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6.5  FISSION PRODUCT REMOVAL AND CONTROL SYSTEMS 

 
 
6.5.1  ENGINEERED SAFETY FEATURE (ESF) FILTER SYSTEMS 
 
6.5.1.1  Standby Gas Treatment System (SGTS) 
 
6.5.1.1.1  Design Bases 
 
The SGTS is designed to accomplish the following safety related objectives: 
 
a) Exhaust sufficient filtered air from the reactor building to maintain a negative pressure of 

about 0.25 in. w.g. in the affected volumes following secondary containment isolation 
(see Subsection 9.4.2 for the secondary containment isolation signals) for the following 
design basis events: 

 
(1) spent fuel handling accident in the refueling floor area 

 
(2) LOCA 

 
b) Filter the exhausted air to remove radioactive particulates and both radioactive and 

non-radioactive forms of iodine to limit the offsite dose to the guidelines of 10CFR50.67. 
 
Non-safety-related objectives for design of the SGTS are as follows: 
 
a) Filter and exhaust air from the primary containment for purging and ventilating. 
 
b) Filter and exhaust discharge from the HPCI barometric condenser. 
 
c) Filter and exhaust from the primary containment pressure relief line. 
 
d) Filter and exhaust nitrogen from the primary containment for nitrogen purging. 
 
The design bases employed for sizing the filters, fans, and associated ductwork are as follows: 
 
a) Each train is sized and specified for treating incoming air mixture at a maximum of 125°F, 

and containing fission products and incoming particulates equivalent to 1.0 volume percent 
per day of the fission products available in the primary containment as determined in 
accordance with Regulatory Guide 1.183 using activity release assumptions for the design 
bases loss of coolant accident. 

 
b) System capacity to match the maximum air flow rate required for the primary containment 

purge. 
 
c) The system capacity to be maintained with all filters fully loaded (dirty). 
 
d) For HEPA filters, maximum free velocity not to exceed 300 fpm, with maximum airflow 

resistance of 1 in. w.g. when clean and 3 in. w.g. when dirty, and minimum efficiency of 
99.95 percent by DOP test method. 
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e) For prefilters, maximum face velocity not to exceed 300 fpm, with maximum airflow 
resistance of 0.5 in. w.g. when clean, and 1.0 in. w.g. when dirty. 

 
f) Initial design including sizing of the associated ductwork was performed using the equal 

friction method. 
 
g) Charcoal adsorber is rated for 99 percent trapping of radioactive iodine as elemental iodine 

(I3), and 99 percent trapping of radioactive iodine as methyl iodide (CH3I) when passing 
through charcoal at 70 percent relative humidity. 

 
h) Each equipment train contains the amount of charcoal required to absorb the inventory of 

fission products leaking from the primary containment, based on a one unit LOCA. 
 
i) Media cooling arrangement for each SGTS train is designed to remove heat generated by 

fission product decay on the HEPA filters and charcoal adsorbers during shutdown of the 
train. 

 
j) Relative humidity at charcoal adsorber is limited to maximum of 70 percent by removing 

moisture entrained in the air stream and by preheating the air. 
 
Failure of any component of the filtration train (i.e., from the SGTS filter inlet to the fan discharge), 
assuming loss of offsite power, cannot impair the ability of the system to perform its safety function.  
The system remains intact and functional in the event of a Safe Shutdown Earthquake (SSE). 
 
 
6.5.1.1.2  System Design 
 
Each of the two redundant SGTS trains consists of a mist eliminator, an electric air heater, a bank 
of prefilters, two banks of HEPA filters, upstream and downstream of charcoal adsorber, and a 
vertical 8 in deep charcoal adsorber bed with fire detection temperature sensors, water spray 
system for fire protection, and associated dampers, ducts, instruments, and controls.  The airflow 
diagram for the SGTS is shown on Dwg. M-175, Sh. 2.  The instruments and controls are shown 
on Dwg. VC-175, Sh. 3.  The system design parameters are provided in Table 6.5-1. 
 
The work, equipment and materials conform to the applicable requirements and recommendations 
of the guides, codes, and standards listed in Section 3.2. 
 
Compliance of the system design with Regulatory Guide 1.52, is described in Section 3.13.  Also 
see Table 6.5-2. 
 
Each redundant SGTS train has a controllable capacity of 3,000 cfm to 10,500 cfm, and each is 
capable of treating required amount of air from both Unit 1 and Unit 2 reactor building volumes.  
(see Subsection 6.5.3).  Components for each SGTS are designed as explained in the following 
paragraphs. 
 
The fan performance and motor selection is based on the maximum air density and the maximum 
system pressure drop, that is, 70°F air temperature at the fan (55°F air at the inlet of the SGTS 
train plus approximately 15°F constant temperature pickup across the heater), and the pressure 
drop is based on maximum pressure drops across dirty filters. 
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The charcoal adsorber is a gasketless, welded seam type, filled with impregnated, activated 
carbon.  The bank holds a total of approximately 6,920 lb carbon assuming a density of 28 lb/ft3, 
having an ignition temperature of not less than 330°C.  The charcoal adsorber is designed for a 
maximum loading capacity of 2.5 mg of total iodine (radioactive plus stable) per gram of activated 
carbon. 
 
