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ETUDE D'UN CONCEPT DE SYSTEME D'INSTALLATION
DE STOCKAGE DE COMBUSTIBLE EPUISE A CONTENEURS EN BETON

par

E.D. Lidfors, T. Tabe et H.M. Johnson

RESUME

Ce rapport présente l'étude d'un concept de système de stock-
age provisoire du combustible épuisé provenant des réacteurs CANDU
(CANada Eleuterium ̂ Jranium) dans des conteneurs en béton. L'une des mé-
thodes proposées comme autre solution possible au lieu de stockage sous
eau en piscine est les conteneurs qui seront des récipients en béton re-
froidis par convection naturelle d'air et qui contiendront le combusti-
ble conditionné d'avance entre des parois de confinement doubles en
acier. Une étude préliminaire de ce concept a été faite par CAFS (Com-
mittee Assessing Fuel Storage) et un programme de développement et de
démonstration est en cours d'exécution à ERNW (Etablissement de Recher-
ches Nucléaires de Whiteshell).

Cette étude d'une installation centrale de stockage de tout le
combustible canadien épuisé produit jusqu'à l'an 2000 était terminée
dans l'an 1975. Ce rapport offre une brève description des installa-
tions nécessaires et des opérations engagées, une analyse des coûts, un
examen des conditions de surveillance et une prévision des doses d'irra-
diation subies par le personnel utilisant cette méthode de stockage de
combustible épuisé.

Le coQt total prévu de stockage provisoire en conteneurs cy-
lindriques dans une installation centrale est de $6.O2/kg U (dollars
1975). A peu près la moitié de ce coût est imputé au transport du com-
bustible des réacteurs à l'installation de stockage.

L'Energie Atomique du Canada, Limitée
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1979 janvier

(Etude enterprise en 1975)
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CONCEPTUAL DESIGN STUDY OF A CONCRETE CANISTER
SPENT-FUEL STORAGE FACILITY

by

E.D. Lidfors, T. Tabe and H.M. Johnson

ABSTRACT

This report presents a conceptual design study for the interim
storage of CANDU (CANada Deuterium LIranium) spent fuel in concrete can-
isters. The canisters will be concrete flasks, which contain fuel pre-
packaged in double steel containment, and will be cooled by natural air
convection. This is one of the methods proposed as a potential alter-
native to water pool storage. A preliminary study of this concept was
done by CAFS (Committee Assessing Fuel Storage), and WNRE (Whiteshell
Nuclear Research Establishment) is currently conducting a development
and demonstration program.

This study of a central facility for the storage of all Cana-
dian spent fuel arisings to the year 2000 was completed in 1975. A
brief description of the facilities required and the operations involv-
ed, a summary of costs, a survey of the monitoring requirements and a
prediction of the personnel exposures associated with this method of
storing spent fuel are reported here.

The estimated total cost of interim storage in cylindrical
canisters at a central site is $6.02/kg U (1975 dollars). Approximately
half of this cost is incurred in the shipment of fuel from the reactors
to the storage facility.

Atomic Energy of Canada Limited
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1. INTRODUCTION

This report concerns a conceptual design study carried out in

1975 to demonstrate the feasibility of handling fuel for canister stor-

age and to determine the cost involved. It suggests a design for cylin-

drical and square canisters, describes a method of transferring fuel

from the Bruce-type fuel trays to these canisters and describes the re-

quirements for sealing them. It also describes the operations involved

from the time of receiving the shipping flask to the placement of the

canister in the storage field. A preliminary description of the facil-

ity required to carry out these operations is also given.

Initially, the study was concerned with the design of a can-

ister storage facility to be located at and service the Bruce nuclear

complex of Ontario Hydro only. Later, the study group was asked to de-

sign a central storage facility to handle all Canadian fuel arisings to

the year 2000. Thus, a certain bias towards Bruce remains, as, for ex-

ample, in the use of Bruce-type fuel trays.

This study reflects the economic and technical situation in

1975. Since then, estimated fuel arisings have been reduced and the

lead li.ner in the canister design has been replaced with additional

concrete.

2. DESIGN BASIS

The ground rules, used in this study and shown in Appendix A.,

were set out under five categories: general conditions for interim

storage of spent fuel, scope of the investigation, fuel, financial as-

pects and siting. Many of these rules were derived from those prepared



- 2 -

by the Committee Assessing Fuel Storage (CAFS)*. No specific location

was chosen for the central storage facility but certain characteristics

(see item 5 of the ground rules, Appendix A) were assumed.

The estimated production rate of fuel bundles to the year

2000 , based on the projected nuclear power installation for Canada,

is given in Table 1. The total number of spent fuel bundles discharged

from Canadian reactors will be •v 7 x 10 bundles. The central storage

facility will receive only spent fuel which has been cooled for five

years.

It was assumed that the flask for shipping CANDU fuel would be

rectangular to accept a single, stacked column of Bruce trays and would

be loaded from the top. The flask will be shipped either by rail or

road and the size of the flask will depend on the mode of transportation.

Flasks shipped by road will contain one basket load of fuel bundles (72

bundles), while those shipped by rail will contain one canister load of

spent fuel bundles (216 bundles). It was assumed that the fuel would be

shipped dry and that half of the bundles would be shipped by rail and

the other half by road,,

Cylindrical and square canisters designed under the concrete

canister development study at WNRE were used for this study. Heat

transfer and thermal stress analyses, using the HTRAN and ANSYS codes,

were done by Kedward, Kawa and Associates Limited of Winnipeg. A typi-

cal temperature profile through a fully loaded cylindrical canister,

which has an internal heat load of 2 kW, is shown in Figure 1. This

figure also shows the typical hoop stress in the concrete wall of the

canisters.

A

The Committee Assessing Fuel Storage was an AECL committee with
members from AECL, Ontario Hydro and Hydro-Quebec.

**
Estimated in 1975
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Both cylindrical and square baskets and cans were considered

in this study. These will be fabricated from carbon steel plate and

will be manufactured off the site. Each basket will be two bundles high

and will contain a total of seventy-two bundles. Every can will contain

three baskets. These canister baskets and cans will ba designed as con-

tainment vessels with the following parameters: internal pressure: 100

kPa gauge; internal temperature: 300°C.

3. DESCRIPTION

3.1 GENERAL

The concrete canister facility for storage of spent fuel will

be a central facility sized to stoie all the fuel arisings from Canadian

nuclear power stations to the year 2000 . The facility will have its

own concrete canister fabrication plant, plant services, shipping-flask

unloading and canister loading facilities, storage field for filled con-

crete canisters, and the manpower necessary to operate and maintain the

site. Figure 2 shows the site plan of the facility and Figure 3 gives

a perspective view of the site plan. The facility will comprise five

basic areas:

1) The administrative area where all the administrative activi-
ties and control of personnel and vehicular traffic will take
place.

2) The hot-cells area where all fuel handling will occur (this
area will also provide a service depot for all vehicles used
to transport shipping flasks).

3) The maintenance area.

4) The canister fabrication plant where canisters will be fabri-
cated, tested and stored.



