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RESUME

Un programme a été engagé dans lequel on utilise des réci-

pients de stockage à sec de l'ERNW* pour stocker certaines grappes choi-

sies de combustible irradié de réacteurs CANDU dans un "panier facile-

ment récupérable". Le but du programme expérimental décrit dans ce

rapport est d'étudier la stabilité à long terme des éléments combusti-

bles d'UO et d'UC à gaine de Zircaloy lors de leur stockage à l'air

libre.

Les grappes sont arrivées à l'ERNW en 1978 et ont été chargées

dans un récipient en octobre après les avoir mesuré avec précision et

avoir retiré jusqu'à trois éléments complets de la majorité des grappes.

Ces éléments sont actuellement soumis à des examens destructifs précis,

y compris des examens métallographiques et au microscope électronique à

balayage pour définir complètement leur état avant stockage. Après qua-

tre ans et ensuite tous les cinq ans après cette période, d'autres élé-

ments seront examinés de la même manière pour étudier les effets du

milieu de stockage sur la stabilité de la gaine de Zircaloy et sur sa

capacité de contenir le combustible en toute sécurité dans une installa-

tion de stockage provisoire.
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ABSTRACT

A program has begun to use the WNRE* dry-storage canisters to

store some selected CANDU irradiated fuel bundles in an "easily retriev-

able basket". The object of the experimental program outlined in this

report is to study the long-term stability of the Zircaloy-sheathed UO,

and UC fuel elements when stored in air.

The bundles were received at WNRE in mid-1978 and were loaded

into a canister in October, following detailed examination of the bundles

and removal of up to three complete elements from most bundles. These

elements are currently being subjected to detailed destructive examina-

tions, including metallography and scanning electron micrography, to

fully characterize their pre-storage condition. After four years, and

every five years thereafter, further elements will be examined similarly

to study the effects of the storage environment on the stability of the

Zircaloy sheathing, and on its continued ability to contain the fuel

safely in an interim storage facility.
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1. INTRODUCTION

CANDU-PHW* reactor fuel consists of sintered uranium oxide

(UO,) pellets. The pellets are contained in a Zircaloy-4 sheath, 500 mm

long, closed at each end by welded end caps to form an element. A

number of elements are welded to Zircaloy end plates to form a bundle.

After irradiation, the fuel bundles are stored under water at

the reactor station. The storage period will depend on a number of

factors, but will normally be for a minimum of five years. After this

period, the fuel bundles may remain in the reactor storage bay or they

may be shipped to a central fuel-management site. At this site there

are three options :

1. To continue interim storage of the fuel either under water, or

dry in air in either convection vaults or canisters •

2. To dispose of the fuel deep underground. For such ultimate

disposal, stable geologic strata would be chosen and the fuel

might be encased, for example, in special cans.

3. To re-process the fuel to recover the fissile material, should

this become government policy.

Virtually all our information on stored fuel gathered to date

is from underwater storage. The 26 years of Canadian experience has
(2)

been very good , and the costs have been low. However, dry storage

may be more economical due to less maintenance and less secondary waste

generation . We have, therefore, started studying alternative dry

methods for interim storage of irradiated fuel and its behaviour under

these storage conditions.

CANada JJeuterium Uranium - Pressurized Heavy Water
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This report outlines the scope of an experimental program to

study the stability and behaviour of two UO fuel bundle; sheathed in

Zircaloy-4, ten U02 bundles sheathed in zirconium-2.5 wt.% niobium

(Zr-2.5 Nb), and three uranium carbide (UC) fuel bundles sheathed in

Zr-2.5Nb during extended interim storage. The program uses an existing

concrete canister to store the fuel above ground. A program to study

extended water storage of irradiated 00 fuel has been described else-

u <4> 2

where

2. BACKGROUND AND RATIONALE FOR THE PROGRAM

A concept was developed in 1974 for the storage of irradiated

fuel in concrete canisters , and a program of investigations was

started to establish the canister as a viable fuel storage facility.

For that study, four demonstration canisters were built in 1975/76, two

of which were loaded with irradiated fuel, one with Douglas Point* fuel

and one with fuel from the organic-cooled WNRE reactor, WR-1. The other

two canisters were used to study the concept and to confirm design

predictions;they contain electrical heaters and thermocouples.