Six test canisters are provided for each adsorber.  These canisters contain the same depth of the 
same charcoal that is in the adsorber.  The canisters are mounted, so that a parallel flow path is 
created between each canister and the adsorber.  Periodically one of the canisters is removed and 
laboratory tested to verify the adsorbent efficiency. 
 
Thirty by fifty inch access doors into each filter compartment are provided in the equipment train 
housing.  The doors have transparent portholes to allow inspection of components without violating 
the train integrity. 
 
The housing is of all welded construction. 
 
Gas tight interior lights with external light switches and fixture access are provided between all train 
filter banks to facilitate inspection of components. 
 
Filter housings, including water drains, are in accordance with recommendations of Section 4.5 of 
Ref. 6.5-1. 
 
Ductwork is designed in accordance with recommendations of Section 2.8 of Reference 6.5-1, 
except for sheet metal gauges that are slightly less, and the round duct reinforcements.  The 
ductwork, however, has been seismically qualified by analysis and testing of duct specimens. 
 
Outdoor makeup air supplements low exhaust airflow rates for most of the SGTS operational 
modes to satisfy the SGTS fan minimum airflow requirement.  The outdoor makeup air is also used 
for charcoal bed cooling after a charcoal pre-ignition temperature is detected. 
 
The purpose of the mist eliminator is to remove entrained water droplets from the inlet air stream, 
thereby protecting prefilters, HEPA filters and the charcoal adsorbers from water damage and 
plugging. 
 
The electric heater reduces the relative humidity of the entering air to below 70 percent for charcoal 
adsorber operation, by maintaining a constant temperature rise across the heater.  An analysis of 
heater capabilities for various entering saturated air conditions yields a peak heating requirement of 
150,000 Btu/hr, at maximum 10,500 cfm airflow.  In addition, approximately 36,000 Btu/hr heat loss 
is calculated from the section of SGTS housing between the heater and the charcoal bed.  Overall 
required capacity is approximately 186,000 Btu/hr.  A 90 kW heater is provided. 
 
The charcoal bed is provided with an integral water spray system connected to the station fire 
protection system.  A deluge valve and Seismic Category I backup valve are mounted in series 
adjacent to the charcoal adsorber.  The backup valve is provided to prevent charcoal flooding if the 
deluge valve fails in an open position.  Fire protection for the SGTS filter trains is also discussed in 
Subsection 9.5.1. 
 
A continuous type thermistor is provided on the inlet and outlet of the charcoal bed. 
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The SGTS is actuated either automatically (safety related mode), or manually (non-safety related 
mode).  The automatic actuation is originated by the reactor building isolation signal, or by 
detection of pre-ignition temperature in the charcoal adsorber bed, the latter for charcoal cooling 
purposes.  The manual actuation is controlled by administrative procedures in such a way that the 
SGTS is started and airflow established (outdoor makeup air) prior to introduction of air or gas to 
be exhausted from a reactor building source. 
 
Both SGTS fans are in lead; automatic actuation will result in the simultaneous start of both fans 
and manual actuation will result in the start of one fan.  After actuation by either means, associated 
controls will be activated to open or modulate appropriate dampers, so that the system function is 
accomplished. 
 
The SGTS inlet header pressure is monitored and controlled to a negative pressure to preclude the 
possibility of non-filtered gas or air bypassing the filtration train through the outdoor air makeup 
duct during system operation.  The lead SGTS is started automatically and an alarm sounded in 
the control room, if this pressure rises to 1.5 in. w.g. positive when the system is not in operation, 
and the negative pressure will be established and maintained.  The system will be stopped 
manually once the cause of the high inlet header pressure is identified and eliminated. 
 
Outside air is used for either charcoal cooling or making up the total system flow.  SGTS fans are 
operated at a constant air flow rate.  The variable inlet vane dampers provided in the fan suction 
are modulated to compensate for filter pressure drop. 
 
Any section of the charcoal bed inlet or outlet thermistors sensing a temperature higher than preset 
charcoal pre-ignition or ignition temperatures will result in the following: 
 
a) The pre-ignition temperature will actuate an alarm in the control room, and will 

automatically initiate the affected SGTS train's charcoal cooling mode of operation by 
establishing a flow of outdoor makeup air across the charcoal bed. 

 
b) The ignition temperature will actuate an alarm in the control room and open the deluge 

valve and the backup valve, thus introducing the fire protection water to the charcoal spray 
system.  Four drain valves provided to drain the deluge water will be opened automatically 
by the ignition temperature signal.  The operation of the deluge system will continue until 
the charcoal temperature falls below the ignition temperature.  The deluge water flow will be 
controlled by the backup valve; the deluge valve will remain open after the initial actuation. 

 
The SGTS is designed to Seismic Category I requirements. 
 
The power supply meets IEEE-308 criteria and ensures uninterruptible operation in the event of 
loss of normal, onsite, ac power. 
 
 
6.5.1.1.3  Design Evaluation 
 
The SGTS is designed to preclude direct exfiltration of contaminated air from either reactor 
building, following an accident or abnormal occurrence which could have resulted in abnormally 
high airborne radiation in the secondary containment.  Equipment is powered from essential buses 
and all power circuits will meet IEEE-308.  Redundant components are provided where necessary 
to ensure that a single failure in the SGTS initiation signal or filter trains will not impair or preclude 
system operation.  SGTS failure mode and effect analysis is presented in Table 6.5-3. 
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6.5.1.1.4  Tests and Inspections 
 
Except for Items 5, 15, and 16, all tests and inspections described in Table 9.4-1 apply to the 
SGTS. 
 
