not required for 

this valve because when the system containment isolation valves are 

closed, leakage to the FC-V016 valve is limited to the Appendix J 

acceptance criteria.  The leakage is already included in the 

accident dose analysis. 

 

 6. Main steam line drain - The line to the isolation valve is Seismic 

Category I.  Steam would condense in the line and form a water seal 

during normal operation.  Closure of the inboard and outboard 

isolation valves upon receipt of a containment isolation signal and 

the water seal provide a barrier to bypass leakage. 

 

  There is sufficient inventory for a 30-day seal for valve AB-V039. 

 

 7. Drywell floor drain and drywell equipment drain sump discharges - 

The lines to the isolation valves are seismically analyzed, and the 

sump water acts as an effective water seal.  The water barrier is 

maintained by instrumentation and controls that prevent the sumps 

from being pumped dry. 

 

 8. Reactor Auxiliaries Coolant System (RACS) supply and return - There 

are seismically analyzed lines in the Auxiliary Building, with 

containment isolation valves on each line.   
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  The two isolation valves on each line, which include valves ED-V003 

and ED-V004, are Type 1 leakage barriers.  A water seal is not 

required for the supply and return lines because when containment 

isolation valves are closed, leakage is limited to the Appendix J 

acceptance criteria.  This leakage is already included in the 

accident dose analysis. 

 

 9. Torus water cleanup supply and return - The suppression pool water 

forms an effective water seal for these lines.  The suppression 

pool is a reliable source of water that can provide the required 

separation between the primary containment atmosphere and the 

environs.  The Suppression Chambers Structural design is discussed 

in Section 3.8.2. 

 

 10. Post Accident Sampling System (PASS) supply and return - The liquid 

and gas sample lines to the isolation valves are Seismic 

Category I.  The PASS sampling lines terminate in the PASS sample 

station.  The PASS sample station location is described in Section 

9.3.2.2.2.4.  Any gaseous bypass leakage in the PASS sample station 

will be vented to the reactor building ventilation 

system/filtration, recirculation and ventilation system common 

return duct as described in Section 9.3.2.2.2.7.  Any liquid bypass 

leakage in the PASS sample station will be collected in a sump 

located in the sample station which can be pressurized with the 

discharge being directed to the suppression pool. 

 

 11. Main steam – The steam lines to the main steam stop valves (MSSVs) 

are seismic category I.  Leakage through the Main Steam Isolation 

Valves (MSIVs) is limited to Technical Specification acceptance 

criteria.  The leakage is included in the accident dose analysis.  

 

 12. Recirculation Pump Seal Purge - There is sufficient inventory for a 

30-day seal for valve BF-V098 and V099.   
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 13. HPCI and RCIC Turbine Auxiliary Steam Supply - These lines contain 

a temporary spool piece that is removed during normal operation and 

replaced by a blind flange so that any leakage through the flange 

is into the reactor building enclosure.   

 

 14. Instrument Gas Supply to and Suction from Drywell - A positive air 

seal is maintained through the operation of the primary containment 

instrument gas system.   

 

6.2.3.2.4  Access Doors 

 

Access doors to secondary containment (Reactor Building) are provided with 

position indication and are monitored in the control room.  See Table 6.2-28 

for a list of Reactor Building openings. 

 

6.2.3.3  Design Evaluation 

 

The design evaluation of the Reactor Building Ventilation System is given in 

Sections 6.8 and 9.4.2.  The high energy lines within the reactor building are 

identified and pipe ruptures are analyzed in Section 3.6. 

 

The post-LOCA pressure transient for the design basis reactor building 

inleakage has been analyzed to determine the length of time, following a LOCA, 

for the building differential pressure to reach at least 0.25 inches water 

gauge.  The results of this analysis for the slowest responding compartment in 

the reactor building are shown on Figure 6.2-26. 

 

The design basis analysis was based on the initial conditions, design, and 

thermal characteristics listed in Tables 6.2-12, 6.2-13, and 6.2-13a.  Further 

details of the FRVS design and operation are provided in Section 6.8.  Heat 

transfer to the outside environment is assumed to be zero. The reactor building 

is considered to be in thermal equilibrium at the beginning of the pressure 

transient.  This includes heat load contributions from the primary containment. 

 Since the drawdown of the Reactor Building pressure by the FRVS is completed 

within the first 375 seconds following a LOCA, there is insufficient time for 

the temperature transient associated with the LOCA to propagate through the 3-

foot-thick 

 
 
 
 
 6.2-53 
HCGS-UFSAR  Revision 13 
  November 14, 2003 





doors or hatches are not considered in the depressurization analysis or test. 

 

The program for initial performance testing is described in Section 14.  This 

test includes determination of depressurization time and inleakage rate.  The 

uniformity of negative pressure throughout the Reactor Building is assured by 

the operation of the FRVS recirculation fans.  The program for periodic 

functional testing of the reactor building structures, isolation system, FRVS, 

and system components is described in Section 16.  Detailed procedures will be 

available for NRC review prior to plant operation. 

 

6.2.3.5  Instrumentation Requirements 

 

The control systems to be employed for the actuation of the Reactor Building 

Engineered Safety Feature (ESF) Air Handling Systems are described in 

Section 7.3. 

 

The control and monitoring instrumentation for these control systems is 

discussed in Sections 6.8 and 9.4.2.  Design details and instrumentation logic 

are discussed in Section 7.3. 

 

6.2.3.6  SRP Rule Review 

 

Acceptance Criterion II.3.e requires that the external design pressure of the 

reactor building be provided with an adequate margin above the maximum expected 

external pressure. 

 

The Reactor Building is designed with an external pressure of -3 psig resulting 

from tornado depressurization.  This is in agreement with Regulatory Guide 1.76 

for the site location.  Due to the low probability of occurrence of the tornado 

at the plant site and the conservative design basis of this structure, the 

Reactor Building is not provided with an additional margin for the external 

design pressure. 
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6.2.4  Containment Isolation System 

 

The Containment Isolation System consists of piping, blind flanges, valves, 

valve operators, and controls arranged to provide isolation barriers for all 

fluid lines that penetrate the primary containment.  The Containment Isolation 

System, in conjunction with the primary containment, is designed to establish 

an essentially leaktight barrier that will prevent or limit the release of 

radioactivity to the environment which may result from postulated accidents 

while allowing the normal or emergency passage of fluid through the containment 

boundary. 

 

6.2.4.1  Design Bases 

 

6.2.4.1.1  Safety Design Basis 

 1. The Containment Isolation System provides the necessary isolation 

of the containment in the event of accidents or other conditions 

when the unfiltered release of the containment's contents cannot be 

permitted. 

 2. The capability for rapid closure, or isolation of all pipes or 

ducts that penetrate the containment, is provided by a containment 

barrier in such pipes or ducts sufficient to maintain leakage 

within permissible limits. 

 3. The design of isolation valving for lines penetrating the 

containment follows the requirements of GDC 54 through 57 except 

where compliance is based on the "other defined basis" criterion. 

 

6.2.4.1.2  Other Defined Bases 

 

 1. An Engineered Safety Feature (ESF) System may have only one 

containment isolation valve in a line penetrating primary 

containment, if the system is designed as a closed system outside 

primary containment.  Such a configuration, one using a single 

containment isolation valve and a closed system outside of 

containment, can be used to increase ESF System reliability or to 

eliminate 10CFR50 Appendix J testing of the valve being replaced by 

the closed system outside of containment to provide the second 

barrier.  Appendix J testing of the closed system boundary valves 

is not required as long as system integrity is maintained during 

normal plant operations and system pressure is maintained equal to 

or above containment design pressure. 
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  The keep fill or alternate condensate transfer keep fill systems 

maintain the ESF closed systems outside containment sufficiently 

pressurized to preclude Appendix J testing of the closed system 

boundary valves.  Acceptable means for providing boundary isolation 

of the closed system to minimize potential intersystem leakage are 

identified in Section 1.10 of the UFSAR.  The Leakage Reduction 

Program periodically verifies the system integrity of the closed 

system outside containment up to and including the boundary 

isolation valves. 

 

  A closed system outside containment is protected from missiles, 

designed to Seismic Category I standards, classified as ASME B&PV 

Code, Section III, Class 1 or 2, and designed to have a design 

pressure and temperature rating at least equal to that for the 

primary containment.  This other defined basis provides a second 

containment isolation barrier that is as reliable as the primary 

containment itself.  The use of the second containment isolation 

boundary makes it possible for an ESF safety system to accommodate 

a single active failure with only one isolation valve. 

 

 2. Fluid instrument lines that penetrate primary containment conform 

to the isolation criteria of Regulatory Guide 1.11 (Safety 

Guide 11) to the greatest extent practicable, except as discussed 

and justified in Section 1.8.11.  The flow limiting orifices in the 

instrument lines that penetrate the primary containment are 1/4 in. 

restriction orifices. 

 

6.2.4.2  System Design 

 

The general criteria governing the design of the Containment Isolation System 

is provided in Section 3.1.2 and 6.2.4.1.  Specifically, the containment 

isolation valves and associated piping are designed as Seismic Category I and 

meet the requirements of the ASME B&PV Code, Section III, Class 1 or 2, 

commensurate with their respective importance to safety.  The only exception to 

this design rule is certain portions of the Control Rod Drive (CRD) System, 

which are designed to special quality standards commensurate with their 

importance to safety and consistent with their safety function. 

 

See Section 3.2 for further discussion of seismic and quality group 

classification and Section 3.10 for discussion of seismic qualification of 

Seismic Category I instrumentation. 
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The Containment Isolation System is designed to withstand the most severe 

plant-related event, such as missiles, pipe whip, and jet impingement without 

impairment of its function.  Protection is provided for containment isolation 

valves, actuators, and controls against damage.  Potential hazards are 

evaluated, and where possible hazards exist, protection is afforded by 

separation, by missile shields, or by location.  For further discussion of 

protection against missiles, and the dynamic effects associated with a 

postulated pipe rupture, see Sections 3.5 and 3.6, respectively. 

 

The Containment Isolation System is designed to be operable under the most 

adverse environmental conditions.  The containment isolation valves and their 

actuators are designed to be operable under maximum differential pressures, 

steam laden atmospheres, high temperature, high humidity, and radiation.  See 

Section 3.11 for further discussion of environmental qualification and 

Section 3.9.3 for further discussion of the operability of active components. 

 

Generally, the Containment Isolation System is redundant and physically 

separated in its electrical and mechanical design, with diversity in parameters 

sensed for the initiation of containment isolation.  Power for the actuation of 

the two isolation valves in a line is supplied by two redundant, independent 

power sources without crossties.  In general, depending upon the system under 

consideration, the outboard and inboard containment isolation valves are 

powered and controlled by different electrical channels, with the supply source 

being Class 1E ac for both channels.  See Section 7 for further discussion of 

the control and instrumentation of the containment isolation system and 

Section 8.3 for a further discussion of onsite power systems. 

 

The Containment Isolation System is designed with provisions for administrative 

control, to ensure that the proper position of all nonpowered or power removed 

isolation valves is maintained.  All power operated primary containment 

isolation valves which have power available have position indicators in the 

main control room.  
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Discussion of instrumentation and controls for the isolation valves is included 

in Section 7. 

 

The design of the Primary Containment Isolation System gives consideration to 

the possible adverse dynamic effects, such as water hammer, sudden isolation 

valve closure under normal operation, and to thermal expansion in those 

portions of pipe between the containment isolation valves. 

 

The Containment Isolation System is designed so that failure of motive power is 

in the direction of greater safety.  Motor operated isolation valves remain in 

their last position upon failure of electrical power to the motor operator. Air 

operated containment isolation valves are spring loaded to close upon loss of 

air or electrical power to the pilot operated solenoid valve.  Solenoid-

operated isolation valves fail closed upon a loss of electrical power to the 

solenoid. 

 

The 1.68 psig containment pressure setpoint that initiates containment 

isolation for nonessential penetrations is the minimum compatible with an 

acceptable plant availability for power production. 

 

Table 6.2-16 lists all the process and instrument line penetrations of the 

primary containment.  Also tabulated in Table 6.2-16 is detailed information 

about each penetration.  Figure 6.2-27 shows diagrams for the various isolation 

valve arrangements. 

 

The closure times of containment isolation valves are selected to ensure rapid 

isolation of the primary containment following postulated accidents.  The 

isolation valves in lines that provide an open path from the primary 

containment to the environs have closure times that minimize the release of 

containment atmosphere to the environs and mitigate the offsite radiological 

consequences.  The isolation valves for lines outside the containment, in which 

high energy line breaks can occur, have closure times that minimize 
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the resultant pressure and temperature transients as well as the radiological 

consequences. 

 

The design provisions for testing of operability of the isolation valves and 

the leakage rate of the containment isolation barriers are discussed in 

Section 6.2.6. 

 

For a discussion of containment bypass leakage and of leakage detection 

capabilities for both manual and automatic initiation of containment isolation, 

see Sections 6.2.3 and 5.2.5, respectively. 

 

6.2.4.3  Design Evaluation 

 

All piping systems penetrating the containment, other than instrument lines, 

are designed in accordance with GDC 54. 

 

6.2.4.3.1  Evaluation Against GDC 55 

 

GDC 55 requires that lines that penetrate the primary containment and form a 

part of the reactor coolant pressure boundary (RCPB) must have two isolation 

valves, one inside the primary containment and one outside, unless it can be 

demonstrated that the containment isolation provisions for a specific class of 

lines are acceptable on some other basis. 

 

The RCPB, as defined in 10CFR50, Section 50.2(v), consists of the reactor 

pressure vessel (RPV), pressure retaining appurtenances attached to the vessel, 

and valves and pipes that extend from the reactor pressure vessel, up to and 

including the outermost isolation valve. 

 

The following sections discuss the process and instrument lines that connect 

directly to the RCPB and the methods of isolating these lines pursuant to the 

requirements of GDC 55. 
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Lines with containment isolation valves that receive isolation signals are 

identified, and the particular isolation signals that initiate closure are 

listed in Table 6.2-16. 

 

6.2.4.3.1.1  Main Steam Lines 

 

The four main steam lines penetrate the primary containment and extend from the 

RPV to the main turbine and the condensers.  Each line is isolated by two 

independent main steam isolation valves (MSIVs), one inside containment and one 

just outside containment, and by a main steam stop valve (MSSV). 

 

The MSIVs are wye-pattern globe valves that are mounted so that reactor 

pressure aids in closing the valve.  The valves isolate automatically on the 

receipt of a containment isolation signal.  The MSIVs are spring loaded, 

pneumatic, piston operated globe valves designed to fail closed on loss of 

pneumatic pressure or loss of power to the solenoid operated pilot valves. Each 

valve has two independent pilot valves supplied from independent power sources. 

 Each MSIV has an air accumulator to assist in its closure upon loss of supply, 

loss of electrical power to the pilot valves, and/or failure of the loaded 

spring.  The separate and independent action of either air pressure or spring 

force is capable of closing an isolation valve.  See Section 5.4.5 for further 

discussion of their design and construction. 

 

The MSSVs are motor operated gate valves that are manually operated from the 

main control room.  The MSSVs perform no active safety function. 

 

The MSIVs provide immediate containment isolation after receiving a containment 

isolation signal upon a postulated loss-of-coolant accident (LOCA) or a break 

in a steam line downstream of the MSIVs. 
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To limit the release of fission products after a postulated loss-of-coolant 

accident, the portion of the main steam lines downstream of the outboard MSIVs 

up to but not including the main turbine stop valves (MSVs) is credited as 

remaining intact as a deposition surface.  In the accident analysis, leakage 

through the MSIVs flows through the main steam lines to the non-seismic piping 

boundary at the MSVs.  A large fraction of the fission products deposit on the 

piping surfaces before being released to the turbine building as discussed in 

Section 15.6.5. 

 

 

 

 

6.2.4.3.1.2  Feedwater Lines 

 

The portion of the feedwater system that forms part of the RCPB and penetrates 

the primary containment has three containment isolation valves per line.  The 

first valve, a check valve, is classified as a containment isolation valve and 

located inside the primary containment.  The second valve, a positive acting 

check valve, is classified as a containment isolation valve and located outside 

the primary containment as close as possible to the primary containment 

penetration.  Upon a loss of water flow into the RPV, these valves close as 

normal check valves, and, in addition, the main control room operator can 

assist in starting the outboard valve closure by sending a signal to open two 

fail-open solenoid valves arranged in parallel, releasing air pressure from the 

operator cylinder.  If a break occurs in the feedwater line, the two 

containment isolation valves prevent significant loss of inventory and offer 

immediate isolation.  During the postulated LOCA, it is desirable to maintain 

reactor coolant makeup from all sources of supply.  For this reason, the 

feedwater containment isolation valves do not automatically close on a primary 

containment isolation signal. 

 

A third valve in the feedwater line is a motor operated check valve located 

outside primary containment, is classified a containment 
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isolation valve and is capable of being remotely closed from the main control 

room.  This valve provides redundant isolation and long term leakage protection 

upon operator judgment that continued makeup through the feedwater line is 

unavailable. 

 

After observing indication of low feedwater flow, the operator may close the 

third valve within 20 minutes after a postulated LOCA. 

 

In addition to the third valve, there are containment isolation valves on the 

high pressure coolant injection (HPCI) and reactor core isolation cooling 

(RCIC) discharge lines, and on the Reactor Water Cleanup System (RWCU) return 

lines that connect to the feedwater lines between the two outside containment 

isolation valves.  Those valves can be closed by operator action from the main 

control room.  Additionally, the HPCI and/or RCIC valves can be opened from the 

main control room to provide a water seal on the third valve in addition to 

supplying water to the RPV.  See Section 6.2.3.2.3 for further details. 

 

See Section 5.4.9 for a further discussion of the design of the main steam 

lines and the feedwater lines. 

 

6.2.4.3.1.3  Residual Heat Removal Shutdown Cooling Suction Line 

 

The residual heat removal (RHR) shutdown cooling suction line penetrates 

primary containment and taps into one of the two recirculation loops.  Two 

normally closed motor operated gate valves are interlocked closed by a reactor 

high pressure signal during normal operation and are maintained closed during 

an accident by a low water level isolation signal.  One valve is located inside 

primary containment, and the second valve is located outside primary 

containment.  Containment isolation is provided by the motor operated gate 

valve located outside primary containment and by the closed system outside 

containment that is capable of maintaining system integrity. 
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6.2.4.3.1.4  Residual Heat Removal Shutdown Cooling Return Lines 

 

The RHR shutdown cooling return lines penetrate the primary containment and 

connect to the discharge side of each recirculation loop, which is connected to 

the RPV.  Each line is provided with a single, normally closed, motor-operated 

primary containment isolation valve outside primary containment and a testable 

check valve inside primary containment.  Containment isolation is provided by 

the motor-operated valve located outside primary containment and by the closed 

system outside containment that is capable of maintaining system integrity.  

The motor operated valves are interlocked closed by a reactor high pressure 

signal during normal operation and are maintained closed during an accident if 

a low water level isolation signal exists. 

 

Each testable check valve is provided with a bypass line for testing purposes. 

These lines are isolated by an air operated, fail closed globe valve. 

 

6.2.4.3.1.5  Residual Heat Removal Low Pressure Coolant Injection and Core 

Spray Discharge Lines 

 

The RHR low pressure coolant injection (LPCI) and the core spray discharge 

lines penetrate the primary containment and discharge directly into the RPV. 

Each line includes a normally closed, motor operated containment isolation 

valve outside primary containment, and a testable check valve inside primary 

containment.  Containment isolation is provided by the motor-operated valve 

located outside primary containment and by the closed system outside 

containment that is capable of maintaining system integrity. 

 

In addition, there is a HPCI line which discharges into the RPV by way of one 

of the two core spray lines downstream of the containment isolation valve on 

that core spray line.  This line is served by a normally closed motor-operated 

gate valve outside primary containment in series with the testable check valve 

on the core spray line.  Containment isolation is provided by the motor-

operated valve located outside primary containment and by the closed system 

outside containment that is capable of maintaining system integrity. 

 

Each testable check valve is provided with a bypass line for testing purposes. 

These lines are isolated by an air operated fail-closed globe valve. 
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6.2.4.3.1.6  High Pressure Coolant Injection and Reactor Core Isolation Cooling 

Steam Supply Lines 

 

The high pressure coolant injection (HPCI) and reactor core isolation cooling 

(RCIC) steam supply lines have two major containment isolation valves in series 

that are normally open, located inside and outside of the primary containment. 

 The third containment isolation valve on these lines is a 2-inch, normally 

closed globe valve, on a 1-inch bypass line around the inside major containment 

isolation valve.  These valves do not receive a containment isolation signal 

when a LOCA is detected.  This permits these ESF systems to function during a 

LOCA.  However, these valves automatically close when a break is detected in 

the portion of the steam supply line outside primary containment of the 

respective system. 

 

6.2.4.3.1.7  Reactor Water Cleanup System Line 

 

Reactor water processed through the RWCU system is taken out of containment 

from the reactor recirculation loops.  The RWCU line is isolated by two, 

normally open, motor operated gate valves, one inside and one outside primary 

containment.  Both these valves receive a containment isolation signal. 

 

6.2.4.3.1.8  Reactor Pressure Vessel Headspray Line 
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6.2.4.3.1.9  Main Steam Drain Line 

 

The main steam drain line is isolated by two motor operated gate valves that 

isolate upon a containment isolation signal. 

 

6.2.4.3.1.10  Reactor Recirculation System Process Sample Lines 

 

The Reactor Recirculation System process sample lines are isolated by two, 

normally open, solenoid operated globe valves that isolate on a containment 

isolation signal. 

 

6.2.4.3.1.11  Standby Liquid Control Line 

 

Provided that the Standby Liquid Control (SLC) System has not been used, the 

explosive-actuated valves provide the absolute seal for long term leakage 

control.  After system operation, isolation is provided by a check valve inside 

primary containment, and two, independent, motor operated globe stop check 

valves located outside primary containment on branching lines.  The stop check 

valves are manually closed from the main control room after system operation. 

 

6.2.4.3.1.12  Reactor Recirculation Pump Seal Lines 

 

The reactor recirculation pump seal lines are isolated by a check valve inside 

primary containment and a motor operated globe valve outside primary 

containment that closes on a containment isolation signal. 

 

6.2.4.3.1.13  Post-Accident Liquid Sampling System 

 

There are seven post-accident sampling lines that penetrate the primary 

containment.  Only one of the seven forms part of the RCPB as well.  See 

Section 6.2.4.3.2.16 for a discussion of the containment isolation provisions 

for these lines. 
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6.2.4.3.1.14  Instrument Lines 

 

The instrument lines that penetrate the primary containment and form part of 

the RCPB are designed to optimize their monitoring function and to minimize 

uncontrolled releases of radioactivity to the environment.  These instrument 

lines have a flow restriction orifice inside the primary containment and an 

excess flow check valve outside the primary containment for automatic 

containment isolation in the event of an instrument line break.  If an 

instrument line develops a leak of 1.5 to 2.5 gpm outside containment, the 

resultant differential pressure of 3 to 10 psi across the excess flow check 

valve will cause the check valve to close automatically.  If an excess flow 

check valve fails to close when required, the restriction orifice and the main 

flow path through the valve have a resistance to flow at least equivalent to a 

sharp edged orifice of 0.250 inches in diameter.  Each valve is also provided 

with one limit switch that operate lights that indicate valve position and a 

solenoid valve for remote reset.  The capability for remote operation has not 

been provided since there is no remote indication of failure of a specific 

line. 

 

6.2.4.3.1.15  Control Rod Drive Lines 

 

The CRD system has multiple, insert and withdraw lines, that penetrate the 

primary containment. 

 

The classification of these lines is quality group B, and they are designed in 

accordance with ASME B&PV Code, Section III, Class 2.  The basis upon which the 

CRD insert and withdraw lines are designed is commensurate with the safety 

importance of maintaining the pressure integrity of these lines. 

 

It has been an accepted practice not to provide automatic isolation valves for 

the CRD insert and withdraw lines in order to preclude any possible failure of 

the scram function.  The lines can be isolated by the solenoid valves provided 

on the hydraulic control units (HCUs) that are located outside the primary 

containment.  The 
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lines that extend outside the primary containment are 1 inch or smaller and 

terminate in systems that are designed to prevent outleakage.  The solenoid 

valves are normally closed, but they open upon rod movement and during reactor 

scram.  In addition, a ball check valve located in the CRD flange housing 

automatically seals the insert line if there is a break.  Finally, manual 

shutoff valves are provided outside the primary containment. 

 

Because of the unique function and features of the CRD system, the previously 

described design constitutes an acceptable "other defined basis" for 

containment isolation as recognized by the NRC in the Federal Register 

(48 FR 23809). 

 

6.2.4.3.1.16  Conclusion on GDC 55 

 

To ensure protection against the consequences of accidents involving the 

release of radioactive material, piping systems that form the RCPB are shown to 

have adequate isolation capabilities on a case by case basis.  In all cases, a 

minimum of two barriers are shown to protect against the release of radioactive 

materials. 

 

In addition to meeting the isolation requirements stated in GDC 55, the 

pressure retaining components that comprise the RCPB are designed to meet other 

requirements that minimize the probability or consequences of an accidental 

pipe rupture.  The quality requirements for these components ensure that they 

are designed, fabricated, and tested to the highest quality standards. 

 

6.2.4.3.2  Evaluation Against GDC 56 

 

GDC 56 requires that lines that penetrate the primary containment and connect 

directly to the containment atmosphere must have two isolation valves, one 

inside the primary containment and one outside, unless it can be demonstrated 

that the containment isolation provisions for a specific class of lines are 

acceptable on some other basis. 
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Unless justified on some other defined bases, lines that penetrate the primary 

containment and connect directly to the containment atmosphere are provided 

with two isolation valves located outside the primary containment as close to 

the containment as is practical. 

 

This arrangement is intended to satisfy GDC 56 on the "other defined basis" 

criterion in that: 

 

 1. There is limited space within the primary containment, and placing 

these valves inside would seriously impede accessibility for 

inspection and maintenance of these valves and other equipment. 

 

 2. Placing these valves inside the primary containment would subject 

them to a harsh environment and thus increase the probability of 

failure. 

 

 3. Some of the lines that fall into this category are not in use 

during normal operation, and, therefore, the isolation valves are 

normally closed. 

 

 4. Valves should be accessible in systems that must be available for 

long term operation following an accident.  An example is the 

containment atmosphere sampling lines. 

 

Typically, lines that connect directly to the suppression chamber are provided 

with a single isolation valve located outside the primary containment.  These 

valves are located in the Torus Area Room (4102) in the Reactor Building, which 

has provisions for collection of any fluid leakage, adjacent to the primary 

containment.  Whenever possible, lines to the suppression chamber are submerged 

to assist in trapping the primary containment atmosphere and preventing its 

escape to the environment. 

 

The systems to which the lines from the suppression chamber connect outside the 

primary containment are closed systems meeting the 
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appropriate "other defined basis" requirements of closed systems outside 

containment, except for those lines such as the suppression pool cleanup lines 

that have redundant containment isolation valves. 

 

The valves in the lines from the suppression chamber provide a barrier outside 

containment to prevent loss of suppression pool water if a leak develops 

downstream of the valves.  The valves are either closed from the main control 

room or automatically closed.  Leak detection is provided for the lines outside 

the primary containment to aid the operator in determining which valve is to be 

closed.  If a leak develops outside the primary containment, the fluid will be 

contained within the Reactor Building. 

 

6.2.4.3.2.1  Drywell Purge Inlet and Drywell Purge Vent Lines 

 

The drywell purge inlet line is isolated by five butterfly valves located 

outside primary containment.  One valve is located as close as possible to the 

primary containment.  The remaining four are located on branching lines 

upstream of the first.  All valves receive a containment, isolation signal. 

 

In addition to the containment isolation for the main drywell purge inlet line, 

there is a line to the B train containment hydrogen recombiner that connects to 

the drywell purge vent line between the primary containment and the first 

containment isolation valve.  This line is isolated by two motor-operated gate 

valves that also receive a containment isolation signal. 

 

The drywell purge vent line is isolated by two butterfly valves located outside 

primary containment. 

 

In addition to the containment isolation for the main drywell purge vent line, 

there is an inlet line to the A train containment hydrogen recombiner that 

connects to the vent line between the primary containment and the first 

containment isolation valve.  This line is isolated by two motor operated gate 

valves.  All isolation valves receive a containment isolation signal. 
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Also connected to the primary containment purge vent line is a 2-inch exhaust 

line that connects to the vent line between the two main isolation valves. This 

line is isolated by the isolation valve on the purge line and by an air 

operated globe valve.  The valve is normally closed and is maintained closed by 

a containment isolation signal.  For a detailed evaluation of the primary 

containment venting operation against BTP CSB 6-4 requirements see Section 

1.14.1.71. 

 

During normal operation, the 6-, 24-, and 26-inch containment purge valves are 

administratively controlled closed, except as permitted by the Technical 

Specifications.  These valves are qualified to close within 5 seconds, 

including an assumed 1-second instrument time delay, against the flow following 

a postulated LOCA.   

 

To prevent the unlikely event of a containment purge valve being prevented from 

closing by debris that could be entrained in the containment purge lines, the 

drywell purge lines are provided with debris screens.  Debris screens are not 

provided for the suppression pool purge lines for the following reasons: 

 

 1. There are no high energy lines in the suppression pool. 

 

 2. There is no insulation or other loose debris in the suppression 

pool to become entrained in exiting fluid. 
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The debris screens are designed based on the following criteria: 

 

 1. The debris screens are Seismic Category I and installed upstream of 

the inboard isolation valves, inside the primary containment. 

 

 2. The debris screens are designed to withstand the differential 

pressure resulting from a LOCA. 

 

 3. The debris screen openings are approximately 2 inches by 1 3/16 

inches. 

 

6.2.4.3.2.2  Residual Heat Removal Containment Spray Lines 

 

Each of the two RHR containment spray lines have two, normally closed, motor 

operated gate valves located outside the primary containment.  The valve 

closest to the penetration is the containment isolation valve. 

 

This design is justified on the basis that RHR containment spray lines meet the 

"other design basis" requirements of a closed system outside primary 

containment and also because the RHR containment spray function is used only 

after a LOCA to lower the pressure in the primary containment.  During normal 

operation, the valves are closed, and a system of interlocks ensures that only 

one valve can be opened at a time during system testing.  Both valves can be 

opened only by manual action from the main control room after a high primary 

containment pressure signal is received. 

 

After termination of the containment spray function, the valves are closed by 

manual operation from the main control room in order to isolate containment. 

 

The containment isolation provisions of the RHR containment spray lines ensure 

dependability of the system to initiate a supply of cooling water while meeting 

the particular isolation requirements of these lines.  The design takes 
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credit for the RHR system being a closed system outside primary containment. 

 

6.2.4.3.2.3  Liquid Radwaste Collection Lines 

 

The liquid radwaste collection lines are isolated by two motor operated gate 

valves, one inside and one outside the primary containment, that close upon 

receipt of a containment isolation signal. 

 

6.2.4.3.2.4  Compressed Air Service Line 

 

The compressed air service line is normally closed.  It is isolated during 

reactor operation by two manual, normally locked closed gate valves, one inside 

and one outside primary containment.  In addition to the two isolation valves, 

the line is blocked off by a spectacle flange during plant operation. 

 

6.2.4.3.2.5  Traversing Incore Probe Guide Tube Lines 

 

The traversing incore probe (TIP) guide tube lines do not connect directly to 

the primary containment atmosphere.  However, inside the primary containment, 

the indexing mechanism (a revolver like mechanism used for selecting a guide 

tube leading into the reactor vessel) is mounted inside a housing equipped with 

a pressure relief valve which communicates with primary containment atmosphere. 

 This pressure relief valve is unique in that it will open on a negative or 

positive pressure inside the housing.  The indexing mechanism (indexer) has a 

slip fitting with the guide tubes leading to the reactor vessel.  If a LOCA 

occurred and the primary containment became pressurized, the pressure relief 

valve would open to reduce the pressure differential across the indexer housing 

and the containment atmosphere would leak past the slip fitting into the tip 

line.  Under these conditions, GDC 56 applies. 