- 4 -

5) The canister storage field where filled and sealed canisters
will be placed for storage. The entire plant site will be
fenced for security control.

3.2 CONCRETE CANISTER FABRICATION PLANT

The layout of the canister fabrication plant is shown in Fig-

ure 4. Space will be provided for the fabrication and storage of rein-

forcing steel cages, mixing and pouring of concrete, and steam and air

curing. Internal transportation will be provided by overhead cranes and

individual, chain-driven carts mounted on rails.

Fabrication of the canisters will be a continuous operation

which will consist of: placing the inner and outer reinforcing cages

and forms on a rail-mounted cart, moving the cart into the concrete-

pouring area where the forms will be filled, and then moving the cart to

the curing area. After approximately eighteen hours of steam curing,

the forms will be stripped and the canister inspected, air dried and re-

moved to the outside storage area. The plant will be able to manufac-

ture up to six canisters per day. The number required will vary from

four per week in the initial years to a maximum of seventy-six per week

in the final year (as shown in Table 2). A second canister fabrication

plant will be required by the year 1998 (see Section 3.3).

Both the cylindrical and square canisters are to be steel-re-

inforced concrete shells. The cylindrical canister will be 2.37 m in

diameter, 5.08 m high and weigh 47 Mg. Figure 5 shows an elevation view

of a cylindrical canister loaded with a cylindrical can containing 216

spent fuel bundles. The square canister, shown in Figure 6, will be

2.33 m square, 5.28 m in height and weigh 53 Mg. To reduce stress con-

centrations on the square canister, the outside corners will be be-

velled.
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The concrete wall of the canister will be 762 mm thick and

will provide shielding against radiation from the spent fuel stored in-
*

side. Additional shielding will be provided by a layer of lead to re-

duce the surface dose to 15 mR/h. The use of lead shielding will permit

a decrease in the thickness of the concrete wall. This will reduce the

thermal stress within the concrete walls to tolerable levels and, there-

by, minimize the depth and effect of cracking.

The canister will be handled vertically by grabbing the sides

with a remotely operated clamp sling. A single, centrally located lift-

ing lug will be provided for handling the canister plug. Steel lips

will be provided for fastening the. plug to the shell by welding. These

lips and the lifting lug will be depressed below the surface so that

they can be grouted to protect them from the natural environment. The

top of the canister will be crowned to provide drainage.

3.3 HOT-CELLS BUILDING

Spent fuel bundles will be transferrred, in air, from shipping

flask to canister in the hot cells. Figures 7 - 9 show layouts and ele-

vations of the hot cells building. This building will have two floors.

The lower floor will provide space for vehicles to move flasks and can-

isters, and space for an electrical distribution system, liquid waste

system and other mechanical equipment, and will be divided into three

sections to provide a ventilation barrier between the central section

and the outside during movement of flasks and canisters. Flasks will bo

moved by rail cars or transport trucks, and hydraulic flatbed hoists

will be provided to compensate for the difference in elavation of the

flasks. Canister movement wî .1 be by tractor-trailer only. Provision

for thn decontamination of flasks and handling of damaged flasks wi11 be

included in this area. The upper floor will be the operating area for

The lead liner has been replaced with additional concrete in more
recent canisters.
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the cells and will have space for offices, laboratories and ventilation

system. Initially, three hot cells will be built with provision for

addition of a second canister-loading facility, which will be needed by

1998 (based on 90% availability to allow for maintenance down-time)

(cells 4 and 5). Cell 1 wi3.1 be used for unloading shipping flasks con-

taining spent fuel. Three hatch-covered openings in the floor will per-

mit transfer of fuel bundles from the shipping flask without taking the

flask into the cell. There will also be four covered cavities in the

floor for air-cooled storage for approximately 320 full, spent fuel

trays (see Figure 10 for diagram of fuel tray). Conveyor systems will

transfer fuel trays to and from the basket-loading cells. Hatch covers

and empty fuel trays are to be stored on the floor. This cell will be

able to handle up to 24 flasks per day or 168 flasks per week. Table 2

shows the number of flasks which must be handled at the storage facility.

Two cells, isolated with a remotely operated, shielded door,

will be used for the canister-loading operation and will be intercon-

nected by a conveyor system. Cell 2 will contain all the necessary

equipment for loading, sealing and testing the. baskets, such as a posi-

tioning table, welding units, pneumatic raj and conveyor system. This

equipment can be removed easily for nnintenance outside the cell through

a hatch opening in the floor. Hatch covers and empty baskets will be

stored on the floor.

Cell 3 will contain a rotatable table with clamps, welding

units and testing apparatus for loading, sealing and testing the cans.

There will also ba a decontamination pit for removal of any loose con-

tamination from the outer surface of the can. Fourteen air-cooled cav-

ities are to be provided for temporary storage of full cans. Canisters

will be loaded through an opening in the floor of the cell, and a second

opening, with an elevating platform, will be used to insert empty bas-

kets and cans into the cell. The empty baskets will be transferred to
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cell 2 via the conveyor system. Ample floor space will be available for

storage of hatch covers and empty cans.

The canister-loading facility (cells 2 and 3) will be able to

handle a maximum of six canisters per day or forty-two canisters per

week. Table 2 shows the number of canisters to be handled at the storage

site.

All the cells will possess viewing windows and a closed cir-

cuit TV system and/or mirrors for convenient viewing. Other necessi-

ties, such as a cell decontamination facility, manipulators, cranes and

services (water, air and lighting) will be provided for each cell. For

ease of decontamination, cell 1 will be lined with stainless steel and

the other cells will be epoxy lined.

The ventilation for the hot-cells building will be divided

into three separate systems as follows:

a. A ventilation system to service the hot cells (Figure 11).
This ventilation zone will have the lowest pressure to ensure
inward air flow.

b. A ventilation system to service the operating area around and
below the cells (Figure 12).

c. A ventilation system to provide cooling flow to the fuel and
filled-can storage area (Figure 13).

Once-through ventilation will be used with discharge to the

atmosphere through a common stack. Heating/cooling coils will control

the air temperature in each system and filters will be installed to re-

move particulates. Prefilters and absolute filters will be provided in

each ventilation system and the air effluent from each system will be

monitored. The intake filter and the discharge prefilter will be roll-

type, and will automatically advance on high differential pressure

across the filters, 'vch system will have one stand-by fan in both the
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supply and exhaust to ensure continuous air flow. If significant quan-

tities of radioactive materials are present in the ventilation air, the

monitor will sound and the total effluent will be automatically diverted

through a set of charcoal filters or some other filtering system. This

system will ensure that the hazard to both operating personnel and the

public will be negligible.

3.4 OPERATION OF THE HOT-CELLS FACILITY

Figure 14 depicts the complete operation that will be carried

out at the storage facility. To simplify manpower planning, the storage

facility was assumed to operate on the basis of a constant annual re-

quirement for canisters, which will change in a stepwise fashion with

the increase in fuel arisings. This will produce a varying backlog of

five-year-cooled fuel at the reactor sites until the year 2002 when the

backlog will be eliminated. Figure 15 shows the annual demand for can-

isters at the storage facility and the backlog of spent fuel at reactor

sites.