The system was preoperationally tested in accordance with the requirements of Chapter 14.  
Refer to the Technical Specifications for periodic test requirements for the SGTS. 
 
 
6.5.1.1.5  Instrument Requirements 
 
The SGTS can be actuated manually from the control room.  Each SGTS train is designed to 
function automatically upon receipt of an ESF system actuation signal.  The status of system 
equipment, which is an indication of pertinent system pressure drops and flow rates, is displayed 
in the control room during both normal and accident operation. 
 
Table 6.5-2 addresses the extent to which the recommendations of NRC Regulatory Guide 1.52 
are followed with respect to instrumentation. 
 
All instrumentation is qualified to Seismic Category I requirements. 
 
Redundancy and separation of the instrumentation is maintained, and it follows the redundancy 
and separation of the equipment. 
 
The following conditions are annunciated in the control room: 
 
a) Train failure 
 
b) Heater failure (low temperature rise across the heater) 
 
c) High or low pressure drop across the upstream HEPA – DIRTY HEPA, LOW FLOW 
 
d) High pressure drop (DIFF PRESS) across any filter (a group alarm) 
 
e) Pre-ignition charcoal temperature - Hi 
 
f) Ignition charcoal temperature:  Hi-Hi 
 
g) Charcoal temperature detection system (HT DET SYS) failure (include the deluge valve 

solenoid circuit discontinuity) 
 
h) Low pressure differential, referenced to the outdoor ambient pressure, in the reactor 

building ventilation zones being isolated – RB RECIRC ZONE(S) LO DIFF PRESS 
 
i) High positive pressure or low negative pressure in the SGTS header – SGTS IN HDR LO 

DIFF PRESS, SGTS HDR HI PRESS 
 
j) Outside makeup air damper failed open 
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k) Outside charcoal cooling air damper failed open 
 
l) Instrument power failure 
 
 
6.5.1.1.6  Materials 
 
The materials of construction used in or on the filter systems are given in Tables 6.1-1a, 6.1-1b, 
and 6.5-5.  Each of the materials is compatible with the normal and accident environmental 
conditions. 
 
FSAR Dwg. C-1815, Sh. 3 shows the location of the SGTS filter trains is classified as harsh 
environment.  The electrical components of the SGTS filter trains are environmentally qualified. 
 
 
6.5.1.2  Control Structure Emergency Outside Air Supply System (OV-101) (CSEOASS) 
             or (CREOASS)           
 
6.5.1.2.1  Design Bases 
 
The control structure emergency outside air supply system (CSEOASS) or (CREOASS) is 
designed to accomplish the following objectives: 
 
a) Filter particulate matter which may be radioactive and remove gaseous iodine. 
 
b) Recirculate and clean up room air. 
 
c) Maintain ventilation air supply for the control structure envelope when radiation is detected 

in the outside air. 
 
d) Maintain a positive pressure of 0.125 in. w.g. above atmospheric to inhibit outside air 

infiltration into the control structure during radiation filtration. 
 
e) Operate during and after design basis accident without loss of function.  The DBA initiation 

signal for this system is Reactor Building HVAC system isolation or secondary containment 
isolation. 

 
f) Provide radiation monitoring of outside air supply. 
 
The bases employed for sizing the filters, fans, heater, and associated ductwork are as follows: 
 
a) System capacity (flow rate) to be based on required air changes for the control structure, 

and the air exhausted from the battery storage area.  The required air change is calculated 
based on cfm required to slightly pressurize the control structure. 

 
b) The system capacity to be maintained with all particulate filters fully loaded (dirty). 
 
c) HEPA filters, maximum face velocity not to exceed 300 fpm with maximum airflow 

resistance of 1 in. w.g. when clean and 3 in. w.g. when dirty for upstream and 1.2 in. w.g. 
for downstream when dirty.  A minimum efficiency to be 99.97 percent by DOP test method. 
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d) Prefilters, maximum face velocity not to exceed 300 fpm, with maximum airflow resistance 
0.3 in. w.g. when clean and 0.9 in. w.g. when dirty. 

 
e) Initial ductwork design including sizing of the ductwork was performed using equal friction 

method. 
 
f) Charcoal adsorber is rated for 99 percent trapping of radioactive iodine as elemental iodine 

(I3), and 99 percent trapping of radioactive iodine as methyl iodide (CH3I) when passing 
through charcoal at 70 percent relative humidity. 

 
g) Maximum relative humidity for air entering the charcoal adsorber to be limited to 70 percent 

by appropriate air heating. 
 
h) The CSEOASS or CREOASS filter trains are designed to meet single failure criteria. 
 
i) The CSEOASS or CREOASS is designed to Seismic Category I requirements, so that it 

remains operable during and after a Safe Shutdown Earthquake (SSE). 
 
j) The power supply is designed to meet IEEE 308 criteria and ensure uninterrupted 

operation in the event of loss of normal AC power.  The controls meet IEEE-279. 
 
 
6.5.1.2.2  System Design 
 
Each of the two redundant CSEOASS or CREOASS filter trains consists of an electric heater, a 
bank of prefilters, two banks of HEPA filters, one upstream and one downstream of the charcoal 
adsorber, and a vertical 4 in. deep charcoal adsorber bed with fire detector temperature sensors, 
associated dampers, instruments, controls, and water flooding system for fire protection.  The 
CSEOASS or CREOASS is shown on  Dwg. M-178, Sh. 1.  The instrument and controls are 
shown on Dwg. VC-178, Sh. 1.  The system design parameters are shown in Table 6.5-1. 
 
