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1.0 INTRODUCTION

This study was performed on behalf of the Canadian Fusion Fuels Technology Project for the

European fusion power reactor study (SEAFP). The primary objective of SEAFP (Safety and

Environmental Assessment of Fusion Power) is to demonstrate the safety and environmental

advantages of fusion power. Accordingly, the focus is on safety, both intrinsic safety and

engineered safety.

The Emergency Detritiation and Dust Removal System (EDDRS) is one of several engineered

safety systems in the SEAFP design. As its role is srictly safety, it is only used under abnormal,

or accident situations. The EDDRS forms part of the overall containment system, and provides

the final line of defence against any release of radioactivity to the environment.

The system design must recognize the operational flexibility required. For example, during the

life of the plant, the system is likely to be used to clean up small operational spills of reactor

coolant, particularly from the heat transport auxiliary systems, or minor tritium leaks in the fuel

cycle systems. However, the system must also be sized to handle large releases of tritium

resulting from major equipment failures, which are expected to have an extremely low likelihood

of occurrence. For some of these events, for example, a loss of vacuum event, the tritium

could be associated with a fine dust (tokamak dust). Hence, dust removal is also an important

consideration in the design of the detritiation system.

This volume documents the results of a conceptual design study based on the solid breeder

blanket and helium cooling system (Reference Design). Volume 1 addresses the Alternate

Design option, which is based on a solid breeder blanket and a water cooling system.

The main differences betweem Volumes 1 (water cooled option) and Volume 2 (helium

cooled option) are as follows

(a) steam condenser for tokamak RADS is net required;

(b) room volumes are different, particularly the cooling system equipment room and

expansion volume;
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(c) the filter dust loading is higher as the scrubbing effect of the steam condenser is not

present; and

(d) the tritium process source term for the water detritiation system is smaller due to the

smaller system size.

On the whole, the EDDRS for the helium coolant option is not significantly different from that of

the water cooled option.

2.0 FUNCTIONAL REQUIREMENTS

The function of the EDDRS is:

a) To prevent the uncontrolled release (to the environment) of tritium occurring in either the

Tokamak or Fuel Cycle Buildings.

b) To remove and capture the tritium released in the accident room, which could be in any

of the following forms: gas (QT, CQ2T, CQ3T, CQ2T2), steam/vapour (QTO), liquid

(QTO) or dust (tokamak dust). In this context, Q means either hydrogen (H) or

deuterium (D).

c) To keep tritium emissions to the environment and exposure to personnel as low as

reasonably achievable (ALARA), based on current proven technology.

3.0 PERFORMANCE REQUIREMENTS

3.1 System Capacity

The EDDRS shall have the capability of detritiating the largest isolable room in which an

accidental tritium release could occur, to one MPCA (Maximum Permissible Concentration in

Air) within 24-48 hours of a tritium spili from any of the design basis events (accident

conditions) listed in Section 5.2 below. One MPCA is equal to 10"5Ci/m3.
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3.2 System Reliability

The EDDRS shall have a demand unavailability less than or equal to one in one thousand starts

(10"3). Its running unavailability shall also be less than or equal to 10'3. This means that when

it is operating its unavailability shall be less than eight hours per year, or less than three

minutes during its mission time of 48 hours.

The successful operation of the EDDRS requires reliable services such as electrical power,

cooling water and chilled water. The overall reliability of the EDDRS is directly impacted by the

reliability of these services. Hence, these service systems must be included in the reliability

analysis of the EDDRS. (Reliability analysis of the EDDRS is outside the scope of this study.)

3.3 Leakage

The system serves many rooms and areas of the plant with different levels of activities.

Therefore, all dampers must be designed, manufactured, installed and tested to be leak tight in

order to prevent cross-contamination between accident room(s) and non-accident room(s) by

leakage through isolation dampers during detritiation.

3.4 System Maintainability Requirements

Suitable isolation shall be provided to permit maintenance of individual components. Isolation

valves shall be easily accessible for operating adjustment, system balancing and maintenance.

3.5 Equipment Maintainability Requirements

Equipment shall be located and positioned so as not to restrict access to any components that

may require service. Adequate air flow indicators shall be provided in the main pipe to facilitate

system balancing, fault location and deficiency identification.

Complete access to the interior of powered equipment is required for motor maintenance, etc.

This shall be provided by means of hinging the hood, or making the hood readily removable.
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The maintenance requirements of a system shall not impair the availability or capability of other

detritiation systems.

3.6 Design Requirements

The EDDRS is on standby during Normal Operation, but at any time it shall be ready to be

activated immediately by the operator. Overall, the EDDRS shall meet all of the functional and

performance requirements outlined above. Furthermore, the EDDRS shall be capable of

serving all areas which can become contaminated due to operational incidents and accidents.

This includes all zone 3 areas with the exception of the "clean island", such as the control room,

and other free access areas.

The major design requirements are:

a) The EDDRS shall be on standby during normal plant operations and shall be capable of

being operational within 15 minutes of the accident detection.

b) The EDDRS shall be sized with sufficient exhaust flow to maintain the accident room

under negative pressure relative to its adjoining rooms.

c) The dryer beds shall be adequately sized so that on-line adsorption will last at least 12

hours without breakthrough. For design purposes, off-line dryer regeneration shall be

completed within at least 11 hours, to ensure an operating margin of at least one hour.

d) For elemental tritium releases, the catalytic conversion efficiency of recombiners shall

be at least 99.95%.

e) For tritium oxide (steam/vapour) releases, the dryer moisture removal efficiency shall be

at least 99.95%. This typically corresponds to a dryer outlet dewpoint of -65°C, which is

routinely achieved in CANDU plants.
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For tritiated tokamak dust, the filter efficiency shall be at least 99.97%, over the range of

100 microns down to 0.3 microns.

4.0 DESIGN CONCEPT '

The Fuel Cycle Building and the Tokamak Building house different process facilities with unique

functional requirements. In addition, potential for cross contamination between the two buildings

needs to be minimized to the extent practicable. To fulfill these requirements and to provide

operational flexibility, the EDDRS will have separate systems serving each building. As shown

in Figure 4.1, the Emergency Detritiation and Dust Removal System comprises the following

subsystems:

• a Recirculating Air Detritiation System (RADS) for the fuel cycle building,

• a Recirculating Air Detritiation System (RADS) for the tokamak building,

• an Inert Gas Detritiation System (IGDS) for the tokamak building, and

• an Exhaust Air Detritiation System (EADS), which serves all of the above.

With the exception of the cryostat and rooms containing an inert atmosphere, rooms inside the

tokamak and fuel cycle buildings are served by the Active Ventilation System (AVS). This

system provides the buildings with heating and air conditioning. The active ventilation system

serves areas designated as active (zones 1, 2 and 3) as well as areas designated as non-

active, or clean areas. All areas in the clean zone will be ventilated at atmospheric pressure,

while those in the potentially contaminated zones will be kept at relative subatmospheric

pressure, so that air flow is always directed from clean areas towards areas with a greater

potential for contamination. This is accomplished by controlling the purge flow. The clean

areas are maintained at a pressure slightly above those in the active areas, to prevent the

spread of contamination to the clean areas.
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When an abnormally high tritium concentration is detected in any of the rooms served by the

AVS, the room is isolated from the AVS and the Recirculating Air Detritiation System (RADS),

which is on stand-by, is turned on to clean up the accident room.

The Tokamak Building rooms containing an inert atmosphere are served by the Inert Gas

Detritiation System (IGDS). This system is normally in the stand-by mode, unless there is a

high pressure or high tritium concentration in one or more of the rooms that it serves. When

either of these conditions arise, the system is operated to restore them to the normal operating

conditions. None of the rooms in the Fuel Cycle Building is under inert atmosphere; therefore,

the FCB is not provided with an IGDS.

A small bleed stream from the RADS and IGDS (for pressure maintenance) is sent to the

Exhaust Air Distribution System (EADS) for further detritiation prior to release to the

environment.

The EDDRS is completely independent from the normal ventilation system. This includes,

ducting, blowers, control system, instrumentation and power supplies.

4.1 Recirculating Air Detritiation System

The RADS design concept for the Tokamak Building and the Fuel Cycle Building are illustrated

in Figures 4.2A and 4.2B, respectively. The function of the RADS is to quickly reduce any

build-up of pressure and/or tritium inside the accident room. It is designed to serve any of

several rooms, or areas, within the plant, but only one at a time. (It is not credible that tritium

spill accidents will occur simultaneously in more than one room.) Once the accident location

has been detected, the system is turned on and a recirculating flow is provided to the accident

room by opening the room isolation dampers (the non-accident rooms remain isolated from the

system).

As shown in Figures 4.2B, the first component of the Fuel Cycle Building RADS is the

condenser. This condenser is required due to the potential for a steam release in the VPCE

room. In the case of the Fuel Cycle Building, failure of the water detritiation system process
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boundary will introduce steam into the room. The high moi&ture content of the air flowing to the

RADS should be reduced, so that the performance of the filters and dryers is not impaired.

A LOCA in the cooling system rooms of the Tokamak Building would introduce helium in those

rooms, hence, the molecular weight of the gas mixture in the rooms would be reduced. The

blowers would have to be designed to handle a low molecular gas mixture. Since there is no

steam release following a LOCA, a condenser is not required for the Tokamak Building RADS.

The RADS is equipped with a high efficiency particulate filter, which is capable of removing

particulates with an efficiency of 99.97% or better. Therefore, the particulate filter will remove

any tritiated dust, or activated corrosion products, that may become airborne in the accident

room and escape gravitational settling in the ducting. The bulk of the dust entering the accident

room/expansion volume is expected to settle on its surfaces, but the prefilter is designed on the

basis that it will remove the bulk of the dust.

A charcoal filter is placed downstream of the blower to remove any tritiated hydrocarbons (eg.,

CH2T), which may be generated by the blower's lubricant, or which may have been airborne in

the accident room.