The shipping flask will arrive on site by rail or road, and

will be received in one of the receiving bays under cell 1. Initially,

the flask will be placed in the air-lock area of the hot-cells building

where it will be inspected. The fastening bolts will be removed from

the flask lid, and the flask will be positioned under the cell unloading

hatch. The shielding collar will be lowered, the shielding plug re-

moved, and the flask lid removed. The full spent fuel trays will be un-

loaded from the flask using the pneumatically operated, tray-handling

tool shown in Figures 10 and 16. A pneumatic piston will rotate the

support arms through 90° either to engage or to disengage the cross bars

located on the narrow ends of the spent fuel trays. Full trays will be

placed either in the temporary storage facilities or on the conveyor for

ahipnent to cell 2. Once the flask is unloaded, it will be filled with
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empty trays. The flask lid will then be replaced, the shielding plug

replaced and the shielding collar raised. After the flask is checked

for contamination and decontaminated if necessary, it will be moved to

the exit air-lock area where the lid will be fastened. The flask will

then be ready for return to the reactor site. Turnaround time allowed

for a flask under the hot cell will be three hours.

The fuel-loading cycle will involve transferring the fuel bun-

dles from the trays to the baskets and placing three sealed baskets in

a can. The sealed can will be lowered into the canister, the annular

void filled with lead shot, and the canister plug placed into position

and seal welded. Loading a single canister in one continuous operation

will take about six hours. However, many of the operations can be over-

lapped to reduce the average loading time per canister.

Loading machines for cylindrical and square canister baskets

are shown in Figures 17 and 18. An empty cylindrical basket, shown in

Figures 19 - 21, will be fitted with a removable lattice framework which

will allow approximately 3-mm tolerance around each fuel bundle. This

assembly will be placed on a positioning table which can either elevate,

tilt or rotate the basket. The basket will be held in place on the ta-

ble top by a self-centring clamp with four jaws. The basket will be

tilted 90° for the loading process. A fully loaded fuel tray, contain-

ing twenty-four fuel bundles, will be transferred from cell 1 via a

conveyor system. The tray will be placed in front of the basket on a

frame table which can be moved horizontally. An elevating arm will

raise two fuel bundles positioned end-to-end off the tray and a pneu-

matic ram will push the bundles into the basket. The ram will then be

retracted, the elev<:ring arms will drop and the tray will be moved ho-

rizontally to index the next set of fuel bundles above the elevating

arms. At the same time the basket will be indexed by rotating and/or

elevating it to accept the next set of fuel bundles. This procedure
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will be repeated until the basket, which accepts three tray loads, is

filled.

When the cylindrical basket is full, it will be tilted up-

right, the lattice framework removed, and a cover installed and welded

in place automatically, using the gas metal-arc process. The welding

head, located on a swing-out arm support, will be positioned in place

and held stationary while the basket is rotated as the welding prog-

resses (see Figure 22). A 6-iran fillet weld will be required, needing

three passes to complete and taking about twelve minutes. All equipment

associated with the welder such as wire reel, wire drive, welding ma-

chine, gas supply and control system will be located outside the cells

for easy access. The welding procedure will be fully qualified to re-

duce the inspection requirements. Once the weld is completed, the bas-

ket will be removed from the table and set down in the leak-testing area

where a vacuum-helium line will be connected to evacuate the basket.

Then, the basket will be pressurized with helium to slightly above at-

mospheric pressure and tested for leaks. If results are satisfactory,

the line will be removed, and the hole plugged and welded.

In the case of the square basket, shown in Figure 23, the

empty basket will be handled by a lifting tool (see Figure 24) with

lifting toes at each corner. The tool will be placed inside the basket

and the toes rotated pneumatically to engage the corner cover supports.

The loading method for spent fuel bundles will be similar but, because

of the square grid pattern, six pairs of fuel bundles can be packed into

the basket during each stroke of the pneumatic ram. The square basket

also will accept three tray loads for a total of seventy-two fuel bun-

dles. Welding and testing will be the same as for the cylindrical bas-

ket except that the welding head, rather than the basket, will be moved

and the basket will be rotated 90° to weld each side. A 19-mm fillet

weld will be required, needing about nine passes to complete and taking

forty-two minutes.
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Once the baskets have been loaded, welded and tested satis-

factorily, they will be sent to cell 3, via a conveyor system, to be

placed in the can. The cylindrical baskets will be placed into the cyl-

indrical can shown in Figure 25. The basket-lifting tool (see Figure

26) will be inserted in the central opening (the tool will have a ta-

pered nose for ease of entry) and three steel balls will be extended to

engage a lifting adaptor. The balls will be extended or retracted by a

tapered plunger connected to a pneumatically operated cylinder. Using a

can-lifting tool (see Figures 27 and 28), an empty cylindrical can will

be placed on a rotatable table and held in place by a four-jaw, self-

centring clamp. When three baskets have been placed in the can, a cover

will be installed, welded and inspected. The welding and testing proce-

dures will be the same as those for the cylindrical basket.

The loading method for the square can shown in Figure 29 will

be identical, except that the square basket will be handled using the

can-lifting tool shown in Figure 27. The welding and testing procedures

will be the same as those used for the square basket.

After the can has been welded and tested satisfactorily, it

will be placed in the decontamination pit and washed with steam or water

spray. The can will then be air dried and placed in the canister, or in

temporary storage if a canister is not available.

Empty canisters from the fabrication plant will be received in

the air-lock area of the entrance to the hot-cells building. Each can-

ister will be positioned under the canister-loading hatch in cell 3, the

shielding collar lowered and the hatch cover and canister plug removed.

A sealed full can will be lowered into the canister using an overhead

crane. Next, the void between the can and the wall of the canister will

be filled with lead shot using a long, thin, flexible spout connected to

a lead shot reservoir on the side of the cell. The spout will be in-

serted into the space between the can and canister, and a measured
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amount of lead shot added. A long, thin vibrator will be used to ensure

adequate filling of lead shot. Then, the canister plug will be re-

placed, the cell hatch cover installed and the shielding collar raised.

The canister will be moved forward, checked for contamination and decon-

taminated, if necessary. Once the canister is clean, it will be moved

forward to the exit air-lock area where the plug will be seal-welded

using an automatic welder. The plug and plug-lifting lug depressions

will be grouted. The canister will then be moved to the canister stor-

age field.

3.5 CANISTER STORAGE FIELD

For the projected spent fuel arisings shown in Table 1, ap-

proximately 32 640 canisters will be required. This means that the site
2

must have a surface area of t/ 1.37 km . The field will comprise ten

beds, each storing 3 240 canisters arranged in 108 rows of 30 canisters

each (see Figure 30). The rows will be centred 7 m apart and canisters

in the same row will be centred 4.5 m apart. The 7-m spacing will

permit the tractor-trailer and mobile crane access to any canister for

maintenance and/or removal.