The work, equipment and materials conform to the applicable requirements and recommendations 
of the guides, codes, and standards listed in Section 3.2. 
 
The system design is consistent with recommendations of NRC Regulatory Guide 1.52, as 
described in Section 3.13, and shown in Table 6.5-2. 
 
Each CSEOASS or CREOASS filter train contains the following components listed in the direction 
of airflow: 
 
a) A 30 KW electric heater to maintain relative humidity of the entering air below 70 percent. 

The heater is energized at the same time as the fan and provides approximately 15°F 
temperature rise across the coil, ensuring that entering outside air ranging from -5°F to 
92°F will enter the filters with a relative humidity of less than 70 percent. 

 
b) A charcoal adsorber designed with six gasketless welded 4 inch vertical beds, containing a 

total of 2336 lb. of impregnated, activated carbon, assuming a density of 30 lb/ft3.  Eight 
canisters are provided for each adsorber.  The canisters contain the same depth of identical 
charcoal as the adsorber.  The canisters are mounted, so that a parallel flow path is created 
between each canister and the adsorber.  Periodically one of the canisters is removed and 
laboratory tested to verify the adsorbent efficiency. 
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c) The housing is constructed of carbon steel welded construction in accordance with Ref. 

6.5-1.  Stainless steel is used for filter support brackets.  The housing is designed for -20 in. 
w.g. and a +5 psig.  Each housing is provided with five 20x50 in. access doors for servicing 
the heater and filter banks. 

 
 The access doors are provided with transparent portholes to allow inspection of 

components without violating the trains' integrity. 
 
 Filter housings, including water drains, are in accordance with recommendations of 

Section 4.5 of Ref. 6.5-1. 
 
 Interior lights with external light switches and outside access for bulb replacement are 

provided to facilitate inspection, testing, and replacement of components. 
 
d) A centrifugal fan designed for a flow rate of 6,000 cfm (note that the fan is operated at an 

air flow rate of 5810 cfm ±10%).  The fan performance and motor selection is based on the 
maximum air density and the maximum system pressure drop. 

 
e) Ductwork is designed in accordance with recommendations of Section 2.8 of Ref. 6.5-1, 

except for sheet metal gauges that are slightly less and round duct reinforcement.  The 
ductwork, however, has been seismically qualified by analysis and testing of duct 
specimens. 

 
A fire protection system, designed to extinguish a fire within the charcoal bed by flooding the 
housing, is provided.  The fire protection system is designed to spray 36 gpm of water at 15 psi on 
the charcoal.  A deluge valve and a backup valve are installed in series in the fire protection water 
connection adjacent to the housing.  The back-up valve is installed downstream of the deluge valve 
to prevent charcoal flooding in the event of a malfunction of the deluge valve.  One pre-ignition 
(190°F setting) and one ignition (450°F setting) temperature switch are located in the discharge 
duct connection.  Six pre-ignition and six ignition switches are evenly spaced across the 
downstream face of the charcoal adsorber.  A 190°F or greater leaving air temperature will trip any 
of the seven temperature switches, and alarm in the control room.  A 450°F or greater leaving air 
temperature will trip any of the seven temperature switches, alarm in the control room, stop the fan, 
and energize the deluge valve and the back-up valve.  An overflow is provided in the housing to 
allow water to drain once the housing is full.  The water must be shut off manually.  The housing is 
drained by opening five manual drain valves. 
 
See Subsection 9.4.1.2.4 for additional details of the CSEOASS or CREOASS operation. 
 
The CSEOASS or CREOASS is designed to Seismic Category I requirements. 
 
The power supply meets the IEEE-308 criteria and ensures uninterruptible operation in the event of 
loss of normal, onsite, AC power. 
 
 
6.5.1.2.3  Design Evaluation 
 
The CSEOASS or CREOASS work in conjunction with the control structure HVAC systems to 
maintain habitability in the control structure.  The design evaluation is given in Subsection 9.4.1 
including failure mode and effect analysis presented in Table 9.4-19. 
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6.5.1.2.4  Tests and Inspections 
 
With the exception of Items 5, 6, 7, 15, and 16, all tests and inspections described in Table 9.4-1 
apply to the CSEOASS or CREOASS. 
 
 
6.5.1.2.5  Instrumentation Requirements 
 
The CSEOASS or CREOASS can be actuated manually from the control room.  Each CSEOASS 
is designed to function automatically upon receipt of a radiation detection signal from detector 
elements located in the outside air intake plenum.  In addition to starting the CSEOASS or 
CREOASS, high radiation is annunciated in the control room. 
 
The CSEOASS or CREOASS can be started manually in the recirculation mode to clean up the air 
within the control room. 
 
The reactor building HVAC system isolation signal (DBA initiation signal) will cause the CSEOASS 
or CREOASS to operate in exactly the same manner as a high radiation signal from the outside air 
intake. 
 
The status of system equipment, indication of pertinent system pressure drops, and flow rates are 
displayed in the control room. 
 
Table 6.5-2 addresses the extent to which the recommendations of NRC Regulatory Guide 1.52 
are followed with respect to instrumentation. 
 