 

The TIP insertion/withdrawal lines have two isolation valves outside the 

primary containment.  One is a solenoid operated ball valve and 
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the other is an explosive valve; both can be remote-manually closed for 

containment isolation.  The solenoid operated ball valve is normally closed. It 

opens only to admit the insertion of the TIP probe into the reactor.  If the 

probe is in the reactor, the containment isolation signal automatically 

retracts the probe and closes the ball valve.  If this operation is not 

successful, the operator is alerted and can manually actuate the explosive 

shear valve which cuts the probe line to seal the primary containment 

penetration. 

 

Automatic isolation is not provided, and the containment isolation valves are 

not provided with redundant standby power. 

 

This arrangement is intended to satisfy GDC 56 on the "other defined basis 

criteria" in that: 

 

 1. It is designed commensurate with the importance to safety of 

isolating this line 

 

 2. Locating both valves outside containment improves the reliability 

of the system 

 

 3. Remote manual isolation decreases the probability that the valves 

will be inadvertently actuated 

 

 4. It is a standard design used in other BWR nuclear power plants of 

similar or identical design. 

 

 5. The information provided in IE Information Notice No. 86-75 was 

consulted and utilized in classifying the lines. 

 

6.2.4.3.2.6  Traversing Incore Probe Purge Tube Line 

 

The TIP purge tube line does not connect directly to the primary containment 

atmosphere  However, the same situation described in Section 6.2.4.3.2.5 for 

the Traversing Incore Probe Guide Tube lines 
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is applicable.  Therefore, GDC 56 is applicable.  By meeting the requirements 

of GDC 56, the system's isolation capability is commensurate with its 

importance to safety.  The TIP purge tube line is isolated by a simple check 

valve inside primary containment and by a normally open, air operated globe 

valve outside primary containment.  The containment isolation valve on the 

outside receives a containment isolation signal. 

 

6.2.4.3.2.7  Primary Containment Instrument Gas Lines 

 

The portion of the primary containment instrument gas system that is directly 

connected to the primary containment atmosphere consists of two instrument gas 

supply headers and a suction line.  Isolation for each supply header is 

provided by a normally open, motor operated globe valve inside primary 

containment and a normally open, motor operated globe valve outside primary 

containment.  The containment isolation valves isolate upon a containment 

isolation signal. 

 

The intake line to the compressor is isolated by a normally open, motor 

operated globe valve inside primary containment and by two motor operated globe 

valves on branching lines outside primary containment.  All three valves close 

upon a containment isolation signal. 

 

6.2.4.3.2.8  High Pressure Coolant Injection and Reactor Core Isolation Cooling 

Exhaust Lines and Reactor Core Isolation Cooling Gland Seal Vacuum 

Pump Discharge Lines 

 

The HPCI and RCIC turbine exhaust lines and the RCIC gland seal vacuum pump 

discharge lines have a motor operated valve that can be remote manually closed 

for containment isolation in the event of a postulated accident.  These lines 

also have a check valve upstream of the motor operated valve.  The check valve 

provides a second and immediate isolation barrier in the event of a break 

upstream of the check valve.  In addition to closing the containment isolation 
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valves to isolate the HPCI and RCIC turbine exhaust lines, the HPCI and RCIC 

turbine exhaust line vacuum breaker valve network must be isolated.  Isolation 

of this system is described in Section 6.2.4.3.2.11. 

 

Automatic isolation for accident protection is not provided since greater 

safety is ensured by providing the means to initiate a cooling water supply to 

the RPV. 

 

6.2.4.3.2.9  Emergency Core Cooling System and Reactor Core Isolation Cooling 

             Suction Lines 

 

The Emergency Core Cooling System (ECCS) and RCIC suction lines from the 

suppression pool are isolated by a single, remote manually actuated, motor 

operated valve.  The containment isolation valves on each of the RHR and core 

spray suction lines are normally open.  The containment isolation valves on the 

HPCI and RCIC suction lines are normally closed.  However, they both 

automatically open upon low condensate storage tank (CST) level and HPCI also 

opens on high suppression pool level. 

 

Use of the single valve and the automatic opening of a containment isolation 

valve is again justified on the basis that greater safety is ensured by 

increasing system reliability so that a supply of cooling water can be 

initiated to the reactor.  To enhance safety, the systems are designed as 

closed systems outside primary containment. 

 

6.2.4.3.2.10  Emergency Core Cooling System and Reactor Core Isolation Cooling 

              Suppression Pool Return Lines 

 

The ECCS and RCIC suppression pool return lines include the following: 

 

 1. RCIC minimum flow return line 

 

 2. HPCI minimum flow return line 
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 3. Core spray full flow test line 
 
 4. RHR suppression pool cooling and system test return line. 
 
The HPCI minimum flow return line has a single motor operated containment 

isolation valve located outside the primary containment.  The RCIC minimum flow 

return line has two solenoid-operated valves, one for minimum flow isolation 

and the other for containment isolation, located outside the primary 

containment.  The primary containment isolation valves do not receive a 

containment isolation signal. 

 
Each core spray full flow test line is isolated by one motor operated globe 

valve.  The globe valve is normally closed.  In addition, connecting to each 

core spray full flow test line, between the suppression chamber and the 

containment isolation valve, is a core spray minimum flow bypass line and a 

pressure relief valve discharge line.  The relief valve isolates the discharge 

line and a normally open motor operated globe valve isolates the bypass line. 

 
Two, normally closed, motor-operated globe valves in parallel isolate each of 

two RHR Suppression Pool Cooling and System Return Lines from the various 

RHR/LPCI pump discharge flow paths.  The Division I line is isolated by RHR 

Loop A Test Return valve, BC-HV-F024A, and RHR Loop C Test Return valve, BC-HV- 

F010A, and the Division II line is isolated by RHR Loop B Test Return valve, 

BC-HV-F024B, and RHR Loop D Test Return valve, BC-HV-F010B.  In addition, each 

Suppression Pool Return Line connects to two full flow test lines; a jockey 

pump discharge line; an abandoned in place, Steam-condensing Return to 

Suppression Pool line; two RHR pump minimum flow lines; and two LPCI injection 

line relief valve discharge lines.  As previously mentioned, the two parallel, 

normally closed, motor-operated globe valves isolate the full flow test lines. 

A check valve (BC-V206, Division I line and BC-V260, Division II line) isolates 

the jockey pump discharge line. A normally open, motor-operated gate valve (BC- 

HV-F007A, BC-HV-F007B, BC-HV-F007C, and BC-HV-F007D) may provide isolation for 

each of the RHR pump miniflow lines. The pressure relief valves on each of the 

LPCI injection lines (BC-PSV-F025A, BC-PSV-F025B, BC-PSV-F025C, and BC-PSV-

F025D) isolate their discharge lines from the Suppression Pool Return Lines. 

Finally, the Steam-condensing Return system was abandoned in place.  Valve, BC-

HV-F011A, isolates the Division I line and valve, BC-HV-F011B, isolates the 

Division II line.  Both of these valves are permanently out of service with 

electrical power disconnected and their manual overrides chain-locked in the 

closed position. 
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Again, use of a single valve is justified on the basis that greater safety is 

achieved by increasing system reliability and because the system is designed as 

a closed system outside primary containment. 

 
6.2.4.3.2.11  High Pressure Coolant Injection and Reactor Core Isolation 

Cooling Turbine Exhaust Line Vacuum Breaker Valve Network 

 
The HPCI and RCIC turbine exhaust line vacuum breaker valve network 

runs between the suppression pool air space to the turbine exhaust lines on the 

HPCI and RCIC systems and the RHR heat exchanger relief valve discharge lines. 

The network is designed as a closed system outside primary containment.  Each 

one of the two branching lines to the HPCI and RCIC system is isolated by a 

single normally open motor operated gate valve. 

 
The system does not receive a containment isolation signal so that a supply of 

cooling water can be initiated to the reactor.  However, should a break be 

detected in the steam supply line in either the HPCI or RCIC system, the 

respective portion of the network will automatically isolate. 

 
6.2.4.3.2.12  Suppression Chamber Spray Header Lines 

 
The RHR suppression chamber spray lines have a normally closed, motor operated 

isolation valve located outside the primary containment.  This valve receives a 

containment isolation signal.  Use of a single valve is justified on the basis 

that the system is designed as a closed system outside containment. 

 
6.2.4.3.2.13  Residual Heat Removal Heat Exchanger Relief Valve Discharge  

              Lines 

 
Each of the RHR heat exchanger relief valve discharge lines to the suppression 

pool from the RHR heat exchangers is isolated by a relief valve. 

 
6.2.4.3.2.14  Suppression to Containment Prepurge Cleanup Lines, Suppression 

              Chamber Vacuum Relief and Suppression Chamber to Atmosphere 

 
The suppression chamber to containment prepurge cleanup lines are isolated by 

two redundant valves outside the primary containment.  The valves are normally 

closed.  To limit the possibility of an uncontrolled release of radioactivity, 

the valves are administratively controlled closed during reactor operation, 

except as permitted by the Technical Specifications, and will be verified 

closed.  In addition, there are connections to the containment hydrogen 

recombiners between the first containment isolation valves and the 
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primary containment.  These lines are isolated by two motor operated gate 

valves.  All isolation valves receive a containment isolation signal. 

 
A suppression chamber vacuum breaker assembly is attached to each of the above 

two 24 inch lines.  Each assembly consists of a check type vacuum relief valve 

and a pneumatically operated butterfly valve.  These assemblies are located 

outside the primary containment.  Their operation is discussed in Section 

6.2.1.1.4.1. 

 
The suppression chamber to atmosphere line is isolated by two redundant valves 

outside the primary containment. The valves are normally closed. To limit the 

possibility of an uncontrolled release of radioactivity, the valves are 

administratively controlled closed during reactor operation, and will be 

verified closed. In addition, electric power to the outboard valve is 

administratively blocked out and a rupture disc is installed in series 

downstream of the outboard valve to contain primary containment bypass leakage 

within the secondary containment. The outboard isolation valve is configured as 

a sealed closed barrier, in accordance with NUREG 0737, Item II.E.4.2.7, 

Position 6. 

 
6.2.4.3.2.15  Suppression Pool Cleanup Lines 
 
The suppression pool cleanup lines are isolated by redundant containment 

isolation valves that close upon a containment isolation signal. 

 
6.2.4.3.2.16  Post-Accident Sampling System Lines 
 
The Post-Accident Sampling System penetrates the primary containment in seven 

locations.  One line is for gathering liquid samples and it forms part of the 

RCPB.  Two lines are sampling return lines to the suppression chamber.  The 

other four lines sample the primary containment atmosphere at different 

locations within the drywell and suppression chamber.  Isolation for these 

lines consists of two solenoid-operated valves in series, located outside of 

primary containment.  The valves are normally closed, and the penetrations are 

designed to be a sealed closed system.  Administrative procedures prevent the 

valves from being inadvertently opened by ensuring that power is not supplied 

to the normally deenergized solenoids until the system is required to operate. 

 
6.2.4.3.2.17  Plant Leak Detection System Lines 
 
The two plant leak detection lines penetrate primary containment and connect 

directly to the primary containment atmosphere.  Each line is isolated by two 

motor operated globe valves, located outside primary containment, that receive 

a containment isolation signal. 
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6.2.4.3.2.18  Hydrogen/Oxygen Analyzer Lines 

 

The eight hydrogen/oxygen analyzer lines penetrate primary containment and 

connect directly to the primary containment atmosphere.  Four of these lines 

penetrate the drywell, and the remaining four penetrate the suppression 

chamber.  Each of the eight lines are isolated by two motor-operated globe 

valves located outside containment. 

 

6.2.4.3.2.19  Primary Containment Instrument Gas Header Line 

 

The primary containment instrument gas header to the suppression chamber 

supplies instrument gas to vacuum relief valves located there.  This line is 

isolated by two air operated globe valves outside primary containment.  Each 

valve receives a containment isolation signal. 

 

6.2.4.3.2.20  Integrated Leakage Rate Test Lines 

 

The integrated leakage rate test (ILRT) lines are not used during normal plant 

operation.  They are isolated by two manually locked closed globe valves, one 

inside and one outside primary containment. 

 

6.2.4.3.2.21  Instrument Lines 

 

Each instrument line that penetrates the primary containment and is connected 

directly to the containment atmosphere is isolated by a manual valve.  This 

design is justified on the basis that system reliability is greater with a 

manual isolation valve, that these systems are closed systems outside 

containment designed to be reliable boundaries against containment leakage, and 

that the system is maintained by visually checking for leaks during normal 

instrument calibrations. 

 

The instrument lines that sense suppression pool water level have a remote 

manual valve for isolation.  Their design is justified on the 
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"other defined basis" because system reliability is greater with a single 

isolation valve and because these systems are closed systems outside 

containment that can accommodate a single failure without loss of system 

reliability as a boundary against containment leakage. 

 

6.2.4.3.2.22  Location of Outside Containment Isolation Valves 

 

All outside primary containment isolation valves are located as close to 

containment as practical.  Valve location is governed by many considerations, 

e.g., spatial limitations, the need to support the valves and valve actuators, 

dynamic loading and equipment accessibility considerations.  The valves whose 

location appears to be somewhat removed from the containment and a short 

justification for their existing location are identified below. 

 

P-22 GS-V020 This penetration shares containment isolation  

  GS-V022 provisions with P-220.  GS-V020 and V022 are 

located nearer to P-220 and therefore as 

close as practical but at some distance from 

P-22. 

 

P-212A, BC-PSV-F025A These safety relief valves were located as 

  212B BC-PSV-F025B close as practical to the piping they are 

  BC-PSV-F025C protecting protecting to meet the intent of 

  BC-PSV-F025D ASME Section III. 

 

P-217B BE-PSV-F012 This safety relief valve is located as close 

as practical to the piping it is protecting 

to meet the intent of ASME Section III. 

 

J-7D GS-V053 This penetration shares containment isolation  

  GS-V042 provisions with J-202.  GS-V042 and V043 are  

  GS-V043 located nearer to J-202 and therefore at some 

distance 
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   from J-7D.  GS-V053 was located based on  

   accessibility considerations. 

 

J-202 GS-034 This penetration shares containment isolation 

provisions with J-7D.  GS-V034 is located 

nearer to J-7D and therefore at some distance 

from J-202. 

 

6.2.4.3.2.23  Conclusion on GDC 56 

 

To ensure protection against the consequences of accidents involving release of 

significant amounts of radioactive materials, fluid lines that penetrate the 

primary containment have been demonstrated to provide isolation capabilities on 

a case by case basis in accordance with GDC 56. 

 

In addition to meeting isolation requirements, the pressure retaining 

components of these systems are designed to the same quality standards as the 

containment. 

 

6.2.4.3.3  Evaluation Against GDC 57 

 

6.2.4.3.3.1  Chilled Water System Lines and Reactor Auxiliaries Cooling System 

             Lines 

 

The chilled water and the reactor auxiliaries cooling system (RACS) lines are 

closed systems inside primary containment.  However, greater safety is achieved 

by meeting the requirements of GDC 56.  Therefore, two redundant motor operated 

isolation valves that isolate on a containment isolation signal, one inside and 

one outside primary containment, are provided. 
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6.2.4.3.4  Evaluation Against Regulatory Guides 

 

6.2.4.3.4.1  Evaluation Against Regulatory Guide 1.11 (Safety Guide 11) 

 

Compliance with Regulatory Guide 1.11 (Safety Guide 11) is discussed in 

Section 1.8.11. 

 

6.2.4.3.4.2  Evaluation Against Regulatory Guide 1.141 

 

Compliance with Regulatory Guide 1.141 is discussed in Section 1.8.1.141. 

 

Regulatory Guide 1.141 is not a requirement for HCGS.  However, our assessment 

is that the other defined bases for complying with GDC 54, 55, 56, and 57 that 

were implemented on HCGS meet Regulatory Guide 1.141 requirements. 

 

6.2.4.3.4.3  Failure Mode and Effects Analyses 

 

A single failure can be defined as a failure of a component in any safety 

system that results in a loss or reduction of the system's capability to 

perform its safety function.  Active mechanical components are defined in 

Regulatory Guide 1.48 as components that must perform a mechanical motion 

during the course of accomplishing a system safety function.  Appendix A to 

10CFR50 requires that electrical systems be designed against passive single 

failures as well as active single failures.  Sections 3.1 and 15.9 describe the 

implementation of these requirements as well as the requirements of GDC 17, 21, 

35, 41, 44, 54, 55, 56, and 57. 

 

6.2.4.3.5  Evaluation of Other Defined Bases 

 

An ESF System may use only one containment isolation valve if a closed system 

outside primary containment is used as a second isolation barrier to 

accommodate a single active failure.  Such a configuration can be used to 

increase ESF System reliability or to eliminate 10CFR50 Appendix J testing of 

the valve being replaced by the closed system outside of containment as the 

second containment barrier.  The Leakage Reduction Program periodically 

verifies the system integrity of the closed system outside of containment.  

Acceptable means for providing boundary isolation of the closed system are 

identified in Section 1.10 of the UFSAR.   

 

In the case of a single failure, the closed 
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system accommodates the failure by being an extension of the containment. Table 

6.2-25 identifies those penetrations isolated with only a single isolation 

valve.  Figures 6.2-45, 6.2-46, 6.2-47, and 6.2-48 show the limits of the 

extended containment boundary.  All manual valves at the system boundary, vent 

valves, test valves, and drain valves are under administrative control to 

assure the integrity of the extended containment boundary. Isolation provisions 

for the extended containment boundaries are identified in Table 6.2-26.  Table 

6.2-26 also evaluates the ability of check valves and safety/relief valves to 

maintain the extended containment boundary.  All extended containment 

boundaries are Quality Group B (i.e., ASME B&PV Code Class 2 piping), Seismic 

Category I, and designed to temperature and pressure ratings at least equal to 

that of the containment as identified in Figures 6.2-45 through 6.2-48. 

 

Missile protection for plant systems and structures is discussed in 

Section 3.5. 

 

6.2.4.3.5.1  Conclusion on Other Defined Bases 

 

When equivalent or greater safety is ensured by using a single primary 

containment isolation valve, a dependable closed system outside primary 

containment is provided to act as a second barrier against the release of 

radioactive materials. 

 

6.2.4.4  Tests and Inspections 

 

The Containment Isolation System incorporates the components and isolation 

functions of all systems penetrating the primary containment.  It also has the 

capability for periodic testing and the determination of containment system 

leakage. 

 

As required by the testing requirements of the Technical Specifications, the 

system is periodically tested to meet the leakage testing requirements of 

10CFR50, Appendix J, Option B, and the inservice testing requirements of ASME, 

Section XI.  This is discussed in Sections 3.9.6 and 6.2.6.  The hard seated 

containment 
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purge isolation valves will be demonstrated operable in accordance with the 

Primary Containment Leakage Rate Testing Program, at least once per 24 months. 

 

Specific exceptions to Appendix J are discussed below: 

 

6.2.4.4.1  Thermal Relief Valves 

 

10CFR50, Appendix J, Paragraph III.C.2(a) requires valves, unless pressurized 

with fluid from a seal system, to be pressurized with air or nitrogen at a 

pressure of Pa.  Thermal relief valves that discharge into the primary 

containment atmosphere and also serve as containment isolation valves will have 

their integrity verified during the Type A test rather than during the Type C 

tests. This exemption is justified since relief valves that serve as 

containment isolation valves are designed so that their discharge piping will 

withstand temperature and pressure at least equal to the containment design 

temperature and pressure.  In fact, LOCA pressure seats the valve's disk.  The 

addition of another valve to form a test boundary would not only defeat the 

purpose for which the relief valves were installed but might also decrease the 

probability that the relief valves would function properly when required. 

 

6.2.4.4.2  Instrument Lines 

 

10CFR50, Appendix J, requires valves, unless pressurized with fluid from a seal 

system, to be pressurized with air or nitrogen at a pressure of Pa. Instrument 

lines that are not included in the Type C test program, i.e., suppression pool 

level and pressure instrumentation, drywell pressure instrumentation, and those 

lines containing excess flow check valves, will have their leak tightness 

verified during the Type A test.  These instrument lines were designed on an 

"other defined basis" of GDC 56 (see 
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Sections 6.2.4.3.2.21 and 6.2.4.3.5) and hence are not capable of being Type C 

tested.  Instrument lines are provided with a manual isolation valve outside 

containment for greater reliability.  The systems they serve are closed systems 

outside containment, thereby providing reliable boundaries against containment 

leakage.  The Type A test that will be conducted on these instrument lines 

serves to adequately assure integrity. 

 

6.2.4.4.3  Main Steam Isolation Valves 

 

10CFR50, Appendix J, paragraph III.C.2(a) requires valves to be pressurized 

with air or nitrogen to a test pressure not less than Pa. The main steam 

isolation valves (MSIVs) will be leakrate tested by pressurizing between the 

inboard and outboard MSIVs at reduced pressure of 5 psig.  This restriction is 

necessary because a backpressure differential of 25 psi will lift the MSIV 

disk, unseating the valve.  Therefore, testing of the two MSIVs simultaneously, 

between the valves, at Pa would lift the disk at the inboard valve and result 

in a meaningless test.  A test will be conducted using air/nitrogen at 5 psig 

with the observed leakage through each main steam line limited to 41 scfh.  

This limit is the single steam line allowable leakage of 150.0 scfh (Technical 

Specification 3.6.1.2) corrected from 50.6 psig to 5 psig. 

 

6.2.4.4.4  Containment Airlocks 

 

10CFR50, Appendix J, Option B, requires airlock testing to be performed on a 

frequency of at least once every 30 months at a pressure not less than Pa. 

Airlock individual testable components which include the shaft seals and door 

seals shall also be performed on a frequency of at least once every 30 months. 

Airlock tests shall be performed in accordance with ANSI/ANS 56.8-1994.  In 

addition to the 30-month testing requirement, following maintenance on a 

pressure retaining boundary, a leakage test shall be performed either on the 

airlock or the affected area or component. 
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Airlock door seals shall be tested within 7 days after each containment access 

whenever containment integrity is required.  During periods when multiple 

containment entries are required more frequently than once every seven days, 

the door seals may be tested once per 30 days. 

 

These commitments assured that when replacement, modifications, or other 

alternatives to the airlocks are made that affect sealing capability, 

surveillances will be conducted to verify that the airlock satisfies acceptance 

criteria.  Therefore, the test that will be performed, i.e., after maintenance 

affecting the sealing capability, represents sufficient surveillance (in 

addition to the 30 month and 7 day requirements) to assure proper leakage 

verification.  

 

6.2.4.4.5  Traversing Incore Probe System 

 

10CFR50, Appendix J, Paragraph III.D.3 requires that valves classified as Type 

C valves be leak tested by local pressurization during each reactor shutdown 

for refueling but in no case at 
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intervals greater than 2 years.  The traversing incore probe (TIP) system's 

shear valves will not be Type C tested because the shear valves require testing 

to destruction.  The following actions will be implemented as an alternative to 

Type C testing in order to ensure the shear valves will perform their intended 

functions.  First, the continuity of the explosive charge will be verified at 

least once every 31 days.  Second, the explosive squib from at least one 

explosive valve will be removed at least once every 18 months (such that each 

explosive squib in each explosive valve is removed at least once every 90 

months) and tested by initiating the explosive squib.  Third, the replacement 

charge for the exploded squib will be from the same manufactured batch as the 

one fired or from another batch which has been certified by having at least one 

of that batch successfully fired.  Finally, all charges will be replaced 

according to the manufacturer's recommended life time. 

 

6.2.4.4.6  Other Deviations 

 

The following discussion details additional deviations from the requirements of 

Appendix J; however, these items need not be identified as exemptions since 

10CFR50 allows an alternative or equivalent testing method. 

 

 1. Appendix J, indicates Type C tests should be performed in the 

same direction as that when the valve is utilized under accident 

conditions unless a pressure applied in a different direction 

will provide equivalent or more conservative results. 

 

  Four types of valves are leak rate tested in a direction other 

than the anticipated accident flow direction.  Justification that 

such testing will provide equivalent or more conservative results 

relative to those resulting from test pressure applied in the 

direction of anticipated accident flow includes: 
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  a. Globe valves - Test pressure in the reverse direction will 

tend to unseat the valve 

 

  b. Butterfly valves - All applicable valves have seat 

constructions which are designed for sealing against pressure 

on either side 

 

  c. Gate valves - Some valves are tested by pressurizing between 

the seats.  Pressurizing in the normal direction tends to 

seat one of the discs, whereas pressurizing between the discs 

has applies pressure equally to each seat. 

 

  d. Relief valves - Test pressure in the reverse direction will 

tend to unseat the valve. 

 

   

 

 2. Appendix J, requires valves unless pressurized with fluid from a 

seal system to be pressurized with air or nitrogen to Pa. Although 

the suppression pool is not a water seal system, it does provide a 

water seal for all valves identified in Table 6.2-24 except for 

feedwater lines.  NUREG-0800, SRP 6.2.6 states that hydrostatic 

testing of containment isolation valves is permissible if the line 

is not a potential containment atmospheric leak path.  Therefore, 

those identified valves will be tested at 1.1 P
a
 with water and 

total leakage limited to 10 gpm. 

 

 3. Appendix J, allows exclusion from combined 0.60La of leakage from 

valves that are sealed with fluid from a seal system if the fluid 

leakage rates do not exceed those specified in the Technical 

Specifications.  Since the Control Rod Drive (CRD) System was 

designed on an "other defined basis" of GDC 55 system 
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  integrity is verified by the following leakage monitoring 

capabilities in lieu of Type C tests. 

 

  a. CRD high temperature alarms 

 

  b. CRD position indication 

 

  c. Level instruments in the reactor building sumps 

 

  d. Area radiation monitors that indicate an alarm in the control 

room 

 

  Furthermore, leakage monitoring of the CRD lines will be provided 

during the CILRT when the reactor pressure vessel and the 

nonseismic portion of the CRD system are vented and the 

containment is pressurized. 

 

  Finally, leakage from the CRD system into the reactor building 

will be detected for the full spectrum of leakage rates.  Small 

leaks will be detected by observation during daily inspection 

rounds of the control unit areas by operators.  Large leaks will 

be detected by level indicators on the Reactor Building floor 

drain sumps.  A large leak of reactor coolant from any insert line 

will be automatically isolated by the ball check valve in the CRD 

housing.  Leaks of CRD supply water will be indicated by increased 

flow as continuously recorded in the control room.  The CRD 

directional control valves are normally closed.  Excessive leakage 

through the scram valves will be detected by level indicators in 

the floor drain sumps. 

 

See Section 6.2.6 for a discussion of the test program. 
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6.2.4.5  SRP Rule Review 

 

6.2.4.5.1  Acceptance Criterion II.6.d 

 

Acceptance Criterion II.6.d requires that when it is not practical to provide 

one isolation valve inside and one outside containment, and both valves are 

located outside the primary containment, that the valve nearest the containment 

and the piping between the containment and the first valve, be enclosed in a 

leaktight or controlled leakage housing.  The valve and/or piping compartment 

must be capable of detecting leakage from the valve shaft and/or bonnet seals 

and must terminate the leakage. 

 

HCGS does not have a dedicated system for detecting leakage from individual 

containment isolation valves or from individual lines that penetrate primary 

containment.  Nevertheless, the design is acceptable since Reactor Building 

sumps level alarms and flooding alarms in ECCS pump rooms alert the main 

control room operators of excess leakage.  Furthermore, all leakage is 

collected within the Reactor Building sumps and processed in the radwaste 

system before its controlled release to the environment. 

 

6.2.4.5.2  Acceptance Criterion II.6.h 

 

Acceptance Criterion II.6.h of Section 6.2.4 requires that nonessential systems 

be automatically isolated by the containment isolation signal.  HCGS complies 

with this requirement, with the exceptions that are identified and justified in 

our response to NUREG-0737, Item II.E.4.2 in Section 1.10. 

 

6.2.4.5.3  Acceptance Criterion II.6.n 

 

SRP Section 6.2.4.II.6.n states that for lines which provide an open path from 

the containment to the environs, isolation valve closure times on the order of 

5 seconds or less may be necessary.  
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Furthermore, it states that closure times for these valves should be based on 
the radiological consequences. 
 
 
The only penetrations that provide a direct path from the primary containment 

to the environs are P-22, P-23, P-219, and P-220.  The valves isolating these 

penetrations that do not meet the 5 second recommended closure requirement are 

GS-V004, V005, V002, V003, V025, V007, V006, V076, V008, and V010.  Eight of 

these ten valves isolate the lines to the containment hydrogen recombiner 

system which is considered a closed system.  Only GS-V025 and V076 isolate 

direct paths to the environs.  The adequacy of their closure times was 

confirmed by radiological analysis.  The analysis is discussed in Section 

1.14.1.71.2.11.1. 

 

6.2.5  Combustible Gas Control in Containment 

 

Following a postulated beyond design basis accident, hydrogen gas may be 

generated within the primary containment as a result of the following 

processes: 

 

 1. Metal water reaction involving the Zircaloy fuel cladding and the 

reactor coolant 

 

 2. Radiolytic decomposition of water in the reactor vessel and the 

suppression pool (oxygen also evolves in this process) 

 

 3. Corrosion of metals and paints in the primary containment. 

 

To preclude the possibility of a combustible mixture of hydrogen and oxygen 

accumulating in the primary containment, the containment atmosphere is inerted 

with nitrogen gas before power operation of the reactor. 

 

To control the hydrogen and oxygen concentration in the primary, the following 

features are provided: 
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 1. A containment hydrogen recombiner system 

 

 2. A hydrogen/oxygen analyzer system (HOAS) 

 

 3. The capability for a controlled venting of the primary 

containment. 

 

The Containment Atmosphere Control System (CACS) is composed of: 

 

 1. Hydrogen/Oxygen Analyzer System (HOAS) 

 

 2. Containment Hydrogen Recombiner System (CHRS) 

 

 3. Vacuum Relief Valve System (VRVS) 

 

 4. Containment Inerting and Purging System (CIPS) 

 

The CACS interfaces with the Reactor Building Ventilation System (RBVS), with 

the Filtration, Recirculation and Ventilation System (FRVS), and with the 

Containment Prepurge Cleanup System (CPCS). 

 

6.2.5.1  Design Bases 

 

The CACS is designed to the following criteria: 

 

 1. The CACS is designed to remote manually introduce nitrogen gas 

into the primary containment at a high flow rate, thereby 

displacing air originally in the containment volume for the 

purpose of reducing the oxygen concentration in the containment 

atmosphere to four percent by  volume in less than 4 hours prior 

to power operation. 

 

 2. The CACS, operating through remote manual control and in 

conjunction with the RBVS, is designed to provide a 9000-cfm of 

filtered outdoor air purge flow to the drywell 
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  and suppression chamber to provide a safe atmosphere for personnel 

access. 

 

 3. The CACS is designed to control the containment pressure within 

the design specification limits of 
~
2 psig and to maintain the 

oxygen concentration below four percent during all normal modes of 

reactor operation by supplying nitrogen gas to and/or releasing 

gases from the primary containment in a controlled manner. 

 

 4. The CACS, through the remote-manual operation of the CPCS and the 

RBVS, is designed to remove radioactive contaminants from all 

primary containment gas prior to its release to the environment. 

 

 5. Following an accident, the CACS is designed to continuously 

monitor and, if necessary, alarm upon high concentration of 

hydrogen or oxygen in the primary containment (2.0 percent 

hydrogen or 3.8 percent oxygen by volume).  The CACS is also 

designed to be available to monitor the hydrogen and oxygen 

content of the primary containment atmosphere during normal 

operation. 

 

 6. The CACS is designed to recombine hydrogen and oxygen after a 

beyond design basis accident with sufficient capacity to prevent 

the accumulation of a combustible concentration of gases inside 

the primary containment. 

 

 7. The CACS is designed to permit, through remote manual control, a 

controlled venting of the primary containment atmosphere at a low 

flow rate.  The FRVS is used in this situation to remove 

radioactive contaminants from this vented gas prior to its release 

to the environment. 
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 8. The CACS is designed to automatically isolate all lines that 

penetrate primary containment to ensure the integrity of the 

containment boundary during accident conditions.  The isolation 

valves are designed to allow remote-manual reopening by pushbutton 

override switches protected by guards to prevent any accidental 

actuation. 

 

 9. The CACS is designed to monitor the pressure in the suppression 

chamber and the temperature in both the drywell and suppression 

chamber under post-LOCA conditions. 