Experience gained from these demonstration canisters has been

so favourable that the decision was made in 1976 to extend the use of

concrete canisters to storing experimental and regular driver fuels from

WR-1. A new site was prepared, and three additional canisters have so

far been built. The first of these canisters was loaded with 196 WR-1

fuel bundles in 1977, and the second was loaded in 1978.

The canister-storage concept presupposes that at some future

date the bundles will be retrieved for possible ultimate disposal in a

geologic repository. The canisters also offer the facility for carrying

out limited experimental work. For example, a typical program to study

Douglas Point Nuclear Generating Station, Ontario
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the possible degradation of fuel stored In air would require the fuel to

be pre-characterlzed, then stored for a number of years In the canister,

followed by re-examination in a hot-cell facility. However, the present

canisters and the baskets were designed to prevent easy access (both are

seal-welded) and are not suited, therefore, for an experimental program

requiring frequent retrieval and examination of the bundles. A more

easily retrievable system would be needed.

As the concrete canisters are inexpensive and require very

little attention, it was decided in 1976 that they should be used to

gather data on the performance of fuel in dry storage, in support of the

overall program to optimize irradiated fuel storage and disposal systems.

As a result of this decision, a new jeasily retrievable basket (ERB) was

designed, a different seal was devised for the canister and the neces-

sary handling systems were proven in 1978.

The most recently built canister was loaded with an ERB in

October 1978. The ERB in this case contains 15 bundles stored in air,

two of which are 28-element UO.-fuelled Pickering* bundles, ten are

UO -fuelled WR-1 bundles, and the remaining three are UC-fuelled WR-1

bundles. Before their installation in the ERB, all the bundles were

carefully examined in the hot cells and a few elements were removed from

some bundles. These elements are now being examined metallographically

to characterize their pre-storage condition.

After an interim storage period of four years, the ERB will be

retrieved and the fuel bundles re-examined for comparison with their

pre-storage condition. Further elements will be taken from selected

bundles for detailed metallographic and other examinations, and the

bundles will be returned to the ERB for further dry storage.

* Pickering Nuclear Generating Station, Ontario
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3. EXPERIMENT DESCRIPTION

3.1 BUNDLES SELECTED FOR STORAGE

Three hundred and sixty CANDU-PHWR fuel bundles from the

Douglas Point reactor are now in dry storage in a canister at WNRE.

Each bundle is 83 mm in diameter and contains 19 Zircaloy-4 sheathed

UO.-fuelled elements. Although this represents a significant statisti-

cal base for the study of power-reactor fuel in dry storage, the can-

ister and its baskets which contain the fuel were not designed to allow

easy retrieval of the fuel for frequent experimental observation.

A greater proportion of the irradiated fuel in Canada, how-

ever, now comes from the Pickering and Bruce reactors. These reactors

use fuel bundles of 100 ran diameter, which contain 28 or 37 Zircaloy-4

sheathed elements per bundle. Future CANDU-PHW 600 MW reactors will

also use 100 mm 37-element bundles. It is therefore desirable to test-

store some of these bundles as soon as possible.

In dry storage, different bundle geometries and numbers of

elements are factors which can affect storage temperatures. Temperature

affects sheathing oxidation rates, fission product migration and deuterium/

hydrogen redistribution. Fuel discharged from the Douglas Point and

Pickering reactors shows different corrosion and deuterium pickup rates.

Bundles now stored in the ERB were therefore selected to provide data on

the effects of these differences.

The ERB was designed to contain fifteen 500-mm long bundles,

thirteen with an outer diameter of 83 mm and two of 100 mm. Table 1

lists the bundles stored and identifies the fuel, sheathing, initial

fuel enrichment, average burnup and rating, and the cooling time when

the fuel was installed in the ERB. It also gives the ERB location for
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the bundles and the number of elements removed from each bundle prior to

storage.

The two Pickering Zircaloy-4 sheathed fuel bundles represent

an initial step in providing a necessary source of empirical dry storage

data for this fuel design, the quantities of which already represent a

significant proportion of the total irradiated fuel discharged from

power reactors in Canada. The selected fuel bundles have achieved

burnups and have operated at ratings typical of most Pickering bundles.