All instrumentation is qualified to Seismic Category I requirements.  Redundancy and separation of 
the instrumentation is maintained and follows the redundancy and separation of the equipment. 
 
The following alarms are annunciated in the control room: 
 
a) Fan failure 
 
b) Heater failure (low temperature differential across the heater) 
 
c) High pressure drop across the upstream HEPA 
 
d) High charcoal temperature 
 
e) High-high charcoal temperature. 
 
 
6.5.1.2.6  Materials 
 
The materials of construction used in or on the filter systems are given in Tables 6.1-1b, and 6.5-6.  
Each of the materials is compatible with the normal and accident environments postulated in the 
control structure where CSEOASS or CREOASS equipment is located. 
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FSAR Dwg. C-1815, Sh. 3, shows that EQ Zone CS8, which is CSEOASS or CREOASS filter 
trains, is classified as a harsh environment.  The electrical components of the CSEOASS or 
CREOASS filter trains are environmentally qualified. 
 
6.5.2  CONTAINMENT SPRAY SYSTEMS 
 
The containment spray system is described in Subsection 6.2.2.  The containment spray system is 
not required for fission product removal. 
 
 
6.5.3  FISSION PRODUCT CONTROL SYSTEM 
 
6.5.3.1  Primary Containment  
 
The standby gas treatment system (SGTS) is used to control the release of fission products to the 
environment when purging the containment.  This is described in detail in Subsection 6.5.1.1. 
 
The Primary Containment is charged with nitrogen during plant start-up in accordance with the 
Technical Specifications.  Gaseous nitrogen is used to reduce the concentration of oxygen, as 
discussed in Subsection 6.2.5.2.  The containment is purged of nitrogen during reactor shutdown in 
accordance with the Technical Specifications with air from the Reactor Building Ventilation Supply 
Air System.  The purge piping and valves are shown on Dwg. M-157, Sh. 1.  The 24" diameter and 
18" diameter piping can be used for purging during reactor power operation (as mentioned above), 
start-up and hot standby; otherwise, the purge supply and exhaust valves HV-15704, HV-15714, 
HV-15721, HV-15722, HV-15723, HV-15724 and HV-15725 remain closed.  These valves cannot 
be manually overridden to open following containment isolation. 
 
The 2" vent by-pass valves, HV-15711 and HV-15705, and the inner isolation valves, HV-15703 
and HV-15713, on the purge exhaust lines will be used to relieve containment pressure increases 
caused by thermal expansion during normal operations.  Keylock handswitches are provided to 
override the containment isolation signal on valves HV-15703, HV-15705, HV-15711 and 
HV-15713 to allow emergency venting of the containment.  The containment make-up line valves 
SV-15737, SV-15738, SV-15767 and SV-15789 are not used in the operating procedures following 
containment isolation.  SV-15776A and SV-15736A are isolated for a period of 10 minutes.  After 
the isolation period has elapsed, these valves may be opened remote manually under 
administrative control for control of hydrogen, as discussed in Subsection 6.2.5.2. 
 
Layout drawings of the primary containment are listed in Section 1.2. 
 
Hydrogen recombiners and the hydrogen purge system are discussed in Subsection 6.2.5. 
 
The primary containment leak rates are discussed in Section 6.2. 
 
 
6.5.3.2  Secondary Containment 
 
The following are provided to control fission products within the secondary containment following a 
design basis accident: 
 
a) A secondary containment that completely surrounds each of the two primary containments. 
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b) The Standby Gas Treatment System (SGTS) discussed in Subsection 6.5.1.1. 
 
c) A recirculation system. 
 
The secondary containment consists of a reinforced concrete structure up to the refueling floor 
(El. 818 ft. 1 in.) and of a metal sided superstructure above el. 818 ft. 1 in., both discussed in 
Subsection 3.8.4. 
 
The secondary containment isolation is discussed in Subsection 9.4.2.1.  This section also defines 
three ventilation zones (I, II, and III). 
 
The SGTS is used to maintain the affected zone(s) of the secondary containment at a negative 
pressure for the events and purposes described in Subsection 6.5.1.1.1. 
 
A common recirculation system is provided for Units 1 and 2 to perform the following functions: 
 
a) Mix the atmosphere in the reactor building to obtain a lesser and more uniform 

concentration of radioactivity following a design basis LOCA and refueling accident. 
 
b) Prevent the spread of radioactivity by the heating-ventilating-cooling systems between 

Zone III and Zones I or II during and after a refueling accident. 
 
c) Provide mixing of the atmosphere within the reactor building.  This may involve mixing 

the atmosphere of all three zones; of Zone I or Zone II and the refueling area (Zone III); 
or of Zone III alone, particularly in case of the refueling accident described in b), above.  
See Subsection 9.4.2.1.3 for the secondary containment isolation modes.  Also see 
Subsection 6.2.3 for the secondary containment analysis. 

 
The recirculation system is shown on the Standby Gas Treatment System flow diagram, 
Dwg. M-175, Sh. 2.  The instruments and controls are shown on Dwg. VC-175, Sh. 1. 
 
Estimated respective zone(s) recirculation flow rates and their volumes are listed in Table 6.5-7. 
 
The recirculation system consists of two 100 percent redundant, vane-axial fans connected to the 
emergency power supply, associated ductwork, dampers, and controls. 
 