A recombiner is only needed for those accidents where the tritium is released in the elemental

form (QT or T2). The recombiner converts the elemental tritium into the oxide form so that it

can be removed by condensers and the dryer further downstream. The recombiner efficiency is

at least 99.95%. That is, only 0.05% of the elemental tritium would not be converted to the

oxide form. A preheater is required upstream of the recombiner to obtain the high efficiencies

noted above.

Before the tritiated air can enter the molecular sieve dryers, the moisture content of the air has

to be further reduced to prevent swamping of the dryer bed. Two condensers, in series, are

provided to protect the dryer. The first condenser operates with cooling water at 15°C and the

second with chilled water at about 5°C.

The final drying of the air is done by a molecular sieve bed operating at ambient temperature,

but capable of producing a dew point temperature of at least -80°C the dryer discharge. The
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dryer efficiency is at least 99.95%, i.e. only 0.05% of the tritium oxide entering the dryer is not

captured.

4.2 Inert Gas Detritiation System

The IGDS design concept is illustrated in Figure 4.3. The function of the IGDS is to quickly

reduce any build-up of pressure and/or tritium inside the accident room that is normally under

inert gas atmosphere. It is designed to serve any of several inerted rooms, but only one at a

time. Once the accident location has been detected, the system is turned on and a

recirculating flow is provided to the accident room by opening the room isolation dampers (the

non-accident rooms remain isolated from the system).

As shown in Figure 4.3, the first component of the IGDS is the particulate filter. There is no

steam condenser as there is no potential steam release in rooms served by the IGDS. There

may, however, be a possibility of Tokamak dust entering a cryopump room, if the cryopump

vacuum boundary fails. Hence, there ;s a need for a particulate filter. The IGDS is equipped

with a high efficiency particulate filter, which is capable of removing particulates with an

efficiency of 99.97% or better. Therefore, the particulate filter will remove any tritiated dust that

may become airborne in the accident room and escapes the gravitational settling in the room

and ducting.

The functions of the other components, i.e. the charcoal filter, recombiner, condenser and

dryers, are as described in Section 4.1.

4.3 Exhaust Air Detritiation System (EADS)

The EADS design concept is shown in Figure 4.4. This system is intended to operate

continuously, as in addition to receiving an exhaust stream from the RADS and the IGDS, it

also receives exhaust streams from the Glove-Box Cleanup Systems (GBCS) and other small

sources. The basic design is similar to that of the RADS and IGDS. However, the system will

be much smaller, as it only handles a fraction of the flow of these other systems. The EADS
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ensures that elemental tritium not converted in the RADS or IGDS is converted and captured

before being released to the environment.

The components of the EADS are similar to the IGDS, except for the smaller size.

5.0 DESIGN BASIS

The design basis, design rationale and specific design parameters of the EDDRS subsystems

(RADS for the Tokamak and Fuel Cycle Buildings, IGDS and EADS) are presented in the

following sections.

5.1 Areas Served By The EDDRS

The areas to be served by the Emergency Detritiation and Dust Removal System are those that

could become contaminated by tritium in the event of a process system failure, such as, for

example, a break in a tritium line, or a break in a reactor cooling pipe or component. This will

include all rooms containing equipment or components that are in contact with tritium.

5.1.1 Tokamak Building

The Tokamak and Fuel Cycle Building layouts and the Zone Access classifications are shown in

the SEAFP Baseline Model Building Alternative 1 drawings9. The Tokamak Building

confinement configurations during operation, maintenance and machine disassembly are shown

in SEAFP configuration drawings10.

By definition, all areas within the second confinement boundary will be served h_, the EDDRS.

They include such areas as:

a) the cooling system equipment rooms,

b) the piping gallery,

c) the cryopump rooms,
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d) the pellet injector and gas puffing rooms, and

e) the expansion volume.

5.1.2 Fuel Cycle Building

The Fuel Cycle Building layout is shown in the SEAFP Baseline Model Building Alternative 1

drawings9. None of the rooms inside the Fuel Cycle building are under an inert atmosphere.

Most of the process components in systems such as: Plasma Exhaust Cleanup, Impurity

Treatment, Pellet Injector Tritium Recovery, pumps and auxiliaries of the ISS, are located

inside gloveboxes, which are under an inert atmosphere. The equipment for water storage and

detritiation, tritium analysis, and blanket tritium recovery are located in their respective rooms

served by the Active Ventilation System.

The rooms or areas inside the Fuel Cycle Building considered for the design of the EDDRS

include:

a) water distillation room,

b) water storage room,

c) tritium storage room,

d) cryo-distillation room,

e) VPCE room, and

f) blanket tritium recovery room.

5.2 Design Basis Events

Events or accidents that would result in the release of radioactivity (tritium and other radioactive

materials), significant amounts steam and hydrogen are required to be considered in the design

of the EDDRS. The following events have been selected on the basis of system tritium

inventory and/or tritium mass flow rate, and steam release. The system design parameters are

established based on an analysis of these events.
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5.2.1 Tokamak Building

The following significant events, which may occur inside the Tokamak Building, are considered

in the design of the EDDRS:

a) Cooling System Pipe Break (ex-vessel LOCA),

b) Blanket, First Wall, or divertor tube rupture (in-vessel LOCA),

c) Vacuum Vessel Boundary Breach (LOVA).

d) Blanket Purge System process boundary failure,

e) Torus Exhaust System process boundary failure, and

f) Pellet Injector/Gas Puffing process boundary failure.

The above events will cause the release of tritium into the tokamak building in elemental and

oxide (vapour) form. The largest release of tritium will come from the in-vessel LOCA. In

addition to the coolant inventory, tritium will be mobilized from the hot tokamak surfaces. It is

assumed that 1 kg of tritium will be released in the elemental form or as tritiated dust. The

LOVA may also generate a tritium release of up to 1 kg, in the elemental form or as tritiated

dust. The largest release expected from a failure of fuel cycle equipment located in the

tokamak building is 100 g (1 MCi).

5.2.2 Fuel Cycle Building

The following events, which may occur inside the Fuel Cycle Building, are considered in the

design of the system:

a) Blanket Tritium Recovery System process boundary failure,

b) Water Detritiation System process boundary failure,

c) Isotope Separation System process boundary Failure, and

d) Fuel Processing System process boundary failure.
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Tritium can be released inside the fuel cycle building in all three forms (elemental, oxide as

liquid, oxide as vapour). The largest vulnerable quantities for release are in the elemental form

(about 110 g or 1.1 MCi).

The Water Detritiation System process boundary failure will result in a release of about 1100 kg

of steam (H2O/HTO) at an average tritium concentration of 3 Ci/kg into the Water Distillation

room and about 1.5 kg of steam at an average tritium concentration of about 240 Ci/kg into the

VPCE/RACE room3.

5.3 Design Basis Conditions

5.3.1 Recirculating Air Detritiation System

The following parameters affect the design of the RADS:

a) steam release (steam condenser sizing),

b) dust release (dust collector sizing),

c) elemental tritium release (recombiner sizing),

d) oxidized tritium release (dryer sizing), and

e) size of room or space to be cleaned.

5.3.1.1 Tokamak Building

Figure 4.5 shows the areas of the tokamak building served by the RADS and the

interconnections between the various building volumes and the expansion volume. One of the

design conditions is a LOCA with the expansion volume isolated from the accident volume prior

to the start of emergency clean-up operations. For comparison purposes, however, tritium

concentrations and releases are also calculated for the case where the expansion volume is not

isolated. Figure 4.5 also shows a connection between the RADS and the expansion volume.

This connection would be used to clean-up the expansion volume after the accident room has

been detritiated. It is further assumed that the RADS would not be operated until 15 minutes

after the detection of the accident.
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The transfer corridor is a large volume (about 60,000 m3), which could be exposed to small

quantities of tritium during maintenance activities, particularly replacement of contaminated

components. For the purpose of this design study, a release of 1 g of tritium (HT or HTO) into

the transfer corridor is assumed.

Finally, an in-vessel LOCA can cause a large release of helium (1.3 Mg), tritium (1 kg) and dust

(10 kg) into the expansion volume. Eventually, the expansion volume will have to be cleaned.

Therefore, the RADS needs to have the capability for cleaning the expansion volume in the

longer term. This condition is assessed to determine how long it would take to clean up the

expansion volume, but it is not a design condition. For the purposes of this study, it is assumed

that 90% of the tritium adsorbed into the dust would be released as elemental tritium during the

accident. It is also assumed that 90% of the dust released to the expansion volume would

remain airborne.

5.3.1.2 Fuel Cycle Building

As shown in Figure 4.6, there is no expansion volume for the fuel cycle building. The small

quantity of steam that may be released from the water detritiation column, during accident

conditions, will not cause the room to pressurize significantly above atmosphere. The water

inventory in the water distillation columns is about 1100 kg with an average tritium

concentration of 3 Ci/kg. Therefore, the maximum release possible is about 3,300 Ci (0.33 g).

This release can occur as liquid inside the water distillation column room, or as steam in the

VPCE room if there is a break downstream of the reboiler. The VPCE room is also smaller

(700 m3), therefore, a release of 1,100 kg of steam and 0.33 g of tritium (HTO) into the VPCE

room is one of the design conditions for the Fuel Cycle Building RADS.

The largest release of tritium that could occur in the fuel cycle building is 110 g of tritium (HT)

into the cryogenic distillation room (4,100 m3). This is another design condition for the RADS.

Much smaller releases ( « 1 g) could occur in other areas of the building. For purposes of this

design study, a release if 1 g of tritium (HT) is assumed to occur in the largest room (the glove
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box room - about 9,000 m3). This condition is assessed to determine how long it would take to

clean up the glove box room, but it is not a design condition.

It is also assumed that the RADS would be operated after 15 minutes from the detection of the

accident.

5.3.2 Inert Gas Detritiation System

The following parameters affect the design of the IGDS:

a) elemental tritium release (recombiner sizing),

b) oxidized tritium release, (dryer sizing)

c) dust release, and

d) size of room or space to be cleaned.