In subsequent phases of the program, bundles with atypical burnups and

ratings and/or from the Bruce and later reactors may be stored to compare

the effects of these and other parameters on storage behaviour.

Of the remaining thirteen bundles in the ERB, all of which are

sheathed in Zr-2.5% Nb, ten are 83 mm diameter, 18-element, UO -fuelled

bundles from the WR-1 reactor. This fuel bundle design was used for the

original "driver" fuel of this reactor. The five other baskets in the

canister with the ERB contain similar bundles (see Section 4.3).

Although the operating fuel ratings, sheathing materials and coolant are

different in the WR-1 and Pickering reactors, the ten WR-1 bundles

nevertheless provide an increased statistical base for assessing the

behaviour of zirconium-alloy sheathed U0_ fuel when stored dry. By

including these bundles in the ERB, the potential data on storage be-

haviour is more readily obtainable than from the bundles stored in the

"standard" seal-welded baskets.

Since 1973, DC has been the driver fuel for the WR-1 reactor,

replacing the UO. that had been used in the 18-element design of

bundle. No UC fuel has been dry-stored previously. However, as a

continuous demonstration of the canister storage concept, all fuel

discharged from WR-1 eventually will be transferred to canisters. This

experiment represents an opportunity to dry-store a limited quantity of

UC-fuelled bundles for monitoring and observation of their behaviour

before larger quantities are stored. The ERB therefore contains three
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83-mm diameter UC-fuelled bundles from WR-1. Two bundles contain 14

fuel elements, and the third contains eight slightly fatter elements.

The burnup and the ratings at which this fuel operated are typical of

the maxima being achieved in WR-1, although it is planned to take future

(more highly enriched) UC fuels to burnups of around 360 MW-h/kg IT.

All bundles stored in the ERB are non-defected. In future

experiments, bundles which are known to be or have deliberately been

defected could be included to monitor what effects result from the

exposure of the fuel material to a hot, dry atmosphere. This, and other

permutations of important parameters, could be introduced to ensure that

all questions relating to the satisfactory dry storage of fuel in cani-

sters are answered.

3.2 PRE-STORAGE CHARACTERIZATION

When the bundles arrived at the WNRE hot cells in the summer

of 1978, they were carefully examined and photographed. Features such

as colouration of the sheath, deposits (for example from the organic

coolant) and any unusual oxidation (for example of t.>e bearing pads)

were noted.

Up to three elements were then removed from most of the

bundles and retained in the hot cells for detailed examinations.

The following destructive examinations are planned on all the

elements that have been or will be removed from these bundles:

1. General photographs and visual examination

2. Gamma-scan of each element

3. Stress-corrosion cracking tests

4. iietallographic examinations

5. Scanning electron microscope or similar analyses
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6. Mechanical tests

The elements which were removed from the fuel bundles before

storage in the canisters arc- being examined in the hot cells.

The first examination consisted of detailed observations of

the element surfaces, to look for unusual features such as different

surface colourations (crud) or oxide appearance. Detailed photographs

were made using the hot-cell periscope and/or stereo microscope. With

similar examinations being made whenever the fuel is returned to the hot

cells, it is hoped that changes can be detected between one examination

and the next.

All elements will be y-scanned to obtain data on fuel end

flux-peaking and on burnup profiles along the element length, and to fix

the location of inter-pellet gaps. This will help in determining where

to cut the elements for the metallographic and other test samples.

It is also planned to use the y-scans to look for the migra-

tion of fission-products should this occur. All the scans will use the

Cs activity. This is possible because of cesium's convenient 30-year

half-life. Cesium ij also of particular interest due to its possible

influence in promoting stress-corrosion cracking of zirconium alloys.