 

 10. During normal plant operation, the CACS is designed to limit the 

pressure difference between the drywell and the suppression 

chamber to 2.5 psid and the pressure difference between the 

suppression chamber and Reactor Building to 3.0 psid. 

 

 11. The safety-related portions of the CACS are designed to remain 

functional after a safe shutdown earthquake (SSE).  They are 

listed in Table 6.2-17. 

 

 12. The safety-related portions of the CACS are designed so that a 

single failure of any active component, assuming loss of offsite 

power (LOP), cannot result in the loss of safety function. 

 

 13. The portions of the CACS that operate under post-LOCA conditions 

are designed to facilitate periodic inspection and testing of 

safety-related features during all normal modes of plant 

operation. 

 

 14. The safety-related portions of the CACS are designed to remain 

operable in the environments existing in their respective areas 

following a LOCA. 
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 15. The containment atmosphere is sufficiently mixed to prevent high 

concentrations of combustible gases from forming locally.  The 

process is discussed in Section 6.2.5.2.6. 

 

6.2.5.2  Containment Atmosphere Control System Description 

 

The CACS uses dedicated and interface systems to accomplish a number of 

functions including inerting the primary containment with nitrogen, purging the 

primary containment, limiting the differential pressure between drywell and 

suppression chamber, monitoring hydrogen and oxygen concentrations in the 

primary containment, and controlling hydrogen and oxygen concentration in the 

primary containment. 

 

The CACS controls the drywell and suppression chamber atmosphere during all 

modes of reactor operation (normal reactor operation, reactor shutdown, and 

post-accident conditions).  Portions of the system are safety-related.  See 

Table 6.2-17 for system design and performance data.  All safety-related 

portions of the CACS are environmentally qualified to normal and accident 

environments according to Section 3.11 requirements. 

 

The CACS is shown schematically on Plant Drawing M-57-1.  The system is located 

within the Reactor Building except for the nitrogen vaporizer, which is located 

in the Auxiliary Building; the HOAS hydrogen bottles, which are located in the 

Yard adjacent to the Condensate Storage Tank; and the control cabinets, which 

are located in the Auxiliary Building. 

 

6.2.5.2.1  Nitrogen Inerting 

 

During normal power operation of the reactor, the oxygen content of the primary 

containment atmosphere is maintained at a concentration no greater than 

4 percent by volume by the Containment Inerting and Purge System (CIPS). This 

limit is established to preclude the attainment of a combustible gas mixture 

inside the containment if 
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combustible gases are released into the containment atmosphere following a 

beyond design basis accident.  Oxygen monitoring during normal operation is 

done by analyzing grab samples taken either through the Leak Detection System 

(LDS) or the Hydrogen/Oxygen Analyzer System (HOAS).  The LDS drywell sample 

skid is equipped with two connection points upstream of the sample pump (see 

Plant Drawing M-25-1), to which a portable oxygen monitor can be attached 

whenever a drywell oxygen sample is required.  The HOAS contains a permanently 

connected oxygen monitor in only the "A" train between the suppression chamber 

sample suction and return lines of the HOAS panel (see Plant Drawing M-57-1), 

which can be utilized whenever a suppression chamber oxygen sample is required. 

  

 

This low oxygen atmosphere is achieved by displacing air in the primary 

containment with nitrogen gas.  The nitrogen is supplied from a liquid nitrogen 

facility, which consists of two liquid nitrogen storage tanks and one steam-

heated water bath vaporizer. 

 

Gaseous nitrogen flow rate from the discharge of the vaporizer is supplied to 

the drywell and/or the suppression chamber as controlled by the operator. 

Displaced gases released from the primary containment during nitrogen inerting 

are processed through the HEPA filters of the RBVS exhaust system and monitored 

for radioactivity before release to the environment.  The RBVS is discussed in 

Section 9.4.2. 

 

During the inerting operation, nitrogen is supplied to the containment through 

one RBVS supply purge penetration, and gases are released from the containment 

through one RBVS exhaust purge penetration.  The 6-inch nitrogen supply 

butterfly valve (HV-4978) has been qualified to close against the dynamic 

effects associated with a LOCA.  During the makeup operation, nitrogen is 

supplied to the containment through the 1-inch nitrogen makeup lines.  The 

gases are released from the containment to the RBVS exhaust system by opening 

the inboard 26-inch and/or 24-inch purge exhaust valve and the 2-inch bypass 

valve around the closed 24- and/or 26-inch outboard purge exhaust valve 

(reference Plant Drawing M-57-1).  Once the 
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four percent by volume oxygen concentration in the primary containment has been 

achieved, nitrogen flow is terminated and the isolation valve(s) in the purge 

exhaust lines is/are closed. 
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The nitrogen vaporizer receives liquid nitrogen from the off-gas treatment 

system liquid nitrogen tanks.  Sufficient nitrogen is available to inert the 

primary containment one time (where inerting requires two volume changes) plus 

an equivalent 1/4 containment volume for makeup purposes that may be required 

to keep the oxygen concentration below four percent by volume during reactor 

operation. 

 

The nitrogen vaporizer has the capability to provide sufficient gaseous 

nitrogen to satisfy the demand of the CIPS during inerting and makeup 

operation.  Process conditions for the vaporizer are tabulated in Table 6.2-17. 

 

The CIPS is capable of reducing the oxygen concentration in the primary 

containment atmosphere to less than four percent by volume in less than 4 

hours.  Makeup nitrogen will be supplied through the nitrogen vaporizer at 

approximately 100 cfm during makeup and 2500 cfm during inerting.  Post-

accident operation is not required. 

 

The RBVS is capable of purging the primary containment atmosphere prior to or 

after each reactor shutdown.  Prior to purging, the CPCS may be used to filter 

the containment atmosphere at a rate of 3000 cfm, as required.  The CPCS and 

RBVS are discussed in Section 9.4.2. 

 

Purging is performed during periods of reactor shutdown to maintain a well-

ventilated environment for personnel occupancy of the primary containment. 

Purging also may be performed during the operational modes of startup, power 

operation, and hot shutdown for the purposes of inerting, prepurge cleanup, and 

deinerting the primary containment.   

 

Purging during the latter three operational modes will be restricted as 

follows:   

 

1. Inerting will be performed as specified in the Technical Specifications 

within 24 hours after reactor thermal power exceeds 15 percent of rated 

thermal power following startup.   
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2. Deinerting (i.e., purging) will be initiated no more than 24 hours prior 

to reducing reactor thermal power to 15 percent of rated thermal power 

prior to a scheduled reactor shutdown.  (A scheduled reactor shutdown 

includes planned and forced outages.) 

 

3. The CPCS operation may be initiated no more than 4 hours before the start 

of deinerting, as required.   

 

The number of purge lines in use (i.e., both inboard and outboard valves open) 

during the operational modes of startup, power operation, and hot shutdown will 

be limited to one supply (inlet) and one exhaust (vent) line.   

 

The 24- and 26-inch containment vent and purge butterfly valves are closed, 

except as otherwise allowed by the Technical Specifications, and under 

administrative control during normal plant operating conditions.  During normal 

operation, power ascension, and descension, the 24- and/or 26-inch inboard vent 

valves (1-GS-HV-4964 & 4952), in conjunction with 2-inch air operated globe 

valves (1-GS-HV-4963 & 4951), may be open to vent the containment as required 

for thermal expansion of the air volume and control of oxygen concentration.   
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6.2.5.2.2  Deleted (Combined with Section 6.2.5.2.1) 

 

6.2.5.2.3  Containment Pressure Control Normal Operation 

 

The CIPS controls thermal expansion of the containment atmosphere resulting 

from normal operating transients through the operation from the main control 

room of the inboard RBVS purge exhaust isolation valve at the drywell and the 

2-inch bypass valve around the outboard isolation valve.  Flow is directed to 

the RBVS exhaust ductwork. 

 

The VRVS limits pressure differentials between the suppression chamber and 

drywell.  Eight 24-inch vacuum relief valves are sized to prevent the drywell 

pressure from falling 2.5 psid below the suppression chamber pressure.  The 

VRVS vacuum valves are fully open when the drywell pressure falls below that of 

the suppression chamber by 0.25 psid. 

 

The VRVS also limits the pressure differentials between the Reactor Building 

and the suppression chamber to less than 3.0 psid through the operation of 

Reactor Building to suppression chamber vacuum relief valves.  The two 24-inch 

valves are fully open at 0.25 psid and will vent air into the suppression 

chamber from the Reactor Building. 

 

The VRVS operability can be demonstrated by exercising vacuum relief valves to 

the open position.  Each valve is equipped with redundant valve position 

indicators that indicate and alarm in the main control room.  The sensitivity 

of the indicators is sufficient to detect an offset greater than 0.01 (
~
0.005) 

inch at the valve centerline.  The flow through the eight suppression pool to 

drywell vacuum breakers with each offset at 0.01 inch is equivalent to the flow 

through a 0.5 inch diameter hole. 
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The redundant position indicators are visually observed and verified at each 

refueling outage in accordance with ASME Section XI, Article IWV-330 to confirm 

that remote valve indications accurately reflect valve operation.  The accuracy 

verification is in accordance with the instructions provided by the valve 

supplier. 

 

6.2.5.2.4  Containment Hydrogen Recombiner System 

 

The Containment Hydrogen Recombiner System (CHRS) is part of the CACS.  The 

CHRS consists of two redundant hydrogen recombiner packages, each of which has 

adequate processing capacity to control the quantity of the hydrogen and oxygen 

postulated to be generated in the primary containment after a beyond design 

basis accident. The recombiners are thermal recombination type and are 

described in Reference 6.2-13. 

 

A schematic diagram of one recombiner package is shown on Plant Drawing M-58-1. 

Each hydrogen recombiner package consists of three modules: the recombiner skid 

assembly, the power cabinet, and the control cabinet.  The recombiner skid 

assembly, which is shown on Figure 6.2-31, contains the process components. The 

process components include flow control valves, canned motor/blower assembly, 

gas heater pipe, reaction chamber, water spray cooler, and water separator and 

associated instrumentation.  The gas heater pipe and the reaction chamber are 

located within an insulated enclosure that also contains electric heater 

elements.  The recombiner skid assembly is located outside the primary 

containment in the reactor building. 

 

The power cabinet houses the power distribution components for the recombiner 

package.  The cabinet is located near to its associated recombiner skid 

assembly and contains the 480 V power supply, control transformer, blower motor 

starter, circuit breakers, control relays, and the silicon controlled 

rectifiers (SCRs) that control electrical power to the heater elements. 

 

The control cabinet contains all of the instrumentation, annunciators, lights, 

and switches necessary for operation of the 
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recombiner package.  The control cabinet is located in the control room. 

 

Each recombiner is designed to process a minimum of 60 scfm of drywell gas 

containing five percent oxygen, or up to 150 scfm of drywell gas containing two 

percent oxygen, with the balance consisting of hydrogen, nitrogen, fission 

products, and water vapor.  The system will also process 150 scfm of gas 

containing four percent hydrogen.  The recombination process is accomplished by 

increasing the temperature of the process stream to approximately 1300F, at 

which temperature the hydrogen and oxygen combine spontaneously to form water 

vapor.  Virtually complete recombination occurs so that the oxygen 

concentration in the effluent from the recombiner is negligible when excess 

hydrogen is present in the process gas.  Similarly, the hydrogen concentration 

in the effluent is negligible when excess oxygen is present in the process gas. 

 

During the recombiner operation, gas from the drywell flows through the drywell 

purge penetrations to the inlet piping of the recombiner.  The effluent from 

the recombiner flows through the outlet piping to the suppression chamber purge 

penetrations and into the suppression chamber.  By taking suction from the 

drywell and discharging to the suppression chamber, a differential pressure is 

created between these two volumes.  This differential pressure is limited to 

0.25 psid by the primary containment vacuum relief valve assemblies that open 

to allow gas to flow from the suppression chamber back into the drywell. 

 

The recombiner inlet and outlet lines are each provided with two normally 

closed automatic valves for containment isolation.  These valves can be 

operated by handswitches in the control room and are automatically closed upon 

receipt of a containment isolation signal.  The isolation signal can be 

overridden from the main control room to reopen the isolation valves. 

Containment isolation is discussed further in Section 6.2.4. 
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Recombined effluent flows from the reaction chamber to the water spray cooler, 

where the effluent is cooled to less than 250F.  The cooling water at 150F 

maximum is supplied to the recombiners from the Residual Heat Removal (RHR) 

System.  Cooled effluent flowing from the cooler is passed through a water 

separator that prevents any water droplets from entering the gas recirculation 

line.  The separated water drains down to the suppression pool through the 

recombiner outlet piping.  Recirculation (dilution) gas is drawn from the top 

of the water separator and is routed to the recombiner inlet piping. 

Recirculation is controlled from the main control room via a motor operated 

valve in the recirculation line.  The amount of gas recirculated increases as 

the amount of excess hydrogen in the process gas exceeds four percent. 

 

Operation of the hydrogen recombiner is initiated manually from the control 

cabinet.  When process gas flow and cooling water has been established, the 

heater elements are energized automatically.  Approximately 2 hours are 

required for the system to reach operating temperature.  When the temperature 

at the gas heater pipe outlet reaches 1300F, power to the heater elements is 

automatically turned off.  When the temperature at the gas heater pipe outlet 

falls below 1300F, an interlock is cleared and power is controlled to the 

heater elements at a lower level than during startup.  Temperatures in the gas 

heater pipe stay below those required for recombination so that recombination 

occurs in the reaction chamber.  A temperature indicator controller located in 

the control cabinet is used to maintain reaction chamber temperature at about 

1300F. 

 

 

 

The CHRS is designed to be operable for 40 years including up to six full power 

tests per year and 180 days of post-accident operation. 

 

Additional CHRS design and performance data is contained in Table 6.2-17.  The 

CHRS environmental qualification plan is found in Reference 6.2-12.  The CHRS 

meets the environmental qualification requirements described in Section 3.11 

for conditions described in Sections 3.10 and 3.11. 
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6.2.5.2.5  Combustible Gas Analyzer 

 

The HOAS is part of the Containment Atmosphere Control System, which is shown 

schematically on Plant Drawing M-57-1.  The HOAS consists of two identical 

redundant analyzer packages, each of which contains a hydrogen analyzer cell 

and an oxygen analyzer cell.  Each package takes samples from two different 

elevations in the drywell and from one point in the suppression chamber. 

Processed samples are returned to the suppression chamber. 

 

PSEG has verified that the Hydrogen Monitoring System is capable of diagnosing 

the course of significant beyond design-basis accidents and has committed to 

maintain this capability.  The Hydrogen Monitoring System is functional, 

reliable, and capable of measuring the concentration of hydrogen in the 

containment atmosphere following a significant beyond design-basis accident for 

accident management, including emergency planning.  The Hydrogen Monitoring 

System is classified as Category 3, as defined in Regulatory Guide 1.97. 

 

PSEG has verified that the Oxygen Monitoring System is capable of verifying the 

status of the inerted containment atmosphere and has committed to maintain this 

capability.  The Oxygen Monitoring System is functional, reliable, and capable 

of measuring the concentration of oxygen in the containment atmosphere 

following a significant beyond design-basis accident for combustible gas 

control and accident management, including emergency planning.  The Oxygen 

Monitoring System is classified as Category 2, as defined in Regulatory Guide 

1.97. 

 

Each analyzer package consists of a sample cabinet located in the Reactor 

Building, a remote oxygen indicator located also in the Reactor Building, and a 

remote control panel located in the control room.  Sample points in the primary 

containment are located as follows: 
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                                  HOAS Sample Locations 

 

          Radial Distance 

      Elevation,   from Centerline 

   Penetration     ft    Azimuth of RPV, ft      

 

System A 

 

Sample point A   J-9E  153'-0" 291   28'-11" 

Sample point B   J-10C  153'-0"    36   27'-5" 

Sample point C   J-212  87'-8" 191   56'-4" 

 

System B 

 

Sample point A   J-3B  153'-0" 169   30'-6" 

Sample point B   J-7D  153'-0" 157   29'-1" 

Sample point C   J-210  83'-7"  87   66'-9" 

 

Each sample suction and return line is provided with two, normally closed, 

motor-operated valves for containment isolation.  These valves are operated by 

manual switches in the main control room and are automatically closed upon 

receipt of a containment isolation signal.  The isolation signal to the valves 

can be overridden manually from the main control room.  Containment isolation 

is discussed further in Section 6.2.4.  Following an accident, one HOAS channel 

is manually initiated and operates continuously for the duration of the 

accident. 

 

Each analyzer package can only sample one sample point at one time.  The 

selection of a specific sample point is determined by the operator.  Gases from 

the selected sample point are routed in parallel through a hydrogen analyzer 

cell and oxygen analyzer cell located in the analyzer panel inside the reactor 

building or, in the case of a sample from the suppression chamber, can be 

routed through the suppression chamber supplementary oxygen monitor bypassing 

the HOAS panel.  This provision permits periodic measurement of suppression 

chamber compartment oxygen concentration during normal 
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operation (see Section 6.2.5.2.1). 

 

In Amendment 160 to the Hope Creek Facility Operating License, the station 

committed to maintaining at least one hydrogen/oxygen concentration analyzer 

channel and monitor operable during Operational Conditions 1, 2, and 3.  With 

no hydrogen/oxygen analyzer channels operable, at least one channel should be 

restored to an operable status within 72 hours or an alternate method of 

monitoring the parameter should be established. 

 

The hydrogen/oxygen concentration analyzer channels are demonstrated operable 

by the performance of a channel check at least once per month and by 

performance of a channel calibration at least once per quarter.  The channel 

calibration is performed using a sample gas containing 5 volume % oxygen 

(balance nitrogen) for the oxygen analyzer and by use of a 5 volume % hydrogen 

(balance nitrogen) sample gas for the hydrogen monitor. 

 

The operation of the hydrogen and oxygen analyzer cells is based on the 

measurement of thermal conductivity of the gas sample.  The thermal 

conductivity of the gas mixture changes proportionally to 
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the changes in the concentration of the individual gas constituents of the 

mixture.  The thermal conductivity of hydrogen is far greater (approximately 

seven times the thermal conductivity of air) than any other gas expected to be 

present in the primary containment.  The hydrogen analyzer cell incorporates a 

catalytic combustion feature in which hydrogen in the sample is removed by 

catalytic recombination with a reagent gas (oxygen).  The thermal conductivity 

of the sample is measured before and after recombination, and the two 

measurements are compared.  The difference in thermal conductivity is 

proportional to the concentration of hydrogen originally in the sample.  The 

oxygen analyzer operates simultaneously in a similar manner, except that the 

reagent gas is hydrogen. 

 

The hydrogen analyzer has dual range capability of 0 to 10 percent by volume 

and 0 to 30 percent by volume.  The oxygen analyzer has dual range capability 

of 0 to 10 percent by volume and 0 to 25 percent by volume.  The hydrogen and 

oxygen concentrations in the sample gas are indicated at the analyzer panel in 

the reactor building and at the remote control panel in the main control room. 

The concentrations are also recorded in the main control room.  An additional 

oxygen indication is provided at the entrance to the drywell service hatch. 

 

Sample gases are drawn through the analyzer cells by the diaphragm pump located 

in the analyzer panel.  Sample gases and any excess moisture, either from the 

sample or created by the catalytic recombination, are routed back to the 

suppression chamber. 

 

HOAS design and performance data is included in Table 6.2-17.  The HOAS 

environmental qualification program is found in Reference 6.2-23.  The HOAS 

meets the environmental qualification requirements described in Section 3.11 

for conditions described in Sections 3.10 and 3.11. 
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6.2.5.2.6  Containment Atmosphere Mixing 

 

The potential for hydrogen or oxygen concentration gradients within a single 

containment compartment is dependent upon the source of hydrogen or oxygen, the 

temperature of steam, and air flow conditions within the compartment. 

 

In most cases with a hydrogen source, both hydrogen and steam will be entering 

a compartment at a high temperature and a high velocity compared to the pre-

existing conditions in the room.  The initial turbulence will cause a 

significant amount of mixing within the first few seconds after the hydrogen 

enters.  Steam expansion likewise will create large initial mixing flows. 

NUREG/CR 2540 indicates that the hydrogen/steam mixtures will be at 500 to 

2500F, which will be well in excess of the 120 to 340F expected in the 

containment air spaces.   

 

 

 

 

For long term steady state conditions, e.g., hydrogen or oxygen evolving from 

radiolysis of water on the containment floor or hydrogen entering a compartment 

through a large vent opening, it is expected that convective mixing currents 

will be the major driving force to mix the hydrogen.  For a discussion of this 

phenomenon, refer to NUREG/CR-1575. 

 

The computer modeling discussed in NUREG/CR-1575 indicates that for the 

situation with an air temperature 2.8K above the wall temperature, the maximum 

hydrogen concentration gradient observed was 0.14 percent.  This modeling 

considered molecular diffusion, Eddy diffusion, and convective flows along the 

walls, all for an extremely simple model with only one major temperature 

gradient of 2.8K.  For a real situation with pumps and pipes at temperatures 

up to several hundred degrees hotter than the walls and the containment air, 

and with the complex geometries of heat sources, it is believed that highly 

complex and much more rapid air flow patterns would be 
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established resulting in complete hydrogen mixing within the containment 

compartment. 

 

These local mixing flows would be enhanced by the major convective heating flow 

that occurs in the containment in order to transport the heat from the vessel 

to the Containment Heat Removal System. 

 

Within the Hope Creek containment, hydrogen or oxygen could accumulate in 

either the drywell or wetwell volumes.  These volumes are connected by the 

downcomers, the vacuum breakers, and the recombiner supply and exhaust piping, 

thus allowing mixing between the volumes.  Within the drywell, mixing and 

turbulence would be caused by the blowdown from the pipe break, the drywell 

sprays if they are manually initiated, and the large convective mixing air 

flows caused by the high temperatures of the reactor vessel and piping.  There 

are no large volumes where pocketing is probable and where convective mixing 

would not mix the gases during the long times required for the accumulation of 

burnable mixtures.  Within the wetwell, water turbulence and discharges would 

also enhance the air mixing due to the temperature differentials.  Figures in 

Section 1.2 show the locations of the various floors and volumes of the primary 

containment where the combustible gases could be circulating post-LOCA. 

 

6.2.5.2.7  Controlled Venting of Primary Containment 

 

The capability to vent the primary containment in order to control oxygen and 

hydrogen concentration is provided.  This controlled venting is non-safety-

related except for portions that constitute part of the primary containment 

boundary.  For compliance to Regulatory Guide 1.7, see Section 1.8.1.7. 

 

Controlled venting of Primary Containment, if used, would be accomplished by 

use of a modified mode of the CACS. 
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Controlled venting of the containment would be through two 2-inch flow control 

valves as described in 6.2.5.2.3.  Gases exhausted from the containment during 

controlled venting would be processed through the FRVS recirculation filters in 

order to remove radioactive particulate and Halogen contaminants prior to 

release to the environment.  This system is discussed in Section 6.8. 

 

 

6.2.5.3  Section deleted 
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 6.2.5.4  Tests and Inspections 

 

The CACS is preoperationally tested in accordance with the requirements of 

Section 14 and periodically tested in accordance with the requirements of 

Section 16.  Inservice inspection of the safety-related systems will be in 

accordance with the ASME B&PV Code, Section XI, for Section III, Class 2 

components.  See Section 6.2.6 for additional testing requirements. 

 

6.2.5.5  Instrumentation Requirements 

 

The instrumentation requirements for the CACS are discussed in Section 7.3.1. 

 

6.2.5.6  Safety Evaluation 

 

The CHRS, the VRVS and the HOAS, including supporting structures, are designed 

to Seismic Category I requirements as defined in Section 3.7, with the 

exception of the HOAS H2/O2 bottle racks, which are designed to Seismic 

Category III requirements.  Except for tubing internal to the sample cabinets 

of the HOAS and the bottle station supply lines to the HOAS, piping and tubing 

associated with both systems are designed, fabricated, inspected, and tested in 

accordance with the requirements of the ASME B&PV Code, Section III, Class 2.  

The tubing internal to the 
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sample cabinet and the bottle station supply lines conform to the requirements 

of ANSI B31.1.0.  All portions of these systems, with the exception of the HOAS 

bottle stations, are located within the Reactor Building and Auxiliary 

Building, which are designed to Seismic Category I requirements as discussed in 

Section 3.8.4.  The bottle stations are located in the Yard area, adjacent to 

the Condensate Storage Tank.  Evaluation of the these systems with respect to 

the following areas is discussed in FSAR sections as indicated: 

 

 1. Protection from wind and tornado effects - Section 3.3 

 

 2. Flood design - Section 3.4 

 

 3. Missile protection - Section 3.5 

 

 4. Protection against dynamic effects associated with the postulated 

rupture of piping - Section 3.6 

 

 5. Environmental design - Section 3.11. 

 

The CHRS and the HOAS both consist of two separate packages that are fully 

redundant and independent with the exception of the HOAS hydrogen and oxygen 

supply bottles.  One set of hydrogen and oxygen bottles supply both HOAS 

packages.  The redundant packages are powered from different divisions of Class 

1E power.  A single failure in either system would only render the affected 

package unavailable, with the redundant package fully capable of performing the 

required function at full capacity.  Failure modes and effects analyses for the 

CHRS and the HOAS are provided in Tables 6.2-18 and 6.2-19, respectively. 

 

The CACS lines penetrating the primary containment are provided with redundant 

isolation valves powered from different divisions of Class 1E power. 
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Loss of power to any individual valve or to all valves powered from the same 

division does not disable the containment isolation function.  In the event of 

a failure of any single valve to close when required, the redundant valve on 

the same line provides the isolation function.  The bypass of an isolation 

signal to any valve is annunciated in the control room.  In the event of a 

failure of any single isolation valve to reopen when required, the redundant 

system will be used. 

 

6.2.5.7  SRP Rule Review 

 

Acceptance Criterion II.4 of Standard Review Plan 6.2.5 requires that the 

repressurization of the containment following a LOCA be limited to less than 

50 percent of the containment design pressure.  At HCGS, pressure increases 

originally due to MSIV seal system inleakage following a LOCA were eliminated 

by the deletion of the MSIV Sealing System. 

 

 

 

 

 

 

 

 

 

6.2.6  Primary Reactor Containment Leakage Rate Testing 

 

The proposed primary reactor containment leakage test program involves the 

following three tests: 

 

 1. Type A tests - Tests intended to measure the Primary Reactor 

Containment System overall integrated leakage rate, both after 

erection of the primary reactor 
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  containment system has been completed and the system has been made 

ready for operation and at subsequent periodic intervals. 

 

 2. Type B tests - Tests intended to detect local leaks and to measure 

leakage across pressure containing or leakage-limiting boundaries 

other than valves. 

 

 3. Type C tests - Tests intended to measure primary reactor 

containment system isolation valve leakage rates. 

 

The proposed testing program conforms to 10CFR50, Appendix J, Option B, 

"Primary Reactor Containment Leakage Testing for Water Cooled Power Reactors," 

and Appendix A, General Design Criteria (GDC) 52, "Capability for Containment 

Leakage Rate Testing," GDC 53 "Provisions for Containment Testing and 

Inspection," and GDC 54, Piping Systems Penetrating Containment. 

 

6.2.6.1  Primary Containment Integrated Leakage Rate Test 

 

The Type A test is performed to determine the total atmospheric (air) leakage 

from the containment.  The leakage rate must not exceed the maximum allowable, 

L
a
, at the calculated peak containment internal pressure, P

a
. 

 

Definitions of terms and pertinent test information are shown in Table 6.2-22. 

 The Type A test piping and instrumentation are shown on Plant Drawing M-60-1. 

 The Type A acceptance criteria are given in the Primary Containment Leakage 

Rate Testing Program as referenced in HCGS Technical Specifications in Section 

16. 

 

The absolute method of leakage determination is used for all Type A tests. This 

method of leakage rate determination is based on the measurement of temperature 

and pressure of the primary reactor containment atmosphere with corrections for 

changes in water vapor pressure.  The absolute method assumes that the 

temperature and pressure variations during the test are insufficient to effect 
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significant changes in the internal free air volume of the structure. 

 

The mass point and total time analysis techniques are used for data analysis. 

Data from an absolute system are reduced to a contained air mass by application 

of the ideal gas law.  This test data is a time-series of independent values of 

containment air mass.  This test data can then be easily analyzed by the method 

of linear least squares.  The method of least squares is a statistical 

procedure for finding the "best fitting" straight line, commonly called the 

regression line, to fit within the test data.  The slope of the regression line 

is the leak rate. 

 

The duration of the test period must be sufficient to enable adequate data to 

be accumulated and statistically analyzed so that a leakage rate and upper 

confidence limit (UCL) can be accurately determined.  The calculated leakage 

rate and UCL are reported. 

 

Upon construction completion of the primary containment, the structure must 

pass a structural integrity test (SIT), which demonstrates the capability of 

the primary containment to withstand specified internal pressure loads. 

 

The preoperational Type A test is performed to verify that the actual primary 

containment leakage rate does not exceed the design limit.  The requirements 

for this test are outlined in the HCGS Technical Specifications, Section 16. 

After completion of the preoperational test, subsequent Type A tests are done 

at intervals outlined in the Primary Containment Leakage Rate Testing Program 

as referenced in HCGS Technical Specifications in Section 16. 

 

A general visual inspection is performed in accordance with the Primary 

Containment Leakage Rate Testing Program as referenced in HCGS Technical 

Specifications in Section 16.  This involves inspection of accessible interior 

and exterior surfaces of the primary containment and components to uncover any 

evidence of structural deterioration that may affect either the structural 

integrity or leaktightness.  If there is evidence of structural deterioration, 

an engineering evaluation is performed prior to a Type A test and corrective 

action may be required prior 
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to performance of the test.  Repairs or adjustments are made to components 

between the times of completion of one Type A test and the start of the 

containment inspection for the subsequent Type A test.  If repairs and/or 

adjustments were performed on containment components during the outage prior to 

the completion of the Type A test, the change in local leak rate for these 

components must be used to determine the as found integrated leak rate.  This 

is done by conducting local leakage rate tests on the affected components to 

determine the minimum pathway leakage before and after the repairs/adjustments. 

The difference in minimum pathway leakage is then added to the Type A test 

result to obtain the required As Found result.  The minimum pathway leakage 

would be the smaller leakage rate for in-series valves tested individually, 

one-half the leakage rate for in-series valves tested in parallel.  This 

differential of the leakage is the correction factor added to the as left 

integrated leak rate to determine the as found integrated leak rate. 

 

The Type A test includes an assessment of the leaktightness of the test valves 

used for performing the Type C tests, as described in Section 6.2.6.3. 

 

Before the start of a Type A test, the following set of requirements must be 

met: 

 

 1. Primary containment isolation valve closure - The primary 

containment isolation valves must be closed, by normal operation, 

for the Type A test.  Tightening of remotely operated valves after 

closure or other adjustments is not allowed.  Exercising valves to 

improve leakage performance is not permitted.  In the event that a 

valve cannot be closed by normal methods, the method used is 

documented. 

 

 2. Periodic tests - A primary containment isolation system functional 

test, Type B, and Type C tests should be completed prior to the 

Type A test. 

 

 3. Preoperational tests - The preoperational Type A test follows the 

preoperational structural integrity test.  A primary containment 

isolation system functional test, Type B, and Type C leakage tests 

should be completed before the preoperational Type A test. 

 

 4. System venting and draining - This procedure applies to the 

following systems: 
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a. Systems listed in Table 6.2-23 that are needed to properly 

conduct the test or to maintain the plant in a safe 

condition during the test must be operable in their normal 

mode.  These systems do not need to be vented or drained. 

 

  b. Systems that are normally filled with water and operable 

under post-accident conditions do not need to be vented or 

drained. 

 

  c. Fluid systems that are part of the primary containment 

boundary and that may open directly to the primary 

containment or outside atmosphere under post-accident 

conditions must be opened or vented to the appropriate 

atmosphere during the test. 

 

  d. Those lines that are normally filled with a liquid and may be 

drained or have the fluid drawn off by the accident must be 

drained to the extent necessary to expose the primary 

containment isolation valve seats to the primary containment 

atmosphere.  These lines include portions of closed systems 

inside the containment penetrating the primary containment, 

which could rupture due to a loss-of-coolant accident (LOCA). 