As shown in Figure 4.7, the inert gas detritiation system is connected to the fuelling rooms

(pellet injector and gas puffing), the fuel management room, and the cryopump rooms. There

are others, but these are the largest volumes to consider.The cryopumps form part of the

vacuum boundary. If the cryopump boundary is breached, it is possible for tritium inside the

torus to diffuse into the cryopump room. Provided the IGDS isolation dampers remain closed,

the cryopump room will remain under negative pressure. It is assumed that the helium sucked

into the torus (from the cryopump room) would eventually be pumped out by the torus

mainenance pumpdown system. Following a cryopump vacuum boundary failure, the

cryopump room would be isolated from the torus, and after slow repressurization, it can be

detritiated by the IGDS. It is not expected that the amount of tritium entering the cryopump

room would exceed 100 g (1 MCi). This could be in the form of tritiated water vapour, due to

radiolytic conversion, elemental tritium, or tritiated dust. It is also assumed that 1 kg of dust

would be released into the cryopump room, and further assumed that only 10% of the dust

would remain airborne. Therefore 100 g is the maximum amount of tritium that could be

released into any of the inerted rooms. Hence, the design of the IGDS is based on 100 g of

tritium released into the cryopump room (1500 m3) as elemental tritium, or tritiated water
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vapour, as the cryopump room has one of the largest volumes of the inerted rooms, into which

a tritium release is possible.

5.3.3 Exhaust Air Detritiation System

As shown in Figure 4.4, the EADS receives flowstreams from both RADS and the IGDS. The

glove box clean-up system and other small sources also feed into the EADS. Hence, the

parameters that affect the design of the EADS are the following:

a) RADS exhaust flow,

b) IGDS exhaust flow, and

c) Glove Box Clean-up System exhaust flow.

As these systems require the EADS on an intermittent basis, the flow capacity of the EADS can

be limited to the largest of the above flows.

6.0 SYSTEM DESIGN ,

6.1 Design Tool

A dynamic simulation model called ADS for designing air detritiation systems, developed by

Ontario Hydro11, has been used to size the dryers, catalytic recombiners and the blowers of the

RADS and IGDS systems. The design efficiencies required for the dryers and the recombiners

(see Section 4), as well as the room volume and flow rates are model inputs, (see Tables 1, 2

and 3). The design process is an iterative one. The flow rate is adjusted until the accident

room concentration is reduced to 1 MPCA within a maximum of 48 hours. A schematic of the

model is shown, in Figure 6.1. The ADS code does not model the tritium interaction

(sorption/desorption) with the surfaces of the accident room.
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6.2 Tokamak Building RADS

6.2.1 General

The results of the design simulations, for the Tokamak Building RADS, are shown in Table 1

and Figures 6.2 to 6.11. As shown in Table 1, five conditions have been studied:

a) a LOCA in the cooling system rooms (ex-vessel LOCA), with the expansion volume

isolated,

b) a LOCA in the cooling system rooms (ex-vessel LOCA), with the expansion volume not

isolated,

c) clean-up of the expansion volume after an in-vessel LOCA,

d) clean-up of the transfer corridor, and

e) clean-up of the crane hall.

The ADS simulation results (accident room concentration and tritium removed by the dryers),

for each of the above events, are shown in the above figures as a function of time. For all

accident rooms, except the crane hall, the room tritium concentration is reduced by at least a

factor of ten within 10 hours. For crane hall, which has a volume of 179,000 m3, this would

take about 30 hours, provided the release is in the form of HTO. For HT release, the source of

HTO is the recycle from the RADS, and about 15 hours would be required to reach 1 MPCA.

The accident condition that establishes the flow requirement of the RADS is a release of 1 g of

elemental tritium in the transfer corridor. This event requires a clean-up flow of 12,400 m3/h to

reduce the airborne concentration in the transfer corridor to 1 MPCA, within 48 hours. An

exhaust flow of 130 m3/h (1% of the recirculating flow) to the EADS was assumed. This

corresponds to a leakage rate of 5% of the transfer corridor volume per day. Hence, it is not an

unreasonable assumption. For a similar release in the crane hall it would take about 130 hours

to reduce the crane hall concentration to 1 MPCA, with a system designed for the transfer

corridor.
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The ex-vesse! LOCA conditions are far less demanding on the RADS flow rate. With only one

half of the above flow (6,200 m3/h), it would only take 35 hours to clean up the cooling system

room. However, if the cooling system room cannot be isolated from the expansion volume,

then, even with the full system flow (12,400 m3/h) it would take about 57 hours to complete the

clean-up of the accident room and the expansion volume. This emphasizes the need for post

accident isolation of the accident room.

It is proposed that the RADS comprise two, fully independent trains, each sized to handle a

volume flow rate of 6,200 m3/h. For the ex-vessel LOCA, with the expansion volume isolated,

only one train will be required. For all other events, both trains will be required.

6.2.2 Particulate Filter

There is one particulate filter per train. It is sized for clean-up of the expansion volume, after an

in-vessel LOCA and after the expansion volume isolated. The maximum dust load expected

for the particulate filter is less than 5 kg and the air flowrate is 6,200 m3/h.

The particulate filter comprises a demister section to remove any moisture carried over from the

condenser, a prefilter section to remove large particles, and an absolute filter section to remove

particles down to 0.3 microns in size.

The cross-sectional area of the filter unit is 2.3 x 1.6 m, which gives a flow velocity through the

filter of less than 3 m/s. The length is 2.0 m. The filter unit has 6 prefilters and 6 HEPA filters,

as shown in Appendix B. The bulk of the dust will be deposited on the prefilters, which are

capable of holding up to 9 kg of dust at an average loading of about 60%. The HEPA filters are

standard units with a dust loading capacity of about 6 kg each. Therefore, the filter unit has

more than adequate capacity for the design load of 5 kg/unit.

See Appendix B for details.
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6.2.3 Blower

There are two blowers per train. Each is sized for the full flow of 6,200 m3/h, hence, failure of

one blower to operate will not impair the system performance. Under normal operating

conditions, the gas going through the RADS will be air. However, under LOCA conditions the

gas going through the RADS will be a combination of air and helium (about 50% helium by

volume).13 Thus, the molecular weight of the gas mixture will be about 16, relative to 29 for air.

Because of this, forward-curved centrifugal blowers are recommended for handling such light

gases. However, care in design is required to minimize the potential for unstable operation,

which is a concern with forward-curved blowers.

6.2.4 Recombiner

There is one catalytic recombiner per train. It is sized for clean-up of the expansion volume,

following an in-vessel LOCA, after isolation of the expansion volume from the vacuum vessel.

The active volume of the recombiner of the catalyst is 0.65 m3. The overall size of the

recombiner is 1.5 m diameter by 1.5 m long. See Appendix C for details.

6.2.5 Condensers

There is one set of condensers per train. They are sized to remove the bulk of the moisture

produced in the recombiners. These are small (0.65 m dia. x 3.65 m long and 0.6 m dia. x 3 m

long) compared to the steam condenser (6.2.2). See Appendix C for details.

6.2.6 Dryer

There are two dryers per train - one operates while the other regenerates. The dryers are

designed to operate for 12 hours and to be on regeneration for 11 hours.

Each dryer has a 4,000 kg molecular sieve bed. The dryer diameter is 2.2 m and the length is

1.9 m. Each dryer has a capacity to adosorb over 500 kg of water before it needs to be

regenerated. See Appendix C for details
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6.3 Fuel Cycle Building RADS

6.3.1 General

The ADS simulation results for the Fuel Cycle Building RADS are shown in Table 3 and Figures

6.12 to 6.17. Three conditions have been simulated:

a) a release of elemental tritium in the room housing the isotope separation system

(cryogenic distillation columns),

b) a release of elemental tritium in the room housing the fuel cycle equipment glove

boxes, and

c) a release of tritiated steam in the VPCE room (pipe break in VPCE room).

As shown in Figures 6.12 to 6.17, in all cases, the accident room concentration is reduced by at

least a factor of ten in less than ten hours. The largest tritium airborne concentration occurs in

the room housing the cryogenic distillation system.

The accident condition that establishes the requirements of the RADS is a release of 110 g of

elemental tritium in the isotope separation room. This event requires a clean-up flow of

2,500 m3/h to reduce the room airborne concentration to 1 MPCA. An exhaust flow of 27 m3/h

(1% of the recirculating flow) to the EADS was assumed. This corresponds to a leakage rate of

25% of the room volume per day, which is a very pessimistic assumption.

Although the room housing the glove boxes has a larger volume, the estimated release is

smaller, hence, the same clean-up system would be able to meet the requirements imposed by

this accident.

The conditions imposed by a tritiated steam discharge in the VPCE room are far less

demanding on the RADS. With the

hours to clean up the VPCE room.

demanding on the RADS. With the same recirculating flow (2,500 m3/h), it would take only 4
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It is proposed that the RADS for the fuel cycle building comprise a single train sized to handle a

volume flow rate of 2,500 m3/h.

6.3.2 Steam Condenser

There is one steam condenser, which is sized for a pipe break discharging steam in the VPCE

room. The water collected in the condenser is stored for later processing.

The initial flow through the steam condenser is 2,500 m3/h of a steam/air mixture. As the RADS

continues to operated, the moisture content in the airstream is rapidly reduced. However, the

condenser has to be sized for the initial conditions of 70°C and 50 kPa partial pressure. The

heat load to be removed is 510 kW and the heat transfer area required to do this is 120 m2.

The approximate size of the unit would be 1 m diameter x 3 m long.

See Appendix A for details.

6.3.3 Particulate Filter

No tokamak dust or activation products are expected to enter the fuel cycle building rooms,

hence, the single, particulate filter (prefilter) is sized on the basis of standard industrial

experience for similar applications. The overall size of the filter unit is 1.5 m H x 0.9 m W x 1.3

m long. See Appendix B for details.