The storage field and roads will be constructed of compacted,

crushed rock capable of supporting the mass of the loaded canisters

(̂  60 Mg each). The storage field will be graded to collect and conduct

surface water to the subsurface drainage system. A 20-m road allowance

will be provided around each storage bed, and a 15-m buffer zone and se-

curity fence will surround the storage field. An active solid and liq-

uid waste storage area will also be provided within the storage field

fence. The storage field will be at least 500 m from the closest site

building normally occupied and 600 m from the plant site fencing.

Concrete canisters will be transported by tractor-trailer from

the fuel-loading area to the canister bed and positioned for unloading.
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The mobile crane, which will span two rows of canisters, will lift the

canister off the trailer and position it on the granular bed. The crane

is to be fitted with a remotely operated clamp sling which will grab the

sides of the canister for vertical handling.

Zone monitors will monitor the air and the radiation fields in

the storage area. These monitors will indicate any general rise in the

background radiation field and the general location of the increased

field. Thermoluminesccnt dosimeters spaced around the perimeter of the

storage field will provide long-term records of radiation fields. In

addition, mobile units will carry out routine surveys every week. Run-

off in the drainage system of the storage field will be sampled and

monitored to give additional information. All information will be au-

tomatically transmitted to the operations centre in the hot-cells build-

ing. See Appendix B for additional information.

3.6 RADIOACTIVE WASTES AND RELEASES

Radioactive liquid waste will originate only from the canister

washing (decontamination) process. This waste will be directed to the

active liquid waste system which will contain filters, collection tanks

and an evaporator. Release of radioactive liquid waste will be well be-

low Derived Release Limits for the site. Concentrated active liquid

waste and active solid waste will be transported in a site flask for bu-

rial in the active waste disposal area near the canister storage field.

The radioactive fission product gases will normally be retain-

ed within the fuel matrix and the fuel cladding. However, small amounts

of radioactive gases arising from defected fuel will be released to the

ventilation systems of the hot cells. Precautions will be taken to en-

sure that hazardous quantities of these gases are not released to the

atmosphere.



- 14 -

The monitoring and surveillance requirements for the canister

storage site were determined and a man-rem study carried out for all

areas of the facility. The results of these studies are shown in Appen-

dices B and C respectively.

3.7 SECURITY AMD SAFEGUARDS AT PLANT SITE

Security personnel will provide around-the-clock surveillance.

They will carry out routine plant site security checks and monitor all

traffic to and from the plant site.

A record of all spent fuel received and stored will be re-
ft

quired for Safeguards accounting. A permanent IAEA inspector may be

required for on-site inspection. A Safeguards seal will be placed on

each concrete canister in the storage field.

The safety of the canister spent-fuel storage facility is

being analyzed as part of an environmental impact study on waste manage-

ment. A safety analysis report is in preparation.

3.8 MANPOWER REQUIREMENTS

Manpower requirements, from the in-service date of 1982 to the

end of storage operation year 2005, are shown in Table 3. Initially,

seventy people will be needed. However, as the spent fuel ariaings in-

crease, manpower must increase and will reach a maximum of 223 people by

the year 2002. If the site is not used beyond the year 2005, only rou-

tine surveillance of the storage area and plant site security will be

required, and this will require approximately twenty people.

International Atomic .Energy Agency.
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3.9 SCHEDULE

A possible schedule for a canister facility is as follows: En-

gineering and construction would begin in 1979. The first shipment of

five-year-cooled spent fuel would arrive in 1982; therefore, all facil-

ities except cells 4 and 5, canister fabrication plant 2 and nine can-

ister storage beds would be constructed and commissioned by the end of

1981. The second canister fabrication plant, and cells 4 and 5, would

be constructed to go into service in 1998. The canister storage beds

would be built one at a time with the second bed developed for 1988, the

third bed for 1993, the fourth bed for 1997 and one of the remaining

beds each year thereafter. Fencing for the canister storage field would

be done in two sections: the first part during initial construction and

the second and final part in 1998.

3.10 RETRIEVAL

Retrieval may be required either to replace a canister, or to

retrieve the fuel for reprocessing. The basic operation involved will

be the reverse of the storage operation. Canisters in the storage field

will be picked up and transported to the hot-cells building. Here the

grouting will be removed and the sealed steel lip on the plug cut. The

canister will be positioned under the hot cell, the shielding collar

lowered and the hatch cover and canister plug removed. Lead shot shield-

ing will be removed with 3 vacuum system and then the can will be lifted

out of the canister. At this point, the can will be either sent on for

fuel retrieval or inspected and placed in a new canister. If necessary,

the can would be replaced as well.

Fuel may be retrieved in the following way. First, the can

lid will be removed using a torch or mechanical cutter to cut the shell

just below the weld. Next, the baskets will be removed and sent to the

basket-unloading cell via a conveyor system. Then the basket will be
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placed sideways on a table and held in place by a clamp. Both ends will

be removed with a cutting tool. An empty shipping container will be

placed at one end of the basket and a ram at the other end will push the

fuel bundles into the empty container. The basket will remain station-

ary but the ram location will be indexed for each fuel bundle. When the

shipping containers are full, they will be placed in a flask for ship-

ment to the reprocessing plant.

Disposal plans for empty baskets, cans and canisters have not

yet been developed. The baskets and cans will likely be contaminated

and of no value. However, the canisters may be useful for interim

storage of certain materials from a reprocessing plant.

The existing canister-loading cell could be used for the un-

loading of the canister and can. However, a new cell will be required

for unloading fuel from the baskets and loading it into the shipping

containers. Additional equipment required for the fuel retrieval oper-

ation would be: a remote cutting tool (torch or mechanical cutter), a

vacuum system for removal of lead shot, a pneumatic ram with position

indexing, a table with a clamp for holding the baskets, shipping con-

tainers and handling tools, a conveyor system between cells, and a

disposal site for baskets, cans and canisters which could not be reused.

4. SUMMARY OF COST

4.1 GENERAL

The cost estimates made by the Committee Assessing Fuel Stor-

age were prepared using the present worth method, with an annual inter-

est rate of 8% and an escalation rate of 5%. The costs were expressed

in 1972 dollars. For this study, all cost estimates are based on 1975
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costs and are expressed in 1975 dollars. The total expenditure is di-

vided into capital and operating costs. Yearly cash flow for capital

and operating expenditures is shown in Table 4. The costs cf baskets,

cans, lead and materials for the concrete canisters were considered to

be operating costs since these are yearly expenditures required for

storage of spent fuel. These costs are approximately 70% of the total

expenditure. The cost per kg U was based on total arisings of approxi-

mately 140 Gg U.

4.2 CAPITAL COST

A major portion of the capital cost will be spent in the first

three years for site and service development, building construction and

indirect costs prior to storage of spent fuel. The building costs in-

clude all equipment and services required within the buildings. The re-

maining costs will be spread throughout the following years for develop-

ment of the canister storage bed, construction of the second canister

fabrication plant, cells 4 and 5, and purchase of additional mobile

equipment. The total capital expenditure is shown in Table 5. The

yearly breakdown of the direct capital expenditure is shown in Table 6.