The recirculation air is distributed to all areas and rooms through the existing normal ventilation 
ductwork. 
 
Both fans, ductwork used in the recirculation mode, supports, and instruments and controls meet 
the Seismic Category I requirements. 
 
The recirculation system starts automatically on receiving the secondary containment isolation 
signal, which is defined in Subsection 9.4.2.1.3. 
 
For the recirculation system failure mode and effect analysis see Table 6.5-4. 
 
The tests and inspection described in items 1, 2, 3, 13 and 14 of Table 9.4-1 are applicable to the 
recirculation system. 
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6.5.4  ICE CONDENSER AS A FISSION PRODUCT CLEANUP SYSTEM 
 
Not applicable. 
 
 
6.5.5  REFERENCES 
 
6.5-1 ORNL-NSIC-65 
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Table 6.5-1 

ENGINEERED SAFETY FEATURE FILTER SYSTEM DESIGN PARAMETERS 

ITEM 

Type 

Number of units 

Flow rate, each cfm 

Fan 
Type 
Drive 
No. of fans per unit 
No. of running fans 
Total pressure, in wg 

Motor, hp, each 

Mist Eliminator 
Quantity and size, in. 
Eliminator media 

Efficiency <1> gal 
1000 cfm 
Pressure drop, in. wg 

Initial 
Maximum 

Air Heater 
No of coils per unit 
Heating capacity per unit, 
Btu/hr (kW) 

Prefilters 
Quantity and size, in. 
Pressure drop, in. wg 

Clean 
Dirt 

Efficiency <Yi, % 

HEPA filter, upstream 
Quantity and size, in. 

Pressure drop, in. wg 
Clean 
Dirty 

Efficiency <3>, % 

FSAR Rev. 63 

SGTS 

Built-up unit 

2 

3,000 min to 10,500 max 

Centrifugal 
belt 
1 
1 
17 at max. flow; 
1.5 at min. flow 
50 

9-24x24x8 
304SS/Fiberglass Mash 

1 

1 
2 

1 
307,000 
(90) 

9-24x24x11-1/2 

0.5 
1.0 
90 

9-24x24x12 

1.0 
3.0 
99.97 

CSEOASS 

Built-up unit 

2 

6,000 (design) 
5,810 ( operation) 

Centrifugal 
belt 
1 
1 
10 

20 

N/A 
N/A 

N/A 

N/A 
N/A 

2 
102,000 
(30) 

6-24x24x12 

0.3 
0.9 
95 

6-24x24x11-1/2 

1.0 
3.0 
99.97 

Page 1 of 2 
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ITEM 

Charcoal adsorber 
Type 
Depth, in. 
Filter media 

SSES-FSAR 
Table 6.5-1 (continued) 

SGTS 

Vertical bed 
8 
Impregnated 
activated charcoal 

Maximum Pressure drop, in. wg 
Efficiency 

4 

Removing inorganic 99 
iodine,% 

Removing organic 99 
iodine,% 

HEPA filter, downstream <4l 

CSEOASS 

Vertical bed 
4 
Impregnated 
activated charcoal 

2.2 

99 

99 

(1) Prevent blinding of downstream HEPA filter when operated at 260°F with air-steam 
mixture containing 1 gal of water droplets (actively contained in the airstream) per 
1000 cfm. 

(2) 

(3) 

(4) 

Dust spot test on atmospheric dust. 

By MIL Standards 282 DOP test method on 0.3 micron particles. 

All design parameters same as HEPA, upstream except pressure drop 
dirty = 1.2 in wg. for downstream CSEOASS HEPA 

FSAR Rev. 63 Page 2 of 2 
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TABLE 6.5-3 

STANDBY GAS TREATMENT SYSTEM 
FAILURE MODE AND EFFECT ANALYSIS 

PLANT OPERATING SYSTEM COMPONENT FAILURE EFFECT OF FAILURE ON THE FAILURE MODE 
EFFECT OF FAILURE 

ON PLANT 
MODE COMPONENT MODE SYSTEM DETECTION OPERATION 

Emergency Power supply Total loss of offsite power None. All units are powered Alarm in the No loss of safety 
(Loop) from separate standby diesel control room function 

generators. 
Emergency (LOCA or Exhaust fans Loss of one fan The system is operated in the Alarm in the No loss of safety 
LOCA& LOOP) (OV109A&B) lead-lead mode, the alternate control room function 

train is already in operation. 
Emergency (LOCA or Electric heaters Loss of electric heater The system is operated in the Alarm in the No loss of safety 
LOCA & LOOP) lead-lead mode, the alternate control room function 

train is already in operation. 
Emergency (LOCA or Prefilters, mist High differential pressure None. The fan inlet vanes and Alarm in the No loss of safety 
LOCA & LOOP) eliminators, up-stream across any of these the outdoor makeup air damper control room function 

& down-stream HEPA components will modulate in sequence to 
tilters maintain air-flow. The filter 

trains are operated in LEAD-
LEAD. 
Individual system low flow is 

, 

detected and alarmed in the 
control room. 