6.3.4 Blower

There are two blowers. Each is sized for full system flow of 2,500 m3/h, hence, failure of one

blower to operate will not impair the performance of the system.
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6.3.5 Recombiner

There is one catalytic recombiner, which is sized for the oxidation of 110 g of elemental tritium.

The active volume of the recombiner is 0.15 m3 and the overall dimensions are

0.8 m diameter x 1 m long. See Appendix C for details.

6.3.6 Condensers

There is one set of condensers, sized to remove the bulk of the moisture produced in the

recombiners. These are small (0.4 m dia. x 3.65 m long and 0.4 m dia. x 3 m long) compared

to the steam condenser (6.3.2). See Appendix C for details.

6.3.7 Dryer

There are two dryers - one operates while the other regenerates. The dryers are designed to

operate for 12 hours and to be on regeneration for 11 hours.

Each dryer has a 1,575 kg molecular sieve bed. The dryer diameter is 1.4 m and the length is

1.9 m. Each dryer has a capacity to adsorb over 250 kg of water. See Appendix C for details.

6.4

6.4.1 General

The ADS simulation results are shown in Table 2 and Figures 6.18 to 6.25. Four conditions

have been simulated:
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a) a release of elemental tritium in a cryopump room,

b) a release of elemental tritium in a fuelling room (pellet injector room, or gas puffing

room),

c) a release of elemental tritium in the fuel management room, and

d) a release of elemental tritium in the remote handling room.

As shown in Figures 6.18, 6.20, 6.22 and 6.24, in all cases, the tritium concentration in the

accident room drops to well below 10% of the initial value in less than 10 hours. The largest

concentration occurs in the pellet injector room.

The accident condition that establishes the flow requirement of the IGDS is a release of 100 g

of elemental tritium in the cryopump room. This event requires a clean-up flow of 1,000 m3/h to

reduce the airborne concentration to 1 MPCA within 30 hours. An exhaust flow of 0.1 m3/h

(0.01% of the recirculating flow) to the EADS was assumed. This corresponds to a leakage

rate of about 0.2% of the cryopump room volume per day. Hence, it is not an unreasonable

assumption for a leaktight room operating with an inert atmosphere.

It is proposed that the IGDS comprise a single train sized to handle a volume flow rate of

1,000 m3/h.

6.4.2 Steam Condenser

As there are no steam releases in the accident rooms, a steam condenser is not required for

the IGDS.

6.4.3 Particulate Filter

There is a single particulate filter. The maximum dust load is 100 g and the gas flowrate is

1,000 m3/h.
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The particulate filter comprises a prefilter section to remove large particles, and an absolute

filter section to remove particles down to 0.3 microns in size. The overall filter dimensions are

90 cm high, 90 cm wide, and 200 cm long. See Appendix B for details.

6.4.4 Blower

There are two blowers. Each is sized for the full system flow of 1,000 m3/h, hence, failure of

one blower will not impair the performance of the system.

6.4.5 Recombiner

There is a single catalytic recombiner, which is sized for a load of 100 g of elemental tritium.

The active volume of the recombiner catalyst is 0.06 m3 and the overall size is

0.6 m diameter x 1.5 m long. See Appendix D for details.

6.4.6 Condensers

There is a single set of condensers, which are sized to remove the bulk of the moisture

produced in the recombiners. The size of these condensers is 0.3 m dia. x 3 m long and

0.25 dia. x 3 m long. See Appendix D for details.

6.4.7 Dryer

There are two dryers in the train - one operates while the other regenerates. The dryers are

designed to operate for 12 hours and to be on regeneration for 11 hours.

Each dryer has an 625 kg molecular sieve bed. The dryer diameter is about 1 m and the

length is 1.9 m. Each dryer has a capacity to adsorb about 100 kg of water.
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6.5 EADS

6.5.1 General

The EADS is designed to handle a maximum flow rate of 500 m3/h, which is the exhaust flow

rate from the tokamak building RADS when both trains are operating, i.e. RADS flowrate of

12,400 m3/h. (See Table 1).

It is proposed that the EADS comprise a single train with the capability of operating at low flow,

during normal conditions, and a maximum flow, during emergency conditions.

Figures 6.26 and 6.27 show the tritium release from EADS to environment and tritium inventory

in EADS dryers, for 1g of T release in the crane hall.

6.5.2 Steam Condenser

There is no need for a steam condenser.

6.5.3 Particulate Filter

The EADS is not directly exposed to tokamak dust or activation products, hence, there is no

need for a dust collector ahead of the detritiation system. There is a single particulate prefilter,

which is sized on the basis of standard industrial practice, mainly for the protection of the

blower. The overall size of the filter unit is 90 cm H x 90 cm W x 130 cm L. See Appendix B.

6.5.4 Blower

There are three blowers in parallel - two large and one small. Each of the large blowers is sized

for a full flow of 500 m3/h, hence, failure of a single blower will not impair the performance of the

system. The small blower, which is used only for normal operation, is sized for 50 m3/h.
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6.5.5 Recombiner

There is a single recombiner, which is conservatively sized for an exhaust flowrate of 500 m3/h.

The active volume of the recombiner catalyst is 0.05 m3 and the overall size is

0.35 m diameter x 1.5 m long. See Appendix E for details.

6.5.6 Condensers

There is a single condenser set, conservatively sized to remove the bulk of the moisture

produced in the recombiners. The size of these condensers is 0.15 m dia. x 3 m long and 0.15

m dia. by 2 m long. See Appendix E for details.

6.5.7 Dryer

There are two dryers - one operates while the other regenerates. The dryers are designed to

operate for 12 hours and to be on regeneration for 11 hours.

Each dryer has an 200 kg molecular sieve bed. The dryer diameter is 0.64 m and the length is

1 m. Each dryer has a capacity to adsorb over 30 kg of water. See Appendix E for details.

6.S Comparison with CANDU and Other Industry Experience

Dryers: In the CANDU stations, typically there are about 10 molecular sieve dryers in operation

per reactor unit, ranging in size from 850 Nm3 /h to 6800 Nm3/h. The Nuclear Power

Demonstration (NPD) CANDU reactor was equipped with an 8500 Nm3/h dryer. The 8500

Nm3/h and 6800 Nm3/h molecular sieve dryers are shown in Figures 6.28 and 6.29 respectively.

These dryers have been proven in operation over several years. Thus, there is considerable

CANDU industry experience in the design, fabrication, operation, control and maintenance of

these dryers. The SEAFP reactor dryers fall within the range of the CANDU system dryers.

Recombiners: Catalytic recombiners for the oxidation of hydrogen have been in operation in

nuclear power plants, refineries, petrochemical industries and hydrogen production plants. A
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typical 1700 m3/h (1000 cfm) recombiner for removing tritium from air streams is shown in

Figure 6.30. Recombiners capable of processing several thousand m3/h flow have been in

operation in nuclear power plants. Therefore, the recombiners considered for the RADS, lGDS

etc. are well within the range of industrial experience.

7.0 RELIABILITY CONSIDERATIONS

7.1 System Reliability

The successful operation of the EDDRS requires reliable services such as electrical power,

normal cooling water and chilled water. The overall reliability of the EDDRS is directly impacted

by the reliability of these services. Hence, these service systems must be included in the

reliability analysis of the EDDRS.

As a minimum, in meeting the overall system reliability target, no single component failure in

any of these service systems shall impair the overall performance of the system. Therefore,

electrical equipment such as motors, heaters, valve controllers, and other control and

instrumentation equipment will be supplied by odd and even power buses, which are backed up

by diesel generators, or batteries, as appropriate. Active components, such as blowers, have

100% redundancy.

7.2 Equipment Reliability

The equipment shall be of a proven design used in similar service. Equipment reliability shall

be achieved by the use of standard items or components of demonstrated reliability.
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8.0 SAFETY CONSIDERATIONS

The EDDRS will become contaminated with tritium and activation products. Hence, the

following provisions will be made:

a) Room tritium monitors will be provided in all rooms connected to the EDDRS.

b) Leak-tight inlet/outlet room dampers will be installed in all rooms served by the

RADS/IGDS.

c) Proper relative negative room pressure will be maintained in rooms connected to the

EDDRS during normal and clean up operations.

9.0 MATERIAL/EQUIPMENT CONSIDERATIONS

All materials used in construction of the EDDRS will be tritium compatible. Use of elastomers

will be avoided to the greatest extent possible. All vessels will be fabricated from either carbon

steel or 316 L stainless steel. Valves will be bellows-sealed or of the diaphragm type. Major

components will be isolable to enable maintenance without cross-contamination from other

components. Electrical equipment in room/areas where flammable gases are found will meet

the requirements of the applicable Electrical Code.

10.0 OPERATIONAL CONSIDERATIONS

a) Adequate instrumentation and controls will be provided to ensure that the system can be

safely operated under all operating modes from either local or remote panels. Alarms

with "fail safe" positions will be included in all control panels.

b) Leak-tightness of components will be demonstrated on a regular basis by testing.
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TABLE 1
TOKAMAK BUILDING ACTIVITY RISK LEVEL AND RADS FLOW REQUIREMENTS

Room
No./
Name

Transfer
Corridor &
Room (Design
Basis)

Crane Hall

Expansion
Volume

Combined Exp.
Vol.
Cooling System
Room

Cooling System
Rm.

CONFINEMENT ZONES
A ROOMSACCOM
8 BLOWN DOWN V
C ROOMS CONTAI
D TRANSFER ROU

("1 ACCESS ZON
ZONE 1 UNRESTRIC

2 PROFESSIC
3 RESTRICTE
4 ACCESS UN
S ACCESS AF
6 NO ACCESS

D NET VOLUME (M

NOTES

1. THESE ARE CON
2. THESE ARE ACC
3. THESE ARE NET
4. THE FINAL MEOIl

Zones1

D

D

B

A

C

Zones'

3

3

4

6

3

Room
Volume
|m3)3

60,000

179,000

53,000

73,000

20,000

Possible
Initial
Tritium
Inventory
Release
(kCI)

10
(HT)

10 (HT)

9000
(T2)

10" (HT)

1O'(HT)

Possible
Initial
Tritium
Cone.