 

  e. Systems not vented or drained during the Type A test that 

could become exposed to the primary containment atmosphere 

during the design basis accident (DBA) must have been Type B 

or C tested within the last twenty-four (24) calendar months 

prior to the Type A test and the Type B and/or C results used 

to apply a correction to the Type A test results. 

 

  f. For planning or scheduling purposes, or ALARA considerations, 

system pathways that have been local leakage rate tested 

within the previous twenty-four (24) calendar months need not 

be drained or vented for the Type A test. 

 

 5. Liquid level monitoring - Liquid levels in the primary 

containment may vary.  Therefore, changes in the primary 

containment free volume must be monitored.  If the level change 

results in free volume changes during the test, it must be 

included in the final leakage rate. 
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 6. Pressuring considerations - Pressurized components, e.g., tanks 

must be removed or depressurized and vented.  Alternatively, the 

tank pressures measured prior to and after the Type A test can be 

compared to demonstrate that there is no leakage into the primary 

containment. 

 

  Sources of instrument air or service air into the primary 

containment must be isolated and vented, or disconnected, during 

the Type A test.  Components not designed to withstand the test 

pressure should be removed or otherwise protected. 

 

 7. Containment atmosphere stabilization - The primary containment 

atmosphere must be allowed to stabilize for at least 4 hours 

after the test pressure is reached before the Type A test can 

begin.  Temperature stabilization is essential for controlling 

the pressure in the primary containment.  Stabilization is 

achieved when the requirements of ANSI/ANS 56.8-1994 and/or BN-

TOP-1 are met.  The primary containment ventilation and cooling 

water systems may be run at this time to expedite air mixing. 

 

After the primary containment atmosphere has stabilized, the Type A test may 

begin.  The duration of the Type A test must be sufficient to enable adequate 

data to be accumulated and statistically analyzed so that the leakage rate and 

UCL can be determined.  Test criteria, test duration and total number of data 

points will meet the requirements of ANSI/ANS 56.8-1994 and/or BN-TOP-1. 

 

Depending on the sensitivity of the instrumentation, the stability of the 

primary containment, and the uncertainty associated with the calculated leakage 

rate, the duration of a Type A test may have to be extended beyond the required 

minimum time duration to reasonably ensure 
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acceptability.  If the leakage rate exceeds the acceptance criterion, 

corrective action is required.  If, during the performance of a Type A test, 

excessive leakage occurs through locally testable penetrations or isolation 

valves to the extent that it would interfere with the satisfactory completion 

of the test, the leakage paths should be isolated and the Type A test 

continued.  A local leakage test must be performed before and after the repair 

of each isolated leakage path. 

 

A verification test must also be performed following each Type A test.  This 

test ensures that systematic error or bias is given adequate consideration. It 

is accomplished by imposing a known leak on the containment.  Verification test 

acceptance criteria are given in the HCGS Technical Specifications in 

Section 16. 

 

If any Type A test fails to meet the acceptance criteria, the adjusted test 

schedule for subsequent Type A tests is described in the Primary Containment 

Leakage Rate Testing Program as referenced in HCGS Technical Specification in 

Section 16. 

 

Systems or portions of systems outside containment which operate at a pressure 

less than P
a
 will be examined for leakage during the CILRT, as required by 

Section 1.10 Paragraph III.D.1.1. 

 

6.2.6.2  Primary Containment Penetration Leakage Rate Test 

 

Type B tests are used to detect local leaks and to measure leakage across 

pressure containing or leakage limiting boundaries other than valves.  Type B 

tests apply to the following: 

 

 1. Penetrations whose design incorporates resilient seals, gaskets, 

sealant compounds, expansion bellows, or flexible seal assemblies. 

 

 2. Seals, including door operating mechanism penetrations that are 

part of the primary containment system. 

 

 3. Doors and hatches with resilient seals or gaskets, except for 

seal-welded doors. 

 

All containment penetrations subject to Type B testing are listed in Table 6.2-

30. 
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The Type B preoperational and periodic leakage rate tests are conducted in 

accordance with 10CFR50, Appendix J, Option B.  All Type B tests are conducted 

at a pressure not less than pressure P
a
, as defined in Table 6.2-22. 

 

Penetrations are provided in the air lock to permit pressure testing of the 

door seals and the entire lock.  The pressure testing penetrations have 

threaded caps. 

 

The locations of all mechanical and electrical penetrations in the air lock are 

shown on Figure 6.2-42.  Details of the door seals and the pressure test 

connections are shown on Figure 6.2-43. 

 

The personnel access air lock volume is charged with air to containment peak 

accident pressure while undergoing periodic leak testing.  The test schedule 

for the air lock is outlined in the Primary Containment Leakage Rate Testing 

Program as referenced in HCGS Technical Specifications in Section 16.  The air 

lock containment bulkhead door is not designed to have a pressure differential 

greater than 3 psid in the reverse direction, air lock volume to primary 

containment volume.  Therefore, 12 clamps are provided for holding the primary 

containment bulkhead door against internal pressure, P , during leak tests. The 

clamps shown on Figure 6.2-44 are installed for the duration of the internal 

pressure tests.  The clamps are installed on the primary air lock side of the 

containment bulkhead door.  The force exerted by the clamps during air lock 

leak testing is not monitored. 

 

The air lock mechanical and electrical penetrations are also leak tested by 

charging the air lock volume to containment peak accident pressure, P
a
. 

 

The air lock bulkhead doors have testable seals; the seal test pressure is 

governed by the Primary Containment Leakage Rate Testing Program as referenced 

in HCGS Technical Specifications in Section 16.  The seal test cannot be 

substituted for the periodic air lock leakage test at pressure, P
a
. 
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6.2.6.3  Primary Containment Isolation Valve Leakage Rate Tests 

 

Type C tests are intended to measure primary reactor containment system 

isolation valve leakage rates.  Type-C test valves are primary containment 

isolation valves, including those valves that are closed, that close 

automatically upon receipt of an isolation signal in response to controls 

intended to effect primary containment isolation, or that operate under post-

accident conditions to effect primary containment isolation.  Type C tests are 

not required for those valves described above which do not present a potential 

primary containment atmospheric pathway during and following a design basis 

accident. 

 

The valves that are Type-C-tested are listed in Table 6.2-24. 

 

The Type B and C tests are performed by locally pressurizing components.  The 

Type C test for a containment isolation valve is performed with the leakage 

through the valve in the same direction as leakage in a design basis LOCA. 

Valves may be tested in the "reverse" direction if the "reverse" direction test 

is shown to be conservative or equivalent to the test in the LOCA direction.  

For more information, see Table 6.2-24. 

 

All valves that are exposed to the primary containment atmosphere after a DBA 

are tested with air or nitrogen at primary containment peak accident pressure, 

P
a
, as defined in Table 6.2-22. 

 

Valves in lines designed to remain filled with a liquid inside the containment 

boundary for a minimum of 30 days after a DBA, but have credible leakage 

pathways outside of the containment boundary, are leakage rate tested with the 

same liquid at a minimum pressure of 1.1 P
a
. 

 

Liquid leakage is not converted to equivalent air leakage, or added to the 

Type C testing total, but is reported separately as "liquid leakage" and 

included in the Technical Specifications.  All the valves tested with liquid 

are identified in Table 6.2-24. 

 

Containment isolation of the feedwater lines represents a unique situation 

which requires a combination of air and water testing and therefore merits 

further discussion.  During the short term feedwater system line up, isolation 

of the feedwater lines is 
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provided by valves AE-V002, AE-V003, AE-V006 and AE-V007 and the water seal 

upstream of the third feedwater heaters (see Section 6.2.3.2.3).  Hence, a 

Type C air test will be performed on these valves with their leakage 

appropriately included in the 0.60 La criteria.  During the long term feedwater 

system line up, isolation of the feedwater lines is provided by a water seal on 

the third feedwater check valves, AE-V001, and AE-V005. Identification of these 

valves as containment isolation valves requires a similar classification for 

the first valve in each branch line between the second and third feedwater 

check valves, BD-V005, BJ-V059, and AE-V021.  Since the leakage past these 

valves will be into the RCIC, HPCI and RWCU systems, respectively, which are 

seismically qualified, water filled, closed systems outside containment, there 

is no requirement to identify their specific leakage in the Technical 

Specifications.  However, leakage through the valves which form the long term 

seal boundary of the feedwater lines (i.e., AE-V001, AE-V005, AE-V021, BD-V005 

and BJ-V059) will be determined by a Type C water test and will be limited to 

10 gpm as specified in the Technical Specifications.  Since these valves are 

sealed with water, the leakage determined from their Type C test need not be 

included in performance criteria per 10CFR50 Appendix J, Option B, paragraph 

III.B. 

 

Within Tables 6.2.16 and 6.2.24 are penetrations where leak rate testing is not 

applicable for certain containment isolation valves which are located in lines 

that penetrate the primary containment and terminate below the minimum water 

level in the suppression chamber (i.e., torus).  The torus is designed and 

operated so that the supply of water is assured during all design bases and 

post accident modes of operation keeping the isolation valves "sealed" by water 

for a minimum of 30 days.  Also, the piping outside containment meets the 

requirements of a closed system identified in FSAR 6.2.4.1.2.  Based on the 

above information, leak rate testing of CIV's is not necessary to insure that 

post accident radiological release from the containment is minimized. The CIVs 

will be tested in accordance with the applicable requirements of ASME Section 

XI, Article IWV-3000. 

 

Figure 6.2-28, sheets 1 through 48, show the test valves that exist for the 

purpose of conducting the Appendix J Type C test.  The test connections are not 

branch lines and they cannot be tested for leakage during the Appendix J Type C 

test as they are open during the Appendix J Type C test of the containment 

isolation valve. 

 

The test valves are one inch manual valves and are under administrative control 

to ensure that they are closed.  Their leaktightness is assessed as part of the 

leaktightness of the containment boundary during the integrated leak rate test 

(10CFR50 Appendix J, Option B, Type A test). 
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The Total Allowable Leakage acceptance criteria for penetrations and isolation 

valves subject to Type B and C tests are given in the Primary Containment 

Leakage Rate Testing Program as referenced by HCGS Technical Specifications in 

Section 16. 

 

6.2.6.4  Scheduling and Reporting of Periodic Tests 

 

The periodic leakage rate test schedules for Type A, B, and C testing are given 

in the Primary Containment Leakage Rate Testing Program as referenced by HCGS 

Technical Specifications in Section 16. 

 

Type B and C tests are performed prior to initial criticality and periodically 

thereafter, during shutdown periods or normal plant operations. 

 

The preoperational Type A test follows the preoperational ASME Section III 

pressure test.  A primary containment isolation system functional test and 

Type B and C leakage tests are completed prior to the preoperational Type A 

test. 

 

The procedure for reporting test results is given in the Primary Containment 

Leakage Rate Testing Program as referenced by HCGS Technical Specifications in 

Section 16. 

 

6.2.6.5  Special Testing Requirements 

 

6.2.6.5.1  Drywell to Pressure Suppression Chamber Atmosphere Bypass Area Test 

 

A drywell to pressure suppression chamber atmosphere bypass area test is 

conducted periodically to determine the overall bypass area that would allow 

the drywell atmosphere to flow directly to the pressure suppression chamber 

atmosphere, after a LOCA, without passing through the pressure suppression pool 

water.  The test is conducted at intervals determined by the HCGS Technical 

Specifications. 

 

The leakage rate test is performed by pressurizing the drywell below a pressure 

that forces drywell air through the downcomer vent 
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Code, Section III.  These materials have been found acceptable within the 

context of GDC 51 based on the following. 

 

Materials for the pressure boundary components of the containment vessel, 

drywell head, penetrations, equipment hatch including personnel lock and 

control rod drive removal hatch are impact quality materials conforming to ASME 

B&PV Code, Section III, Subsection NE.  All nonexempt materials and components 

were impact tested satisfactorily in accordance with the requirements of ASME 

B&PV Code Section III, 1974 edition, Winter 1974 addenda. The ASME B&PV Code 

requirements of 1974 Winter addenda and 1977 Summer addenda applicable to the 

fracture toughness review are the same except that spray nozzles, backing 

rings, and backing bars were added to the list of exempted materials in the 

1977 Summer addenda.  Records for all nonexempt materials of the containment 

vessel, drywell head, penetrations, equipment hatch including personnel lock 

and CRD removal hatch are available for inspection. 

 

6.2.7.2  Piping, Pump, and Valve Materials 

 

The ferritic materials of all piping, pumps, and valves attached to the 

containment vessel that are part of the containment pressure boundary were 

purchased and installed in accordance with the ASME B&PV Code Section III, 

Winter 1974 edition.  Installation of welded attachment to Class 2 and 3 

piping, after hydrostatic testing is in accordance with ASME Section III, 1980 

Edition through 1981 Winter Addenda, Paragraphs NC/ND-4436.  The NRC staff has 

performed an assessment of the fracture toughness of these materials based on 

the metallurgical characterization and fracture toughness data presented in 

NUREG-0577, "Potential for Low Fracture Toughness and Lamellar Tearing on PWR 

Steam Generator and Reactor Coolant Pump Supports"; and the ASME Code, Section 

III, Summer 1977 Addenda, Subsection NC.  This review has indicated that all 

ferritic components of the HCGS containment pressure boundary, except feedwater 

check valves 1F074 A and B, have sufficient fracture toughness to meet GDC 51. 
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Based on a letter dated March 12, 1985 (R. L. Mittl, PSE&G, to A. Schwencer, 

NRC), these valves will undergo inspection of the entire valve bodies, both 

internal and external, as part of the inservice inspection (ISI) program, 

implemented at the first refueling outage.  A more detailed program is 

described in the ISI program submitted 6 months after the start of commercial 

operation. 
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 TABLE 6.2-26 

 

 SYSTEM ISOLATION VALVES WITH PRIMARY CONTAINMENT ISOLATION
(1)

 

 

 

 

Line Valve
(4)
 Operator Essential/ Isolation Comments 

Isolated Number Number   Non-Essential Signals
(2)
    (3)   

 

RHR to Radwaste BC-V042 HV-F049 Non-Essential B,D    A 

 BC-V041 HV-F040 Non-Essential B,D 

 

RHR to Process   -- BC-SV-F079A Non-Essential B,D    A 

Sampling   -- BC-SV-F080A Non-Essential B,D 

 

RHR to Process   -- BC-SV-F079B Non-Essential B,D    A 

Sampling   -- BC-SV-F080A Non-Essential B,D 

 

RHR to Post-Accid.   -- RC-SV-F0645A Non-Essential None A,B,C 

Sampling   -- RC-SV-F0645B Non-Essential None 

 

RHR to Post-Accid.    -- RC-SV-F0646A Non-Essential None A,B,C 

Sampling   -- RC-SV-F0646B Non-Essential None 

 

RHR to Contain. BC-V520 HV-V055A Non-Essential A,B,C    A 

Hydrogen Recomb. GS-V150 HV-5057A Non-Essential A,B,C 

 

RHR to Contain. BC-V521 HV-5055B Non-Essential A,B,C    A 

Hydrogen Recomb. GS-V151 HV-5057B Non-Essential A,B,C 

 

HPCI/RCIC to CST AP-V004 HV-F011 Non-Essential A,B 

 

RCIC from CST BD-V001 HV-F010     Essential None 

 

RCIC to Lube BD-V022 HV-F046     Essential None 

Oil Cooler 

 

HPCI from CST BJ-V005 HV-F004     Essential None 

 

HPCI to Lube BJ-V028 HV-F059     Essential None 

Oil Cooler 

 

FLEX Tie-in Connection to 

RHR    BC-V636  Non-Essential None     

 

HPCI Steam Supply    -- BC-PV-F051B Non-Essential None    E 
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TABLE 6.2-26 (Cont) 

 
 

(3)
 Comments 

 

 A. Using two intersystem isolation valves is conservative.  If there is a 

single failure, and the containment isolation valve is unable to 

close, HCGS assumes credit for the closed system outside primary 

containment to accommodate the failure:  Only one intersystem 

isolation valve in conjunction with the containment isolation valve is 

required to assure that the integrity of the closed system serving as 

an extension of the primary containment is maintained.  If the single 

failure is loss of the intersystem isolation valves, the containment 

isolation valve will still be functional.  Hence, the closed system 

would not constitute an extension of the primary containment and a 

second intersystem valve would not be required. 

 

 B. The post-accident sampling system is a fail-safe system, and will 

isolate on loss of power.  The system meets the requirement of a 

sealed closed system.  Power to open the system is provided only under 

administrative control. 

 

 C. Although the system is classified as non-essential, if the system is 

functional, it will be necessary to open the containment isolation 

valves after an accident, in order for the system to perform its 

intended function. 

 

 D. Deleted. 

 

 E. The valve is seal closed. 

 

 F. Use of a check valve as a system isolation valve is acceptable because 

it is located below the suppression pool and will be maintained closed 

in the reverse flow direction by the hydrostatic pressure in the 

suppression pool. 

 

 G. Use of a relief valve in the forward flow direction as an isolation 

valve is acceptable because its set pressure is greater than 1.5 times 

the containment pressure.  The set pressure is 100 psig. 

 

 H. Use of relief valve in the forward flow direction as an isolation 

valve is acceptable because its set pressure is greater than 1.5 times 

the containment pressure.  The set pressure is 170 psig. 

 

(4)
 Drain valves, vent valves, and manual valves under administrative control 

have not generally been identified in this table for simplicity.  However, 

they are identified in Figures 6.2-45, 6.2-46, 6.2-47, and 6.2-48. 
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Security Related Information
Table Withheld Under 10 
CFR 2.390



 

 

 

   

     

 

  

   
   

   
     

   

  

  

  

  

   
   

   

 



 

 

 

   

       
   

 
    

      
 

      
 

      
 

      
 

     
 

     
 

     
  

     
  

     
  

   
 

  

 

 

 

 

 

 

 

 

 

  
   



 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

 

    

 

    

 

     

     

     

     

    

  

    

 

    
 

    

  

    

    

  

 

 

 

 

 

 

 

 

 

 

 

   

            
 

   
   

   

 



   

  
     

     
   

   

   

      

      

      

             

      

      

      

     
  

     
  

      

    
   

   



 

 

 
   

 

 

 

 

 

 

 

 

 

 

 

 

   

   

   

    

     
   

     
   

     
   

     
    

    
   

     
   

     
   

     

     
  

  

     

   

 

 

 

 

 

 

 

 

 

 

 

  
   



   

 
     

    

     
   

     
   

     
   

     
         
   

     
   

     
   

     
   

      

      

       

   
   

   



   

 

  

     

     

     

     

     

      

      

     

      

      

     

      

      

   

     
  

    
  

   
 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  
   

 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

 
    

  

     

    

    

    

    

    

    

    

    

    

    

    

  

 

 

 

 

 

 

 

 

 

 

 

 

 

       

     

    

   

 

 

  
   



 TABLE 6.2-30 (Cont) 

 

Penetration 

No.
(1)

                   Nomenclature Test Type 

 

 

 

P220  GS-V022 - Containment Side Flange     B 

 

P220  GS-V038 - Containment Side Flange     B 

 

P220  GS-V038 – Valve Stem Packing     B 

 

    Electrical Penetrations 

W100A       B 

W100B       B 

W100C       B 

W100D       B 

W101A       B 

W101B       B 

W101C       B 

W101D       B 

W101E       B 

W101F       B 

W102A       B 

W102B       B 

W102C       B 

W102D       B 

W103A       B 

W103B       B 

W104A       B 

W104B       B 

W104C       B 

W104D       B 

W104E       B 

W104F       B 

W104G       B 

W104H       B 

W104J       B 

W104K       B 
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6.3  EMERGENCY CORE COOLING SYSTEM 

 

6.3.1  Design Bases and Summary Description 

 

This section provides the design bases for the Emergency Core Cooling System 

(ECCS) and a summary description of the several ECCS subsystems, as an 

introduction to the more detailed design descriptions provided in Section 6.3.2 

and the performance evaluation provided in Section 6.3.3. 

 

6.3.1.1  Design Bases 

 

6.3.1.1.1  Performance and Functional Requirements 

 

The ECCS is designed to provide protection against postulated loss-of-coolant 

accidents (LOCAs) caused by ruptures in reactor coolant pressure boundary 

(RCPB) piping.  The functional requirements (e.g., coolant delivery rates) 

specified in Table 6.3-2 are such that the system performance under all LOCA 

conditions postulated in the design satisfies the requirements of 

Paragraph 50.46, Acceptance Criteria for Emergency Core Cooling Systems for 

Light Water Cooled Nuclear Power Reactors, of 10CFR50.  These requirements are 

summarized in Section 6.3.3.2.  The effects of known changes or errors on the 

calculated limiting peak cladding temperature transient applicable to HCGS have 

also been estimated in accordance with 10 CFR 50.46(a)(3)(i).  In addition, the 

ECCS is designed to meet the following requirements: 

 

 1. Protection is provided for any RCPB line failure up to, and 

including, the guillotine failure of the largest line. 

 

 2. Two independent and diverse cooling methods (flooding and spraying) 

are provided to cool the reactor core. 

 

 3. One High Pressure Cooling System is provided which maintains the 

reactor vessel water level above the top of the core and prevents 

Automatic Depressurization System (ADS) actuation for breaks 

equivalent to a failure of a pipe less than 1 inch nominal 

diameter. 
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 4. No operator action is required until 10 minutes after an accident, 

to allow for operator assessment and decision. 

 

 5. The ECCS is designed to satisfy all criteria specified in 

Section 6.3 for any normal mode of reactor operation. 

 

 6. Access to a sufficient water source, and the necessary piping, 

pumps, and other hardware are provided so that the primary 

containment and reactor core can be flooded for long term, post-

LOCA core heat removal. 

 

6.3.1.1.2  Reliability Requirements 

 

The following reliability requirements apply: 

 

 1. The ECCS conforms to all licensing requirements and good design 

practices of isolation, separation, and common mode failure 

considerations. 

 

 2. The ECCS network has built-in redundancy so that adequate reactor 

core cooling can be provided, even in the event of specified 

failures.  As a minimum, the following combination of equipment 

makes up the ECCS: 

 

  a. One High Pressure Coolant Injection System (HPCI) 

 

  b. Two core spray loops 

 

  c. One Low Pressure Coolant Injection System (LPCI) 

 

  d. One ADS 

 

 3. The ECCS is designed so that a single active or passive component 

failure cannot disable the ADS. 

 

 4. In the event of the failure of a pipe that is not part of the ECCS, 

no single active component failure in the ECCS 
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  prevents automatic initiation and successful operation of less than 

one of the following combinations of ECCS equipment: 

 

  a. Three LPCI loops, one core spray loop, and the ADS and HPCI, 

i.e., single standby diesel generator (SDG) failure 

 

  b. Four LPCI loops, two core spray loops, and the ADS, i.e., 

HPCI failure. 

 

 5. In the event of the failure of a pipe that is part of the ECCS, no 

single active component failure in the ECCS prevents automatic 

initiation and successful operation of less than one of the 

following combinations of ECCS equipment: 

 

  a. Three LPCI loops and the ADS, i.e., single SDG failure and 

core spray injection line failure 

 

  b. Two LPCI loops, one core spray loop, and the ADS and HPCI, 

i.e., single SDG failure and LPCI injection line failure. 

 

 6. Long term (10 minutes after initiation signal) cooling requires the 

removal of reactor core decay heat via the Safety Auxiliaries 

Cooling System (SACS).  In addition to the RCPB failure that 

initiated the loss of coolant event, the system can sustain one 

failure, either active or passive, and still have at least one low 

pressure ECCS injection loop (LPCI or core spray) operating for 

vessel makeup, and all required SACS water flow to the residual 

heat removal (RHR) heat exchanger operating for heat removal. 
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 7. Offsite power is the preferred source for the ECCS network. 

However, onsite standby power is provided with sufficient 

redundancy and capacity so that all the above requirements are met, 

even if offsite power is not available. 

 

 8. The diesel load configuration is one RHR (LPCI) pump and one core 

spray pump connected to a single SDG (typical for four SDGs). 

 

 9. Systems that interface with, but are not part of, the ECCS are 

designed and operated such that failure(s) in the interfacing 

systems do not propagate to, and/or affect the performance of, the 

ECCS. 

 

 10. Non-Class 1E systems interfacing with the Class 1E buses are 

automatically shed from the Class 1E buses when a LOCA signal 

exists. 

 

 11. Each subsystem of the ECCS, including flow rate and sensing 

networks, is capable of being tested during shutdown.  All active 

components are capable of being tested during plant operation, 

including logic required to automatically initiate component 

action. 

 

 12. Provisions for testing the ECCS network components (electronic, 

mechanical, hydraulic, and pneumatic, as applicable) are designed 

in such a manner that they are an integral and nonseparable part of 

the system. 

 

6.3.1.1.3  ECCS Requirements for Protection from Physical Damage 

 

The ECCS piping and components are protected against damage from the effects of 

movement, thermal stresses, a LOCA, and the safe shutdown earthquake (SSE). 
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The ECCS is protected against the effects of pipe whip, which might result from 

piping failures up to, and including, the design basis LOCA.  This protection 

is provided by either spatial separation or pipe whip restraints.  Either of 

these methods provides protection against damage to piping and components of 

the ECCS, which otherwise could reduce ECCS effectiveness to an unacceptable 

level. 

 

For the purpose of mechanical separation, ECCS components are grouped into two 

divisions.  The division A ECCS components include: 

 

 1. Core spray loop A 

 

 2. LPCI loops A and C 

 

 3. HPCI. 

 

The division B ECCS components include: 

 

 1. Core spray loop B 

 

 2. LPCI loops B and D 

 

 3. ADS. 

 

Each of the ECCS pumps and its associated components are located in individual 

compartments within the reactor building.  This compartmentalization ensures 

that environmental disturbances, such as fire, pipe rupture, falling objects, 

etc, affecting one system do not affect the remaining systems.  For ECCS 

mechanical components located outside the pump compartments, such as the 

outboard containment isolation valves, separation between the different 

divisions is provided by distance or by locating the components in different 

compartments. 

 

Electrical separation is described in Sections 7.1 and 8.1.4. 
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6.3.1.1.4  ECCS Environmental Design Basis 

 

Each subsystem of the ECCS injection network, except the HPCI system, has a 

safety-related injection/isolation testable check valve located in piping 

within the drywell.  The HPCI system injects through the core spray and 

feedwater systems.  However, the HPCI system has an isolation valve in the 

drywell portion of its steam supply piping.  No portion of the ECCS piping is 

subject to drywell flooding (except during post-accident containment flooding), 

since water drains into the suppression chamber through the drywell to 

suppression chamber vent system.  The safety-related valves within the drywell 

are qualified for the following environmental conditions: 

 

 1. Normal and upset plant operating ambient temperatures, relative 

humidities, and pressures, as shown in Reference 3.11-5. 

 

 2. Envelope of accident conditions for temperature, relative humidity, 

and pressure for various time periods following the accident, as 

shown in Reference 3.11-5. 

 

 3. Normal and envelope of accident radiation environment (gamma and 

neutron), as shown in Reference 3.11-5. 

 

The portions of ECCS piping and equipment located outside the primary 

containment and within the Reactor Building are qualified for the following 

environmental conditions: 

 

 1. Normal and upset plant operating ambient temperatures, relative 

humidities, and pressures, as shown in Reference 3.11-5. 

 

 2. Envelope of accident conditions for temperature, relative humidity, 

and pressure for various time periods following the accident, as 

shown in Reference 3.11-5. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 6.3-6 
HCGS-UFSAR  Revision 10 
  September 30, 1999 



 3. Normal and envelope of accident radiation environment (gamma and 

neutron), as shown in Reference 3.11-5. 

 

6.3.1.2  Summary Descriptions of ECCS 

 

The ECCS injection network consists of an HPCI system, a core spray system, and 

the LPCI mode of the RHR system.  These systems are briefly described here as 

an introduction to the more detailed system design descriptions provided in 

Section 6.3.2.  The ADS, which assists the ECCS injection network under certain 

conditions, is also briefly described.  Boiling water reactors (BWRs) with 

similar ECCS designs are listed in Table 1.3-3. 

 

6.3.1.2.1  High Pressure Coolant Injection 

 

The HPCI system pumps water through one of the core spray spargers and one of 

the feedwater spargers.  The primary purpose of HPCI is to maintain reactor 

vessel inventory after small breaks that do not depressurize the reactor 

vessel.  The HPCI system is also used to maintain reactor vessel inventory 

following a reactor isolation and coincident failure of the non-ECCS Reactor 

Core Isolation Cooling (RCIC) System. 

 

6.3.1.2.2  Automatic Depressurization System 

 

The ADS uses a number of the reactor safety/relief valves to reduce reactor 

vessel pressure during small or isolated breaks, in the event HPCI fails.  When 

reactor vessel pressure is reduced to within the design capability of the low 

pressure systems (core spray and LPCI), these systems provide reactor vessel 

coolant inventory makeup, so that acceptable post-accident reactor core coolant 

temperatures are maintained. 

 

6.3.1.2.3  Core Spray 

 

The two core spray system loops pump water into peripheral ring spray spargers 

mounted above the reactor core.  The primary purpose 
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of core spray is to provide reactor vessel inventory makeup and spray cooling 

during large breaks in which the reactor core is calculated to uncover.  After 

ADS initiation, core spray also provides inventory makeup following a small 

break. 

 

6.3.1.2.4  Low Pressure Coolant Injection 

 

LPCI is an operating mode of the RHR system.  Four pumps deliver water from the 

suppression chamber to four separate reactor vessel nozzles and inject directly 

into the core shroud region.  The primary purpose of LPCI is to provide reactor 

vessel coolant inventory makeup following large breaks.  After ADS initiation, 

LPCI also provides inventory makeup following a small break. 

 

6.3.2  System Design 

 

Detailed descriptions of the individual Emergency Core Cooling System (ECCS) 

subsystems, including individual design characteristics, are covered in 

Sections 6.3.2.2.1 through 6.3.2.2.4.  The following discussion also provides 

details of the composite ECCS network and, in particular, those design features 

and characteristics that are common to all ECCS subsystems. 

 

6.3.2.1  Schematic Piping and Instrumentation and Process Diagrams 

 

The piping and instrumentation diagrams (P&IDs) for the ECCS injection systems, 

and the process diagrams that show the various operating modes of each 

injection system, are identified in Section 6.3.2.2. 

 

6.3.2.2  Equipment and Component Descriptions 

 

The initiation signal for the ECCS comes from independent and redundant sensors 

of high drywell pressure and low reactor water level.  The ECCS is actuated 

automatically and requires no operator action during the first 10 minutes 

following the accident.  A time 
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sequence for starting of the ECCS subsystems is provided in Table 6.3-1. 

 

Electric power for operation of the ECCS is from the preferred offsite power 

supply.  Upon loss of the preferred source, operation is from the onsite 

standby power supply.  Four standby diesel generators (SDGs) supplying 

individual ac buses have sufficient redundancy and capacity so that operation 

of any three units satisfies minimum ECCS requirements.  One core spray pump 

and one residual heat removal (RHR)/low pressure coolant injection (LPCI) pump 

are powered by each ac bus.  Section 8.3 contains a more detailed description 

of the power supplies for the ECCS. 

 

See Section 3.11 for a discussion of environmental qualification of ECCS 

equipment and components. 

 

6.3.2.2.1  High Pressure Coolant Injection System 

 

The High Pressure Coolant Injection (HPCI) System consists of a steam turbine 

driven, constant flow pump assembly and associated system piping, valves, 

controls, and instrumentation.  The P&IDs for HPCI, Plant Drawings M-55-1 and 

M-56-1, show the system components and their arrangement.  The HPCI system 

process diagram, Vendor Technical Document PN1-E41-1020-0004, shows the design 

operating modes of the system. 

 

The HPCI equipment is installed in the Reactor Building.  Suction piping comes 

from both the condensate storage tank (CST) and the suppression chamber. 