4.3 OPERATING COST

A summary of the total operating cost to the end of year 2005

is given in Table 7. The labour cost shown will cover all manpower re-

quirements for the site including the canister fabrication plant, and is

based on an average annual wage of 18 000 dollars per man. This table

is based on cylindrical baskets, cans and canisters only. An annual

breakdown of the operating cost is shown in Table 6.

Individual costs of the cylindrical and square canisters are

shown in Tables 8 and 9 respectively. These tables show only the costs

for material since manpower for fabrication is Included in the labour
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cost. A 5% allowance for defective canisters is included in the cost of

the canisters. The cost of the lattice framework is not included since

it is reusable, reducing the cost per canister to an insignificant

amount. However, if a permanent lattice framework is used for each bas-

ket, this would increase the cost by $0.28/kg U.

4.4 TOTAL COST FOR MANAGEMENT OF SPENT FUEL IN CANISTERS

A breakdown of the total cost per kg U for management of spent

fuel in cylindrical canisters is given in Table 10. The penalty assess-

ed against the canister concept for four years storage at the reactor

site (i.e., four years more than will be required if central pools are

used), as well as the costs of shipping, site selection and public re-

lations were taken from Appendices E, F and I of AECL-5959/2v '. All

these costs were escalated from 1972 to 1975 dollars at a rate of 10%

per year. The total cost of interim storage in cylindrical canisters

would be $6.02 kg U. If square canister storage is used, the total cost

would be $7.96/kg U.

5. CONCLUSIONS

1. This study has shown that it is feasible to design a facility to

handle spent fuel for storage in canisters. At present, devel-

opment work is in progress at Whiteshell Nuclear Research Estab-

lishment (WNRE) to verify the design of these concrete structures.

2. Since baskets and cans could not be reused after fuel is retrieved

because of their welded construction, canisters are not economical

for storage for short periods of time, i.e., five to ten years.

Also, consideration must be given to the disposal of these baskets,

cans and canisters, after use.
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3. Square canisters would cost more than twice as much as cylindrical

canisters. The square shape would require more material, fabrica-

tion Lime and hot cell welding time. Also, it would be difficult

to get sound welds at the square corners using an automatic welding

unit.

4. Since the spent fuel will be handled remotely in cells, personnel

exposure should be minimal. The highest exposure rate to personnel

would be in the storage fie^d during the handling of the filled

canisters.

5. In this study, it was assumed that spent fuel bundles will be ship-

ped using Bruce-type fuel trays. Different types of trays may be

required for long-distance shipping and the proposed fuel-handling

system may require modification to accept these trays.

6. This study uses a basket containing seventy-two fuel bundles. The

common multiple for fuel trays in all CANDU stations is ninety-six.

If a basket containing ninety-six fuel bundles is desirable, fur-

ther studies should be carried out to find the best arrangement.

7. The estimated total cost of interim storage in cylindrical canis-

ters is $6.02 kg U; in square canisters, it is $7.96 kg U.

6. RECOMMENDATIONS

The following work is required to bring canister technology to

the point where it can be used on a commercial scale.
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1. Determine the best technique for remote welding of baskets and cans

in order to obtain a quality weld with minimum time, or design a

mechanical joint to replace the welded construction.

2. Determine the best method for remote handling of the fuel tray and

the transfer of spent fuel from the tray to the basket. This

should include arrangement of equipment for optimum use of cell

space.

3. Determine the best technique for remote handling of lead shot to

fill the void between the can and canister. The method selected

should provide positive assurance for complete filling of the void.

4. Optimize the canister design. Review areas such as removal of lead

liner, reduction of surface gamma field, optimum concrete mix de-

sign, surface coating, geometry and construction.

5. Devise appropriate methods for fuel Safeguards accounting.

6. Determine the optimum fuel retrieval method. This should cover

removal of lead shot, can and basket lid removal if they are of

welded construction, transfer of fuel bundles from baskets to

shipping containers, and disposal of baskets, cans and canisters.

7. Review the designs of the basket and can to assess such aspects as

material, geometry and other modes of manufacture, e.g., casting or

forging.
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TABLE 1

ANNUAL CANADIAN SPENT FUEL ARISINGS TO THE YEAR 2000

WITH 5-YEAR COOLING AT THE REACTOR SITE

(1)

YEAR

1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005

TOTAL

ANNUAL
ARISINGS
Mg(U)

68.7
137.4
206.1
331.9
333.8
426.0
513.2
610.4
785.0
936.1

1 165.7
1 593.4
1 777.8
2 017.5
2 339.6
2 744.1
3 223.5
3 785.3
4 254.9
4 927.3
5 746.7
6 566.6
7 846.8
8 814.2
9 790.3
10 848.8
12 193.1
13 382.4
15 214.3
16 668.7

139 254.6

NUMBER OF
BUNDLES

(19.86 kg U
/bundle)

3 459
6 919
10 378
16 712
16 808
21 450
26 093
30 735
39 527
47 135
58 696
80 232
89 517
101 586
117 805
138 172
162 311
190 599
214 245
248 102
289 361
330 645
395 106
443 817
494 966
546 264
613 953
673 837
766 078
839 310

7 Oil 818

AVERAGE
BUNDLES
PER DAY

10
19
28
46
46
59
72
84
108
129
161
220
245
278
323
379
445
522
587
680
793
906

1 082
1 216
1 351
1 497
1 682
1 846
2 099
2 299

Estimated in 1975
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TABLE 2

FUEL HANDLING AT STORAGE FACILITY

YEAR

1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998*
1999
2000
2001
2002
2003
2004
2005

FLASKS 1

ROAD

12 a
12 a
12 a
12 a
12 a
12 a
12 a
12 a
12 a
24 a
24 a
24 a
24 a
42 b
42 b
42 b
63 c
63 c
63 c
78 c
90 d
90 d
105 d
114 d

>ER WEEK

RAIL

0
0
0
0
4 a
4 a
4 a
4 a
4 a
8 a
8 a
8 a
8 a
14 b
14 b
14 b
21 c
21 c
21 c
26 c
30 d
30 d
35 d
38 d

CANISTERS

CELLS 2 & 3

4 a
4 a
4 a
4 a
8 b
8 b
8 b
8 b
8 b
16 b
16 b
16 b
16 b
28 c
28 c
28 c
26 c
26 c
26 c
26 c
30 d
30 d
35 d
38 d

PER WEEK

CELLS 4 & 5

16 b
16 b
16 b
26 c
30 d
30 d
35 d
38 d

FUEL STORED
PER WEEK
(BUNDLES)

864
864
864
864

1 728
1 728
1 728
1 728
1 728
3 456
3 456
3 456
3 456
5 616
5 616
5 616
9 072
9 072
9 072
11 232
12 960
12 960
15 120
16 416

a - 1 shift, 5 days per week
b - 2 shifts, 5 days per week
c - 3 shifts, 5 days per week
d - 3 shifts, 7 days per week
* - Hot cells 4 and 5 in service