Ci/m3

0.166

0.055

169.8

0.137

0.5

Flow
Rates
(m3/h)

12,400

12,400

12,400

12,400

6,200

Medium4

Air

Air

Air

Air

Air

System
Requirements

Normal

AV

AV

NO

NO

AV

Accident

RADS

RADS

RADS

RADS

RADS

Exhaust5

Flow
Rates
(rrrVh)

130

500

0

20

10

Clean6

Up
Time
(hrs.)

48

120

72

57

35

Tritium7

Cone.
10s Ci/m3

1.0

1.0

1.0

1.0

1.0

IECEHP

•IODATING FIRST BARRIER EQUIPMENT
OLUMES FOR OVER PRESSURE II1 RADIOACTIVE AREAS
1ING ACTIVE OR CONTAMINATED MATERIALS
TING FOR ACTIVJCONTAM. MATERIALS (IN CONDITIONED FORM)

ES
TfcD ACCESS
NALLY EXPOSED PERSONNEL FOR UNINTERRUPTED TIME
D ACCESS SUBJECT TO SPECIAL PROCEDURES
DER SPECIAL CIRCUMSTANCES ONLY
TER SHUT DOWN 1 COOLING
-REMOTE MAINTENANCE ONLY

aTn Equipment Volumes Deducted)

FINEMENT ZONES. 5. THE EXHAUST AIR FLOW WAS ESTIMATED BASED ON AIR INLEAKAGE
ESS ZONES. 8. ESTIMATED TIME TO CLEAN UP ROOM.
VOLUME (MAIN EQUIPMENT VOLUMES DEDUCTED) 7. RESIDUAL TRITIUM LEVELS AFTER CLEANUP.
JM TO BE USED IN EACH ROOM SHALL BE SUBJECT TO FINAL OETAILEO DESIGN RECOMMENDATIONS.

Remarks

2 x 6200 m3/h ADS Units.

2 x 6200 m3/h ADS Units.

In-vessel LOCA. 2x6200 m3/h
ADS.
' - 90% of T2is assumed to be
released in elemental

Ex-vessel LOCA. 2x6200 m3/h
ADS.

Ex-vessel LOCA. 1x6200 m3/h
ADS.

Rev. 7/14/04

TO EACH ROOM
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TABLE 2
TOKAMAK BUILDING ACTIVITY RISK LEVEL AND IGDS FLOW REQUIREMENTS

Room NoVName

INERT GAS
ROOMS

Cryopump
Rooms (Design
Basis)

Fuelling Room
(P.I. Room)

Fusi
Management
Room

Remote
Handling Room

Zones'

A

A

A

A

Zones2

6

6

6

5

Room

Volume

(m3)3

1,500

1,100

1,500

2,500

CONFINEMENT ZONES

Possible

Initial

Tritium

Inventory

Release

(kCi)

100
(HT)

1000
(HT)

10 (HT)

10 (HT)

Possible

Initial

Tritium

conc.

Ci/m3

66..66

909.0

6.66

4.00

Flow
Rates
(m3/h)

1,000

1,000

1,000

1,000

Medium*

Inert

Inert

Inert

Inert

System

Requirements

Normal

IGDS

IGDS

IGDS

IGDS

LEGEND

A ROOMS ACCOMMODATING FIRST BARRIER EQUIPMENT
B BLOWN DOWN VOLUMES FOR OVER PRESSURE IN RADIOACTIVE AREAS
C ROOMS CONTAINING ACTIVE OR CONTAMINATED MATERIALS
D TRANSFER ROUTING FOR ACTIVJCONTAM. MATERIALS (IN CONDITIONED FORM)

l"l ACCESS ZONES
ZONE 1 UNRESTRICTED ACCESS

2 PROFESSIONALLY EXPOSED PERSONNEL FOR UNINTERRUPTED TIME
3 RESTRICTED ACCESS SUBJECT TO SPECIAL PROCEDURES
4 ACCESS UNDER SPECIAL CIRCUMSTANCES ONLY
5 ACCESS AFTER SHUT DOWN 1 COOLING
6 NO ACCESS-REMOTE MAINTENANCE ONLY

(*) NET VOLUME (Main Equipment Volumes Deducted)

NOTES

1. THESE ARE CONFINEMENT ZONES.
2. THESE ARE ACCESS ZONES.
3. THESE ARE NET VOLUME (MAIN EQUIPMENT VOLUMES DEDUCTED)
4. THE FINAL MEDIUM TO BE USED IN EACH ROOM SHALL BE SUBJECT TO FINAL DETAILED DESIGN RECOMMENDATIONS.

Accident

IGDS

IGDS

IGDS

IGDS

Exhaust5

Flow

Rates

(m3/h)

1

1

1

1

Clean6

Up
Time
(hrs.)

24

21

21

33

Tritium7

Conc.
10-5

Ci/m3

1.0

1.0

1.0

1.0

Remarks

Rev. 7/14(94

S. THE EXHAUST AIR FLOW WAS ESTIMATED BASED ON AIR INLEAKAGE TO EACH ROOM
6. ESTIMATED TIME TO CLEANUP ROOM.
7. RESIDUAL TRITIUM LEVELS AFTER CLEANUP.
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TABLE 3
FUEL CYCLE BUILDING ACTIVITY RISK LEVEL AND RADS AIR FLOW REQUIREMENTS

Room

Level

No.

CRYO.
DISTIL.
(DESIGN
BASIS)

EQUIP-
MENT
GLOVE-
BOX

VPCE

Zones'

c

c

c

Zones2

3

3

3

Room

Volume

N¥

4100

9000

700

Passible

Initial Tritium

Inventory

Release

(kCi)

1100 (HT)

100 (HT)

4 (HTO)

Possible

Initial

Tritium

Cone.

Ci/m3

268

11

5.7

Flow

Rates

(m3/h)

2500

2500

2500

Medium4

AC

AC

AC

System

Requirements

Normal

AVS

AVS

AVS

Accident

RADS

RADS

RADS

Exhaust5

Flow

Rates

(m3m)

27

60

5

Clean6

Up

Time

(hrs.)

28

49

4.0

Tritium7

Cone.

10-5

Clfin3

1.0

1.0

1.0

Remarks

LEGEHO

CONFINEMENT ZONES
A ROOMS ACCOMMODATING FIRST BARRIER EQUIPMENT
B BLOWN DOWN VOLUMES FOR OVER PRESSURE IN RADIOACTIVE AREAS
C ROOMS CONTAINING ACTIVE OR CONTAMINATED MATERIALS
D TRANSFER ROUTING FOR ACTIWCONTAM. MATERIALS (IN CONDITIONED FORM)

ZÔNE1 UNRESTRICTED ACCESS
2 PROFESSIONALLY EXPOSED PERSONNEL FOR UNINTERRUPTED TIME
3 RESTRICTED ACCESS SUBJECT TO SPECIAL PROCEDURES
4 ACCESS UNDER SPECIAL CIRCUMSTANCES ONLY
5 ACCESS AFTER SHUT DOWN 4 COOLING
6 NO ACCESS-REMOTE MAINTENANCE ONLY

O NET VOLUME (Main Equipment Volumes Deducted)

NOTES:

1. THESE ARE CONFINEMENT ZONES. 5. THEEXHAUST AIR FLOW WAS ESTIMATED BASED ON AIR INLEAKAGE TO EACH ROOM.
2. THESE AR6 ACCESS ZONES. 8. ESTIMATED TIME TO CLEAN UP ROOM.
3. THESE ARE NET VOLUME (MAIN EQUIPMENT VOLUMES DEDUCTED) 7. RESIDUAL TRITIUM LEVELSAFTER CLEANUP.
4. THE FINAL MEDIUM TO BE USED IN EACH ROOM SHALL BE SUBJECT TO FINAL DETAILED DESIGN RECOMMENDATIONS.

REV. 7/14/94

f:\usertan\wordperf\soafp\g9431\vol2tab.an (rnsword 6.0)



HGURES



tXlEADS,

STACK

- X -

FIGURE 4 . 1 EDDRS CONCEPT



TOKAMAKBUILDING

COOUNG SYSTEM ROOM

CRANE GALLERY

COOUNG SYSTEM ROOM

CONDENSER CONDENSER
(CW) (CH.W)

\ /

PARTICULAR FILTER PREHEATER(S) RECOMBINER DRYER (S)

STACK

FIGURE 4.2A RADS CONCEPT

Helium Coolant 0 ption



ZONE 1 (0)

FUEL CYCLE BUILDING

ZONE 3(1) ZONE 3 (2)

FROM ROOMS FROM ROOMS

ZONE 3 (3)

FROM ROOMS

BLOWERS

ACTIVATED C0N0EN9ER„
CHARCOAL FILTER (CW) <

\ T

/
PHEHEATER ^COMBINER ORYERFUTER

FIGURE 4.2B RADS CONCEPT - FUEL CYCLE BUILDING



TOKAMAKBUILDING

FUELLING ROOMS

CRANE GALLERY

OTHER INEHT ROOMS

STACK

BLOWER(S) .