Injection water is piped to the reactor vessel via the core spray loop A 

sparger and feedwater sparger A.  Steam supply for the turbine is piped from 

main steam line C in the drywell.  This piping is provided with an isolation 

valve on each side of the containment.  Controls for valve and turbine 

operation are provided in the main control room.  Valve position indication and 

instrumentation alarms are also displayed in the main control room.  The 

controls and instrumentation of the HPCI system are described in Section 7.3. 
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The HPCI system ensures that the reactor core is not uncovered if there is a 

small break in the reactor coolant pressure boundary (RCPB) that does not 

result in rapid depressurization of the reactor vessel.  This permits the plant 

to be safely shut down, by maintaining sufficient reactor vessel water 

inventory while the reactor vessel is depressurized.  The HPCI system continues 

to operate until the reactor vessel is depressurized to the point at which LPCI 

and/or core spray system operation can maintain core cooling.  The HPCI system 

also fulfills the objectives of the non-ECCS Reactor Core Isolation Cooling 

(RCIC) System, in the event RCIC becomes isolated or otherwise inoperative. The 

HPCI system head flow characteristics assumed for loss-of-coolant accident 

(LOCA) analyses are shown on Figures 6.3-4 and 6.3-5. 

 

The HPCI system is designed to pump water into the reactor vessel over a wide 

range of pressures in the reactor vessel.  Initially, demineralized water from 

the CST is used instead of water from the suppression chamber.  This provides 

reactor grade water to the reactor vessel.  A total reserve storage of 

135,000 gallons is available from the CST for use by the HPCI and RCIC systems 

(see Section 9.2.6.2.1).  During HPCI/RCIC system stand-by mode, if the water 

level in the CST drops below the reserved storage volume, suction source will 

be manually transferred to the torus.  If the systems are operating, suction 

path will auto-transfer upon a low CST level.  The minimum required suppression 

chamber water volume is approximately 118,000 ft
3
(Technical Specification 

minimum during cold shutdown conditions is 57,232 ft
3
).  Water from either 

source is pumped into the reactor vessel through a core spray sparger and a 

feedwater sparger, to obtain proper mixing with the reactor hot water or steam. 

 

The minimum HPCI flow available, 5600 gpm, was used in the accident analysis 

for simulation of the flow over the high pressure range, with 2000 to 3000 gpm 

injecting through the core spray sparger and the remainder through the 

feedwater sparger.  When the vessel pressure drops below the shutoff head of 

the core spray system, it will inject water into the reactor vessel and the 

total flow of the HPCI/CS system will be a minimum of 6150 gpm at 105 psid. 

This is the combined HPCI/CS flow shown in Figure 6.3-5.  Any additional 

HPCI/CS flow above the assumed minimums is conservatively ignored in the LOCA 

calculations presented in Section 6.3.3. 
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The CST level instrumentation used to automatically transfer the HPCI suction 

from the CST to the suppression chamber, and the portion of the suction piping 

exposed to outside air temperatures, are protected from cold weather effects 

respectively by 1 and 2 in. of insulation, along with a single non-1E powered 

heat trace on each line. 

 

Motor control center (MCC) 1OB272015 supplies the normal power to the local 

heat tracing panel, 1OC284, that powers the heat tracing for the above two 

lines.  The heat tracing is initiated automatically at 40F, with backup auto 

initiation at 35F if the 40F thermostat (1-AP-TS-0110) fails. 

 

Failure of the 35F thermostat (1-AP-TS-0111) is alarmed on 1OC284 and in the 

main control room.  Loss of power to 1OC284 (at any temperature) is also 

alarmed in the main control room.  Diesel generator CG400 provides a backup 

source of power to 1OC284. 

 

Additional heat tracing reliability for the 2-inch level sensing line is 

assured by an RTD (1-AP-TE-2048) that provides continuous monitoring of 

temperature in the line.  The water temperature and an associated alarm are 

available in the main control room via the plant computer. 

 

The HPCI pump assembly is located below the minimum water levels of the CST and 

the suppression chamber to ensure positive suction head to the pump assembly. 

The check valve at the pump discharge is also located below the water levels in 

the CST and the suppression chamber to ensure that piping upstream of the valve 

is maintained full of water.  Pump net positive suction head (NPSH) 

requirements are met by providing adequate suction head and adequate suction 

line size.  Available NPSH with suction from the CST is 51.9 feet [Reference 

Calculation BJ-0002, Rev. 6] and the suppression chamber is 21.4 feet.  Both 

available NPSH values are calculated using the assumptions of Regulatory 

Guide 1.1 and incorporating all appropriate instrumentation uncertainty.  The 

required NPSH of the HPCI Booster Pump at speed 2093 rpm and flow 5920 gpm is 

19.7 feet [Reference Calculation BJ-0002, Rev. 6, Section 7.3]. 
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Pump characteristic curves are given on Figure 6.3-6. 

 

The HPCI turbine pump assembly and piping are protected from detrimental 

physical effects of the design basis LOCA, such as pipe whip, flooding, and 

high temperature.  The equipment is located outside the primary containment. 

 

The HPCI turbine is driven by steam from the reactor vessel generated by decay 

and residual heat.  The steam is extracted from main steam line C upstream of 

the main steam isolation valves (MSIVs).  The inboard and outboard HPCI 

containment isolation valves in the steam line to the HPCI turbine are normally 

open.  This keeps the piping to the turbine at an elevated temperature to 

permit rapid startup of the HPCI system.  The inboard isolation valve has a 

bypass line containing a normally closed valve.  This bypass line permits 

pressure equalization and drainage around the isolation valve and downstream 

line warmup prior to opening of the isolation valve.  Signals from the HPCI 

control system open or close the steam supply shutoff valve adjacent to the 

turbine. 
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A condensate drain pot is provided upstream of the steam supply shutoff valve 

to prevent the HPCI steam supply line from filling with water.  The drain pot 

normally routes the condensate to the main condenser.  However, upon receipt of 

an HPCI initiation signal, or upon loss of control air pressure, isolation 

valves on the condensate line automatically close. 

 

The turbine power is controlled by a flow controller that senses pump discharge 

flow and provides a variable signal to the turbine governor to maintain 

constant pump discharge flow over the pressure range of operation.  The turbine 

control system is capable of limiting speed overshoot to 15 percent of maximum 

operating speed on a quick start while driving only the pump inertia load. 

Limit switches are provided on the turbine control (governor) valve to indicate 

fully open and closed positions.  Both valve status lights are illuminated when 

the valve is in midposition. 

 

As reactor steam pressure decreases, the HPCI turbine control valve opens 

further to pass the steam flow required to provide the necessary pump flow. The 

capacity of the system is selected to provide sufficient reactor core cooling 

to prevent cladding temperatures from exceeding the limits of 10CFR50.46 while 

the pressure in the reactor vessel is above the pressure at which core spray 

and LPCI can begin injection. 

 

Exhaust steam from the HPCI turbine is discharged below the surface of the 

suppression pool.  A drain pot at the low point in the exhaust line collects 

moisture present in the steam.  Collected moisture is discharged through an 

orifice to the HPCI barometric condenser. 

 

The HPCI turbine gland seals are vented to the barometric seal condenser for 

cooling.  Noncondensable gases from the barometric condenser are normally 

pumped to the Filtration, Recirculation, and Ventilation System (FRVS).  During 

testing of the HPCI turbine pump assembly, the noncondensable gases can be 

routed to the main 
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condenser.  However, an interlock and a motor-operated isolation valve are 

provided to prevent the use of the discharge path to the main condenser during 

periods of low reactor water level. 

 

A system of vacuum relief valves and isolation valves is installed as a vacuum 

breaker line, which connects the free space in the suppression chamber with the 

HPCI turbine exhaust line.  This mitigates the effects of water from the 

suppression pool being drawn into the HPCI turbine exhaust line.  The isolation 

valves in this vacuum breaker line isolate automatically, via a combination of 

low reactor vessel pressure and high drywell pressure. 

 

Startup of the HPCI system is completely independent of ac power.  Only dc 

power from the station battery and steam extracted from the nuclear boiler 

system are necessary. 

 

The HPCI controls automatically start the system and bring it to design flow 

rate within 35 seconds from receipt of a reactor pressure vessel (RPV) low 

water level signal or a primary containment (drywell) high pressure signal. 

Refer to Section 15 for more analysis details. 

 

A large fraction of the 5600-gpm HPCI flow is delivered through one of the core 

spray spargers to inject makeup water directly over the core.  Formerly, all 

the HPCI flow was injected into the core spray sparger.  Analyses of 

anticipated transients without scram (ATWS) have resulted in the current 

design, which limits the HPCI flow through the core spray sparger to 3000 gpm 

and diverts the balance to the feedwater sparger.  This change would minimize 

adverse reactivity effects from a postulated uninserted control rod during an 

ATWS.  This change does not alter the ECCS analyses results presented in 

Section 6.3.3 since the loss of HPCI flow is assumed in the single failure 

scenario assumed in these analyses.  During a small break accident for which 

the HPCI system was designed its primary purpose is to maintain reactor vessel 

inventory.  This is accomplished with essentially the same degree of 

effectiveness 
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whether the flow is injected via the feedwater system or the core spray system. 

 

The ECCS separation criterion is that there should be both electrical and 

mechanical separation such that a LOCA plus any single failure would not result 

in the peak cladding temperature (PCT) exceeding the requirements of 10 CFR 

50.46 (i.e., PCT is less than 2200, the oxidation limits are met, etc.).  The 

generic ECCS analysis has shown that this criterion is met with a portion of 

the HPCI flow injection into the core spray line.  Plant specific ECCS analyses 

for other plants with this configuration have shown that the loss of both the 

core spray and HPCI systems from a break of their common line also would not 

violate this criterion. 

 

An advantage of partial HPCI flow through the core spray sparger is the 

additional reflooding flow inside the shroud.  Also, the effect of the loss of 

HPCI flow that would be due to a break in a recirculation line is reduced.  A 

possible disadvantage of the partial HPCI flow through the core spray sparger 

is an adverse reactivity effect during a postulated ATWS event.  This 

disadvantage has been minimized by limiting the HPCI flow through the core 

spray sparger to a maximum of 3000 gpm. 

 

The HPCI flow through the feedwater system is automatic.  The initiating and 

closing logic for the injection valve to the feedwater line is the same as the 

logic for the injection valve to the core spray line.  Thus for any automatic 

or system-level manual initiation of the HPCI system, the flow to the reactor 

vessel will be divided between the core spray line and the feedwater line.  As 

in the case of other accident modes (i.e., a LOCA), during an ATWS the HPCI 

system will be automatically initiated by a low water level-2 signal; the 

injection would be via the core spray and feedwater lines as represented by 

Modes F and G on the process diagram (Vendor Technical Document 

PN1-E21-1020-0003). 
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The HPCI turbine is shut down automatically by any one of the following 

signals: 

 

 1. HPCI turbine overspeed - preventing damage to the turbine 

 

 2. RPV high water level - indicating that core cooling requirements 

are satisfied 

 

 3. HPCI pump low suction pressure - preventing damage to the pump due 

to loss of flow 

 

 4. HPCI turbine exhaust high pressure - indicating a turbine or 

turbine control malfunction. 

 

If an initiation signal is received after the turbine is shut down, the system 

restarts automatically if no shutdown signal exists. 

 

Because the steam supply line to the HPCI turbine is part of the RCPB, certain 

signals automatically isolate this line and thereby shut down the HPCI turbine. 

However, automatic depressurization and the low pressure injection systems of 

the ECCS act as backup.  Automatic shutoff of the steam supply to the HPCI 

turbine does not negate the ability of the ECCS to satisfy its safety 

objective.  Automatic shutoff of the HPCI steam supply is described in 

Sections 7.3 and 7.6.1.3. 

 

In addition to the automatic operational features of the system, provisions are 

included for remote manual startup, operation, and shutdown, provided automatic 

initiation or shutdown signals do not exist. 

 

HPCI operation automatically actuates the following valves: 

 

 1. Opens the HPCI pump discharge shutoff valves 

 

 2. Opens the HPCI steam supply shutoff valve 
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 3. Opens the HPCI turbine stop valve 

 

 4. Opens the HPCI turbine control (governor) valve 

 

 5. Closes the HPCI steam line drain isolation valves 

 

 6. Closes the HPCI test valve (if open) 

 

 7. Closes the HPCI pump minimum flow bypass valve (upon high flow). 

 

Startup of the auxiliary oil pump and proper functioning of the hydraulic 

control system are required to open the turbine stop and control valves. 

Operation of the barometric condenser components prevents out leakage from the 

turbine shaft seals.  Startup of the condenser equipment is automatic, but its 

failure does not prevent the HPCI system from fulfilling its core cooling 

objective.  Prior to startup, the Turbine Control System is held at the low 

speed design condition.  Upon receipt of an initiating signal, a speed ramp 

generator module automatically runs the control system toward its high speed 

design point, thereby controlling the transient acceleration of the turbine. 

The flow controller then automatically overrides the speed ramp generator. When 

rated flow is established, the flow controller signal adjusts the setting of 

the turbine control so that rated flow is maintained as nuclear system pressure 

decreases. 

 

A minimum flow bypass is provided for pump protection.  The bypass valve 

automatically opens on a low flow signal, and automatically closes on a high 

flow signal.  When the bypass is open, flow is directed to the suppression 

chamber.  A line used for full flow system testing branches from the HPCI pump 

discharge line to the CST.  The shutoff valves in this line are sequenced to 

close by the signal that actuates system operation, and are interlocked closed 

when the suction valve from the suppression chamber is open.  All automatically 

operated valves are equipped with a remote manual functional test feature. 
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The HPCI system initially injects water from the CST.  When the water level in 

the tank falls below a predetermined level or the suppression chamber water 

level is high, the pump suction is automatically transferred to the suppression 

chamber.  This transfer may also be made from the main control room using 

manual controls.  When the pump suction has been transferred to the suppression 

chamber, a closed loop is established for recirculation of water escaping from 

a break in the RCPB. 

 

To ensure continuous core cooling, signals to isolate the primary containment 

do not operate any HPCI valves.  The HPCI system also incorporates a relief 

valve in the pump suction line to protect the components and piping from 

inadvertent overpressure conditions. 

 

Provisions included in the HPCI system that permit system testing are: 

 

 1. A full flow test line to route water from and to the CST, without 

entering the RPV 

 

 2. A line to route noncondensible gases from the barometric condenser 

to the plant main condenser 

 

 3. Instrumentation to indicate system performance during test 

operations 

 

 4. Motor operated valves capable of manual operation for test purposes 

 

 5. Drains to leak test the major system valves. 

 

All components of the HPCI system are capable of individual functional testing 

during normal plant operation.  Except as 
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indicated below, the HPCI control system design provides automatic alignment 

from test to operating mode if system initiation is required.  The exceptions 

are as follows: 

 

 1. The auto/manual station is in "manual" on the flow controller. This 

feature is required for operator flexibility during system 

operation. 

 

 2. Closure of either or both of the steam inboard/outboard isolation 

valves requires operator action to properly sequence their opening. 

Indication of the status of these valves is provided in the main 

control room. 

 

 3. Parts of the system that are bypassed or deliberately rendered 

inoperative are indicated automatically or manually in the main 

control room. 

 

Interlocks for the HPCI system are described in Section 7.  Operating 

requirement parameters for the components of the HPCI system (listed below) are 

shown on Vendor Technical Document PN1-E41-1020-0004. 

 

 1. One 100 percent capacity booster and main pump assembly 

 

 2. One 100 percent capacity turbine driver, with accessories 

 

 3. Piping, valves, and instrumentation for: 

 

  a. Steam supply to the turbine 

 

  b. Turbine exhaust to the suppression pool 

 

  c. Makeup supply from the CST to the pump suction 

 

  d. Makeup supply from the suppression chamber to the pump 

suction 

 

 

 
 
 
 
 
 
 
 
 6.3-20 
HCGS-UFSAR  Revision 20 
  May 9, 2014 



  e. Pump discharge to the core spray loop A sparger and feedwater 

sparger A, a test line to the CST, a minimum flow bypass line 

to the suppression chamber, and a cooling water supply to 

accessory equipment. 

 

6.3.2.2.2  Automatic Depressurization System 

 

If the non-ECCS RCIC system or the HPCI system cannot maintain the reactor 

water level, the Automatic Depressurization System (ADS), which is independent 

of any other subsystem of the ECCS, reduces the reactor vessel pressure so that 

flow from the LPCI and/or core spray systems enters the reactor vessel in time 

to cool the core and limit fuel cladding temperature. 

 

The ADS employs nuclear system safety/relief valves to relieve high pressure 

steam to the suppression pool.  The design, number, location, description, 

operational characteristics, and evaluation of the safety/relief valves are 

discussed in Section 5.2.2.  The instrumentation and controls for the ADS are 

discussed in Section 7.3. 

 

6.3.2.2.3  Core Spray System 

 

Each of the two redundant core spray system loops consists of two 50 percent 

capacity centrifugal pumps, a spray sparger in the reactor vessel above the 

core (a separate sparger for each core spray loop), piping and valves to convey 

water from the suppression chamber to the sparger, and associated controls and 

instrumentation.  A connection to the HPCI system is provided to allow HPCI 

system injection through the core spray loop A sparger.  Plant Drawing M-52-1, 

the core spray P&ID, presents the system components and their arrangement.  The 

core spray process diagram, Vendor Technical Document PN1-E21-1020-0003, shows 

the design operating modes of the system.  A simplified system flow diagram 

showing system injection into the reactor vessel is included on Vendor 

Technical Document PN1-E21-1020-0003. 
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When low water level in the reactor vessel or high pressure in the drywell is 

sensed, the core spray pumps automatically start.  When reactor vessel pressure 

is low enough, the core spray injection valves are automatically opened, and 

water is injected into the reactor vessel to cool the core.  Each core spray 

injection line enters the reactor vessel, divides, and enters the core shroud 

at two points near the top of the shroud.  A semicircular sparger is attached 

to each outlet.  Nozzles are spaced around the spargers to spray the water 

radially over the core and onto the top of the fuel assemblies. 

 

The Core Spray System is designed to provide cooling to the reactor core only 

when the reactor vessel pressure is low, as is the case for large break loss-

of-coolant accident (LOCA) sizes.  However, when the Core Spray System operates 

in conjunction with the ADS, the effective core cooling capability of core 

spray is extended to all break sizes, because the ADS rapidly reduces the 

reactor vessel pressure to the core spray operating range.  The Core Spray 

System head flow characteristics assumed for LOCA analyses are shown on 

Figure 6.3-9. 

 

The core spray system injection (isolation) valves are interlocked with reactor 

pressure such that they do not receive an opening permissive signal, following 

an accident, until reactor pressure has fallen below the maximum allowable 

pressure (approximately 460 psig) for the core spray discharge pipe. 

 

The core spray pumps and all motor operated valves can be operated individually 

by manual switches located in the main control room.  Operating indication is 

provided in the main control room by a flow meter for each core spray injection 

loop and by valve and pump status lights.  Provisions to preclude inadvertent 

openings of the injection valves are discussed in Section 7.6. 

 

To ensure continuity of reactor core cooling, signals to isolate the primary 

containment do not operate any Core Spray System valves.  However, the bypass 

valves for the testable check valves and the 
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pump full flow test return valves are isolated on an automatic core spray 

initiation signal. 

 

Each injection line to the reactor vessel is provided with two valves.  One of 

these valves is a testable check valve located inside the drywell as close as 

practical to the reactor vessel.  Core spray injection flow causes this valve 

to open during LOCA conditions, i.e., no power is required for valve actuation 

during a LOCA.  If the core spray line breaks outside the primary containment, 

the check valve in the line inside the drywell prevents loss of reactor water. 

 

The other valve, which is the containment isolation valve, and which is also 

referred to as the core spray injection valve, is a motor operated gate valve 

located outside the primary containment, as close as is practical to the core 

spray discharge line containment penetration.  The connection to the HPCI 

system is located between the primary containment and the core spray loop A 

injection valve.  The core spray injection valves are capable of opening 

against a maximum differential pressure equal to normal reactor vessel pressure 

minus the minimum core spray system shutoff pressure.  These injection valves, 

which are normally closed to back up the testable check valves for primary 

containment integrity purposes, are capable of opening within 27 seconds of 

receipt of an automatic core spray initiation signal.  Separate, independent 

power sources are provided for each core spray injection valve, so that failure 

of a single electrical channel does not disable more than one core spray 

injection loop.  The primary containment isolation design of the Core Spray 

System is discussed in Section 6.2.4. 

 

The Core Spray System piping and components are designed and arranged to avoid 

unacceptable damage from the physical effects of pipe whip, missiles, high 

temperature, high pressure, or high humidity.  All principal, active core spray 

equipment is located outside the primary containment. 
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Check valves (one per core spray pump), a flow element, and a restricting 

orifice are provided in each core spray injection loop from the pumps to each 

injection valve.  Each check valve is located below the minimum suppression 

chamber water level, so that the piping upstream of the valve is maintained 

full of water.  The flow element is provided to measure system flow rate during 

LOCA and test conditions, and for automatic control of the minimum flow bypass 

valve.  The measured flow is indicated in the main control room.  The 

restricting orifice is sized during preoperational testing of the system to 

limit system flow to acceptable values, as described on the Core Spray System 

process diagram on Vendor Technical Document PN1-E21-1020-0003. 

 

A minimum flow bypass line connects to each core spray pump discharge line 

upstream of each pump discharge check valve.  The line bypasses water to the 

suppression chamber to prevent pump damage due to overheating when other 

discharge line valves are closed, or when reactor vessel pressure is greater 

than the Core Spray System discharge pressure following system initiation.  A 

motor operated globe valve in each bypass line automatically closes when flow 

in the corresponding injection loop is sufficient. 

 

Flow to each core spray pump passes through a motor operated pump suction valve 

that is normally open.  This valve can be closed by a manual switch, located in 

the main control room, to isolate the core spray system from the suppression 

chamber should a leak develop in the system.  This valve is located in the core 

spray pump suction line as close to the suppression chamber penetration as is 

practical.  Because the Core Spray System conveys water from the suppression 

chamber, a closed loop is established for recirculation of water escaping from 

a break in the RCPB. 

 

The minimum core spray flow is 6150 gpm at 105 psid differential pressure from 

RPV to Torus. The minimum HPCI flow is 5600 gpm.  A maximum of 3000 gpm and a 

minimum of 2000 gpm of the HPCI flow enters the reactor vessel via core spray 

Loop A piping.  The remainder of the HPCI flow enters the reactor via feedwater 

piping.  Therefore, the present core spray piping is adequately sized for the 

flow from either system operating separately. 
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At reactor pressures above the core spray system capability (>289 psid), all 

flow will be from the HPCI system.  At reactor pressures less than 289 psid, 

line flow will be provided by both systems; but in no case will this flow be 

less than core spray alone.  As vessel pressure falls to the HPCI minimum rated 

case (150 psig), more of the core spray line flow will come from the core spray 

pump and less from the HPCI pump.  HPCI will then pump a greater proportion of 

its total flow into the feedwater. 

 

The core spray pumps are located in the Reactor Building below the water level 

in the suppression chamber to ensure positive suction head to the pumps.  Pump 

NPSH requirements are met by providing adequate suction head and adequate 

suction line size.  Available NPSH with suction from the CST is 41.8 feet 

[Reference Calculation BE-0016, Rev. 5, Page 27] at an approximate maximum pump 

flow of 3600 gpm; available NPSH with suction from the suppression pool is 11.3 

feet at an approximate maximum pump flow of 4175 gpm.  Both available NPSH 

values are calculated using the assumptions of Regulatory Guide 1.1. 
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The required NPSH for the core spray pumps is 5.6 feet at 4300 gpm.  Pump 

characteristic curves are given on Figure 6.3-10. 

 

Each Core Spray System injection loop incorporates relief valves to protect the 

components and piping from inadvertent overpressure conditions.  One relief 

valve, located at the discharge of the pumps, is set at 500 psig, with a 

capacity of 100 gpm at 10 percent accumulation.  Relief valves located at the 

suction of each pump are set at 100 psig, with a capacity of at least 10 gpm at 

10 percent accumulation. 

 

Provisions included in the Core Spray System that permit system testing are: 

 

 1. Full flow test lines to route suppression chamber water back to the 

suppression chamber, without entering the RPV. 

 

 2. A test line supplying water from the CST to the core spray pump 

suction, for testing discharge capacity to the RPV during normal 

plant shutdown. 

 

 3. Instrumentation to indicate system performance during test 

operations. 
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 4. Motor operated valves and check valves capable of manual operation 

for test purposes. 

 

 5. Drains to leak test the major system valves. 

 

All active core spray components are capable of individual functional testing 

during normal plant operation.  Except as indicated below, the core spray 

control system design provides automatic alignment from test to operating mode 

if system initiation is required.  The exceptions are as follows: 

 

 1. Closure of any of the motor operated pump suction valves requires 

operator action to reopen them.  Indication of the status of these 

valves is provided in the main control room. 

 

 2. Parts of the system that are bypassed or deliberately rendered 

inoperative are indicated automatically or manually in the main 

control room. 

 

6.3.2.2.4  Low Pressure Coolant Injection System 

 

The LPCI system is an operating mode of the RHR system that is automatically 

actuated by low water level in the reactor vessel or high pressure in the 

drywell.  It uses four motor driven RHR pumps to draw suction from the 

suppression chamber and inject cooling water into the reactor core via four 

separate reactor vessel nozzles and core shroud penetrations.  Separate, 

independent power sources are provided for the electrically powered components 

in each LPCI injection loop, so that failure of a single electrical channel 

does not disable more than one injection loop.  Using the suppression chamber 

as the source of water for LPCI establishes a closed loop for recirculation of 

water escaping from a break in the RCPB. 

 

The LPCI system, like the Core Spray System, is designed to provide cooling to 

the reactor core only when the reactor vessel pressure is low, as is the case 

for large break LOCA sizes.  However, when the 

 

 
 
 
 
 
 
 
 
 
 
 6.3-27 
HCGS-UFSAR  Revision 0 
  April 11, 1988 



LPCI system operates in conjunction with the ADS, the effective core cooling 

capability of LPCI is extended to all break sizes, because the ADS rapidly 

reduces the reactor vessel pressure to the LPCI operating range.  The LPCI 

system head flow characteristics assumed for LOCA analyses are shown on 

Figure 6.3-11. 

 

Figure 6.3-12 shows a process diagram and process data for the RHR system, 

including LPCI.  The RHR system P&ID is shown on Plant Drawing M-51-1.  The 

process diagram and P&ID indicate that many flow paths are available other than 

the LPCI injection lines.  However, the low reactor water level or high drywell 

pressure signals, which automatically initiate the LPCI mode, are also used to 

align RHR system valves to the LPCI lineup.  Inlet and outlet valves for the 

RHR heat exchangers receive no automatic signals, since the system is designed 

to provide rated flow to the reactor vessel whether they are open or not.  To 

ensure continuity of core cooling, signals to isolate the primary containment 

do not operate any RHR system valves that interfere with the LPCI mode of 

operation.  Provisions to preclude inadvertent openings of the injection valves 

are discussed in Section 7.6. 

 

A check valve in each pump discharge line is located below the minimum water 

level in the suppression chamber to ensure that piping upstream of the valve is 

maintained full of water.  A flow element in each pump discharge line is used 

to provide a measure of pump flow and to originate automatic signals for 

control of each pump minimum flow bypass valve.  The minimum flow bypass valves 

permit a small flow to the suppression chamber if no pump discharge valve is 

open, or if reactor vessel pressure is higher than the pump shutoff pressure. 

 

The LPCI system incorporates a relief valve on each of the pump suction and 

discharge lines, which protects the components and piping from inadvertent 

overpressure conditions.  These valves are set to relieve at pressures equal to 

the corresponding piping design pressures shown on Figure 6.3-12. 
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The RHR pumps, and equipment used for LPCI, are described in Section 5.4.7, 

which also describes the other functions served by the same pumps if they are 

not needed for the LPCI function.  The RHR heat exchangers are not associated 

with the emergency core cooling function.  The heat exchangers are discussed in 

Section 6.2.2. 

 

The pumps used for LPCI are located in the Reactor Building below the water 

level in the suppression chamber to ensure positive suction head to the pumps. 

 Pump NPSH requirements are met by providing adequate suction head and adequate 

line size.  Available NPSH for the LPCI function is calculated using the 

assumptions of Regulatory Guide 1.1 and the following data: 

 

 1. Each pump is operating at its maximum flow rate. 

 

 2. Pump suction is from the suppression chamber, which is at its 

minimum normal operating water level of Elevation 71 feet. 

 

 3. Suppression chamber water is at its maximum temperature (for the 

given operating mode) of 212F. 

 

 4. The free space in the suppression chamber is at atmospheric 

pressure. 

 

 5. The pump suction strainers (in the suppression chamber) are fouled 

uniformly with containment debris, both preexisting and that which 

was generated following a DBLOCA, based upon the criteria set forth 

in USNRC Bulletin 96-03 and NUREG/CR-6224. 

 

 6. The datum line for calculation of NPSH is the pump suction center 

line elevation of 55 ft. 9 in. 

 

 7. NPSH = hs - hf + ha - hvp 

 

  using data from the limiting case (“D” pump): 

 

  hs = static head = (71 feet – 55.8 feet) = 15.2 feet 
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  hf = friction head loss = 5.2 feet  

 

  ha = atmospheric pressure head = 35.38 feet 

 

  hvp = vapor pressure (head loss) = 35.38 feet 

 

  NPSH = 10.0 feet 

 

Minimum required NPSH for the RHR pumps is provided by the manufacturer’s pump 

curves, and is shown on Figure 6.3-12.   A representative pump characteristic 

curve is given on Figure 6.3-13. 

 

Provisions included in the LPCI system that permit system testing are: 

 

 1. Full flow test lines to route suppression chamber water back to the 

suppression chamber, without entering the RPV 

 

 2. Instrumentation to indicate system performance during test 

operations 

 

 3. Motor operated valves and check valves capable of manual operation 

for test purposes 

 

 4. Shutdown cooling lines taking suction from the recirculation system 

to permit testing of the RHR discharge into the RPV after normal 

plant shutdown 

 

 5. Drains to leak test the major system valves. 

 

All active LPCI components are capable of individual functional testing during 

normal plant operation.  Except as indicated below, the LPCI control system 

design provides automatic alignment from test to operating mode if system 

initiation is required.  The exceptions are as follows: 
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 1. Closure of any of the motor operated pump suction valves in the 

suction lines from the suppression chamber requires operator action 

to reopen them.  Indication of the status of these valves is 

provided in the main control room. 

 

 2. Parts of the system that are bypassed or deliberately rendered 

inoperative are indicated automatically or manually in the main 

control room. 

 

6.3.2.2.5  ECCS NPSH Margin and Vortex Formation 

 

NPSH calculations for ECCS pumps, such as the calculation in the previous 

section, have shown adequate margin to ensure capability of proper pump 

operation under accident conditions.  This capability is verified during 

preoperational testing and by post-modification testing and engineering 

analysis.  The geometries of the RHR, core spray and HPCI suction strainer and 

piping in the torus have been evaluated and the resulting Froude numbers are 

less than 0.8 for all strainers.  Tests have shown that no air core vortices or 

air withdrawal are observed for BWR Mark I geometries where the Froude number 

is less than 0.8.  Therefore the HCGS design avoids the formation of air core 

vortices and possible air ingestion. 

 

6.3.2.2.6  ECCS Discharge Line Fill Network 

 

A requirement of the ECCS is that cooling water flow to the RPV be initiated 

rapidly when the system is called upon to perform its function.  This quick 

start system characteristic is provided by quick opening valves, quick start 

pumps, and standby power sources.  The lag between the signal to start the pump 

and the initiation of flow into the RPV can be minimized by keeping the ECCS 

pump discharge lines full.  Additionally, if these lines are empty when the 

systems are called upon, the large momentum forces associated with accelerating 

fluid into a dry pipe could cause physical damage to the piping.  Therefore, 

the ECCS discharge line fill network is designed to maintain the ECCS pump 

discharge lines in a filled condition. 
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Since the ECCS discharge lines are elevated above the water level in the 

suppression chamber, check or stop-check valves are provided near the pumps to 

prevent backflow from emptying the lines into the suppression chamber.  Past 

experience shows that these valves may leak slightly, producing a small 

backflow that could eventually empty the discharge piping.  To ensure that this 

leakage from the discharge lines is replaced and the lines are always kept 

full, makeup flow is provided by the ECCS discharge line fill network. 

 

The fill network consists of three independent jockey pump loops, as shown on 

Plant Drawings M-55-1, M-56-1, and M-51-1.  Two of the pump loops serve the low 

pressure ECCS pump (LPCI and core spray) discharge lines; the third pump loop 

serves the HPCI pump discharge line.  Each jockey pump, and its respective 

controls and instrumentation, is powered from a separate Class 1E electrical 

channel. Physical separation is provided by locating two of the jockey pumps in 

separate RHR pump compartments, and the third jockey pump in the HPCI equipment 

compartment.  The fill network is safety-related and designed to Seismic 

Category I criteria, but is not considered an integral part of the ECCS. 