Emergency (LOCA or Charcoal adsorbers High-high temperature None. At ignition temperature Alarms in the No loss of safety 
LOCA & LOOP) (ignition temperature) the affected train exhaust fan is control room at function 

tripped, the whole train is pre-ignition and 
isolated, the fire protection ignition 
system is actuated. Since filter temperatures 
trains are operated in LEAD-
LEAD, the tripping and isolation -

of one filter train will not prevent 
satisfactory operation. 
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. TABLE 6.5-3 

STANDBY GAS TREATMENT SYSTEM 
FAILURE MODE AND EFFECT ANALYSIS 

PLANT OPERA TING SYSTEM COMPONENT FAILURE EFFECT OF FAILURE ON THE FAILURE MODE 
EFFECT OF FAILURE 

ON PLANT 
MODE COMPONENT MODE SYSTEM DETECTION OPERATION 

Emergency (LOCA or Recirc system to Damper failed closed None. The building required Alarm in the No loss of safety 
LOCA & LOOP) SGTS transfer pressure may not be maintained, control room function 

dampers for a short period of time. Both 
(PDD-07554A&B) filter trains are operated in 

LEAD. The failure of one 
damper will not prevent 
satisfactory operation. 

Emergency (LOCA or Outside air cooling air Damper failed closed None. These dampers are Damper position No loss of safety 
LOCA & LOOP) inlet dampers designed to fail safe in the indication in the function 

(HD-07555A&B) closed position. control room 
Emergency (LOCA or Outside air makeup Damper failed closed None. These dampers are Damper position No loss of safety 
LOCA& LOOP) dampers {FD- designed to fail safe in the indication in the function 

07551A2&B2) closed position. The fan variable control room 
inlet vanes will continue to 
maintain minimum airflow and 
the inlet header static pressure 
at the set point. Filter train fans 
are operated in LEAD-LEAD. 
Failure of one outside air 
makeup damper will have no 
adverse effect on total system 
operation. If an individual train 
flow falls below a given setpoint 
an alarm is sounded in the 
control room. 

Rev. 54, 10/99 Page 2 of 4 
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TABLE 6.5-3 

STANDBY GAS TREATMENT SYSTEM 
FAILURE MODE AND EFFECT ANALYSIS 

PLANT OPERATING SYSTEM COMPONENT FAILURE EFFECT OF FAILURE ON THE FAILURE MODE 
EFFECT OF FAILURE 

ON PLANT 
MODE COMPONENT MODE SYSTEM DETECTION OPERATION 

Emergency (LOCA or Fans inlet dampers Damper failed open None. These dampers are Damper position No loss of safety 
LOCA & LOOP) (FD-07552A&B) normally open and are designed indication in the function . to fail safe in the open position control room 
Emergency (LOCA or Filter trains cross-tie Damper failed closed None. These dampers are Damper position No loss of safety 
LOCA & LOOP) dampers designed to fail safe in the indication in the function 

(TD-07560A&B) closed position . control room. 
Emergency (LOCA or Seismically analyzed -Valve failed closed None. These valves are None. However, No loss of safety 
LOCA & LOOP) fire protection backup normally closed and are when the non- function 

deluge water valve designed to fail safe in the seismically 
{TV-07550A&B) closed position. These valves qualified deluge 

are backup to the regular valves open, an 
nonseismic deluge valves alarm sounds in 

the control room. 
Emergency {LOCA or Filter trains inlet Damper failed open None. These dampers are Damper position No loss of safety 
LOCA + LOOP) dampers normally open and are designed indication in the function 

(HD-07553A&B) to fail safe in the open position. control room 

Rev. 54, 10/99 Page 3 of 4 
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TABLE 6.5-3 

STANDBY GAS TREATMENT SYSTEM 
FAILURE MODE AND EFFECT ANALYSIS 

PLANT OPERATING SYSTEM COMPONENT FAILURE EFFECT OF FAILURE ON THE FAILURE MODE 
EFFECT OF FAILURE 

MODE COMPONENT MODE SYSTEM DETECTION 
ON PLANT 

OPERATION 
Emergency (LOCA or Fans variable inlet Dampers fail None. These dampers are None No loss of safety 
LOCA + LOOP) vanes(FD-07551A1& designed to fail open. If the function 

81) damper fails open, this will 
increase a demand for more 
makeup air. As a result, the 
outside air makeup damper will 
open and stay in fully open 
position, unless the inlet header 
controller starts to modulate it, if 
the building exhaust air-flow 
increases. 
The reactor building pressure 
control loop is independent of 
the SGTS flow control loop; 
therefore, the building pressure 
is not affected by this failure. 

Emergency (LOCA or Charcoal adsorbers Failure of the temp. The system is operated in the Temperature No loss of safety 
LOCA + LOOP) temperature detection detection unit lead-lead mode, at high-high detect ion unit function 

units charcoal adsorber temperature trouble alarm in 
the affected train may not be the control room. 
tripped automatically but the Also, SGTS 
other train will continue to exhaust high and 
operate. Any of the SGTS high-high 
redundant trains can be radiation alarms 
manually started from the control in the control 
room. room. 
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Table 6.5-4 

RECIRCULATION SYSTEM FAILURE MODE AND EFFECT ANAL YS1s<1> 

Component Failure Effect of Failure on The Effect Of Failure on 
Plant operating Mode System Component 

Mode System 
Failure Mode Detection Plant Operation 

Emergency Power Supply Total loss of offsite None. each of the redundant Alarm in the control room No loss of safety function 
power (LOOP) fans and associated 

dampers are powered from 
separate standby diesel 
generations 

Emergency Recirculation fans Loss of one fan· None. the standby fan Alarm in the control room No loss of safety function 
(LOCA or LOCA & OV201A&B automatically starts . 
LOOP) 
Emergency Dampers on duct from One damper failed None, the other damper, Damper position indication No loss of safety function 
(LOCA or LOCA & recirculation system to closed installed in parallel , will in the control room 