CONDENSER CONDENSER
CHARCOAL (CW) (CH.W)

\ /

PARTICULATE FILTER PREHEATER(S) RECOMBINER DRYER (S)

FIGURE 4.3 IGDS CONCEPT



TOKAMAK
BUILDING

FUEL CYCLE
BUILDING

CONDENSER CONDENSER
(CW) (CH.W)

0-1
' ^ " " ^ M FILTER \ /

DDCLJCATCD/fll '

STACK

PARTICUUTEFILTER PREHEATER(S) R£COMBINER DHYER(S)

FIGURE4.4 EXHAUST AIR DETRITIATION SYSTEM CONCEPT



RADS

COOLING
SYSTEM

ROOM

20,000 m3

(1g-HT)

EXPANSION
VOLUME

53,000 m3

CRYOSTAT
16,000 m3

TRANSFER
CORRIDOR
60,000 m3

(1g-HT)

COOLING
SYSTEM

ROOM

20,000 m3

(19-HT)

FIGURE4.5RECIRCULATING AIR DETRITIATION SYSTEM TOKAMAK BUILDING
(Helium CoolantOption)



RADS

VI=CE

ROOM

700 m3

(1 g-HTO)

I

GLOVEBOX

EQUIPMENT

ROOM
9000 m3

dg-T2)

CD ROOM

4100m3

(110g-T2)

FUEL CYCLE BUILDING

FIGURE 4.6 RADS FUEL CYCLE BUILDING



CRYOPUMP
ROOMS
(10g-T2)

• * •

FUEL MANAGEMENT
ROOM

0 9-T2)

REMOTE
HANDUNG

ROOM

2500 m3

(1Q-T2)

FIGURE 4.7 INERT GAS DETRITIATION SYSTEM (TOKAM AK BUILDING)



To Building Exhaust

Make-up

Room

(^ Location #T

Air
Detritiation

System

Controlled
Release

FIGURE 6.1 SCHEMATIC OF ADS SIMULATION MODEL



T-Release into Transfer Corridor
0.2

I 0.15

0.1

co
4—*

ca
4—»

C
V
y
C
O
O
I

I 0.05

0
0 10

ADS-2x6200 m3/h
1 g-T Release (as HT)

Room T-Concentration Vs. Time

30
Time in Hours

40 50 60

FIGURE 6 . 2



T-Release into Transfer Corridor
ADS T-Inventory Vs. Time

ADS-2x6200 m3/h
l g - T Release (as HT)

30
Time in Hours

40 50 60

FIGURE 6.3



T-Release into Cooling System Room
Room T-Concentration Vs Time

0
0 10 20

Time in Hours
ADS = 1 x 6200 m3/h; T-Release = 1 g-HT
Helium Coolant Option

FIGURE 6 . 4



T-Release into Cooling System Room
ADS T-Inventory Vs Time

O

0 10 20
Time in Hours

ADS = 1 x 6200 m3/h; T-Release = 1 g-HT
Helium Coolant Option

30 40

FIGURE 6.5



T - Release into Expansion Volume
Room T—Concentration Vs Time

0 10 30 40
Time in Hours

ADS = 2 x 6200 m3/h; T-Release = 900 g-HT
Helium Coolant Option

50 60 70 80

FIGURE 6 . 6



T-Release into Expansion Volume
ADS T - Inventory Vs Time

10 20 30 40
Time in Hours

ADS = 2x6200m3/h; T-Release = 900g-HT
Helium Coolant Option

50 60 70 80

FIGURE 6 . 7



So
â

T-Release into Exp. Vol. + Cooling System Room
Room T—Concentration Vs Time

0.15

J3
U
-S 0.1
c_om*z
2
C
S
c

0.05

0
0 10 20 30

Time in Hours
ADS = 1 x6200 m3/h; T-Release = 1 g - H T
Helium Coolant Option

40 50 60

FIGURE 6.8



T— Release into Exp. Vol. + Cooling System Room
ADS T-Inventory Vs Time

« • • • • • • • • • • • • • • • • • • • • • • • • • • •

0 10 20 30
Time in Hours

ADS = 1 x 6200 m3/h; T-Release = 1 g-HT
Helium Coolant Option

40 60

FIGURE 6 .9



T - Release into Crane Hall
Room T-Concentration Vs. Time

0.06

0.05

S
•S 0.04
c
.o
'S

g 0.03
o

c
ô
H 0,02
E
o
o
°* 0.01

_ \

\

0 20

ADS-2x6200m3/h
l g - T Release (as HT)

40 60 80
Time in Hours

FIGURE 6.10



T-Release into Crane Hall
ADS T-Inventory Vs. Time

ADS-2x6200m3/h
l g - T Release (as HT)

60 80
Time in Hours

100 120 140

FIGURE 6 . 1 1



T-Release into Cryodistillation Room
Room T—Concentration Vs Time

15
Time in Hours

20 25 30

ADS-2500 m3/h
110 g-T Release (as HT)

FIGURE 6.12



u
c
4 1

7 1
Û

1200

1000 -

800 -

600 -

T-Release into Cryodistillation Room
ADS T-Inventory Vs Time

0

Ads - 2500 m3/h
110 g-T Release (as HT)

15 20
Time in Hours

25 30

FIGURE 6.13



T-Release into Equipment Glovebox Rm
Room T-Concentration Vs Time

12

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • a
30 40 50 60 70

Time in Hours
Ads-2500m3/h
10 g-T Release (as HT)

FIGURE 6.14



T-Release into Equipment Glovebox Rm
ADS T—Inventory Vs Time

, » • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •

ADS-2500 m3/h
10 g-T Release (as HT)

30 40
Time in Hours

50 60 70

FIGURE 6.15



T-Release into VPCE Room
Room T-Concentration Vs Time

0
0 1 2

Time in Hours
ADS = 1 x 2500 m3/h; T-Release = 0.4 g-HT
Helium Coolant Option

FIGURE 6.16



T-Release into VPCE Room
ADS T-Inventory Vs Time

0 1 2
Time in Hours

ADS = 1 x 2500 m3/h; T-Release = 0.4 g-HT
Helium Coolant Option

FIGURE 6.17



T-Release into Pellet Injection Room
Room T—Concentration Vs Time

1000

0

IGDS-1000m3/h
10 g-T Release (as HT)

10
Time in Hours

15

FIGURE 6.18



T-Release into Pellet Injection Room
IGDS T-Inventory Vs Time

o
c

2 f
c c
Q l CO

C =
>—. o

I £Q
O

IGDS-1000m3/h
100 g-T Release (as HT)

10
Time in Hours

15 20 25

FIGURE 6.19



T-Release into CryoPump Room
Room T—Concentration Vs Time

IGDS-1000m3/h
10 g-T Release (as HT)

15
Time in Hours

20 25 30

FIGURE 6.20



<J

T-Release into CryoPump Room
IGDS T-Inventory Vs Time

IGDS-1000m3/h
10 g-T Release (as HT)

10 15
Time in Hours

20 25 30

FIGURE 6.21



8

T-Release into Remote-Handling Rm
Room T-Concentration Vs Time

2

c
o
U

§2

0
0 5 10

Time in Hours
20 25

IGDS-1000m3/h
1 g-T Release (as HT)

FIGURE 6.22



T-Release into Remote-Handling Rm
IGDS T-Inventory Vs Time

0

IGDS-1000 m3/h
l g - T Release (as HT)

10
Time in Hours

15 20

FIGURE 6 . 2 3



T-Release into Fuel Management Room
Room T—Concentration Vs Time

0

IGDS - 1000 m3/h
l g - T Release (as HT)

10
Time in Hours

FIGURE 6.24



T-Release into Fuel Management Room
IGDS T-Inventory Vs Time

c

h
U CO

I §
(73
Q
O

10
Time in Hours

15 20 25

IGDS-1000 m3/h
1 g-T Release (as HT)

FIGURE 6.25



Detritiation in EADS (Basis: Crane Hall)
T-Release from EADS To Env. in Ci/m3 Vs Time

0 20 60 80
Time in Hours

100 120 140

ADS2x6200m3/h
1 g HT Release into Crane Hall

FIGURE 6.26



Detritiation in EADS (Basis: Crane Hall)
EADS T2 Inv. in Ci Vs Time

0 20 40 60 80
Time in Hours

100 120

ADS2x6200m3/h
1 g HT Release into Crane Hall

FIGURE 6.27



FIGURE 6.28 A 8,500 m3/h CANDU MOLECULAR SIEVE DRYER SYSTEM



JEM1CANT
roTM.

«iti.tt,

IOJ5UK,

TllMOLti)
I 4-nSLRll
i imj 185)

FIGURE 6.29 A 6,800 m3/h CANDU MOLECULAR SIEVE DRYER SYSTEM



TRITIUM REMOVAL SYSTEM
FINAL PURITY: Leis than 1 part per billion tritium
TOTAL FLOW RATE: 1000 CFM

Removet radioactive tritium from air and other gat ttreamt by
catalytic oxidation to form tritiated water with (inal removal
in adsorbent beds.

FIGURE 6.30 CATALYTIC RECOMBINER FOR A TRITIUM REMOVAL SYSTEM



FIGURE 6.31 CATALYTIC RECOMBINER FOR A 500 MWe BWR



APPENDICES



APPENDIX A

STEAM CONDENSER SIZING

Steam Condensers

As indicated in Section 4.1, only the Fuel Cycle Building RADS requires a steam condenser to
remove bulk of the moisture in the circulating air following an accidental release of steam into the
VPCE (Vapour Phase Catalytic Exchange) room, to protect the filters and to minimize moisture
loading in the dryers.

Steam release due the Water Distillation System reboiier outlet (vapour) line failure, into the VPCE
room (Volume 700 m3) of the Fuel Cycle Building is assumed to be the basis for the Fuel Cycle
Building steam condenser sizing. The maximum amount of steam that would be released into the
VPCE room is equivalent to the distillation column water inventory of about 1100 kg. The air
temperature and the saturated steam partial pressure in the VPCE room are assumed to be about
70°C and 30 kPa, respectively. For the RADS air flow rate of 2500 m3/h, the maximum steam flow
rate to the steam condenser is estimated to be about 850 kg/h at the start of the RADS. The air
temperature and the steam flow will progressively decrease during the detritiation operation. The
room is assumed to be cooled to about 20°C at the end of the clean-up operation (i.e., partial
pressure of steam in room air will be about 2 kPa assuming saturation at 20°C).

Therefore, the condenser is sized to cool 2500 m3/h of saturated air from 70°C to about 20°C, and
to condense 850 kg/h of steam. The total heat load is estimated to be about 510 kW. Heat
transfer area of about 120 m2 is estimated to be required, considering fouling factors (to account
for heat transfer resistance due to dirt deposition). A shell and tube condenser with a diameter of
1 m and a length of 3.1 m is anticipated.