Nonetheless, a single failure of an active component in the fill network will 

not prevent the ECCS from performing its intended function. 

 

Each of the jockey pumps operates continuously to maintain the ECCS pump 

discharge lines above atmospheric pressure, so that entrapped air pockets can 

be released through the piping high point vents during surveillance testing of 

the fill network.  The jockey pumps serving the low pressure ECCS injection 

lines take suction from two different RHR pump suppression chamber suction 

lines.  Jockey pump protection (from overheating) is provided by continuously 

recirculating this flow back to the suppression chamber via the RHR pump full 

flow test lines.  The jockey pump serving the HPCI system takes its suction 

from the HPCI pump suction and recirculates flow back to the HPCI pump suction 

piping. 

 

Controls for operation of the jockey pumps are provided in the main control 

room.  Instrumentation is also provided to assist the 
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operator in ascertaining the proper operation of the entire fill network. Controls and 

instrumentation associated with the fill network are discussed in Section 7.6. 

 

Each ECCS injection loop is provided with a separate, isolable fill line to permit 

maintenance of individual ECCS injection loops without disabling other ECCS injection 

equipment.  This isolation feature also ensures that the ECCS pump discharge lines 

remain filled and pressurized during maintenance of ECCS injection equipment. 

 
There are times during normal operation, when a jockey pump must be removed from service 

to perform preventative or corrective maintenance or periodic testing.  When a jockey 

pump must be removed from service, it is prudent not to impact availability of the 

associated ECCS or RCIC system(s).  Therefore, availability of the affected system(s) is 

maintained by transferring the keepfill function to the Condensate Transfer and Storage 

System.  Under these conditions, the jockey pump is removed from service in accordance 

with station administrative controls which ensure that the impact on system operability 

is assessed and appropriate compensatory actions are considered and implemented. 

Additionally, only a single jockey pump, associated with an operable ECCS or RCIC system 

is removed from service at a time. 

 

Surveillance tests to determine if the discharge lines of the ECCS pumps are full are as 

required by the plant technical specifications in Section 16. 

 

6.3.2.3  Applicable Codes and Classifications 

 

The applicable codes and classifications of the ECCS are specified in Section 3.2.  All 

piping systems and components (pumps, valves, etc.) for the ECCS comply with applicable 

codes, addenda, code cases, and errata in effect at the time the equipment is procured. 

 The equipment and piping of the ECCS are also designed to the requirements of Seismic 

Category I.  This seismic designation applies to all structures and equipment essential 

to the core cooling function.  IEEE standards applicable to the controls and power 

supplies are specified in Section 7.1. 

 

6.3.2.4  Materials Specifications and Compatibility 

 

Materials specifications and compatibility for the ECCS are presented in Section 6.1.  

Nonmetallic materials, e.g., lubricants, seals, packings, paints and primers, 

insulation, etc, and metallic materials are selected as a result of an engineering 

review and evaluation for compatibility with other materials in the system and the 

surroundings, with concern for chemical, radiolytic, mechanical, and nuclear effects.  

Materials used are reviewed and evaluated with 
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regard to both radiolytic and pyrolytic decomposition, and attendant effects on 

safe operation of the ECCS. 

 

6.3.2.5  System Reliability 

 

Analysis shows that no single failure prevents either the starting of the ECCS 

when required, or the delivery of coolant to the reactor vessel.  No individual 

system of the ECCS is single failure proof, with the exception of the ADS; 

hence, it is expected that single failures will disable individual systems of 

the ECCS.  The most severe single failure event with respect to loss of 

equipment is the LOCA, due to an ECCS pipe break coincident with a loss of 

offsite power.  The consequences of the most severe single failure are shown in 

Table 6.3-6.  See Section 15.9 for a system level, qualitative failure modes 

and effects analysis. 

 

6.3.2.6  Protection Provisions 

 

Protection provisions are included in the design of the ECCS.  Protection is 

afforded against missiles, pipe whip, and flooding.  Also accounted for in the 

design are thermal stresses, loadings from a LOCA, and seismic effects. 

 

The ECCS piping and components located outside the primary containment are 

protected from internally and externally generated missiles by the reinforced 

concrete structure of the ECCS pump rooms. 

 

The ECCS is protected against the effects of pipe whip which might result from 

piping failures up to, and including, the design basis LOCA.  This protection 

is provided by either spatial separation or pipe whip restraints.  Either of 

these methods provides protection against damage to piping and components of 

the ECCS, which otherwise could reduce ECCS effectiveness to an unacceptable 

level.  See Section 3.6 for criteria on pipe failures. 
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The component supports that protect the ECCS against damage from movement and 

from seismic events are discussed in Section 5.4.14.  The methods used to 

provide assurance that thermal stresses do not cause damage to the ECCS are 

described in Section 3.9.3. 

 
6.3.2.7  Provisions for Performance Testing 

 

Periodic system and component testing provisions for the ECCS are described in 

Section 6.3.2.2 as part of the individual system descriptions. 

 

6.3.2.8  Manual Actions 

 

The ECCS is actuated automatically and requires no operator action during the 

first 10 minutes following the accident. 

 

During the long term cooling period (after 10 minutes), the operator takes 

action, as specified in Section 6.2.2.2, to place the Containment Cooling 

System into operation.  Placing the Containment Cooling System into operation 

is the only manual action that the operator needs to accomplish during the 

course of the LOCA. 

 

The operator has multiple instrumentation available in the main control room to 

assist him in assessing the post-LOCA conditions.  This instrumentation 

indicates reactor vessel pressure and water level, and primary containment 

pressure, temperature, and radiation levels, as well as indicating the 

operation of the ECCS.  ECCS flow indication is the primary parameter available 

to assess proper operation of the system.  Other indications, such as position 

of valves, status of circuit breakers, and essential power bus voltage, are 

also available to assist the operator in determining system operating status. 

The instrumentation and controls for the ECCS are discussed in Section 7.3. 

Monitoring instrumentation available to the operator is discussed in more 

detail in Section 5 and Section 6.2. 

 
Consideration has been given to the unlikely possibility that manual valves in 

the ECCS might be left in the wrong position and remain undetected when an 

accident occurs.  Many of the manual valves in the ECCS are vent, drain, or 

test connection valves, which are normally closed and capped.  Administrative 

controls, such as prestartup valve lineup checks, suffice to reasonably ensure 

that such valves will not degrade ECCS performance.  In other cases, two 

isolation valves are provided in series to minimize the possibility of inter or  
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intra system leakage.  Position indication of manual valves that are in the 

main flowpaths of the ECCS, and that are inaccessible during normal plant 

operation, is provided in the main control room.  Proper administrative 

controls and/or surveillance testing are relied upon to ensure the position of 

the remaining valves. 

 

6.3.2.9  TMI Action Plans 

 

See Section 1.10 for a discussion of TMI Task Action Plan requirements 

applicable to HCGS. 

 

6.3.3  Performance Evaluation 

 

The performance of the Emergency Core Cooling System (ECCS) is determined 

through application of the 10CFR50, Appendix K evaluation models, and 

demonstrated conformance to the acceptance criteria of 10CFR50.46.  The 

analytical models are documented in Section S.2.2.3.2 of GESTAR II 

(Reference 6.3-3).  The effects of known changes or errors on the calculated 

limiting peak cladding temperature transient applicable to HCGS have also been 

estimated in accordance with 10 CFR 50.46(a)(3)(i). 

 

A SAFER/GESTR-LOCA analysis has been performed (Reference 6.3-4) using the NRC-

approved methods contained in GESTAR II (Reference 6.3-3).  This analysis 

further maintains the design basis analysis as contained in the following 

sections.  The Reference 6.3-4 analysis was performed to support EPU operation, 

and the analysis incorporated all the known changes or errors on the calculated 

limiting peak cladding temperature transient applicable to HCGS in accordance 

with 10 CFR 50.46(a)(3)(i).  Changes or errors in the ECCS evaluation models 

have been discovered since performance of the SAFER/GESTR-LOCA analysis 

supporting EPU operation.  The effects of those known changes or errors in the 

acceptable ECCS evaluation models on the calculated limiting peak cladding 

temperature transient have also been evaluated and are shown in Table 6.3-7. 

 

The ECCS performance is evaluated for the entire spectrum of break sizes for 

postulated LOCAs.  The accidents, as listed in Section 15, for which ECCS 

operation is required are: 

 

 1. Section 15.6.6 - Feedwater piping break 

 

 2. Section 15.6.4 - Spectrum of boiling water reactor (BWR) steam 

system piping failures outside of containment 
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3. Section 15.6.5 - LOCAs 

 

Section 15 provides a description of the radiological consequences of the 

events listed above. 

 

6.3.3.1  ECCS Bases for Technical Specifications 

 

The maximum average planar linear heat generation rates calculated in this 

performance analysis provide the basis for technical specifications designed to 

ensure conformance with the acceptance criteria of 10CFR50.46.  An evaluation 

of the effects of known changes and errors in the acceptable ECCS evaluation 

models ensures the basis remains valid and the acceptance criteria are met. 

Minimum ECCS functional requirements are specified in Sections 6.3.3.4 and 

6.3.3.5.  Testing requirements are discussed in Section 6.3.4.  Limits on 

minimum suppression chamber water level are discussed in Section 6.2. 

 

6.3.3.2  Acceptance Criteria for ECCS Performance 

 

The applicable acceptance criteria, extracted from 10CFR50.46, are listed 

below.  For each criterion, applicable parts of Section 6.3.3 (where 

conformance is demonstrated) are indicated.  A detailed description of the 

methods used to show compliance is contained in Section S.2.2.3.2 of 

Reference 6.3-3. 

 

 1. Criterion 1, Peak Cladding Temperature "The calculated maximum fuel 

element cladding temperature shall not exceed 2200F."  Conformance 

to Criterion 1 is shown in Sections 6.3.3.7.3, 6.3.3.7.4, 

6.3.3.7.5, 6.3.3.7.6, and specifically in Table 6.3-3.  The effects 

of known changes or errors in the acceptable ECCS evaluation models 

on the calculated limiting peak cladding temperature transient have 

also been evaluated and are shown in Table 6.3-7. 

 

 2. Criterion 2, Maximum Cladding Oxidation "The calculated total local 

oxidation of the cladding shall nowhere exceed 0.17 times the total 

cladding thickness before oxidation." Conformance to Criterion 2 is 

shown in Table 6.3-3. 

 

 3. Criterion 3, Maximum Hydrogen Generation "The calculated total 

amount of hydrogen generated from the chemical 
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  reaction of the cladding with water or steam shall not exceed 0.01 

times the hypothetical amount that would be generated if all the 

metal in the cladding cylinder surrounding the fuel, excluding the 

cladding surrounding the plenum volume, were to react." Conformance 

to Criterion 3 is shown in Table 6.3-3. 

 

 4. Criterion 4, Coolable Geometry "Calculated changes in core geometry 

shall be such that the core remains amenable to cooling." As 

described in Reference 6.3-4, conformance to Criterion 4 is 

demonstrated by conformance to Criteria 1 and 2. 

 

 5. Criterion 5, Long-Term Cooling "After any calculated successful 

initial operation of the ECCS, the calculated core temperature 

shall be maintained at an acceptably low value and decay heat shall 

be removed for the extended period of time required by the long 

lived radioactivity remaining in the core." Conformance to 

Criterion 5 is demonstrated in Reference 6.3-4.  Briefly 

summarized, the core remains covered to at least the jet pump 

suction elevation, and the uncovered region is cooled by spray 

cooling and/or by steam generated in the covered part of the core. 

 

6.3.3.3  Single Failure Considerations 

 

The functional consequences of single failures, including operator errors that 

might cause any manually controlled, electrically operated valve in the ECCS to 

move to a position that could adversely affect the ECCS, and the potential for 

submergence of valve motors in the ECCS, are discussed in Sections 6.3.1.1.2 

and 6.3.1.1.4.  The most severe single failures are identified in Table 6.3-6. 

Therefore, only these single failures are considered in the ECCS performance 

analyses.  For both large and small breaks, failure of the channel A dc source 

is the most severe failure.  A 
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single failure in the ADS (one ADS valve) has no effect in large breaks. 

Therefore, as a matter of calculational convenience, it is assumed in all 

calculations that one ADS valve fails to operate in addition to the identified 

single failure.  This assumption reduces the number of calculations required in 

the performance analysis and bounds the effects of one ADS valve failure and 

the channel A dc source failure by themselves.  The only effect of the assumed 

ADS valve failure on the calculations is a small increase (on the order of 

100F) in the calculated temperatures following small breaks. 

 

6.3.3.4  System Performance During the Accident 

 

In general, the system response to an accident can be described as the 

following: 

 

 1. An initiation signal is received. 

 

 2. A small lag time (to open all valves and run the pumps up to rated 

speed) occurs. 

 

 3. The ECCS flow enters the reactor vessel. 

 

Key ECCS actuation setpoints and time delays are provided in Table 6.3-2.  The 

minimization of the delay from the receipt of signal until the ECCS pumps have 

reached rated speed is limited by the physical constraints on accelerating the 

standby diesel generators (SDGs) and the ECCS pumps.  The delay time due to 

valve motion in the high pressure system provides a suitably conservative 

allowance for valves available for this application.  In the low pressure 

systems, the time delay for valve motion is such that the pumps are at rated 

speed prior to the time the reactor vessel pressure decreases to the pump 

shutoff pressure. 

 

The flow delivery rates analyzed in Section 6.3.3 can be determined from the 

head flow curves on Figures 6.3-4, 6.3-5, 6.3-9, and 6.3-11, and from the 

pressure versus time plots discussed in Section 6.3.3.7.  Piping and 

instrumentation diagrams for the ECCS 
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injection network are identified in Section 6.3.2.2.  Functional control 

diagrams (FCDs) for the ECCS are provided in Section 7.3.  The operational 

sequence of the ECCS for the design basis LOCA is shown in Table 6.3-1. 

 

Operator action is not required, except as a monitoring function, during the 

short term cooling period following the LOCA.  During the long term cooling 

period, the operator takes action as specified in Section 6.2.2.2 to place the 

Containment Cooling System into operation. 

 

6.3.3.5  Use of Dual Function Components for ECCS 

 

With the exception of the Automatic Depressurization System (ADS) and the Low 

Pressure Coolant Injection (LPCI) System, the systems of the ECCS are designed 

to accomplish only one function:  to cool the reactor core following a loss of 

reactor coolant.  To this extent, components or portions of these systems, 

except for pressure relief, are not required for operation of other systems 

that have emergency core cooling functions, or vice versa.  Because either the 

ADS initiating signal or overpressure of the reactor pressure vessel (RPV) 

opens the safety/relief valves, no conflict exists. 

 

The LPCI system, however, uses the residual heat removal (RHR) pumps and some 

of the RHR valves and piping.  When the reactor water level is low, the LPCI 

system has priority, through the valve control logic, over the other RHR modes 

of operation.  Immediately following a LOCA, the RHR system is aligned to the 

LPCI mode. 

 

6.3.3.6  Limits on ECCS System Parameters 

 

Refer to Sections A.6.3.3.6 through A.6.3.3.7.2 of Appendix A of Reference 6.3-

3. 

 

Compliance with Regulatory Guide 1.47 is identified in Section 1.8. 

 

6.3.3.7  ECCS Analyses for LOCA 

 
Starting in Cycle 13, Hope Creek is analyzed with the SAFER/GESTR-LOCA 
methodology as described in GESTAR (Reference 6.3-3).The corresponding analysis 
results are reported in Reference 6.3-4 and have been incorporated into the 
UFSAR. 
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6.3.3.7.1  LOCA Analysis Procedures and Input Variables 

 

Refer to Section S.2.2.3.2 of Reference 6.3-3.  The significant input variables 

used by the LOCA codes are given in Table 6.3-2 and on Figure 6.3-15. 

 

6.3.3.7.2  Accident Description 

 

Reference to a detailed description of the LOCA calculation is provided in 

Section S.2.2.3.2 of Reference 6.3-3. 

 

6.3.3.7.3  Break Spectrum Calculations 

 

A complete spectrum of postulated break sizes and locations is considered in 

the evaluation of ECCS performance. 

 

A summary of the results of the break spectrum calculations is shown in tabular 

form in Table 6.3-3 and graphically on Figure F6.3-14 for GE14 fuel.  The 

effects of known changes or errors in the acceptable ECCS evaluation models on 

the calculated limiting peak cladding temperature transient have also been 

evaluated and are shown in Table 6.3-7.  Conformance to the acceptance criteria 

(peak cladding temperature  2200F, local oxidation  17 percent, and core wide 

metal water reaction  1 percent) is demonstrated.  Details of calculations for 

specific breaks are included in subsequent paragraphs. 

 

6.3.3.7.4  Large Recirculation Line Break Calculations 

 

The characteristics that determine which is the most limiting large break are: 

 

 1. The calculated time for reflooding the hot node 

 

 2. The calculated time for uncovering the hot node 

 

 3. The calculated time of boiling transition. 
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The calculated time of boiling transition increases with decreasing break size, 

since the time of uncovering of the jet pump suction inlet, which leads to 

boiling transition, is determined primarily by the break size.  The calculated 

time for uncovering the hot node also generally increases with decreasing break 

size, since it is determined primarily by the reactor coolant inventory lost 

during the blowdown. 

 

The hot node reflooding time is determined by a number of interacting 

phenomena, such as depressurization rate, countercurrent flow limiting, and a 

combination of available ECCS. 

 

The period between the uncovering of the hot node and its reflooding is the 

period when the hot node has the lowest heat transfer.  Hence, the break that 

results in the longest period during which the hot node remains uncovered 

results in the highest calculated peak cladding temperature.  If two breaks 

have similar times during which the hot node remains uncovered, then the larger 

of the two breaks will be limiting, as it would have an earlier boiling 

transition time (i.e., the larger break would have a more severe result from a 

blowdown heat transfer analysis). 

 

The design basis accident (DBA) was determined to be the break that results in 

the highest calculated peak cladding temperature in the 1.0 ft
2
 to 4.1 ft

2
 

region (the largest possible area of a recirculation system line break is 

4.1 ft
2
). Confirmation that this is the most limiting break over the entire 

break spectrum is shown in Figure 6.3-14. 

 

Important variables from the analysis of the DBA are shown on Figures 6.3-20 

through 6.3-23 for the GNF2 fuel type.  These variables are: 
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 6.3-20    Water level as a function of time 

 

 6.3-21   Pressure as a function of time 

 

 6.3-22  Fuel rod convective heat transfer coefficient as a function 

of time for GNF2. 

 

 6.3-23  Peak cladding temperature as a function of time for GNF2. 

 

 

The maximum local oxidation, and peak cladding temperature are shown in 

Table 6.3-3.  The effects of known changes or errors in the acceptable ECCS 

evaluation models have not been incorporated into the figures for peak cladding 

temperature as a function of time but have been evaluated and are shown in 

Table 6.3-7. 

 

6.3.3.7.5  Transition Recirculation Line Break Calculations 

 

Important variables from the analysis of the 60% DBA break are shown on 

Figures 6.3-30 through 6.3-33. These variables are: 
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6.3-30      Water level (large break methods) as a function of time 

6.3-31      Pressure (large break methods) as a function of time 

6.3-32      Fuel rod convective heat transfer coefficient (large break 

methods) as a function of time for GE14. 

 
6.3-33      Peak cladding temperature (large break methods) as a function of 

time for GE14. 

 

 

6.3.3.7.6  Small Recirculation Line Break Calculations 

 

Important variables from the analysis of the small break yielding the highest 

cladding temperature are shown on Figures 6.3-38 through 6.3-41 for the GNF2 

fuel type.  These variables are: 

 

 6.3-38  Water level as a function of time 

 

 6.3-39  Pressure as a function of time 

 

 6.3-40  Fuel rod convective heat transfer coefficient as a function 

of time for GNF2. 

 

 6.3-41  Peak cladding temperature as a function of time for GNF2. 
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6.3.3.7.7  Calculations for Other Break Locations 

 

In addition to the spectrum of recirculation line breaks, calculations were 

also performed to determine the peak clad temperatures for line breaks in the 

following systems and locations: core spray line, steam line inside 

containment, steam line outside containment, feedwater line, and LPCI line. The 

results for the other break locations are shown in Table 6.3-3a. 

 

6.3.3.8  LOCA Analysis Conclusions 

 

Having shown compliance with the applicable acceptance criteria of 

Section 6.3.3.2, it is concluded that the ECCS will perform its function in an 

acceptable manner and meet all of the 10CFR50.46 acceptance criteria, given 

operation at or below the maximum average planar linear heat generation rates 

used in the analysis.  In addition, an evaluation of the effects of known 

changes or errors in the acceptable ECCS models in accordance with 10 CFR 

50.46(a)(3)(i) as presented in Table 6.3-7. 

 

6.3.4  Tests and Inspections 

 

6.3.4.1  ECCS Performance Tests 

 

All systems of the Emergency Core Cooling System (ECCS) are tested for their 

operational ECCS function during the preoperational and/or startup test 

program.  Each component is tested for power source, range, direction of 

rotation, setpoint, limit switch setting, torque switch setting, etc, as 

applicable.  Each ECCS pump is tested for flow capacity, for comparison with 

vendor data, and for verification of flow measuring capability.  The flow tests 

involve the same 
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suction and discharge source, i.e., suppression chamber or condensate storage 

tank (CST). 

 

All logic elements are tested individually, and then as a system, to verify 

complete system response to emergency signals, including the ability of the 

valves to revert to the ECCS alignment from other positions. 

 

Finally, the entire system is tested for response time and flow capacity, 

taking suction from its normal source and delivering flow into the reactor 

vessel.  This last series of tests is performed with power supplied from both 

offsite power and onsite standby power sources. 

 

See Section 14 for a thorough discussion of preoperational testing for these 

systems. 

 

6.3.4.2  Reliability Tests and Inspections 

 

The average reliability of a standby (nonoperating) safety system is a function 

of the duration of the interval between periodic functional tests.  The factors 

considered in determining the periodic test interval of the ECCS are: the 

desired system availability (average reliability), the number of redundant 

functional system success paths, the failure rates of the individual components 

in the system, and the schedule of periodic tests (simultaneous versus 

uniformly staggered versus randomly staggered).  For the ECCS, the factors 

above were used to determine safe test intervals, utilizing the methods 

described in References 6.3-2, 6.3-5 and 6.3-6. 

 

All of the active components of the High Pressure Coolant Injection (HPCI), 

Core Spray, and Low Pressure Coolant Injection (LPCI) Systems are designed so 

that they may be tested during normal plant operation.  Full flow test 

capability of each ECCS injection system is provided by a test line back to its 

respective suction source.  The full flow test is used to verify the capacity 

of each ECCS pump loop, while the plant remains undisturbed in the power 

generation 
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mode.  In addition, each individual valve may be tested during normal plant 

operation.  Input jacks are provided such that by racking out the injection 

valve breaker, each ECCS loop can be tested for response time. 

 

All of the active components of the Automatic Depressurization System (ADS), 

except the check valves for the ADS accumulators and the safety/relief valves 

and their associated solenoid valves, are designed so that they may be tested 

during normal plant operation.  The safety/relief valves and associated 

solenoid valves are all tested at least once every 18 months during plant 

startup following a refueling outage.  Safety/relief valves and their 

associated solenoid valves which have been overhauled during a plant outage are 

tested during the startup following that outage.  Testing of the check valves 

for the ADS accumulators is done in accordance with ASME B&PV Code, Section XI. 

 Inservice testing of the ECCS pumps and valves is in accordance with the ASME 

B&PV Code, Section XI (see Section 3.9.6). 

 

Testing of the initiating instrumentation and controls portion of the ECCS is 

discussed in Section 7.3.  The Standby Power System, which supplies electrical 

power to the ECCS if offsite power is unavailable, is tested as described in 

Section 8.3.  The frequency of testing is specified in Section 16.  Visual 

inspections of all the ECCS components located outside the primary containment 

can be made at any time during power operation.  Components inside the primary 

containment can be visually inspected only during periods of access to the 

primary containment.  When the reactor vessel is open, the spargers and other 

reactor vessel internals can be inspected. 

 

6.3.4.2.1  HPCI Testing 

 

The HPCI system can be tested at full flow with CST water at any time during 

plant operation, except when the reactor vessel water level is low, when the 

condensate level in the CST is below the reserve level, or when the valves from 

the suppression chamber to the pump are open.  If an initiation signal occurs 

while the HPCI 
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system is being tested, the system aligns automatically to the operating mode. 

 

A design flow functional test of the HPCI system over the operating pressure 

and flow range is performed by pumping water from the CST, and back through the 

full flow test return line to the CST.  The HPCI system turbine pump is driven 

at its rated output by steam from the reactor.  The suction valves from the 

suppression chamber and the discharge valves to the core spray and feedwater 

lines remain closed.  These valves are tested separately to ensure their 

operability. 

 

The HPCI test conditions are tabulated on the HPCI process diagram, Vendor 

Technical Document PN1-E41-1020-0004. 

 

6.3.4.2.2  ADS Testing 

 

The ADS valves are tested during the time when the reactor vessel is at reduced 

pressure prior to a refueling outage.  This testing includes simulated 

automatic actuation of the system throughout its emergency operating sequence, 

but excludes actual valve actuation. 

 

During plant operation, the ADS can be checked as discussed in Section 7.3. 

 

6.3.4.2.3  Core Spray Testing 

 

The Core Spray System pumps and valves are tested periodically during reactor 

operation.  With the injection valve closed, and the return line to the 

suppression chamber open, full flow pumping capability is demonstrated.  The 

injection valve and the check valve are tested in a manner similar to that used 

for the LPCI valves.  The system test conditions during reactor shutdown are 

shown on the core spray system process diagram, Vendor Technical Document 

PN1-E21-1020-0003.  The portion of the core spray system outside the drywell 

may be inspected for leaks during tests. 
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6.3.4.2.4  LPCI Testing 

 

Each LPCI loop can be tested during reactor operation.  The test conditions are 

tabulated in Figures 6.3-12.  During plant operation, this test does not inject 

cold water into the reactor vessel, because the injection line check valve is 

held closed by the reactor vessel pressure, which is higher than the pump 

pressure.  The injection line portion is tested with reactor water when the 

reactor is shut down and when a closed system loop is created.  This prevents 

unnecessary thermal stresses. 

 

To test a residual heat removal (RHR)/(LPCI) pump at rated flow, the test line 

valve to the suppression chamber is opened, the pump suction valve from the 

suppression chamber is opened (this valve is normally open), and the pumps are 

started using the manual switches in the main control room.  Correct operation 

is determined by observing instruments in the main control room. 

 

If an LPCI initiation signal occurs during the test, the RHR system aligns to 

the LPCI operating mode.  The valves in the test bypass lines close 

automatically to ensure that the RHR (LPCI) pump discharge is correctly routed 

to the reactor vessel. 

 

6.3.5  Instrumentation Requirements 

 

Design details, including redundancy and logic of the Emergency Core Cooling 

System (ECCS) instrumentation, are discussed in Section 7.3. 

 

All instrumentation required for automatic and manual initiation of the High 

Pressure Coolant Injection System (HPCI), core spray, and Low Pressure Coolant 

Injection System (LPCI) systems and Automatic Depressurization System (ADS) is 

discussed in Section 7.3.2, and is designed to meet the requirements of IEEE 

279 and other applicable standards. 

 

The HPCI system is automatically initiated on low reactor water level or high 

drywell pressure.  The core spray and LPCI systems are 
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automatically initiated on low reactor water level or high drywell pressure (in 

combination with low reactor vessel pressure).  The ADS is automatically 

actuated by sensed variables for reactor vessel low water level and drywell 

high pressure, plus the indication that at least one core spray loop or LPCI 

pump is operating.  The HPCI, core spray, and LPCI systems automatically 

realign from system flow test modes to the emergency core cooling mode of 

operation following receipt of an automatic initiation signal.  The core spray 

and LPCI systems begin injection into the reactor pressure vessel (RPV) when 

reactor vessel pressure decreases to system discharge shutoff pressure.  HPCI 

injection begins as soon as the HPCI turbine-pump is up to speed.  The 

injection valve is open, since the HPCI system is capable of injecting water at 

full flow into the RPV over a pressure range from 200 psig to reactor pressure 

specified in mode A of Vendor Technical Document PN1-E41-1020-0004. 
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TABLE 6.3-2 (Cont) 

 

 

               Variable                        Value            

 

  Maximum allowed delay time 27 seconds (core spray system) 

  from initiating signal to  35 seconds (HPCI system) 

  rated flow available and 

  injection valve wide open 

 

  HPCI flow rate    3000 gpm (maximum) 

  injected through the core  2000 gpm (minimum) 

  spray sparger 

 

 Automatic Depressurization System 

 

  Total number of relief  5 

  valves installed with ADS 

  function 

 

  Number of ADS valves   4 (for large break) 

  used in analysis   5 (for small break, see References  

        6.3-4 and 6.3-15) 

 

  Total minimum flow capacity 4.0 x 10
6
 lbm/h, at 

  for 5 valves, at a vessel  1125 psig 

  pressure 

 

  ADS timer initiating signals 

 

  a) Low water level, and  1.0 feet above top of 

        active fuel 

 

   high drywell pressure, 2.0 psig 

   and a 
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TABLE 6.3-2 (Cont) 

 

 

               Variable                        Value            

 

3. Fuel Parameters 

  

 

 Fuel type      Control cell core 

 

 Fuel bundle geometry    10 x 10 

 

 

 

 Number of fueled rods per bundle 92 

 

 Peak technical specification  MAPLHGR   

 linear heat generation rate  is defined in Technical 

        Specifications Core Operating Limit 

        Report 

 

 Initial minimum critical   1.25 

 power ratio 
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TABLE 6.3-3 

 

SUMMARY OF LOCA ANALYSIS RESULTS 

 

 

1.  Fuel Type GNF2 Fuel GE14 Fuel Acceptance 

Criteria 

2.  Limiting Break  DBA Suction DBA Suction  

3.  Limiting Failure Battery Battery  

4.  Peak Cladding Temperature 

(Licensing Basis) 

1610°F 1380°F ≤ 2200°F 

5.  Maximum Local Oxidation <1.0% <1.0% ≤ 17% 

6.  Core-Wide Metal-Water 

Reaction 

<0.1% <0.1% <1.0% 

7.  4.1 ft2 (DBA, Appendix K) (3) 1591°F(2) 1360°F(1)(4)  

8.  0.08 ft2 (Appendix K) 1522°F(2) 1146°F(1)  

 

 

(1) SAFER/GESTR methodology 

(2) SAFER/PRIME methodology 

(3) This case assumes the LPCI minimum flow bypass valve remains open and has 

reduced LPCI flow. 

(4) This does not include the effects on peak cladding temperature of known 

changes or errors in the acceptable ECCS evaluation models.  Results of 

peak cladding temperature including 10CFR50.46 Notification Letters are 

provided in Table 6.3-7. 
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Table 6.3-3a 

 

SUMMARY OF SAFER/GESTR-LOCA RESULTS  

FOR NON-RECIRCULATION LINE BREAKS(1) 

(Nominal Analysis Basis) 

 

Break Size 

Break Location(4) 

Single 

Failure 

GE14 

PCT (F) 

0.32 ft2  Core Spray Line Battery 616 

3.89 ft2 Steam Line inside 

Containment(3) 
Battery 589(2) 

3.64 ft2 Steam Line outside 

Containment(3) 
Battery 589(2) 

1.07 ft2 Feedwater Line Battery 589(2) 

0.50 ft2 LPCI Line Battery 589(2) 

 

 

NOTES: (1)  All cases assume the LPCI minimum flow bypass valve is 

open.  For GE14, peak local oxidation is <1% and core-

wide metal-water reaction is <0.1% for all cases.  

 (2) Maximum PCT is at the initial operating temperature. 

 (3) 

 

 

(4) 

 

Steam line break areas are prior to MSIV closure.  

Following MSIV closure, the inside containment break 

area is reduced to 2.98 ft2 and the outside containment 

break area is zero. 