Sections of sheath will be tested for stress-corrosion sus-

ceptibility. For example we know that iodine-induced stress-corrosion

cracking occurs readily at low temperatures in fixed-deflection pre-

cracked Zircaloy ring specimens . Tests will be done on rings of

sheath taken from the elements now in the hot cells using iodine to

define the relationship between stress, crack depth and stress intensity

for this particular sheathing. These tests will be run for a number of

years.
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A prerequisite for stress-corrosion cracking which might be

induced in zirconium alloy sheathing during storage is that a sufficient

concentration of harmful fission product is available, and that a

critical stress-intensity is exceeded. Two fission products which can

induce stress corrosion cracking of zirconium alloy at low temperatures

(20-100°C) are iodine and cesium. The inside surfaces of the fuel

sheathing will therefore be examined, using the active scanning electron

microscope and its energy-dispersive X-ray analyser, to measure the

quantities of iodine, cesium, cadmium and other elements that are thought

to have a role in fuel sheath degradation.

Metallographic examinations will be done on sections of sheath

taken from each element. The sample will be cut longitudinally, and the

inside surfaces will be carefully inspected to identify possible areas

of chemical attack which may be shown by internal corrosion. These and

other areas will be photographed and then sectioned for detailed metallo-

graphy. Results from each examination will be compared, to try to

identify changes that may have occurred during storage in the ERB.

The mechanical tests initially will be limited to tensile

tests on ring specimens, to determine if there are any long-term changes

in the mechanical properties of the sheathing.

3.3 MONITORING

The ERB is fitted with six thermocouples (see Section 4.7) to

allow fuel temperatures to be monitored during storage. These tempera-

tures are currently being read once per week but, after trends have been

established, the frequency of reading will be reduced. Typical tempera-

tures recorded during the winter of 1978/79 are shown in Figure 1.

The atmosphere between the ERB and canister inner wall is

sampled continuously by a small pump circulating air from the canister
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through activated charcoal filters. These are located In a small,

heated building next to the canister. The filters are changed and

examined weekly to look for evidence of fission gases. Their presence

would Indicate not only that a fuel element had developed a leak, but

also that the ERB was leaking.

3.4 RETRIEVAL SCHEDULE

The first retrieval of the ERB is scheduled for 1982 June.

This will be approximately four years after the fuel bundles were

received in the WNRE hot cells. Subsequent retrievals will be made at

five-year intervals.

3.5 RE-EXAMINATION DETAILS

The object of the intermediate examinations is to study the

oxidation of the fuel and the Zircaloy sheathing that may have taken

place in the air of the ERB, the mechanical stability of the fuel and

sheathing, and the mechanical properties of the sheathing. The con-

centrations, relative abundance and locations of the fission products in

the fuel, in gas spaces and on the inside of the sheathing are also of

interest and will be studied. The results will be compared with the

results from each previous examination. To do this work, detailed

element examinations will be done again and will be similar to the

initial examinations detailed in Section 3.2.

Of particular interest is the ability of the sheathing to

continue to contain the fuel fully, both during extended interim storage

and during transportation, when rough handling may occur. Mechanical

testing of the fuel sheathing, for example tensile and bend tests, will

be carried out to try to answer these types of questions.
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At each retrieval the bundles will be examined visually and

photographed. Two elements from each bundle will be removed and re-

tained in the hot cells. The bundles will be returned immediately to

the ERB, which will then be reloaded into the canister and the canister

resealed.

4. EXPERIMENTAL FACILITY

4.1 GENERAL

The facility consists of a concrete canister, number C-6,

located in a fenced and gravelled area on the WNRE site. The ERB con-

taining the irradiated fuel bundles is inside the canister and the

canister is welded closed with a concrete and steel plug. Instrumen-

tation lines run from the EkB, through the canister, to an adjacent

control building.

The design of this canister is similar to previous concrete

canisters built and in use at WNRE( .

4.2 CANISTER DESIGN

The canister is a hollow reinforced-concrete cylinder, 2.6 m

in diameter and 5.5 m high, standing on a reinforced concrete pad, see

Figure 2. The cavity is completely encased by a steel liner and steel

end plate, isolating the interior from the concrete. There is no lead

radiation shield between the steel pipe and concrete as in the earlier

demonstration canister . This shielding was replaced with an addi-

tional 127 mm of concrete. The canister is a structurally-continuous

reinforced-concrete mass with walls and bottom 890 mm thick. It is

fitted with a plug made from 25 mm of lead and 762 nm of reinforced
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concrete. Thermocouple leads are lead out through the top plug, and air

sampling lines are embedded in the sides of the canister as shown in the

figure.