TABLE 3

MANPOWER DISTRIBUTION

Operations

Equipment Operators

Protective Services

Health & Safety

Administration

Maintenance

Labour/Janitor/Decon-
tamination Operator

Canister Construction

Total Manpower

1982-1985

7 a

3 a

21 d

4 a

7 a

7 a

15 a

6 a

70

1986-1990

11 b

4 a

21 d

5 b

7 a

10 a

15 a

8 a

81

1991-3 994

16 b

5 a

21 d

5 b

7 a

10 a

15 a

12 a

91

1995-1997

25 c

9 b

21 d

9 c

10 a

12 a

15 a

20 a

121

1998*-2000

36 c

11 b

21 d

13 c

10 a

15 a

15 a

38 b

159

2001

41 c

13 c

21 d

13 c

10 a

15 a

15 a

38 b

166

2002-2005

64 d

22 d

21 d

16 d

10 a

17 a

15 a

58 b

223

I
to

a - 1 shift, 5 days per week
b - 2 shifts, 5 days per week
c - 3 shifts, 5 days per week
d - 3 shifts, 7 days per week
* - Hot cells 4 and 5 and second canister-fabrication plant in service
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TABLE 4

YEARLY CASH FLOW FOR CAPITAL AND OPERATING COSTS

(1975 DOLLARS)

YEAR

1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989

' 1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005

TOTAL

CAPITAL

k$

3 610
7 790
7 328
-
-
-
-
-
-
843
-
-
_
-
880
-
-

3 124
5 524
897

1 034
843
843

1 178
843
-
—

34 737

OPERATING

k$

36
112
195

3 086
3 122
3 159
3 197
4 764
4 764
4 777
4 777
4 777
7 649
7 649
7 665
7 665

11 617
11 668
11 762
17 897
17 916
17 T31
21 430
26 000
26 090
28 947
31 213

289 865

TOTAL

k$

3 646
7 902
7 523
3 086
3 122
3 159
3 197
4 764
4 746
5 620
4 777
4 777
7 649
7 649
8 545
7 665

11 617
14 792
17 286
18 794
18 950
18 774
22 273
27 178
26 933
28 947
31 213

324 602
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TABLE 5

SUMMARY OF CAPITAL COST

DESCRIPTION

DIRECTS

Storage Site Development

Plant Site Development
& Services

Buildings Including
Equipment & Services

Mobile Equipment

TOTAL DIRECTS

INDIRECTS

Construction Indirects
(10% of Total Directs
less Mobile Equipment)

Engineering (12% of Total
Directs Less Mobile
Equipment)

Administration Overhead
(1.75% of Total
Construction Cose)

Interest During Construction
(8% of Total Directs)

TOTAL INDIRECTS

TOTAL ALLOCATED COST

Contingency (15% of
Total Allocated Cost)

TOTAL PROJECTED COST

k$

8 135

1 895

11 913

1 225

23 168

2 194

2 633

490

1 853

7 170

30 338

4 551

34 889

$/kg U

0.058

0.013

0.086

0.009

0.166

0.016

0.019

0.003

0.013

0.051

0.217

0.033

0.250



TABLE 6

YEARLY EXPENDITURE OF DIRECT CAPITAL AND OPERATING COSTS
BASED ON 1975 DOLLARS (THOUSANDS OF DOLLARS)

YEAR

1979
1980
1981
1932
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996

| 1997
i 1998
i 1999
! 2000
! 2001
! 2002
j 2003
I 2004
| 2005

| TOTAI

DIRECT CAPITAL EXPENDITURE
BUILDINGS

1 500
3 500
2 861
_
_
_
-
_
_
-
_
-
-
_
_
-
-

1 500
2 252
_
_

!
1

-

-

_

-

11 913

MOBILE
EQUIP.

-
775
_
_
_
_
_
_
_
_
-
-
—
30
-
_
_
180
_
_
_
-
240
_
_
-

1 225

SITE &
SERVICES

875
1 627
1 318
-
_
_
-
_
-
555
-
-
-
—
555
-
_
555
935
590
680
555
555
575
555
_
_

9 930

LABOUR

-
-

1 260
1 260
1 260
1 260
1 458
1 458
1 458
1 458
1 458
1 638
1 638
1 638
1 638
2 178
2 178
2 178
2 862
2 862
2 862
2 988
4 014
4 014
4 014
4 014

53 046

OPERATING
SUPPLIES

-
_
126
126
126
126
146
146
146
146
146
164
164
164
164
218
218
218
286
286
286
299
401
401
401
401

5 305

0 P E R A '
MAINTENANCE

BUILDING
SITE AND
SERVICES

_
-
_
29
58
87
117
117
117
122
122
122
122
122
128
128
128
148
183
189
196
202
207
213
218
218
218

3 511

MOBILE
EQUIP.

-
8
16
23
31
39
39
39
39
39
39
39
39
40
40
41
41
45
46
48
49
54
56
59
61
61

1 031

[ I N G C

INSURANCE
& TAXES

36
112
187
187
187
187
187
187
187
195
195
195
195
195
204
204
204
235
290
299
309
317
325
338
346
346
346

6 195

- 0 S T

UTILITIES

_
_
131
131
131
131
143
143
143
143
143
143
143
143
143
158
158
158
176
176
176
176
195
195
195
195

3 769

CYLINDRICAL
CANISTERS
INCL. CANS
& BASKETS

_
_

1 337
1 337
1 337
1 337
2 674
2 674
2 674
2 674
2 674
5 348
5 348
5 348
5 348
8 690
8 690
8 690
14 039
14 039
14 039
17 381
20 783
20 857
23 712
25 978

217 008
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TABLE 7

SUMMARY OF OPERATING COST TO END OF YEAR 2005

DESCRIPTION

Labour

Mobile Equipment Operation &
Maintenance (5% of Equipment
Capital)

Utilities (Electrical Power &
Water Supply)

Operating Supplies (10% of
Labour)

Buildings & Services Maintenance
(1% of Buildings & Site Capital)

Concrete Canisters, Lead, Cans &
Baskets (Cylindrical)

Taxes and Insurance (1.5% of
General Capital)

TOTAL PROJECT OPERATING COST

k$

53 046

1 031

3 769

5 305

3 511

217 008

6 195

289 865

$/kg U

0.381

0.007

0.027

0.038

0.025

1.558

0.045

2.081
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TABLE 8

COST FOR CYLINDRICAL BASKETS, CANS AND CANISTERS

ITEM DESCRIPTION

1 Baskets

Three baskets required
per can at a unit cost of
$330 each. Basket to be
purchased fabricated with
lid unwelded

2 Cans

One can required per
canister. Can to be
purchased fabricated with
lid unwelded

3 Canister

Cost of canister manu-
factured on site. Material
only.

4 Lead

TOTAL COST FOR ONE CANISTER

COST 1975$

990

930

1 775

2 990

6 685

$/kg U

0.231

0.217

0.413

0.697

1.558
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TABLE 9

COST FOR SQUARE BASKETS, CANS AND CANISTER

ITEM DESCRIPTION

1 Baskets

Three baskets required
per can at a unit cost of
$1 510 each. Basket to be
purchased fabricated with
lid unwelded

2 Cans

One can required per
canister. Can to be
purchased fabricated with
lid unwelded.