These break locations being historically shown non-

limiting for the system, it is inferred they would 

remain so with a GNF2 core; therefore, the analysis is 

not repeated with the later fuel bundle design. 
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TABLE 6.3-7 

 

 

Changes or Errors in Acceptable ECCS Evaluation Models 

Peak Cladding Temperature 

 

The following results include the effects of known changes or errors (Reference 

6.3-12) in the approved ECCS evaluation models described in Reference 6.3-3 on 

the calculated limiting peak cladding temperature transient applicable to HCGS 

as estimated in accordance with 10 CFR 50.46(a)(3)(i). 

 

 

 

Licensing Basis Event 
Licensing Basis Peak 

Cladding Temperature 

   

4.1 ft
2
 (DBA) Recirc. 

Suction/Channel A dc source 

1380F (GE14C) 

1610F (GNF2) 
  

 

GE14C FUEL 

Description of Change/Error Impact 

Final Peak 

Cladding 

Temperature 

   

Impact of Database error for 

heat deposition on the Peak 

Cladding Temperature for 

10x10 fuel bundles 

+45F 1425F 

   

Impact of updated 

formulation for gamma heat 

deposition to channel wall 

for 9x9 and 10x10 fuel 

bundles 

+5F 1430F 

   

PRIME code implementation 

for fuel rod T/M 

performance, replacing 

GESTR 

+45F 1475F 
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6.4  HABITABILITY SYSTEMS 

 

The main control room habitability systems provide safety and comfort for 

operating personnel during normal operations and during postulated emergency 

conditions.  These habitability systems include radiation shielding; charcoal 

air filter systems; heating, ventilating, and air conditioning (HVAC); storage 

for food and water; sanitary facilities; and fire protection.  The habitability 

systems are designed to meet 10 CFR 50.67 requirements (Reference 6.4-2).  The 

technical support center (TSC), which serves to back up the control room 

monitoring and diagnosis during emergency conditions, is discussed in 

Section 12.3.3.  The TSC is designed for the same environmental habitability 

requirements as for the main control room. 

 

6.4.1  Design Bases 

 

The design bases for the habitability systems are summarized as follows: 

 

 1. The control room environmental envelope is designed for continuous 

occupation during normal and abnormal conditions to maintain an 

indoor design condition as indicated in Section 9.4.1.  Occupancy 

by operating personnel is ensured for a minimum of 30 days after a 

design basis accident (DBA). 

 

 2. The habitability systems are designed to support five people during 

normal and abnormal station operating conditions.  An initial 5-day 

emergency supply of food and water is provided within the control 

room habitability envelope. 

 

 3. Sanitary facilities and medical supplies for minor injuries are 

provided within the boundary of the control room habitability 

envelope for the use of control room personnel during normal and 

accident conditions. 
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 4. The radiological effects on the control room personnel that could 

exist as a consequence of the postulated DBA described in 

Section 15 do not exceed the guidelines set by 10CFR50.67. 

 

 5. Respiratory and skin protection and emergency breathing apparatus 

are provided within the control room envelope for control room 

operators. 

 

 6. The Control Room Ventilation System is capable of automatic 

transfer from its normal operational mode to its emergency 

pressurization recirculation mode upon detection of high radiation. 

 It is also capable of manual transfer to the isolation 

recirculation mode. 

 

 7. The Control Room Ventilation System is designed to remain 

functional during and after an operating basis earthquake (OBE) or 

a safe shutdown earthquake (SSE). 

 

 8. The habitability systems are designed to remain functional 

following an active failure of any one of the HVAC system 

components. 

 

 9. Radiation monitors continuously monitor the outside air at the 

control room envelope outside air intake.  The detection of high 

radiation is alarmed in the main control room, and radiological 

protection functions are automatically initiated, as described in 

Section 6.4.3.2. 

 

 10. Smoke detectors are provided in the normal and emergency outside 

air ducts.  They alarm in the main control room. 

 

 11. The control room HVAC system design bases are discussed in 

Section 9.4.1. 

 

 12. The seismic category, quality group classification, and 

corresponding codes and standards that apply to the 
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  design of the habitability systems are discussed in Section 3.2. 

 

 13. Regulatory Guides 1.52, 1.78, and 1.95 apply to the design of 

habitability systems.  Section 1.8 analyzes plant requirements 

associated with these Regulatory Guides.  Conformance to design 

aspects of the guides is as follows: 

 

  a. There is partial conformance with Regulatory Guide 1.52, as 

discussed in Sections 6.5.1 and 1.8.  Section 6.5.1 also 

provides a detailed description of the air filters. 

 

  b. As discussed in Section 2.2.3, the only toxic chemical that 

may accumulate to any appreciable amount is ammonia resulting 

from an ammonium hydroxide release at the SGS. Sufficient 

time exists from the time of detection in the control room to 

the time of when the concentrations exceed the toxicity limit 

established in Regulatory Guide 1.78. Therefore, the design 

considerations of Regulatory Guide 1.78 are applicable to 

HCGS as denoted in Section 1.8. 

    

  c. As discussed in Section 2.2.3, chlorine does not pose a 

danger to HCGS control room personnel.  Therefore, the design 

considerations of Regulatory Guide 1.95 are not applicable to 

HCGS. 

 

 14. The control room outside air intakes have been located to prevent 

the possibility of diesel gas exhaust concentrations in the main 

control room during operation of the standby diesel generators 

(SDGs). 

 

The design of the habitability systems with respect to the following aspects is 

discussed in separate FSAR sections as indicated: 
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 1. Protection from wind and tornado effects - Section 3.3 

 

 2. Flood design - Section 3.4 
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 3. Missile protection - Section 3.5 

 

 4. Protection against dynamic effects associated with postulated 

rupture of piping - Section 3.6 

 

 5. Environmental design - Section 3.11. 

 

6.4.2  System Design 

 

6.4.2.1  Definition of Control Room Envelope 

 

The control room envelope maintained under habitable conditions following an 

accident is shown on Plant Drawing A-5655-0.  The envelope consists of the main 

control room, computer room, shift supervisors' office, ready room, 

instructional viewing area, corridors, toilets, kitchen and storage room, all 

at Auxiliary Building Elevation 137 feet and the console pit at 

Elevation 132 feet and 4 inches. 

 

Ingress and egress are provided by one door from the shift supervisors' office 

to the work control center, one door from the control room corridor to the work 

control center, one door from the control room corridor to the radwaste 

building service area corridor, one door from the control room corridor to the 

elevator lobby corridor, and one door from the rear of the control room to the 

electrical tray space corridor. 

 

The volume of the control room envelope served by the Heating, Ventilating, and 

Air Conditioning (HVAC) System is approximately 85,000 cubic feet.  The 

allowable carbon dioxide buildup and the occupancy time period when the control 

room is completely isolated are described in Section 9.4.1. 
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6.4.2.2  Ventilation System Design 

 

The control room HVAC system, including the major equipment design parameters, 

is discussed in detail in Section 9.4.1, and the system is shown schematically 

on Plant Drawing M-78-1. 

 

Figure 6.4-2 shows the plant layout, including the location of the control room 

and its outside air intakes.  The main control room arrangement is shown on 

Plant Drawing A-5655-0.  The seismic category and quality group classification 

of components, instrumentation, and ducts are listed in Section 3.2 and 7.3 and 

shown on Plant Drawing M-78-1. 

 

Principal equipment in the Control Room Ventilation System includes: 

 

 1. Two 100 percent capacity air handling units, including low and high 

efficiency filters, fans, chilled water cooling coils, and electric 

heating coils, are provided for use during normal operation or 

following an accident.  Electric pan humidifiers are provided for 

use during normal operation. 

 

 2. Two 100 percent capacity return air fans are provided for use 

during normal plant operation and following a design basis accident 

(DBA). 

 

 3. Two 100 percent capacity emergency air filtration units are 

provided for use following an accident.  Each unit has its own fan, 

low efficiency prefilters, electric heating coils, upstream high 

efficiency particulate air (HEPA) filters, charcoal adsorbers, and 

downstream HEPA filters. 

 

 4. An exhaust fan is provided to exhaust air from the control room, 

and toilet facilities during normal operation. 

 

 5. Two separate outside air intakes with plenum, through a common 

missile shielded tube are provided for use during normal operation 

or following a DBA. 
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 6. The dampers for control room isolation purposes are bubbletight, 

with a closure time of 5 seconds maximum. 

 

6.4.2.3  Leaktightness 

 

Control room envelope construction joints and penetrations for cable, pipe, 

HVAC duct, HVAC equipment, dampers, and doors are designed specifically for 

leaktightness.  A list of potential leak paths to the control room is provided 

in Table 6.4-1, along with the type of material, joint, or penetration. 

Periodic tests to verify control room leaktightness are discussed in 

Section 6.4.5. 

 

CREF boundary operability is demonstrated periodically by performance of 

unfiltered air inleakage testing in accordance with the CRE Habitability 

Program described in plant Technical Specification 6.16. 

 

6.4.2.4 Interaction with Other Zones and Pressure-Containing Equipment 

 

Design of the control room envelope boundaries, ductwork, penetrations, and 

isolation dampers minimizes leakage of exterior radioactive gases into the 

control room envelope. 

 

The control room envelope, as shown on Plant Drawing A-5655-0, is surrounded by 

an electrical access area and a corridor, which are served by the Control 

Equipment Room Supply (CERS) System; the work control center and control area 

office space (formerly Unit 2 control room area), which are served by the 

Unit 2 control area HVAC system (GC); and the access control area of the 

Radwaste Building, which is served by the Service Area Supply (SAS) System. The 

control equipment mezzanine at Elevation 117 feet 6 inches and the inverter 

rooms at Elevation 124 feet, below the envelope, are served by the CERS system. 

The control area heating and ventilating equipment room, 
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also served by the CERS system, is above the envelope at Elevation 155 feet 

3 inches.  The CERS and SAS systems are described in Sections 9.4.1 and 9.4.3, 

respectively. 

 

The control room return air ductwork, under negative pressure in the control 

area HVAC equipment room, is gas tight up to the flexible connection to the 

control room return air (CRRA) fan.  Pressure with respect to the HVAC 

equipment room is positive from the outlet of the CRRA fan through the control 

room supply (CRS) system.  Dampers in the negative pressure ductwork have 

welded frames and shafts in oil impregnated bearings.  These dampers are 

provided with gaskets and are bolted to the ductwork. 

 

Steam lines and central carbon dioxide fire prevention system tanks, and any 

other equipment or piping containing hazardous materials, are not located 

within the control room envelope.  Failure of any pressure containing tank, 

equipment, or piping located outside the control room envelope will not cause 

transfer of hazardous material into the control room, as the control room is 

maintained at a positive pressure with respect to its adjacent areas at all 

times during normal plant operation by the Control Room Supply System. 

 

6.4.2.5  Shielding Design 

 

Control room shielding is discussed in Section 12.3.2.  Section 12.3.2 

identifies the radiation sources, shielding zones, and shielding thickness. 

 

6.4.3  System Operational Procedures 

 

6.4.3.1  Normal Operation 

 

During normal plant operation, the control room supply (CRS system, control 

room return air (CRRA) fan, and control area exhaust (CAE) system maintain the 

design conditions in the control room envelope.  The CRS/CRRA system consists 

of redundant, 100 percent 
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capacity units, each supplied by a separate Class 1E power source.  Each CRS 

system consists of an outside air intake louver and plenum, tornado damper, 

smoke detector, radiation sensor, radiation monitor, outside air intake 

isolation dampers, ASHRAE 55 percent dust spot low efficiency prefilters, 80 

percent to 85 percent ASHRAE dust spot high efficiency filters, humidifier, 

electric heating coil, supply fan, and chilled water coil.  See Section 9.2.7 

for a description of the chilled water system ductwork, controls, and 

monitoring.  A fixed amount of outside air, 3000 cfm, is provided to satisfy 

ventilation, exhaust, and pressurization requirements.  The control room 

envelope is maintained at a positive pressure of at least 1/8" water gauge with 

respect to its adjacent areas during normal plant operation, by supplying more 

air to than exhausting from the control room envelope.  Air is returned from 

the air conditioned space through the CRRA fan to the CRS system supply unit.  

The excess air is exhausted outdoors by the CAE fan and by exfiltration. 

 
6.4.3.2  Post-Accident Operation 
 
The Control Room Envelope Heating, Ventilation and Air Conditioning (HVAC) 

Systems are designed to ensure habitability during any design basis 

radiological accident with redundant trains.  Upon receipt of a reactor vessel 

low water level (L1)/high drywell pressure signal from a loss of coolant 

accident (LOCA), the following occurs for both ventilation trains:  the normal 

outside air intake isolation dampers for CRS system close, the CAE fan stops, 

the CAE exhaust isolation dampers close, and both control room emergency filter 

(CREF) trains start automatically to filter 2000 cfm emergency outside air 

intake for room pressurization when the mode switch is in the outdoor air 

position. 

 
On high radioactivity in the outside air intake, the following occurs for both 
ventilation trains:  the normal outside air intake isolation dampers for the 
CRS system close, the CAE fan stops, the CAE exhaust isolation dampers close, 
and the control room emergency filter (CREF) train connected to the operating 
CRS unit starts automatically to filter 1000 cfm emergency outside air intake 
for room pressurization when the mode switch is in the outdoor air position.  
On a high radiation signal, the redundant CREF train remains on standby.  Low 
flow or a loss of airflow in the operating CREF automatically trips and 
isolates the operating CREF train and alarms in the main control room.  Manual 
actuation of the redundant CREF train is then required.  The CREF system 
consists of two 100 percent capacity trains, each supplied by a separate 
Class 1E power system and interlocked with one of the CRS/CRRA systems.  Each 
CREF train consists of an outside air connection to the CRS outside air intake 
plenum, radiation sensor, tornado damper, smoke detector, outside and return 
air dampers, fan, 80 to 85 percent ASHRAE dust spot efficiency filters, 
electric heating coil for humidity control, 
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upstream high efficiency particulate air (HEPA) filter, charcoal adsorber, a 

downstream HEPA filter, and a discharge damper.  The CREF system may operate in 

one of the two following modes: 

 
 1. A pressurizing mode in which 1000 cfm of outside air is mixed with 

3000 cfm of control room return air before entering the CREF unit, 

thus pressurizing the control room envelope above the surrounding 

space This mode is an automatic mode following a detection of high 

airborne radioactivity in the control room normal air intake. 

 
 2. The operator can override the control room pressurization mode to 

initiate isolation mode by manually closing the outside air intake 

isolation damper for the operating CREF unit.  However, this mode 

is not automatically used following a radiological accident.  The 

recirculation (isolation) mode is circulating 4000 cfm of return 

air, without introduction of outside air, through a CREF unit. 

 
6.4.4  Design Evaluations 
 
The Control Room Habitability System is designed with redundancy and separation 

of active components to provide reliable operation under normal conditions and 

to ensure operation under accident conditions.  The design basis accident (DBA) 

radiation source terms used for control room dose evaluation are in accordance 

with Regulatory Guide 1.183 (Reference 6.4-3). 

 
6.4.4.1  Radiological Protection 
 
A detailed discussion of the dose calculation model for control room operators 

following the postulated DBA is provided in Section 6.4.7. 

 
The design basis accidents have been evaluated to determine the worse case 

accident scenario for control room habitability design purposes.  The control 

room operator doses can be derived for each of the accidents by the methodology 

described in Section 6.4.7 with the radiation source terms defined in the 

appropriate sections in Section 15 and the release locations relative to the 

control room intake shown in Figure 6.4-2 and Table 6.4-6. 

 
The release locations for the DBA LOCA are: 
 
(a) For primary containment leakage and leakage from engineered safety 

feature (ESF) components outside primary containment: 

 (1)  Directly to the atmosphere before Reactor Building drawdown, and 

 (2)  The FRVS exhaust vent at the top of the Reactor Building after    

         Reactor Building drawdown. 
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(b) For main steam isolation valve (MSIV) leakage, exfiltration from the  

 Turbine Building 

 

 
The release locations for the fuel handling accident, which occurs in the 

Reactor Building, are assumed to be through the Reactor Building truck bay 

door. 

 

The release location for the main steam line break, occurring outside the 

Reactor Building is the blowout panels.   

 

The release location for the instrument line break accident occurring in the 

Reactor Building is the FRVS exhaust vent at the top of the Reactor Building.   

 
The release location for the control rod drop accident is the Turbine Building 

louvers. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Of all the accidents with their various combinations of source terms and 

atmospheric dispersions, the accident yielding the most severe control room 

dose consequences is the DBA LOCA, which has been designated the worst-case 

accident for control room habitability. 
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The resulting calculated dose for control room occupancy on a rotating shift 

basis, for the containment, ESF, and MSIV leakages, is shown in Table 6.4-4 and 

is less than 5 rem total effective dose equivalent (TEDE) which is consistent 

with the requirements of 10CFR50.67. 

 

 
  

 
Control room shielding design, based on the most limiting radiological 

accident, a design basis LOCA, is discussed in Section 12.3.2.  The evaluations 

in Section 15 demonstrate that radiation exposures to control room personnel 

originating from containment shine, external cloud shine, and control room 

filter shine are reduced to a small fraction of the total by means of the walls 

surrounding the main control room (see Table 6.4-4). 

 
6.4.4.2  Toxic Gas Protection 
 
As discussed in Section 2.2.3, there is no danger to control room personnel 

from toxic chemicals stored onsite or offsite or transported near Hope Creek 

Generating Station (HCGS). 

 
Response to a hazardous chemical release by Industrial Safety and Fire 

Protection per the Artificial Island Spill Plan will limit the release to a 

short duration accident. Although the ammonium hydroxide release may pose a 

danger, the control room would remain habitable by a combination of design and 

operator responses. 

 
The possibility of diesel gas exhaust concentrations in the control room has 

been analyzed.  The concentration of NO
x
 has been calculated.  Using the 

control room dose model with X/Q values determined by the Modified Halitsky 

Methodology, as discussed in Section 6.4.7.  The calculated NO
x
 concentration, 

1.6 ppm, is below the TLV of 3 ppm from Reference 6.4-1. 
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6.4.4.3  Chlorine Protection 

 

As discussed in Section 2.2.3, chlorine does not pose a danger to HCGS control 

room personnel. 

 

6.4.4.4  Smoke Protection 

 

Detectors in the outside air intakes alarm upon presence of smoke.  The 

operator can then manually start the Control Room Emergency Filter (CREF) 

System in the recirculation mode, isolating the control room from outside air. 

 

6.4.4.5  Respiratory Protection 

 

Full faced, self-contained breathing apparatus and protective clothing are 

available for control room operators. 

 

Respiratory equipment designs and capabilities are constantly improving.  For 

this reason, specific equipment has not yet been selected for HCGS.  In 

selecting the respiratory equipment, consideration is given to these 

improvements, as well as to reliability, durability, and serviceability.  The 

minimum number of respiratory devices provides an onsite 6-hour air supply for 

each of five people with unlimited bottled air replenishment available from 

nearby locations.  One extra respiratory device is provided for every three 

respiratory devices needed to meet the minimum capacity. 

 

Control room operators are included in the provisions of the respiratory 

protection program.  The respiratory protection program includes training in 

the method of putting on the equipment, proper use and care of the equipment, 

equipment limitations, and verification of individual capability to achieve and 

maintain a proper facial seal.  Personnel familiar with the equipment should be 

able to put on and start use of the respirator within 2 minutes. 
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A program for periodic inspection of control room operator respiratory 

equipment is established.  The program addresses inspection for defects, 

storage conditions, and, as necessary, cleaning, disinfecting, and repairing. 

In addition, the equipment will be cleaned, disinfected, and inspected after 

each use.  Replacements and repairs are made only by trained personnel using 

parts designed for that equipment.  The equipment is stored to protect against 

dust, sunlight, extreme heat or cold, excessive moisture, and damaging 

chemicals. 

 

6.4.5  Testing and Inspection 

 

The Control Room Heating, Ventilating, and Air Conditioning (HVAC) Emergency 

System filtration components are tested in a program with the following 

classifications: 

 

 1. Shop tests and factory component qualification tests to ensure the 

quality of the manufactured product.  Refer to Table 9.4-6 for 

details of inspection and testing. 

 

 2. Preoperational tests in accordance with the requirements of 

Section 14. 

 

 3. Periodic tests during power generation in accordance with the 

requirements of Section 16. 

 

The frequency of tests and inspections is selected to ensure the continued 

integrity of the system.  Charcoal testing frequency is in accordance with 

Regulatory Guide 1.52 for the efficiency claimed and the bed depth specified. 

 

Written test procedures establish minimum acceptable values for all tests. Test 

results are recorded as a matter of performance records, thus permitting early 

detection of faulty operating performance. 
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The shop and factory component qualification tests in place and laboratory 

testing criteria are in accordance with the recommendations and guidelines 

presented in Regulatory Guide 1.52 Section C-3, C-5, and C-6.  High efficiency 

particulate air (HEPA) filters have a minimum efficiency of 99.97 percent when 

measured with a 0.3-micron dioctyl phthalate (DOP) aerosol.  Carbon lot testing 

is required and certified by a qualified testing agency to establish gas 

adsorption efficiency, uniformity of density, ignition temperature, hardness, 

and impregnant content. 

 

Filter plenums are tested for leakage under positive pressure.  Plenums are 

pressurized to 125 percent of the design pressure with soap bubble tests at all 

welds.  The maximum permissible leakage rate is 0.1 percent of the filter 

plenum rated flow in cfm at 125 percent of the positive design plenum pressure. 

 The ductwork associated with each emergency filtration system is also tested 

for the same maximum permissible 0.1 percent leakage of the rated flow as used 

for testing the filter plenums. 

 

Preoperational tests are conducted in accordance with the requirements of 

Section 14.  In general, the tests include: 

 

 1. Visual inspection 

 

 2. Isolation valve leak tests 

 

 3. Airflow capacity verification test 

 

 4. Airflow distribution verification test 

 

 5. In place HEPA test 

 

 6. In place adsorber test 

 

 7. Laboratory test of adsorbent 

 

 8. Electric heater test. 
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Periodic tests for leaktightness of the control room envelope are conducted in 

accordance with the requirements of Chapter 16. 

 

Periodic in place testing of HEPA filters and charcoal adsorbers and laboratory 

testing of charcoal adsorbers is performed in accordance with the requirements 

of Section 16. 

 

6.4.6  Instrumentation Requirements 

 

Differential pressure indicators are provided locally to measure the pressure 

drop across each filter element.  The overall pressure drop across the CRS 

filters alarms in the main control room on high differential pressure.  The 

differential pressure across the upstream high efficiency particulate air 

(HEPA) filter is transmitted to a local panel and alarms in the main control 

room.  It is also recorded by the plant computer. 

 

The instrumentation required for the deluge system of each charcoal adsorber is 

described in Section 9.5.1, Fire Protection System.  In addition, the charcoal 

adsorber temperature is continuously indicated locally.  High charcoal 

temperature alarms in the main control room.  Deluge flow is sensed at high 

high charcoal temperature and alarms locally and in the main control room.  The 

CREF fans are manually tripped which closes the outside air, return air, and 

discharge dampers of the emergency filter unit.  Deluge flow is manually 

initiated. 

 

The electric heating coils upstream of the filter are modulated to maintain a 

maximum of 70 percent relative humidity entering the charcoal adsorber.  High 

relative humidity alarms in the main control room.  Because of the small amount 

(1000 cfm), 25 percent of the control room emergency filter (CREF) unit flow 

rate, of outside air and the anticipated 3000 cfm return air of 76F dry bulb 

and 50 percent relative humidity under summer conditions, it is anticipated 

that the heater will rarely operate, and no additional heat load is presumed 

for the CRS system.  Assuming the 1000 cfm outside air is 100 percent relative 

humidity at 94F dry bulb (conservative), and is mixed with 3000 cfm return air 

at 76F dry 
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bulb, 50 percent relative humidity, the resulting mixed air entering the 

charcoal adsorber is at 76.5F dry bulb and 64 percent relative humidity which 

is still below the maximum 70 percent relative humidity limit. 

 

Radiation monitors are provided in the outside air intake plenum.  The monitors 

alarm in the main control room and start the CREF system upon high radiation. 

 

Smoke detectors are provided in the normal and emergency outside air ducts. 

They alarm in the main control room. 

 

The handswitches for heating, ventilating, and air conditioning (HVAC) 

equipment required for control room habitability are located in the control 

room.  Flows and temperatures are indicated at the local panel in the control 

equipment room. 

 

Sections 9.4.1 and 7.3 address the controls, instrumentation, and logic 

requirements for the control room HVAC systems. 

 

Tornado damper position is monitored and alarmed by the computer. 

 

6.4.7  Control Room Dose Evaluation Models 

 

The radiological effects of a loss of coolant accident (LOCA) were analyzed 

using the models described below. 

 

6.4.7.1  Control Room Atmospheric Dispersion Model 

 

The ARCON96 computer code (Reference 6.4-4) was used to calculate relative 

concentrations at the control room air intake that would be exceeded no more 

than 5 percent of the time for primary containment leakage, leakage from ESF 

outside primary containment, and MSIV leakage.  These concentrations are 

calculated for averaging periods ranging from one hour to 30 days in duration. 

The ARCON96 code uses site-specific hourly meteorological data and plant-

specific data relating to release locations, building wake surface areas, the 

air intake location, and directions from the release locations to the air 

intake.  The resulting atmospheric dispersion factors are shown in Table 6.4-2. 
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6.4.7.2  Control Room Dose Model 

 

The control room is modeled as a single region with a volume of approximately 

85,000 cubic feet. 

 

The RADTRAD computer code (Version 3.02) (Reference 6.4-5) was used to 

determine doses within the control room resulting from primary containment 

leakage, leakage from ESF components outside the primary containment, and 

leakage from the main steam isolation valves (MSIVs) based on the parameters 

listed in Table 15.6-12. 

 

The methods, assumptions, and conditions used to evaluate this accident are in 

accordance with those guidelines set forth in the NRC Standard Review Plan 

(SRP) 15.0.1 and Regulatory Guide 1.183.  These are: 

 

  0 to 1 day  =  1 

  1 to 4 days  =  .6 

  4 to 30 days =  .4 

 

A breathing rate of 3.5 x 10
-4
 m
3
/s is assumed in accordance with the guidance  

provided in Regulatory Guide 1.183. 

 

6.4.8  References 

 

6.4-1 American Conference of Governmental Industrial Hygienists, 

"Threshold Limit Values for Chemical Substances and Physical Agents 

in the Workroom Environment with Intended Changes for 1981." 

 

6.4-2 10 CFR 50.67, “Accident Source Term.” 

 

6.4-3 US NRC Regulatory Guide 1.183, “Alternate Radiological Source Terms 

for Evaluating Design Basis Accidents at Nuclear Power Reactors”, 

July 2000.  

 

6.4-4 J. V. Ramsdell, Jr., C. A. Simonen, “Atmospheric Relative 

Concentrations in Building Wakes”, NUREG/CR-6331, USNRC, May 1997.  

 

6.4-5  S. L. Humphreys et al., “RADTRAD: A simplified Model for 

Radionuclide Transport and Removal and Dose Estimation, “NUREG/CR-

6604, USNRC, April 1998. 
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TABLE 6.4-4 

 

 

 

DBA LOCA CONTROL ROOM DOSE1 

 

 

Airborne exposure due to primary containment leakage:  0.526 rem TEDE 

 

 

Airborne exposure due to ESF leakage:    2.45 rem TEDE 

 

Airborne exposure due to MSIV leakage:    0.982 rem TEDE 

 

Control room filter shine:      0.00357 rem TEDE 

 

External cloud shine:       negligible 

 

Shine from Reactor Building and primary containment:  negligible 

 

 

TOTAL:          3.96 rem TEDE 

 

 

 

 

 

1. The above results of the radiological consequence evaluations include the 

impact of introduction of 12 GE14i assemblies at HCGS. 
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6.5  FISSION PRODUCT REMOVAL AND CONTROL SYSTEMS 

 

6.5.1  Engineered Safety Feature Filter Systems 

 

During post loss of coolant accident (post-LOCA) conditions, the Engineered 

Safety Features (ESF) Filtration Systems indicated below are required to 

perform the following safety-related functions: 

 

 1. The main control room emergency filter (CREF) units remove halogens 

and particulates that are potentially present in the air following 

a postulated accident, to ensure that radiation exposures to 

operating personnel in the main control room are maintained within 

the guideline values of 10CFR50, Appendix A, GDC 19.  The air is 

then introduced into the main control room Heating, Ventilating, 

and Air Conditioning (HVAC) System, as discussed in 

Sections 6.5.1.1 and 9.4.1. 

 

 2. The Filtration, Recirculation, and Ventilation System (FRVS) units 

filter the air in the Reactor Building following a LOCA or other 

accidents involving large radioactivity releases.  This is to 

reduce the concentration of radioactive halogens and particulates 

potentially present in the Reactor Building atmosphere.  The FRVS 

is described in detail in Section 6.8. 

 

6.5.1.1  Control Room Emergency Filter System 

 

6.5.1.1.1  Design Bases 

 

The design bases for the CREF system filters, fans, and associated ductwork are 

as follows: 

 

 1. Two 100 percent filter trains are each sized and specified for 

treating 4000 cfm (25 percent of the main control room area HVAC 

system capacity). 
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 2. Filter train capacity and efficiency is maintained with all 

particulate filters fully loaded (dirty) 

 

 3. Two banks of high efficiency particulate air (HEPA) filters operate 

in series, in each filter train, and each is rated for a maximum 

airflow resistance of 1 inch water gauge when clean and 3 inches 

water gauge when dirty.  An inplace percentage penetration of less 

than 0.05 percent when DOP tested in accordance with Section 10 to 

ANSI-N510 verifies acceptability of the filter bank and can be 

considered to warrant a 99 percent removal efficiency for 

particulates in accident dose evaluations. 

 

 4. The 4-inch deep charcoal adsorber is assigned a decontamination 

efficiency of 99 percent for trapping radioactive iodine as 

elemental iodine (I
2
), and 99 percent for trapping radioactive 

iodine as methyl iodide (CH
3
I) when processing air at 70 percent 

relative humidity.  An electric heater assures the relative 

humidity is maintained lower than 70 percent. 

 

 5. Tornado dampers are provided in outside air intakes for tornado 

protection 

 

 6. Missile protection is provided for the equipment, ducts, and 

accessories. 

 

See Sections 6.4 and 9.4.1 for further discussion of the CREF system. 

 

6.5.1.1.2  System Design 

 

The CREF system consists of two 100 percent redundant filter trains, each 

supplied by a separate Class 1E power source.  Each CREF unit consists of a 

prefilter, electric heating coil, upstream HEPA filters, charcoal adsorber, and 

downstream HEPA filters, as shown in 
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Table 6.5-1.  The filter train is located downstream of its supply fan.  Each 

CREF unit is capable of handling 4000 cfm of air recirculated from the main 

control room and adjacent areas, or handling a combination of 3000 cfm 

recirculated air mixed with 1000 cfm of outdoor air. 

 

Each filter train, fan, and duct system is Seismic Category I design.  The CREF 

system is located within the control area of the Seismic Category I Auxiliary 

Building. 

 

Under normal plant conditions, the CREF system is not in operation; however, 

when high radiation is detected at the outside air intake, the main control 

room outside air supply is automatically diverted through the CREF system. 

Total room air recirculation may be manually selected if a high radioactive 

noble gas concentration is detected in the outside air intake. 

 

When the CREF system is in operation, the volume of air flowing through it is 

continuously indicated on a local panel.  Low flow or a loss of airflow in the 

CREF automatically trips and isolates the operating CREF train(s) and alarms in 

the main control room.  High differential pressure across the upstream HEPA 

filter is also alarmed in the main control room. 

 

Each CREF train contains the following components: 

 

 1. An electric heater to maintain relative humidity of the entering 

air below 70 percent - If relative humidity is 70 percent or 

higher, the heater is energized by a humidity controller when 

sufficient airflow is maintained, and provides approximately 15F 

temperature rise to the air.  This ensures that the entering air, 

ranging from 58 to 80F, enters the charcoal adsorber with a 

relative humidity of less than 70 percent. 
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 2. A 4-inch deep permanent single unit (PSU) adsorber, gasketless and 

welded, containing approximately 1450 pounds of coconut shell 

charcoal (30 lb/ft
3
) impregnated with potassium iodide and/or 

triethylene diamine.  Eight test canisters are provided which 

contain the same depth of identical charcoal as the adsorber.  The 

canisters are located so that airflow through each canister is 

representative of the adsorber.  A laboratory test is performed on 

the carbon absorbent initially (before loading), every 18 months 

thereafter, after 720 hours of system operation, and following 

painting, fire, or chemical release in any ventilation zone 

communicating with the system.  Testing conforms to Regulatory 

Guide 1.52-1978 using ASTM D3803 Method A.  The adsorber is 

evacuated and recharged with bulk charcoal when it fails to meet 

the acceptance criteria. 