4.3 BASKET DESIGN

There are six baskets containing irradiated fuel bundles in

canister C-6. The baskets are of three types: one 15-bundle basket

(the ERB), three 24-bundle baskets, and two 37-bundle baskets. The

baskets are stacked vertically in the canister, with the 15-bundle ERB

on top.

Each standard storage basket consists of a carbon steel pipe

762 mm in diameter with a 9.5-mm wall, a welded bottom plate 16 mm thick

and a central lifting pipe. The top plate is welded on after the fuel

has been placed inside, using remote welding in the hot cells. The

standard baskets contain either one or two rings of fuel bundles, depend-

ing on fuel enrichment.

The ERB consists of a smaller carbon steel pipe 560 nm in

diameter with a steel plate welded to the bottom, as for a standard

basket. However the top is closed by a bolted flange. More details of

this basket are given in section 4.6.

4.4 SITE

The site containing the storage canisters is about 2 km from

the plant site. It has been reserved for long-term storage of active

wastes, and surveillance personnel visit the area daily. The site has a

2.4-metre high perimeter fence to restrict access to the canisters. The

site is 150 metres by 46 metres, and eventually it will contain 18

canisters in two rows at 15-metre spacing. Vehicle access is down the

centre between the two rows. The whole area has been gravelled to a

depth of one metre.
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4.5 CANISTER LOADING AND SEALING

The loading of fuel starts in the hot cells where the fuel

bundles are lowered into a basket. When the basket is full, it is

fitted with its lid and hoisted into a "fuel basket transfer flask"

located over a hatchway in the hot-cell roof. The flask is then trans-

ferred to the canister, the canister plug is removed and the flask is

seated over the opening. The fuel basket is lowered into the canister,

the flask removed and the plug replaced. When all six baskets have been

inserted into the canister, the top plug is welded to the canister with

a continuous weld round the perimeter, and a security seal is attached

by an International Atomic Energy Agency (IAEA) inspector.

4.6 EXPERIMENTAL FUEL BASKET

The Easily Retrievable Basket (ERB) consists of a carbon steel

pipe 560 mm in diameter with a 9.5-mm wall, a welded bottom plate 16 mm

thick, and a top closure consisting of a welding-neck flange 51 mm thick

and a blind flange 32 mm thick. The 15 fuel bundles stand vertically in

a ring about an empty central core. The bundles are held in their

respective locations by a sheet-metal framework welded to the inside of

the vessel, see Figure 3.

The flanged end is closed with 20 bolts, using a soft-iron

ring as a seal. To ensure that rusting during storage will not prevent

later removal of the bolts, the flange bolt holes are slotted to allow

flame cutting of the bolts if necessary. A bolted lid was chosen for

the ERB since a welded lid would have to be cut off at each inspection,

a procedure which could damage the bundles inside it.
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4.7 INSTRUMENTATION FOR THE ERB

The ERB is fitted with six thermocouples to monitor fuel

temperatures during storage. Each thermocouple wire is 1.6-mm diameter

chromel-alumel, stainless-steel sheathed, with a grounded junction. The

wires enter the basket through stainless-steel tubing fittings mounted

on the cylinder wall, and are inserted into the fuel bundles between the

fuel elements, see Figure 3. Outside the basket the six wires are wound

together and terminated in a metal plug to which a lead wire is attached.

The lead wire enables the thermocouple cables to be retrieved once the

basket has been lowered into the canister and the canister closed with

the plug (see also Section 4.9).

Mounted on the lid of the ERB is a hardened steel knife-edge

under which the thermocouples pass. Before the next removal of the

basket, the thermocouple wires will be sheared by this knife edge by

pulling them from outside the canister. This will prevent any handling

problems due to loose or uncontrolled wires interfering with the grappling

device in the transfer flask.

Instrumentation is provided to monitor the atmosphere between

the fuel basket and canister wall. Air sampling tubes run though the

canister wall to a vacuum pump and filter system next to the canister.

The pump runs continuously, cycling the air in the canister through

activated charcoal filters and back to the canister. Any gaseous radio-

active leaks from the welded baskets or ERB will be detected.

A small, heated building adjacent to the canister houses the

thermocouple readout panel and the air sampling pump.