3 Canister

Cost of canister manu-
factured on site. Material
only

4 Lead '

TOTAL COST FOR ONE CANISTER

COST 1975$

4 530

4 250

2 271

i
3 960 |

15 011

$/kg U

1.056

0.991

0.529

0.923

3.499
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TABLE 10

SUMMARY OF COSTS FOR MANAGEMENT OF SPENT

FUEL IN CYLINDRICAL CONCRETE CANISTERS

DESCRIPTION

Four Extra Years Storage at Reactor Sites

Shipping

Development, Site Selection and Public
Relations

Capital

Operating

T O T A L

COST $/kg U

0.63

2.93

0.13

0.25

2.08

6.02
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FIGURE 1: TEMPERATURE PROFILE AND HOOP STRESS FOR CYLINDRICAL CANISTER (2 kW HEAT LOAD AND
NO SUN) TEMPERATURE (°C).
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FIGURE 3: PERSPECTIVE - CANISTER SITE PLAN
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FIGURE 4: ARCHITECTURAL PLAN - CANISTER FABRICATION BUILDING
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FIGURE 1 0 : LAYOUT OF FUEL BUNDLE TRAY AND HANDLING TOOL
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FIGURE 14: FLOW DIAGRAM - CONCRETE CANISTER STORAGE FACILITY
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FIGURE 15: ANNUAL CANISTER HANDLING AND BACKLOG
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FIGURE 17: CYLINDRICAL BASKET LOADING MACHINE
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APPENDIX A

GROUND RULES

Ground rules for the spent fuel storage study, using the can-

ister scheme, are listed below. Many of the rules are extracted from
(21

those outlined in Appendices A and E of AECL-5959/2 '.

1. GENERAL CONDITIONS FOR INTERIM STORAGE OF SPENT FUEL

(a) The fuel will be stored in concrete canisters.

(b) Routine hazards and those unusual hazards with a reasonable
probability of occurrence will be scrutinized.

(c) The .stored fuel must be retrievable for reprocessing or re-
storage at any time.

2. SCOPE OF THE INVESTIGATION

(a) The study will assume a central facility to store spent fuel
from all the domestic nuclear installations.

(b) All fuel discharged up to the end of year 2000 will be stored
at the central storage facility.

(c) Adequate and sufficient supervision of the facility will be
provided at all times.

(d) The facility will be designed to require minimum upkeep and
operation.

(e) The canister storage facility will be completely independent
of the reactor facilities.

(f) Concrete canister life will be considered to be fifty years.

3. FUEL

(a) Burnup will be taken as 7000 to 8000 MWd/MR U.

(b) Five-year-cooled fuel will be stored in the concrete canis-
ters.
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(c) The quantities of fuel involved will be as outlined in Ta-
ble 1.

(d) The decay heat characteristics of the fuel will be as shown in
Figure A-l.

(e) Standard Pickering-type fuel will be used.

(f) The average production rate of sper< fuel will be as given in
Table 1.

4. FINANCIAL ASPECTS

(2)
AECL 5959/2 so that meaningful comparisons can be made. Additional

Cost estimates will be based on those aspects outlined in
(2)

12 so that meaningful comparisons can

cost estimates will be given as deemed necessary.

5. SITING

(a) The location of the central site will be defined by taking a
fixed shipping charge FOB the storage site.

(b) Access by road and rail and availability of power will be
assumed.

(c) Optimistic conditions will be assumed for items such as height
of water table, ease of excavation and suitability of founda-
tion.
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APPENDIX B

MONITORING AND SURVEILLANCE OF THE
CANISTER STORAGE SITE

Monitoring of the canister storage site refers to the use of

instruments to protect site personnel from unexpected radiation fields.

Surveillance refers to the collection of data which quantify the nature,

magnitude and trends of radioactive effluents or emissions from the fa-

cility capable of affecting the environment.

Prior to the start of construction of such a facility, an ex-

tensive pre-operational survey will be required. Such a study, by an

experienced environmental group, will provide a baseline for natural and

fallout levels of radiation against which site emissions can be compared.

1. MONITORING

a. The Hot-Cells Facility

(i) Area Monitoring

Area gamma monitors must be provided in those parts of the

building where high radiation fields could occur. Locations should

ultimately be decided upon by a building committee. Necessary locations

will include the operations area, the mechanical room and the service

area. Area monitors will also be required in the active liquid waste

area and rail car and truck entrance areas. It may also be useful to

provide high-range gamma detectors within the hot cells.
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The area monitors should have high- and low-level alarm relays

capable of experiencing a field of 10 R/h without saturation. They

should be wired to a central alarm panel and should also sound ;> local

alarm.

(ii) Continuous Air Monitors

Continuous air monitors will be necessary on the first floor,

in the rail car entrance area and in the truck storage area. Such moni-

tors should also be installed on the second floor in the operations and

service areas.

(iii) Personnel Monitors

Hand, foot and "frisker" monitoring stations will be required

on the first floor in the following locations: active waste store area,

entrance to the mechanical room, vestibule, and the entrance to the

storage area in the vicinity of the stairs.

On the second floor, such monitors will be required at the

exit from the isolation room, the exit from the operations area and in

the change room.

<iv) Stack Monitoring

A sophisticated monitoring system for the stack, capable of

both quantitative and qualitative readout, would be desirable. As an

alternative, a system consisting of charcoal-impregnated paper, capsules

and an air pump may be adequate. A separate analytical facility will be

required for total beta-gamma and gamma spectroscopic analysis of the

filters and capsules. This facility may be part of this installation,

or part of a larger complex to which the canister storage site may be

attached. An analytical facility will serve both the monitoring and

surveillance function.
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(v) Contamination

A portable contamination monitor capable of a, g and Y detec-

tion for contamination surveys of large areas, such as floors, will be

required.

(vi) Portable Instruments

Several portable instruments for making gamma surveys and

checking contamination will be required.

(vii) Personnel Dosimetry System

A thermoluminescent dosimetry (TLD) system for personnel do-

simetry will be required. If this site is separate from another major

nuclear facility, a TLD Reader (AEP 5256) with storage castle, maga-

zines, annealing ovens and calibration facility will be needed. The

unit should be contained in a clean, field-free room. The reader fa-

cility will also serve for the analysis of surveillance TLD's (item 2

(i) of this appendix).

(viii) Water Monitoring

Aqueous waste from the hot cells and decontamination facili-

ties must be monitored. A continuous, integrating monitor- should be

provided on the outflow, and provision should be made for sampling the

contents of the tanks infrequently, on demand. The infrequent sampling

will require support from the analytical laboratory.

(ix) Specialized Facilities

A whole-body counter, bloassay and analytical laboratory ser-

vices will be required. These services may be part of a larger complex

to which the site nay be attached.
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A patrol vehicle on which is mounted a sensitive recording

system to detect gamma radiation and a high volume, air-grab sampler

should be provided. This vehicle could be part of the physical security

system as well as the monitoring/surveillance system.

b. The Canister Storage Site

(i) Area Monitoring

Protection of workers from all unexpected fields in the large

area of the storage site will not be possible with a few area monitors.