 

 3. HEPA filters - One bank is upstream of the charcoal adsorber and 

one is downstream of the charcoal adsorber.  The filter is rated at 

4000 cfm ±10 percent with a maximum airflow resistance of 1 inch 

water gauge across the filter bank when clean and 3 inches water 

gauge when dirty.  The filter bank is considered to warrant a 

99 percent removal efficiency for particulates in the accident dose 

evaluation when it meets the criteria of Section C.5.c of 

Regulatory Guide 1.52-1978 using Section 10 of ANSI N510-1980. The 

differential pressure across the upstream HEPA filter bank is 

indicated and any high value is alarmed in the main control room.  

The differential pressure is monitored by the plant computer. 

 

 4. A prefilter bank with an airflow rating of 4000 cfm ±10 percent - 

Maximum airflow resistance is 0.35 inches water gauge when clean, 

and 1.0 inch water gauge when dirty.  Minimum filter efficiency is 

80 percent by dust spot test method. 
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 5. A housing of carbon steel welded construction and designed to 

withstand 23 inches water gauge positive internal pressure - Each 

housing is provided with individual access doors for servicing the 

heater and filter banks. 

 

  The access doors are provided with transparent windows to allow 

inspection of components without violating the housing integrity. 

 

  Filter housings, including water drains, are in accordance with 

recommendations in Section 4.3 of ERDA-76-21. 

 

  Interior lights, with external switches and outside access for bulb 

replacement, are provided to facilitate inspection, testing, and 

replacement of components. 

 

 6. A direct drive centrifugal fan with a nonoverloading blade design - 

Fan performance and motor selection are based on the maximum air 

density and maximum system pressure drop anticipated during CREF 

operation.  A manual switch for the fan is located in the main 

control room.  Flow instrumentation controls the fan inlet vanes to 

maintain a constant airflow 

 

 7. Galvanized steel ductwork - Designed and qualified by analysis and 

testing to be Seismic Category I. 

 

A Fire Protection Water Deluge System is provided to extinguish any ignition 

within the charcoal adsorber.  This system is described in Section 9.5.1. 

 

See Section 6.4 for further information on the CREF operation. 

 

The work, equipment, and materials for the CREF system conform to the 

applicable requirements and recommendations of the guides, codes, and standards 

listed in Section 3.2. 
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The system design is consistent with recommendations of Regulatory Guide 1.52 

using ANSI N509 as a guide for the design, construction, and testing of the 

unit, and ANSI N510 for field testing, as described in Section 1.8, and as 

summarized in Tables 6.5-2 and 6.5-4. 

 

The CREF is designed to Seismic Category I requirements. 

 

The power supply meets the IEEE-308 criteria and ensures that, in the event of 

loss of normal offsite ac power, standby power is supplied from the Class 1E 

standby diesel generator (SDG). 

 

6.5.1.1.3  Safety Evaluation 

 

The CREF system is designed to maintain functional integrity and performance 

during a design basis accident (DBA). 

 

The equipment is located within the Auxiliary Building, a tornado protected 

Seismic Category I structure.  During loss of offsite power (LOP), standby 

power is available from the Class 1E diesel generators to ensure operation of 

the CREF equipment. 

 

The single failure criteria for safety-related equipment are met by using 

redundant equipment and controls, and by switching from one redundant train to 

the other in the event one fails.  Active equipment such as fans, controls, and 

dampers are redundant.  Since redundant HVAC systems are provided to control 

the ambient conditions for safety-related equipment, operating temperature 

limits are not exceeded and no degradation of CREF equipment performance is 

anticipated. 

 

A redundant radiation monitoring system is provided in the outside air intake 

to detect high radiation, initiate measures to ensure that personnel safety and 

equipment functions in the main control room are not impaired, and see that the 

requirements of 10CFR20 are satisfied.  In the event of a high outside air 

radiation condition, the normal outside air supply to the HVAC system is 

automatically 
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diverted to the CREF train before being delivered by the HVAC system to the 

main control room, and all outside air isolation dampers, except those on the 

emergency intake, are closed.  The operator may elect to go to a total 

recirculation mode, which diverts 4000 cfm of air from the main control room 

area to the CREF. 

 

The operating mode of the CREF system is indicated in the main control room. 

 

The CREF system and the Auxiliary Building shielding envelope are designed to 

limit the occupational dose level in the main control room, as required by 

GDC 19 of 10CFR50. 

 

The introduction of a controlled quantity of outside air maintains the main 

control room and the adjoining areas served by the main control room HVAC 

system at a positive pressure with respect to surrounding areas.  This positive 

pressure is maintained during all plant operating conditions, except when the 

HVAC and CREF systems are in the total recirculation mode. 

 

Maximum permissible leakage rates for filter housing and ductwork shall be as 

defined in Section 4.12 of ANSI N509. 

 

6.5.1.1.4  Test and Inspections 

 

Preoperational and inservice tests and inspections are described in 

Sections 6.4 and 9.4.1. 

 

6.5.1.1.5  Instrumentation 

 

Instrumentation requirements are discussed in Sections 6.4 and 9.4.1. 

 

6.5.1.1.6  Materials 

 

Construction materials used in the CREF system are given in Table 6.5-3. 
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Materials used in the CREF system are selected to ensure that system 

operability is not adversely affected by radiation, temperature, or other 

environmental effects, nor susceptible to any fire or other detrimental hazard. 

Environmental qualification of the system is discussed in Section 3.11. 

 

Since the CREF system is located in the control area of the Auxiliary Building, 

it is protected from extremes of radiation and temperature that could 

potentially produce radiolytic or pyrolytic decomposition of materials.  Thus, 

decomposition products are not generated. 

 

6.5.1.2  SRP Rule Review 

 

Acceptance criteria II in SRP 6.5.1 requires design of instrumentation for ESF 

atmosphere cleanup systems to the guidelines of Regulatory Guide 1.52 and to 

the recommendations of ANSI N509 as summarized in SRP Table 6.5.1-1. 

 

Compliance with the minimum instrumentation requirements for the EREF system is 

discussed in Table 6.5-4. 

 

Compliance with the minimum instrumentation requirements for the FRVS is 

discussed in Table 6.8-5. 

 

6.5.2  The Primary Containment Spray System 

 

The Primary Containment Spray System, which is an integral part of the Residual 

Heat Removal (RHR) System, is designed to aid in reducing drywell pressure and 

temperature following a loss-of- coolant accident (LOCA).  A description of the 

design features and operating mode of the Primary Containment Spray System 

(Containment Cooling System) is given in Section 6.2.2.1.  The system is 

started manually after the Low Pressure Coolant Injection (LPCI) System cooling 

requirements have been satisfied. 
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The Primary Containment (drywell) Spray System is not designed to perform a 

fission product removal function following any accident, including a design 

basis accident (DBA). 

 

Although not designed for such a function, the spray action of the system would 

probably result in a substantial reduction of fission product concentrations 

introduced to the drywell atmosphere during an accident. However, no credit is 

given to this possible activity reduction in any of the drywell airborne 

activity release calculations. 

 

6.5.3  Fission Product Control Structures and Systems 

 

In the unlikely event of an accident, any release of fission products from the 

reactor core or from a dropped spent fuel assembly is controlled by a number of 

passive and active design features.  The passive control of released fission 

products is by containment in two major plant structures: the primary 

containment and the reactor building.  Active control is attained through the 

operation of air filter systems in the reactor building only. 

 

6.5.3.1  Primary Containment 

 

The primary containment structure consists of the drywell and the pressure 

suppression chamber (torus), connected by vent pipes.  The suppression chamber 

is in the shape of a torus concentrically surrounding the drywell, which has 

the shape of a light bulb.  The primary containment pressure suppression 

concept is the GE Mark I design.  The drywell is made of welded steel plate and 

is provided with a domed steel head.  The structural design of the primary 

containment is discussed in Section 3.8.2.  Plan and elevation views and design 

details of the primary containment are shown on Figures 3.8.2-1 through 3.8.2-

17.  The suppression chamber is also made of welded steel plate and is 

connected to the drywell by eight symmetrically located vent pipe sections. 
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The primary containment structure and its penetrations, isolation devices, 

hatches, and locks function to limit the release of radioactive materials 

subsequent to postulated accidents, so that the resulting offsite doses are 

less than the guideline values of 10CFR50.67.  Primary containment parameters 

affecting fission product release accident analysis are given in Section 6.2.1. 

 

The primary containment does not have a filter system for post-accident 

airborne fission product cleanup.  The primary Containment Prepurge Cleanup 

System (CPCS) is used only prior to normal purge operations by the Reactor 

Building Ventilation System (RBVS) during normal plant shutdowns.  A detailed 

description of the CPCS and its design function is given in Section 9.4.2. 

 

Section 6.2.4 gives a detailed description of the primary containment isolation 

modes responding to specific isolation signals.  A detailed description of the 

Primary Containment Isolation Control System is given in Section 7.1. 

 

6.5.3.2  Reactor Building Enclosure 

 

The Reactor Building completely encloses both the drywell and the suppression 

chamber and is provided to contain radioactive leakage from the primary 

containment, so that such leakage can be processed by filtration systems prior 

to release to the environment.  The Reactor Building enclosure boundary is 

formed by the exterior walls of the Reactor Building.  The design of the 

Reactor Building is discussed in Section 3.8.4, and plan and elevation views of 

the Reactor Building complex are shown on Plant Drawings P-0001-0 through P-

0007-0 and P-0011-0. 

 

The Filtration Recirculation Ventilation System (FRVS) removes fission products 

from Reactor Building enclosure air following an accident resulting in the 

release of radioactivity in either the primary containment or the Reactor 

Building.  Besides the cleanup of air, the FRVS also maintains a differential 

pressure of at least 0.25 inches water gauge inside the Reactor Building 

enclosure in 
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order to minimize the potential for unfiltered release of fission products to 

the environment.  A detailed description of the FRVS design and its function is 

given in Section 6.8.  Section 7.1 describes in detail the Reactor Building 

Isolation Control System.  Reactor Building design parameters affecting fission 

product releases are given in Section 6.2.3. 

 

For a detailed description of the isolation modes for the Reactor Building 

responding to specific isolation signals, see Section 9.4.2. 

 

6.5.4  Ice Condensers as a Fission Product Cleanup System 

 

Hope Creek Generating Station does not have an Ice Condenser System. 
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6.8  FILTRATION, RECIRCULATION, AND VENTILATION SYSTEM 

 

The Filtration, Recirculation, and Ventilation System (FRVS) consists of two 

subsystems that are required to perform post-accident, safety-related functions 

simultaneously.  These subsystems are: 

 

 1. Recirculation system - The FRVS Recirculation System is an 

Engineered Safety Feature (ESF) System, located inside the Reactor 

building that reduces offsite doses significantly below 10CFR50.67 

guidelines during a loss-of-coolant accident (LOCA), refueling 

accident, or high radioactivity in the Reactor Building.  Upon 

Reactor Building isolation, the FRVS Recirculation System is 

actuated and recirculates the Reactor Building air through filters 

for cleanup.  This subsystem is the initial cleanup system before 

discharge is made via the FRVS ventilation subsystem to the 

outdoors. 

 

 2. Ventilation system - The FRVS Ventilation System is an ESF system, 

located inside the Reactor Building that maintains the building at 

a negative pressure with respect to the outdoors.  The system takes 

suction from the discharge duct of the FRVS Recirculation System 

and discharges the air through filters to the outdoors via a vent 

at the top of the Reactor Building. 

 

6.8.1  FRVS Recirculation System 

 

6.8.1.1  Design Bases 

 

The FRVS Recirculation System is designed to accomplish the following 

objectives: 

 

 1. Recirculates and filters the air in the Reactor Building following 

a LOCA, or other high radioactivity accident, to reduce the 

concentration of radioactive halogens and 
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  particulates potentially present in the Reactor Building.  See 

Plant Drawing M-76-1 for design airflow rates in the Reactor 

Building. The circulating rate is approximately 3.0 percent of 

Reactor Building free volume per minute. 

 

 2. Maintain air flow from the low to the high contamination areas. 

 

 3. Cools the air in the reactor building to limit its expansion and 

reduce its temperature to the maximum average of 140F and to the 

maximum localized of 148F during a LOCA, with the exception of 

pipe chase 4329, which reaches a maximum of 151F. 

 

 4. Ensures that failure of any component of the system, assuming loss 

of offsite power (LOP), cannot impair the ability of the system to 

perform its safety function. 

 

 5. Remains intact and functional in the event of a safe shutdown 

earthquake (SSE). 

 

 6. Automatically starts in response to any one of the following 

signals within one minute: 

 

  a. High drywell pressure 

 

  b. Low reactor pressure vessel (RPV) water level (level 2) 

 

  c. Refueling floor exhaust duct high radioactivity 

 

  d. Reactor Building exhaust air high radioactivity 

 

  e. Manual PCIS initiation 

 

  The FRVS recirculation units can also be started manually from the 

main control room 
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 7. The design bases employed for sizing the filters, fans, and 

associated ductwork are as follows: 

 

  a. Each filter train is sized and specified for treating 

incoming air at 30,000 cfm at 140F. 

 

  b. The system capacity is maintained with all filters fully 

loaded (dirty), and Reactor Building atmosphere at maximum 

calculated relative humidity. 

 

  c. The high efficiency particulate air (HEPA) filter bank has an 

airflow rating of 30,000 cfm ±10 percent with maximum airflow 

resistance of 1 inch water gauge when clean and 3 inches 

water gauge when dirty.  The filter bank is considered to 

warrant a 99 percent removal efficiency for particulates in 

the accident dose evaluation when the filter bank is tested 

and meets the criteria of Section C.5.c of Regulatory Guide 

1.52-1978 using Section 10 of ANSI N510-1980. 

 

  d. Each charcoal adsorber is assigned a decontamination 

efficiency of 95 percent removal efficiency for radioactive 

iodine as elemental iodine (I
2
), and 95 percent removal 

efficiency for radioactive iodine as methyl iodide (CH
3
I) 

when passing through the charcoal at 70 percent relative 

humidity and 30C. 

 

  e. Each operating equipment train contains the amount of 

charcoal required to adsorb the inventory of fission products 

calculated to be released from the primary containment during 

a LOCA, with adequate margin to prevent charcoal ignition. 

 

6.8.1.2  System Description 

 

The FRVS Recirculation System is an ESF system located inside the Reactor 

Building.  This system consists of six 25 percent capacity 
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recirculation fans and filter trains connected to ducts, controls, and 

instrumentation.  It is connected in parallel with the Reactor Building 

Ventilation System (RBVS), to the extensive supply and exhaust duct network 

within the Reactor Building.  All six FRVS recirculation units include fan 

inlet vanes and isolation dampers, moisture separators to recirculate the 

Reactor Building air, high efficiency particulate air (HEPA) filters, charcoal 

filters, HEPA afterfilters, and water cooling coils. Upon a LOCA signal, all 

six FRVS recirculation units start with the two units designed as standby 

manually stopped and re-aligned to "Auto" mode.  Four of the six FRVS 

recirculation units recirculate the Reactor Building air for at least 10 

minutes after a LOCA signal.  Cooling provided by the four operating FRVS 

recirculation units limits the expansion and temperature of the Reactor 

Building air following a LOCA.  The cooling coils are provided with water from 

the Safety Auxiliaries Cooling System (SACS).  One of the two 100 percent SACS 

cooling water loops supplies water to the three cooling coils while the 

redundant loop supplies the three remaining coils.  Assuming one Safety 

Auxiliaries Cooling System (SACS) cooling water loop fails after 10 minutes, 

three FRVS recirculating cooling coils operate to maintain Reactor Building 

space temperatures below 148F maximum and 140F average except as noted in 

paragraph 6.8.1.1.3, above. 

 

The airflow diagram for the FRVS Recirculation System is shown on Plant Drawing 

M-76-1.  The instruments and controls are shown on Plant Drawing M-83-1.  The 

system design parameters are provided in Table 6.8-1. 

 

The quality group classification and corresponding applicable codes and 

standards that apply to the design of the FRVS system are discussed in 

Section 3.2. 

 

Compliance of the system design with Regulatory Guide 1.52 is described in 

Section 1.8 and Tables 6.8-2 and 6.8-5. 
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Each redundant FRVS recirculation unit has a constant capacity of 30,000 cfm. 

Fan performance and motor selection are based on a maximum pressure drop of 

3 inches water gauge across each of the two banks of HEPA filters, in addition 

to other design pressure drops in the system.  The air flow is maintained at a 

constant rate by modulating the fan inlet vanes in response to flow sensors 

mounted in the ductwork. 

 

Each permanent single unit (PSU) adsorber is gasketless and all welded 

stainless steel, filled with charcoal impregnated with potassium iodide and/or 

triethylenediamine.  Each adsorber holds a total of approximately 5260 pounds 

of charcoal that has a minimum ignition temperature of 330C.  The charcoal 

adsorber is bulk filled and bulk evacuated at its installed location by 

supplementary equipment. 

 

A water deluge spray system is provided for each charcoal adsorber.  The spray 

system is connected to the Fire Protection System, as discussed in Sections 

9.5.1.1.17 and 9.5.1.2.7, with the water deluge valve assembly mounted outside 

the charcoal adsorber.  Multiple thermistors on the inlet of the adsorber 

provide continuous temperature indication. 

 

Eight test canisters are provided in each charcoal adsorber.  These canisters 

contain the same depth of the same charcoal that is in the adsorber.  The 

canisters are so mounted that a parallel flow path is created between each 

canister and the adsorber.  A laboratory test is performed on the carbon 

adsorbent initially (before loading), every 18 months thereafter, after 720 

hours of system operation, and following painting, fire, or chemical release in 

any ventilation zone communicating with the system.  Testing conforms to 

Regulatory Guide 1.52-1978 using ASTM D3803 Method A. 

 

The moisture separator is a passive component used to remove gross and 

micrometer sized droplets of water or condensed steam from the air stream in 

order to prevent downstream HEPA filters from becoming 
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clogged with water.  The water is drained away and prevented from reentering 

the airstream. 

 

The upstream HEPA filters remove the fine discrete particulate matter and pass 

the air stream to the adsorber.  The HEPA filters downstream of the adsorption 

units collect carbon fines and provide redundant protection against particulate 

release in case of failure of the upstream HEPA filter bank. 

 

An access door is provided for each access compartment in the FRVS 

recirculation unit.  The doors have transparent portholes to allow inspection 

of components without violating train integrity. 

 

Each FRVS filter plenum is of all welded carbon steel construction.  Gas tight 

interior lights (with external light switches and fixture access) are provided 

for access compartments to facilitate inspection, testing, and replacement of 

components. 

 

The FRVS Recirculation System is actuated either automatically by separate, 

redundant trip circuits, or manually from the main control room.  The automatic 

actuation is originated by the signals listed in Section 6.8.1.1. The automatic 

actuation results in the start of all six recirculation units. Two standby 

units are subsequently manually stopped.  Associated controls are then 

activated to open or modulate appropriate dampers so that the system function 

is accomplished.  See Section 7 for detail discussion of startup and operating 

conditions.  If any one of the four fans fails to operate, a standby fan starts 

automatically, and its filter train is activated. 

 

The FRVS recirculation units and ducts are designed to Seismic Category I 

requirements. 

 

The FRVS is supplied with diesel generator power automatically during a LOCA 

coincident with LOP. 
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See Appendix 6C for the structural design criteria for Seismic Category I HVAC 

ducts and duct supports. 

 

6.8.1.3  Safety Evaluation 

 

The FRVS Recirculation System is Seismic Category I design and located in a 

Seismic Category I, tornado protected structure.  It has redundant automatic 

startup signals and manual actuation capability from the main control room. It 

is normally in a standby mode of operation and is available for testing, 

inspection, and maintenance. 

 

The FRVS Recirculation System is designed to filter contaminated air in the 

Reactor Building following a postulated accident or abnormal occurrence that 

could result in high airborne radiation in the Reactor Building.  It also 

limits the expansion and temperature of the Reactor Building air during a LOCA. 

FRVS equipment is powered from separate Class 1E buses, and all power circuits 

meet IEEE-279 and 308 requirements to ensure uninterrupted FRVS operation in 

the event of LOP.  Redundant components are provided to ensure that a single 

failure does not impair or preclude system operation and performance.  The FRVS 

is designed to Seismic Category I requirements, as discussed in Section 3.7, to 

ensure that the system remains intact and functional in the event of an SSE.  

Components and materials of the FRVS have been selected to ensure integrity of 

the system under postulated accident conditions.  An FRVS failure mode and 

effect analysis is presented in Table 6.8-3. 
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6.8.1.4  Tests and Inspections 

 

Tests and inspections are described in Table 6.8-6 and Section 9.4.2.4. 

Conformance with Regulatory Guide 1.52 is discussed in Table 6.8-2.  The system 

is preoperationally tested in accordance with the requirements of Section 14, 

and periodically tested during power generation in accordance with the 

requirements of Section 16. 

 

6.8.1.5  Instrument Requirements 

 

The FRVS recirculation units can be actuated manually from the main control 

room.  Each FRVS train is designed to function automatically upon receipt of an 

ESF system actuation signal.  The status of system equipment, including 

indication of fan motor readiness, filter pressure drops, air temperatures, and 

air flow rates, is displayed in the main control room during both normal and 

accident conditions. 

 

Tables 6.8-2 and 6.8-5 addresses the extent to which the recommendations of 

Regulatory Guide 1.52 are followed with respect to instrumentation. 

 

All instrumentation performing safety related functions is qualified to Seismic 

Category I requirements.  Redundancy and separation of the instrumentation is 

maintained, equal to the redundancy and separation of the equipment. 

 

The following alarms are annunciated in the main control room: 

 

 1. Fan failure 

 

 2. High pressure drop across the upstream HEPA filter bank 

 

 3. High pressure drop across all filter banks (a group alarm) 
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 4. Preignition charcoal temperature 

 

 5. Ignition charcoal temperature 

 

 6. Charcoal fire detection system failure (includes the deluge valve 

solenoid circuit discontinuity). 

 

6.8.1.6  Materials 

 

The materials used for the FRVS Recirculation System are given in Table 6.1-2. 

They are selected to ensure that system operability is not affected by 

radiation, temperature, or other environmental effects.  Environmental 

qualification of the FRVS is discussed in Section 3.11. 

 

The filter materials selected will not decompose due to radiation during the 

specified useful life of the filter.  High temperature buildup effects are 

minimized by the fire protection system for the charcoal adsorber. 

 

6.8.2  FRVS Ventilation System 

 

6.8.2.1  Design Bases 

 

The Filtration, Recirculation, and Ventilation System (FRVS) Ventilation System 

is designed to accomplish the following objectives: 

 

 1. Exhausts sufficient filtered air from the Reactor Building to 

maintain a differential pressure of at least 0.25 inches water 

gauge with respect to the outdoors, at all elevations and in all 

climatic conditions following Reactor Building Ventilation System 

Isolation, as discussed in Section 9.4.2 for LOCA and high 

radioactivity accidents. 

 

 2. Filters the exhaust air to remove radioactive particulate, and 

elemental forms of iodine to limit offsite doses significantly 

below the guidelines of 10CFR50.67. 
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 3. Ensures that the failure of any component of the system, assuming 

loss of offsite power (LOP), cannot impair the ability  of  the 

system  to perform its  safety  function 

 

 4. Remains intact and functional in the event of an safe shutdown 

earthquake (SSE) 

 

 5. Automatically starts in response to any one of the following 

signals within one minute: 

 

  a. High drywell pressure 

 

  b. Low reactor pressure vessel (RPV) water level (level 2) 

 

  c. Refueling floor exhaust duct high radioactivity 

 

  d. Reactor Building exhaust air high radioactivity 

 

  e. Manual PCIS initiation 

 

  The FRVS vent units can also be started manually from the main 

control room 

 

 6. The design bases employed for sizing the filters, fans, and 

associated ductwork are as follows: 

 

  a. Each filter unit is sized and specified for treating incoming 

air at 9000 cfm ±10 percent maximum flow and 107F 

 

  b. System design performance is maintained with all filters 

fully loaded (dirty) and Reactor Building atmosphere at 

maximum  calculated relative humidity 

 

  c. The HEPA filterbank is considered to warrant a 99 percent 

removal efficiency for particulate in  the 
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   accident dose evaluation by meeting the acceptance criteria 

of Section C.5.c of Regulatory Guide 1.52-1978. 

 

  d. The adsorber is assigned a decontamination efficiency of 

95 percent for elemental iodine (I
2
) and methyl iodide (CH

3
I) 

when a sample is tested at 70 percent relative humidity and 

30C in accordance with Method A of ASTM D3803. 

 

  e. The FRVS ventilation system short-term maximum ventilating 

capacity (9000 cfm ±10 percent) is based on: 

 

   (1) The calculated leakage into the Reactor Building with 

the Reactor Building maintaining a differential  

pressure of at least 0.25 inches of water with respect 

to the outdoors in all climatic conditions 

 

   (2) An allowance for thermal expansion of the Reactor 

Building air volume due to LOCA heat generation 

 

   (3) An allowance for leakage from the containment into the 

Reactor Building 

 

  f. The FRVS Ventilation System long term ventilating capacity 

(250 cfm) is based on (a) and (c), defined above. 

 

6.8.2.2  System Description 

 

The FRVS Ventilation System is an Engineered Safety Feature (ESF) System 

located inside the Reactor Building, and it consists of two 100 percent 

capacity centrifugal fans, filter trains, ducts, controls, and instrumentation. 

Each fan is provided with inlet vanes and isolation dampers. One vent unit runs 

while the other is 
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on standby.  Each vent unit takes the discharge from the FRVS Recirculation 

System and processes the air through a charcoal filter and HEPA filter.  It 

exhausts to the outdoors through a vent at the top of the Reactor Building.  

The exhaust is monitored for radioactivity before release to the environment. 

 

The airflow diagram for the FRVS Ventilation System is shown on Plant Drawing 

M-76-1. The system instruments and controls are shown on Plant Drawing M-84-1, 

and system design parameters are provided in Table 6.8-1. 

 

The quality group classification and corresponding applicable codes and 

standards are discussed in Section 3.2. 

 

Compliance of the system design with Regulatory Guide 1.52 is described in 

Section 1.8 and Tables 6.8-2 and 6.8-5. 

 

Each redundant FRVS ventilating unit, consisting of a fan and a filter plenum, 

has a maximum exhaust capacity of 9000 cfm +10 percent and a design minimum 

exhaust rate of 250 cfm in response to an indoor-outdoor differential pressure 

controller. 

 

The fan performance and motor selection are based on a maximum system pressure 

drop of 4 inches water gauge across the component filters and the ductwork. The 

airflow is maintained at a constant rate through the filter train by modulating 

the fan inlet vanes in response to flow sensors mounted in the ductwork.  

Excess flow is returned to the building as required by the differential 

pressure controller. 

 

Each charcoal adsorber consists of 2-inch-deep removable trays filled with 

charcoal impregnated with potassium iodide and/or triethylenediamine.  The bank 

holds a total of approximately 2160 pounds of charcoal having a minimum 

ignition temperature of 330C. 
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A water deluge spray system is provided for each charcoal adsorber.  The spray 

system is connected to the Fire Protection System, as discussed in Sections 

9.5.1.1.17 and 9.5.1.2.7, with the water deluge valve assembly mounted outside 

the charcoal adsorber.  Multiple thermistors are provided on the inlet of the 

adsorber. 

 

The HEPA filters downstream of the adsorption units collect carbon fines. 

 

Eight test canisters are provided in each charcoal adsorber.  These canisters 

contain the same depth of the same charcoal that is in the adsorber.  The 

canisters are so mounted that a parallel flow path is created between each 

canister and the adsorber.  A laboratory test is performed on the carbon 

adsorbent initially (before loading), every 18 months thereafter, after 720 

hours of system operation, and following painting, fire, or chemical release in 

any ventilation zone communicating with the system.  Testing conforms to 

Regulatory Guide 1.52-1978 using ASTM D 3803 Method A. 

 

An access door is provided for each access compartment in the FRVS vent units. 

The doors have transparent portholes to allow inspection of components without 

violating train integrity. 

 

Each FRVS filter plenum is of all-welded carbon steel construction.  Gas-tight 

interior lights (with external light switches and fixture access) are provided 

for access compartments to facilitate inspection, testing, and replacement of 

components. 

 

The FRVS Ventilation System is actuated automatically by separate, redundant 

trip circuits, or manually from the main control room.  The automatic actuation 

is originated by the signals listed in Section 6.8.2.1.  The automatic 

actuation results in the start of one ventilation unit.  Associated controls 

are then activated to open or modulate appropriate dampers so that the system 

function is accomplished.  See Section 7 for a detailed discussion of startup 

and operating conditions.  If the lead fan fails to operate, the standby fan 

starts automatically, and its filter train is activated. 
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The FRVS ventilation units and ducts are designed to Seismic Category I 

requirements and the exhaust duct vent atop the reactor building is protected 

by tornado dampers. 

 

The FRVS is supplied with diesel generator power automatically during a loss-

of-coolant accident (LOCA) coincident with LOP. 

 

 

 

 

 

 

 

6.8.2.3  Safety Evaluation 

 

The FRVS ventilation system is Seismic Category I design and located in a 

Seismic Category I, tornado protected structure.  It has redundant automatic 

startup signals and manual actuation from the main control room.  It is 

normally in a standby mode and is available for testing, inspection, and 

maintenance. 

 

The FRVS ventilation system is designed to preclude direct exfiltration of 

contaminated air from the Reactor Building following an accident or abnormal 

occurrence that could result in high airborne radiation in the Reactor 

Building.  Equipment is powered from separate Class 1E buses, and all power 

circuits meet IEEE-279 and -308 requirements.  Redundant components are 

provided to ensure that a single failure does not impair or preclude system 

operation.  FRVS failure mode and effect analysis is presented in Table 6.8-5. 

 

6.8.2.4  Tests and Inspections 

 

Tests and inspections are described in Table 6.8-6 and Section 9.4.2.4. 

Conformance with Regulatory Guide 1.52 is discussed in Table 6.8-2.  The system 

is preoperationally tested in 
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accordance with the requirements of Section 14, and periodically tested during 

power generation in accordance with the requirements of Section 16. 

 

6.8.2.5  Instrument Requirements 

 

Each FRVS Ventilation System unit is designed to function automatically upon 

receipt of an ESF system actuation signal.  The FRVS Ventilation System can 

also be actuated manually from the main control room.  The status of system 

equipment, including indication of fan motor readiness, filter pressure drops, 

air temperature, and air flow rates, is displayed in the main control room 

during both normal and accident plant conditions. 

 

Tables 6.8-2 and 6.8-15 address the extent to which the recommendations of 

Regulatory Guide 1.52 are followed with respect to instrumentation. 

 

All instrumentation performing safety related functions is qualified to Seismic 

Category I requirements.  Redundancy and separation of the instrumentation is 

maintained consistent with the redundancy and separation of the equipment. 

 

The following alarms are annunciated in the main control room: 

 

 1. Fan failure 

 

 2. High pressure drop across all filter banks (a group alarm) 

 

 3. Preignition charcoal temperature 

 

 4. Ignition charcoal temperature 

 

 5. Charcoal fire detection system failure (includes the deluge valve 

solenoid circuit discontinuity) 
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 6. High and low building pressure. 

 

6.8.2.6  Materials 

 

Materials used for the ventilation system of the FRVS are given in Table 6.1-2. 

They are selected to ensure that system operability is not affected by 

radiation, temperature, or other environmental effects. Environmental 

qualification of the ventilation system of the FRVS is discussed in 

Section 3.11. 

 

Filter materials used does not decompose due to radiation during the specified 

useful life of the filter.  High temperature buildup effects are minimized by 

the fire protection system for the charcoal adsorber. 
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