4.8 CANISTER MODIFICATIONS FOR THE ERB

Some minor modifications to the canister construction had to

be made to handle the ERB.
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The design of the canister's top plug was modified to include

a spiral pipe through which the thermocouple wires from the basket could

be led. Once the thermocouples had been pulled through, the open end of

the pipe was sealed to maintain the inside of the canister air- and

water-tight.

The top plug was welded to the canister using a metal insert.

Before the basket is removed, this insert will be cut apart, and the

weld beads on the canister and plug ground smooth. When the basket is

replaced in the canister another insert will be made and welded between

the plug and canister. Using the insert will prevent the canister and

plug lips from being ground away each time the ERB is removed for

inspection, and the canister and plug will be usable for several ERB

examinations over a number of years.

4.9 LOADING AMP UNLOADING THE CANISTER

The canister loading procedure for the ERB in general followed

that described in section 4.5. However, several changes had to be made

to ensure that the thermocouple wires could be led out of the basket

once the top plug was in place.

The procedure started in the hot cells. With the bundles

inside the ERB and the lid bolted on, the thermocouple wires were wound

around the lid in a loop. The lead wire was hung free over the side of

the basket. The ERB was then raised into the flask and the doors

closed. The lead wire was left hanging out between the doors during

transportation to the canister. After the flask was set down on the

canister, the doors were opened and the fuel basket lowered inside. The

free end of the lead wire had been passed through the plug's spiral pipe

so that, when the plug was in place on the canister, the lead wire could

be pulled out until the ends of the thermocouple wires appeared through
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the spiral tube In the plug. They were then connected to a termination

rack in the adjacent control building through weather-tight conduit.

When unloading the ERB from the canister, the thermocouple

wires must first be removed. The free end of the wires will be clamped

securely to the top plug. As the plug is lifted the thermocouple wires

will be cut by the knife on the lid of the basket, as described in

Section 4.7.

With the thermocouple wires and the plug removed, the transfer

flask will be placed on the canister. Then the ERB will be hoisted into

the flask, and the flask transferred to the hot cells. In the hot cells

the flask will be located over a hatchway, the doors opened and the

basket lowered into the cell. The bolts holding down the ERB lid will

be removed, allowing the bundles to be taken out for examination.

5. SAFETY ASSESSMENT

5.1 ROUTINE SAFETY CONSIDERATIONS

Routine safety hazards are those which arise as a normal

consequence of the handling and storage of irradiated fuel. Radiation

shielding, fuel temperatures during storage, containment of fission

products, and the behaviour of fuel and components during the life of

the project are considered in the following sections.

5.1.1 Shielding and Radiation Fields

Irradiated fuel is loaded into canister storage baskets in the

WNRE shielded hot-cell facility, which has shielding designed for the

safe handling of radioactive sources of up to 10 Ci*. Loading of

* 1 Ci - 37 GBq
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canister baskets does not require handling of unusual sources of radiation

and it has been carried out routinely with minimal exposure to operating

personnel.

The shielding provided by the transfer flask consists of

152 mm of lead plus the steel walls. Additional shielding is provided

by the 9.5-mm thick steel walls of the storage basket.

Radiation field measurements taken during the transfer of

WR-1 spent fuel for the demonstration project have shown that fields

on contact with the surface of the specially-designed transfer flask

r Main below 50 mR/h even with fuel cooling times after irradiation as

short as six months. At one metre from the surface, fields are approxi-

mately 15 mR/h. Since flask shipments are closely monitored at all

times and are of short duration, the exposures to operating personnel

are minimal.

Shielding provided by the canisters themselves consists of

890 mm of concrete and 9.5 mm of steel. Calculations to determine the

surface radiation field for the first canister (C-5) predicted a maximum

field of 33 mR/h. Two months after loading the ERB in canister C-6,

the average contact field of C-6 was measured and found to be 7 mR/h.

This field drops off rapidly with distance from the canister to less

than 1 mR/h at six metres from the canister.