The steam condenser design parameters are summarized in Table-A1.

Table A1
Steam Condenser Design Parameters

Bldg.
RADS

Fuel Cycle

Air Flow
(m3/h)

2500

Heat Load
(kW)

510

Heat Transfer
Area
(m2)

120

Overall Size

Dia.
(m)

1.0

Length
(m)

3.1
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APPENDIX B
FILTER SIZJNG

Dust Removal Filters

Dust removal filters are provided for the Tokamak Building RADS and IGDS only. Dust removal
system is not foreseen for the Fuel Cycle Building RADS. The Dust Removal filter Unit is provided
to remove radioactive dust from the TORUS, and activated products from the cooling system
during accident conditions.

Figure B-1 shows the dust removal filter system located upstream of the recirculation blowers.
Each RADS train is provided with a filter unit. A separate filter unit is provided for the IGDS.

The design of the filter unit shall conform to ASME N509 and ASME AG-1 code or equivalent.
Since the filter elements are likely to be loaded with active dust, the dust removal system will
require adequate shielding.

Tokamak Building (RADS and IGDS)

The filter unit consists of demisters (to remove water droplets), a bank of pre-filters and a bank of
HEPA (High Efficiency Particulate Absolute) filters. These components are housed inside filter
housing which is leak tight and has access doors for maintenance.

Demisters:

The demisters are permanent, all metal panel type moisture separators. Each demister consists of
steel screen media and enclosing frame. Media packing is 51 mm deep and is constructed of
adequate corrugated and flat layers of galvanized screen wire. It is permanently fastened together
to ensure rigidity, and it is enclosed in a 16-gauge galvanized steel, 100 mm deep frame. The
frame bottom is equipped with adequate drain holes. A drain trough is provided under each row of
separators and frames to drain off accumulated liquids.

The demister is typically 98% efficient on 200 micrometer moisture droplets at 3 m/s face velocity.
The airflow resistance at 3 m/s shall not be greater than 0.06 kPa. The air flow shall not exceed 3
m/s to avoid liquid carryover.

Pre-Filter:

The Prefilter consists of high density glass microfiber media with a reinforced backing to form a
layered filter blanket. The filler media shall have an average efficiency of 90-95% in conformance
with ASHRAE Standard 52-76. The filters shall be classified by Underwriters Laboratory as Class
1. The enclosing frame shall be constructed of galvanized steel.

The pre-filter is provided to extend HEPA filter life by removing particles greater then 0.3 micron.
The Pre-filter size shall be 61 cm x 61 cm x 28 cm.
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HEPA Filter:

A typical HEPA filter is shown in Figure B-2. The HEPA filter size shall be 61 cm x 61 cm x 28
cm.

The HEPA filter shall be constructed of all glass waterproof media. Each filter shall be tested and
certified to have an efficiency not less than 99.97% when tested with 0.3 micron thermally
generated particulates.

The HEPA filter shall contain a minimum of 87 square meter of media per square meter of face
area and shall be at 2.54 m/s capacity.

The HEPA filters will be nuclear grade and are designed for nuclear applications. The filter
element will be tested as follows, conforming to ASME N509 and ASME AG-1 code:

a) For resistance to heated air the filter shall be subjected to the rated flow of air heated to
700°F ±50°F (370°C ± 25°C) for no less than 5 min.

b) In addition, the filter shall undergo spot flame resistance at a temperature of 1750°F ±
50°F (955°C ± 25°C) as measured by thermocouple inserted in the flame. The filter shall
comply with Article FC-5160 of ASME N509 and shall have an Underwriters' Laboratories
(UL-586) label.

c) The filter shall be tested for radiation resistance in accordance with Articles FC-5110 and
FC-5120 of ASME N509. After testing, the filter assembly shall be subjected to a minimum
total integrated dose of 8 x 107 rads (gamma) at a dose rate not to exceed 2.0 x 105 rads/h
(gamma). Following irradiation, the filter shall be tested at the rated flow for test aerosol
penetration through the filter media, case, and gasket per FC-5120.

Fuel Cycle Building (RAPS)

Since no significant dust is anticipated in the fuel cycle building, the RADS for this building is
provided with only a prefilter. The design features of the prefilter are the same as those described
above.

The design parameters of the filter units of the Tokamak Building RADS and IGDS, and the Fuel
Cycle Building RADS are summarized in Table-B1 below.
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Table B1
Filter Unit Design Parameters

System

Tokamak
Bldg. RADS

Tokamak
Bldg. IGDS

* Fuel Cycle
Bldg. RADS

EADS

Filter
Capacity
(m7h)

6,200

1,000

2,500

500

No. of Pre-
Filters

6

1

2

1

No. of HEPA
Filters

6

1

—

-

Overall Size

H
(cm)

228

90

150

90

W
(cm)

155

90

90

90

L
(cm)

200

200

130

130
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APPENDIX C
RADS Process Description

The conceptual flow diagram for the Tokamak Building RADS is shown in Figure 4.2A and the
Fuel Cycle Building RADS is shown in Figure 4.2B.

Tokamak Building: There are two trains of RADS which operate in parallel to provide a total
circulating rate of 12,400 m3/h. Each train, sized for 6200 m3/h, will have two (2) 100 percent main
process circulation blowers in the RADS, which will normally be in standby mode. Each train will
also have two (2) 100 percent molecular sieve beds (one in adsorption mode and the other in
regeneration mode) operating at ambient temperature.

Fuel Cycle Building: The Fuel Cycle Building RADS will consist of a single train sized for 2500
m3/h circulation rate. The RADS will have two (2) 100 percent main process circulation blowers,
which will normally be in standby mode. The RADS also has two (2) 100 percent molecular sieve
beds (one in adsorption mode and the other in regeneration mode) operating at ambient
temperature.

The RADS unit consists mainly of the following major components:

a) steam condenser
b) inlet filter

. c) blowers
d) activated charcoal filter
e) pre-heater
f) recombiner
g) condensers
h) condensate collection tank
i) air/air heat exchanger
j) dryer beds (containing molecular sieve)
k) regeneration loop
I) instrumentation (i.e. sensors for temperature, flow, moisture and tritium etc.)

a) Detritiation Process - Adsorption

The normal operation of the RADS (dryer in adsorption mode) is shown in Figure C-1.

The contaminated air from the affected room will first pass through a steam condenser to remove
bulk of the moisture, a filter assembly to remove any particulate material such as Tokamak dust,
and then enter a pre-heater. The air stream, preheated to 150°C in the pre-heater, flows through
the catalytic recombiner which is maintained at the operating temperature of 150°C by its heaters.
Any elemental tritium (and other hydrogen isotopes) present in the air stream will be converted
into its oxide form (vapour) in the recombiner.

The water vapour in the air stream will be condensed and removed by two condensers (CD1,
CD2), which are cooled by cold water and chilled water (5°C) respectively. A set of blowers (B1 A,
B1B), complete with an activated charcoal filter (granular bed), installed downstream of the
blowers, will remove any hydrocarbons which might enter the air stream from the tokamak or

f:\user\an\wordperf\vol2app.en



blower lubricant. The blowers will act as the main driving force for the air circulation around the
primary loop of the system.

After leaving the condensers, the moist air (saturated at 5°C will enter an ambient temperature
dryer bed, (filled with molecular sieve) for further moisture removal. The dryer will provide
99.998 percent moisture-free air, with a minimum discharge dew-point below -80°C.

After drying, the purified air will be returned to the affected room for continuous recirculation by the
RADS until the tritium level in the room is reduced to an acceptable level (below 1 MPCA). A
small quantity of purge flow from the RADS will be directed to the EADS for pressure control of
the detritiated room (to maintain the necessary negative pressure in the affected room).

The on-line dryer's adsorption capacity will be such that it will last for at least twelve (12) hours
before requiring regeneration.

b) Detritiation Process - Regeneration

The dryer will consist of two (2) beds, one for on-line adsorption, while the other is off-line, in
regeneration. Both operations will occur simultaneously, so that a freshly regenerated bed will
always be ready for on-line service when switching over from the loaded bed.

The regeneration cycle can be broken down into four (4) steps. The regeneration cycle is shown
in Figures C-2, C-3, C-4, C-5 and C-6.

Step 1 - Heating (Figure C-2)

This is a closed loop operation, and the full regeneration blower capacity will be utilized. Air,
heated to approximately 300°C (572°F) by the Regeneration Heater (HTR3) in the closed loop,
will flow through the bed to remove the moisture trapped in the molecular sieve. The hot air laden
with water vapour, coming off from the regenerated bed will flow through an air/air Regeneration
Heat Exchanger (HX1) for heat recovery, and through a condenser, cooled by chilled water, for
cooling and for recovery of the tritiated water (which will be collected in a condensate tank (TK1)).
The cooled air (gas) is recirculated by the Regeneration Blower (B2) through the heater and the

bed to repeat the process. When the bed outlet temperature reaches approximately 280°C
(536°F), the heating process will be considered complete. The heater (HTR3) and the blower (B2)
will be turned off, after purging the loop with dried process air for ten (10) minutes (shown in
Figure C-3). The purge process is intended to flush out any residual moisture in the loop. This
whole heating process will take approximately 6 hours. It is in this process that the bed unloads
most of its moisture.
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Step 2 - Drying (Figure C-4)

The drying process is mainly intended to further reduce (as low as possible) the moisture trapped
in the regenerated bed. This will be done by taking a portion of the main process dried air from
the outlet of the on-line bed. The dried air propelled by the regeneration blower (B2) at reduced
capacity will be heated to 300°C by the Regeneration Heater (HTR3) before purging the hot
regenerated bed, and carrying off with it any residual moisture found in the bed. Then, the hot air
will return to the front end of the main process, to be cooled by condensers (CD1, CD2) to
approximately 10°C. This drying process will be repeated until the dew-point of the regenerated
bed reaches the set limit (-80°C). This step is estimated to take approximately 2 hours to
complete this process.