LOOP) SGTS HD-07543A&8 remain open 

Emergency (LOCA or Dampers on duct from One damper failed None. the other damper. Damper positon indication No loss of safety function 
LOCA& LOOP) Zone I equipment closed installed in parallel , wilt in the control room 

compartment exhaust remain open. 
system to supply plenum of 
recirculation system HD-
17601A&B 

Emergency Dam~ers on duct from One damper failed Possibility of lir.iited transfer Flow alarm and flow Possibility of some 
(LOCA or LOCA & Zone II equipment open <2> of Zone I recirculation air lo indicating backup light in radioactive releases 

LOOP in Unit 1)) compartment exhaust Zone II reactor byilding the control room through Unit 2 Reactor 
system to supply plenum of exhaust vent Building vent. All 
recirculation system HD- releases will be 
27601A&B monitored. and a Zone II 

isolation initiated, if 
required . 

Rev . 55 Page 1 of 2 
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Table 6.5-4 

RECIRCULATION SYSTEM FAILURE MOOE ANO EFFECT ANAL YSIS' 11 

Component Failure Effect of Failure on The 
Effect Of Failure on 

Plant operating Mode System Component 
Mode System 

Failure Mode Detection Plant Operation 

Emergency Dampers on duct from One damper failed None, the other damper, Damper position indication No loss of safety function 
(LOCA or LOCA & Zone I exhaust system to closed installed in parallel will in the control room 
LOOP) supply plenum of remain open. 

recirculation system HD-
17602A&B 

Emergency Dampers on duct from One damper failed Possibility of limited transfer Flow alarm and flow Possibility of some 
(LOCA or LOCA & LOOP Zone II exhaust system to open <2> of Zone I recirculation air to indicating backup light in radioactive releases 
in Unit 1) supply plenum of Zone II, exhaust vent the control room through Unit 2 Reactor 

recirculation system HD- Building vent. All 
27602A&8 releases will be 

monitored. and a Zone II 
isolation initiated. if 
required. 

Emergency Dampers on duct from One damper failed None, the other damper. Damper position indication No loss of safety function 
(LOCA or LOCA & exhaust plenum of closed installed in parallel , will in the control room 
LOOP) recirculation system to remain open 

Zone I supply system 
(Sys. No. V202) 
HD-17657A&8 

Emergf'ncy Dampers on duct from One damper fai1ed Possibility of limited transfer Flow alarm and flow Possibility of some 
(LOCA or LOCA & exhaust plenum of open <2> of Zone I recirculation air to indicating backup light in radioactive releases 
LOOP in Unit 1) recirculation system to Zone II supply system the control room through Unit 2 Reactor 

Zone II supply system HD- Building vent. All 
27657A&B releases will be 

monitored, and a Zone II 
isolation initiated. if 
required. 

11) This table describes effects of single failures concurrent with design basis events in Unit 1. Effects of similar failures concurrent with design basis events in 
Unit 2 are similar. 

(2) These dampers are designed to fail safe, that is. in closed position; however. for the purpose of these analyses, it is assumed that they may fail open. 

Rev. 55 Page 2 of 2 
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TABLE 6.5-7 
 

ZONE VOLUMES AND THEIR ESTIMATED RECIRCULATION AIRFLOW RATES 
 

 
FSAR Rev. 70 Page 1 of 1 

 
 

 
VENT 
ZONE 
NO.(1) 

ZONE 
VOLUME 

FT 3 

 SUBSYSTEM FLOW 
PATH  

(ASSOCIATED FANS)  
(2) 

ESTIMATED DESIGN AIR FLOW RATES (3) 

MODE A 
(4) 

MODE B 
(5) 

MODE C 
(6) 

MODE D 
(7) 

I 1,488,600 Supply (1V202) 27400 - 19140 - 

  Return (1V205,1V206) 29730 - 21470 - 

II 1,598,600 Supply (2V202) - 28600 20560 - 

  Return (2V205,2V206) - 31100 23060 - 

III 2,668,400 Supply (8)  49110 47740 34310 78830 

  Return (1V217,2V217 
1V213,2V213) 53280 51900 38480 83000 

 
(1)  Section 9.4.2.1 defines the boundaries of the ventilation system. 
 
(2)  Associated fans are listed to identify the zone supply and return subsystems but are 

assumed not to operate.  Only a single OV201A or B recirculation fan plus a single OV109A 
or OV109B SGTS fan is assumed to operate in the recirculation modes. 

 
(3) Differences between recirculation return air and supply air flows represent the maximum 

estimated design air flows exhausted through the SGTS system (OV109) in order to 
maintain negative pressure in the affected zone(s), assuming in leakage of 225% volume of 
the affected zone(s) per day. 

 
(4)  Isolation of Zone I and III 
 
(5)  Isolation of Zone II and III 
 
(6)  Isolation of Zone I, II and III 
 
(7)  Isolation of Zone III only 
 
(8)  Separate ducting is provided from the recirculation system (OV201) discharge plenum to the 

common refueling floor.  It is not connected to the normal Zone III supply fan system (1V212 
& 2V212). 
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