5.1.2 Fuel and Canister Temperatures

A thermal analysis to predict fuel sheath temperatures during

the transfer of a storage canister basket containing 60 CANDU power

reactor bundles in the transfer flask conservatively concluded that the

sheath temperatures would not exceed 95°C. The predicted total heat

load for the 60 bundles was 840 Watts. Most loaded baskets handled in

the transfer flask produce less than 840 Watts of decay heat, and sheath
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temperatures are correspondingly below 95°C. Irradiated fuel Is regu-

larly transported at much higher temperatures.

The WR-1 canisters were designed originally for a 2 kW total

heat load. However, tests on electrically-heated demonstration canis-

ters have shown that loads up to 11 kW can be safely maintained without

permanent damage to the structure. In actual practice, the measured

temperatures in the ERB have been less than SO degrees above the mean

outside air temperature, see Figure 1.

Predicted and attainable fuel and canister temperatures are

not, therefore, considered to present a hazard during fuel transfer

operations or in storage.

5.1.3 Containment

There are normally three containment barriers between the fuel

pellets and the environment. The first barrier is the intact fuel

sheath, the second consists of the welded or bolted steel storage

basket, while the steel canister liner and plug are welded together to

provide the third barrier.

All fuel to be stored in a canister is examined before em-

placement, and any fuel with defective or damaged sheathing is seal-

welded into a stainless steel can before being placed in a standard

storage basket. No defective fuel was loaded into the ERB.

The standard storage baskets are seal-welded in the hot cells

and the welds are pressure tested for leakage. In the case of the ERB,

the seal is made by bolting on the top flange, and the ERB is then

pressure tested. Once all six baskets are in place in a canister, the

steel frame of the top plug is welded to the steel frame of the canister

liner to form a continuous, welded containment vessel.
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Since we still have had limited experience with canister stor-

age, our current procedure requires us to monitor the interior of the

liner. To do this, two small stainless steel tubes pass through the

concrete and the steel liner, and air is continuously circulated through

the tubes and monitored for traces of radioactivity. To date we have

detected no leakage of radionuclides from any stored basket.

5.2 UNUSUAL SAFETY CONSIDERATIONS

Events which may arise with a low probability of occurrence

during the canister storage period and which may produce hazardous

situations are classified as unusual hazards. These include Incorrect

bundle identification, unusual weather effects, missile Impact, failure

of the canister to remain upright, fuel damage during handling, and

flask drop accidents. These potential hazards have been considered

previously in safety assessments associated with concrete canister

development , and the risks associated with their occurrence have been

judged acceptable.
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TABLE 1

BUNDLES SELECTED FOR ERB STORAGE

Reactor

Fuel Bundle Identity

Position in ERB
('thermocouple)

Number of elements
in bundle

Number of elements
removed before
loading in ERB

Sheath Material

Fuel Material

Enrichment
2 3 5U in total U, wtZ

Element average rating
in reactor, kU/n
(+ outer element rating)

Average burnup, MW.h/kg V

Approximate Cooling
time before loading
in ERB months

CE150

11

18

2.37

4.3

35.2

24

CE151

12

18

2.37

22.5

184

24

CE152

13

18

2

2.37

31.9

260

24

CE153

14

18

2

2.37

28.4

231

24

CE154

15

18

WR-1

LFA05C

7

18

—

Zirconiua-2.5

2.37

12.6

102

24

uo2

1.995

4.0

36.6

21

LFA06C

8

18

2

LFA07C

1*

18

2

wtZ Niobium

1.995

20.3

187

21

1.995

28.6

266

21

LFA08C LFA09C

9

18

2

1

25

234

21

10

18

995 1.995

4 11.3

104

21

EJ101

2*

14

2

UC

1.98

42.0

250

24

EJ106

6*

14

2

UC

1.98

43.5

260

15

CK015W

5* !

8

2

UC

1.6

61.8

213

24

Pickering

AO179OW

4*

28

3

A01789W

3*

28

3

Zircaloy-4

uo2

nat.

.41+

176

34

uo2

nat.

173

34

o
I
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Maximum temperature in basket C6-6 (ffi-1 UC bundle EJ106)
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FIGURE 1: TEMPERATURES RECORDED IN RETRIEVABLE CANISTER BASKET C6-6
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FIGURE 2 EASILY RETRIEVABLE BASKET AND THERMOCOUPLE LEADS
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FIGURE 3 EASILY RETRIEVABLE BASKET
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