This function must be accomplished by a limited number of fixed gamma

monitors supplemented by warning dosimeters, portable survey meters and

vehicle-mounted monitors. Three fixed, area monitors should be suffi-

cient. Two of these should be mounted on a 20-m tower in the centre of

each half of the total array. The third area monitor should be located

at the entrance gate - storage garage area of the site. An alarm panel

should be located at this gate and connected to an alarm system in the

administration building.

These monitors will operate in a continuous field of several

tens of mR/h. Localized fields arising from cracks in the concrete of

a canister would not give a sufficiently large increase in the field to

be detected by these monitors. However, any large increases in the ir-

radiation field anywhere on the site would be detected by this system.

(ii) Portable and Vehicle-Mounted Monitors

Each vehicle which enters the storage area must contain a gam-

ma detection system with an alarm. Portable survey instruments must be

carried by personnel on foot within the storage area. This is the me-

thod by which localized fields from cracks will be detected.
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(iii) Continuous Air Monitors

An intensive air-monitoring system within the canister site

should not be necessary. "Tacky-shade" filtration of ambient air and

the use of an end-window Geiger counter to monitor the activity of the

filter paper may be used. These will provide, an integrated survey of

airborne activity as well as a sample for quantitative analysis. How-

ever, volatile radionuclides will not be detected by such a system and

natural radon-thoron may give short-term increases in the readout of the

instruments.

Thermoluminescent dosimeters in a shielded tank through which

ambient air is drawn could also measure airborne activity. If the vol-

ume of the tank is large with respect to the pumping rate and if the air

stream is filtered, the system will provide an estimate of airborne ac-

tivity including that due to volatiles. Moreover, the filter would pro-

vide samples for quantitative analysis of particulates.

(iv) Personnel Monitors

A hand and foot monitor and a "frisker" should be installed at

the exit gate from the storage site. Vehicles should be checked for

contamination at this point as well.

2. SURVEILLANCE

(i) Direct Radiation

Fenceline or perimeter roadside stations for TLD monitoring of

direct gamma radiation should be established at intervals of no greater

than 200 m around the canister site. TLD stations should also be es-

tablished at intervals of approximately 500 m along the outer fenceline.

Dosimeters along the storage site boundary should be analyzed no less
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frequently than quarterly, while those along the outer boundary may be

analyzed semi-annually or annually.

(ii) Airborne Contamination

Airborne contamination, such as particulates or volatiles

originating from the storage site, must be distinguished from natural

background and fallout. This difficult task will require stations, the

number and position of which will be related to the population distrib-

ution, the direction of the prevailing wind and the required sensitivity

level. We believe that a network of air-monitoring stations for vola-

tiles and airborne particulate radionuclides would be impractical.

Rather, we advocate an indirect system of surveying for airborne contam-

ination using the monitoring systems discussed in item l.b of this ap-

pendix. Increases in the measurements made by these monitoring instru-

ments must be investigated by techniques which will include air sampling

and surface surveying for particulate and volatile contamination.

(iii) Mobile Surveillance

The mobile monitoring system mentioned in item l.a.(ix) of

this appendix will also be part of the environmental surveillance net-

work. High volume air-grab samples taken at established locations and

at regular intervals (e.g., daily) will provide data for trend determi-

nations which may dictate more intensive investigations within the site.

The mobile surveillance system would take part in this more intensive

investigation.

(iv) Water

Surveillance of aqueous activity will involve continuous moni-

toring of sump water and discrete sampling from wells. An integrating
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monitor, coupled to the rate of flow from a sump through which site

drainage passes, will perform continuous monitoring. Groundwater will

be sampled at regular intervals by pumping from a series of water-table

and medium-depth wells. These discrete samples will be analyzed in the

analytical facility.

This surveillance program will involve careful initial speci-

fications, the use of an analytical facility and will be labour inten-

sive.

3. SUMMARY

It will not be difficult to monitor the site to ensure protec-

tion of personnel. A system of zone-separating monitors will prevent

the spread of contamination, and air and area monitors will warn of un-

expected radioactivity within the buildings. Monitoring of the storage

site for gamma fields will be accomplished with a simple system of

fixed, portable and mobile instruments.

Surveillance of direct and airborne releases from the site

would be accomplished with fixed, integrating detectors and observation

of changes in measurements made by the monitoring instruments. Quanti-

tative detection of airborne releases (volatile and particulate contam-

inants) will not be possible in a large open site such as the canister

storage area. An intensive program for the surveillance of airborne

contamination is, therefore, not advocated. Rather, reliance on indi-

rect sampling, followed up by investigation of changes in ambient fields,

would be a practical technique.
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APPENDIX C

MAN-REM ANALYSIS

An analysis of the probable doses to personnel from whole-

body (gamma) radiation for this storage facility was based on experience

with personnel dosimetry at WNRE, and on some calculations of expected

radiation fields and working times in them (refer to Table C-l). The

radiation fields to be encountered in the hot-cells facility should not

change with time. The magnitude of the radiation field in the canister

storage area will not increase appreciably with time, but the area over

which this field extends will increase. Although time taken to patrol

and survey the area will increase in proportion to the perimeter of the

site rather than its area, the effect of such an increase on the total

personnel dose will be small and has been disregarded. The accuracy of

these predicted doses will be about ± 25%.

The estimated average exposure per employee will increase with

time because of the increase in operations personnel and equipment op-

erators (refer to Table C-2). This average exposure will lie within the

range currently spanned by employees at WNRE.
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TABLE C-l

ANNUAL DOSE ACCORDING TO WORK GROUP

WORK GROUP

Operations

Equipment Operators

Protective Services

Health and Safety

Adminstration

Maintenance

Labourers; Janitors
and Decontamination
Operators

Canister Construction

AVERAGE ANNUAL DOSE
(Per Person)

1.0 rem

0.5 rem

0.05 rem

0.03 rem

Negligible

0.3 rem

0.3 rem

Negligible

REMARKS ON
SOURCES OF DATA

WNRE, Hot Cells, 1974

Estimated; 500 h of work
time in 1 mR/h field per
year

WNRE, 1974 and estimations
based on one hour of patrol
in 2 mR/h field for each
shift of 5 persons.

WNRE, 1974-Radiation and
Industrial Safety Section

WNRE, 1974, Engineering
Services

Two at 1.2, six at 0.3 and
seven at 0.5 rem
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TABLE C-2

TOTAT ANNUAL DOSE DISTRIBUTION

TIME PERIOD

1982-1985

1986-1990

1991-1994

1995-1997

1998-2000

2001

2002-2005

TOTAL DOSE FOR FACILITY

17 man-rem

23 man-rem

29 man-rem

41 man-rem

55 man-rem

61 man-rem

90 man-rem

AVERAGE PER EMPLOYEE

0.24 rem

0.28 rem

0.32 rem

0.34 rem

0.35 rem

0.37 rem

0.40 rem

Based on Table 3 and Table C-l.
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