Step 3 - Cooling (Figure C-5)

The cooling process takes place after drying. It is intended to bring down the temperature of the
regenerated bed as quickly as possible. This will be done by making full use of the air circulation
and cooling capacities provided by the closed regeneration loop.

Hot air from the regenerated bed will bypass the heat exchanger (HX1) and flow through a
condenser (CD3), cooled by chilled water (5°C). The condenser will remove the heat and cool the
air before allowing it to return the regeneration blower (B2). The cooled air will be circulated by
the regeneration blower (B2), through an off-duty electrical heater (HTR3) and back to the
regenerated bed. This cooling process will be continued until the temperature of the regeneration
bed drops to the set limit (28°C). It will take approximately 3 hours to complete this process.

Step 4 - Idling (Figure C-6)

When the regeneration bed is considered fully regenerated, conditioned and ready for on-line
absorption service, it is put into idle mode, and positioned for automatic switch-over at any time.

Control sensor elements (i.e. temperature, moisture, flow, pressure drop and tritium concentration
etc.) shall be provided for automatic control purposes.

Magnetic coupling blowers have been found, so far, to be very successful in meeting the needs of
the system. They are reliable, leak-tight and accessible for maintenance. Electronic variable
speed controllers for changing flow rate shall also be included in the blower package.

The recombiner is generously sized to contain adequate catalyst for combining hydrogen isotopes
in the air stream with oxygen from the air to form water vapour. The catalyst is made up of a
platinum, palladium and rhodium mixture deposited on alumina to provide large surface area. The
recombiner shall be complete with strip heaters attached to the outside of the vessel.

Butterfly valves (dampers) of leaktight type may be used by the RADS for room isolation.

RAPS Design Parameters Summary

The RADS design parameters for the Tokamak and Fuel Cycle Buildings are summarized Table-
C1.
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TABLE-C1
RADS Design Parameters Summary

Parameters

RADS Circulation Flow Rate: m3/h

RADS Recombiner:
Catalyst Temperature (°C):
Q2 Removal Efficiency:
Volume (m3):
Overall Size:
Diameter (m):
Length (m):

RADS Dryer:

Inlet Temperature (°C):
Inlet H2O Partial Pressure (Pa):
Outlet Dew Point (°C):
Bed Diameter (m):
Dryer bed total Length (m):
Molecular Sieve 5A Wt (kg):

RADS Condenser:

Condenser-1 (CW):
Condenser Load (kg/h water):
Diameter (m):
Length (m):
Condenser-2 (Ch.W):
Condenser Load (kg/h water)
Diameter (m):
Length (m):

Tokamak
Building

6,200

150
0.9995
0.65

1.5
1.5

20
1170
-80
2.2
1.9
4000

180
0.65
3.65

18
0.60
3.0

Fuel Cycle
Building

2,500

150
0.9995
0.15

0.8
1.0

20
1170
-80
1.4
1.9
1575

75
0.4
3.65

7.5
0.4
3.0
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APPENDIX D
IGDS Process Description

The Tokamak Building IGDS will consist of a single train sized for 1,000 m3/h circulation rate. The
IGDS will have two (2) 100 percent main process circulation blowers, which will normally be in
standby mode. The IGDS also has two (2) 100 percent molecular sieve beds (one in adsorption
mode and the other in regeneration mode) operating at ambient temperature.

The IGDS, shown in Figure 4.3, will consist of the following major components:

a)
b)
c)
d)
e)
f)
g)

inlet filter
blowers
charcoal filter
preheaters
recombiner
condensers
dryer

A common IGDS unit complete with supply and return headers will be designed to serve all the
inert gas rooms.

Detritiation Process

The IGDS collects all gases from the inert gas rooms through a common return header. The inert
gas then passes through a filter, to remove any particulate material, before entering a preheater
and passing to the recombiner. The filter system is similar to that described for the RADS, and the
size of the filter unit is shown in Table-B1. The preheater raises the gas stream temperature to
150°C so that any elemental tritium in the stream will be converted into its oxide form (vapour) in
the catalytic recombiner, which is maintained at 150°C by its heaters.

Following exit from the recombiner, the gas is passed through a condenser (to remove the tritiated
water vapour), before entering an oxygen removal bed for removing any residual oxygen found in
the stream. Then the purified gases flow through a drier, for final moisture removal prior to
returning to the inert gas rooms. A set of blower and filter will be provided to circulate the gases in
the IGDS.

The operation of the IGDS dryers is similar to that described for the RADS.

The IGDS design parameters are summarized in Table-D1 below:
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Table D1
IGDS Design Parameters Summary

Parameters

IGDS Circulation Flow Rate: m3/h

IGDS Recombiner:
Catalyst Temperature (CC):
Q2 Removal Efficiency:
Volume (m3):
Overall Size:
Diameter (m):
Length (m):

IGDS Dryer:

Inlet Temperature (°C):
Inlet H2O Partial Pressure (Pa):
Outlet Dew Point (°C):
Bed Diameter (m):
Dryer bed total Length (m):
Molecular Sieve 5A Wt (kg):

IGDS Condenser:

Condenser-1 (cw):
Condenser Load (kg/h water):
Diameter (m):
Length (m):
Condenser-2 (chw):
Condenser Load (kg/h water):
Diameter (m):
Length (m):

Tokamak
Building

1,000

150
0.9995
0.06

0.6
1.5

20
1170
-80
0.9
1.9
625

65
0.3
3.0

6.5
0.25
3.0
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APPENDIX E
EXHAUST AIR DETRITIATION SYSTEM (EADS)

The EADS will be used to maintain the subatmospheric pressure in the room(s) during detritiation.
In addition the EADS will decontaminate other gas streams (such as bleed from the GBCS,

IGDS) it receives, prior to sending them to the stack, in order to minimize emissions to the outside
environment.

The EADS will facilitate pressure control during detritiation by the RADS, by maintaining the
relative negative pressure in the tritium spill rooms. It will accomplish this by bleeding off air (or
inert gas) to compensate for air leakage into the rooms.

One common Exhaust Air Detritiation Systems (EADS) is provided for the Fuel Cycle and the
Tokamak Buildings.

EADS Design Rationale

Based on the maximum exhaust flow rates from the RÀDS of the Tokamak and Fuel Cycle
Buildings, a common EADS unit, capable of processing up to 500 Nm3/h of contaminated air or
process gases, is required for exhaust detritiation.

EADS Process Description

The common EADS unit, shown in Figure 4.4, will consist mainly of the following major
components:

a) inlet filter
b) blowers
c) activated charcoal filter
d) pre-heater, heaters
e) recombiner
f) condensers
g) condensate collection tank
h) air/air heat exchangers
i) dryer beds (containing molecular sieve)
j) regeneration loop
k) instrumentation (i.e. sensors for temperature, flow, moisture and tritium etc.)

A common exhaust header with individual feed lines from the various process exhaust streams
will be provided across the building.

There are three blowers in parallel; two large and one small. Each blower is sized for the full
flow of 500 m3/h, the largest exhaust flow from the RAD. The small blower is used during
normal operation and is sized for 50 mh.

During exhaust gas detritiation, any process streams or RADS bleed-off received by the EADS
will first pass through a filter assembly to remove particulate material, before entering a
pre-heater. The pre-heater will raise the air stream temperature to 150°C. The recombiner is
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maintained at the operating temperature of 150°C by its heaters, so that any elemental tritium in
the process stream will be converted into its oxide form (vapour) in the recombiner.

After passing through the recombiner, the vapour in the process stream will be condensed and
removed by two (2) condensers, which will be cooled by cold water and chilled water (5°C)
respectively. A set of blowers, complete with an activated charcoal filter assembly, will be
installed upstream of the preheater. The activated charcoal filter will remove any potential
hydrocarbons which may enter the process stream from the blower lubricant. The blowers act
as the main driving force of the gas around the primary loop of the system.

After leaving the condensers, the moisture-laden gases will enter a dryer bed (filled with
molecular sieve) for further moisture removal. The dryer will be designed to provide
99.95 percent moisture-free gas, with a minimum discharge dew point below -80°C.

After drying, the purified gases will be discharged to the outside environment through a
tritium-monitored exhaust stack.

The operation of the dryers (adsorption and regeneration) will be similar to that described for
the RADS.

Filter Sizing: One prefilter, 61 cm x 61 cm x 28 cm is required as show in Table B-1.

Recombiner Sizing: The EADS normally receives air with tritium concentration less than 1% of
the RADS (or IGDS). The flow rate, rather than the tritium concentration, determines the
recombiner size (to maintain low pressure drop). The overall size of the recombiner is estimated
to be about 0.35 m diameter x 1.5 m.

EADS Dryer Sizing: The air stream entering the dryer is usually at a dew point of less than
10°C. To be conservative, the dryer is sized for the airflow at a dew point Of 20°C, and for 120
hours of on-line operation (without regeneration), which is the longest clean-up time anticipated
(Crane Hall - See Table-1). The overall size of the dryer is estimated to be 0.64 m diameter x
1.0 m.

The EADS design parameters are summarized in Table E1 below:
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Table E1
EADS Design Parameters Summary

Parameters

EADS Circulation Flow Rate: (m3/h)

EADS Recombiner:
Catalyst Temperature (°C):
Q2 Removal Efficiency:
Volume (m3):
Overall Size:
Diameter (m):
Length (m):

EADS Dryer:

Inlet Temperature (°C):
Inlet H2O Partial Pressure (Pa):
Outlet Dew Point (°C):
Bed Diameter (m):
Dryer bed total Length (m):
Molecular Sieve 5A Wt (kg):

EADS Condenser:

Condenser-1 (cw):
Condenser Load (kg/h water):
Diameter (m):
Length (m):
Condenser-2 (ch.w):
Condenser Load (kg/h water):
Diameter (m):
Length (m):

Tokamak
Building

500

150
0.9995
0.05

0.35
1.5

20
1170
-80
0.64
1.0
200

30

0.15
3.0
3.0
0.15
2.0
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FIGURE B-2 TYPICAL HEPA FILTER ELEMENT
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